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Abstract
Introduction
Thus far, most of the research on both
neurodevelopmental and

neurodegenerative disorders has been
focused on finding the presumed
underlying genetic causes, while much
less emphasis has been put on
potential environmental factors. While
some forms of autism are clearly
genetic, the fact remains that
heritability factors cannot adequately
explain all reported cases nor their
drastic increase over the last few
decades. In particular, studies on
twins have now shown that common
environmental factors account for
55% of their risk for developing
autism while genetic susceptibility
explains only 37% of cases. Because
the prenatal environment and early
postnatal environment are shared
between twins and because overt
symptoms of autism emerge around
the end of the first year of life, it is
likely that at least some of the
environmental factors contributing to
the risk of autism exert their
deleterious neurodevelopmental
effect during this early period of life.
Indeed, evidence has now emerged
showing that autism may in part
result from early-life immune insults
induced by environmental
xenobiotics. One of the most common
xenobiotic with immuno-stimulating
as well as neurotoxic properties to
which infants under two years of age
are routinely exposed worldwide is
the aluminum (Al) vaccine adjuvant.

In this review we discuss the
mechanisms by which Al can induce
adverse neurological and
immunological effects and how these
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may provide important clues of Al's
putative role in autism. Because of the
tight connection between the
development of the immune and the
central nervous system, the possibility
that immune-overstimulation in early
infancy via vaccinations may play a
role in neurobehavioural disorders
needs to be carefully considered.
Conclusion

There is now sufficient evidence from
both human and animal studies
showing that cumulative exposure to
aluminium adjuvants is not as benign
as previously assumed. Given that
vaccines are the only medical
intervention that we attempt to
deliver to every living human on earth
and that by far the largest target
population for vaccination are healthy
children, a better appreciation and
understanding of vaccine adjuvant
risks appears warranted.

Introduction

The etiologies proposed for the
spectrum of neurological disorders
falling under the umbrella of autism
spectrum disorders (ASD) shows the
same range as those proposed for the
well-known neurological disorders
associated with aging. The latter
typically include Alzheimer’s disease,
Parkinson’s disease, and Lou Gerhig’s
disease (also known as amyotrophic
lateral sclerosis or ALS). The
widespread, but incorrect, view
regarding all of these diseases is that
most cases arise from genetic
mutations or polymorphisms. In
reality, the large majority of these
disorders that are not familial have no
obvious genetic mutations associated
with either the onset or progression of
the disorder?? and fall into a category
known as “sporadic”. Moreover, an
apparent increase in both prevalence
and incidence of these disorders over
a relatively short time span (i.e,

several decades) rules out a purely
genetic origin.

In ALS, for example, much of the
literature of the last 20 years has
focused sequentially on the search for
genetic etiologies leading to motor
neuron loss and the list of defective
genes has grown larger over this time
period. These include a number of
variations on the so-called “toxic gain of
function” mutation in the gene coding
for the antioxidant enzyme superoxide
dismutase (SOD)3. Additional mutations
affect the genes coding for DNA binding
protein TDP-43, FUS, or VEGF, or the
newest player, C9orf72, and all have
added to the complexity of the
polygenic picture without necessarily
increasing the total percentage of all
ALS cases that are clearly gene
mutation-derived. Overall, the various
mutations may account for about 10%
of all ALS and mutant SOD may
comprise about 25% of this or 2.5% of
the total number of ALS cases*>.

In regard to Alzheimer’s disease which
remains one of the world’s most
burdensome and disabling health issues
(affecting 24.3 million people with
more than 4.5 million new cases/year?®),
only a very small percentage are
familial with early onset of symptoms,
(<65 years). In contrast, >95% are
idiopathic (late onset, >65 years?) and
most likely due to factors other than
geneticss.

Thus the literature seems clear that the
bulk of neurological disorders arise due
to environmental factors, most still not
identified (reviewed in'). None of this
diminishes the putative role of
susceptibility genes, also mostly
unknown, whose interactions with the
various environmental toxicants are
highly likely to be crucially involved.
Keeping with this, experimentally it has
proven possible to develop toxin-based
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animal models of ALS in outbred mice
with no gene mutations and thus
model the much higher fraction of ALS
which is sporadic!. A very similar set
of outcomes has been noted in the
Parkinson’s disease literature,
including the ability to generate
Parkinsonian features in outbred rats
using various toxins®10. The bottom
line is that apart from some
neurological disorders such as
Huntington’s disease!!, most cases of
the various disorders do not arise
from an obvious genetic mutation or
polymorphism.

In spite of these observations, the
dominance of a genetic causality
perspective for the above disorders
remains relative firmly in place. There
is insufficient space in the present
review to go into the various scientific
and sociological reasons why this may
be so (seel), but it is important to
recognize that much the same
perspective dominates the ASD field, a
perspective that is likely to be as
fundamentally incorrect as it is for
ALS and the other age-related
neurological disorders. Indeed, the
increase in the prevalence of autism
has followed an even more dramatic
upward curve than that of Alzheimer’s
and is equally if not more so unlikely
to be due to a change in population
genetics. The increase in ASD began
after the early 1980s. Prior to this, the
prevalence of autism was relatively
low and relatively stable (<5 in 10,000
children?213).

In 2011 to 2012 the U.S. Department
of Health and Human Services and the
U.S. Centers for Disease Control and
Prevention (CDC), reported that 1 in
50 U.S. children aged 6 to 17 had been
diagnosed with autism (200 per
10,000)4. This prevalence estimate
was significantly higher than the
estimate for children in the same age
group reported in 2007 (1 in 88)15,
representing a 72% increase since
2007 alone. In the United Kingdom,
current reported autism prevalence is
1 in 64 children (157 per 10,000)16. It
should be obvious that the cumulative
3040 to 3900% increase in ASD
prevalence in two Western countries

since the 1980s cannot be
convincingly explained by genetic
factors alone, nor by changes in
diagnostic criterial’.18, the latter often
given as the reason!4. Consistent with
this, in a recent analysis comparing
the prevalence of autism with that of
other disabilities among successive
birth cohorts of U.S. school-aged
children, Newschaffer et al.!® showed
that autism prevalence has been
increasing with time, as evidenced by
higher prevalences among younger
birth cohorts.

With the above as a general
introduction, the present article will
attempt to address the issue of ASD
etiology, putting into perspective the
likely roles of genes versus
environment in the disorder and the
interactions between the two.

Discussion

The authors have referenced some of
their own studies in this review. These
referenced  studies have been
conducted in accordance with the
Declaration of Helsinki (1964) and the
protocols of these studies have been
approved by the relevant ethics
committees related to the institution
in which they were performed. All
human subjects, in these referenced
studies, gave informed consent to
participate in these studies. Animal
care was also in accordance with the
institution guidelines.

Autism features and central
nervous system (CNS)
abnormalities

Autism and related disorders of the
autism spectrum (i.e, Asperger’s
syndrome, pervasive developmental
disorder not otherwise specified, Rett

syndrome etc.) are
neurodevelopmental disorders
characterized by dysfunctional
immune function, stereotypic

behaviour and various degrees of
impairments in social skills and verbal
communication (i.e.,, language delays).
Other neurological and medical
conditions frequently co-occur with
autism, including mental retardation
(30% of cases score mild to moderate,
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and 40% score serious to profound
retardation)?? and epilepsy (40% of
cases)?l, Co-morbid behavioural and
psychiatric conditions associated with
the core symptoms include aggression,
disruption, hyperactivity, self-injury,
sensory abnormalities, anxiety,
depression and sleeping disturbances.
The most frequent non-neurological co-
morbidities associated with ASD are
gastrointestinal  abnormalities and
underlying inflammation?22232425262728
feeding difficulties and food
sensitivities2?.  Autistic =~ symptoms
normally appear before 36 months of
age, and regression or loss of skills
occurs in 30% of affected children,
usually between 18 and 24 months39,

Abnormal neural connectivity is one of
the key pathological features of the
autistic brain. The term connectivity
encompasses local connectivity within

neural assemblies and long-range
connectivity between brain regions.
Similarly, there 1is also physical

connectivity (“hard-wiring”), associated
with synapses and tracts and functional
connectivity (“soft-wiring”), which is
associated with neurotransmission3™.
Physically, in the autistic brain, high
local connectivity may develop in
tandem with low long-range
connectivity3?, potentially as a result of
widespread alterations in synapse
elimination and/or formation and or
changes in inhibitory/excitatory
synaptic ratios31.

There is now also abundant evidence
supporting the notion that abnormal
activity of immune signalling in the
brain interferes with the establishment
of appropriate neuronal circuitry
during development, thus contributing
to the emergence of autistic phenotypes
333435 For example, mice deficient in
MHC class I signalling and the classical
complement cascade (Clq and C3)
exhibit defects in synaptic pruning in
specific areas of the brain as well as
enhanced epileptic activity3637.
Cerebellar Purkinje cells, which are
significantly reduced in autism, are a
site  of prominent MHC class 1
expression and one hypothesis
currently under investigation is that
specifically timed changes in neuronal
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MHC class I
contribute to autism3l. Notably,
neuropathological examinations on
autistic brains by Vargas et al.38
showed evidence of an active
neuroinflammatory process in the
cerebral cortex and the cerebellum
with extensive loss of cerebellar
Purkinje cells. In particular, marked
reactivity of the Bergmann’s astroglia
in areas of Purkinje cell loss within the
Purkinje cell layer, as well as marked
astroglial reactions in the granule cell
layer and cerebellar white matter
were detected.

expression  could

In the middle frontal gyrus and the
anterior cingulate gyrus, astroglial
reactions were prominent in the
subcortical white matter, and in some
cases panlaminar astrogliosis was
observed. Moreover, cytokine
profiling indicated that macrophage
chemoattractant protein (MCP)-1 and
tumour growth factor-f1, derived
from neuroglia, were the most
prevalent cytokines in autistic
compared to control brain tissues. The
cerebrospinal fluid derived from
autistic patients likewise showed a
unique proinflammatory profile of
cytokines, including a  marked
increase in MCP-138,

Altogether these observations suggest
that autistic brain is a result of a
disease process that arises from
altered activity of immune-related
pathways in the brain. Other evidence
in support of this notion is the

frequent finding of autoimmune
manifestations, particularly those
affecting the CNS, in autistic

individuals which do not appear to be
limited to only a few nervous system
antigens. For example, Vojdani et al.3?
demonstrated elevated levels of
immunoglobulins (Ig)G, IgM and IgA
against nine different neuron-specific
antigens in ASD children. Additionally,
significantly more autistic children
show serum autoantibodies to human
brain (espe-cially the cerebellum and
cingulate gyrus), compared to their
unaffected control siblings (p< 0.01)40.
The frequent findings of
autoantibodies  against  neuronal
antigens in autistic individuals has led

many researchers to conclude that the
blood-brain barrier (BBB) is breached
in autism. Indeed, such widespread
manifestations of CNS-related
autoimmunity may have arisen from
BBB disruption which would then
have enabled access of
immunocompetent cells to many
different CNS antigens3°.

