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Abstract

Introduction: The Shank family of proteins, specifically Shank3, plays a significant role in
synaptic plasticity in integrative brain structures. Dysfunction of the Shank3 protein due to a
microdeletion of the 22q13 chromosome (also known as Phelan-McDermid Syndrome) is
thought to result in autistic-like behaviors including impairments in social interaction, late onset
of communication development, and restricted and repetitive interests and behaviors.

Methods: Tissue from the brains of three wildtype and three heterozygous rats were imaged
using a Transmission Electron Microscope and stacked in seventeen sets of five images. Using
Adobe Photoshop CS6, all postsynaptic density (PSD) regions found in the images were
highlighted. PSD regions unique to any of the images were marked a second time. Microsoft
Excel was used to quantify the analyzed data and calculate statistical significance.

Results: Both synaptic density and percent perforation were proven insignificant. This is
primarily due to small sample size and a missing pool of knockout rats. An additional sample of
tissue from three heterozygous rats, three wildtype rats, and six knockout rats have yet to be
analyzed.

Conclusion: Shank3 deficiency in rat models may or may not significantly affect synaptic

morphology in Autism Spectrum Disorder.
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Introduction

Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder that spans several
symptom domains, including impairments in social interaction; late communication
development; and restrictive, repetitive, and stereotypical behaviors (Goldberg et al, 2011)
(Sweeten et al, 2002) (Ben Sha-lom, 2003). According to the Center for Disease Control (CDC),
statistics show that ASDs affect 1 in every 88 children in the United States alone (Baio, 2012).
Prevalence for ASD has increased steadily over the past several decades, rising from 1 in every
5000 children in 1975 to 1 in every 110 children in 2006 to current statistics. Additionally, there
is a significant prevalence of ASD in males, creating a ratio of boys to girls that has remained at
4:1 throughout statistical changes.

Beyond the classifiable case of Autism is a series of disorders ranging from severe to
mild impairment that fall under the Autism umbrella, including Asperger Syndrome (AS),
Pervasive Developmental Disorder—Not Otherwise Specified (PDD-NOS), and Rett Syndrome
(Bourgeron 2009). ASD and other disorders are not simple disorders to be blamed on one faulty
body system; rather, ASD results from a series of complex framework of dysfunctions in genes
and/or neurotransmitters and/or hormones in the body that result in the phenotypic symptoms
known as ASD (Toro et al 2010).

As of late, the etiology of ASDs is unknown, but evidence shows that ASD and other
similar disorders are linked to any of a large pool of genetic anomalies. Sibling studies state that
ASD has as high as about 90% heritability among monozygotic twins (Kolevzon et al 2010)
(Spence 2004) (Mazefsky et al 2008). Additionally, a linkage scan of a collaborative
international study indicates risk loci for individuals of families with more than one affected

member (Moessner et al 2007). Whether the genetic dysfunction is due to inherited traits or de
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novo mutations has yet to be determined, but new research is concluding that up to 20% of
known cases can be traced to known genetic disorders, while others are being discovered
(Kinney et al 2010).

Many genomic studies have identified a wide range of candidate genes for ASDs, a
majority of which encode synaptic proteins (Bozdagi et al 2010) (Phelan 2008). Evidence
supports mutations in such areas as neurologin genes NLGN3 and NLGN4 on the X
chromosome, RPL10 at X28, and any of the Shank genes, more specifically Shank3 (Moessner

etal 2007).

Shank Family

The Shank family of genes includes members Shank 1, Shank 2, and Shank 3, all of
which are large, multidomain genes that share common protein-protein interaction motifs. A full
molecule contains five fundamental domains that interact with one another (Kreienkamp 2008).
The Shank proteins, which are encoded by any of the three distinct genes, interact in the
postsynaptic density (PSD). In this region of excitatory synapses, a number of scaffolding
proteins, including Shank proteins, thicken at the postsynaptic membrane (Baron et al 2006).

The Shank3 gene codes for a major scaffolding protein in the PSD of excitatory synapses
(Kreienkamp 2008). Additionally, this protein plays a key role in neurotransmission of
glutamatergic synapses. In vivo studies have shown that Shank3 proteins can react with
cytoskeletal and Homer proteins, the GIuAL subunit of AMPA receptors, NMDA receptors, and
the PSD-95 complex in the PSD region (Wang et al 2011).

