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Summary: Autism affects 1 in 110 new births, and it has no
single etiology with uniform agreement. This has a signifi-
cant impact on the quality of life for individuals who have
been diagnosed with autism. Although autism has a spec-
trum quality with a shared diagnosis, it presents a uniquely
different clinical appearance in each individual. Recent re-
search of suspected immunological factors have provided
more support for a probable immunological process or for
processes that may play a role in the acquisition of an autistic
condition. These factors include prenatal, genetic, and post-
natal findings, as well as the discovery of a dysfunctional

chronic pro-inflammatory state in brain tissue and cerebro-
spinal fluid in subsets of autistic patients. These findings
offer new theories that may lead to the development of disease
modification or preventative therapeutic options in the near
future. This article reviews prenatal, genetic, and observed
immune aspects of the autism condition that may be risk
factors in the presentation of the autistic clinical phenotype.
Historical immune interventions in autism are reviewed and
potential new therapies and interventions are discussed. Key
Words: Autism, immune therapy, immune dysfunction, auto-
immunity.

PART 1: IMMUNE SYSTEM AND AUTISM:
DEFINING THE RELATIONSHIP

Autism is currently the leading cause of developmen-
tal disability in the United States and most other coun-
tries of the world. This condition currently affects 1 in
110 children born in the United States as of 2009.!
Autism is best defined as a spectrum of heterogeneous
developmental disabilities, which mainly involves three
core aspects of behaviors: 1) speech and communication,
2) social interest and interaction, and 3) stereotypic be-
haviors or mannerisms.? Historically, the incidence of
autism has increased; however, debate exists as to whether
this reflects the simple population growth, re-categoriza-
tion, and increased recognition, or whether there is a true
increase in percent of the population affected.® Despite
this controversy, most experts and the general population
agree that the incidence of autism has greatly increased,
especially in states such as California, which has shown
a massive increase of autistic children in state educa-
tional records for the last 2 decades.*®
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Current thinking is that multiple risk factors may need
to occur for autism to exist, and these factors may have
various underlying combinations in different subgroups.
Some factors may be familial cases, and others are
clearly environmental, such as extreme prematurity or
infection. Epilepsy occurs in children with autism. Con-
versely, autistic behaviors can occur in children with
severe early onset epilepsy.”® Genetic conditions may
also be associated with autism, but autism may be one
feature of the condition that has other problems as well
(e.g., tuberous sclerosis or fragile X syndrome).>'® Some
genes, such as the tyrosine kinase receptor 7q31 metas-
tasis receptor site (MET) gene, an immune related gene
affecting tyrosine kinase that can be involved in CNS
immune dysfunction, can double the risk of autism.''
Prenatal factors, such as maternal immune history and in
utero environments, may historically offer insight into
the immune role in autism as well.'? Recent research on
postnatal immune issues identify various serum antibod-
ies, as well as cord blood neurotrophins and cytokine
levels as potential factors.'>™'” Atladottir et al.'® found
an increased risk of ASDs in children with a maternal
history of rheumatoid arthritis and celiac disease. Also,
increased risk of infantile autism was observed for chil-
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dren with a family history of type 1 diabetes. These risk
factors and others will be further discussed as follows.

Historical observations

Patients who have had neonatal herpes simplex, mea-
sles rubella, or congenital infections, such as toxoplas-
mosis or cytomegalovirus (CMV), in many cases have
suffered brain injury and often have autistic traits. In
fact, 1 in 1000 patients with measles infection involving
the CNS has a subsequent diagnosis of autism. These
observations have made it clear that in some cases autism
may be acquired after infection.'?

From the late 1980s onward, hypotheses on the rela-
tionship of the immune system to the etiology of autism
began to emerge.'? ! Several scientific studies began to
consider possible auto-antibodies that were noted in au-
tistic populations.'?-'®*272* Observations were also made
on the relationship of familial autoimmune histories in
patients with autism. Many authors have described au-
tism clusters in families with high incidence of autoim-
mune disorders, such as Hashimotos thyroiditis, Crohn’s
disease, diabetes type 1, rheumatoid arthritis, other im-
mune disorders, and certain human leukocyte antigen
(HLA) haplotypes.'? 2!

