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Abstract: The 8p23.1 duplication syndrome is a rare condition, characterized by dysmorphisms, in-
tellectual disability, congenital cardiac anomalies, and autism spectrum disorder (ASD). The current
model for explaining the pathogenesis of this condition postulates that few dosage-sensitive genes
within the duplication are sufficient for the core clinical features, although the molecular mecha-
nisms leading to the ASD presentation remain to be solved. Herein, we described clinical and cy-
tomolecular findings of an 8p23.1 duplication in a boy with mild facial dysmorphisms, cardiac
anomalies and ASD. Therefore, we investigated the influence of duplicated genes on the pathophys-
iology of ASD in our patient. We identified four duplicated genes (BLK, GATA4, PINX1, TNKS)
connected with proteins previously associated with ASD and involved in significant enriched path-
ways associated with human neurological conditions. Moreover, the candidate genes are highly ex-
pressed in brain regions associated to ASD, such as the hippocampus. Taken together, these results
point out crucial interactions among BLK, GATA4, PINX1, and TNKS and genes associated with
ASD. We indicate cellular networks perturbations encompassing neuronal development pathways
related to our patient's condition. Thus, these findings bring new insights into the genetic basis of
ASD in patients with 8p23.1 duplication syndrome.
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1. Introduction

The 8p23.1 duplication syndrome is characterized by mild facial dysmorphisms, be-
havioral abnormalities, mild to moderate delayed speech and language development, in-
tellectual disability, and congenital cardiac anomalies [1]. Additional clinical findings in-
clude cleft lip and/or palate, macrocephaly, seizures, attention deficit hyperactivity disor-
der (ADHD), autism spectrum disorder [ ASD], ocular anomalies, gait imbalance, hypoto-
nia, and hydrocele[2, 3]. Nonetheless, phenotypic features present variable penetrance,
and can be compatible with independent adult life. The condition is rare, with an esti-
mated prevalence of 1 in 58,000 births, resulting from a recurrent duplication at the chro-
mosomal region 8p23.1, encompassing a minimal overlapping region of 3.66 Mb [1].
Moreover, the origin of the chromosome rearrangement can be de novo or maternally/pa-
ternally inherited.

The current pathogenesis model for 8p23.1 duplication syndrome indicates that such
condition is caused by few dosage-sensitive genes, resulting from the duplicated region
and their interactors [4]. Thus, three candidate dosage-sensitive genes have been
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associated with the pathogenesis of the 8p23.1 duplication syndrome so far (SOX7, TNKS,
and GATA4).

Herein, we reported a boy with a 3.7 Mb duplication involving the 8p23.1 region. The
main clinical findings were mild facial dysmorphisms, hypotonia, cardiac anomalies, ASD
and motor development. As ASD symptoms are poorly explored in the dup8p23.1 context,
a network-based approach was applied to investigate the impact of the duplicated genes
within the chromosome rearrangement on the presence of ASD in our patient.

2. Material and Methods

2.1 Chromosome microarray (CMA)

The CytoScan® 750 K platform was used for the detection of copy number variations
(CNVs) in the proband. The results were analyzed with Chromosome Analysis Suite
(ChAS) Affymetrix® software based on the human genome version of February 2009
[GRCh37/hg19].

2.2 Protein-protein interactions networks

The human interactome was recovered from the Human Integrated Protein-Protein
Interaction Reference (HIPPIE) database (version 2.2) [http://cbdm.uni-mainz.de/hip-
pie/;][5]. Protein-protein interactions of coding genes were extracted from the duplicated
region in the human interactome and their first neighbours were selected to expand and
generate a subnetwork. To identify candidate genes that may contribute to ASD, a list of
known ASD genes (DisGeNET; http://www.disgenet.org/) was used [6]. After that, only
the proteins from the duplicated region that directly interact with proteins previously as-
sociated with ASD were filtered in Cytoscape V.3.7.0. software [7].

2.3 Expression and tissue-specific gene-network

The confidence value of the expression for each of these genes was identified in the
central nervous system [CNS] using data from the HumanBase database (https://hb.flati-
roninstitute.org/) [8]. In the tissue-specific interactions, evidence from co-expression, pro-
tein-interaction, transcription factors binding, microRNA targets, and perturbations were
retrieved.

