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A B S T R A C T

Autism spectrum disorder (ASD) and Huntington’s disease (HD) are complex neurological conditions with un
clear causes and limited treatments, affecting individuals, families, and society. Despite ASD and HD representing 
two opposing stages of neuronal development and degeneration, they share similar clinical-pathological features 
in motor function. In this study, we leveraged transcriptomic data from the prefrontal cortex available in public 
databases to identify shared transcriptional characteristics of ASD and HD. Differential expression analysis 
revealed that the majority of differentially expressed genes (DEGs) were up-regulated in ASD carriers, whereas 
most DEGs were down-regulated in HD carriers. Among the DEGs shared between both diseases, three out of 
seven protein-coding genes were related to the immune system. Furthermore, we identified two enriched 
pathways shared between ASD and HD DEGs. The gene interaction network analysis unveiled four hub genes 
shared by both diseases, all of which are associated with immune functions. The findings suggest a shared gene 
expression pattern in the prefrontal cortex of people with ASD and HD, closely linked to the immune system. 
These findings will contribute to exploring the biological mechanisms underlying the shared phenotypes of these 
two diseases from an immunological perspective.

1. Introduction

Autism spectrum disorder (ASD) is the archetype of neuro
developmental disorders (Kim and Leventhal, 2015). Huntington’s dis
ease (HD) is a common model of neurodegeneration (Ross and Tabrizi, 
2011). ASD and HD are two severe mental disorders that reflect ab
normalities in the development and decline of the nervous system, 
respectively. The pathogenesis of two diseases is complex, early 
screening is arduous, and treatment methods are limited, which causes 
severe adverse effects on patients, families, and society (Ellison, 2017; 
Romero, 2017). There is commonality in the mechanisms that play a role 
in neurodevelopmental and neurodegenerative diseases (Thibaut, 
2018). The shared pathogenic mechanisms of ASD and HD warrant 
attention and in-depth investigation. One common pathological feature 
of ASD and HD is motor dysfunction. ASD patients exhibit motor im
pairments characterized by muscle tone abnormalities, rigidity, and 
pyramidal signs (Bell et al., 2019; Cook, 2016). Chorea and dyskinesia 

are the hallmark features of HD patients (Snowden, 2017). Exploring 
these shared pathological characteristics of both diseases is pivotal for 
uncovering common pathogenic mechanisms. Prior research has often 
neglected the commonalities between these two complex disorders from 
a transcriptomic perspective. Investigating the shared transcriptional 
patterns of these two diseases can help identify common genes and 
pathways, key for prevention and treatment.

Transcriptomics entails the complete set of transcripts within specific 
cell types or tissues under defined developmental stages or physiological 
conditions. Transcriptomic analysis serves as a powerful tool for 
uncovering an organism’s gene expression levels, structural variations 
and the discovery of novel genes. (Qi et al., 2011). Transcriptomic 
analysis is a quintessential approach for exploring the pathogenic 
mechanisms of diseases (Chen et al., 2023). Transcriptomic analysis has 
revealed dysregulation of genes associated with innate immune re
sponses and neuronal activity dependence in ASD. The discovery that 
the M2 activation gene module in microglial cells negatively correlates 
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with neuronal gene modules provides important insights into the path
ways and candidate genes involved in the interplay between innate 
immunity and neuronal activity in ASD pathogenesis (Gupta et al., 
2014b). The combined analysis of transcriptome-wide association 
studies and mRNA expression profiling identifies candidate genes asso
ciated with ASD. A group of candidate genes, namely MUTYH, ARH
GAP27, GCA, CCDC14, and MED15, demonstrated associations with 
transcriptomic changes in ASD. These findings may provide new clues to 
unravel the pathogenesis of ASD (Huang et al., 2019). Analysis of the 
transcriptome in neural progenitor cells with MBD5-related neuro
developmental disorders, a form of ASD, identified connections to 
crucial high-risk ASD genes that play a significant role in these disorders 
(Mullegama et al., 2021). One study performed a transcriptome analysis 
of total peripheral blood RNA from 91 HD patients and 33 controls and 
identified 167 genes significantly associated with clinical total motor 
scores in HD patients. Five of these genes (PROK2, ZNF238, AQP9, 
CYSTM1, and ANXA3) provide a portfolio of candidate biomarkers for 
HD (Mastrokolias et al., 2015). RNA-Seq of whole blood in subjects with 
HD also identified repeat variants associated with the expression of 
MSH3 and DHFR genes (Flower et al., 2019). Transcriptome analysis of 
HD patients’ blood revealed dysregulated immune functions and in
flammatory responses, including the induction of interferon-responsive 
genes IFITM3, IFI6, and IRF7, compared to controls (Andrade-Navarro 
et al., 2020). The systematic approach based on genomics and big data 
analysis will contribute significantly to more effective biomarkers and 
treatment development for diseases (Park, 2020). Transcriptome anal
ysis uses different tissues for the in-depth study of diseases to discover 
the pathogenic mechanism of diseases.

