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Analysis of different expression RNA

binding protein genes in mouse microglia
cell from the brains of mice 72 h after
subarachnoid hemorrhage or sham operation
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Abstract

Background The prognosis of brain injury caused by subarachnoid hemorrhage (SAH) is poor. Previous studies
showed that abnormal function of RBPs might be involved in brain injury, neuroinflammation and further affect
microglia homeostasis. However, no studies have systematically analyzed the genome-wide abnormal expression of
RBPs genes in microglia during SAH.

Methods RNA-seq data of microglia from the SAH mouse group (SAH) and control sham-operated mouse group
(sham) were downloaded from the GEO database in GSE167957, including four samples from the sham group and
four samples from the SAH group for subsequent analysis.Utilizing GO and KEGG functional enrichment analyses,

we conducted a comprehensive study of differentially expressed genes (DEGs), alternative splicing patterns, and
co-expression networks to gain deeper insights into the differential expression of RNA-binding proteins (RBPs) and
differential alternative splicing events (ASEs) between the SAH (subarachnoid hemorrhage) and sham groups. This
analysis aimed to elucidate the potential mechanisms underlying the aberrant expression of RBPs in microglia during
brain injury caused by SAH.

Results ASEs and co-expression analyses of differentially expressed RBPs and differential ASEs were carried out

in microglia in terms of gene expression. GO and KEGG functional enrichment analysis showed that aberrantly
expressed RBPs such as Mcm?7, Mtdh, SRSF3, and Hnrnpa2b1 may affect and regulate downstream Csnk1d, Uckl1 and
other protein phosphorylation-related genes by alterative splicing.

Conclusion RBPs were aberrantly expressed in microglia during the development of brain injury secondary to SAH,
regulating alterative splicing of downstream genes and influencing the progression of SAH brain injury in this study.
This implies that RBPs are important for the identification of new therapeutic targets for brain injury after SAH.
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Introduction

Subarachnoid hemorrhage (SAH) is main cause of rup-
tured intracranial aneurysms (IAs) which is the subtype
of stroke, with high rate of morbidity and mortality [1].
Early brain injury (EBI) usually occurred after the bleed-
ing at the first 72 h which was considered as the patho-
physiological mechanism of delay brain ischemia and
poor outcome [2]. It is still challenge to stable unrup-
tured IAs to prevent SAH by exploring new methods.
Therefore, it is necessary to clarify the mechanisms of
EBI to interfere this model and to further improve the
prognosis.

Neuroinflammation is one of most important mecha-
nism involved in EBI after SAH, and microglia, as immu-
nocyte in the central nervous system (CNS), is a key
point to attend neuroinflammation [3]. Because of the
discrepancy and functional complex of microglia, its
detail mechanisms and potential functions are unclear [4,
5].

RBPs are commonly regarded as proteins that bind
RNA via one or more globular RNA-binding domains
(RBDs), and regulate gene expression and protein func-
tion [6]. Zhu et al [7] found that RBM3 had promoted
neurogenesis after hypoxic-ischemic brain injury. Shen
et al [8] reported that RBPs fox-1 homolog 1 (Rbfox-
1) had contributed to protect brain injury secondary to
intracerebral hemorrhage (ICH) through blocking micro-
RNA-124. Therefore, RBPs with abnormal expression
or function deficiency always leads to kinds of disease
occurrence and development [9, 10]. Alterative splicing
events (ASE) of precursor mRNA (pre-mRNA) are the
source of protein diversity, which are associated with the
brain development and disease progression [11, 12]. Pre-
vious study found that RBPs participate in regulation of
ASEs to maintain microglia homeostasis in neuroinflam-
mation [13-15].

In summary, RBPs abnormal expression is associated
with EBI, neuroinflammation, or microglia. In addition,
RBPs regulate ASEs through binding RNA, and further
affect downstream ASEs abnormal expression, eventu-
ally maintain microglia homeostasis. However, there is
no systematic analysis RBPs abnormal and ASEs expres-
sion pertaining to microglia in genome-wide of SAH-EBL
This study aims to review microglia RNA-seq in mice
with respect to SAH and Sham group through download-
ing GSE167957 date packet, including four SAH samples
and four Sham samples separately to clarify potential
mechanism of RBPs abnormal expression of microglia in
EBI secondary to SAH.

