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Introduction
Autism spectrum disorders (ASDs) comprise a diverse group 
of conditions characterized by problems in social actions, com-
munication deficits, and stereotypical repetitive behaviors. In 
all, 1 in 88 children in the US is thought to have ASD.1

The PI3 K/AKT/ mammalian target of rapamycin (mTOR) 
signaling pathway plays an important role in the regulation of 
cell growth, proliferation, differentiation, motility, survival, 
metabolism, and protein synthesis. AKT, a serine/threonine-
specific protein kinase, plays a fundamental role in cell survival 
and apoptosis.2 Activated AKT can phosphorylate a series of 
downstream signaling molecules, including mTOR (which 
participates in various aspects of signaling, including nutrition 
(such as amino acids), growth factors (such as insulin), energy 
levels, and environmental pressures (such as hypoxia)).3

Studies suggest that the dysregulation of the PI3K/AKT/
mTOR pathway possibly contributes to the pathogenesis of 
ASDs. For instance, mutations/deletions of PTEN, a negative 
regulator of the PI3K pathway, leads to autistic-like features.4 
Also, comorbidity of ASDs and tuberous sclerosis complex 
(TSC) neurogenetic disorder are very common.5 In a mouse 
model of TSC disorder, researchers found that intraperitoneal 

injection of the mTORC1 inhibitor, rapamycin, can improve 
the behavior,6 and the PI3K/AKT/mTOR pathway is likely 
involved in the pathogenesis of Rett syndrome, a rare form of 
autism that affects females.7

In addition to its possible relationship to autism etiology, 
the PI3K/AKT pathway may be important in the diagnosis and 
treatment of ASD. The mTOR-targeted inhibitor rapamycin 
has shown effects on intelligence recovery in autistic mice.8 
It will be of great significance to further study whether other 
elements in the PI3K/AKT/mTOR pathway could serve as 
therapeutic targets for ASDs.9

Because of this, we studied pathway markers associated 
with the PI3K/AKT pathway. The epidermal growth factor 
receptor (EGFR, ErbB-1, HER1 in humans) is a member of 
the ErbB family of receptors, and when signaled by growth 
factors such as epidermal growth factor (EGF), its phospho-
rylation is a precursor for Akt pathway activation.10–13 EGFR 
triggers quiescent astrocytes into reactive astrocytes14 and 
has been associated with neurobehavioral disorders, such as 
amyotrophic lateral sclerosis (ALS)15 and Alzheimer’s.16–18

Genetic variants of receptor tyrosine kinases (RTKs), 
such as MET, have been implicated in the etiology of 

Decreased Phosphorylated Protein Kinase B (Akt) in 
Individuals with Autism Associated with High Epidermal 
Growth Factor Receptor (EGFR) and Low Gamma-
Aminobutyric Acid (GABA)

Anthony J. Russo1,2

1Department of Biology, Hartwick College, Oneonta, NY, USA. 2Pfeiffer Medical Center, Health Research Institute, Warrenville, IL, USA.

Abstract: Dysregulation of the PI3K/AKT/ mammalian target of rapamycin (mTOR) pathway could contribute to the pathogenesis of autism spec-
trum disorders. In this study, phosphorylated Akt concentration was measured in 37 autistic children and 12, gender and age similar neurotypical, controls 
using an enzyme-linked immunosorbent assay. Akt levels were compared to biomarkers known to be associated with epidermal growth factor receptor 
(EGFR) and c-Met (hepatocyte growth factor (HGF) receptor) pathways and severity levels of 19 autism-related symptoms. We found phosphorylated Akt 
levels significantly lower in autistic children and low Akt levels correlated with high EGFR and HGF and low gamma-aminobutyric acid, but not other 
biomarkers. Low Akt levels also correlated significantly with increased severity of receptive language, conversational language, hypotonia, rocking and 
pacing, and stimming, These results suggest a relationship between decreased phosphorylated Akt and selected symptom severity in autistic children and 
support the suggestion that the AKT pathways may be associated with the etiology of autism.

