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Abstract

Autism is a neurodevelopmental disorder with unknown etiology. In some cases, typically
developing children regress into clinical symptoms of autism, a condition known as regressive
autism. Protein kinases are essential for G-protein-coupled receptor-mediated signal trans-
duction, and are involved in neuronal functions, gene expression, memory, and cell differen-
tiation. Recently, we reported decreased activity of protein kinase A (PKA) in the frontal
cortex of subjects with regressive autism. In the present study, we analyzed the activity of
protein kinase C (PKC) in the cerebellum and different regions of cerebral cortex from
subjects with regressive autism, autistic subjects without clinical history of regression, and
age-matched control subjects. In the frontal cortex of subjects with regressive autism, PKC
activity was significantly decreased by 57.1% as compared to age-matched control subjects (p
= 0.0085), and by 65.8% as compared to non-regressed autistic subjects (p = 0.0048). PKC
activity was unaffected in the temporal, parietal and occipital cortices, and in the cerebellum in
both autism groups, i.e., regressive and non-regressed autism as compared to control sub-
jects. These results suggest brain region-specific alteration of PKC activity in the frontal
cortex of subjects with regressive autism. Further studies showed a negative correlation
between PKC activity and restrictive, repetitive and stereotyped pattern of behavior (r=
—0.084, p = 0.0363) in autistic individuals, suggesting involvement of PKC in behavioral ab-
normalities in autism. These findings suggest that regression in autism may be attributed, in
part, to alterations in G-protein-coupled receptor-mediated signal transduction involving PKA
and PKC in the frontal cortex.
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INTRODUCTION

Autism spectrum disorders (ASDs) are neuro-
developmental disorders characterized by impair-
ment in social interactions, verbal and non-verbal
communication skills, and restricted, repetitive and
stereotyped patterns of behavior [1]. Recently, Centers
for Disease Control and Prevention reported the

prevalence of ASDs to be 1 in 88 children in the
United States [2]. The symptoms of ASDs usually start
before the age of 3 years, and are often accompanied
by abnormalities in cognitive functioning, learning,
attention, and sensory processing. The cause of ASDs
is not known. However, ASDs are considered as het-
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erogeneous and multifactorial disorders that are in-
fluenced by genetic and environmental factors [3-5].
Several lines of evidence from our and other groups
have suggested increased oxidative stress [3; 6-14],
mitochondrial dysfunctions [8; 10; 15; 16], immune
dysfunction and inflammation [10; 17-21] in autism.

The onset of autism is gradual in many children.
However, in regressive autism, children first show
sign of normal social and language development but
lose these developmental skills at 15-24 months and
develop autistic behavior [22]. The reported incidence
of regressive autism varies from 15% to 62% of cases
in different studies [23-26]. In few cases, regression
may significantly affect language with lesser impact
on other domains such as social interaction or imagi-
native play [23; 27]. On the other hand, some children
may regress particularly in social functions and not in
language [28].

The cause of regression in autism is not under-
stood. Protein kinases are known to play important
roles in cellular signaling pathways, and are involved
in neurodevelopment [29-31]. The brain synapses are
the building blocks of memory formation, and synap-
tic strength contributes to learning and memory [32].
The changes in neurotransmitters release, receptor
sensitivity, and gene expression are involved in syn-
aptic strength, structure and function. Because protein
kinases-mediated phosphorylation modifies the func-
tions of proteins, altered activities of protein kinases
affect the synaptic efficacy.

Recently, we reported that the activity of
cAMP-dependent protein kinase A (PKA) is de-
creased in the frontal cortex of subjects with regres-
sive autism as compared to age-matched control sub-
jects and autistic subjects without clinical history of
regression [33]. Protein Kinase C (PKC), a ubiquitous
phospholipid-dependent serine/threonine kinase, is
another G-protein-coupled receptor-mediated kinase.
PKC is known to be involved in signal transduction
associated with the control of brain functions, such as
ion channel regulation, receptor modulation, neuro-
transmitters release, synaptic potentiation/depres-
sion, and neuronal survival [34]. It also plays crucial
roles in cell proliferation, differentiation and apopto-
sis. Neuronal tissues have high activity of PKC.