The brain is a critical tissue for studying neurodevelopmental dis
orders and neurodegenerative diseases. The cerebral cortex, being the 
most developed part of the brain, governs all bodily processes and reg
ulates the balance between the organism and its surrounding environ
ment. The cerebral cortex serves as the foundation for advanced 
neurological activities (Akre, 2023). ASD is believed to result from 
various functional disturbances during the development of the cerebral 
cortex (Fukuda and Yanagi, 2017). The heterogeneity of clinical symp
toms in HD is also related to changes in the degree of cell loss in the 
corresponding functional areas of the cerebral cortex (Thu et al., 2010). 
The prefrontal cortex plays a crucial role in the entire cerebral cortex. 
Most of the higher and more complex motor, cognitive, and expressive 
behavioral functions are believed to reside primarily in the prefrontal 
cortex (Leisman et al., 2023). Activation of the right prefrontal cortex is 
the basis for successfully updating verbal working memory in adoles
cents with ASD (Yeung et al., 2019). Prefrontal cortex activity in HD 
individuals reflects cognitive and neuropsychiatric disorders (Gray 
et al., 2013). Focusing on the role of the prefrontal cortex in both of 
these diseases will be more conducive to exploring the shared patho
genic factors of ASD and HD.

This study integrated transcriptomic data from the prefrontal cortex 
of human ASD and HD patients sourced from the Gene Expression 
Omnibus (GEO) public database (https://www.ncbi.nlm.nih.gov/geo/). 
Through differential expression analysis, pathway enrichment analysis, 
as well as hub gene and module analysis, we investigated dysregulated 
genes in ASD and HD. The study aimed to identify shared pathogenic 
genes and pathways shared between these two diseases, providing new 
evidence for their pathogenic mechanisms.

2. Materials and methods

2.1. Data collection and processing

The data was downloaded from the GEO database (accessed on 1 
February 2023). Data that met the following criteria were included in 
this study: sequencing samples had human ASD and HD patients, 
sequencing tissue was prefrontal cortex, and data type was double- 
ended sequencing RNA-Seq. After the screening, two ASD datasets 

(PRJNA316853 and GSE198951) and one HD dataset (GSE64810) were 
included in this study, with a total of 110 individuals. Data from all 
diseased samples in the two ASD datasets were combined into the 
diseased group by batch correction, and data from all normal samples 
were combined into the normal group by batch correction. Finally, there 
were 41 samples in the ASD group and 69 samples in the HD group. The 
basic information about the samples included in this study is in Table 1.

