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ABSTRACT: Autism was first named in 1911, and then redefined to fit the symptoms of patients in the mid-1960s to 1970s.
Today, autism spectrum disorder (ASD) has been more commonly described as a neurodevelopmental disease with common
symptoms that include repetitive behaviors and restricted interests. Progress in understanding ASD has brought scientists closer
to finding factors that may affect the onset of ASD in children or the cause of autism. These factors can include either genetic
or environmental factors. One genetic factor is gender and environmental factors include drugs and smoking during pregnancy.
‘These factors can be combined to create a quantitative diagnostic test or a more accurate diagnostic test to diagnose autism earlier
in childhood. Currently, autism doesn’t have many quantitative diagnostic tests. Some diagnostic tests are available; however, these
tests have limitations which can lead to incorrect diagnosis. The lack of both diagnosis and proper treatment, can lead to ethical
concerns, as parents may abandon their child due to a misdiagnosis or cost of treatment. This review hopes to elucidate the current
genetic and environmental associations with ASD to provide alternative ways for quantitative diagnosis in the future as advances

in science are made.
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B Introduction

Autism was first defined by Leo Kanner in 1948. He
described it as an innate inability to create normal, biologically
determined, emotional contact with others." Autism spectrum
disorder (ASD) has since been more commonly described as
a neurodevelopmental disease with common symptoms that
include repetitive behaviors and restricted interests. Progress
in understanding ASD has brought scientists closer to finding
factors that may affect the onset of ASD in children. These
factors range from environmental to genetic. For example,
males are three times as likely to get ASD as females, which is
likely a product of X-linked mutations that possibly cause the
uneven ratio of autism between males and females.>® Other
genetic causes include mutations in various genes associated
with ASD, such as SHANK 3, TSC1, TSC2, and FMRP*
Despite there being an array of genetic factors associated with
ASD, there are also several environmental factors known to
contribute to an increased prevalence of ASD. These factors are
typically centered around complications in fetal development
during pregnancy such as exposure to pollutants, fever, the use
of drugs, or smoking.>® Other environmental factors that can
increase the chance of ASD include older parents at the time of
conception, maternal obesity, and complications during birth
in which the baby is deprived of oxygen for extended periods
of time.” The combination of these factors can increase our
insight into the causes of autism and how we can better treat
and/or diagnose it (Figure 1).

Currently, autism does not have a quantitative diagnostic test.
Instead, diagnosis occurs through a qualitative test in which
the behavior of a patient is observed. The lack of quantitative
testing for ASD can lead to misdiagnoses in patients, resulting
in insufficient treatment plans.'® A patient who does not get the

appropriate treatment for ASD may lack the ability to speak,
behave in normal ways, and be unable to develop effective
social skills. This is significantly detrimental since there are
treatment options for patients with ASD. Current treatments
of autism include behavior/communication approaches,
dietary approaches, and medication." A review article about
ASD can be useful for comparing different environmental
and genetic factors and their effects on the diagnosis of ASD.
Understanding these factors and causes and combining this
knowledge with autism symptoms can aid in creating a more
accurate diagnostic test.
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- TSC1? N
- TSC215

- FMRP®

AUTISM

Autism was defined by Leo Kanner in
1948. He described it as an innate
inability to create normal, biologically
determined, emotional contact with
others.!

- Air pollution
(i.e. living near
highways)*

- Medications
during
pregnancy (i.e. =
valproate)” =

Low severity
[

Autism spectrum disorder (ASD) is a neurodevelopmental disease with common
symptoms that include repetitive behaviors and restricted interests.