Autoantibodies against foetal brain
proteins have also been detected in
mothers of ASD children, suggesting a
disruption of BBB in utero*l. It is
important to emphasize that an in
utero initiation of ASD does not imply
a genetic etiology. Although it is
currently not known how the BBB
may become disrupted in autism,
perinatal stressors and exposure to
BBB-altering environmental stressors
including toxic metals (i.e., lead (Pb),
mercury (Hg) and aluminum (Al)),
polychlorinated biphenyls (PCBs)
have been implicated as potential
triggering factors33.39,4243,44,

Of note, neuronal accumulation of
immunoglobulins (IgGs) and CNS
autoantibodies have also been
detected in  Alzheimer’s and
Parkinson’s disease#546:47,
Additionally, most recent studies
show that the relevance of circulating
anti-NMDA receptor autoantibodies in
neuropsychiatric disease patients
depends on BBB integrity*s. In
particular, seropositive schizophrenic
patients  with a  history  of
neurotrauma or birth complications
(indicating at least temporarily
compromised BBB), had more
neurological ~ abnormalities  than
seronegative patients with
comparable history*8. The above
observations further suggest that a

common immune-mediated
mechanism underlies both
neurodevelopmetal and

neurodegenerative disorders.

Immune abnormalities in ASD are not
confined to the nervous system.
Indeed, a large body of data points to a
role of systemic immune system
dysregulation in the pathophysiology
of ASD which is likely to precede the
inflammatory and autoimmune
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manifestations in the brain*4495051,
Concurrent with aberrant cytokine
profiles, various studies have shown
abnormal levels of blood lymphocytes,
incomplete or partial activation of T-
cells following stimulation, as well as
lower levels and decreased activity of
circulating natural killer (NK) cells in
ASD22.52,53,

Given the above, it has been proposed
that the widespread manifestations of
immune abnormalities in ASD stems
from deleterious effects of immune
insults that occur during a narrow
window of postnatal development
which is characterized by extensive
shaping of both the CNS and the
immune system33:49,50,

Evaluating the evidence for a genetic
etiology in autism

Efforts to understand the etiology of
ASD as a genetically-based disorder
have been largely centred on three
approaches: 1) whole genome scanning
predicting the chromosomal
localization of the disease by scanning
families with more than one affected
member, especially twin studies>; 2)
cytogenetic and molecular studies
which  have sought de novo
chromosomal anomalies and inherited
mutations, including gene copy number
variations; and 3) candidate genes
studies which examine the relationship
between those genes known to be
associated with abnormal brain
development and phenotype of the
disease. Using these approaches,
chromosomes  2q21-33, 3q25-27,
3p25, 4q32, 6q14-21, 7q22, 7q31-36,
11p12-13, 17q11-21 have shown to
have some linkage to  ASDS>.
Duplications, inherited maternally, on
the 15q11-q13 region of chromosome
15 have been particularly associatedse.
Deletions on chromosome 16p11 have
also shown to be associated with ASD,
mental retardation and other
developmental disabilitiess’. Replicated
copy number variations from genome
wide studies are located on the
following chromosomes: 1q21, 2p16.3
(NRXN1), 3p25-26 (CNTN4), 7q36.2

(DPP6), 15q11-13 (UBE3A, OR4M2,
OR4N4); 16p11.2 (MAPK3, MAZ,
DOC24A, SEZ6L2, HIRIP3,  IL6);

Licensee OAPL (UK) 2014. Creative Commons Attribution License (CC-BY)

FOR CITATION PURPOSES: Shaw CA, Sheth S, Li D, Tomljenovic L. Etiology of autism spectrum disorders: Genes,
environment, or both? OA Autism 2014 Jun 10;2(2):11.

Competing interests: declared in the article. Conflict of interests: None declared.

All authors contributed to conception and design, manuscript preparation, read and approved the final manuscript.

All authors abide by the Association for Medical Ethics (AME) ethical rules of disclosure.



QA Autism

\

22q11.255. However, some of these are
also shown to be more frequently
present in patients with schizophrenia
and mental retardation than controls,
thus  raising questions  about
specificity to ASD>5. Several studies
have demonstrated that ASD reflects
heterogeneous  disorders  whose
etiology is linked with several rare
monogenetic disorders such as fragile
X syndrome, mutations in TSC1/TSC2,
LAMB1, CNTNAP2, PTEN, DHCR?7,
SHANK3, NLGN3/4, or RPL1055.
Synaptic cell adhesion and associated
molecules, including neurexin 1,
neuroligin 3 and 4 and SHANKS3,
which indicate glutamatergic
abnormalities in ASD have also been
citedss.

A key problem with genetic
investigations into ASD origins has
been the lack of reproducibility and
overlap in genetic linkage studies.
Although to date 10 full genome
screens have been reported>%6061 and
have indeed identified numerous
regions of suggestive linkage, only a
small subset of these overlap across
studies. Similarly, although more than
100 candidate ASD genes have been
studied®!, there 1is no consistent
replication of positive results.

What we can conclude from the above
is that while there are some genetic
associations, it is quite clear that the
mode of inheritance of autism is not
Mendelian but rather must reflect a
polygenic, multifactorial etiology with
multiple gene-gene and/or gene-
environment interactions®2¢3. Indeed,
rapidly accumulating evidence
appears to support a model of autism
as a multisystem disorder with
genetic  influence, environmental
contributors, and a distinct immune
component38424464 Studies of animal
models have suggested that genetic
variations in ASD, rather than being
causal to the disorder, instead confer
an altered vulnerability to exposure to
environmental stressors®s. In this
regard, an epidemiological study on
ASD that included a comparison
amongst siblings suggested that
individuals with ASD may react with

less tolerance to the
environmental stressors®®.

same

One of the reasons why autism is
considered to be a clear example of a
heritable neurodevelopmental
disorder, is the large difference in
concordance rates between
monozygotic and dizygotic twins. In
particular, three studies®7.6869 of twins
ascertained from clinical samples with
a total of 36 monozygotic pairs
(concordance rate of 72%) and 30
dizygotic pairs (concordance rate of
0%) have estimated the heritability of
autism, or proportion of liability
attributable to genetic factors, at
about 90%. However, a recent study
on identical and fraternal twin pairs
with autism by Hallmayer et al.’®
showed that genetic susceptibility to
ASD was lower than estimates from
prior twin studies. In particular,
environmental factors common to
twins accounted for 55% of their risk
for developing autism, while genetic
heritability explained only 37% of the
risk of ASD.

The findings by Hallmayer et al.7?
indicate that the rate of concordance
in dizygotic twins may have been
seriously underestimated in previous
studies and the influence of genetic
factors on the susceptibility to
develop autism, overestimated. The
authors noted that because of the
reported high heritability of autism, a
major focus of research in autism has
been on finding the underlying genetic
causes, with less emphasis on
potential  environmental triggers.
Because the prenatal environment
and early postnatal environment are
shared between twin individuals and
because evidence is accumulating that
overt symptoms of autism emerge
around the end of the first year of life,
Hallmayer et al.” have concluded that
at least some of the environmental
factors impacting susceptibility to
autism exert their effect during this
critical period of life.

Evidence for an environmental
etiology in autism
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Extensive research has underscored the
tight connection between development
of the immune system and that of the
CNS, thus substantiating the notion that
disruption of critical events in immune
development may play a role in
neurobehavioral disorders including
those of the autism spectrum*959,
Indeed, early-life immune insults (both
peri- and post-natal) have been shown
to  produce long-lasting, highly
abnormal cognitive and behavioural
responses, including increased fear and
anxiety, impaired social interactions,
deficits in object recognition memory

and sensorimotor gating
deficits33,71.72,73,74,75,76,77

These symptoms are typical of ASD and
results from the heightened
vulnerability of the developing immune
system to disruption by immuno-
modulating environmental pollutants#°.

Neuroinflammatory  processes and
immune dysfunction associated with
autism can result following early-life
exposure to various xenobiotics (i.e,
bisphenol A, PCBs, Pb, Hg and
Al3349507578) Of the later, although Hg
and Al in particular can come from
various sources, the one common
source to which infants and pregnant
women are universally exposed is
through vaccinations. The burden of
paediatric vaccines received in the first
two years of life (i.e.,, currently in the
U.S. 27 doses of vaccines; Table 1) has
been blamed the most by some
proponents of environmental etiologies
as being the key factor driving the
upward trend of autism prevalence
worldwide. Hg has historically been
used in some vaccines in the form of an
ethyl Hg compound, trade marked as
Thimerosal, a bacteriostatic agent. It is
no longer in widespread use in most
Western countries, although it is still
routinely in use in the Third World with
older vaccine stocks’s.

The evidence that Thimerosal may be
involved in ASD remains
controversial’?. Certainly, compelling
data exist on the capacity of low-dose
Thimerosal (in vaccine-relevant
exposures) to harm the
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Table 1: 2013 vaccination schedule for preschool children recommended by the U.S. Centers for Disease Control and
Prevention1¢’. Shaded boxes indicate the age range the vaccine can be given. Asterisks denote Al-adjuvanted vaccines. Hep

A is given in 2 doses spaced at least 6 months apart. According to this schedule, by the time a child is two years of age, they
would have received 27 vaccinations (3x HepB, 3x Rota, 4x DTaP, 4x Hib, 4x PCV, 3x IPV, 2x Influenza, 1x MMR, 1x Varicella
and 2x HepA).

1 month () 12 15 18 19-23 2-3 years 4-6
months | months | months | months | months ears

HepB* HepB*
Rota Rota
DTaP* DTaP*
Hib* Hib*
PCV* PCV*
IPV IPV

HepB*
Rota
DTaP* DTaP* DTaP*
Hib* Hib*
PCV* PCV*
IPV IPV
Influenza (yearly)
MMR MMR
Varicella Varicella

HepA*

Abbreviations: Hep A, hepatitis A; Hep B, hepatitis B; Rota, rotavirus; DTaP, diphtheria-pertussis-tetanus; Hib,
Haemophilus influenzae type b; PCV, pneumococcal; IPV, inactivated polio; MMR, measles-mumps-rubella.

developing nervous system in animal
models in a manner consistent with
the pathology of autism7275788081 and
because of this, the safety of TCVs
appears to stand on uncertain
grounds. However, the fact that a
significant reduction of Thimerosal
from vaccines in use in the Western
world implemented in 200182 was not
accompanied by a correspondingly
dramatic reduction in the reported
rate of autism suggests that Hg alone
cannot be the main culprit behind the
increased autism rates. Nonetheless, it
should be noted that Thimerosal was
subsequently re-introduced to
vaccines administered to pregnant
women as well infants of 6 months of
age (and then yearly throughout
childhood) in the form of multi-dose
flu vaccines®3.