Genetic studies have suggested an involvement
of PKC in autism [35; 36]. The analysis of ge-
nome-wide linkage and candidate gene association
showed PKCp gene (PRKCB1) linkage to a region on
chromosome 16p in the neocotex of subjects with au-
tism [35;36]. High-resolution single-nucleotide poly-
morphism genotyping and analysis of this region
showed strong association of haplotypes in the PKC[
gene with autism. The present study was undertaken

to compare the activity of PKC in the cerebellum and
different regions of cerebral cortex from subjects with
regressive and non-regressive autism and their
age-matched control subjects. The relationship be-
tween PKC activity and behavioral abnormalities was
also studied in autism.

MATERIALS AND METHODS

Autism and control subjects. Samples of post-
mortem frozen brain regions, i.e., the cerebellum, and
cortices from the frontal, temporal, parietal and oc-
cipital lobes from autistic (N= 7-10 for different brain
regions) and age-matched typically developed, con-
trol subjects (N= 9-10) were obtained from the Na-
tional Institute of Child Health and Human Devel-
opment (NICHD) Brain and Tissue Bank for Devel-
opmental Disorders at the University of Maryland,
Baltimore, MD. The age (mean * S.E.) for autistic
subjects was 12.6 + 3.2 years, and for control subjects,
124 + 3.3 years. All brain samples were stored at
—70°C. This study was approved by the Institutional
Review Board (IRB) of the New York State Institute
for Basic Research in Developmental Disabilities.

Diagnostic classification. The case history and
clinical characteristics for the autism and control sub-
jects is summarized in Table 1. Donors with autism
had met the diagnostic criteria of the Diagnostic and
Statistical Manual-IV for autism. Autism Diagnostic
Interview-Revised (ADI-R) test was performed for
UMB # 4671, 4849, 1174, 797, 1182, 4899 and 1638
(Table 2). According to the results of ADI-R diagnostic
algorithm, the donor’s impairments in social interac-
tion, qualitative abnormalities in communication and
restricted, repetitive and stereotyped patterns of be-
havior are consistent with diagnosis of autism. All
exceeded cut off score in each of these parameters.
Diagnosis of autism was assigned to UMB # 1349 after
extensive evaluation of behavioral tests, including
Autism Diagnostic Observation Schedule (ADOS),
Vineland Adaptive Behavioral Scale (VABS), and
Bayley Scales for Infant Development-1I, (BSID-II). In
addition to ADIR, UMB # 4849 was also evaluated by
BSID-II and Childhood Autism Rating Scale (CARS),
which indicated moderate to severe autism, and au-
tism in UMB # 4671 was also verified by VABS. Table
3 shows VABS test which assesses adaptive behavior
in four domains: communication, daily living skills,
socialization, and motor skills.

In this study, the subjects with autism were di-
vided into two subgroups: regressive autism and
non-regressive autism, depending on the pattern of
onset of symptoms for autism. Regressive autism re-
fers to a child where parents report an early history of
normal development, which is followed by a loss of
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previously acquired skills. Language regression is the  language and social skills, and initial symptoms are
most common form of regression but it can also be  delayed speech development, and/or delay in de-
accompanied by more global regression involving  velopment of social skills and nonverbal communica-
loss of social skills and interest. On the other hand, in tion. These children do not demonstrate regression in
non-regressive autism, the child never gains normal  terms of loss of language or social skills.

Table 1. Case history and clinical characteristics of autism and control donors of brain tissue samples.