2.4 Enrichment analysis

The webserver Enrichr (https://maayanlab.cloud/Enrichr/) [9] was used to identify
significant pathways. The gene-set libraries used were BioPlanet, Kegg, Reactome, and
WikiPathways. Only terms with a p-value <0.05 were retrieved.

2.5 Investigation of genes associated with ASD

Genes associated with ASD were identified by using the SFARI Gene web portal
(https://gene.sfari.org/). For each node in the network, the score that reflects the strength
of the evidence related to the development of ASD from peer-reviewed scientific and clin-
ical studies was extracted [10]. Then, the scores were classified into three distinct catego-
ries: 1 (high confidence); 2 (strong candidate); 3 (suggestive evidence).

3. Results

The proband was born at 40 weeks of gestation (Apgar score of 7/9) as the third child
of nonconsanguineous parents. His weight was 3,000 g (z-score > - 2 and < +2), length 48
cm (z-score > -2 and < +2) and cephalic perimeter [z-score > — 1 and < +1]. Interventricular
and atrial communication was identified during a morphological ultrasound yet in the
22° week of gestation. On the third day of life, the patient presented dyspnea when breast-
feeding, hypotonia, and a systolic murmur. The echocardiogram identified a coarctation
of the aorta and intraventricular communication, requiring a surgery in the thirteenth day
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of life. During the procedure, an end-to-end anastomosis of the aorta and an intraventric-
ular and atrial communication bandaging was performed without complications. Never-
theless, the patient exhibited a significant heart failure and interventricular dyssynchrony
after the procedure.

During the first childhood, the proband presented delayed psychomotor develop-
ment and his developmental hallmarks included social smile at two months, sat with sup-
port at 5 months, sat without support at 10 months, held his head at 10 months, crawled
at 1 year-old, walked at 1 year and 6 months with physiotherapy assistance.

At 2 years and 7 months, the proband presented speech delay and did not emit any
word. He did not make eye contact, manifested stereotypy, line up objects, little socializa-
tion, and did not play with toys in a playful way. The mother reports that he had aggres-
sive moments with family and strangers. Moreover, the patient had feeding difficulties,
weight gain, and mild facial dysmorphisms with a prominent forehead and arched eye-
brows. After the diagnosis of secondary ASD, the patient was medicated with Risperidone
1Img/mL using 0.75ml daily, which attenuated his aggressiveness, self-aggressiveness, and
improved his socialization. His mother and two sisters have no history of comorbidities,
while the father had a delay in psychomotor and language development with subsequent
learning disability. However, the father was unavailable to be tested.

Currently, at 3 years-old, the patient has appropriate weight and height for his age
and undergoes treatment for hypothyroidism. The CMA revealed a 3.7 Mb pathogenic
microduplication in chromosome 8, encompassing the region 8p23.1 (minimal interval -
chr8:8107752-11845324; GRCh37/hg19) (Figure 1).

CMA revealec a 3.7 Mb pathogenic microduplication in chromosome 8

Figure 1. A. Frontal view of the patient at the age of 2-year-old with mild facial dysmorphisms:
prominent forehead and arched eyebrows. B. Genomic profile of 8p23.1 of chromosome 8 encom-
passing the 3.7 Mb pathogenic region. The duplicated segment is indicated by the arrow and high-
lighted by a blue rectangle. UCSC - Genome Browser - Dec.2013 (GRCh37/hg19) — genomic position:
minimal interval - chr8:8107752-11845324.

The TNKS was identified as the main candidate gene in the duplicated region asso-
ciated with the ASD (Table -1). To investigate the impact of TNKS and additional dosage-
sensitive genes related to ASD in the 8p23.1 duplication, a gene network-based approach
was applied in the human interactome context to identify ASD-related potentially dis-
turbed interactions in the patient. Three proteins from the duplicated region other than
TNKS (GATA4, PINXI1, BLK) directly connecting with other proteins previously associ-
ated with ASD were identified in this study.
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Table 1. Comparison between the molecular cytogenetic findings and neurological manifestations
in the current patient and previously reported patients with the 8p23.1 duplication syndrome.