Materials and methods

Retrieval and process of public data

From the Sequence Read Archive (SRA), we down-
loaded Public sequence data files. The SRA Run files
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were transformed into the fastq format using the NCBI
SRA Tool fastq-dump. After that, low-quality bases were
filtered out of the raw reads using the FASTX-Toolkit
(v.0.0.13; http://hannonlab.cshl.edu/fastx_toolkit/).
Finally, we used FastQC (http://www.bioinformatics.
babraham.ac.uk/projects/fastqc) to evaluate the clean
reads’ quality.

Analysis of differentially expressed genes (DEG) and read
alignment

HISAT?2 was used to map clean readings to the human
GRch38 genome [16]. For further analysis, only reads
that were uniquely mapped were taken into account.
For each gene, the read count and reads per kilobase of
exon per million fragments mapped (RPKM) were cal-
culated.Using RPKM, the expression levels of the genes
were assessed.For performing the analysis of differential
gene expression, the software DEseq2 is opted [17]. The
scaling factor will be used by DEseq2 to represent the
original reads and explain the variation in library depth.
In DESeq2, the scaling factor is often calculated using
a method called “median of ratios” This method first
computes the median read count for each gene across
all samples, then calculates the geometric mean of these
medians (also referred to as the “size factor”). The esti-
mation of gene dispersion is then started by DEseq2
after that, which is further refined to generate improved
dispersion estimates for more precise modeling of read
counts. Finally, DEseq2 does hypothesis testing using
the Wald test or likelihood ratio test and fits the model
of negative binomial distribution.The results of the anal-
ysis can be used to determine if a gene is differentially
expressed using fold change (FC) and false discovery rate
(FDR), and DEseq2 can be used to investigate the dif-
ferential expression between two or more samples. To
perform FDR (False Discovery Rate) correction, using
method is the Benjamini-Hochberg (B-H) procedure. FC:
fold change, the absolute ratio of expression change, is a
crucial metric.FDR stands for false discovery rate.The fol-
lowing criteria were used to determine whether a differ-
ence was significant: FC 2 or 1/2, FDR 0.05;

Identification of RBPs with differential expression

The analysis of differential gene expression was con-
ducted using DEseq2 [17], a software program designed
specifically for this purpose. Using this software, dif-
ferentially expressed genes (DEGs) were searched for
in the raw count data.To ascertain whether a gene was
expressed differently, the findings were evaluated using
the fold change (FC 2 or 1/2) and false discovery rate
(FDR 0.05).Using a database of 1,914 RBPs compiled
from two prior reports [6],all differentially expressed
genes (DEGs) were stripped of the RNA binding proteins
(RBPs) expression profile.
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Analysis of alternative splicing

As previously mentioned, the ABLas pipeline was used
to identify and measure the alternative splicing events
(ASEs) and regulated alternative splicing events (RASEs)
that took place between the samples [18, 19]. We summa-
rize ten common ASEs types based on general knowledge
of biology and transcriptomics, AS well as reference to
the use of AS mentioned in other articles.Briefly, ABLas
detected ten types of alternative splicing events (ASEs)
by analyzing splice junction reads. These included alter-
native site (A5SS), exon skipping (ES), mutually exclusive
exons (MXE), alternative site (A3SS), mutually exclu-
sivepMXE), mutually exclusivepMXE), cassette exon,
A5SS&ES, and A3SS&ES.

Co-expression analysis

All differentially expressed RBP and RASE underwent
co-expression analysis.We computed the Pearson cor-
relation ratio between RNA alternative splicing events
(RASEs) and differentially expressed RNA-binding pro-
teins (DERBPs). We then filtered out DERBP-RASE pairs
that have a correlation factor in the absolute sense.

of 0.8 or higher and a P value of 0.01 or lower.