Dysfunction of this gene is thought to contribute majorly to neurodevelopmental

disorders in 22q13 deletion syndrome (Phelan-McDermid syndrome) (Peca et al 2011) (Phelan
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2008). Phelan-McDermid is strongly linked to ASD, neurodevelopmental dysfunction, learning
disability, mental retardation, and delayed communication (Wang et al 2011) (Moessner et al

2007).

Shank Mutations in ASD

One study reported two de novo mutations in the Shank3 gene present in individuals
diagnosed with ASD, but not in the control subjects. One such mutation was a microinsertion of
a G nucleotide that led to a frameshift and understood dysfunction. In the same gene, a
microdeletion of the eighth terminal of chromosome 22q13 led to similar loss of function.
(Durand et al 2007). Linkages such as these have made Shank3 a major interest point in the
series of genetic anomalies under speculation in regards to ASD.

A study by Wang et al in 2011 produced data that supports speculation of Shank3
involvement in 22913 microdeletion syndrome and, more specifically, ASD. This specific study
states that the loss of the Shank3 protein specifically produces biochemical changes that lead to
abnormal behavioral domains in a mouse model of ASD. Additionally, a study by Bangash et al
in 2011 employs a mouse model of ASD in which there is a microdeletion in the Shank3 gene
that mimics a human mutation. The mice in this study also exhibited ASD-like behavioral

domains due to reduced receptor function the PSD region.
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Research Question
This study was performed to assess whether or not ASDs result in genetic dysfunction
that alters the functionality of proteins in the PSD. Furthermore, do such alterations lead to the

phenotypic symptoms of aberrant behaviors that are diagnosed as ASD?

Hypothesis

The hypothesis states that ASD will negatively affect functionality of proteins in the PSD
in integrative structures in the brain such as the corticostriatal, hippocampal, and medial
prefrontal cortex (mPFC) regions. Additionally, the hypothesis states that the synaptic density of
the mPFC region will be negatively affected by Phelan-McDermid Syndrome, and consequently

the haploinsufficiency of the Shank3 protein.
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Methods

Tissue from the brains of three wildtype control rats and tree heterozygous rats were cut
onto a slot grid, of which five serial sections were imaged. The tissue was carefully inserted into
a specimen holder and then covered with a grid support. The holder was inserted into the slot
grid to be imaged. The slot grid was placed on the electron microscope (EM) so that the image
was projected onto a computer. From here, the first 50 microns of layer Il in the mPFC were
marked at low magnification, ~400x (fig 1). Subsequently, the images were taken at higher
magnfication, ~17,000x, randomly. Randomization of the area that is being imaged avoided bias
in the number of synapses.

Images, labeled as A, B, C, and D for each of the 15-17 sets, were viewed and analyzed
using Adobe Photoshop CS6. The PSD regions were highlighted on each of the five images, and
then quantified based on a series of criteria. Additionally, PSD regions unique to each of the five

images were labeled as such.



Friedberg 8

highmag.c.2.tif
Print Mag: 27200x @7.0 in 500 nm

9:53:13 a 081512 HV=75.0kV
Direct Mag: 17000x

X:na Y:na
AMT Camera System

Fig. 1: Sample image of neurons. The dark areas between cells are PSD regions. Distinguishing the presynapse
from the postsynapse is made easier by the observation of the vesticles that are only preset inthe presynapse.
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Quantification
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For each of the animals in this study, 17 sets of images were taken, analyzed, and

quantified from the tissue of three wildtype (WT) and three heterozygous (HET) rats as shown in

Fig.2 and Fig.3:

Fig. 2: PSD Quantification

Synaptic Density | Sum # Sum # Sum # % perforated Gen.
Synapses constructed perforated
217 0.716783173 277 107 21 19.62616822 WT
222 0.950448172 301 151 19 12.58278146 Het
226 0.928344726 294 132 11 8.333333333 Wit
179 0.991497429 314 181 15 8.287292818 Het
180 1.14622155 363 154 12 7.792207792 WT
230 1.108329928 351 156 11 7.051282051 Het
Analysis
Fig. 3: PSD Analysis
Synaptic Density Avg. STDEV SE T-Test
WT 0.716783173 0.930449816 | 0.214726928 | 0.12397265 0.550863196
WT 0.928344726
WT 1.14622155
Het 0.950448172 1.01675851 | 0.081916139 | 0.047294305
Het 0.991497429 p>0.05
Het 1.108329928

The images were quantified based on the average of synaptic density for each of the rats,

standard deviation (STDEV) within each group, and the standard error (SE). For each figure, the

average of each measure is reported, synaptic density and perforation, as well as for SE. The

synaptic density was calculated by dividing the number of synapses by the measure of the
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images filed, 10.55642341. The SE value was calculated by dividing the STDEV by the square
root of the number of samples analyzed in the study, which in this case came to three.