This recommendation to reintroduce
Thimerosal at the same time when the
U.S. medical authorities recommended
its removal from routine childhood
vaccines has created a false overall
impression that the impact of
Thimerosal has been reduced, when in
actuality, the administration during
the gestational period has increased
the potential to damage the
developing CNS. In contrast to Hg, Al
continues to be wused in most
paediatric and adult vaccines as an
adjuvant, as it has been for almost 90

years (since 1926)8%%. The highly
effective and currently indispensable
adjuvant properties of Al, make its
removal from vaccines problematic
since without the various Al salts most
vaccines would fail to stimulate the
immune system to a sufficient extent

to produce acceptable antibody
titress8s.86,
Al's  adjuvant-mediated immune-

enhancing effect is accomplished via
mechanisms that impinge on both the
innate and adaptive  immune
systems®”. While the potency and
toxicity of Al adjuvants should be
adequately balanced so that the
necessary immune stimulation is
achieved with minimal side effects,
such balance can be difficult to
accomplish in practice. This is because
the same mechanisms that drive the
immune-stimulatory effects of
adjuvants have the capacity to
provoke a variety of autoimmune
and/or inflammatory adverse
reactions86.8889,90919293  Moreover, as
we will demonstrate below, the
evidence for a role, direct or indirect,
of Al in ASD, perhaps in concert to
certain susceptibility genes as cited
above, is increasing.

We note that for many in the medical
community, the notion that any
compound in vaccines might be

involved in the changing rates of ASD is
sometimes taken as a form of apostasy.
It is not our intention in the following
to incite this concern, merely to show
that Al has the neurotoxic capability
and ubiquity to contribute to ASD in
humans and that some of the features
of the disorder can be demonstrated in
animals treated with Al by injection.

Aluminum as a neurotoxicant and its
impact in the CNS

There is now an abundant literature on
Al and its ubiquity in the modern “age
of aluminum” and widespread use in a
variety of materials, as well as in food,
water, and various medicinal
products®179495. Much of this was
suspected as early as 100 years ago and
repeatedly confirmed?. Indeed, in spite
of rather ill-informed views that Al is
non-toxic and inert and may even be

beneficial for a developing human
foetus?’, since the seminal work of
William Gies’ in 191198,
epidemiological, clinical and
experimental data have clearly

identified the CNS as the most sensitive
target of Al's toxic effects regardless of
mode of exposure (i.e., oral, injectable
as adjuvant in vaccines, etc.)929499,100,

The neurotoxicity of Al typically
manifests in  learning, memory,
concentration and speech deficits,
impaired psychomotor control,

increased seizure activity, and altered
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behaviour (i.e, confusion, anxiety,
repetitive behaviours, and sleep

disturbances)®. One hundred years of
general ignorance of Gies’ concerns
and recommendations (that Al should
be excluded from human
consumption)?s, has brought us to the
need of re-evaluating our increased
intake of Al from whatever source.
This need is highlighted in burgeoning
evidence that links Al to the spectrum
of neurological diseases which plague
the 21st century including
Alzheimer’ss, ALS/Parkinsonism
demential®l, multiple sclerosis102103
and autism spectrum and neurological
impairments in children?9.104.105,106,

The extent of the Al's neurotoxic
impacts may depend in large part on
the form(s) of Al the route of
administration, and the concentration
and duration of exposure. Included in
this latter category is the issue of
dietary versus injected Al. It should be
obvious that the route of exposure
which  bypasses the protective
barriers of the gastrointestinal tract
and/or the skin will likely require a
much lower dose to produce a toxic
outcome. In the case of Al, only
~0.25% of dietary Al is absorbed into
systemic circulation'%? and then
rapidly filtered by the kidneys in those
with mature and patent kidney
function. In contrast, Al hydroxide
(the most common adjuvant form)
injected intramuscularly may be
absorbed at nearly 100% efficiency
over timel® and follow a completely
different route in the body. Namely,
intramuscularly or subcutaneously
injected Al (mimicking vaccine
exposure) may accumulate in other
organs including the spleen and the
brain where it is still detected up to 1
year post-injection199, Notably,
research on human subject suffering
from post-vaccination syndromes
showed retention of Al adjuvants up
to 8 to 10 years following
eXposure110,111,112_

The prolonged hyperactivation of the
immune  system and  chronic
inflammation triggered by repeated
exposure and unexpectedly long
persistence of Al adjuvants in the

human body are thought to be the
principal factors underlying the
toxicity of these compounds. One of
the reasons for this long retention of
Al adjuvants in bodily compartments
including systemic circulation is most
likely due to its tight association with
the vaccine antigens or other vaccine
excipients (i.e, DNA residuals)13114
which makes such Al complexes
resistant to both kidney excretion and
enzymatic degradation. Even dietary
Al has been shown to accumulate in
the CNS over time, producing
Alzheimer  type  outcomes in
experimental animals feed equivalent
amounts of Al to what humans
consume through a typical Western
diet115116,

With respect to Al in the vaccine
adjuvant form, in the last decade,
studies on animal models and humans
have indicated that Al adjuvants have
an intrinsic ability to inflict adverse

neurological and immuno-
inflammatory
manifestations?1.92117.118, This

research culminated in delineation of
ASIA-“autoimmune/inflammatory

syndrome induced by adjuvants”,
which  encompasses the wide
spectrum of  adjuvant-triggered

medical conditions characterized by a
misregulated immune response89119,
Notably, a large portion of adverse

manifestations experimentally
triggered by Al in animal models®2120,
and those associated with

administration of adjuvanted vaccines
in humans are neurological and
neuropsychiatric121122, The ability of
Al adjuvants to cross the blood-brain
and blood-cerebrospinal fluid
barriers?2109122123 may in part explain
the reason the adverse manifestations
following vaccinations tend to be
neurological with an underlying
immuno-inflammatory
Component121'124'125.

Thus it appears that Al impacts on the
CNS and immune system are not
disparate actions but rather are
reciprocally linked17:33,93,105,

CNS damage has been directly linked
to the immunostimulatory properties
of Al adjuvants in mice?2126 and
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sheep122 where in both cases damage
to the motor system was noted at both
behavioral and cellular levels. In
particular, the “sheep ASIA syndrome”
mimics in many aspects human
neurological diseases linked to Al
adjuvants22. The adverse chronic phase
of this syndrome affects 50 to 70% of
flocks and up to 100% of animals
within a flock. It is characterized by
severe neurobehavioral outcomes all of
which are consistent with Al toxicity
(restlessness, compulsive wool biting,
generalized weakness, muscle tremors,
loss of response to stimuli, ataxia,
tetraplegia, stupor, coma and death),
inflammatory lesions in the brain and
the presence of Al in central nervous
system tissues122. The main
histopathologic change of the chronic
phase of the “sheep ASIA syndrome” is
located at the spinal cord and consists
in multifocal neuronal necrosis and
neuron loss in both dorsal and ventral
column of the grey matter.

In humans, the best studied condition
linked to adjuvant Al is the
neuromuscular disorder macrophagic
myofasciitis (MMF) syndrome and
associated cognitive impairment. MMF
is a condition characterized by highly
specific myopathological alterations at
deltoid muscle biopsy due to long-term
persistence of vaccine-derived Al
hydroxide nanoparticles within
macrophages at the site of previous
vaccine injections!10117.118  Patients
diagnosed with MMF tend to be female
(70%) and middle-aged at time of
biopsy (median age 45 years), having
received 1 to 17 intramuscular (i.m.) Al-
containing vaccines (mean 5.3) in the
10 years before MMF detection!?’.
Clinical manifestations in MMF patients
include diffuse myalgia, arthralgia,
chronic fatigue, muscle weakness and
cognitive dysfunction. Overt cognitive
alterations affecting memory and
attention are manifested in 51% of
cases!?’. In addition to chronic fatigue
syndrome, 15-20% of patients with
MMF  concurrently  develop an
autoimmune disease, the most frequent
being multiple sclerosis-like
demyelinating disorders, Hashimoto’s
thyroiditis, and diffuse dysimmune
neuromuscular diseases, such as
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dermatomyositis, necrotizing
autoimmune myopathy, myasthenia
gravis, and inclusion body myositis27,
Even in the absence of overt
autoimmune disease, low titres of
various autoantibodies, increased
inflammatory biomarkers, and
abnormal iron status are commonly
detected!2s.

The pathological significance of the
MMF lesion has long been ill-
understood because of the lack of an
obvious link between persistence of Al
agglomerates in macrophages at sites
of previous vaccination and delayed
onset of systemic and neurological
manifestations. However, recent
studies from these same investigators
have demonstrated in experimental
animals a clear pathway for injected
Al hydroxide from muscle in which
the Al particles are transported via the
draining lymph nodes by circulating
macrophages into the brainl%. Once
there, Al's unusual physical and
biophysical properties and its ability
to bind to and disrupt normal
biochemical reactions render it
capable of altering normal signalling
at every level of the CNS and also able
trigger autoimmune
reactions817.33:89,90,

In spite of the observation that long-
term cumulative exposure from Al
adjuvants in adults can result in
adverse autoimmune and neurological
outcomes, children worldwide
continue to be exposed to a much
greater Al burden from vaccines.
While an adult MMF patient may have
received up to 17 vaccines in 10 years
prior to diagnosis'?’, an average U.S.
child would have received the same
number of Al-adjuvanted vaccines in
their first 18 months of life according
to the latest U.S. CDC vaccination

schedule (Table 1). Of note, in
humans, important aspects of brain
development (i.e., synaptogenesis)

occur during the first 2 years after
birth129130, a period in which the
immature brain is extremely
vulnerable to  neurotoxic and
immunotoxic insults4950129 and in
which children receive the majority of
their paediatric vaccinations. Yet
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another factor that is universally
overlooked in the design of routine
vaccination  schedules is  that
simultaneous administration of as
little as two to three immune
adjuvants, or repeated stimulation of
the immune system by the same
antigen, can overcome  genetic
resistance to autoimmunity!31132, The
lax view about the potential toxicity of
Al is perhaps best exemplified by its
historical and routine use as a placebo
in vaccine safety trials133134, a practice
that puts in doubt all widely held
assumptions about Al safety in
vaccines.