Analysis of functional enrichment
KOBAS 2.0 was used to find KEGG pathways and Gene
Ontology (GO) keywords [20]. The enrichment of each
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phrase was determined using the hypergeometric test
and the Benjamini-Hochberg FDR controlling technique.

Other statistical analysis

Through Principal Component Analysis (PCA) in R,
samples were clustered using the first two components.
This analysis was performed using the factoextra pack-
age (https://cloud.r-project.org/package=factoextra).
Additionally, clustering based on Euclidean distance was
carried out using the heatmap package (https://cran.r-
project.org/web/packages/pheatmap/index.html) in R.

Results

Analysis of gene expression profile of microglia from
mouse with SAH

There was difference in gene expression between SAH
and Sham based on four SAH and four Sham cluster-
ing analysis (Fig. 1A). And gene differential expression
analysis showed that there were 1198 differential expres-
sion genes, including 879 genes upregulation, 319 genes
downregulation, between SAH and Sham group, which
indicated microglial gene abnormal expression (Fig. 1B).
According to these differentially expression gene per-
formed by cluster analysis, SAH and Sham were clas-
sified into two groups, and which further revealed gene
abnormal expression in microglia of SAH (Fig. 1C). GO
pathway analysis of abnormal expression gene in SAH,
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Fig. 1 RNA-seganalysisofdifferentiallyexpressedgenes(DEGs)betweenSAHandSham samples (A) Heat map showing the clustering of the 8 samples by
calculating the Pearson’s correlation. Coefficient susing gene expression (B) Bar plot showing the number of differentially expressed genes in SAN versus
Sham group (C) Hierarchi calclustering heat map showing the expression pattern of DEGs among the samples (D) Bar plot showing most enriched GO
biological processes of up-regulated genes (E) Bar plot showing most enriched GO biological processes of down-regulated genes
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significant upregulation genes concentrated on top ten
immune inflammation signaling pathways according to
p value (Fig. 1D), while downregulation genes concen-
trated on top ten signaling pathways in terms of nega-
tive Transcriptional Regulation by RNA Polymerase II
and Enhanced Control of Cellular Migration translation
according to p value (Fig. 1E). Further KEGG pathway
analysis of abnormal expression gene in SAH, significant
upregulation genes concentrated on top ten immune
inflammation signaling pathways according to p value
(Fig.S1A), while downregulation genes concentrated on
top ten signaling pathways according to p value (Fig.S1B).

The ASEs in microglia from mouse with SAH

ASEs were done through clustering analysis on the basis
of four SAH RNA-seq and four Sham RNA-seq. It could
be seen that 4 SAH samples were clustered together,
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while 4 sham samples were clustered another, indicat-
ing that there were differences in the ASEs of the over-
all genes in SAH and sham (Fig. 2A). The T-test method
was used to compare the ratio value of the same splicing
event in the ASEs level changes between two samples,
and the significant difference of ASEs event screening
criterion was p-value<0.05, The results showed that a
large number of A3SS and other ASEs were confirmed
(Fig. 2B). Based on the PSI value of these splicing events
in differential each sample further, the cluster analysis of
the samples was carried out. It could be found that the
samples in the SAH and sham groups were clustered into
two groups also, respectively, indicating that many ASEs
in SAH and sham were tremendous difference (Fig. 2C).
To identify the potential functions of these differen-
tially AS events, further GO and KEGG analyses were
performed when differentially AS events were extracted.
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Fig. 2 Subarachnoid hemorrhages'aberrant alternative splicing events being identified (A) PCA based on ratio values of all regulated alternative splicing
events (RASEs). The ellipse for each group is the confidence ellipse. (B) The bar plot showing the number of all RASEs. X-axis: RASE number. Y-axis: the
different types of AS events. (C) Heat map of all major RASEs based on a hierarchical grouping of ratio values. All samples that were AS filtered should
have identifiable splice junctions, and at least 80% of those samples should have at least ten reads that support the splice junction. (D) The results of the
regulated alternative splicing genes (RASGs) displayed in the scatter plot were the most enriched GO biological process results. (E) The most enriched