Case report Patient 414113 Patient 415434 Patient 250048 Patient 258439
Our patient
(Weber, 2014) (DECIPHER) (DECIPHER) (DECIPHER (DECIPHER
CMA
3,7 1,8 0,44 1,13 3,5 3,6
Duplication size (Mbp)
Duplication location on 8,107,752- 9,169,154- 9,124,781- 8,568,207- 8,334,478- 8,273,138-
chr:8 (GRCh37/hg19) 11,845,324 10,969,075 9,566,078 9,702,442 11,875,439 11,948,421
Sex M M M M M M
Age (Year) 2 11 23 14 - -
TNKS1; BLK; GATA4; BLK; GATA4;
Main protein-coding BLK; GATA4; PPP1R3B; TNKS MFHASI;
SOX7; PINX1 PINX1; TNKS PINX1; TNKS
genes duplicated PINX1; TNKS PPP1R3B; TNKS
XKR6.
Facial dysmor- ASD; Motor Hearing im-
Frontal bossing;
phisms Cardiac developmen- ASD; pairment; Re-
Main features ASD Macrocephaly
anomalies; ASD; tal 1D nal agenesis;
ASD; ID
GDD delay; ID ASD; ID

In an attempt to recognize functional relationships among these genes, a tissue-spe-
cific network (TSN) with interactions in the context of the CNS was generated (Figure 2).

3. Discussions

The 8p23.1 duplication syndrome is a rare condition with very few cases involving
individuals with ASD. Therefore, the etiopathology of ASD in patients with the dup8p23.1
syndrome is poorly studied and remains unclear. It is worth mentioning that TNKS and
GATA4 genes have already been described as contributing to the behavioral difficulties
and cardiac anomalies, respectively [2, 3]. However, this is not the case of PINX1, which
is involved in telomere integrity and in which variants were associated with late-onset
Alzheimer disease [11]. In the same way, BLK was not previously related to ASD. It en-
codes a B lymphoid tyrosine kinase involved with behavioral problems, such as the de-
velopment of neuroticism [12]. Interestingly, GATA4 acts as a transcription factor regulat-
ing the expression of brain natriuretic peptide, involved with levels of stress and anxiety
when detected in the CNS [13, 14]. Besides, GATA4 was found altered in Huntington's
disease [15]. Moreover, non-duplicated genes such as MET, GLRA2, MEF2C, APC, DISC1,
UBE3A, BCL2, and NF1 present in TSN are also involved in the ASD development. Several
types of association involve these genes in the DisGeNET, such as genetic variation, bi-
omarker, altered expression, or causal mutation, impacting crucial bioprocesses, such as
neurogenesis, and developmental synaptic plasticity [6].

The significant pathways identified in this study are related to neurological disorders
in humans, when disturbed. Many terms identified in fig. 2b, such as LICAM interactions,
DCC mediated attractive signaling, nephrin interactions, and Wnt signaling pathway are
known to play a fundamental role in axon guidance, an important biological process, in
which the neurons extend axons and reach their targets to form synaptic junctions,
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connecting the central and peripheral CNS during embryonic development [16, 17]. In this
sense, the incorrect or incomplete synapse formation during the development of the neu-
ral circuit is a significant component that can contribute to the structural basis of ASD
pathology [18, 19]. Furthermore, functional enrichment of other bioprocesses related to
ASD in humans, including synaptic signaling pathways associated with autism, synaptic
junction, serotonin receptor 2, and cholinergic synapse were found [20-23].

A B
a0
SPTENT MAR1A @ 55
FMARCAZ
e y e Axon guidance 0.001
@ < 2 @ L1CAM interactions
K V. v F NCAM signaling for neurite out-growth|
o et b, A ~ RURXAT? DECC-mediated attractive signaling
e P o Nephrin interactions
! 7 PS o Wnt/beta-catenin Signaling Pathway! 0.01
RASAHIE] g £ — Brain-Derived Neurctrophic Factor signaling
J Dorso-ventral axis formation
Terez | Nl laneve Focal adhesion
@ 1 @ Adherens junction
@ Synaptic proteins at the synaptic junction 0.02
RAEE1 osT Synaptic signaling associated with autism
@ @ Cholinergic synapse|
T e ST Serotonin receptor 2 and ELK-SRF/GATA4
Rett syndrome causing genes| ‘ .:
Cc D
N oa¥ (SN N 1GFEZ o
v?o@@ & o‘?’éo\%\ eo&@éqleé\\:\é Sy 10 @
Central nervous system . : SYNET F e
Brain @ RUNXAT1
Forebrain
Telencephalon o @ @
Cerebellum 0.8
Cerebral cortex RREET
Hippocampus B =T
Temporal lobe e I
Diencephalon |
Basal ganglion CS @ e B
Spinal cord
Amygdala
Thalamus L
Caudate nucleus 0.4
Midbrain o
Substantia nigra o Q'\v & o ‘§<> A &
Corpus strigtum & & & 0\% 55 9“3 1
Subthalamic nucleus 0.2 Gene score ﬂg 5
QOcgcipital pole 2
Corpus callosum Syndromic 3