Aluminum as a candidate risk
factor in autism

The ability of Al to adversely affect
both the immune and the nervous
system as described above make it a
plausible candidate risk factor for
triggering disorders of the autism
spectrum. Indeed, the two principal
component of ASD are neurological
malfunction and immune system
dysfunction. Al is also a known BBB
toxin135136 and there is increasing
evidence that the widespread
manifestation of CNS-related
autoimmunity in autistic patients is

partially due to disruption of the
BBB33.39,42,43,44,

The mechanism by which peripheral
(systemic) immune stimulation affects
responses in the brain is critical to
understanding of the potential role of
Al adjuvants in neurodevelopmental
disorders of the autism spectrum. An
important advance in understanding
of the function of the normal and the
diseased brain was the recognition
that there is an  extensive
communication between the immune
system and cells in the CNS137.138, As a
result of this neuro-immune cross-
talk, neural activity can be
dramatically altered in response to a
variety of immune stimulil39140141,
Such peripheral immune stimuli lead
to de novo production of
proinflammatory cytokines within the
brain by the activated microglia, the
brain’s resident immune cells140.142, [t
should be emphasized that repeated
activation of once resting microglia
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sometimes induces an irreversible shift
of these cells to a neurodestructive
proinflammatory and excitotoxic
phenotypel40.143,144 " That adjuvant Al
can induce proinflammatory responses
in the brain including a dramatic
activation of glial cells has been
repeatedly shown in the literature192,
Moreover, the studies by Vargas et
al.3864  on autistic brain samples
suggests that neuroglial activation and
neuroinflammation could be critical in
initiating and maintaining some of the
CNS abnormalities present in autism.

Proinflammatory responses arising
from peripheral immune stimuli early
in the postnatal period are further
detrimental because they result in
accumulation  of  proinflammatory
cytokines and excitotoxic levels of the
neurotransmitter glutamate within the
brain, thus promoting inflammation

and disrupting neural
development?1145,  Moreover, such
immune stimuli can increase CNS

vulnerability to subsequent immune
insults and the latter can then
permanently impair CNS
function!46147.148149 " For example, in
rodents, peripheral immune stimuli
with either bacterial antigens or viral
mimetics within the first two postnatal
weeks are sufficient to cause deficits in
social interactions, altered responses to
novel situations, anxiety-like
behaviours, impairments in memory,

long-lasting  increase in  seizure
susceptibility, = abnormal  immune
cytokine  profiles and  increase
extracellular ~ glutamate in  the

hippocampus717374149150_ All of these
abnormalities are to various degrees
observed in autistic children212938151,

Repeated administration of bacterial
and viral antigens (most of which are
adsorbed to Al adjuvants) through
present vaccination schedules (Table 1)
is clearly analogous both in nature and

timing  to peripheral immune
stimulation with microbial mimetics in
experimental animals during early

periods of developmental vulnerability
of the CNS. If administered during these
periods (including early postnatal),
such potentiated immune stimuli have
the intrinsic capacity to produce
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adverse neurodevelopmental
outcomes, and also to permanently
impair immune responses to

subsequent immune challenges later
in lifet50.152153 In spite of these clear
analogies, paediatric vaccinations
have been historically dismissed as a
plausible cause for the growing
burden of neurodevelopmental and
immune abnormalities in children?54,

With this background in mind, we
undertook an ecological study of ASD
incidence in 7 Western countries,
including the U.S, in relation to Al-
adjuvanted vaccine wuse in each
country’ recommended paediatric
vaccination schedulel%5. The results
showed a clear, and statistically
significant correlation between the
number of Al adjuvants administered
(and the estimated total Al body
burden) and the rate of ASD over the
period examined. Further, the rate,
which varied by country, changed in
synchrony to the number of Al-
adjuvanted vaccine in any country’s
schedule. Recognizing that correlation
does not demonstrate causality, we
applied Hill's criterial®> and found
that 8 of the 9 criteria could
reasonably be satisfied.

Further recognizing that even this was
not sufficient, we undertook detailed
behavioural studies on newborn male
and female outbred mice given an
“equivalent” to high and low exposure
to Al from vaccines (according to the
U.S. and Scandinavian vaccination
schedules respectively)”?. The results
of the light/dark box test showed that
Al injections in the neonatal period
significantly increased anxiety-like
behaviours and reduced exploratory
activities in mice when they were
tested as adults approximately 4
months  later.  These  adverse
behavioural outcomes were long-
lasting and persisted throughout the
two month period of testing. In
particular, mice of both sexes injected
according to the “high Al” schedule
showed a highly significant increase in
anxiety (p=0.0001 males; p<0.0001
females) and a highly significant
reduction in exploratory activities

(p<0.0001 males; p<0.0001 females)
compared to saline controls.

Females however were more severely
affected, showing significant increase
in anxiety even at “low Al” exposure
(p<0.034). In addition, males but not
females receiving “high Al” were
significantly more lethargic and less
active in the open field test than
control males or those on the “low Al”
schedule (p<0.0001). In particular, the
young male CD-1 mice exposed to high
doses of Al adjuvant travelled shorter
distances (p<0.0001), spent
significantly less time moving
(p<0.0001) and moved more slowly
(p<0.0001) than the control animals.
These mice also showed reduced
rearing frequency compared to
controls (p<0.0004). Overall, the
adverse effects of high Al adjuvant
exposure on locomotor activities in
male mice were also long-lasting and
persisted throughout the period of
testing.

The various behavioural outcomes
noted, and the differences between
male and female mice treated with Al
point to sex difference in sensitivity to
neurotoxic/neurodisruptive action of
Al. For example, while locomotor
activity seemed to be disrupted in
males treated with “high Al”, in
females under same treatment no
impairments were observed. Of note,
Olczak et al.”2 while investigating the
neurotoxic potential of Thimerosal in
vaccine relevant exposures in young
adult Wistar rats, reported similar
outcomes in locomotor activity.
Namely, male rats were more
sensitive to Thimerosal disruption in
the locomotor parameters measured
in the open field while the anxiety
parameters were altered in both sexes
even at the lowest doses of
Thimerosal, a result which may reflect
the higher intrinsic acute neurotoxic
potential of Hg when compared to
AL156,

At least two other studies in the
current literature support the role of

Al in neurological and
neurodevelopmental disorders. Seneff
et al’s'% recent comprehensive
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analysis of the data from the U.S.
Vaccine Adverse Event Reporting
System (VAERS) showed that reports of
autism in VAERS increased steadily at
the end of the last century during a
period when Hg was being phased out
of U.S. vaccines, while Al adjuvant
burden was being increased.

Using standard log-likelihood ratio
techniques, Seneff et all% also
identified several signs and symptoms
that were significantly more prevalent
in vaccine reports after 2000, including
cellulitis, seizure, depression, fatigue,
pain and death, which were also
significantly = associated with  Al-
containing vaccines. Finally, Melendez
et al.104 found that autistic patients have
higher than normal blood serum levels
of Al and other toxic metals (Cr and As)
while having lower levels of essential
metals including Zn, Cu and Mg. Al is
well known to displace essential metals
from bio-enzymes, especially Mg and
this property of Al is linked to its role in
triggering neurodegenerative disorders
8. In the study by Melendez et al.10%
several important factors regarding
exposure to toxic metals were
identified: in 80% of the cases the
autistic children had used or made use
of controlled drugs and 90% of them
had taken all recommended vaccines. In
addition, 70% of mothers of ASD
children received vaccines and 80% of
them ate canned food and fish during
pregnancy.

Aluminum alters gene expression

The ability of Al to bind to DNA and
change gene expression patterns has
been established by Lukiw et al.157.158,
At nanomolar concentrations, Al
inhibits brain-specific gene
transcription from selected AT-rich
promoters of human neocortical
genes?s8, Al's repressive action on gene
transcription is linked to its ability to 1)
decrease the access of transcriptional
machinery to initiation sites on DNA
template by enhancing chromatin
condensation!57.159; or 2) interfere with
ATP-hydrolysis-powered separation of
DNA strands either indirectly (by
binding to phosphonucleotides and
increasing the stability and melting
temperature of DNA)158160 or directly
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(by inhibiting the ATPase-dependent
action of RNA polymerase)!58. These
effects were experimentally
demonstrated at physiologically-
relevant Al concentrations (10-100
nm)158161 and at levels that have been
reported in  Alzheimer disease
patients’  chromatin  fractions!62.
Furthermore, Al content expressed
per gram of DNA was found to be
significantly increased in nuclear and
heterochromatin fractions in pre-
senile Alzheimer's disease patients
when compared to age-matched
controls163,

It is particularly interesting to note
that in spite of its overall repressive
action on some gene expression, Al
can also promote transcription. Al
promotes lipid peroxidation and
oxidative stress and in this way
activates the ROS-sensitive
transcription factors, hypoxia
inducible factor-1 (HIF-1) and nuclear
factor (NF)-kB and augments specific
neuroinflammatory and pro-apoptotic
signalling cascades by driving the
expression from a subset of HIF-1 and
NF-xB - inducible promoters164165,

Out of eight induced genes up-
regulated in cultured human neurons
by 100 nm Al sulphate (the same
compound that is used as a flocculant
in water), seven showed expression
patterns similar to those observed in
Alzheimer’s, including HIF-1/NF-xB-
responsive ABPP, interleukin-1f (IL-
18) precursor, NF-kB subunits,
cytosolic phospholipase A2 (cPLA2),
cyclooxygenase (COX)-2 and DAXX, a
regulatory protein known to induce
apoptosis and repress
transcriptioni65. Both HIF-1 and NF-
kB are up-regulated in Alzheimer’s
disease  where they fuel the
proinflammatory cycle which leads to
further exacerbation of oxidative
stress and inflammation, culminating
in neuronal death?.

In light of the above data, we selected
18 candidate genes which have
implied functions in both ASD and
macrophage-initiated innate immune
responsel®.  We measured the
expression levels of these 18 genes
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using semi-quantitative RT-PCR in
brain samples from 3 male control
and 3 Al-injected mice from the study
cited above”’. In total 7 genes showed
changes in expression. Some of the
activators and effectors of immuno-
inflammatory response were
significantly up-regulated, including
interferon gamma (IFNG), tumour
necrosis factor (TNF), chemokine
CCL2 and lymphotoxin beta (LTB),
while the inhibitors of immune
reaction NF-kBIB (inhibitor of NF-kB),
complement component C2 and a
gene controlling the regulation of the

degradative enzyme for  the
neurotransmitter acetylcholine
(acetylcholinesterase, ACHE), were

significantly down-regulated (Figure
1A & Figure 1B). In 5 out of these 7
genes, the analysis of the
corresponding protein levels showed
significant changes in expression:
I[FNG, TNF and CCLZ were up-
regulated while NF-xBIB and ACHE
were down-regulated (Figure 1C &
Figure 1D).