Data were downloaded using Sratoolkit (version: Sratoolkit.2.11.0- 
ubuntu64). After the 110 data are converted from the original ".sra" 
file to a ".fastq" file. First, the ".fastq" file was quality-controlled using the 
fastp software for 110 pairs. (Fastp download URL: http://opengene.org 
/fastp/fastp) (Chen et al., 2018). Each data has its corresponding quality 
control report. Whether the quality control is qualified is judged by Q20 
value and Q30 value. Q20 and Q30 represent the percentage of a certain 
base quality value in the total number of bases, which is similar to the 
qualified rate of products. Different quality standards will produce 
different pass rates. The higher the pass rate, the more qualified the data. 
Generally speaking, the base of Q20 should be above 95 % at best and 
not less than 90 % at worst; Q30 requires at best more than 85 % and at 
worst not less than 80 %. The data quality control results adopted in this 
study are as follows: the average Q20 of all data is 98.11 %, among 
which the lowest value is 94.55 %; The mean value of Q30 of all data 
was 94.72 %, and the lowest value was 90.03 %. The quality control 
results of all data were in line with the standards. The data after quality 
control can be sequentially matched in the next step. Secondly, HISAT2 
software (version HISAT2–2.2.1) was used to sequence the alignment of 
the ".fastq" files after quality control. (Ngwa et al., 2017). The reference 
genome was the human reference genome on the HISAT2 website. In 
general, the one-time alignment ratio of HISAT2 should be more than 
60 %. The average one-time alignment ratio of the data used in this 
study is 91.61 %. The lowest value is 83.35 %. The results of the 
sequence alignment of all data were qualified. FeatureCounts (sub
read-1.6.0-Linux-x86_64) was used as a counting tool (Liao et al., 2014). 
After the quantification of the expression, an expression matrix file is 
obtained, which is the basis of downstream analysis and the last step of 
preprocessing (Supplementary Material 1).

2.2. Identification of differentially expressed genes

To mitigate the potential impact of batch effects, we initially ob
tained a normalized expression matrix and filtered out lowly expressed 
genes before conducting the DEG analysis. Any confounding factors 
were predicted and removed to ensure the robustness and accuracy of 
the results (Jeng et al., 2021). The processed data satisfy the conditions 
for analysis. DESeq2 (version 1.32.0) was used for DEGs analysis (Love 
et al., 2014). We were using the difference of gene screening threshold 
differences in genetic screening, screening criteria for p-value-adjusted 
(padj) < 0.05 and |log2FoldChange|> = 1. For DEGs, if a gene has 
log2Foldchange>0, this indicates that the expression of this gene is 
up-regulated in the diseased group compared to the control group, and 
conversely down-regulated. The regulatory profiles of differential genes 
of two diseases were shown as volcano plot. The overlap of 
co-upregulated and co-downregulated DEGs of two diseases was shown 
as a Venn diagram. The 50 genes with the most significant differences in 
the two diseases are shown as a heat map in order of padj value.

Table 1 
Basic information of samples.

Disease group Normal group

ASD n 22 19
Age (M±SD) 15.32±4.90 15.11±5.09
Gender (M: F) 8:3 11:8

HD n 20 49
Age (M±SD) 58.25±10.37 68.35±15.83

Note. The data information for HD’s original program did not include gender.
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2.3. Pathway enrichment analysis of significant DEGs

To further elucidate the pathways associated with DEGs, the DEGs of 
the two diseases were imported into the DAVID database (https://david. 
ncifcrf.gov/tools.jsp) separately for pathway enrichment analysis 
(Sherman et al., 2022). The DEGs of ASD obtained from differential 
expression analysis were all entered into the DAVID database, leaving 
the genes that could be annotated to do KEGG Pathway analysis. The 
enriched pathways were thresholded with p-value less than 0.05 and 
sorted according to the p-value from smallest to largest, and the top 10 
items were selected for visualization. The enriched genes were anno
tated according to the locations of genes in the displayed pathways in 
the Kegg database (https://www.genome.jp/kegg/) (Kanehisa and 
Goto, 2000). The process of pathway enrichment analysis of DEGs for 
HD was the same as for ASD. Information on the input DEGs for the two 
groups is provided in Supplementary Material 2.

2.4. Hub genes and module analysis

Using R (version 4.1.0) filtered out poorly linked genes. The corre
lation of gene expression was calculated using cycles. Correlation co
efficients between DEGs shared by ASD and HD were calculated using R. 
Data with a correlation greater than 0.5 or less than − 0.5 were selected 
to draw the genes interaction network. Cytoscape (version 3.8.2) dis
played the genes interaction network based on the selected data (Muetze 
et al., 2016). The Degree algorithm was used to screen hub genes by the 
cytoHubba plug-in of Cytoscape. The most significant gene clustering 
module was obtained by using the MCODE tool in Cytoscape.