Figure 2. Network-based approach for identifying ASD candidate genes in the 8p23.1 duplication
syndrome. (a) tissue-specific network (TSN) composed of 26 nodes/proteins and 213 interactions.
Blue nodes are protein-coding genes from the duplicated region; dark grey nodes represent ASD-
genes; light grey nodes were added by the database. (b) heat map of genes from TSN with the most
significant biological processes. (c) heat map of expression of the blue and dark grey nodes of the
TSN in the CNS. The confidence value was calculated between 0-1. (d) network with TNKS and its
first neighbours. Nodes with yellow borders show scores associated with the development of ASD.
Bellow, the scores were classified into: 1 (high confidence); 2 (strong candidate); 3 (suggestive evi-
dence).

Additionally, the degree of expression in human tissues was interrogated for each
candidate gene in TSN. The CNS was the tissue with the highest expression levels, sup-
porting the idea that changes in the dosage of these genes may negatively impact neuro-
logical functions. The results include genes highly expressed in regions altered in the ASD
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involved in cognitive functions, such as the hippocampus, cerebral cortex, amygdala, and
basal ganglion [24] (Fig. 2c). Amongst the four candidate genes duplicated in the patient,
TNKS obtained the most significant expression levels in these regions, indicating a prom-
inent relevance in the maintenance of brain functions. TNKS is involved in diverse cellular
functions, like Wnt signaling, telomere length, vesicle trafficking, and proteasome regula-
tion [25-27], which is supported by a report considering it as the main candidate gene for
the emergence of ASD in 8p23.1 duplication syndrome [3] (Tab. 1).

In TSN, besides the connections with the genes already associated with ASD, inter-
actions between TNKS and genes associated with high scores to ASD from SFARI, such
as TRIO, DST, SMARCA2, MAP1A, and SYNE1 were revealed (Fig. 2d). Interestingly, the
genes TRIO (cri-du-chat region), SMARCAZ2, SYNE1, NF1 (NF1-microdeletion syndrome
region), and DISC1 were found to be duplicated in several patients with ASD in the DE-
CIPHER database [28]. DISC1 is involved in the control of many features in embryonic
and adult neurogenesis [29]. Pathogenic variants in DISC1 are associated with neuropsy-
chiatric diseases, including schizophrenia, major depression, bipolar disorder, ASD, and
Asperger syndrome [30, 31]. Furthermore, two brothers with a DISC1 duplication in the
1g42.2 region exhibiting ASD and intellectual disability were reported [32].

4. Conclusions

We identified functional relationships from the human interactome between the du-
plicated genes in 8p23.1 region and genes associated with ASD with essential role in the
neurological functioning. Disturbances involving components with significant expression
in the CNS associated in the neuronal development pathways could be implicate to our
patient's phenotype and suggest a relevant contribution to the genetic basis of ASD in
8p23.1 duplication syndrome.

Funding: None.

Research Ethics Committee Approval: The study has been carried out in accordance with the code
of ethics of the world medical association. The study includes a statement on ethics approval by the
Children’s Hospital Jeser Amarante Faria (approval number 4.944.246). Written informed consent
was obtained from the parent/legal guardian of the patient for publication of the details of their
medical case and any accompanying images.

Acknowledgments: None.
Conflicts of Interest: The authors declare no conflict of interest.

Supplementary Materials: The following supporting information can be downloaded at:
https://bjcasereports.com.br/index.php/bjcr/new_insights_into_candidate_genes_s1, ~Table SI:
Genes and pathways.

References

1.