Keywords: Akt, EGFR, EGF, HGF, autism, symptom severity

Citation: Russo. Decreased Phosphorylated Protein Kinase B (Akt) in Individuals  
with Autism Associated with High Epidermal Growth Factor Receptor (EGFR)  
and Low Gamma-Aminobutyric Acid (GABA). Biomarker Insights 2015:10 89–94  
doi: 10.4137/BMI.S21946.

TYPE: Original Research

Received: May 21, 2015. ReSubmitted: September 03, 2015. Accepted for 
publication: September 08, 2015.

Academic editor: Karen Pulford, Editor in Chief

Peer Review: Four peer reviewers contributed to the peer review report. Reviewers’ 
reports totaled 675 words, excluding any confidential comments to the academic editor.

FunDInG: Financial support was received from the autism research institute. the 
autism genetic resource exchange Consortium is supported in part by a grant 
1U24mh081810 from the national institute of mental health to Clara m. Lajonc. the 
author confirms that the funders had no influence over the study design, content of the 
article, or selection of this journal.

Competing Interests: Author discloses no potential conflicts of interest.

Correspondence: Russoa2@hartwick.edu

Copyright: © the authors, publisher and licensee Libertas Academica Limited. This is 
an open-access article distributed under the terms of the Creative Commons CC-BY-NC 
3.0 License.

�Paper subject to independent expert blind peer review. All editorial decisions made 
by independent academic editor. Upon submission manuscript was subject to anti-
plagiarism scanning. Prior to publication all authors have given signed confirmation of 
agreement to article publication and compliance with all applicable ethical and legal 
requirements, including the accuracy of author and contributor information, disclosure of 
competing interests and funding sources, compliance with ethical requirements relating 
to human and animal study participants, and compliance with any copyright requirements 
of third parties. This journal is a member of the Committee on Publication Ethics (COPE).

�Published by Libertas Academica. Learn more about this journal.

http://www.la-press.com/journal-biomarker-insights-j4
http://www.la-press.com
http://dx.doi.org/10.4137/BMI.S21946
mailto:Russoa2@hartwick.edu
http://www.la-press.com
http://www.la-press.com/journal-biomarker-insights-j4


Russo

90 Biomarker Insights 2015:10

autism.18,19 Growth factors, hepatocyte growth factor (HGF) 
and EGF, which are the signaling ligands for MET and 
EGFR, respectively, are decreased in autism.20,21 Attach-
ment of growth factors to these receptors regulates many 
aspects of neuronal growth and differentiation,22–27 and 
they have been found to promote wound healing.28 Since 
there is immune dysfunction in the nervous system29–33 in 
children with autism, it is plausible to think that growth 
factors are involved.

Gene mutations34 and abnormal plasma levels35,36 of 
growth factors such as EGF have been linked to autism.

HGF has mitogenic, morphogenic, and motogenic 
effects on hepatocytes as well as endothelial, mesenchymal, 
and hematopoietic effects on cell types and demonstrates 
noticeable species cross-reactivity.37–45 Its ability to stimulate 
branching morphogenesis, cell migration, survival, and pro-
liferation gives it a central role in angiogenesis, tissue regen-
eration, as well as tumorogenesis.37–43 It also plays significant 
roles in the development of the central nervous system.46

Gamma-aminobutyric acid (GABA), the most abundant 
inhibitory neurotransmitter in the mammalian brain, where 
it is widely distributed,47 has been found to be dysfunctional 
in autism and related disorders.48 HGF has been shown to 
modulate GABAergic activity49 and enhance N-methyl-d-
aspartate currents in the hippocampus.50

In this study, we measured phosphorylated Akt in WBCs 
of autistic children and compared these levels with putative 
biomarkers, such as EGFR, EGF, HGF, and GABA as well 
as the severity of 19 different behavioral symptoms.

Materials and Methods
Subjects. Cellular phosphorylated Akt concentration 

was measured in 37 autistic children and 12, age and gender 
similar neurotypical, controls.

The diagnostic criteria used in this study were defined 
by Diagnostic and Statistical Manual of Mental Disorders, 4th 
edition (DSM-IV) criteria. In 2012, the separate diagnostic 
labels of autistic disorder, Asperger’s disorder, and pervasive 
developmental disorder not otherwise specified were replaced 
by one umbrella termed autism spectrum disorder.