Auto-antibodies in the autism spectrum

There is emerging evidence for the production of an-
tibodies against brain tissue in autistic patients. Nonspe-
cific whole brain antibodies in the serum of patients with
autism were described by Todd et al.'® Another author,
Singh et al.,”® described anti-myelin antibodies in the
serum of patients with autism.** He also described higher
antibody titers against measles virus from measles-
mumps-rubella (MMR) vaccinations suggesting an overly
robust immune response may be present. Connolly** and
Connolly et al.'* described anti-endothelial brain capil-
lary antibodies in the serum of autistic patients with
regression, which also cross reacted with anti-brain de-
rived neurotrophic factor antibodies, as well. These pa-
tients also often had an abnormal clinical EEG even in
the absence of clinical epilepsy.'**? In addition, placen-
tal and umbilical cord blood samples show abnormal
brain-derived neurotrophic factor levels, as well as other
neuropeptide levels in autism and cerebral palsy, but not
mental retardation cases.'*

Evidence of dysfunction in the immune system of the
autistic patient has been cited in multiple articles. Dys-
function in suppressor T-cells was noted by Warren et
al.,”> whereas Stubbs and Crawford®® described sup-
pressed lymphocyte function. Other immune abnormali-
ties were observed by Margaretten and Warren,”’ includ-
ing decreased complement C4 levels in serum, and
decreased natural killer cell function in serum samples
from autistic individuals.
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Immunoglobulin levels and autism

Decreased immunoglobulin levels have also been stud-
ied in conjunction with autism. Dysfunctional low total
immunoglobulin IgG levels and low levels of IgG sub-
classes have been described by Gupta et al.?® and oth-
ers.”>** Decreased levels of IgA and low IgA conditions,
such as ataxia telangiectasia have been found to be as-
sociated with autism. Patients with hypogammaglobu-
linemia in conditions like DiGeorge syndrome have also
been noted to display autistic traits. Ten percent of au-
tistic patients with low IgG or IgG subclasses who un-
derwent intravenous gamma globulin infusions recorded
improvements in regressive autistic traits.>'** Treat-
ments for underlying immune conditions will be further
detailed and discussed later in the article.

Genetics of autism and immunological risk factors

Findings suggest the existence of 15 to 22 different
links to autism risk, with no single etiology found, but
genetics clearly play a role.”* Monozygotic twins share
an autistic spectrum phenotype 50% to 90% of the time,
whereas dizygotic twins are often far less frequently
involved at only 0% to 24% of the time.>*® Siblings of
autistic patients have 5 to 10 times the risk of having
autism compared to the general population.®® Despite
these genetic ties to autism risk, other factors such as
familial autoimmunity, maternal intra-uterine environ-
ment, and perhaps other stressors, such as infection or
postnatal risk factors may play a more significant role in
defining the risk for developing autism. Genetic muta-
tions in phosphatase and tensin homolog (PTEN) gene
are associated with cases of lymphoid hyperplasia and
cases of macrocephaly.’’ These types of observations
strengthen the multifactoral theory on risk factors for
developing autism, especially regarding immunological
variables.*® Some MET allelic variants or MET gene
mutations may double the risk of autism and effect ty-
rosine kinase, which may play a role in innate immune
cytokine function among other variables.'' Many of the
genetic findings have some degree of critical relationship
to immune function, the role of immune factors to neu-
ronal migration, or neurochemical receptors and cellular
immune regulation.***° Prior work by others have noted
that maternal HLA haplotype genetics are more prone to
autoimmune variants.”'