Abrahams, B.S., Arking, D.E., Campbell, D.B., Mefford, H.C., Morrow, E.M., Weiss, L.A., Menashe, I, Wadkins, T., Banerjee-
Basu, S., Packer, A., 2013. SFARI Gene 2.0: A community-driven knowledgebase for the autism spectrum disorders [ASDs).
Mol. Autism 4, 1. https://doi.org/10.1186/2040-2392-4-36

Alanis-Lobato, G., Andrade-Navarro, M.A., Schaefer, M.H., 2017. HIPPIE v2.0: Enhancing meaningfulness and reliability of
protein-protein interaction networks. Nucleic Acids Res. 45, D408-D414. https://doi.org/10.1093/nar/gkw985

Amaral, D.G, Schumann, CM. Nordahl, C.W. 2008. Neuroanatomy of autism. Trends Neurosci. 31, 137-145.
https://doi.org/10.1016/j.tins.2007.12.005

Amir, O., Sagiv, M., Eynon, N., Yamin, C., Rogowski, O., Gerzy, Y., Amir, R.E., 2010. The response of circulating brain natriuretic
peptide to academic stress in college students. Stress 13, 83-90. https://doi.org/10.3109/10253890902818357

Bakos, J., Bacova, Z., Grant, S.G., Castejon, A.M., Ostatnikova, D., 2015. Are Molecules Involved in Neuritogenesis and Axon
Guidance Related to Autism Pathogenesis? NeuroMolecular Med. 17, 297-304. https://doi.org/10.1007/s12017-015-8357-7
Barber, J.C., Bunyan, D., Curtis, M., Robinson, D., Morlot, S., Dermitzel, A., Liehr, T., Alves, C., Trindade, J., Paramos, A.IL,
Cooper, C., Ocraft, K., Taylor, E.J., Maloney, V.K., 2010. 8P23.1 Duplication Syndrome Differentiated From Copy Number Var-
iation of the Defensin Cluster At Prenatal Diagnosis in Four New Families. Mol. Cytogenet. 3, 1-10. https://doi.org/10.1186/1755-
8166-3-3



Brazilian Journal of Case Reports 2023, 3, 1, XX-XX 22 of 23

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Barber, ].C.K,, Rosenfeld, J.A., Foulds, N., Laird, S., Bateman, M.S., Thomas, N.S., Baker, S., Maloney, V.K., Anilkumar, A.,
Smith, W.E., Banks, V., Ellingwood, S., Kharbutli, Y., Mehta, L., Eddleman, K.A., Marble, M., Zambrano, R., Crolla, J.A., Lamb,
A.N., 2013. 8P23.1 Duplication Syndrome; Common, Confirmed, and Novel Features in Six Further Patients. Am. J. Med. Genet.
Part A 161, 487-500. https://doi.org/10.1002/ajmg.a.35767

Chédotal, A., 2019. Roles of axon guidance molecules in neuronal wiring in the developing spinal cord. Nat. Rev. Neurosci. 20,
380-396. https://doi.org/10.1038/s41583-019-0168-7

Chi, N.W.,, Lodish, H.F., 2000. Tankyrase is a Golgi-associated mitogen-activated protein kinase substrate that interacts with
IRAP in GLUT4 vesicles. J. Biol. Chem. 275, 38437-38444. https://doi.org/10.1074/jbc.M007635200

Cho-Park, P.F., Steller, H. 2013. Proteasome regulation by ADP-ribosylation. Cell 153, 614-627.
https://doi.org/10.1016/j.cell.2013.03.040

Crepel, A., Breckpot, ], Fryns, ].P., De la Marche, W., Steyaert, J., Devriendt, K., Peeters, H., 2010. DISC1 duplication in two
brothers with autism and mild mental retardation. Clin. Genet. 77, 389-394. https://doi.org/10.1111/j.1399-0004.2009.01318.x
Fan, Q., Wang, W., Hao, J., He, A, Wen, Y., Guo, X., Wu, C,, Ning, Y., Wang, X., Wang, S., Zhang, F., 2017. Integrating genome-
wide association study and expression quantitative trait loci data identifies multiple genes and gene set associated with neu-
roticism. Prog. Neuro-Psychopharmacology Biol. Psychiatry 78, 149-152. https://doi.org/10.1016/j.pnpbp.2017.05.017

Firth, H. V., Richards, S.M., Bevan, A.P.,, Clayton, S., Corpas, M., Rajan, D., Vooren, S. Van, Moreau, Y., Pettett, R M., Carter,
N.P., 2009. DECIPHER: Database of Chromosomal Imbalance and Phenotype in Humans Using Ensembl Resources. Am. J.
Hum. Genet. 84, 524-533. https://doi.org/10.1016/j.ajhg.2009.03.010