KEGG pathways results of the RASGs were shown on the Scatter plot
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Fig. 3 Co-disturbed network formation between SAH-RAS and RNA-binding proteins (RBP). (A) Venn diagram shows the intersection of differentially
expressed genes with RNA binding proteins (DE RBPs). (B) Heatmap shows the top10 DE RBPs genes in samples. RBPs were filtered by which FPKM > =1
in 80% samples. The z-score color range is indicated by the blue to red color key. (C) The scatter figure displays the number of co-expressed DERBP in B
and RASEs by SAH in comparison to Sham samples. (D) The most enriched GO biological processes of RASGs co-disturbed with top10 DE RBPs. (E) The co-
deregulation of alternative splicing network between top hub RBPs (the left most part, And the number of connections was indicated by the size of the
circle) and RASs (the left-center portion). Co-disturbed RASGs'top enriched GO biological process was highlighted in orange in the middle right portion
of the image (rightmost portion). (F) The network shows phosphorylation term deregulated by RBPs. (G) Box plots shows the expression status of RBP
(Mtdh and Mcm?7 in the top panel) and splicing ratio profile of RASG in (F), showed in bottom panel

The results of GO analysis showed that among the signal
pathways enriched in genes where differential AS events
were located in SAH and sham groups, the top 10 path-
ways according to p value included translation, RNA
splicing, mRNA processing, and RNA polymerase II on
transcription. Positive regulation, spliceosome-depen-
dent mRNA splicing, mRNA export from the nucleus,
chromatin organization, protein trafficking, DNA tem-
plated positive regulation of transcription and mRNA
trafficking (Fig. 2D). While KEGG analysis showed that
top 10 pathways according to p value included ribo-
some, mTOR signaling pathway, spliceosome, viral car-
cinogenesis, endocytosis Effects, rheumatoid arthritis,
lysine degradation, metabolism of organic selenium com-
pounds, cysteine and methionine metabolism, ferroptosis
(Fig. 2E).

Further study of differently alternatively spliced genes
(RASGs) and differentially expressed genes (DEGs)
between sham and SAH groups revealed that gene
expression and ASEs of 72 genes differed between SAH
and sham groups. (Fig. S2A). The changed gene expres-
sion and AS were extracted, and then GO and KEGG
analysis were performed. GO analysis showed that these
genes were mainly enriched in the process of the immune
system, innate immune response, Cell differentiation,
transcriptional control via RNA polymerase II, and signal
transduction (Fig. S2B). GO analysis showed that these
genes were mainly enriched in pyruvate metabolism, car-
bon metabolism, metabolism of cysteine and methionine,
glycolysis and glycogenesis, central carbon metabolism
in cancer, PPAR signaling pathway, glucagon Signaling
pathways, purine metabolism, asthma, hepatitis C (Fig.
S2C). As a consequence, ASEs may affect neuroinflam-
mation and microglial function [21].

Co-expression analysis of differentially RBPs and
differentially ASEs in microglia

Owing to the functions of RBPs in ASEs regulation, 99
RBPs were aberrantly expressed in SAH group microg-
lia by intersecting genes that are differently expressed in
the SAH and sham groups with the reported genes for
potential human RBPs (Fig. 3A), and might lead to abnor-
mal function of these RBPs in microglia which in turn
affected the ASEs of downstream target genes. Accord-
ing to the above 99 RBPs expression (FPKM) changes and
Ratio value between FPKM and differential ASEs in SAH

and sham groups, co-expression analysis was performed
in all samples. and it was found that RBPs, such as Mcm?7,
might regulate multiple differential ASEs (Fig. 3B).