3. Results

3.1. Identification of shared DEGs for ASD and HD

Through differentially expressed gene analysis, we obtained the re
sults of abnormally expressed genes in two diseases, ASD and HD. There 
were 835 DEGs in ASD carriers (n=22) compared to healthy controls 
(n=19), of which 822 were up-regulated and 13 were down-regulated 
(Fig. 1A). There were 919 DEGs in HD carriers (n=20) compared to 
healthy controls (n=49), of which 317 were up-regulated and 602 were 

down-regulated. The most significant down-regulation was in the HOX 
family genes. (Fig. 1B). According to the differential gene situation of 
ASD and HD, a total of 63 DEGs were found between the two diseases 
(Fig. 2). Among the 63 DEGs, 21 DEGs were up-down-regulated con
sistency. Among the 21 DEGs, 7 were protein-coding gene (GPR183, 
SLC4A1, ESRP2, CEACAM8, C1QTNF8, MUC6, PBOV1), while the rest 
were pseudogenes (RPL7AP60, LOC100418874, LOC100418723, 
LOC100419562, LOC100421094, RN7SL471P), lincRNA (GSN-AS1, 
RAI1-AS1, CELF2-AS2, LINC02688, PPP1R13B-DT, LCMT1-AS2), 
miRNA (MIR3151), and SRP RNA (RN7SL3). Meanwhile, clustering 
analyses of the most significant 50 DEGs in two diseases were per
formed, and the results were displayed as heatmaps (Supplementary 
Material 3).

Fig. 1. Identification of gene expression profiles in ASD and HD (A)The volcano map showed the DEGs between ASD and the control group. Up-regulated genes are 
marked in light red; Down-regulated genes are kept in light blue. The threshold was set to padj < 0.05 and |log2FoldChange| > = 1. The top 10 DEGs are annotated 
with their respective positions. (B) The volcano map showed the DEGs between HD and the control group.

Fig. 2. The Venn diagram indicates an overlap of ASD and HD co- 
regulated DEGs.
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3.2. Pathway enrichment analysis results of ASD and HD DEGs

To clarify the pathways of DEGs in ASD and HD, "DAVID "was used 
for pathway enrichment analysis. The pathway enrichment analysis 
results showed that 9 pathways were significant in ASD (Fig. 3A), and 29 
pathways were significant in HD (Fig. 3B). The two diseases shared two 
pathways: neuroactive ligand-receptor interaction (hsa04080) and 
signaling pathways regulating the pluripotency of stem cells 
(hsa04550). ASD and HD shared one differential gene, FPR2, in the 
neuroactive ligand-receptor interaction pathway. One differential gene, 
FZD2, in the signaling pathways regulating the pluripotency of stem 
cells. Kegg database was used to search pathways and annotate the lo
cations of genes in pathways. In the neuroactive ligand-receptor inter
action pathway, ASD and HD share the same homologous genes: FPRL, 
P2RY, GRIN, and GRI. In the signaling pathways regulating pluripotency 
of stem cells, ASD and HD share the same homologous genes: Activin, 
Wnt, Frizzled, and ID (Fig. 3C, D). FPR2 belongs to a member of the 
FPRL family, and FZD2 belongs to a member of the Frizzled family.

3.3. Identification hub genes and module

We used Cytoscape to create more detailed network diagrams to 
visualize gene interactions. This helps to better explain the relationships 
between shared DEGs in ASD and HD and identify key hub genes. The 
hub genes of ASD and HD were identified based on the 63 DEGs shared 
by the two diseases. The Degree algorithm revealed that SLC7A2, NFE2, 
EMP3, and MSX1 were the same hub genes for ASD and HD (Fig. 4A, B). 
MCODE was used to obtain the most significant gene cluster modules for 
each disease. There were 26 genes in the most significant module of 
ASD, of which the hub gene MSX1 scored the highest in the module. 
There are 23 genes in the most significant module of HD. The four hub 
genes SLC7A2, NFE2, EMP3, and MSX1 were all in the HD and scored in 
the top 10 (Fig. 4C, D).