High severity

Figure 1: Overview of autism and it’s genetic and environmental factors.
The figure depicts common genes and environmental factors that have high
association with autism. Autism is defined as a complex developmental
condition where the effects of ASD and the severity of symptoms are
different in each person, leading to a spectrum of severity.
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History of Autism : indicates that there may be genes on the X chromosome that
Autism was first named and introduced in 1911 by Eugen affect or cause ASD. One example of this is fragile X mental
Bleuler, a German psychiatrist, but not as its own disorder retardation 1 (FMRI1, also known as FMRP) that causes
but as a symptom of some cases of schizophrenia." It wasn’t the fragile X syndrome. It was found that 30 % of patients
until 1943 that Leo Kanner was the first clinician to identify with FMR1 will also be diagnosed with ASD (Figure 3).>°
autism as a disorder in his patients. He defined it as partially MECRP?2 is another X-linked gene associated with autism.
due to “genuine lack of maternal warmth”."> However, in the A mutation in the MECP2 gene is also known to cause an
1950s, the definition of autism was changed again to be more X-linked disorder called Rett’s syndrome.” Rett’s syndrome is
of a symptom that consisted of excessive hallucinations and a neurodevelopmental disorder that can lead to a progressive
fantasy in infants. Then later, in the mid-1960s and 1970s, loss of motor skills and speech. While Rett’s syndrome is more
autism was redefined to be a complete lack of fantasizing, common in females with ASD than males with ASD, it is
contradicting the previous definition of autism.'? As new important to note that males with a full or partial mutation
definitions of autism were created, the process of diagnosis in MECP2 have significantly more severe forms of Rett’s
became more accurate, which led to a rise in the prevalence of syndrome and ASD and have a lower life expectancy.'® Other
autism. Since then, autism has always been diagnosed with a X chromosome linked disorders, such as Turner’s syndrome
qualitative test and is now defined by the CDC as behavioral and Klinefelter’s syndrome, have also shown to be associated
deficits in social or emotional reciprocity, a lack of nonverbal with patients diagnosed with autism. Turner’s syndrome is
communication, and difficulty in developing, maintaining, characterized by a missing or incomplete X chromosome in
or keeping relationships.'* These criteria have helped create females and Klinefelter’s syndrome is characterized by an
better diagnostic methods and we can see an increase in the extra X chromosome in males. In fact, more than 25 % of the
prevalence of autism since the 2000s (Figure 2). Throughout patients with Turner’s syndrome are diagnosed with ASD
history, our understanding of autism and how it is diagnosed and in Klinefelter’s syndrome, almost 30 % of patients are
has consistently been changing and it is currently diagnosed diagnosed with ASD (Table 1).? This shows that there are
through observing the behavior of a patient. Unfortunately, various genes on the X chromosome alone that are associated
the use of these diagnostic methods may not be fully accurate, with the expression of ASD phenotypes and possibly ASD
which can result in patients left undiagnosed or being itself. Since men have only one X chromosome, any mutations
misdiagnosed with autism. Consequently, these patients may in the X chromosome affects all their cells, while females may
not have access to treatment, and this would negatively affect require significantly more mutations to see similar effects or
the development of their social skills.”” Alternative ways to symptoms of ASD.
test for autism, such as screening through genetics, may help
to create a more quantitative test. Quantitative measurements Uncommon autism-associated
may help enhance diagnosis and therefore leading to proper genes and their chromosomes
treatment for patients with autism.
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Figure 3: Uncommon autism-associated genes and their chromosomes.

Figure 2: 1 in ASD Preval f; 16.In th h
igu nerease in ASD Prevalence from 2000 to 2016. In the grap This figure shows uncommon genes that have been associated with ASD

above, the prevalence of ASD is shown to be Increasing. The prevalence of
ASD was steady from 2000 to 2002, however it started to increase in 2004

and more than doubled by 2010. From 2010 to 2012 we see the prevalence of responsible for autism.

ASD plateaus again, but then continues to increase in the following years. Other genes associated with Autism are SHANK 3, TSC1,
Genetics of Autism : and TSC2. Mutations in these genes are some of the most
Genetics are known to play a role in the onset, severity, and prevalent in patients with ASD.5 TSC1 and TSC2 are both

the symptoms of autism.? These genetic factors may also help part of the Tuberous Sclerosis Complex (TSC).** TSC1 and

to determine the underlying cause of autism. One of the most TSC2 function as tumor suppressor genes. Along with this,
relevant genetic mutations that may lead to autism is related to TSC1 codes for production of hamartin, while TSC2 codes
the uneven ratio of males compared to females diagnosed with for productions of tuberin. Tuberin and hamartin interact to
autism. Currently, this ratio is 3:1, male: female.” This ratio suppress unneeded cell growth.>> Mutations in either, or both,

and their respective chromosomes. As depicted, no one chromosome is solely
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of these genes leads to the development of the disease
TSC. Patients with TSC often have symptoms of psychotic
disorders such as schizophrenia, and anywhere from 17 %
to 60 % have been reported to show additional symptoms of
ASD.** These mutations can have a high variability in severity
of ASD within patients.** Furthermore, post-mortem studies
in ASD patients show that Purkinje cell loss, which are
inhibitory neurons in the cerebellum, has been associated with
the TSC complex. Therefore, the loss of Purkinje cells can lead
to autism-like characteristics in patients.>® From this, it can be
concluded that the cerebrum may be where patients with ASD
may see a deficit based on the skills that autistic patients are
lacking. Since mutations in either TSC1 or TSC2 have shown
high correlation with the expression of ASD symptoms, it
is likely that the function of these genes plays a critical role
in the maintenance of Purkinje cells and understanding the
pathology of ASD.