Immune models in animals

Animal studies have the potential to identify conditions
that may cause autism, especially intrauterine exposure
models and early developmental exposure to various im-
mune dysregulatory factors. In one model, pregnant mice
that were exposed to influenza virus bore offspring that
exhibited some symptoms of autistic-like behavior when
examined at an adult age.'? Subsequently, animal models
have been looked at for mimicking bacterial or viral
infections, and these models have shown abnormal
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changes similar to actual infections; for example, these
included models that have shown abnormal pathology in
Purkinje cells.*"** Several animal models of fetal ma-
nipulation in rats and mice via induced inflammatory
response in utero have mimicked autistic and schizophre-
nia symptoms.*!** Recent work has focused on the roles
of cytokines and pro-inflammatory effects of tumor ne-
crosis factor (TNF)-«, interleukin- 6, and interleukin-
1B.'2*-% Interleukin-10 appears to modulate more pro-
tection in animal models.*® These models may reflect the
same process of chronic activation of pro-inflammatory
cytokines in brain tissue and cerebrospinal fluids. This
may reflect human autism models of brain tissue and
cerebrospinal fluids showing chronic activation of pro-
inflammatory cytokines.'>'"4’

Human sera containing immune auto-antibodies have
been found in mothers with autistic offspring. Transfer of
these serum antibodies to pregnant mice or rats has
caused offspring to elicit behaviors similar to autistic
humans.** ! Some studies have shown auto-antibodies
in children with autistic regression, which suggest per-
sistent inflammatory processes as well.'*?? Both in utero
maternal immune transfer of auto-antibodies against the
fetal brain and induction of cytokine activation toward a
pro-inflammatory response have been demonstrated in
pregnant mice.*’ These studies strongly suggest an in-
creased risk of the in utero process, but the effect of
which may not present until later in development when
certain neuronal interconnections or excitatory learning
potentiation occur during synaptogenesis. This auto-an-
tibody connection may be most active when children
undergo language and social development between the
ages of 12 and 24 months, which correlates with the ages
when most regression is observed to occur.'>#!4243

Pregnancy normally results in some degree of elevated
maternal immune systemic inflammation. However, ex-
posure to pro-inflammatory inducers may trigger abnor-
mally exaggerated inflammation. This may be why moth-
ers with autoimmune conditions like psoriasis or asthma
show increased rates of autistic offspring.’* Obviously,
autoimmune disease in mothers or close relatives may be
clinically relevant in the future to determine which chil-
dren with autism may respond best to future immune-
targeted therapies.

Human evidence of ongoing atypical
inflammatory response

There is evidence that patients with autism may have
serum markers for inflammation, including elevation of
some cytokines, auto-antibodies, and lower levels of nor-
mal immunoglobulins for immune defense.'?'>!7-2%53
Maternal transfer of immune dysregulation also is in-
ferred by the fact that 47 of 100 mothers with serum
auto-antibodies (especially at the 37 kD site) had off-
spring diagnosed with regressive cases of autism.’**®

This evidence suggests that mothers positive for auto-
antibodies have almost a 50% chance of having children
with the specific regressive phenotype of autism, indi-
cating a potential delay from in utero exposure to clinical
onset. This subgroup of autistic children may be candi-
dates for treatment or modulation of their autism through
future immune manipulation, if standardized screening
tests can be successfully developed.

More recently, brain tissue and CSF cytokine eleva-
tions have been observed in human patients. Elevation,
particularly of interleukin-6 and also of other pro-inflam-
matory markers in the frontal cingulated cortex and CSF,
has been described by Vargas et al.'” Patients with re-
gressive autism studied between pre-school age and 12
years old have been shown to have elevated CSF:serum
ratios of TNF-q, interleukin (IL)-13, IL-6, and IL 13.5°
Elevation of inflammatory cytokines offers potential
therapeutic targets with agents that inhibit cytokine ele-
vations, the use of anti-inflammatory cytokines (such as
IL-10), stem cell therapy to re-regulate cytokine dysfunc-
tion, and designer drugs of the future that are modeled
after these mechanisms. There is still much research to
be done to be able to confirm these hopeful clues and
observations that play a role in the etiology of autism,
especially in patients with immune-associated risk fac-
tors or regression-type disease.