By extracting the top 10 RBPs with co-expression dif-
ferential ASEs, it was found that these RBPs were abnor-
mally up-regulated or down-regulated in SAH group
compared with sham group, which probably affect and
regulate the ASEs of downstream genes (Fig. 3C). Further
extracting the top 10 RBPs with co-expressed differen-
tial ASEs, the genes where the co-expressing differential
ASEs were further obtained using GO and KEGG func-
tional analysis. GO functional analysis showed that the
genes were mainly enriched in protein transport, chro-
matin organization, phosphorylation, peptidyl-serine
phosphorylation, cell migration, endocytosis, protein
ubiquitination, ubiquitination-dependent protein catab-
olism, and dephosphorylation (Fig. 3D).While KEGG
analysis showed that the genes were mainly enriched in
aldosterone-regulated sodium reabsorption, proteasome,
endocrine resistance, insulin resistance, platinum resis-
tance, organic selenium-containing compound metabo-
lism, metabolic pathways, basal Transcription factors,
viral carcinogenesis, carbon pool composed of folic acid
(Fig. S3). Interaction network was constructed between
differentially expressed RBPs and differentially ASEs,
suggesting that abnormal up- or down-regulation of
expression in these SAH groups would affect the ASEs of
downstream related genes (Fig. 3E).

Previous studies [22, 23] showed that protein phos-
phorylation had an important function in microglia-
mediated neuroinflammation. We further extracted the
splicing events of two protein phosphorylation-related
genes and the co-expressed RBPs, and constructed a co-
expression network (Fig. 3F). It was found that abnor-
mally expressed RBPs, such as Mcm7 and Mtdh, might
regulate the downstream Csnkld, Uckll and other pro-
tein phosphorylation-related ASEs (Fig. 3G).

Co-expression analysis of splicing-regulated RBPs and
differential ASEs in microglia

Given that a large number of abnormally spliced genes
enriched in pathways, such as RNA splicing and mRNA
processing, 173 RBPs with significance changes were
identified in SAH by intersecting the differentially
spliced genes between the SAH and sham groups with
the reported potential human RBPs genes (Fig. 4A),
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which might lead to abnormal function of these RBPs in
microglia, and in turn affected ASEs of downstream tar-
get genes. We further screened these RBPs according to
the different splicing body supporting reads (at least 6
samples greater than 10) and ratio variation (greater than
0.1), and obtained 30 differentially spliced RBPs, which
were significant difference in SAH group compared to
sham group. And the production of abnormal spliceo-
some proteins might lead to the loss of function of RBPs,
which could affect the function of ASEs abnormalities of
downstream genes (Fig. 4B).

Co-expression analysis was performed in PSI value of
these differentially alternatively spliced RBPs and non-
RBPs between SAH and sham group, and the co-expres-
sion differentially ASEs of these RBPs were identified,
respectively. Ranked according to the number of co-
expressed differentially spliced genes of each RBPs, the
top 10 RBPs with co-expressed differentially spliced genes
was extracted, which was performed by GO and KEGG
functional analysis. The results of GO analysis showed
that the co-expressed differentially ASEs were mainly
enriched in the negative regulation of apoptosis, pro-
tein transport, transmembrane transport, phosphoryla-
tion, and the positive regulation of transcription by RNA
polymerase II (Fig. 4C). and KEGG analysis showed that
co-expressed differentially ASEs were mainly enriched
in tuberculosis, Ferroptosis, nucleotide excision repair,
Hedgehog signaling pathway, Notch signaling pathway,
metabolism of amino sugars and nucleotide sugars, and
N-Glycan biosynthesis, pyrimidine metabolism, meta-
bolic pathways, and synaptic vesicle cycling (Fig. S4A).

We found that the potential downstream alternatively
spliced genes regulated by abnormally spliced RBPs
were also enriched in the phosphorylation pathway, and
the interaction network was constructed between dif-
ferentially alternatively spliced RBPs and spliced genes
in phosphorylation pathway (Fig. 4D). which indicated
RBPs with splicing regulation function, such as SRSF3,
Hnrnpa2bl. (Fig. 4E)

Disscusion
In this study, we identified abnormally expressed or
spliced RBPs in the microglia of SAH mice by analyzing
differentially expressed genes and alternatively spliced
genes in the microglia of SAH mice and Sham mice,
and established aberrant expression, respectively. It was
found that the abnormal expression or abnormal splic-
ing of RBPs such as Mcm?7, Mtdh, Srsf3, Hnrnpa2b1l and
other RBPs may be variable by regulating downstream
protein phosphorylation-related genes, such as Csnkld
and Uckll, affecting the occurrence and development of
microglia- mediated neuroinflammation after SAH.