Table 1: Linear regressions models of COVID-19 case frequency. The cells
in the table below contain regressions coefficients for each variable. The
legend explaining the meaning of the colors is located in the bottom row.

Gene Gene Name Prevalence Function
Abbreviation
Tsct Tuberous Sclerosis 1| 40.5% of patients with TSC1 or TSC2 | encodes for hamartin, tumor suppressor 2!
mutations can be diagnosed with
Tsc2 ‘Tuberous Sclerosis 2 ‘encodes for tuberin, tumor suppressor 2!
FMRP Fragle X Mental | 30%.5 causes fragile X syndrome.
Retardation 1
MECP2 Methyl CpG Binding | 2.8% of females.* Plays a role in gene silencing and RNA splicing 5
Protein 2
NRXN1 Neurexin 1 6.7% of ASD patients have a mutation | associated with the synaptic cell adhesion and
in this gene. ™ synaptic function. '
PTEN Phosphatase  and | Prevalence of 8.3% and 12.2% in | tumor suppressor gene."”
Tensin Homolog developmental delay and mental
retardation respectively.”
CACNAIC | Calcium  Voltage- | NA Provides _instructions for making  calcium
Channel channels.
Subunit Alphai C
SCN2A Sodium  Voltage- | 50%.1* encodes a neuronal voltage gated sodium channel,
Gated Channel Alpha Nav1.2.1%
Subunit2
SYNGAP1 | Synaptic Ras | 0.5-1.0% of ID cases @ integrate signaling through NMDA receptors with
GTPase-activating structural and functional synapse plasticity®
Protein 1
CHD8 Chromodomain NA Acts as a chromatin remodeling factor and
Helicase DNA Binding regulates transcription.
8
SHANKS | SH3 and  Multiple | 1% encodes a protein that helps inthe functioning of an
Ankyin  Repeat excitatory synapse 2!
Domains 3
SLCBA4 Solute Carrier Family | 2.1% in males with X-inked mental | codes for the serotonin transporter 2!
6 Member 4 retardation and 1% of males with
unspecified mental retardation.©
NLGN4X | Neuroligin-4 NA Encodes for cell adhesion protein 2
PAH Phenylaianine NA Provides instructions for making phenylalanine
Hydroxylase hydroxylase, which is responsible for the first step
in processing phenylalanine
PEX7 Peroxisomal NA Binds 1o the N-terminal PTS2ype peroxisomal
biogenesis factor 7 targeting signal and helps with peroxisomal protein
import 2
POMGNT1 | Protein  Odinked | NA Participates in  O-mannosyl _glycosylation by
N- catalyzing the adition of N-acetylglucosamine to
acetylglucosaminyltra ‘Oviinked mannose on glycoproteins.27
nsferase 1 (beta 1.2-)
SYNE1 Spectrin  Repeat | NA Encodes for a linking network between organelies.
Containing  Nuclear and the actin cytoskeleton to maintain the cellular
Envelope Protein 1 organization.
VPS138 Vacuolar  Protein | NA Codes fora protein that s associated with the Golgi
Sorting-Associated apparatus @
Protein 138
NF1 Neurofibromatosis 1 | NIA Stimulates the GTPase activity of Ras GAP, which
accelerates GTP hydrolysis
BONF. Brain-derived NA Signaling molecule that activates the signaling of
Neurotrophic Factor NTRK2. ~ Promotes _differentiation of _selected
neuronal populations. - Partiipates in axonal
rowth.31
SHANK2 | SH3 And  Multiple [ 0.17%2 Scaffold proteins located at  glutamatergic
Ankyrin Repeat synapses 2
Domains 2.
RPL10 Ribosomal ~ Protein | N/A Transcriptional repressor2!
L10
RELN Reelin NiA Codes for a protein ith a rolein migration of cells 2
1me8s Integrin Beta-3 30%2 Ligand for members of the frizzled family of seven
transmembrane receptors 2!
ovxict Dynein _ Axonemal | NIA Expressed in a subgroup of human neuronal and
Assembly Factor 4 glil cells.2
Disc1 Disrupted-in- NA Codes for a protein that plays a role in neuronal
Schizophrenia 1 ‘growth and migration 2
AVPR1a Arginine Vasopressin | NA Encodes the  arginine-vasopressin receplor
Receptor 1A (AVPR)2!