Although it is still premature to make
definitive conclusions given the still
small sample size (the data are
currently being collected on other
samples), these results suggest that an
immuno-inflammatory response was
activated and the neural activity
decreased by Al injection. Moreover,
our results are in agreement with
Lukiw et al.'®> who demonstrated
upregulation of NF-kB responsive and
proinflammatory genes by nanomolar
Al

Altogether, the gene expression
studies following Al treatment point
to a greater complexity than perhaps
previously anticipated: not only can Al
evoke direct neural damage and
trigger activation of adverse immune-
mediated signals, but it can also
directly influences gene expression,
thus  triggering more complex
interactions between genes and
toxins. Insofar as the latter may be
correct, it will be highly important in
the future to determine where in the
lifespan can Al impact gene expression
and how long such changes might
last.
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Conclusion

It should be clear by now that the
etiology of ASD is not a simple process
involving only genetic factors, but
rather involves a multiple “hit” etiology.
This is not particularly surprising given
the existing literature on
neurodegenerative disorders
associated with aging, e.g., Alzheimer’s
disease, Parkinson disease, and ALS
have reached much the same
conclusions. Based on the likelihood of
gene-environment interaction, we
propose that some combination of
genetic predispositions can sensitize
the developing CNS of some individuals
to a secondary toxic insult. That second
insult could conceivably be that from Al
from various sources including
paediatric vaccines, although clearly
other toxicants may also be involved.

Al salts are the most widely used
adjuvants in current use. The fact that
they can trigger pathological
immunological responses and a cascade
of adverse health effects is now well
documented, albeit still not widely
recognized in the medical community.
As detailed in this article, the risks
associated vaccine-derived Al are four-
fold. First, Al can persist in the body;
second, Al can trigger pathological
immunological responses; third, Al can
make its way into the CNS where it can

activate deleterious immuno-
inflammatory and excitotoxic
processes; fourth, Al <can alter

expression of numerous genes involved
in the immuno-inflammatory responses
and cell-to-cell signaling.

Further, given that a strong adjuvant
effect can overcome even genetic
resistance to autoimmunity, it is likely
that an increasing number of
individuals, regardless of their genetic
background, will react adversely if
exposures to compounds with immune
adjuvant properties exceed a certain
threshold. Prior genetic susceptibilities
may in such cases only determine the
degree of severity of manifestations of
the disease spectrum, rather than being
the principal driving factor in their
increase. The fact that as many as 2% of
6 tol7 year olds in the U.S. currently
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show some form of autism
(representing over a 70% increase
since 2007), argues in favour of this
hypothesis. No genetic susceptibility
can account for such a dramatic
increase in such a short time span as
genes in a population are highly
unlikely to change that rapidly.
Notably, studies on twins have now

shown that common environmental
factors account for 55% of their risk
for developing autism while genetic
susceptibility explains only 37% of
cases. Because the prenatal
environment and early postnatal
environment are shared between
twins and because overt symptoms of
autism emerge around the end of the
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first year of life, it is reasonable that at
least some of the environmental factors
contributing to the risk of autism exert
their deleterious neurodevelopmental
effect during this early period of life.
Indeed, important aspects of human
brain development take place during
the first two postnatal years, when the
immature brain is extremely vulnerable
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Figure 1: A: The effect of Al on the expression of 18 autism-related genes in the brains of Al-injected (n=3) and control (Con; n=3) male CD-
1 mice. B-actin was used as the internal standard. B: Quantification of the expression change shown in A. The expression levels of 7
autism- and innate immunity-related genes were significantly altered in Al-injected mouse brains compared to saline control (Con) as
measured by semi-quantitative RT-PCR analyses. Data are presented as fold difference as compared to controls. Histograms report the
mean +SEM of three independent experiments determined by densitometry. **p < 0.01, *p < 0.05. C: The protein levels of the 7 genes
with altered expression levels after aluminum injection were verified by western blots. B-actin was used as internal standard. D:
Quantification of the protein level change shown in C. Data are shown as mean signal intensity + SEM of three independent experiments.
**p < 0.01, *p < 0.05. Abbreviations: ACHE, acetylcholinesterase; C2, complement component 2; CCL2, chemokine (C-C motif) ligand 2;
CEBPC, CCAAT/enhancer binding protein beta; CRP, C-reactive protein; IFNG, interferon gamma, KLK1, kallikrein; LTB, lymphotoxin B;
MMP9, matrix metalloproteinase 9; NFKBIB, nuclear factor of kappa light polypeptide gene enhancer in B-cells inhibitor beta; NFKBIE,
nuclear factor of kappa light polypeptide gene enhancer in B-cells inhibitor epsilon; PPARG, peroxisome proliferator-activated receptor
gamma; SELE, selectin E; SERPINE1, serpin peptidase inhibitor, clade E member 1; SFTPB, surfactant protein B; STAT4, signal transducer
and activator of transcription 4; TNF (TNF-alpha), tumor necrosis factor.
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to neurotoxic an d immunotoxic
insults. This is also a period during
which  children worldwide are
routinely exposed to the majority of
Al-adjuvanted vaccines. Al is both a
neurotoxin and an immunotoxin and
there is now sufficient evidence from
both human and animal studies that
cumulative exposure to this adjuvant
is not as benign as previously
assumed. Because infants represent
the most vulnerable population that is
universally and routinely exposed to
Al adjuvants, a more rigorous
evaluation of its potentially adverse
neurodevelopmental  impacts is
needed.

Acknowledgement
The authors thank the Dwoskin
Family Foundation, the Kaitlyn Fox
Foundation, and the Luther Allyn
Shourds Dean estate.

Conflict of interests
None declared.

Competing interests

C.A. Shaw is a founder and
shareholder of Neurodyn Corporation,
Inc. The company investigates early-
state neurological disease
mechanisms and biomarkers. This
work and any views expressed within
it are solely those of the authors and
not of any affil.

References

1. Shaw CA, Hoglinger GU.
Neurodegenerative diseases:
neurotoxins as sufficient etiologic
agents? Neuromolecular Med.
2008;10(1):1-9.

2. Lukiw wj, Bazan NG.
Neuroinflammatory signaling

upregulation in Alzheimer's disease.
Neurochem Res. 2000;25(9-10):1173-
1184.

3. Sahawneh MA, Ricart KC, Roberts
BR, et al. Cu,Zn-superoxide dismutase
increases toxicity of mutant and zinc-
deficient superoxide dismutase by
enhancing protein stability. ] Biol
Chem. 2010;285(44):33885-33897.

4. Rosen DR. Mutations in Cu/Zn
superoxide dismutase gene are

associated with familial amyotrophic
lateral sclerosis. Nature.
1993;364(6435):362.

5. Beckman |S, Estevez AG, Crow ]P,
Barbeito L. Superoxide dismutase and
the death of motoneurons in ALS.
Trends Neurosci. 2001;24(11
Suppl):S15-20.

6. Ferri CP, Prince M, Brayne C, et al.
Global prevalence of dementia: a
Delphi consensus study. Lancet.
2005;366(9503):2112-2117.

7. Thomas P, Fenech M. A review of
genome mutation and Alzheimer's
disease. Mutagenesis. 2007;22(1):15-
33.

8. Tomljenovic L. Aluminum and
Alzheimer's Disease: After a Century
of Controversy, Is there a Plausible
Link? ] Alzheimers Dis.
2011;23(4):567-598.

9. Van Kampen JM, Baranowski DC,
Shaw CA, Kay DG. Panax ginsent is
neuroprotective in a novel
progressive model of Parkinson's
disease. Exp Gerontol. 2014;50:95-
105.

10. Shen WB, McDowell KA, Siebert
AA, et al. Environmental neurotoxin-
induced progressive model of
parkinsonism in rats. Ann Neurol.
2010;68(1):70-80.

11. Andrew SE, Goldberg YP, Kremer
B, et al. The relationship between
trinucleotide (CAG) repeat length and
clinical features of Huntington's
disease. Nat Genet. 1993;4(4):398-
403.

12. Gillberg C, Steffenburg S,
Schaumann H. Is autism more
common now than ten years ago? Br ]
Psychiatry. 1991;158:403-409.

13. Gurney ]G, Fritz MS, Ness KK,
Sievers P, Newschaffer C], Shapiro EG.
Analysis of prevalence trends of
autism  spectrum  disorder in
Minnesota. Arch Pediatr Adolesc Med.
2003;157(7):622-627.

14. NHSR (National Health Statistics
Reports). 2013. Changes in Prevalence
of Parent-reported Autism Spectrum
Disorder in School-aged U.S. Children:
2007 to 2011-2012. [cited Nov 2013].
15. U.S. CDC. 2014. Autism Spectrum
Disorders (ASDs). Data & Statistics.
Prevalence. [updated March 2014;
cited March 2014].

Page 11 of

Review

16. Baron-Cohen S, Scott FJ, Allison C, et
al. Prevalence of autism-spectrum
conditions: UK school-based population
study. Br ] Psychiatry.
2009;194(6):500-509.

17. Shaw CA, Tomljenovic L. Aluminum
in the central nervous system (CNS):
toxicity in humans and animals, vaccine
adjuvants, and autoimmunity. Immunol
Res. 2013;56(2-3):304-316.

18. Miller CG. Time trends in autism. Isr
Med Assoc . 2011;12(11):711-712.

19. Newschaffer C], Falb MD, Gurney ]G.
National autism prevalence trends from
United States special education data.
Pediatrics. 2005;115(3):e277-282.

20. Fombonne E. Epidemiological
surveys of autism and other pervasive
developmental disorders: an update. ]
Autism Dev Disord. 2003;33(4):365-
382.

21. Tuchman R, Rapin I. Epilepsy in
autism. Lancet Neurol. 2002;1(6):352-
358.

22. Ashwood P, Wills S, Van de Water J.
The immune response in autism: a new
frontier for autism research. ] Leukoc
Biol. 2006;80(1):1-15.

23. Torrente F, Ashwood P, Day R, et al.
Small intestinal enteropathy with
epithelial IgG  and complement
deposition in children with regressive
autism. Mol Psychiatry. 2002;7(4):375-
382, 334.

24. White JF. Intestinal pathophysiology
in autism. Exp Biol Med (Maywood).
2003;228(6):639-649.

25. Chen B, Girgis S, El-Matary W.
Childhood autism and eosinophilic
colitis. Digestion. 2010;81(2):127-129.
26. Balzola F. et al. Autistic
enterocolitis: confirmation of a new
inflammatory bowel disease in an
[talian cohort of patients.
Gastroenterology.
2005;128(suppl.2):A-303.

27. Balzola F. et al. Beneficial
behavioural effects of IBD therapy and
gluten/casein-free diet in an Italian
cohort of patients with autistic
enterocolitis followed over one year.
Gastroenterology. 2006;130(4(Suppl.
2)):S1364 A-1321.

28. Jass JR. The intestinal lesion of
autistic spectrum disorder. Eur ]
Gastroenterol Hepatol. 2005;17(8):821-
822.

Licensee OAPL (UK) 2014. Creative Commons Attribution License (CC-BY)

FOR CITATION PURPOSES: Shaw CA, Sheth S, Li D, Tomljenovic L. Etiology of autism spectrum disorders: Genes,
environment, or both? OA Autism 2014 Jun 10;2(2):11.