Excessive glutaminergic activity has been noted in
autism, and may also play a role in inflammatory dys-
regulation.’*>> In addition, alternative practitioners have
been discussing the theory that anti-oxidant pathways are
insufficient in patients with autism. This relationship has
been noted in the past, and evidence of a predisposition
of insufficient glutathione or anti-oxidant reserves in au-
tistic patients has been described by James et al.’®>’
Chez>® previously reported a similar insufficiency in anti-
oxidant protection in patients diagnosed with variants of
Landau-Kleffner and concurrent autistic features. Insuf-
ficient anti-oxidant protection may not be the initial
cause, but rather an endpoint of chronic ongoing inflam-
mation. Supplementation with anti-oxidant promoting
compounds, such as N-acetyl cysteine in animal models
has helped reverse abnormal cytokine or viral-induced
placental inflammation.>® Although this may represent
reparative or immature responses to neural-glial dysfunc-
tion, it may still offer another mechanism that provides
hope for therapeutic intervention. Studies of therapies for
such neuro-inflammation may have to include techniques
for monitoring, including possible use of CSF cytokine
measurements. This has yet to be standardized as a com-
mercially available method.

Another exciting category of immune and cytokine
research overlapping with autism may involve epileptic
EEG patterns seen in young children with autism. As
many as 50% to 60% of pre-school aged children with
autism may develop epileptic spikes on their EEG, es-
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pecially in their sleep.” Researchers in epilepsy, such as
Vezzani® and Vezzani and Granata®' have shown that
cytokine changes may be responsible for development of
epileptic activity in animal and human tissue. Certain
anti-inflammatory treatments or anti-epileptic drugs may
alter some immune mechanisms. There are cases in
which the EEG abnormalities and autistic traits have
improved in children treated with drugs such as valproic
acid.”%>%* Although speculative at this time, further
studies are warranted to determine whether ongoing im-
mune dysfunction can be identified by (or correlates
with) the eventual onset of epileptic activity on EEG in
young children with autism, even in the absence of clin-
ical seizures. The CSF cytokines and neurotransmitters
and/or imaging studies would be needed to show corre-
lation to phenotypic features and EEG findings. Once
these immune factors are defined and laboratory immune
testing for autism may be possible, relationship to epi-
lepsy in autism can be further determined.

PART 2: IMMUNE MODULATION
AND INTERVENTIONS

Immune modulation and therapy, which has been ap-
plied to human children or adults with autism, is mainly
limited to a number of case reports, unpublished infor-
mation, and rare case series. Few controlled studies have
been done; therefore, defining which therapies offer the
best outcomes cannot be interpreted to the highest levels
of scientific certainty at this time, and there is a need to
consider early pilot study information at best. Without
conclusive studies, no consensus treatment guidelines for
immune therapies have been developed for physicians to
use; there are no agreeable standards for immune-related
laboratory investigations of autism. Currently there is no
single commercial scientific laboratory that offers im-
mune testing for autism on the basis of any agreed on
markers or panels of antibodies or cytokines that could
potentially identify a phenotypic subtype of autistic-
spectrum patients who are good candidates for immuno-
modulatory-targeted therapy. Measurements of quantita-
tive serum immunoglobulins and IgG subtyping are
widely available, including T-cell quantification and
type, but these are not specific for autism issues. There
are also cytokine panels available, but researchers use a
variety of processing and dilution techniques that vary
among different research and commercial laboratories;
therefore, standardization processes and test procedures
have not been clinically established. Study of autistic
regression through the use of lumbar puncture and anal-
ysis of CSF antibodies and cytokines is not currently a
practice widely performed, except in research or on an
individual basis by various clinicians around the world.
These complicating factors and limited baseline-con-
trolled data in autism research to date have limited the
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immune research and treatment options described in this
section. Therefore, we reviewed limited studies or clin-
ical case reports using peer-reviewed presentations as
our best guide to what treatments have been tried and
what potential treatments may exist for the future.