Greene, C.S., Krishnan, A., Wong, A.K,, Ricciotti, E., Zelaya, R.A., Himmelstein, D.S., Zhang, R., Hartmann, B.M., Zaslavsky, E.,
Sealfon, S.C., Chasman, D.I,, Fitzgerald, G.A., Dolinski, K., Grosser, T., Troyanskaya, O.G., 2015. Understanding multicellular
function and disease with human tissue-specific networks. Nat. Genet. 47, 569-576. https://doi.org/10.1038/ng.3259

Guang, S., Pang, N., Deng, X., Yang, L., He, F., Wu, L., Chen, C,, Yin, F., Peng, J., 2018. Synaptopathology involved in autism
spectrum disorder. Front. Cell. Neurosci. 12, 1-16. https://doi.org/10.3389/fncel.2018.00470

Hodgkinson, C.A., Goldman, D., Jaeger, J., Persaud, S., Kane, ].M., Lipsky, R.H., Malhotra, A K., 2004. Disrupted in Schizophre-
nia 1 [DISC1): Association with Schizophrenia, schizoaffective disorder, and bipolar disorder. Am. J. Hum. Genet. 75, 862-872.
https://doi.org/10.1086/425586

Horder, |, Petrinovic, M.M., Mendez, M. A, Bruns, A., Takumi, T., Spooren, W., Barker, G.J., Kiinnecke, B., Murphy, D.G., 2018.
Glutamate and GABA in autism spectrum disorder-a translational magnetic resonance spectroscopy study in man and rodent
models. Transl. Psychiatry 8, 1-11. https://doi.org/10.1038/s41398-018-0155-1

Huang, S.M.A., Mishina, Y.M,, Liu, S., Cheung, A., Stegmeier, F., Michaud, G.A., Charlat, O., Wiellette, E., Zhang, Y., Wiessner,
S., Hild, M., Shi, X., Wilson, C.J., Mickanin, C., Myer, V., Fazal, A., Tomlinson, R., Serluca, F., Shao, W., Cheng, H., Shultz, M.,
Rau, C., Schirle, M., Schleg], J., Ghidelli, S., Fawell, S., Lu, C., Curtis, D., Kirschner, M.W., Lengauer, C., Finan, P.M., Tallarico,
J.A., Bouwmeester, T., Porter, J.A., Bauer, A., Cong, F., 2009. Tankyrase inhibition stabilizes axin and antagonizes Wnt signal-
ling. Nature 461, 614-620. https://doi.org/10.1038/nature08356

Ju, W, Greene, C.S,, Eichinger, F., Nair, V., Hodgin, ].B., Bitzer, M., Lee, Y.S., Zhu, Q., Kehata, M., Li, M., Jiang, S., Pia Rastaldi,
M., Cohen, C.D., Troyanskaya, O.G., Kretzler, M., 2013. Defining cell-type specificity at the transcriptional level in human dis-
ease. Genome Res. 23, 1862-1873. https://doi.org/10.1101/gr.155697.113

Kiefer, F., Andersohn, F., Jahn, H., Wolf, K., Raedler, T.J., Wiedemann, K., 2002. Involvement of plasma atrial natriuretic peptide
in protracted alcohol withdrawal. Acta Psychiatr. Scand. 105, 65-70. https://doi.org/10.1034/j.1600-0447.2002.0_011.x

Kilpinen, H., Ylisaukko-Oja, T., Hennah, W., Palo, O.M., Varilo, T., Vanhala, R., Nieminen-Von Wendt, T., Von Wendt, L.,
Paunio, T., Peltonen, L., 2008. Association of DISC1 with autism and Asperger syndrome. Mol. Psychiatry 13, 187-196.
https://doi.org/10.1038/sj.mp.4002031

Kim, S.W., Kim, K.T., 2020. Expression of genes involved in axon guidance: how much have we learned? Int. J. Mol. Sci. 21.
https://doi.org/10.3390/ijms21103566

Kuleshov, M. V., Jones, M.R,, Rouillard, A.D., Fernandez, N.F., Duan, Q., Wang, Z., Koplev, S., Jenkins, S.L., Jagodnik, K.M.,
Lachmann, A., McDermott, M.G., Monteiro, C.D., Gundersen, G.W., Ma’ayan, A., 2016. Enrichr: a comprehensive gene set en-
richment analysis web server 2016 update. Nucleic Acids Res. 44, W90-W97. https://doi.org/10.1093/nar/gkw377