Competing interests: declared in the article. Conflict of interests: None declared.

All authors contributed to conception and design, manuscript preparation, read and approved the final manuscript.

All authors abide by the Association for Medical Ethics (AME) ethical rules of disclosure.



QA Autism

\

29. Newschaffer CJ, Croen LA, Daniels
], et al. The epidemiology of autism
spectrum disorders. Annu Rev Public
Health. 2007;28:235-258.

30. Rapin L. Autism. N Engl ] Med.
1997;337(2):97-104.

31. Belmonte MK, Allen G, Beckel-
Mitchener A, Boulanger LM, Carper
RA, Webb S]. Autism and abnormal
development of brain connectivity. ]
Neurosci. 2004;24(42):9228-9231.

32. Just MA, Cherkassky VL, Keller TA,
Minshew NJ. Cortical activation and

synchronization during sentence
comprehension in high-functioning
autism: evidence of

underconnectivity. Brain. 2004;127(Pt
8):1811-1821.

33. Tomljenovic L, Blaylock RL, Shaw
AC. 2014. Autism Spectrum Disorders
and Aluminum Vaccine Adjuvants. In:
Patel VB, Preedy, VR, Martin CR,
editors.Comprehensive  Guide to
Autism. New York: Springer. p 1585-
16009.

34. Garay PA, McAllister AK. Novel
roles for immune molecules in neural
development: implications for
neurodevelopmental disorders. Front
Synaptic Neurosci. 2010;2:136.

35. Boulanger LM. Immune proteins in
brain development and synaptic
plasticity. Neuron. 2009;64(1):93-109.
36. Huh GS, Boulanger LM, Du H,
Riquelme PA, Brotz TM, Shatz CJ.
Functional requirement for class I
MHC in CNS development and
plasticity. Science.
2000;290(5499):2155-2159.

37. Chu Y, Jin X, Parada I, et al
Enhanced synaptic connectivity and
epilepsy in C1q knockout mice. Proc

Natl Acad Sci USA.
2010;107(17):7975-7980.
38. 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.

39. Vojdani A, Campbell AW, Anyanwu
E, Kashanian A, Bock K, Vojdani E.
Antibodies to neuron-specific antigens
in children with autism: possible
cross-reaction with encephalitogenic
proteins from milk, Chlamydia
pneumoniae and Streptococcus group

A. ] Neuroimmunol.
2):168-177.

40. Singer HS, Morris CM, Williams PN,
Yoon DY, Hong J]J, Zimmerman AW.
Antibrain antibodies in children with
autism and their unaffected siblings. ]
Neuroimmunol. 2006;178(1-2):149-
155.

41. Singer HS, Morris CM, Gause CD,
Gillin PK, Crawford S, Zimmerman
AW. Antibodies against fetal brain in
sera of mothers with autistic children.
] Neuroimmunol. 2008;194(1-2):165-
172.

42. Angelidou A, Asadi S, Alysandratos
KD, Karagkouni A, Kourembanas S,
Theoharides TC. Perinatal stress,
brain inflammation and risk of autism-
review and proposal. BMC Pediatr.
2012;12:89.

43. Theoharides TC, Zhang B. Neuro-
Inflammation, Blood-Brain Barrier,
Seizures and Autism. J
Neuroinflammation. 2011;8(1):168.
44. Theoharides TC, Kempuraj D,
Redwood L. Autism: an emerging
'neuroimmune disorder' in search of
therapy. Expert Opin Pharmacother.
2009;10(13):2127-2143.

45. D'Andrea MR. Evidence that
immunoglobulin-positive neurons in
Alzheimer's disease are dying via the

2002;129(1-

classical antibody-dependent
complement  pathway. Am J
Alzheimers Dis  Other  Demen.
2005;20(3).

46. Dahlstrom A, Wigander A,

Lundmark K, Gottfries CG, Carvey PM,
McRae A. Investigations on auto-
antibodies in  Alzheimer's and
Parkinson's diseases, using defined
neuronal cultures. ] Neural Transm
Suppl. 1990;29:195-206.

47.Mecocci P, Parnetti L, Romano G, et
al. Serum anti-GFAP and anti-S100

autoantibodies in  brain  aging,
Alzheimer's disease and vascular
dementia. ] Neuroimmunol.

1995;57(1-2):165-170.

48. Hammer C, Stepniak B, Schneider
A, et al. Neuropsychiatric disease
relevance of circulating anti-NMDA
receptor autoantibodies depends on
blood-brain barrier integrity. Mol
Psychiatry. 2013.

49. Dietert RR, Dietert JM. Potential
for early-life immune insult including
developmental immunotoxicity in

Page 12 of

Review

autism and autism spectrum disorders:
focus on critical windows of immune
vulnerability. ] Toxicol Environ Health
B Crit Rev. 2008;11(8):660-680.

50. Hertz-Picciotto I, Park HY, Dostal M,
Kocan A, Trnovec T, Sram R. Prenatal
exposures to persistent and non-
persistent organic compounds and
effects on immune system
development. Basic Clin Pharmacol
Toxicol. 2008;102(2):146-154.

51. Ashwood P, Van de Water ]. A
review of autism and the immune
response. Clin Dev Immunol.
2004;11(2):165-174.

52. Ashwood P, Enstrom A, Krakowiak
P, et al. Decreased transforming growth
factor betal in autism: a potential link
between immune dysregulation and
impairment in clinical behavioral
outcomes. ] Neuroimmunol.
2008;204(1-2):149-153.

53. Ashwood P, Krakowiak P, Hertz-
Picciotto I, Hansen R, Pessah IN, Van de
Water J. Altered T cell responses in
children with autism. Brain Behav
Immun. 2011;25(5):840-849.

54. Smalley SL, Asarnow RF, Spence MA.
Autism and genetics. A decade of
research. Arch Gen  Psychiatry.
1988;45(10):953-961.

55. Freitag CM, Staal W, Klauck SM,
Duketis E, Waltes R. Genetics of autistic
disorders:  review and  clinical
implications. Eur  Child Adolesc
Psychiatry. 2010;19(3):169-178.

56. Cook EH, Jr.,, Lindgren V, Leventhal
BL, et al. Autism or atypical autism in
maternally but not paternally derived
proximal 15q duplication. Am ] Hum
Genet. 1997;60(4):928-934.

57. Kumar RA, KaraMohamed S, Sudi J,
et al. Recurrent 16p11.2 microdeletions

in autism. Hum Mol Genet.
2008;17(4):628-638.
58. Miles JH. Autism spectrum

disorders--a genetics review. Genet
Med 2011;13(4):278-294.

59. Lauritsen MB, Als TD, Dahl HA, et al.
A genome-wide search for alleles and
haplotypes associated with autism and
related  pervasive  developmental
disorders on the Faroe Islands. Mol
Psychiatry. 2006;11(1):37-46.

60. Klauck SM. Genetics of autism
spectrum disorder. Eur ] Hum Genet.
2006;14(6):714-720.

Licensee OAPL (UK) 2014. Creative Commons Attribution License (CC-BY)

FOR CITATION PURPOSES: Shaw CA, Sheth S, Li D, Tomljenovic L. Etiology of autism spectrum disorders: Genes,
environment, or both? OA Autism 2014 Jun 10;2(2):11.

Competing interests: declared in the article. Conflict of interests: None declared.

All authors contributed to conception and design, manuscript preparation, read and approved the final manuscript.

All authors abide by the Association for Medical Ethics (AME) ethical rules of disclosure.



QA Autism

\

61. Bacchelli E, Maestrini E. Autism
spectrum disorders: molecular genetic
advances. Am | Med Genet C Semin
Med Genet. 2006;142C(1):13-23.

62. Pickles A, Bolton P, Macdonald H,

et al. Latent-class analysis of
recurrence  risks for  complex
phenotypes with selection and

measurement error: a twin and family
history study of autism. Am | Hum
Genet. 1995;57(3):717-726.

63. Risch N, Spiker D, Lotspeich L, et
al. A genomic screen of autism:
evidence for a multilocus etiology. Am
] Hum Genet. 1999;65(2):493-507.

64. Pardo CA, Vargas DL, Zimmerman
AW. Immunity, neuroglia and
neuroinflammation in autism. Int Rev
Psychiatry. 2005;17(6):485-495.

65. Hunter JW, Mullen GP, McManus
JR, Heatherly JM, Duke A, Rand ]B.
Neuroligin-deficient mutants of C.
elegans have sensory processing
deficits and are hypersensitive to
oxidative stress and mercury toxicity.
Dis Model Mech. 2010;3(5-6):366-
376.

66. Glasson EJ], Bower C, Petterson B,
de Klerk N, Chaney G, Hallmayer JF.
Perinatal factors and the development
of autism: a population study. Arch
Gen Psychiatry. 2004;61(6):618-627.
67. Folstein S, Rutter M. Infantile
autism: a genetic study of 21 twin
pairs. ] Child Psychol Psychiatry.
1977;18(4):297-321.

68. Steffenburg S, Gillberg C, Hellgren
L, et al. A twin study of autism in
Denmark, Finland, Iceland, Norway
and Sweden. ] Child Psychol
Psychiatry. 1989;30(3):405-416.

69. Bailey A, Le Couteur A, Gottesman
I, et al. Autism as a strongly genetic
disorder: evidence from a British twin
study. Psychol Med. 1995;25(1):63-
77.

70. Hallmayer ], Cleveland S, Torres A,
et al. Genetic heritability and shared
environmental factors among twin
pairs with autism. Arch Gen
Psychiatry. 2011;68(11):1095-1102.
71. Ibi D, Nagai T, Kitahara Y, et al.
Neonatal polyl:C treatment in mice
results in schizophrenia-like
behavioral and neurochemical
abnormalities in adulthood. Neurosci
Res. 2009;64(3):297-305.

72. Olczak M, Duszczyk M,
Mierzejewski P, Meyza K, Majewska
MD. Persistent behavioral

impairments and alterations of brain
dopamine system after early postnatal
administration of thimerosal in rats.
Behav Brain Res. 2011;223(1):107-
118.

73. Konat GW, Lally BE, Toth AA, Salm
AK. Peripheral immune challenge with
viral mimic during early postnatal
period robustly enhances anxiety-like
behavior in young adult rats. Metab
Brain Dis. 2011;26(3):237-240.

74. Spencer SJ], Heida ]G, Pittman QJ.
Early life immune challenge--effects
on behavioural indices of adult rat
fear and anxiety. Behav Brain Res.
2005;164(2):231-238.