Observed improvement in comorbid autoimmune
disease and autism

Case reports of autism have been described with lym-
phoproliferative disease, nephrotic syndrome, and colitis
cases. Treatment with various agents, mainly corticoste-
roids has been described as helping resolve autism fea-
tures in cases treated for underlying medical conditions,
as previously described. Specifically, one autistic patient
with lymphoproliferative disease treated with prednisone
showed improvements in speech and social deficits with
treatment of the hematologic disease.®®

Intestinal complaints have been described as a com-
mon comorbid condition in autistic patients. Treatment
with prednisone and metronidazole has been successful
in one case of inflammatory colitis, relieving longstand-
ing social deficits in a patient with high-functioning au-
tism.®® Furthermore, in a series of autistic patients with
regressive autistic traits and chronic diarrhea, treatment
with the antibiotic vancomycin, which may inhibit cer-
tain glutamate inflammation effects or anaerobic bacte-
ria, was successful in providing short-term improve-
ment.®” These types of cases support the theory that
symptoms of autism may be partially reversible. How-
ever, long-term outcomes were not reported in these
cases.

Pediatric patients with autoimmune conditions, such as
Crohn’s disease, asthma, nephrotic syndrome, and rheu-
matoid disease, have already undergone protocols of im-
mune-modulatory therapy. Because there are precedents
for pediatric treatment in autoimmune disease and neu-
rological diseases that affect nonautistic children, models
of how pediatric patients tolerate different protocols for
the use of immunosuppressive agents, such as steroids or
other anti-inflammatory medications already exist. These
may help in the design of protocols and safety monitor-
ing standards for any future trials of immune-targeted
treatments in patients with autism spectrum disorders.

Immunoglobulin therapy

As mentioned earlier in this article, immunoglobulin
deficiencies and increased immune dysfunction exist in
autism-spectrum disorders. Trials have been performed
in an open label, prospective manner by different re-
searchers.?®2%3231-%8 OQutcome measurements were mainly
limited to subjective observations with some objective
parameters. The mechanism of action of intravenous im-
munoglobulin therapy is believed to work by blocking the
production of endogenous auto-antibodies, and downregu-
lating T-cell stimulation of B-cells producing abnormal
antibodies. The exact effects in children with autism
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have not been clearly measured, but often those receiving
therapy were documented to have lower levels of either
total 1gG, IgM, or low IgA.

Initially reported by Plioplys®? in 1999, a series of 10
children was observed after receiving 400 mg/kg of in-
travenous immunoglobulin (IVIG) and 1 out of 10 chil-
dren dramatically improved in their autistic findings.
Similar results were described in 2000 by Gupta®' and
Gupta et al*®; in an open-label prospective study, they
gave repeated doses of IVIG and improvement occurred
in 10% to 20% of the patients who were treated. Other
authors have also reported a positive IVIG response in
autism, but no one has reported curing or totally revers-
ing autism symptoms.®® To date, epilepsy studies of
IVIG treatment have been confined to use in syndromes of
intractable epilepsy. However, in certain conditions like
Landau-Kleffner syndrome (LKS) or continuous spike
wave in sleep syndrome, IVIG at 400 mg/kg has been
helpful and in rare cases has resulted in resolving the EEG
abnormalities and leading to clinical improvement.®®-"°
One must be cautious when comparing continuous spike
wave in sleep syndrome or LKS to autism; although
language regression may occur in both, most experts
recognize that autism-spectrum disorders and these epi-
lepsy conditions are not the same.