Brain Diagnosis Autism Diag- Age Sex PMI Regressive Other medical condi-  Medications Cause of death
tissue nostic tests (y) (h) autism tions
(UMB #)
4671 Autism  ADIR, VABS, 45 F 13 No Multiple injuries
BSID-II from fall
1349 Autism ADOS,VABS, 56 M 39 Yes Drowning
BSID-II
4849 Autism ADIR, BSID-II, 75 M 20 Yes Lead poisoning Drowning
CARS
1174 Autism  ADIR,VABS 78 F 14 No Seizures Depakote, Tegretol Multiple-system
organ failure
4231 Autism 88 M 12 No Hyperactivity Zyprexia, Reminyl Drowning
797 Autism  ADIR 93 M 13 No Attention deficit disor- Desipramine Drowning
der, migraine headache
1182 Autism  ADIR 100 F 24 Yes Smoke inhalation
4899 Autism  ADIR 143 M 9 Yes Seizures Trileptal, Zoloft,Clonidine, Drowning
Melatonin
1638 Autism  ADIR 208 F 50 Yes Seizures, Attention Zoloft, Zyprexa, Mellaril, ~Seizure-related
deficit hyperactivity Depoprovera
disorder
5027 Autism  WISC-R, 380 M 26 No Respirdal, Luvox Obstruction of
Bender-Gestalt bowel
4670 Control 46 M 17 Commotio Cordis
from an accident
1185 Control 47 ™M 17 Drowning
1500 Control 69 M 18 Motor vehicle
accident
4898 Control 77 M 12 Hyperactive disorder ~ Concerta, Clonidone Drowning
1708 Control 81 F 20 Motor vehicle
accident
1706 Control 86 F 20 Congenital heart dis- Rejection of cardi-
ease with heart trans- ac allograft trans-
plant plantation
1407 Control 91 F 20 Asthma allergies Albuterol, Zirtec, Alegra, Asthma
Rodact, Flovent, Flonase
4722 Control 145 M 16 Motor vehicle
accident
1846 Control 20.6 F 9 Motor vehicle
accident
4645 Control 392 M 12 Arteriosclerotic

heart disease

ADI-R: Autism Diagnostic Interview Revised.

ADOS: Autism Diagnostic Observation Scale.

VABS: Vineland Adaptive Behavioral Scale.

BSID-II: Bayley Scales of Infant Development-Second Edition.

CARS: Childhood Autism Rating Scale.

WISC-R: Wechsler Intelligence Scale for Children-Revised.

According to the medical histories for UMB-4231 and UMB-5027, the donors had psychological evaluation, and met the criteria for a diagnosis of autism. De-
tailed information is not available.
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Table 2. Autism Diagnostic Interview-Revised test scores in donors of brain tissue samples.

Autism Diagnostic Interview-Revised (ADI-R)2

Diagnostic Algorithm Cutoff score  UMB4671 UMB 4849 UMB 1174 UMB 797 UMB 4899 UMB 1638
for autism
Abnormalities in reciprocal social interaction 10 26 22 22 24 22 21
(Scores:0-30)
Abnormalities in communication:
Verbal (Scores:0-26) 8 - 18 - 20 - -
Non-verbal (Scores: 0-14) 7 13 N/A 11 13 14 11
Restricted, repetitive and stereotyped patterns of 3 3 8 6 6 8 7
behavior (Scores: 0-12)
Abnormalities of development evident at or before 1 5 3 5 - 4 5
36 months
a: Higher score represents greater impairment.
UMB 1182: ADI-R was conducted but the scores are not available. The donor met the criteria for a diagnosis of autism.
Table 3. Vineland Adaptive Behavioral Scales diagnostic test for autism in donors of brain tissue samples.
Vineland Adaptive Behavioral Scales (VABS)2
UMB 1349 UMB 4671 UMB 1174
At age: 25 months At age: 33 months At age: 39 months Atage: 6.4y

Domain Standard Age equivalent per-  Standard Age equivalent Standard Age equivalent per-  Standard score
(Scores:20-160) Score formance Score performance Score formance

Communication 57 9 months 69 18 months 52 10 months 41

Daily living skills 65 16 months 62 16 months 54 14 months 22
Socialization 60 9 months 71 17 months 51 4 months 52

Motor skills - - - - 65 24 months -

Composite - - - - 51 13 months 35

a: Higher score represents better function.