SHANK 3 is another gene that is heavily associated
with autism. It encodes for a protein that plays a role in
the formation and maintenance of synapses. Synapses
are junctions between different neurons, and SHANK 3
specifically affects the synapses of excitatory neurons, which
are a type of neuron that releases excitatory neurotransmitters
to produce an action potential in the next neuron.’” The
deletion in SHANK3, which is on chromosome 22, results
in a disorder called 22q13.% deletion syndrome or Phelan-
McDermid syndrome. Phelan-McDermid syndrome is
typically characterized by speech delay and other autistic
phenotypes.’” SHANKS3 is also heavily implicated in other
intellectual disabilities, such as Down syndrome.> SHANK3
can also lead to defects in motor coordination, another
symptom of ASD. Scientists have narrowed down the
mutation of SHANK 3 that is heavily associated with ASD
patients to occur on the SHANK 3 CpG islands, which are
numerous repeats of cytosine and guanine bases.>” SHANK3
mutations are particularly implicated in patients with ASD
and several of its mutations lead to autistic phenotypes.

Some other critical, but less studied genes, associated with
ASD include SCN1A, SCN2A, and SCN3A. SCN2A is the
most prevalent of these genes and encodes for a voltage gated
sodium channel, called NaV1.2, that is primarily found in
excitatory neurons. These sodium channels are seen to have
familial inheritance of autism.*® Furthermore, SCN2A is
suspected to be inherited in an autosomal dominant manner,
meaning that it is expressed regardless of the other allele.
SCN2A can also have single nucleotide polymorphisms
(SNVs), mutations of a single nucleotide such as A to C, that
have also been associated with intellectual disabilities like
schizophrenia, epilepsy, and episodic ataxia.” In conclusion,
mutations in SNC2A as well as SCN1A and SCN3A, have
been implicated in patients with ASD.

Many other genes have been linked with autism, but the
aforementioned genes are the most prevalent in people
diagnosed with ASD. As previously mentioned, these genes
can be related to the X chromosomes,” while other genes are
found elsewhere, such as FMR1, MECP2, TSC1, and TSC2.
Additionally, the similarities in cognitive symptoms in most
of these mutations lends to the belief that these genes which,
when mutated, may lead to autism, are likely responsible
for imperative neurological functions, such as development
or continual maintenance. Understanding the mechanism
and prevalence of these genes can better increase the chance
of creating new quantitative ways to diagnose, as well as
understand, autism.

Autism and Environmental Factors :

Like genetics, many environmental factors have also been
linked with autism. The majority of these environmental factors
are specific to periods involving fetal development. Some of
these factors are related to maternal diseases. For example,
fever and infections during pregnancy, including influenza,
have been associated with ASD or other neurodevelopmental
disorders/delays.® A case control study of children with
neurodevelopmental disorders or ASD looked at maternal
influenza as a cause and found that there was an association
between the two.® Another maternal disease that can increase
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the child developing autism is diabetes. Type 1 diabetes
and type 2 diabetes should be explored separately, as type 1
diabetes in the mother has been found to have no correlation
with autism.*® On the other hand, type 2 diabetes has been
associated with autism in a retrospective longitudinal cohort
study.*® Gestational diabetes, diabetes that specifically occurs
during pregnancy, has also been associated with autism.*
These are only some of the diseases known to be associated
with the development of autism during pregnancy.

Another environmental factor associated with the
development of ASD is the use of drugs during pregnancy.
Studies have specifically shown that antidepressant exposure
during pregnancy can moderately increase the risk for autism.
Another drug, valproate that is used to treat seizures, has been
found to significantly increase the risk for ASD if taken during
pregnancy in a population-based study.*' Similarly, smoking
during pregnancy after the first trimester is also associated with
ASD or other neurodevelopmental disorders.® Interestingly,
smoking during the first trimester of pregnancy does not
have a huge effect on the probability of ASD occurring in the
baby.® Certain trimesters or time periods during pregnancy
can have different effects on the onset, or severity, of autism.
Brain development occurs mainly during the third trimester.**
Smoking during pregnancy (especially during the third
trimester) can have detrimental effects on the brain.*® This
can be explained by considering our understanding that
specific neurological development occurs at various trimesters
of pregnancy, and multiple genes are responsible for various
aspects of neurological function.

