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INTRODUCTION

RAS p21 protein activator 3 (RASA3) is a member of the
Ras GAP1 family of GTPase-activating proteins known as
dual GAP for Ras and Rap-GTPases. RASA3 is a negative
regulator of Ras proteins which play an important role in
fundamental cellular mechanisms such as proliferation and
transcription [1]. The expression of RASA3 was found at
the highest levels in the brain tissues (neurons and
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oligodendrocytes), where its expression increased with
development [2]. The expression of RASA3 can be
regulated through Transcription Factors (TFs) and DNA
methylation. DNA methylation is a highly well-known
epigenetics regulation [3]. Hypermethylation on CpG sites
in the promoter region is thought to prevent gene
expression by disrupting the binding between TFs and
Transcription Factor Binding sites (TFBs) [4-6]. However,
much uncertainty still exists about the relation between
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aberrant methylation and TFs. In recent years, researchers
found that methylation aberrations can cause alterations in
gene expression and develop many common diseases such
as tumors, schizophrenia (SZ), and Autism Spectrum
Disorder (ASD) [7-9].

Both the methylation status and differential expression of
TFs of RASA3 were shown to be implicated in several
diseases. Subtelomeric deletion of chromosome 13 including
the RASA3 gene has been associated with schizophrenia [10].
Besides, several studies showed that aberrant methylation in
RASA3 may be associated with Hepatocellular Carcinoma
(HCC) development and schizophrenia disorder [11, 12].
Furthermore, RASA3 has been shown to affect many
biological processes such as proliferation and transcription
by negatively regulating Ras proteins which are binary
switches during the signal transduction pathway. Previous
work on Ras proteins found that Ras implicated in some
neurological disorders, such as ASD, and any abnormalities
on Ras proteins may play a critical role in ASD and other
neurological disorders [13]. The correlation between
schizophrenia and ASD is highly considerable since they
both are neurodevelopmental disorders that overlap in some
clinical features including psychiatric, communication, and
cognitive impairments [7, 14-16]. Therefore, the study of
DNA methylation sites and TFs that contribute to the relation
between RASA3 expression and ASD is important. ASD is a
complex group of neurodevelopmental  diseases
characterized by problems with social communication,
language and speech impairments, and restricted repetitive
behaviors [17]. ASD is increasingly recognized as a serious,
worldwide public health concern, and the etiology is still
unknown. Although environmental and genetic factors are
found to be influencing ASD but are still not well understood
[18]. DNA methylation may provide interference between
genetics and environmental factors, and in recent years, there
has been an increasing amount of literature investigating the
role of aberrant DNA methylation in ASD.

Collectively, the previously-mentioned studies which have
reported that differentially expressed RASA3 and its
methylation level is correlated with multiple disorders, have
provided support for the potential role of CpG sites
methylation and TFs in gene expression regulation, which
attracted our attention to understand the effects of CpG sites
methylation on transcription factor binding sites in the
regulation of RASA3 expression which could be associated
with Saudi autistic children.

MATERIALS AND METHODS

Study population
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A total of 37 samples (19 ASD children and 18 of their
healthy siblings) aged from 3 to 12 years old were subjected
to this study. Children who are suffering from malnutrition,
active infection, or known genetic disease (such as Down
syndrome) were excluded. All the patients were Saudi. The
study was approved by the ethical committee of the Center
of Excellence in Genomic Medicine Research (CEGMR) and
informed consent was obtained from parents or guardians of
all children. Blood samples were collected by the Center of
Excellence in Genomic Medicine Research (CEGMR) as
well as from the pediatric clinic in Jeddah. Venous blood was
collected into 3-ml EDTA anticoagulant tubes and then
stored at —80 °C.

Quantitative real-time RT-PCR

Total RNA was isolated from peripheral blood using RNeasy
Mini Kit (Qiagen, Hilden, Germany), according to the
manufacturer’s instructions. First-strand complementary
DNA was synthesized from total RNA with ImProm-II
Reverse Transcription system kit (Promega, Madison, WI
USA), according to the manufacturer’s instructions.
Subsequently, aliquots of cDNA were subjected to PCR by
using the QuantiFast SYBR® Green PCR Kit (Qiagen,
Hilden, Germany) on Applied Biosystems™ StepOnePlus™
Real-Time PCR System (Applied Biosystems, Foster City,
California). Primers for mRNA detection of RASA3, Spl,
HBAI and B-actin (internal control) were as follows: for
RASA3, 5-AAACCTTCCCTCTTACCCGG-3' (forward)
and 5-TGA CGA AAG CTC CGA GGAAT-3' (reverse); for
Spl, 5'-AGTTGGTGGCAATAA TGGGG-3' (forward) and
5-CTGGGAGTTGTTGCTGTTCT-3' (reverse); for HBAL,
5-CGGTCAACTTCAAGCTCCTA-3' (forward) and 5'-

AACGGTATTTGGAGGTCAGC-3'; for pB-actin, 5'-
AAAATCTGGCACCACACCTT-3" (forward) and 5'-
GCCTGGATAGCAACGTACAT-3' (reverse). The

amplification conditions were as follows: 95°C for 5 min,
followed by 40 cycles of 95°C for 10 sec. and 58°C for 30
sec. The expression levels of target genes were calculated
using the 2*-AACt method normalized to -actin.