Preparation of brain homogenates. The post-
mortem brain tissue samples from regressive autism,
non-regressive autism, and control subjects were
homogenized (10% w/v) in cold buffer containing 50
mM Tris-HCI (pH 7.4), 8.5% sucrose, 2 mM EDTA, 10
mM B-mercaptoethanol and protease inhibitor cock-
tail at 4°C. For extraction of protein kinases, the ho-
mogenates were mixed with an equal volume of ex-
traction buffer containing 40 mM Tris-HCl (pH 7.4),
300 mM NaCl, 2 mM EDTA, 2 mM EGTA, 2% Triton,
5 mM sodium pyrophosphate, 2 mM [-glyceropho-
sphate, 2 mM Na3VO,, 100 mM NaF, and 2 pg/ml
leupeptin. The samples were allowed to stand on ice
for 10 minutes, and then centrifuged at 135,000 g for
20 minutes at 4°C. The supernatants were collected,
and stored at —70°C. The concentrations of total pro-
teins in the supernatants were measured by the bi-
ocinchoninic acid protein assay kit (Thermo Scientific,
Rockford, IL).

Assay of PKC activity. The activity of PKC in
the brain supernatants was measured by solid phase

enzyme-linked immuno-absorbent assay (ELISA) kit
from Enzo Life Sciences International, Inc. The assay
is designed for the analysis of PKC activity in the so-
lution phase. In this assay, microplates pre-coated
with PKC substrate were used. The microplate wells
were soaked with dilution buffer and were emptied
after 10 minutes. An equal volume of the brain su-
pernatants was added to the wells, followed by the
addition of ATP to initiate the reaction. After incuba-
tion for 90 minutes at 30°C, the kinase reaction was
terminated by emptying the contents of each well. The
phosphopeptide substrate thus obtained was immu-
nodetected by using phospho-substrate specific pri-
mary antibody and peroxidase-conjugated secondary
antibody as per manufacturer’s instructions. The
mean absorbance (x103%) of samples was divided by
the quantity of total protein (pg) used per assay, and
the data is represented as relative PKC activity.
Statistical analysis. Initially, autistic and control
cases were collected as age-matched pairs. As data for
both members of a pair were not available in all cases,
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and data were approximately normally distributed,
unpaired two-tailed t-tests were employed to make
comparisons of PKC activity in various brain regions
between autistic vs. control cases. The data was con-
sidered significant if ‘p’ was < 0.05. Comparisons
among controls and autistic cases showing or not
showing clinical signs of regression in function were
made using one-way analysis of variance (ANOVA).
To guard against Type I error, a Bonferroni adjust-
ment for multiple comparisons was made to the t-tests
of multiple brain regions, and for the pair wise
post-hoc t- tests comparing each pair of the three
groups that were compared in the overall ANOVA.
Data is presented as Mean * S.E.

Pearson’s correlation coefficient (r) was used to
evaluate if there was relationship between PKC activ-
ity in autism and behavioral abnormalities (ADI-R
score).

RESULTS

PKC activity in the cerebellum and different
cerebral regions of brain from subjects with regressive
autism, non-regressed autism and their age-matched
controls.

PKC activity was assayed in the frontal, tem-
poral, occipital and parietal cortices (Fig. 1), and cer-
ebellum (Fig. 2) from subjects with autism (regressive
and non-regressive) and their age-matched control
subjects. As shown in Fig. 1, PKC activity was signif-
icantly decreased by 65.8% (p = 0.0048) in the frontal
cortex of subjects with regressive autism (Mean + S.E.;
2.05 + 0.41) as compared to non-regressive autistic
subjects (Mean + S.E.; 6.00 £ 0.97), and by 57.1% (p =
0.0085) as compared to age-matched control subjects
(Mean £ S.E.; 4.78 £ 0.63). On the other hand, PKC
activity was similar between non-regressive autism
and age-matched control groups. We also analyzed
the data with one-way ANOVA test using Bonferroni
adjustment for multiple comparison, and observed
that data was significant (p = 0.0057). Alteration of
PKC activity in the frontal cortex of subjects with re-
gressive autism was brain regions-specific. PKC ac-
tivity was not affected in other brain regions i.e., cer-
ebellum, and in the temporal, occipital and parietal
cortices from autism subjects (regressive and
non-regressive autism) as compared to age-matched
controls (Figs. 1 and 2).
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Fig. 1. Protein kinase C activity in different regions of cerebral