4. Discussion

This study is the first to comprehensively compare gene expression in 
the prefrontal cortex of patients with ASD and HD using mRNA-Seq. 
Only one previous study based on family and case-control association 
study focused on the effect of HD gene CA duplication size on the risk of 
ASD (Piras et al., 2020). We comprehensively analyzed gene expression 
in the prefrontal cortex of both diseases and found some common 
factors.

We examined DEGs in ASD and healthy controls and found 835 
significant DEGs, more than 98 % up-regulated. This result suggests that 
the cause of cortical abnormalities in ASD patients is not "insufficient" 
gene expression but a "disorder" caused by gene overexpression. A pre
vious study has confirmed a similar idea. Oligodendrocyte lineage 
markers in the cerebellum of ASD patients are up-regulated through 
network analysis of gene expression in cerebellum tissues 
(Zeidan-Chulia et al., 2016). In addition, we also examined DEGs in HD 
and healthy controls and found 919 significant DEGs, more than 65 % of 
which were down-regulated. This result suggests that the abnormalities 
in the cerebral cortex of HD patients are due to "insufficient" gene 
expression. RNA sequencing was used to analyze HD gene-carrying 
blood studies also demonstrate this idea, and 60 genes were found to 
be differentially expressed in HD and healthy controls, with 21 
up-regulated and 39 down-regulated (Colpo et al., 2020). Notably, the 
majority of the most significantly down-regulated in HD compared to 
CON were HOX family genes. The HOX family genes that have been 
found to be associated with HD are HOXA5, HOXA10, HOXA11, 
HOXA13, HOXB9, HOXC6, HOXC10, HOXD8, HOXD9, and HOXD10 
(Labadorf et al., 2015). We found that the expression of the genes 
HOXA10, HOXA11, HOXA13, HOXB9, HOXC10, HOXD8, and HOXD9 
was downregulated in HD compared to CON. This finding is consistent 
with what was found in previous study results. Our study did not find 
HOX family genes in DEGs in ASD compared to CON. However, these 

Fig. 3. Results of pathway enrichment analysis (A) Visualization of enrichment analysis of differential gene pathways in ASD. The top 10 items were visualized in 
order of p-value. (B) Visualization of enrichment analysis of differential gene pathways in HD. (C) Mapping of DEGs enriched in neuroactive ligand-receptor 
interaction. (D) Mapping of DEGs enriched in signaling pathways regulating pluripotency of stem cells. Gene names follow the presentation in the Kegg database.
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genes were found in the Psymukb database (HOXA1, HOXA7, HOXA9, 
HOXB3, HOXB4, HOXB7, HOXB9, HOXB13, HOXC, HOXC6, HOXC8, 
HOXC12, HOXC14, HOXD1, HOXD3, HOXD4, HOXD8, HOXD9, 
HOXD10, HOXD11, HOXD13) the primary phenotype is ASD (Lin et al., 
2019). The connection of HOX family genes in ASD and HD can be 
determined more in future studies. In summary, most of the DEGs in ASD 
are up-regulated, while most of the DEGs in HD are down-regulated.

Exploring the commonalities of gene expression in ASD and HD can 
help to find pathogenic genes and pathways in both diseases. We iden
tified 63 DEGs shared by ASD and HD carriers, with 21 DEGs showing 
consistent regulatory trends (20 co-upregulated and 1 co- 
downregulated). Of the 21 DEGs with consistent regulatory trends, 7 
were protein-coding genes: GPR183, SLC4A1, ESRP2, CEACAM8, 
C1QTNF8, MUC6, and PBOV1. GPR183 (G protein-coupled receptor, 
183) is a protein-encoded gene regulating B-cell migration and response. 
It is a member of the class A family of seven transmembrane G protein- 