DNA extraction and bisulfite conversion

Genomic DNA was isolated from peripheral blood using a
DNeasy Blood & Tissue Kit (Qiagen, Hilden, Germany),
according to the manufacturer’s instructions. Genomic DNA
was converted through sodium bisulfite treatment using
EpiTect Bisulfite Kit (Qiagen, Hilden, Germanyy), according
to the manufacturer’s instructions.

Methylight assay
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The methylation level of RASA3 was analyzed using the
EpiTect MethyLight PCR Kit with TagMan probes (Qiagen,
Hilden, Germany). The MethyLight assay for RASA3
methylation was performed using the probe FAM-
TCGTTATTCGTTAGCGTCGT-BHQ1 and amplification

oligonucleotide primers RASA3-MLF 5'-
GATTTTTGCGTTTTTCGGGTT-3' and RASA3-MLR 5'-
CTACAAAACCGCCAATTAAC-3'. For normalization, a

probe (HEX-
CCTTCATTCTAACCCAATACCTATCCCACCTCTAAA
-BHQ1) targeting methylation independent and bisulfite-
conversion-dependent COL2A1 sequence was used with the
amplification primers COL2A1-CTRL-F (5-
TCTAACAATTATAAACTCCAACCACCAA-3) and
COL2A1-CTRL-R (5'-
GGGAAGATGGGATAGAAGGGAATAT-3).

Promoter sequencing

Gene-specific primers (RASA3-F/R) were designed to
amplify an 800-base pair (bp) promoter region upstream of
the RASAZ3 transcriptional start site. The genomic DNA was
amplified by the Polymerase Chain Reaction (PCR)
technique using a Go Taq Green Master Mix (Promega,

Madison, USA). The primers were: 5'-
ATGCCGGAGGTCTGGGGT-3' (forward), 5'-
TGGCTGCCGGCGGACACT-3' (reverse). The

amplification conditions were as follows: 95°C for 10 min,
followed by 30 cycles of 95°C for 15 sec., 58°C for 30 sec.
and 70 for 30 sec., followed by final 70°C for 10 min. The
PCR product was extracted from an agarose gel. Sequencing
was performed in both directions by Sanger's
dideoxynucleotide chain termination method using a BigDye
Terminator v3.1 Cycle Sequencing kit (Applied Biosystem,
Graiciuno, Lithuania), according to the manufacturer’s
instructions.

Statistical analysis

The IBM SPSS® Statistics (IBM Company, New York, NY,
USA) software package (IBM SPSS Statistics, version 20)
was used to perform the statistical analysis. A p-value <0.05
was considered statistically significant. Pearson correlation
was used to evaluate the linear relationship between the two
variables. It ranges from +1 to -1 which +1 means a strong
positive relation and -1 indicates a negative relation between
the two variables.

RESULTS AND DISCUSSION

Methylation and transcription factor binding sites prediction
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The analysis of the 800 bp of the RASA3 promoter region by
MethPrimer software shown one CpG island in the length of
575 bp located in (170/744). We behaviors and difficulties
with language and speech. While the prevalence increased
during the last years, the etiology is still unknown. There is a
considerable correlation between ASD and schizophrenia.
RASA3 was found to play a role in several diseases such as
cancer and schizophrenia. Therefore, RASA3 could play a
critical role in ASD. We have previously shown that Spl
(Specificity protein 1) is one of the top transcription factors
that affect the expression of RASA3. Sp1 is a member of the
SP family of zinc finger (Cys2/Hys2) where TFs attaches to
the GC-box promoter [19]. Spl regulates the expression of
housekeeping genes as well as many different genes in the
brain. Therefore, Spl plays a vital role in several cellular
functions, such as cell differentiation, chromatin remodeling,
and immune response and any alteration in its function will
produce dysregulation in its target gene expression [20, 21].
A recent study has found that upregulation of Spl in the
autistic brain changes the expression of some autism-
associated genes [22]. Other recent studies have considered
that DNA methylation could inhibit the binding of TFs such
as Spl [23, 24]. DNA methylation plays an important role in
gene expression by turning the gene on and off [25]. Aberrant
methylation caused alteration in the gene expression and
therefore several diseases such as ASD and cancers [26].
Furthermore, methylation may affect the association between
TFs and the binding sites, but the impact differs between TFs
[6]. Therefore, our hypothesis suggests that aberrant
methylation can be associated with the differences in the
expression level of RASA3 and its potential transcription
factors in ASD brain function.