Plasma and white blood cells from consecutive indi-
viduals with diagnosed autism (n = 37, 29 males, mean age  
10.1 years) and controls (n = 12, 8 males, mean age 9.4 years)  
were obtained from patients presenting at the Health Research 
Institute (HRI)* over a two-year period. All autistic individ-
uals who presented to HRI were asked to participate. Patients 
who participated in this study were randomly chosen from 
all patients who volunteered. Neurotypical control plasma 
was obtained from HRI and the Autism Genetic Resource 
Exchange (AGRE)** and randomly chosen from a selection 
of about 200 samples. The autistic individuals in this study 
met the DSM-IV criteria, and many were diagnosed using 
the autism diagnostic interview-revised before presenting to 
the HRI.

Patient consent was obtained from all patients involved 
in this study, and this study was approved by the institutional 
review board of the HRI. The research was conducted in accor-
dance with the principles of the Declaration of Helsinki.

Enzyme-linked immunosorbent assays (ELISAs) were used 
to measure cellular Akt and other biomarkers (eBioscience).

1.	 50 µL/well of 1 × Cell Lysis Mix (negative control) and 
50 µL/well of positive control cell lysate (positive control) 
were used to separate assay wells for controls.

2.	 40 µL of lysis buffer (containing a combination of deter-
gents, phosphatase inhibitors, salts, and buffers) was 
added to each of the control and experimental wells.

3.	 10 µL of buffy coat cells (experimental and control) were 
added to appropriate wells and mixed gently.

4.	 50 µL/well of antibody cocktail mix (detection antibody 
and horse radish peroxidase (HRP)-conjugated antibody) 
was added to all the assay test wells. The plate was incu-
bated for one hour at room temperature on a microplate 
shaker (∼300 rpm).

5.	 Wells were washed with 300 µL/well 1 × Wash Buffer 
four times.

6.	 100 µL of detection reagent (3,3′,5,5′-tetramethylbenzi-
dine) was added to each well, and the wells were incu-
bated for 10–30 minutes.

7.	 After color development, 100 µL of Stop Solution was 
added to each well.

8.	 Absorbance was measured using a colorimetric (spectro-
photometric) plate reader (BioRad) set at 450 nm.

To ensure reproducibility of results, samples were run in 
duplicate, and reported concentrations were the result of the 
average of at least two separate assays.

Serums. Buffy coat cells, obtained from the patients 
at the HRI, were treated in an identical fashion – frozen at 
−70 °C immediately after collection and cell/serum separation 
and then stored at −70°C until thawed for use in ELISAs.

Severity of disease. The Pfeifer questionnaire, severity crite-
ria, and statistical methodology have been previously reported.21

An autism symptom severity questionnaire was used to 
evaluate symptoms. The questionnaire (Pfeiffer questionnaire) 
asked parents or caregivers to assess the severity of the follow-
ing symptoms: awareness, expressive language, receptive lan-
guage, (conversational) pragmatic language, focus, attention, 
hyperactivity, impulsivity, perseveration, fine motor skills, 
gross motor skills, hypotonia (low muscle tone), tip toeing, 
rocking/pacing, stimming, obsessions/fixations, eye contact, 
sound sensitivity, light sensitivity, and tactile sensitivity. The 
symptoms were rated by parents/guardians on a scale of 0–5  
(5 being the highest severity) for each of these behaviors.

Statistics. Inferential statistics were derived from unpai
red t-test and odds ratios with 95% confidence intervals. Pear-
son moment correlation test was used to establish degree of  
correlation between groups using 95% confidence intervals.
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*The HRI is a comprehensive treatment and research 
center, specializing in the care of with neurological disorders, 
including autism.