cortex, i.e., frontal, temporal, occipital and parietal cortex from
subjects with regressive autism, non-regressed autism and their
age-matched controls. The mean absorbance (x103) of samples
was divided by the quantity of total protein (Ug) used per assay,
and the data is represented as relative PKC activity. **p < 0.0l as
compared to control and non-regressed autism groups.
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Fig. 2. Protein kinase C activity in the cerebellum from subjects
with regressive autism, non-regressed autism and their
age-matched control subjects. The mean absorbance (x103) of
samples was divided by the quantity of total protein (ug) used per
assay, and the data is represented as relative PKC activity.

Postmortem interval (PMI) and age of the
subjects. There was no significant difference in age
(mean + S.E.) of the subjects among the regressive
autism (11.6 + 2.7 years), non-regressive autism (13.7 +
6.1 years) and control groups (12.4 = 3.3 years). Our
results also suggest that PMI was not a contributing
factor to the observed alteration in PKC activity in the
frontal cortex of individuals with regressive autism
because PKC activity in the cerebellum and the tem-
poral, parietal, and occipital cortices was not affected
in subjects with regressive autism in comparison with
control subjects, while it was affected only in the
frontal cortex from these individuals with regressive
autism.

Correlation of PKC activity with behavioral
abnormalities in autism. In order to evaluate whether
there is any correlation between reduced PKC activity
and behavioral abnormalities in subjects with autism,
we analyzed the data of PKC activities in the frontal
cortex as a function of ADI-R scores for different be-
havioral parameters (Fig. 3). In this study, we had
ADI-R scores of only six subjects with autism, which
included three regressive autism subjects (UMB #
4849, 4899, 1638) and three non-regressive autism
subjects (UMB # 4671, 1174, 797). Fig. 3a shows the
correlation between PKC activity in the frontal cortex
and ADI-R score for restrictive, repetitive and stereo-
typed behavior in regressive and non-regressive au-
tistic subjects. It was observed that ADI-R test score
for restrictive, repetitive and stereotyped pattern of
behavior was higher in regressive autism as compared
to non-regressive autistic subjects. Interestingly, linear
regression analysis showed a negative significant
correlation between PKC activity in the frontal cortex
and restrictive, repetitive and stereotyped behavior (r

= —0.84, p =0.0363). A comparison of PKC activity in
combined regressive and non-regressive autism
group with ADI-R scores for abnormalities of devel-
opment before the age of 36 months did not show a
correlation between these two parameters (data not
shown). However, a negative correlation (r = —0.988)
in subjects with regressive autism was observed be-
tween PKC activity and abnormalities of development
before the age of 36 months, though it did not reach
significance (p =0.09, n=3) (Fig. 3b). On the other
hand, there was no correlation between reduced PKC
activity and impairments in reciprocal social interac-
tion in regressive or non-regressive autistic subjects
(data not shown). Abnormalities in communication
had two types of scores: verbal and non-verbal. Only
two scores were available in verbal category, which
were not sufficient for analysis. Therefore, we ana-
lyzed the PKC data in the frontal cortex with respect
to non-verbal score, and did not find any significant
correlation between these parameters in regressive or
non-regressive autism (data not shown).
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Fig. 3. Relationship between PKC activity of frontal cortex and
Autism Diagnostic Interview Revised (ADI-R) test scores in sub-
jects with autism. PKC activity was plotted against individual
ADI-R scores for (a) restricted, repetitive and stereotyped pat-
terns of behavior, and (b) abnormalities of development evident
before the age of 36 months. R represents subjects with regressive
autism.
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DISCUSSION