Longoni, M., Lage, K., Russell, M.K,, Loscertales, M., Abdul-Rahman, O.A., Baynam, G., Bleyl, S.B., Brady, P.D., Breckpot, J.,
Chen, C.P., Devriendt, K., Gillessen-Kaesbach, G., Grix, A.W., Rope, A.F., Shimokawa, O., Strauss, B., Wieczorek, D., Zackai,
E.H., Coletti, C.M., Maalouf, F.I, Noonan, K.M., Park, ].H.,, Tracy, A.A., Lee, C., Donahoe, P.K., Pober, B.R., 2012. Congenital
diaphragmatic hernia interval on chromosome 8p23.1 characterized by genetics and protein interaction networks. Am. J. Med.
Genet. Part A 158 A, 3148-3158. https://doi.org/10.1002/ajmg.a.35665

Mao, Y., Ge, X., Frank, C.L., Madison, ].M., Koehler, A.N., Doud, M.K,, Tassa, C., Berry, E.M., Soda, T., Singh, K.K., Biechele, T,
Petryshen, T.L., Moon, R.T., Haggarty, S.J., Tsai, L.H., 2009. Disrupted in Schizophrenia 1 Regulates Neuronal Progenitor Pro-
liferation via Modulation of GSK33/B-Catenin Signaling. Cell 136, 1017-1031. https://doi.org/10.1016/j.cell.2008.12.044
Martin-Ruiz, C.M., Lee, M., Perry, R.H., Baumann, M., Court, ]J.A., Perry, E.K., 2004. Molecular analysis of nicotinic receptor
expression in autism. Mol. Brain Res. 123, 81-90. https://doi.org/10.1016/j.molbrainres.2004.01.003

Pifero, J., Bravo, A., Queralt-Rosinach, N., Gutiérrez-Sacristan, A., Deu-Pons, J., Centeno, E., Garcia-Garcia, ., Sanz, F., Furlong,
L.I, 2017. DisGeNET: A comprehensive platform integrating information on human disease-associated genes and variants.
Nucleic Acids Res. 45, D833-D839. https://doi.org/10.1093/nar/gkw943



Brazilian Journal of Case Reports 2023, 3, 1, XX-XX 23 of 23

28.

29.

30.

31.

32.

33.

Shannon, P., Markiel, A., Ozier, O., Baliga, N.S., Wang, ].T., Ramage, D., Amin, N., Schwikowski, B., Ideker, T., 2003. Cytoscape:
A Software Environment for Integrated Models of Biomolecular Interaction Networks. Genome Res. 13, 2498-2504.
https://doi.org//10.1101/ gr.1239303

Sinha, M., Mukhopadhyay, S., Bhattacharyya, N.P., 2012. Mechanism([s) of alteration of micro rna expressions in huntington’s
disease and their possible contributions to the observed cellular and molecular dysfunctions in the disease. NeuroMolecular
Med. 14, 221-243. https://doi.org/10.1007/s12017-012-8183-0

Suter, T.A.C.S., Jaworski, A., 2019. Cell migration and axon guidance at the border between central and peripheral nervous
system. Science [80-.). 365. https://doi.org/10.1126/science.aaw8231

Tosto, G., Vardarajan, B., Sariya, S., Brickman, A.M., Andrews, H., Manly, ].J., Schupf, N., Reyes-Dumeyer, D., Lantigua, R.,
Bennett, D.A., De Jager, P.L., Mayeux, R., 2019. Association of Variants in PINX1 and TREM2 with Late-Onset Alzheimer Dis-
ease. JAMA Neurol. 76, 942-948. https://doi.org/10.1001/jamaneurol.2019.1066

Weber, A., Kohler, A., Hahn, A., Miiller, U., 2014. 8p23.1 duplication syndrome: Narrowing of critical interval to 1.80 Mbp. Mol.
Cytogenet. 7, 1-4. https://doi.org/10.1186/s13039-014-0094-3

Yang, C.J., Tan, H.P., Du, Y J., 2014. The developmental disruptions of serotonin signaling may involved in autism during early
brain development. Neuroscience 267, 1-10. https://doi.org/10.1016/j.neuroscience.2014.02.021.