**The AGRE is a repository of biomaterials and pheno-
typic and genotypic data to aid research on ASDs.

Results
We found that cell phosphorylated Akt concentration is 
significantly lower (P  =  0.04; 95% confidence interval) in 

individuals with autism (Fig.  1). We also found a correla-
tion between these levels and that high EGFR (r  =  −0.5; 
P  =  0.05) (Fig.  2) has a negative correlation with Akt and 
HGF (r = −0.82; P = 0.0005) (Fig. 3) has a superior negative 
correlation with Akt. We also found that low phosphorylated 
Akt correlates well with low GABA (r = 0.5; P = 0.02) (Fig. 4) 
in the individuals with autism.

We found that low Akt levels correlated with high sever-
ity of rocking and pacing (r = −0.62; P = 0.001), high sever-
ity of hand and finger stimming (r = −0.42; P = 0.02), high 
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Figure 1. Cell Phosphorylated Akt is significantly lower in individuals with autism (P = 0.04).
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Figure 2. Cell Phosphorylated Akt correlates significantly with EGFR in 
individuals with autism (r = −0.5; P = 0.05 ).
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Figure 3. Cell Phosphorylated Akt correlates significantly with HGF in 
individuals with autism (r = -0.82; P = 0.0005).
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severity of obsessions and fixations (r = −0.4; P = 0.03), and 
severity of hypotonia (r = −0.5; P = 0.009).

Discussion
The data reported here suggest a relationship between Akt 
levels and autism and also suggest that the EGFR and c-Met 
pathways are associated with lower activated Akt levels. These 
data also show a strong relationship between low activated 
Akt and low GABA.

If ASDs are linked to the AKT signaling pathway, there 
are implications for the diagnosis and treatment of these dis-
orders. The diagnosis of ASDs currently relies on behavioral 
symptoms, which usually lead to late or missing diagnosis. 
Molecular diagnosis may be the answer to this deficiency. So 
far, in addition to AKT signaling molecules, many other candi-
date genes, and their resulting proteins, have been selected for 
ASDs, such as reelin (RELN), human serotonin transporter 
(SLC6A4), gamma-aminobutyric acid receptor (GABR), 
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Figure 4. Cell Phosphorylated Akt correlates significantly with GABA in 
individuals with autism (r = 0.5; P = 0.02).
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neuroligin (NLGN), human oxytocin receptor (OXTR),  
and c-Met.51

Linking ASDs to the dysregulation of AKT signaling 
may also lead to therapeutic modalities. Recombinant human 
insulin-like growth factor-1 (RhIGF-I), known to signal the 
AKT pathway, has been shown to play important roles in 
brain damage, diabetes, growth retardation, osteoporosis, and 
chronic renal failure. RhIGF-I was approved by the US Food 
and Drug Administration (FDA) in 2005 for treatment of 
short stature patients with severe primary insulin-like growth 
factor-1 (IGF-I) deficiency. Several studies have reported that 
there are some adverse effects of RhIGF-I, such as headache, 
vomiting, and hypoglycemia. However, these adverse events 
are mostly transient, easily handled, and infrequently lead to 
noncompliance.52 Given the ease of operability and the safety 
of IGF-I, it may be a potent therapy for ASDs.

The mTOR-targeted inhibitor rapamycin is a macrolide 
compound that is purified from Streptomyces hygroscopicus. It 
was originally designed as an antifungal agent before it was 
found to have strong immunosuppressive and antiproliferative 
effects. Rapamycin was approved by the FDA as an immuno-
suppressant for renal transplantation in 1999. Recently, this 
drug has been used as a coronary stent coating and may be 
valuable as an anticancer treatment because of its antiprolifer-
ative effects.53–55 Interestingly, rapamycin also showed effects 
on intelligence recovery in autistic mice,8 and may, therefore, 
provide another potent therapy for ASDs. It is possible that 
other elements of the AKT pathway serve as therapeutic tar-
gets for ASDs.

Our data suggest that in autistic children, decreased Akt 
levels strongly correlate with high RTK (EGFR), high growth 
factor (HGF), and low GABA. As you can see in Figure 5, 
summarizing the potential events associated with the Akt 
pathway (Fig. 5), HGF is a major growth factor that attaches 
to RTKs, such as c-Met. Subsequent phosphorylation (activa-
tion) of the receptor causes a chain of marker activation, which 
eventually activates Akt. Akt, in turn, affects the plasticity of 
GABAA receptors. It is plausible that the etiology of at least a 
subpopulation of autistic individuals, perhaps those with low 
GABA, is associated with an aberrant HGF/c-Met/Akt path-
way. Particularly, high plasma HGF (the result of abnormal, 
but high levels of RTKs (ie, EGFR, c-Met)) and the inability 
to attach to these RTKs lower signaling, which, in turn, low-
ers Akt and GABA.