Despite there being an array of environmental exposures
associated with developing ASD, the common denominator
they all share is time. Autism is known to have various
associations to multiple environmental factors, so long as a
person was exposed during their fetal development. This is a
key takeaway for progressing towards the understanding of
the pathology of ASD and creating more accurate quantitative
diagnosis.

B Discussion

Both genetic and environmental factors can affect the
onset of autism. An accurate, or quantitative, diagnostic test
for autism has not yet been developed. However, it can be
concluded that both the genetic and environmental factors
associated with autism are necessary for creating such a test.
As previously discussed, many different factors can lead to the
onset or severity of autism in a child. Mutations in a myriad
of genes have been found to have high associations to autism.
These range from those found on the X chromosome, such
as FMR1 and MECP2, to others that are more prevalent in
patients with autism, like TSC1 and SHANKS3. Additionally,
environmental factors have also been linked with autism.
These include things such as exposure to drugs, smoking, and
influenza, specifically during certain trimesters of pregnancy.
This specificity of the timing of each environmental exposure
helps us understand that there is likely a link between genetics
and environmental factors. However, most of these factors have
yet to be directly correlated together, which is likely one the

biggest reason that there is no current quantitative diagnostic
test for autism.

As the understanding of genetics and environmental factors
grow, it is likely that the development of a diagnostic test
will be established. However, as with the discovery of all new
medical techniques, so too comes questions of ethics. Currently,
the genetic tests for diagnosis of autism are performed before
birth and therefore before current CDC standards of autism
diagnosis. While many parents have opted to perform such
testing, several studies have shown that anywhere from
33 % to over 50 % of mothers surveyed would terminate
their pregnancy if results showed positive for autism.*»*
Unfortunately, these tests do not guarantee 100 % accuracy
or even an understanding of the severity of autism one’s child
may have. This is because, as mentioned, very few people with
autism opt for genetic testing, and no singular gene has been
linked to being responsible for causing autism.** Despite the
noninvasive nature of the tests, their inaccuracy lies in the fact
that they look only at the largest genetic contributors of autism.
‘Therefore, the disease may be missed. As previously mentioned,
most autism cases are polygenic, meaning that there are many
genes involved and some genes, even when mutated, do not
guarantee the diagnosis of autism. Another issue that arises is
that sometimes the maternal genetic samples can be interpreted
instead of the baby’s, as these tests look at the genetics of the
fetus from blood that is taken from the mother.***" As such,
any improved diagnosis of autism would need to be highly
accurate and discussions around ethics should be considered
in order to best understand the implications such testing may
have on the autistic community.

B Conclusion
Autism is a neurodevelopmental disease that can be

described by repetitive behaviors and restricted interests.
Despite the increase in ASD over the years and continual
research, the ability to diagnose ASD and the understanding
of autism is lacking. Many factors, such as environmental and
genetic, have been linked with autism. Some specific genetic
factors are associated with one’s gender, as more males are
diagnosed with autism than females. Therefore, genes on the
X chromosomes were explored and mutations on many of
them have been found to be linked with autism. These genes
include MECP2 and FMRI1. Other genes also associated with
autism include the tumor suppressor TSC1 and TSC2, and
SHANKS3 and SCN2A. There are a great deal of other genes
that have also been discovered to have associations with ASD,
however, their exact roles are still being studied. Similarly,
exposure to specific environmental factors during pregnancy
have been seen to have a high correlation to ASD. These
include drugs, smoking, gestational diabetes, and influenza.
The timing of exposure to these environmental factors may
help scientists better understand how these factors can be
linked to the aforementioned genes associated with autism. As
such it is likely that both genetics and environmental factors
will be necessary for the development of a more accurate and
quantitative diagnosis of ASD in the future

53

DOI: 10.36838/v4i2.9



ijhighschoolresearch.org

m Acknowledgements

I would like to thank Mrs. Katrina Wilson for being my
mentor. I also wish to show my appreciation to Biorender.com,
with which I generated two of my figures.

B References
1. Chaste, P; Leboyer, M. Autism Risk Factors: Genes, Environment,

and Gene-Environment Interactions. Dialogues Clin.
Neurosci. 2012, 14 (3), 281-292.

2.Loomes, R.; Hull, L.; Mandy, W.P. L. What Is the Male-to-Female
Ratio in Autism Spectrum Disorder? A Systematic Review
and Meta-Analysis. J. Am. Acad. Child Adolesc. Psychiatry 2017,
56 (6),466—474.