coupled receptors (Chen et al., 2022; Katritch et al., 2013). GPR183 was 
co-downregulated in DEGs in ASD and HD. Deficiency in GPR183 has 
been associated with increased susceptibility to intestinal bacterial in
fections, indicating its role in immune responses and inflammation. The 
downregulation of GPR183 may impair immune function, potentially 
contributing to neuroinflammation observed in both ASD and HD (Chu 
et al., 2018). SLC4A1, a solute carrier family member, functions as a 
structural protein or a transporter mediating the exchange of electrically 
neutral anions on the cell membrane (Nettuwakul et al., 2010). While its 
direct link to ASD and HD is less clear, alterations in SLC4A1 may affect 
cellular homeostasis and ion balance, which could influence neuronal 
activity and immune responses. ESRP2, epithelial splicing regulatory 
protein 2, is an epithelial cell-type-specific splicing regulator (Ishii et al., 
2014). Dysregulation of splicing factors like ESRP2 can lead to aberrant 
gene expression, which may affect cellular functions and contribute to 
the disease phenotypes. CEACAM8 (CEA cell adhesion molecule 8) is a 

Fig. 4. Shared DEGs genes network diagrams and significant modules (A) Shared DEGs genes network diagrams from ASD. (B) Shared DEGs genes network diagrams 
from HD. (C) The differential genes clustering module from ASD. (D) The differential genes clustering module from HD. Based on 63 DEGs shared by ASD and HD.
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carcinoembryonic antigen gene family member that acts mainly through 
plasma membrane cell adhesion molecules involved in heterogeneous 
cell-cell adhesion (Kuroki et al., 2001). Many gene upregulations in 
drug-resistant animals appear to be associated with host resistance and 
adaptive immune regulation, particularly CEACAM8 (Mackintosh et al., 
2016). Its involvement in immune cell adhesion and activation might 
influence neuroinflammation and contribute to disease pathogenesis in 
both ASD and HD. C1QTNF8 (C1q and TNF related 8) may function as a 
ligand for RXFP1 (Klonisch et al., 2017). MUC6 (Mucin 6, Oligomeric 
Mucus/Gel-Forming) is a member of the mucin family that provides a 
mechanism to regulate the composition of the protective mucus layer 
associated with acid secretion or the presence of bacteria and toxic 
agents in the lumen and plays an essential role in cytoprotection of the 
epithelial surface (Nordman et al., 2002). In addition, MUC6 was found 
to be a variant gene in multiple sclerosis and involved in immunity 
(Alkhateeb et al., 2021). MUC6’s involvement in immunity and its as
sociation with multiple sclerosis suggest it may play a role in neuro
immune interactions, impacting the pathology of both ASD and HD. 
PBOV1 is a protein of unknown function that is up-regulated in certain 
cancers (Xue et al., 2018). Its role in cancer suggests it might be involved 
in cell proliferation, potentially affecting neuroinflammatory processes. 
In summary, the shared immune-related genes GPR183, CEACAM8, and 
MUC6 highlight the involvement of immune dysregulation in both ASD 
and HD. Their consistent regulatory trends suggest that immune system 
disturbances might play a significant role in the phenotypic similarities 
between these disorders. Further research into these genes could provide 
deeper insights into their contributions to disease mechanisms and 
identify potential therapeutic targets.