Autism is a multifactorial disorder with varia-
bility in many domains. The variability of domains
includes high or low functioning autism, regressive or
non regressive autism, and comorbidities such as ep-
ilepsy. No single factor can explain variability ob-
served with different domains of autism. Our results
are suggestive of reduced PKC activity in the frontal
cortex as one of the factors contributing to regression
in autism. Recently, we reported that PKA is also af-
fected in the frontal cortex of subjects with regressive
autism [33]. Collectively, our present results and pre-
vious report suggest that regression in autism may be
the result of alterations in protein kinases-mediated
signal transduction. It is possible that both of these
kinases (PKC and PKA) are affected by a common
pathway because both protein kinases are activated
by G-protein-coupled receptors. PKA gets activated
by G-protein-coupled adenyl cyclase that converts
ATP to c-AMP, an activator of PKA. On the other
hand, activation of PKC is associated with
G-protein-coupled phospholipase C-mediated cleav-
age of phosphoinositides into two intracellular mes-
sengers, i.e., diacylglycerol (DG) (activator of PKC)
and inositol trisphosphate (IP3) (a Ca?* mobilizer).

In the brain, the signals that control cognition
vary depending on type of G-protein-coupled signal
input. Several receptors such as glutamatergic recep-
tors [37], cholinergic receptors [38], serotonergic re-
ceptors [39] and dopaminergic receptors [40] regulate
the functions of PKC. PKC is a key regulator of neu-
ronal signal transduction pathways that are crucial to
learning and memory consolidation [41-45]. Neuronal
plasticity and synaptic connections are important for
information processing in the brain. Activation of
PKC facilitates synaptic plasticity that includes re-
sponses such as Ca?* influx, neurotransmitters release,
and a decrease in Ca?-activated K current in the
brain, leading to the enhancement of neuronal excita-
bility and potentiation of synaptic response [46; 47]. Li
et al. [48] also reported effect of chronic treatment
with staurosporine (PKC-inhibitor) on acquisition and
expression of contextual fear conditioning in rats.
Considering the importance of PKC in neuronal func-
tions, decreased PKC activity in subjects with regres-
sive autism may result in decreased neuronal plastic-
ity, thus affecting neuronal excitability and synaptic
response.

The formation of functional neuronal synapse
requires various molecular players in presynaptic and
postsynaptic growth. Dysfunction of proteins such as
neuroligins, neurexin and SHANK that are required
for synaptic development have been reported in ASDs

[49; 50]. Neural disconnection leading to abnormali-
ties in cortical networks has been suggested in autism.
Different isozymes of PKC are known to have im-
portant roles at various stages of brain development.
Purkayastha et al. [51] reported that serotonin 1A re-
ceptor-mediated signaling during neonatal hippo-
campal development initially requires PKCe to boost
neuronal proliferation, and then uses PKCa to pro-
mote synaptogenesis.

Our results also suggest a relationship of re-
duced PKC activity in the frontal cortex with some
behavioral abnormalities in autism. According to
ADI-R diagnostic algorithm criteria, higher score re-
flects greater behavioral impairment. A negative sig-
nificant relationship was observed between PKC ac-
tivity in the frontal cortex and restrictive, repetitive
and stereotyped behavioral score in autistic subjects
(r= —0.84). A negative correlation was also observed
between PKC activity in the frontal cortex and ab-
normalities of development before the age of 36
months in regressive autistic subjects (r= -0.988).
However, later correlation did not reach significance,
which may be due to small sample size in this study.
The correlation between reduced PKC activity in the
frontal cortex and behavioral abnormalities in autism
needs further validation with larger sample size.