75. Hornig M, Chian D, Lipkin WL

Neurotoxic effects of postnatal
thimerosal are  mouse  strain
dependent. Mol Psychiatry.

2004;9(9):833-845.

76. Shi L, Fatemi SH, Sidwell RW,
Patterson PH. Maternal influenza
infection causes marked behavioral
and pharmacological changes in the
offspring. ] Neurosci. 2003;23(1):297-
302.

77. Shaw AC, Li Y, Tomljenovic L.
Administration of aluminium in
vaccine-relevant amounts in neonatal
mice is associated with long-term
adverse neurological outcomes. ]
Inorg Biochem. 2013;128:237-244.

78. Dorea JG. Integrating experimental
(in vitro and in vivo) neurotoxicity
studies of low-dose thimerosal
relevant to vaccines. Neurochem Res.
2011;36(6):927-938.

79. Tomljenovic L, Dorea ]G, Shaw AC.
Commentary: A Link Between
Mercury Exposure, Autism Spectrum
Disorder and Other
Neurodevelopmental Disorders?
Implications for Thimerosal-
Containing Vaccines. ] Develop
Disabilities. 2012;18(1):29-37.

80. Olczak M, Duszczyk M,
Mierzejewski P, Wierzba-Bobrowicz T,
Majewska MD. Lasting
neuropathological changes in rat brain
after intermittent neonatal
administration of thimerosal. Folia
Neuropathol. 2011;48(4):258-269.

81. Duszczyk-Budhathoki M, Olczak M,
Lehner M, Majewska MD.

Page 13 of

Review

Administration of thimerosal to infant
rats increases overflow of glutamate
and aspartate in the prefrontal cortex:
protective role of
dehydroepiandrosterone sulfate.
Neurochem Res. 2012;37(2):436-447.
82. Offit PA, Jew RK. Addressing
parents' concerns: do vaccines contain
harmful preservatives, adjuvants,
additives, or residuals? Pediatrics.
2003;112(6 Pt 1):1394-1397.

83. Harper SA, Fukuda K, Uyeki TM, Cox
NJ, Bridges CB. Centers for Disease
Control and Prevention (CDC) Advisory
Committee on Immunization Practices
(ACIP). Prevention and control of
influenza: recommendations of the
Advisory Committee on Immunization
Practices (ACIP). MMWR Recomm Rep.
2004;53(RR-6):1-40.

84. Glenny AT, Pope CG, Waddington H,
Wallace U. XXIII—the antigenic value of
toxoid precipitated by potassium alum.
] Pathol Bacteriol. 1926;29:38-39.

85. Brewer JM. (How) do aluminium
adjuvants  work? Immunol Lett.
2006;102(1):10-15.

86. Israeli E, Agmon-Levin N, Blank M,
Shoenfeld Y. Adjuvants and
autoimmunity. Lupus.
2009;18(13):1217-1225.

87. Exley C, Siesjo P, Eriksson H. The
immunobiology of aluminium
adjuvants: how do they really work?
Trends Immunol. 2010;31(3):103-109.
88. Batista-Duharte A, Lindblad EB,
Oviedo-Orta E. Progress in
understanding adjuvant
immunotoxicity mechanisms. Toxicol
Lett. 2011;203(2):97-105.

89. Shoenfeld Y, Agmon-Levin N. 'ASIA’
- Autoimmune/inflammatory syndrome
induced by adjuvants. ] Autoimmun.
2011;36(1):4-8.

90. Zivkovic I, Petrusic V, Stojanovic M,
Inic-Kanada A, Stojicevic I, Dimitrijevic
L. Induction of decreased fecundity by
tetanus toxoid hyper-immunization in
C57BL/6 mice depends on the applied
adjuvant. Innate Immun.
2012;18(2):333-342.

91. Li X, Zheng H, Zhang Z, et al. Glia

activation induced by peripheral
administration of aluminum oxide
nanoparticles in rat brains.

Nanomedicine. 2009;5(4):473-479.
92. Shaw CA, Petrik MS. Aluminum
hydroxide injections lead to motor

Licensee OAPL (UK) 2014. Creative Commons Attribution License (CC-BY)

FOR CITATION PURPOSES: Shaw CA, Sheth S, Li D, Tomljenovic L. Etiology of autism spectrum disorders: Genes,
environment, or both? OA Autism 2014 Jun 10;2(2):11.

Competing interests: declared in the article. Conflict of interests: None declared.

All authors contributed to conception and design, manuscript preparation, read and approved the final manuscript.

All authors abide by the Association for Medical Ethics (AME) ethical rules of disclosure.



]
QA Autism
\ |
deficits and motor neuron
degeneration. ] Inorg Biochem.

2009;103(11):1555-1562.

93. Tomljenovic L, Shaw CA.
Mechanisms of aluminum adjuvant
toxicity in pediatric populations.
Lupus. 2012;21(2):223-230.

94. Walton JR. Evidence that Ingested
Aluminum Additives Contained in
Processed Foods and Alum-Treated
Drinking Water are a Major Risk
Factor for Alzheimer's Disease. Curr
Inorg Chem. 2012;2(1):19-39.

95. Burrell SA, Exley C. There is (still)
too much aluminium in infant
formulas. BMC Pediatr. 2010;10:63.
96. Ganrot PO. Metabolism and
possible health effects of aluminum.
Environ Health Perspect.
1986;65:363-441.

97. The Children's Hospital of
Philadelphia (CHOP). Vaccine
Education Center. Vaccines and
Aluminum.

98. Gies W]. Some objections to the
use of alum baking-powder. JAMA.
1911;57(10):816-821.

99. Bishop NJ, Morley R, Day JP, Lucas
A. Aluminum neurotoxicity in preterm
infants receiving intravenous-feeding
solutions. N Engl | Med.
1997;336(22):1557-1561.

100. Rogers MA, Simon DG. A
preliminary  study of  dietary
aluminium intake and risk of
Alzheimer's disease. Age Ageing.

1999;28(2):205-209.
101. Perl DP, Moalem S. Aluminum,

Alzheimer’s Disease and the
Geospatial Occurrence of Similar
Disorders. Rev Mineral Geochem.

2006;64:115-134.
102. Authier FJ, Cherin P, Creange A, et
al. Central nervous system disease in

patients with macrophagic
myofasciitis.  Brain.  2001;124(Pt
5):974-983.

103. Exley C, Mamutse G,

Korchazhkina O, et al. Elevated
urinary excretion of aluminium and
iron in multiple sclerosis. Mult Scler.
2006;12(5):533-540.

104. Melendez L, Santos D, Luna
Polido L, et al. Aluminium and Other
Metals May Pose a Risk to Children
with Autism Spectrum Disorder:
Biochemical and Behavioural

Impairments
2013;3(1).
105. Tomljenovic L, Shaw CA. Do
aluminum vaccine adjuvants
contribute to the rising prevalence of
autism? ] Inorg Biochem.
2011;105(11):1489-1499.

106. Seneff S, Davidson RM, Liu ]J.
Empirical Data Confirm Autism
Symptoms Related to Aluminum and
Acetaminophen Exposure. Entropy.
2012;14:2227-2253.

107. Yokel RA, Hicks CL, Florence RL.
Aluminum bioavailability from basic
sodium aluminum phosphate, an
approved food additive emulsifying
agent, incorporated in cheese. Food
Chem Toxicol. 2008;46(6):2261-2266.
108. Yokel RA, McNamara P]J.
Aluminium toxicokinetics: an updated
minireview. Pharmacol  Toxicol.
2001;88(4):159-167.

109. Khan Z, Combadiere C, Authier FJ,
et al. Slow CCL2-dependent
translocation of biopersistent
particles from muscle to brain. BMC
Med. 2013;11:99.

110. Gherardi RK, Coquet M, Cherin P,
et al. Macrophagic myofasciitis lesions
assess long-term persistence of
vaccine-derived aluminium hydroxide

Clin Exp Pharmacol

in muscle. Brain. 2001;124(Pt
9):1821-1831.
111. Ryan AM, Bermingham N,

Harrington HJ, Keohane C. Atypical
presentation of macrophagic
myofasciitis 10 years post vaccination.
Neuromuscul Disord.
2006;16(12):867-869.

112. Shivane A, Hilton DA, Moate RM,
Bond PR, Endean A. Macrophagic
myofasciitis: a report of second case
from UK. Neuropathol Appl Neurobiol.
2012;38(7):734-736.

113. Lee SH. Detection of human
papillomavirus L1  gene DNA
fragments in postmortem blood and
spleen after Gardasil® vaccination-A
case report Advances Biosc Biotech.
2012;3:1214-1224.

114. Lee SH. Detection of human
papillomavirus (HPV) L1 gene DNA
possibly  bound to  particulate
aluminum adjuvant in the HPV
vaccine Gardasil. ] Inorg Biochem.
2012;112:85-92.

115. Walton JR. A longitudinal study of
rats chronically exposed to aluminum

Page 14 of

Review

at human dietary levels. Neurosci Lett.
2007;412(1):29-33.

116. Walton JR, Wang MX. APP
expression, distribution and
accumulation are altered by aluminum
in a rodent model for Alzheimer's
disease. | Inorg Biochem.
2009;103(11):1548-1554.

117. Passeri E, Villa C, Couette M, et al.
Long-term follow-up of cognitive
dysfunction in patients with aluminum
hydroxide-induced macrophagic
myofasciitis (MMF). ] Inorg Biochem.
2011;105(11):1457-1463.

118. Couette M, Boisse MF, Maison P, et
al. Long-term persistence of vaccine-

derived aluminum  hydroxide is
associated with chronic cognitive
dysfunction. ] Inorg  Biochem.

2009;103(11):1571-1578.

119. Meroni PL. Autoimmune or auto-
inflammatory syndrome induced by
adjuvants (ASIA): old truths and a new
syndrome? ] Autoimmun. 2010;36(1):1-
3.

120. Walton JR. Functional impairment
in aged rats chronically exposed to
human range dietary aluminum
equivalents. Neurotoxicology.
2009;30(2):182-193.

121. Zafrir Y, Agmon-Levin N, Paz Z,
Shilton T, Shoenfeld Y. Autoimmunity
following Hepatitis B vaccine as part of
the spectrum of 'Autoimmune (Auto-
inflammatory) Syndrome induced by
Adjuvants' (ASIA): analysis of 93 cases.
Lupus. 2012;21(2):146-152.

122. Lujan L, Perez M, Salazar E, et al.
Autoimmune/autoinflammatory
syndrome induced by adjuvants (ASIA
syndrome) in commercial sheep.
Immunol Res. 2013;56(2-3):317-324.
123. Redhead K, Quinlan GJ, Das RG,
Gutteridge JM. Aluminium-adjuvanted

vaccines transiently increase
aluminium levels in murine brain
tissue. Pharmacol Toxicol.
1992;70(4):278-280.