Corticosteroids

Autistic patients have been treated with steroids like
adrenocorticotropic hormone (ACTH) or prednisone in
the past. The rationale for this was partially based on
LKS or continuous spike wave in sleep syndrome and
epilepsy, and the observation of EEG improvement re-
sponse in children with those conditions. Also, because
autistic children may have abnormal sleep-activated
EEG spikes that resemble the location and other similar-
ities with the more active EEG in LKS, the rationale that
similar brain anatomical sites may respond to steroids
makes intuitive sense.’'

Experience with EEG abnormalities and autistic re-
gression cases that respond to steroids have been de-
scribed in various case reports.®*’'~"* Treatment was
usually prescribed with daily prednisone doses of 2 mg/
kg/day for 3 to 6 months. Limitations to therapy were
usually Cushingoid side effects. As in other chronic con-
ditions requiring steroids, pulse dosing was tried with
steroids in the form of prednisone or prednisolone at 5 to
10 mg/kg twice per week. Long-term success with no
dependence or minimal Cushingoid effects has been
noted in several hundred patients treated in this manner
(Chez, unpublished data, personal communication). The
majority of studies that assessed the efficacy of steroid
treatment included limited objective measurements.
However, EEG abnormalities were found to normalize
with steroid treatment in 67% of a large unreported series
(360 patients; Chez, unpublished, personal communica-

tion). In one series of 36 children studied with magne-
toencephalographic evidence, localization of abnormal
EEG spikes correlated with a positive response to steroid
treatment. If EEG spikes localized to the peri-sylvian
region, inferior frontal, or peri-rolandic region, then 85%
of patients responded with predictability, whereas 94%
of nonresponders had more multifocal or widespread
spike abnormalities on EEG.” In all, 17 of 32 patients
showed response to prednisone after 2 to 4 months of
treatment (53%). Improvements were seen on EEG and
in language skills of the patients. Other steroid treatment
series of regressed language in autistic spectrum patients
diagnosed with LKS variant showed improved language
with pulse-dose steroids.”®’%"7

A single case report documenting language and social
improvement after daily high-dose steroids in a regres-
sive case of autism with normal EEG findings was based
on abnormal cortical response to frequency-modulated,
auditory-evoked potentials based on work from Stefana-
tos et al.”® This patient had a robust steroid response to
prednisone. There has not been any follow-up or similar
use of this technique to document steroid response, and
although long-term outcome did show improved lan-
guage and social function, the autism diagnosis re-
mained. In another single case series from the United
Kingdom, older teenage autistic patients who were given
ACTH injections showed improved social responsive-
ness.”’

In summary, among the current studies of immune-
targeted therapies, the most collective data on steroid
effects on autism is probably the largest. Clear clinical
improvements are consistent between different groups
that had peer-reviewed assessments. In addition, all re-
ported similar outcomes and side effects were made with
the use of steroids. As in IVIG treatment, there has been
no report of cure or elimination of all autism features. In
the majority of cases, steroid effects did not permanently
alter an autism diagnosis in these patients. Clinical con-
cerns about steroid dependency and side effects, such as
Cushingoid or long-term, well-known steroid effects
have limited more randomized or controlled studies of
steroid medications in autism. This is unfortunate, as
there may be a potential for significant improvement
from steroid treatment on cytokine and chronic immune
dysregulation in autism. Future studies may still be war-
ranted.