RBPs are proteins that possess the ability to bind RNA
molecules and thereby modulate gene expression and
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function. In the process of RNA transcription, modifica-
tion, transport, translation, and degradation metabolism,
various specific RBPs bind to them for transcriptional
and post-transcriptional regulation. Abnormal expres-
sion or functional of RBPs are involved in the devel-
opment of various diseases, which may be potential
therapeutic targets.

The RBPs have an important function in brain injury.
After hypoxic-ischemic, RBM 3 promotes neurogenesis
through IMP 2-IGF2 signaling pathway in a niche-depen-
dent manner, and inhibited oxygen-glucose deprivation
|/ reoxygenation-induced apoptosis by promoting the
formation of stress granules in PC12 cells and rat pri-
mary cortical neurons [24]. Rbfox1 was involvement in
the expression of CaMKIla secondary to brain injury
induced by cerebral hemorrhage by blocking micro-
RNA-124 [25].

The RBPs also have important function in neuroinflam-
mation. Prdx-1 has reduced ICH-induced brain damage
by targeting the mRNA stability associated with inflam-
mation and apoptosis [26]. The decrease of TIA-1 has
aggravated neuroinflammation in Tauopathy [27]. HuR
also have promoted Th 17 cell differentiation, which
could be targeted to reduce autoimmune neuroinflam-
mation [28]. IMP 2 has driven the stromal-Th 17 cell cir-
cuitry in autoimmune neuroinflammation [29].

RBPs affect brain injury and neuroinflammation devel-
opment by regulating ASEs. and Variable splicing events
of RNA are an important source of protein diversity in
living organisms. RBM-5 attenuates brain damage by
regulating RNA variable splicing [11, 30]. Therefore,
RBPs probably participate in regulating RNA splicing
and affects neuroinflammation. The absence or abnormal
function of RBPs may affect abnormal variable splicing of
genes involved in neuroinflammation in the human brain
group of Huntington disease, and RBPs are involved in
the regulation of RNA variable splicing factor affecting
the function of microglia. It is now recognized that ASEs
abnormalities of RNA may affect brain development and
the development of brain diseases.

This study discovered that the abnormal expression or
abnormal splicing of RBPs such as Mcm?7, Mtdh, Srsf3,
Hnrnpa2bl may be variable by regulating downstream
protein phosphorylation-related genes, such as Csnkld
and Uckll, affecting the occurrence and development of
microglia-mediated neuroinflammation after SAH. How-
ever, the present study is limited to the absence of experi-
mental evidence.

The utilization of Mcm?7 proliferation index presents a
more effective approach for identifying patients at risk of
recurrence when compared to the conventional methods
currently employed in clinical practice. This suggests that
incorporating Mcm?7 into diagnostic procedures has the
potential to enhance the accuracy of prognosis prediction
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Fig. 4 Correlation analysis of RNA binding proteins (RBPs) with alternative splicing and differential alternative splicing of non-RBPs. (A) RBP and RASG's
overlap is depicted in a venn diagram. (B) The RBPs were extracted from Fig. 4A, and 80% of the samples should contain at least 10 readings that support
splice junctions. and the average difference between Normal and Patient groups>=0.15 Heatmap shows the RBP of the screened differential alterna-
tive splicing based on splicing ratio. (C) The RBP of the screened differential alternative splicing and the of non-RBP were analyzed for co expression, and
the top 10 RBPs with the largest number of co expression were screened. Bar plot shows the most enriched GO biological process results of top10RBP
regulated of non-RBP. (D) The network diagram shows the RBP of the screened differential alternative splicing regulated of non-RBP. (E) The transcripts
for the gene are displayed below, and IGV-sashimi graphs demonstrate AS variations in SAH and Sham. The architecture of ASEs are shown schemati-
cally (right, top). Alternative exons are shown by blue boxes, constitutive exon sequences by white boxes, and intron sequences by horizontal lines.
At the bottom of the right panel, the quantification of ASEs by RNA-seq is displayed. The formula alternative splice junction reads / (alternative splice
junction reads+model splice junction reads) was used to determine the changing ratio of AS events in RNA-seq. Error bars represent mean = SEM. ***P-

value <0.001, ** P-value <0.01, * P-value < 0.05

and treatment decision-making for meningioma patients
[31]. Moreover, by directly targeting Mtdh, miR-30b-5p
has a direct impact on glioma cell proliferation, high-
lighting its potential as a promising therapeutic target for
treating glioma [32].