3.Marco, E.J.; Skuse, D. H. Autism-Lessons from the X Chromosome.
Soc. Cogn. Affect. Neurosci. 2006, 1 (3), 183-193.

4.Vorstman, J. A. S.; Parr, J. R.; Moreno-De-Luca, D.; Anney,R.J.L,;
Nurnberger, J. I., Jr; Hallmayer, J. F. AutismGenetics:
Opportunities and Challenges for Clinical Translation. Nat. Rev.
Genet. 2017, 18 (6), 362-376.

5. Volk, H. E.; Hertz-Picciotto, I.; Delwiche, L.; Lurmann, F.;
McConnell, R. Residential Proximity to Freeways and
Autism in the CHARGE Study. Environ. Health Perspect. 2011,
119 (6), 873-877.

6. Zerbo, O.; Tosif, A.-M.; Walker, C.; Ozonoff, S.; Hansen, R. L;
Hertz-Picciotto, I. Is Maternal Influenza or Fever during
Pregnancy Associated with Autism or Developmental Delays?
Results from the CHARGE (CHildhood Autism Risks from
Genetics and Environment) Study. J. Autism Dev.

Disord. 2013, 43 (1), 25-33.

7. Croen, L. A.; Grether, J. K.; Yoshida, C. K.; Odouli, R.; Hendrick,
V. Antidepressant Use during Pregnancy and Childhood
Autism Spectrum Disorders. Arch. Gen. Psychiatry 2011, 68 (11),
1104-1112.

8.Tran, P.L.; Lehti, V.; Lampi, K. M.; Helenius, H.; Suominen, A;
Gissler, M.; Brown, A. S.; Sourander, A. Smoking during
Pregnancy and Risk of Autism Spectrum Disorder in a Finnish
National Birth Cohort: Smoking during Pregnancy and Risk of
Autism. Paediatr. Perinat. Epidemiol. 2013, 27 (3), 266-274.

9. Autism https://www.nichs.nih.gov/health/topics/conditions/
autism/index.cfm (accessed Sep 22, 2021).

10.Fusar-Poli, L.; Brondino, N.; Politi, P.; Aguglia, E. Missed
Diagnoses and Misdiagnoses of Adults with Autism Spectrum
Disorder. Eur. Arch. Psychiatry Clin. Neurosci. 2020. https://
doi.org/10.1007/s00406-020-01189-w.

11.CDC. Treatment and intervention services for autism spectrum
disorder https://www.cdc.gov/ncbddd/autism/
treatment.html (accessed Sep 22, 2021).

12.Evans, B. How Autism Became Autism: The Radical
Transformation of a Central Concept of Child
Development in Britain: The Radical Transformation of a Central
Concept of Child Development in Britain. Hist. Human
Sci. 2013, 26 (3), 3-31.

13.Padilla, N.; Ekl6f, E.; Mirtensson, G. E.; Bélte, S.; Lagercrantz,
H.; Adén, U. Poor Brain Growth in Extremely Preterm Neonates
Long before the Onset of Autism Spectrum Disorder Symptoms.
Cereb. Cortex 2015, bhv300.

14.CDC. Diagnostic Criteria https://www.cdc.gov/ncbddd/autism/
hep-dsm.html (accessed Sep 22,2021).

15 firespringInt. Advice for parents https://www.autism.org/advice-
for-parents/ (accessed Sep 22, 2021).

16.Boys with Rett - international Rett syndrome foundation https://
www.rettsyndrome.org/about-rett-  syndrome/boys-with-rett/
(accessed Sep 22,2021).

17.Varga, E. A.; Pastore, M.; Prior, T.; Herman, G. E.; McBride, K. L.

The Prevalence of PTEN Mutations in a Clinical Pediatric
Cohort with Autism Spectrum Disorders, Developmental Delay,
and Macrocephaly. Genet. Med. 2009, 11 (2), 111-117.

18.0Onay, H.; Kacamak, D.; Kavasoglu, A. N.; Akgun, B.; Yalcinli,
M.; Kose, S.; Ozbaran, B. Mutation Analysis of the NRXN1 Gene
in Autism Spectrum Disorders. Balkan J. Med. Genet. 2016,19 (2),
17-22.