Treatment of cytokine abnormalities

Only one study of cytokine levels in CSF and serum in
autism has been completed to date.>® A more recent,
open-label trial of six boys with autistic regression and
elevated CSF/serum cytokine profiles looked at treat-
ment using 2.5 mg of lenalidomide per day for 12
weeks.®" Lenalidomide (Revlimid; Celgene Corporation,
Summit, NJ) is a derivative of thalidomide introduced in
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2004, which was initially intended as a treatment for
multiple myeloma. This study measured speech and be-
havioral outcomes, as well as serum levels and CSF
levels, before and after treatment. Elevated baseline lev-
els of TNF-a, IL-18, and IL-1a were observed. All CSF
and cytokine levels decreased, with TNF-« and the in-
terleukins showing a statistically significant decrease.
After 6 weeks of treatment, improvements in expressive
and receptive language, as measured by the Receptive
and Expressive One-Word Tests were documented. Re-
duced symptoms of autism, as measured by the Child-
hood Autism Rating Scale (CARS) were also noted.
Results were not statistically significant, but this was
likely due to the small sample size in this phase 2 pilot
study.® Regression occurred to some degree in all pa-
tients at 2 to 4 weeks after treatment was withdrawn and
re-initiation of treatment did seem to reverse this regres-
sion (personal communication, Chez). Trials on the use
of minocycline to treat patients with cytokine abnormal-
ities in autism are also currently undergoing, but results
are not yet available. Treatment with pioglitazone has
been described as helping to modulate immune profiles
and improve autistic behavior, measured by using the
Aberrant Behavioral Checklist. This effect may be due to
the immunosuppressive properties of this oral diabetic
drug.®!

Other known cognitive diseases, such as pediatric hu-
man immunodeficiency virus dementia and Alzheimer’s
may involve cytokine dysregulation and elevated TNF-«
elevation.®? A single study of treatment with peri-spinal
injection of etanercept, a known TNF-« inhibitor used in
rheumatoid arthritis, showed clinical improvements in
some daily living skills in Alzheimer’s patients.® A
single case of repetitive regression, with bouts of inflam-
matory colitis in an 8-year-old with regressive autism
after age 3, has shown elevated serum TNF-« levels and
rapid colitis, as well as behavioral and language im-
provements after injections of etanercept (unpublished
data, personal communication Y. Davies and M. Chez
2008).

A single, double-blinded, placebo-controlled study of
31 patients (17 placebos, 14 active substance), with L-
carnosine at 800 mg per day for 12 weeks, showed a
clinically significant improvement in receptive language
of autistic patients with regression. This was represented
by a mean change on the Receptive One-Word Picture
Vocabulary test (age adjusted) from baseline to 8 weeks
of 40.57 *= 24.55 to 47.86 £ 28.37 (p < 0. 02) in the
treated group. The placebo group showed no statistically
or clinically significant changes.*” This supplement has
known neuroprotective properties, including blocking
zinc and copper influx with cell death in ischemia, and
inhibiting TNF-«. Unfortunately, no CSF or serum cy-
tokine profiles were available from patients in this study.

Abnormal glial-modulated inflammatory responses
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can be found with dysregulation of expected cytokine
levels of TNF-a and IL-18. The anti-convulsant, val-
proic acid, which may modulate interleukin-1 levels, is
used as a mood stabilizer and anti-epileptic drug in stud-
ies of autism. Its success in treating these symptoms in
autistic patients may reveal another mechanism by which
valproic acid works. Cases of improvement in autistic
regression or significant EEG and clinical improvement
have been reported by at least three authors using val-
proic acid.®*%*7?%¢ This drug also has extensive placebo-
controlled studies in autism showing improved behavior
in autistic patients’ moods and behaviors, especially
when abnormal EEG is present in the patient.®> Further
examination of the action of drugs, such as valproic acid
on cytokine profiles, may be useful. It is also known that
fetal exposure to valproic acid can cause autism features
in animal models, and can also affect mental develop-
ment in offspring of pregnant epileptic women on this
medication.®® This may be related to the timing of cyto-
kine effects in utero because the postnatal effects that are
known to be different in the human brain show this
medication to be beneficial in autism after the perinatal
period of development is complete.