The prefrontal cortex has been implicated in au-
tism to explain deficits in brain functions related to
cognition, language, sociability and emotion [52]. Our
findings of decreased activities of PKC and PKA in
the frontal cortex of subjects with regressive autism
suggest defective phosphorylation/dephosphoryla-
tion of proteins. Both PKC and PKA are involved in
neuronal signal transduction. Chronic treatment with
carbamazepine (a mood-stabilizer drug) has been
reported to increase phosphorylation of myristoylated
alanine-rich C kinase substrate (MARKS) in the rat
cerebral cortex, suggesting involvement of PKC
-mediated phosphorylation of MARKS in behavioral
changes [53]. A recent study showed that PKA inhib-
itor could induce behavioral and neurological anti-
depressant-like effects in rats [54]. Since both PKC and
PKA are activated by G-proteins-coupled receptors
and are extensively involved in brain functions, we
suggest that inhibition of these kinases in the cerebral
cortex may have significant role in regressive autism.

Autism belongs to a group of neuropsychiatric
disorders. The roles of PKC and PKA have also been
suggested in other neuropsychiatric disorders. De-
creased protein expression of PKCf1, PKCE and PKA
regulatory la subunit and PKA catalytic subunits (a
and ) has been reported in the postmortem brain
samples from major depressive subjects as compared
to controls [55]. Alterations in PKC activity were re-
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ported in manic depression, and antimanic agents
(lithium carbonate and sodium valproate) inhibited
PKC-associated signaling in brain tissue [56]. In other
studies, prenatal and postnatal exposures to valproic
acid (antiepileptic drug) have been used for animal
model of autism to induce behavioral and neuropa-
thological abnormalities similar to those observed in
individuals with autism [57-61]. In pediatric bipolar
disorder, decreased expression of specific PKC iso-
zymes and decreased PKC activity in the platelets
were reported [62]. PKC has also been suggested as a
molecular target in pathogenic and therapeutic
mechanisms of mood disorders in which electrocon-
vulsive seizure (ECS) is effective [63]. This group re-
ported phosphorylation of PKC substrates, including
GAP-43, myristoylated alanine-rich C-kinase sub-
strate, and neurogranin in the brain of rats after ECS.
Another study showed significant decrease in the
activities of phospholipase C and PKC in the mem-
brane and cytosolic fractions of platelets from patients
with bipolar disorder, suggesting that PKC may be
involved in the pathophysiology of bipolar disorder
[64].

The involvement of PKC has also been reported
in other conditions such as inflammation [65], im-
mune disorders [66], and oxidative stress [67]. These
studies have suggested inhibitors of PKC theta as an-
ti-inflammatory therapeutic agents [65], and PKC
isozymes as potential therapeutic targets in immune
disorders [66]. Abnormalities in inflammation, im-
mune system and oxidative stress have been observed
in autism [7]. Several lines of evidence from our and
other groups have shown increased oxidative stress
damage coupled with reduced antioxidant defense in
blood [3; 6; 11; 14], brains [8-10; 13] and urine [12] of
subjects with autism. We and others have also re-
ported increased inflammatory markers in autism
[17-21]. Therefore, PKC may also have a role in in-
flammation, immune defects and oxidative stress ob-
served in autistic individuals.

Our results suggest that PMI and age cannot
account for the observed alteration in PKC activity in
subjects with regressive autism. Other factors, such as
comorbidity with seizure disorder, reported for three
of 10 autism cases (of which two had regressive au-
tism, and one had non-regressive autism), and medi-
cations, reported for two regressive autism cases, four
non-regressive autism cases, and two control cases, do
not seem to be contributing factors to the altered ac-
tivity of PKC in regressive autism. Furthermore, PKC
activity was affected only in the frontal cortex but not
in other brain regions of subjects with regressive au-
tism. However, further studies with a larger autistic
group should be done to explore this issue.

Considering the central role played by PKC in
cellular signaling, the present findings on reduced
PKC activity in subjects with regressive autism may
result in disruption of neuronal signal transduction
pathways in the frontal cortex, which may, in part, be
responsible for regression in autism. It will be inter-
esting to conduct a detailed study on the relationship
between PKC activity and behavioral abnormalities
with larger number of samples from subjects with
autism. In conclusion, our study suggests that brain
region-specific reduced PKC activity in the frontal
cortex of individuals may be associated with regres-
sive autism.
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