Some research supports our finding of downregulation of 
the Akt pathway associated with autism,56,57 while other data 
suggest that, in PTEN knockout mice, upregulation of the 
pathway results in autism-like behavior.4,58 It is possible that 
high Akt levels exist in a distinct subpopulation of individuals 
with Phosphatase and tensin homolog (PTEN) gene mutation.
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rotrophins and the immune system. J Anat. 2003;203:1–19.

	 26.	 Tabakman R, Lecht S, Sephanova S, Arien-Zakay H, Lazarovici P. Interactions 
between the cells of the immune and nervous system: neurotrophins as neuropro-
tection mediators in CNS injury. Prog Brain Res. 2004;146:387–401.

	 27.	 Pastore S, Mascia F. Novel acquisitions on the immuno-protective roles of the 
EGF receptor in the skin. Expert Rev Dermatol. 2008;3:525–7.

	 28.	 Suzuki K, Hashimoto K, Iwata Y, et  al. Decreased serum levels of epidermal 
growth factor in adult subjects with high- functioning autism. Biol Psychiatry. 
2007;62:267–9.

	 29.	 Vargas DL, Nascimbene C, Krishnan C, Zimmerman AW, Pardo CA. Neuro-
glial activation and neuroinflammation in the brain of patients with autism. Ann 
Neurol. 2005;57:67–81.

	 30.	 Li X, Chauhan A, Sheikh AM, et al. Elevated immune response in the brain of 
autistic patients. J Neuroimmunol. 2009;207:111–6.

	 31.	 Ashwood P, Krakowiak P, Hertz-Picciotto I, Hansen R, Pessah I, Van de Water J.  
Elevated plasma cytokines in autism spectrum disorders provide evidence of 
immune dysfunction and are associated with impaired behavioral out- come. 
Brain Behav Immun. 2011;25:40–5.

	 32.	 Enstrom AM, Onore CE, Van de Water JA, Ashwood P. Differential mono-
cyte responses to TLR ligands in children with autism spectrum disorders. Brain 
Behav Immun. 2010;24:64–71.

	 33.	 Xian CJ, Zhou XF. Roles of transforming growth factor-α and related molecules 
in the nervous system. Mol Neurobiol. 1999;20:157–83.

	 34.	 Toyoda T, Nakamura K, Yamada K, et al. SNP analyses of growth factor genes 
EGF, TGFβ-1, and HGF reveal haplotypic association of EGF with autism. 
Biochem Biophys Res Commun. 2007;360:715–20.

	 35.	 Işeri E, Güney E, Ceylan MF, et al. Increased serum levels of epidermal growth 
factor in children with autism. J Autism Dev Disord. 2011;41(2):237–41.

	 36.	 Onore C, Van de Water J, Ashwood P. Decreased levels of EGF in plasma 
of children with autism spectrum disorder. Autism Res Treat. 2012;2012: 
205362–6.

	 37.	 Nakamura, Teramoto H, Ichihara A. Purification and characterization of a 
growth factor from rat platelets for mature parenchymal hepatocytes in primary 
cultures. Proc Natl Acad Sci U S A. 1986;83:6489–93.

	 38.	 Nakamura T. Partial purification and characterization in hepatocyte growth 
factor from serum of hepatectomized rats. Biochem Biophys Res Commun. 
1984;122:1450–5.

	 39.	 Sasaki M, Nishio M, Sasaki T, Enami J. Identification of mouse mammary 
fibroblast-derived mammary growth factor as hepatocyte growth factor. Biochem 
Biophys Res Commun. 1994;199:772–7.

	 40.	 Michalopoulos G, Houck KA, Dolan ML, Leutteke NC. Control of hepatocyte 
replication by two serum factors. Cancer Res. 1984;44:4414–9.