Glutamate and NMDA receptors

A common endpoint for glial and CNS immune re-
sponse would be elevated glutamate levels and cell
death. NMDA receptors may play a significant role in a
disrupted, chronically aggravated innate immune dys-
regulation. Prior reports of elevated glutamate levels and
receptors in the autistic brain have been reported.”> Mod-
ulation of NMDA receptors by NMDA antagonists in
autism has been reported with noted clinical improve-
ments. D-cycloserine, an antibiotic that also binds
NMDA receptors has been shown to improve behavioral
functions in autism.®” Studies of memantine, an NMDA
antagonist, have shown significant improvements in au-
tism in at least two reported studies, with one study that
had almost 200 patients.®®° These observations have led
to memantine studies that are currently in progress with
the potential hope of future clinical application in autism.
Amantidine has also been studied as a potential treatment
in autism, as it also acts on the NMDA receptor.gg’go

Anti-oxidant protection

Evidence of poor glutathione levels and deficient su-
peroxide dismutase levels have been described in various
chronic neurological conditions including autism.’®~>®
Evidence that supplements like N-acetyl cysteine may
alter placental inflammation have been reported.”’ This
compound also offers anti-oxidant protection. Studies of
N-acetyl cysteine in obsessive compulsive disorders
have also been reported, which are believed to act on
glutamate receptors.”’ No publications of glutathione in-
jections for autism have been reported in a published
case series, and only anecdotal evidence is available.
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Anti-oxidant protection can occur with L-carnosine, and
this compound has already been previously discussed in
the section on possible cytokine-modulation effects.

Stem cells

The potential of stem cell therapy may be most inter-
esting in the modulating capacity as discussed in previ-
ous sections. This type of treatment may allow specific
immune programming of stem cells, which may lead to
correction of disrupted innate CNS or systemic immu-
nity. At this time, no studies in autism have been done.
Stem cells are expected to be researched in the future as
potential autism therapy by hypothetically targeting the
immune system.

CONCLUSIONS

Immune dysregulation in autism-spectrum disorders
may affect a large proportion of those with this diagno-
sis, especially those who regress. This may influence
other factors, such as the risk of an abnormal EEG.
Possible genetic or environmental factors may influence
innate CNS immunity. The latest hypotheses seem to
suggest possible in utero maternal factors that act trans-
placentally with auto-antibodies or cytokine dysregula-
tion leading to neurodevelopmental changes that may not
become evident until well past the first 9 to 12 months of
life. This may be partially or completely modulated by
possible immunomodulating therapies. Targeting such
designer drugs may offer future hope for modifying the
course of autism due to theoretical immune dysregula-
tion. This assumes standardized testing for markers of
maternal or infant risk factors may be available in the
future.

Current immune therapies and drugs that may work
have been discussed. Some drugs, such as valproic acid
and memantine, have already been shown to improve
some aspects of autism. Corticosteroid experience has
shown promising transient and sometimes stable im-
provement, but clearly more specific drugs with less
broad side-effect risks are needed. Less impressive re-
sults with immunoglobulins have also shown that this
type of immunomodulatory therapy can help some autis-
tic patients gain some language or behavioral improve-
ment; however, this is much more costly than steroid
treatment for a less robust effect. Cytokine levels may be
critically important in the developing brain, as well as in
reversing some or all of the symptoms of autistic regres-
sion. At this time, more standardized study and knowl-
edge is needed to determine whether cytokine dysregu-
lation is the cause, or just another system that is
dysfunctional in some forms of autism.

Future therapies will potentially include some type of
cytokine modulator, and perhaps prenatal interventions
that will correct the in utero immune experience for the

potentially harmed fetus. More research in these mech-
anisms will be needed before such therapies can be fully
developed. Currently, there are no standardized recom-
mendations as to which therapies that help the most can
be made. Limitations to date include the lack of consen-
sus on mechanism, limited prior placebo controlled tri-
als, and mainly the observational nature of evidence in
studies of autistic patients. Further studies in both animal
models and human patients are desperately needed. For
now, the benefit of individualized treatment of suspected
immune problems needs to be determined on a case by
case basis, and must be used to intervene when believed
to be medically appropriate by the treating physician.
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