Exploring the commonality of the KEGG pathway in DEGs of ASD 
and HD carriers will help to understand the mechanisms of nervous 
system abnormalities caused by DEGs. By KEGG pathway enrichment 
analysis, two pathways shared in DEGs of ASD and HD carriers were 
identified: neuroactive ligand-receptor interaction (hsa04080) and 
signaling pathways regulating pluripotency of stem cells (hsa04550). In 
the neuroactive ligand-receptor interaction pathway， FPRL, P2RY, 
GRIN, and GRI were contained by both homologous genes of ASD and 
HD carriers. In the signaling pathways regulating pluripotency of stem 
cells, Activin, Wnt, Frizzled, and ID were contained by both homologous 
genes of ASD and HD carriers. The homologous gene FPRL includes 
FPR1 (formyl peptide receptor 1), FPR2 (formyl peptide receptor 2) and 
other genes. The pathways enriched by FPR1 in the Kegg database are 
related to the immune system, and some studies have proved the role of 
FPR1 in immunity (Osei-Owusu et al., 2019; Vacchelli et al., 2020). 
FPR2 responds to infection by immune cells and suppresses the immune 
system under certain conditions (Braun et al., 2001; Zhang et al., 2019). 
The homologous gene P2RY includes P2RY1 (Purinergic Receptor 
P2Y1), P2RY8 (P2Y Receptor Family Member 8) and other genes, 
belonging to the G protein coupled receptor family. P2RY1 receptors are 
oncogenic through the activation of ERK signaling (Hua et al., 2023). 
P2RY8 is aberrantly expressed in diseases such as B-lymphocytic leu
kemia (Fang et al., 2022). The homologous gene GRI contains the GRIN 
family of genes. GRIN includes GRIN2C (Glutamate Ionotropic Receptor 
NMDA Type Subunit 2 C) and GRIN3B (Glutamate Ionotropic Receptor 
NMDA Type Subunit 3B), which belongs to the N-methyl-D-aspartate 
(NMDA) receptor. Variations in this gene are thought to be associated 
with schizophrenia (Hornig et al., 2017). Activin refers to activin, which 
contains genes such as INHBB (Inhibin Subunit Beta B) and INHBC 
(Inhibin Subunit Beta B). Wnt Family contains WNT6 (Wnt Family 
Member 6), WNT16 (Wnt Family Member 16), WNT7B (Wnt Family 
Member 7B) and other genes. These proteins are involved in several 
processes of tumorigenesis (Wang et al., 2019). Frizzled is a family of G 
protein-coupled receptor proteins that can act as receptors in the Wnt 
signaling pathway and other signaling pathways. The Frizzled family 
contains genes such as FZD2 (Frizzled Class Receptor 2) (Malbon, 2004). 
The ID family contains ID3 (Inhibitor Of DNA Binding 3), ID4 (Inhibitor 
Of DNA Binding 4) and other genes. ID proteins have been implicated in 

regulating gene expression and cell cycle progression. ID3 is known to be 
a tumor promoter; in contrast, ID4 has become a tumor suppressor 
(Sharma et al., 2015). Among the eight homologous genes, only FPR2, 
the gene contained in FPRL, has been implicated in immunity. FPR2 is 
one of the subtypes of formyl peptide receptors (He et al., 2013). Novel 
FPR2 agonists are protective in behavioral, anti-inflammatory, and 
neurological aspects (Cristiano et al., 2022). Clarifying the mechanism 
of the role of FPR2 in ASD and HD will contribute to the in-depth study 
of related pathways.

Exploring the genes interaction network of DEGs in ASD and HD 
carriers can help understand the combined mechanism of multiple 
genes. Genes interaction network identified ten hub genes and one sig
nificant gene clustering module in ASD. Similarly, we identified ten hub 
genes and one significant gene clustering module in HD. SLC7A2, NFE2, 
EMP3, and MSX1 were shared hub genes for both diseases, and they all 
play essential roles in the immune system. SLC7A2 from the solute 
carrier family mediates the immunopathogenesis of adherence and the 
killing of bacteria (Singh et al., 2016). SLC7A2 drugs up-regulate CXCL1 
through the PI3K/Akt/NF-k kappa B pathway to recruit myeloid-derived 
suppressor cells (MDSCs) and exert tumor immunosuppressive effects 
(Xia et al., 2021). SLC7A2 may act as a tumor suppressor to regulate 
drug sensitivity, immune infiltration, and survival in non-small-cell lung 
cancer (Jiang et al., 2023). NFE2 plays a role in the Parkinson disease 
pathway (hsa05012) involved in neurodegenerative diseases. NFE2 is 
involved in hematopoietic functions of immunity, as well as transcrip
tional regulation (Wang et al., 2023). In identifying the potential 
immune/diagnostic gene-immune cell subtype network in the extracel
lular immune response to respiratory syncytial virus infection, NFE2 was 
identified as a gene related to diagnostic immunity (Wang and Liu, 
2022). NFE2 regulates tumor immunity and affects immunotherapy, 
which is expected to become a marker of immunotherapy (Feng et al., 
2023). Epithelial membrane protein 3 (EMP3) plays a crucial role in the 
immune regulation of glioblastoma (Chen et al., 2021). EMP3 may also 
be a candidate biomarker for renal clear cell carcinoma associated with 
immune infiltration (Lv et al., 2021). EMP3 plays a vital role in the 
TGF-beta signaling pathway (hsa04350). MSX1 is an essential compo
nent of RLR-mediated signaling and plays a role in innate immunity to 
RNA viruses (Chen et al., 2016). MSX1 plays an essential role in cleft lip 
and cleft palate (hsa00516). The above studies show that SLC7A2, NFE2, 
EMP3, and MSX1 are inextricably linked to immunity.