19.Kruth, K. A.; Grisolano, T. M.; Ahern, C. A.; Williams, A. J.
SCN2A Channelopathies in the Autism Spectrum of
Neuropsychiatric Disorders: A Role for Pluripotent Stem Cells?
Mol. Autism 2020, 11 (1), 23.

20.Creson, T. K.; Rojas, C.; Hwaun, E.; Vaissiere, T.; Kilinc, M.;
Jimenez-Gomez, A.; Holder, J. L., Jr; Tang, J.; Colgin, L.
L.; Miller, C. A.; Rumbaugh, G. Re-Expression of Syn GAP
Protein in Adulthood Improves Translatable Measures
of Brain Function and Behavior. Elife 2019, 8. https://doi.
org/10.7554/eLife.46752.

21.Lopes Cardoso, I.; Almeida, S. Genes Involved in the Development
of Autism. Int Arch Commun Disord 2019, 2 (1). https://
doi.org/10.23937/iacod-2017/1710011.

22.Boccuto, L.; Lauri, M.; Sarasua, S. M.; Skinner, C. D.; Buccella,
D.; Dwivedi, A.; Orteschi, D.; Collins, J. S.; Zollino, M.; Visconti,
P; Dupont, B.; Tiziano, D.; Schroer, R. J.; Neri, G.; Stevenson, R.
E.; Gurrieri, F.; Schwartz, C. E. Prevalence of SHANK3
Variants in Patients with Different Subtypes of Autism
Spectrum Disorders. Eur. J. Hum. Genet. 2013, 21 (3), 310-316.

23.Leblond, C. S.; Nava, C.; Polge, A.; Gauthier, J.; Huguet, G.;
Lumbroso, S.; Giuliano, F.; Stordeur, C.; Depienne, C.;
Mouzat, K.; Pinto, D.; Howe, J.; Lemiére, N.; Durand, C. M;
Guibert, J.; Ey, E.; Toro, R.; Peyre, H.; Mathieu, A.; Amsellem,
F.; Rastam, M.; Gillberg, I. C.; Rappold, G. A.; Holt, R.; Monaco,
A.P; Maestrini, E.; Galan, P; Heron, D.; Jacquette, A.; Afenjar,
A.; Rastetter, A.; Brice, A.; Devillard,F.; Assouline, B.; Laffargue,
F.; Lespinasse, J.; Chiesa, J.; Rivier, F.; Bonneau, D;
Regnault, B.; Zelenika, D.; Delepine, M.; Lathrop, M.; Sanlaville,
D.; Schluth-Bolard, C.; Edery, P; Perrin, L.; Tabet, A. C,;
Schmeisser, M.].; Boeckers, T. M.; Coleman, M.; Sato, D.; Szatmari,
P; Scherer, S. W.; Rouleau, G. A.; Betancur, C.; Leboyer, M.;
Gillberg, C.; Delorme, R.; Bourgeron, T. Meta-Analysis of
SHANK Mutations in Autism Spectrum Disorders: A Gradient of
Severity in Cognitive Impairments. PLoS Genet. 2014, 10 (9),
€1004580.

24.No title https://www.genecards.org/cgi-bin/carddisp.
pl?gene=NLGN4X&keywords=NLGN4X (accessed Sep 22,2021).

25.No title https://www.genecards.org/cgi-bin/carddisp.
pl?gene=PAH&keywords=PAH (accessed Sep 22,2021).

26.No title https://www.genecards.org/cgi-bin/carddisp.
pl?gene=PEX7&keywords=PEX7 (accessed Sep 22,2021).

27.No title https://www.genecards.org/cgi-bin/carddisp.
pl?gene=POMGNT1&keywords=sPOMGNT1 (accessed
Sep 22,2021).

28.No title https://www.genecards.org/cgi-bin/carddisp.
pl?gene=SYNE1&keywords=SYNE1 (accessed Sep 2,2021).

29.No title https://www.genecards.org/cgi-bin/carddisp.
pl?gene=VPS13B&keywords=VPS13B (accessed Sep 22,2021).

30.No title https://www.genecards.org/cgi-bin/carddisp.
pl?gene=NF1&keywords=NF1 (accessed Sep 22,2021).

31.No title https://www.genecards.org/cgi-bin/carddisp.
pl?gene=BDNF&keywords=BDNF#function (accessed Sep 22,
2021)

32.No title https://www.genecards.org/cgi-bin/carddisp.
pl?gene=CHD8&keywords=CHDS (accessed Sep 22,2021).

33.CACNA1C gene https://medlineplus.gov/genetics/gene/cacnalc/
(accessed Sep 22,2021).