In the presented study, we aimed to quantify the methylation
and expression level of RASA3 and analyze the correlation
between RASA3 and its potential transcription factor (Spl) in
19 Saudi autistic children comparing to their control siblings.
We hypothesized that aberrant CpG methylation could affect
the transcription factor binding sites and thereby the
correlation between RASA3 and its potential transcription
factors in ASD.

Our findings indicated that differential expression patterns
were observed for both RASA3 and Spl normalized with f-
actin endogenous control gene. This differential of
expression shows an increased probability of the role of the
RASA3 in ASD. Although the nature of this role is still
unknown, it may affect ASD through its relationship with
Spl. We observed a significant positive correlation between
the expression of RASA3 and Spl (Pearson’s r=0.709;
p=0.001). This finding is consistent with those of Thanseem
et al. (2012) who found that overexpression of the

WWWw.eijppr.com

122



International Journal of Pharmaceutical and Phytopharmacological Research(elJPPR)| February 2021 | Volume 11| Issue 1| Page 120-124
Khloud Algothmi, Effect of CpG Sites Methylation on Transcription Factor Promoter of (RASA3) Gene

transcription factor Spl alters the expression of potential
autism candidate genes [22]. Another important finding was
that a difference in the DNA methylation level in the autism
and normal samples were not detected by MethyLight assays
in the target region. Furthermore, sequencing analysis results
showed that there was no mutation in the predicted binding
sites. While such region was selected based on Spl TFBSs
predicted data, another potential methylated region could be
detected by using a genome-wide DNA methylation analysis
to investigate the level of DNA methylation in the whole
RASA3 promoter.

CONCLUSION

The presented study indicated that RASA3 and Spl
expression showed differential levels in autistic patients.
Furthermore, there was no difference in RASA3 methylation
level in such candidate binding site of RASA3 promoter in
autistic and healthy samples. The presented data suggest that
the Spl transcription factor can play a critical role in the
regulation of RASA3 expression while DNA methylation
cannot, at least in the region included in this study. However,
it remains an open question whether the dysregulation of
RASA3 by methylation in other regions may be implicated in
the development of ASD. Therefore, further study is required
to elucidate this correlation.

Acknowledgments: None
Conflict of interest: None

Financial support: This study was supported in part by the
deanship of Scientific Research at King Abdulaziz
University (Grant No G:429-247-1439), and a grant from the
Center for Autism Research at King Faisal Specialist
Hospital & Research Center (Grant No. CFAR/438/40).

Ethics statement: None

REFERENCES

[1] Maertens O, Cichowski K. An expanding role for RAS
GTPase activating proteins (RAS GAPS) in cancer. Adv
Biol Regul. 2014;55:1-4.

[2] McNulty TJ, Letcher AJ, Dawson AP, Irvine RF. Tissue
distribution of GAP1IP4BP and GAP1m: Two inositol
1, 3, 4, 5-tetrakisphosphate-binding proteins. Cell
Signal. 2001;13(12):877-86.

[3] Hwang JY, Aromolaran KA, Zukin RS. The emerging
field of epigenetics in neurodegeneration and
neuroprotection. Nat Rev Neurosci. 2017;18(6):347-61.

N

ISSN (Online) 2249-6084 (Print) 2250-1029 e

[4] ziller MJ, Gu H, Miiller F, Donaghey J, Tsai LT,
Kohlbacher O, et al. Charting a dynamic DNA
methylation landscape of the human genome. Nature.
2013;500(7463):477-81.

[5] HuS,WanJ, SuY, Song Q, Zeng Y, Nguyen HN, et al.
DNA methylation presents distinct binding sites for
human transcription factors. elife. 2013;2:e00726.

[6] Yin Y, Morgunova E, Jolma A, Kaasinen E, Sahu B,
Khund-Sayeed S, et al. Impact of cytosine methylation
on DNA binding specificities of human transcription
factors. Science. 2017;356(6337).

[7]1 Ryan J, Saffery R. Crucial timing in schizophrenia: role
of DNA methylation in early neurodevelopment.
Genome Biol. 2014;15(10):1-4.

[8] Homs A, Codina-Sola M, Rodriguez-Santiago B,
Villanueva CM, Monk D, Cusco I, et al. Genetic and
epigenetic methylation defects and implication of the
ERMN gene in autism spectrum disorders. Transl.
Psychiatry. 2016;6(7):e855.