The smallest member of the SR protein family is called
Ser/Arg-rich splicing factor 3 (SRSF3), is expressed
abnormally in cancer cells and is regulated by a variety
of variables and intricate mechanisms in eukaryotic cells.
We place great importance on highlighting the detrimen-
tal effects of the increased expression of the SRSF3 onco-
gene in cancer development. Additionally, we delve into
the mechanisms by which SRSF3 promotes the trans-
formation of cells, as well as the potential implications
of lowering SRSF3 expression as a strategy for develop-
ing anticancer drugs. The accumulation of research on
SRSF3 has provided invaluable knowledge regarding its
crucial role in sustaining biological functions, providing
fresh targets for possible cancer treatments [33].

It should be emphasized that the presence and quan-
tities of Hnrnpa2bl have been found to be linked to
cancer-associated fibroblasts in various types of cancers,
including LUAD, adrenocortical carcinoma, and stomach
adenocarcinoma. Furthermore, Hnrnpa2bl actively par-
ticipates in pathways related to spliceosome regulation
and cell cycle control. And last, for diseases including
lung squamous cell carcinoma, LUAD, esophageal carci-
noma, breast invasive carcinoma, and liver hepatocellular
carcinoma, Hnrnpa2b1 has a very high diagnostic impor-
tance.This thorough research highlighted the importance
of Hnrnpa2bl in the development of several cancer types
[34].

In all, the findings of RBPs, including Mcm7, Mtdh,
Srsf3, Hnrnpa2bl, may provide clues or further verifica-
tion and revealing of the microglial cell-mediated neuro-
inflammation function and mechanism of RBPs in SAH,
and are of great significance for the identification of new
therapeutic targets for brain injury after SAH. Future
research could reveal the pathophysiology of SAH-EBI to
improve patient outcomes.

In the future, we will do specific experiments or stud-
ies that could address the current study’s limitations.
We will increase the sample size to confirm this result.

Through in vivo drug interventions, we will evaluate the
therapeutic effect of targeting specific RBPs for the treat-
ment of SAH. Utilizing cell models, we will delve into the
functions of RBPs in SAH-related cellular signaling path-
ways.By employing techniques such as RNA interference
(RNAI) or CRISPR-Cas9, we will specifically regulate the
expression of RBPs and observe their impact on cellular
functions.Combining clinical data, we will evaluate the
potential application value of therapeutic strategies tar-
geting RBPs in SAH patients.

Conclusions

RBPs were aberrantly expressed in microglia during the
development of brain injury secondary to SAH, regulat-
ing alterative splicing of downstream genes and influ-
encing the progression of SAH brain injury. This implies
that RBPs are important for the identification of new
therapeutic targets for brain injury after SAH.After con-
ducting this investigation, we think we have identified a
more reliable marker for brain damage to SAH formation
than previous reports.If we verify the glial cell-mediated
neuroinflammatory function and mechanism of RBPs in
SHA, it is expected to be treated.

Limitations

The current study lacks experimental validation in mech-
anistic studies, which are crucial for understanding the
underlying biological processes and molecular interac-
tions. Without such validation, the conclusions drawn
from the study may be limited in their generalizabil-
ity and reliability. The study focuses on the role of RBP
(RNA-binding protein) in aSAH (aneurysmal subarach-
noid hemorrhage), but the specificity of RBP’s function in
this context has not been thoroughly investigated. There
may be other factors or pathways that contribute to the
observed effects, and thus, the attribution of causality to
RBP alone may be premature.The use of only 4 mice in
the study is a significant limitation. The small sample size
may not provide sufficient statistical power to detect sub-
tle yet important differences or to generalize the findings
to a larger population. A larger sample size would likely
increase the robustness and reproducibility of the results.
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