	 41.	 Thaler FJ, Michalopoulos G. Hepatopoietin a: partial characterization and 
trypsin activation of a hepatocyte growth factor. Cancer Res. 1985;45:2545–9.

	 42.	 Zarnegar R, Michalopoulos GK. The many faces of hepatocyte growth factor: 
from hepatopoiesis to hematopoiesis. J Cell Biol. 1995;129:1177–84.

	 43.	 Weidner KM, Arakaki N, Hartmann G, et  al. Evidence for the iden-
tity of human scatter factor and human hepatocyte growth factor. 
Proc Natl Acad Sci U S A. 1991;88:7001–5.

	 44.	 Comoglio PM, Graziani A. In: Nicola NA, ed. Guidebook to Cytokines and their 
Receptors. Oxford University Press, Oxford, England; 1994:16:182–6. 

	 45.	 Grant DS, Kleinman HK, Goldberg ID, et al. Scatter factor induces blood vessel 
formation in vivo. Proc Natl Acad Sci U S A. 1993;90:1937–41.

	 46.	 Hamanoue M, Takemoto N, Matsumoto K, Nakamura T, Nakajima K, Kohsaka 
S. Neurotrophic effect of hepatocyte growth factor on central nervous system 
neurons in vitro. J Neurosci Res. 1996;43(5):554–64.

	 47.	 Zachmann M, Tocci P, Nyhan WL. The occurrence of gamma-aminobutyric 
acid in human tissues other than brain. J Biol Chem. 1966;241:1355–8.

	 48.	 Coghlan S, Horder J, Inkster B, Mendez MA, Murphy DG, Nutt DJ. GABA 
system dysfunction in autism and related disorders: from synapse to symptoms. 
Neurosci Biobehav Rev. 2012;36:2044–55.

	 49.	 Bae MH, Bissonette GB, Mars WM, et al. Hepatocyte growth factor (HGF) 
modulates GABAergic inhibition and seizure susceptibility. Exp Neurol. 
2010;221:129–35.

	 50.	 Akimoto M, Baba A, Ikeda-Matsuo Y, et  al. Hepatocyte growth factor as 
an enhancer of NMDA currents and synaptic plasticity in the hippocampus. 
Neuroscience. 2004;128:155–62.

	 51.	 Li X, et  al. Genes associated with autism spectrum disorder. Brain Res Bull. 
2012;88:6543–52.

	 52.	 Midyett LK, Rogol AD, Van Meter QL, Frane J, Bright GM, MS301 Study 
Group. Recombinant insulin-like growth factor (IGF)-I treatment in short chil-
dren with low IGF-I levels: first-year results from a randomized clinical trial.  
J Clin Endocrinol Metab. 2010;95(2):611–9.

	 53.	 Garza L, Aude YW, Saucedo JF. Can we prevent in-stent restenosis? Curr Opin 
Cardiol. 2002;17:518–25.

	 54.	 Huang S, Houghton P. Targeting mTOR signaling for cancer therapy. Curr Opin 
Pharmacol. 2003;3:371–7.

	 55.	 Bjornsti Mary-Ann, Houghton Peter J. The tor pathway: a target for cancer ther-
apy. Nat Rev Cancer. 2004;4:335–48.

	 56.	 Sheikh AM, Malik M, Wen G, et  al. BDNF-Akt-Bcl2 antiapoptotic signal-
ing pathway is compromised in the brain of autistic subjects. J Neurosci Res. 
2010;88:2641–7.

	 57.	 Nicolini C, Ahn Y, Michalski B, Rho JM, Fahnestock M. Decreased mTOR 
signaling pathway in human idiopathic autism and in rats exposed to valproic 
acid. Acta Neuropathol Commun. 2015;3:3–5.

	 58.	 Lugo JN, Smith GD, Arbuckle EP, et al. Deletion of PTEN produces autism-
like behavioral deficits and alterations in synaptic proteins. Front Mol Neurosci. 
2014;7:27–9.

http://www.la-press.com
http://www.la-press.com/journal-biomarker-insights-j4