124. Sienkiewicz D, Kulak W,

Okurowska-Zawada B, Paszko-Patej G.
Neurologic adverse events following
vaccination Prog Health Sci.
2012;2(1):129-141

125. Cohen AD, Shoenfeld Y. Vaccine-
induced autoimmunity. ] Autoimmun.
1996;9(6):699-703.

126. Petrik MS, Wong MC, Tabata RC,
Garry RF, Shaw CA. Aluminum adjuvant

Licensee OAPL (UK) 2014. Creative Commons Attribution License (CC-BY)

FOR CITATION PURPOSES: Shaw CA, Sheth S, Li D, Tomljenovic L. Etiology of autism spectrum disorders: Genes,
environment, or both? OA Autism 2014 Jun 10;2(2):11.

Competing interests: declared in the article. Conflict of interests: None declared.

All authors contributed to conception and design, manuscript preparation, read and approved the final manuscript.

All authors abide by the Association for Medical Ethics (AME) ethical rules of disclosure.



QA Autism

\

linked to Gulf War illness induces
motor neuron death in mice.
Neuromolecular Med. 2007;9(1):83-
100.

127. Gherardi R, Authier F.
Macrophagic myofasciitis:
characterization and pathophysiology.
Lupus. 2012;21(2):184-189.

128. Gherardi RK, Authier FJ.
Aluminum inclusion macrophagic
myofasciitis: a recently identified

condition. Immunol Allergy Clin North
Am. 2003;23(4):699-712.

129. Olney JW. New insights and new
issues in developmental
neurotoxicology. Neurotoxicology.
2002;23(6):659-668.

130. Johnston MV. Neurotransmitters
and vulnerability of the developing
brain. Brain Dev. 1995;17(5):301-306.
131. Rose NR. Autoimmunity,
infection and adjuvants. Lupus.
2010;19(4):354-358.

132. Tsumiyama K, Miyazaki Y,
Shiozawa S. Self-organized criticality
theory of autoimmunity. PLoS One.
2009;4(12):e8382.

133. Exley C. Aluminium-based
adjuvants should not be used as
placebos in clinical trials. Vaccine.
2011;29(50):9289.

134. Tomljenovic L, Spinosa JP, Shaw
CA. Human Papillomavirus (HPV)
Vaccines as an Option for Preventing
Cervical Malignancies: (How) Effective
and Safe? Curr Pharm Des.
2013;19(8):1466-1487.

135. Banks WA, Kastin AJ]. Aluminum-
induced neurotoxicity: alterations in
membrane function at the blood-brain
barrier. Neurosci Biobehav Rev.
1989;13(1):47-53.

136. Chen L, Yokel RA, Hennig B,
Toborek M. Manufactured aluminum
oxide nanoparticles decrease
expression of tight junction proteins
in brain vasculature. ] Neuroimmune
Pharmacol. 2008;3(4):286-295.

137. Besedovsky HO, del Rey A. 2008.
Brain Cytokines as Integrators of the
Immune-Neuroendocrine  Network.
In: Lajtha A, Besedovsky HO, Galoyan
A, editors. Handbook of
Neurochemistry and Molecular
Neurobiology: Springer. p 3-17.

138. Besedovsky HO, del Rey A.
Central and peripheral cytokines

mediate immune-brain connectivity.
Neurochem Res. 2010;36(1):1-6.

139. Maier SF, Watkins LR. Cytokines
for psychologists: implications of
bidirectional immune-to-brain
communication for understanding
behavior, mood, and cognition.
Psychol Rev. 1998;105(1):83-107.
140. Barrientos RM, Frank MG,
Watkins LR, Maier SF. Aging-related
changes in neuroimmune-endocrine
function: Implications for
hippocampal-dependent cognition.
Horm Behav. 2012;62(3):219-227.
141. Dantzer R, Kelley KW. Twenty
years of research on cytokine-induced
sickness  behavior. Brain Behav
Immun. 2007;21(2):153-160.

142. Frank MG, Miguel ZD, Watkins
LR, Maier SF. Prior exposure to
glucocorticoids sensitizes the
neuroinflammatory and peripheral
inflammatory responses to E. coli
lipopolysaccharide. ~ Brain = Behav
Immun. 2009;24(1):19-30.

143. Blaylock RL. Aluminum Induced

Immunoexcitotoxicity in
Neurodevelopmental and
Neurodegenerative Disorders Curr
Inorg Chem. 2012;2(1):46-53.

144. Blaylock RL, Maroon ]

Immunoexcitotoxicity as a central

mechanism in chronic traumatic
encephalopathy-A unifying
hypothesis. Surg  Neurol Int
2011;2:107.

145. Du X, Fleiss B, Li H, et al. Systemic
stimulation of TLR2 impairs neonatal
mouse brain development. PLoS One.
2011;6(5):e19583.

146. Bilbo SD, Rudy JW, Watkins LR,
Maier SF. A behavioural
characterization of neonatal infection-
facilitated memory impairment in
adult rats. Behav Brain Res.
2006;169(1):39-47.

147. Bilbo SD, Levkoff LH, Mahoney
JH, Watkins LR, Rudy JW, Maier SF.
Neonatal infection induces memory
impairments following an immune
challenge in adulthood. Behav
Neurosci. 2005;119(1):293-301.

148. Bilbo SD, Biedenkapp ]C, Der-
Avakian A, Watkins LR, Rudy JW,
Maier SF. Neonatal infection-induced
memory impairment after
lipopolysaccharide in adulthood is

Page 15 of

Review

prevented via caspase-1 inhibition. ]
Neurosci. 2005;25(35):8000-8009.

149. Galic MA, Riazi K, Heida ]G, et al.
Postnatal  inflammation  increases
seizure susceptibility in adult rats. |
Neurosci. 2008;28(27):6904-6913.

150. Spencer S], Hyland NP, Sharkey
KA, Pittman Q. Neonatal immune
challenge exacerbates experimental
colitis in adult rats: potential role for
TNF-alpha. Am ] Physiol Regul Integr
Comp Physiol. 2007;292(1):R308-315.
151. Purcell AE, Jeon OH, Zimmerman
AW, Blue ME, Pevsner ]. Postmortem
brain abnormalities of the glutamate
neurotransmitter system in autism.
Neurology. 2001;57(9):1618-1628.

152. Galic MA, Spencer SJ], Mouihate A,
Pittman QJ. Postnatal programming of
the innate immune response.
Integrative and Comparative Biology.
2009;49(3):237-245.

153. Boisse L, Mouihate A, Ellis S,
Pittman QJ. Long-term alterations in
neuroimmune responses after neonatal
exposure to lipopolysaccharide. ]
Neurosci. 2004;24(21):4928-4934.

154. Gerber ]S, Offit PA. Vaccines and
autism: a tale of shifting hypotheses.
Clin Infect Dis. 2009;48(4):456-461.
155. Hill AB. The Environment and
Disease: Association or Causation? Proc
R Soc Med. 1965;58:295-300.

156. Toimela T, Tahti H. Mitochondrial
viability and apoptosis induced by
aluminum, mercuric mercury and
methylmercury in cell lines of neural
origin. Arch Toxicol. 2004;78(10):565-
574.

157. Lukiw W], Kruck TP, McLachlan
DR. Linker histone-DNA complexes:
enhanced stability in the presence of
aluminum lactate and implications for
Alzheimer's  disease. @~ FEBS  Lett.
1989;253(1-2):59-62.

158. Lukiw WJ. Aluminum and gene
transcription in the mammalian central
nervous system-implications for
Alzheimer's Disease. In: Exley C, ed.
Aluminium and Alzheimer's Disease:
The science that describes the link. 1st
Edition ed. Amsterdam: Elsevier
Science; 1 edition (July 3 2001)
2001:147-169.

159. Lukiw WJ. Evidence supporting a
biological role for aluminum in
chromatin compaction and epigenetics.

Licensee OAPL (UK) 2014. Creative Commons Attribution License (CC-BY)

FOR CITATION PURPOSES: Shaw CA, Sheth S, Li D, Tomljenovic L. Etiology of autism spectrum disorders: Genes,
environment, or both? OA Autism 2014 Jun 10;2(2):11.

Competing interests: declared in the article. Conflict of interests: None declared.

All authors contributed to conception and design, manuscript preparation, read and approved the final manuscript.

All authors abide by the Association for Medical Ethics (AME) ethical rules of disclosure.



\

] Inorg Biochem. 2010;104(9):1010-
1012.

160. Wu |, Du F, Zhang P, Khan IA,
Chen ], Liang Y. Thermodynamics of
the interaction of aluminum ions with
DNA: implications for the biological
function of aluminum. ] Inorg
Biochem. 2005;99(5):1145-1154.

161. Lukiw W], LeBlanc HJ, Carver LA,
McLachlan DR, Bazan NG. Run-on gene
transcription in human neocortical
nuclei. Inhibition by nanomolar
aluminum and implications for
neurodegenerative disease. ] Mol
Neurosci. 1998;11(1):67-78.

162. McLachlan DRC, Lukiw W], Kruck
TPA. Aluminum, altered transcription,
and the pathogenesis of Alzheimer's
disease. Environ Geochem Health.
1990;12(1-2):103-114.

163. McLachlan DRC, Quittkat §,
Krishnan SS, Dalton AJ, De Boni U.
Intranuclear aluminum content in
Alzheimer's disease, dialysis
encephalopathy, and experimental
aluminum  encephalopathy.  Acta
Neuropathol. 1980;50(1):19-24.

164. Alexandrov PN, Zhao Y, Pogue Al,
et al. Synergistic effects of iron and
aluminum on stress-related gene
expression in primary human neural
cells. ] Alzheimers Dis. 2005;8(2):117-
127; discussion 209-115.

165. Lukiw W], Percy ME, Kruck TP.
Nanomolar aluminum induces pro-
inflammatory and pro-apoptotic gene
expression in human brain cells in
primary culture. ] Inorg Biochem.
2005;99(9):1895-1898.

166. Herbert MR, Russo JP, Yang S, et
al.  Autism and environmental
genomics. Neurotoxicology.
2006;27(5):671-684.

167. U.S. CDC. 2013 Recommended
Immunizations for Children from
Birth Through 6 Years Old.

_ OA Autism

Licensee OAPL (UK) 2014. Creative Commons Attribution License (CC-BY)

Page 16 of

Review

FOR CITATION PURPOSES: Shaw CA, Sheth S, Li D, Tomljenovic L. Etiology of autism spectrum disorders: Genes,

environment, or both? OA Autism 2014 Jun 10;2(2):11.

Competing interests: declared in the article. Conflict of interests: None declared.

All authors contributed to conception and design, manuscript preparation, read and approved the final manuscript.

All authors abide by the Association for Medical Ethics (AME) ethical rules of disclosure.