The % perforated, shown in Fig. 4, was calculated by dividing the number of perforated
synapses by the total number of synapses in a set of images. Perforated synapses are synapses in
which the presynapse and the postsynapse meet across the synaptic cleft, creating a “perforation”

in the synaptic region.

Fig. 4. PSD Perforation Analysis

% perforated Avg STDEV SE T-test

WT 19.62616822 11.91723645 6.681611036 | 3.85762993 0.568499211

WT 8.333333333

WT 7.792207792

Het 12.58278146 9.307118776 2.903343791 | 1.676246319 p>0.05

Het 8.287292818

Het 7.051282051

The statistical frequency of the perforated synapses is theoretically significant due to the
fact that Shank3 is a scaffolding protein. Dysfunction of the Shank3 gene results in abnormal
physiology of the presynapse and the postsynapse.

The statistical significance was calculated using a t-test function of Excel. The results of
the t-test, expressed as p, are only statistically significant if the value of p is less that 0.05. Based

on the data obtained, the p values are not statistically significant.
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Fig. 5: Synaptic Density: This graph presents the average synaptic density for each of the groups of

examined images, WT (0.930449816) and Het (1.01675851). With the calculation of the values of

presented in this graph, the SE was also calculated, as shown in Fig. 5.

Fig. 6: Synaptic Density Graph Data

Synaptic Density (Avg) SE
WT 0.930449816 0.12397265
Het 1.01675851 0.047294305
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Fig. 7: % Perforated Synapses: This graph presents the percentage of perforated synapses that

were found in the analyzed images. The number of perforated synapses is significant because it is

a potential statistically significant value. With the calculation of the values presented in this

graph, the SE was also calculated, as shown in Fig. 7.

Fig. 8: %Perforated Graph Data

% perforated (AvQg) SE
WT 11.91723645 3.85762993
Het 9.307118776 1.676246319

The results of the current data presented were found to be statistically insignificant.

However, it is important to note that each category of rats will have an addition three animals

analyzed, as well as an additional category of knockout (KO) rats, in which the microdeletion

22q13 will be enacted. This current “n,” or number of samples, is extremely small, and thus too

small to render statistically significant data at this time.
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Conclusions

The data produced and analyzed in this study has proven to be in accordance with the null
hypothesis. However, the sample size is much smaller than that of previous studies, so the data is
incomplete.

Given the importance of the physiological function of the Shank3 scaffolding protein in
the PSD region, as well as the data-supported link between aberrant behavioral phenotypes and
mutations in the Shank gene, several studies have been performed utilizing animal models in
order to further understand the pathophysiology of Shank3 and the phenotypic consequences in
order to identify therapeutic and biochemical targets.

A study by Bozdagi and colleagues utilizing a mouse model in which Shank3 exons were
targeted and disrupted was the first study to utilize a mouse model. Bozdagi et al examined the
excitatory synapses in hippocampal slices of Shank3 heterozygous and wild-type mice. Data
from this study produced supporting evidence to the claim that mutations in the gene that
encodes Shank3 lead to ASD and intellectual disability (ID). Heterozygous mice displayed
deficits in synaptic function and plasticity and reduced basal synaptic transmission. Behavioral
studies on these same mice revealed reduced social interaction. A study by Wang and colleagues
utilizing similar strategies to Bozdagi and colleagues in which the full length Shank3 was
disrupted in mice reported that the knockout led to impairments in social approach and affiliation
between specimens.

In each of these studies, the analyses were carried out on heterozygous and wild-type
mice with genetic mutations. However, there was an additional group in which the Shank3 gene
was disrupted called the knockout group. This study has only analyzed a small sample of

heterozygous and wild-type rats. The hypothesis of this study includes this aspect, thus the data
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is incomplete. There will be analyses of an additional three rats for each group, as well as the

third group of six knockout rats.
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