DOI: 10.36838/v4i2.9

54



ijhighschoolresearch.org

34.Vignoli, A.; La Briola, F; Peron, A.; Turner, K.; Vannicola, C.;
Saccani, M.; Magnaghi, E.; Scornavacca, G. F.; Canevini, M.
P. Autism Spectrum Disorder in Tuberous Sclerosis Complex:
Searching for Risk Markers. Orphanet J. Rare Dis. 2015,
10 (1), 154.

35.Tavazoie, S. F,; Alvarez, V. A.; Ridenour, D. A.; Kwiatkowski, D. ] ;
Sabatini, B. L. Regulation of Neuronal Morphology
and Function by the Tumor Suppressors Tsc1 and Tsc2. Nat.
Neurosci. 2005, 8 (12),1727-1734.

36.Tsai, P. T.; Hull, C.; Chu, Y.; Greene-Colozzi, E.; Sadowski, A. R.;
Leech, J. ML; Steinberg, J.; Crawley, J. N.; Regehr, W. G ;
Sahin, M. Autistic-like Behaviour and Cerebellar Dysfunction in
Purkinje Cell Tsc1 Mutant Mice. Nature 2012, 488 (7413),
647-651.

37.Uchino, S.; Waga, C. SHANKS3 as an Autism Spectrum Disorder-
Associated Gene. Brain Dev. 2013, 35 (2), 106-110.

38.Weiss, L. A.; Escayg, A.; Kearney, J. A.; Trudeau, M.; MacDonald,
B.T.; Mori, M.; Reichert, ].; Buxbaum, J. D.; Meisler, M. H. Sodium
Channels SCN1A, SCN2A and SCN3A in Familial Autism.
Mol. Psychiatry 2003, 8 (2), 186-194.

39.Harjutsalo, V.; Tuomilehto, J. Type 1 Diabetes and Autism: Is
There a Link?: Response to Freeman et Al. Diabetes Care
2006, 29 (2), 484-485.

40.Xiang, A. H. Association of Maternal Diabetes with Autism in
Offspring. JAMA 2017, 317 (5), 537.

41.Christensen, J.; Grenborg, T. K.; Serensen, M. ].; Schendel, D.;
Parner, E. T.; Pedersen, L. H.; Vestergaard, M. Prenatal
Valproate Exposure and Risk of Autism Spectrum Disorders and
Childhood Autism. JAMA 2013, 309 (16), 1696-1703.

42.Lindberg, S. When does a fetus develop a brain? https://www.
healthline.com/health/when-does-a-fetus-develop-a-brain
(accessed Sep 22,2021).

43.Ekblad, M.; Korkeila, J.; Lehtonen, L. Smoking during Pregnancy
Affects Foetal Brain Development. Acta Paediatr. 2015, 104
(1),12-18.

44.Chen, L.S.; Xu, L,; Dhar, S. U,; Li, M; Talwar, D ; Jung, E. Autism
Spectrum Disorders: A Qualitative Study of Attitudes toward
Prenatal Genetic Testing and Termination Decisions of
Affected Pregnancies: Autism Spectrum Disorders. Clin.
Genet. 2015, 88 (2), 122-128.

45.Chen, W.-]; Zhao, S.; Huang, T.-Y.; Kwok, O.-M.; Chen, L.-S.
Autism Spectrum Disorders: Prenatal Genetic Testing
and Abortion Decision-Making among Taiwanese Mothers of
Affected Children. Int. J. Environ. Res. Public Health 2020, 17
(2), 476.

46.Smith, J.; Kean, V.; Bianchi, D. W.; Feldman, G.; Petrucelli, N.;
Simon, M.; Gonik, B. Cell-Free DNA Results Lead to
Unexpected Diagnosis. Clin. Case Rep. 2017, 5 (8), 1323-1326.

47 Bernhardt, B. A.; Soucier, D.; Hanson, K.; Savage, M. S.; Jackson,
L.; Wapner, R.J. Women’s Experiences Receiving Abnormal
Prenatal Chromosomal Microarray Testing Results.
Obstet. Gynecol. Surv. 2013, 68 (6), 427-429.

B Author
Harshita Ganga, the first and corresponding author of this

paper, is currently a freshman at William Mason High School.
She hopes to continue pursuing her passion through this paper
and major in neuroscience in the future. Harshita hopes, one
day, to be a neurosurgeon.

5%

DOI: 10.36838/v4i2.9