Immunity is one of the common links between neurodegenerative 
and neuropsychiatric diseases (Novellino et al., 2020). The view of 
neural-immune interactions suggests that immunity is involved in the 
response in the nervous system (Schiller et al., 2021). Exploring the 
immunological commonalities between the two diseases can further 
elucidate the pathogenesis of the diseases. Immunity is one of the keys to 
the pathogenesis of ASD (Tomaiuolo et al., 2023). Transcriptome anal
ysis revealed dysregulation of immune response genes and neuronal 
activity-dependent genes in ASD (Gupta et al., 2014a). The whole-blood 
RNA-Seq transcriptomics analysis of HD showed that the transcription of 
peripheral cells in HD was disrupted. The mechanism was similar to that 
in the brain. Upregulation of immune-related genes in HD was also 
found (Moss et al., 2017). Some immune-related genes were found to 
play essential roles in ASD and HD. Common genetic variants identified 
in HLA and KIR immune genes in ASD (Torres et al., 2016). Toll-like 
receptors (TLRS) are central players in the innate immune response. 
They are expressed in glial cells and neurons. Their excessive activation 
produces proinflammatory molecules, neuroinflammation, and nerve 
damage associated with HD (Martinez-Gopar et al., 2023). Exploring the 
transcriptional commonalities between ASD and HD from the immune 
perspective will help study the neuro-immune interaction mechanism of 
these diseases.

This study also contains some limitations: Our study did not compare 
brain transcriptional changes in patients at different ages, for example, 
patients’ brain transcriptional changes during adolescence and adult
hood. The reason for this is that post-mortem brain samples are valuable 
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and scarce resources, and conducting longitudinal autopsy studies re
quires sustained financial support and a long timeframe. In general, 
longitudinal autopsy studies span a period of approximately 20–30 
years, beginning with the assessment and continuing until the subject’s 
death (Harrison, 2011; McCullumsmith and Meador-Woodruff, 2011). 
The data used in this study do not fulfill the conditions for a longitudinal 
study. Therefore, this study failed to reflect brain transcriptional 
changes in patients of different ages.

In our study, although hub genes shared with ASD and HD were 
explored and potentially involved in immunity, the underlying molec
ular mechanisms have not been fully elucidated. In the future, we will 
further validate the role of the above hub genes in ASD and HD through 
biological experiments and other methods.

5. Conclusions

In this study, we performed transcriptomic analysis based on RNA- 
seq data from the GEO database of the prefrontal cortex to explore the 
DEGs and KEGG pathways shared by ASD and HD. Most DEGs of ASD 
carriers were up-regulated (822 of 835), and most DEGs of HD carriers 
were down-regulated (602 of 919). A total of 63 DEGs were shared by 
the two diseases. Among them, three of seven protein-coding genes 
(GPR183, CEACAM8, and MUC6) with same regulatory trend were 
related to immunity. Two KEGG pathways (neuroactive ligand-receptor 
interaction (hsa04080) and signaling pathways regulating pluripotency 
of stem cells (hsa04550)) were simultaneously enriched in both diseases. 
In addition, we identified four hub genes (SLC7A2, NFE2, EMP3, and 
MSX1) that play key roles in two diseases through gene interaction 
network analysis, and all of them are immune-related. In conclusion, 
ASD and HD have commonalities in gene expression of prefrontal lobe, 
and these commonalities may result in similar disease phenotypes 
through immune ways. Exploring the commonalities between the two 
diseases from an immune perspective will bring new clues to the field of 
basic pathological research and clinical diagnosis of neuropsychiatric 
diseases.
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