[9] Tremblay MW, Jiang YH. DNA methylation and
susceptibility to autism spectrum disorder. Ann Rev
Med. 2019;70:151-66.

[10]Schurmans S, Polizzi S, Scoumanne A, Sayyed S,
Molina-Ortiz P. The Ras/Rap GTPase activating protein
RASAZ3: from gene structure to in vivo functions. Adv
Biol Regul. 2015;57:153-61.

[11]Lin H, Fan X, He L, Zhou D. Methylation patterns of
RASA3 associated with clinicopathological factors in
hepatocellular carcinoma. J Cancer. 2018;9(12):2116.

[12] Migdalska-Richards A, Mill J. Epigenetic studies of
schizophrenia: current status and future directions. Curr
Opin Behav Sci. 2019;25:102-10.

[13]Simanshu DK, Nissley DV, McCormick F. RAS
proteins and their regulators in human disease. Cell.
2017;170(1):17-33.

[14]Pidsley R, Viana J, Hannon E, Spiers H, Troakes C, Al-
Saraj S, et al. Methylomic profiling of human brain
tissue supports a neurodevelopmental origin for
schizophrenia. Genome Biol. 2014;15(10):1-1.

[15] Raevskaya Al, Belyalova AA, Shevchenko PP, Karpov
SM, Mishvelov AE, Simonov AN, et al. Cognitive
Impairments In A Range Of Somatic Diseases.
Diagnostics, Modern  Approach To  Therapy.
Pharmacophore. 2020;11(1):136-41.

[16] Farrukh MJ, Bakry MM, Hatah E, Jan TH. Association
between complementary and alternative medicines
(CAM) usage and self-perceived cognitive impairment
among epilepsy patients. Arch Pharma Pract.
2020;11(2):124-9.

WWWw.eijppr.com

123



International Journal of Pharmaceutical and Phytopharmacological Research(elJPPR)| February 2021 | Volume 11| Issue 1| Page 120-124
Khloud Algothmi, Effect of CpG Sites Methylation on Transcription Factor Promoter of (RASA3) Gene

[17]Kocsis RN. Diagnostic and Statistical Manual of Mental
Disorders: Fifth Edition (DSM-5). Int J Offender Ther
Comp Criminol. 2013;57:1546-8.

[18]Qiu S, Li Y, Li Y, Zhong W, Shi M, Zhao Q, et al.
Association between SHANKS3 polymorphisms and
susceptibility to autism spectrum disorder. Gene.
2018;651:100-5.

[19] Zelko IN, Mueller MR, Folz RJ. CpG methylation
attenuates Spl and Sp3 binding to the human
extracellular superoxide dismutase promoter and
regulates its cell-specific expression. Free Radic Biol
Med. 2010;48(7):895-904.

[20]Wang Y, Zhang ZX, Chen S, Qiu GB, Xu ZM, Fu WN.
Methylation status of SP1 sites within miR-23a-27a-24-
2 promoter region influences laryngeal cancer cell
proliferation and apoptosis. Biomed Res Int. 2016;2016.

[21] Navarro-Sanchez L, Agueda-Gomez B, Aparicio S,
Pérez-Tur J. Epigenetic study in Parkinson’s disease: a
pilot analysis of DNA methylation in candidate genes in
brain. Cells. 2018;7(10):150.

[22] Thanseem I, Anitha A, Nakamura K, Suda S, Iwata K,
Matsuzaki H, et al. Elevated transcription factor

b
&/

ISSN (Online) 2249-6084 (Print) 2250-1029 -

specificity protein 1 in autistic brains alters the
expression of autism candidate genes. Biol Psychiatry.
2012;71(5):410-8.

[23]Liu X, Zhou P, Fan F, Li D, Wu J, Lu Y, et al. CpG site
methylation in CRYAA promoter affect transcription
factor Sp1 binding in human lens epithelial cells. BMC
Ophthalmol. 2016;16(1):1-8.

[24]Jiang D, He Z, Wang C, Zhou Y, Li F, Pu W, et al.
Epigenetic silencing of ZNF132 mediated by
methylation-sensitive Spl binding promotes cancer
progression in esophageal squamous cell carcinoma.
Cell Death Dis. 2018;10(1):1-3.

[25] Chen F, Zhang Q, Deng X, Zhang X, Chen C, Lv D, et
al. Conflicts of CpG density and DNA methylation are
proximally and distally involved in gene regulation in
human and mouse tissues. Epigenetics. 2018;13(7):721-
41,

[26]Jin Z, Liu Y. DNA methylation in human diseases.
Genes Dis. 2018;5(1):1-8.

WWWw.eijppr.com

124



