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Abstract

Introduction Hypertensive intracerebral hemorrhage (HICH) stands out as a critical complication of primary hyper-
tension. Consequently, investigating messenger RNA (mMRNA) biomarkers becomes imperative, offering potential
targets. This study is conducted for elucidating the expression profile of blood mRNA biomarkers in HICH.

Methods Twenty-five HICH patients were constituted the HICH group.Twenty-two healthy volunteers recruited
and comprised the control group. Peripheral blood cells were extracted to identify candidate mRNA. The identi-
fied differential expressions of genes between the two groups were validated, and the potential associations
between these differentially expressed genes and adverse events were analyzed. GO and KEGG enrichment

of DEGs, Weighted Gene Co-expression Network and Protein Interaction Network were established. target mRNA
was screened.

Results The study identified 3163 differentially expressed genes in HICH. 8 candidate mRNA (SPI1, HK3, HCK, SYK,
CD14, FCER1G, CYBB, FGR) were pinpointed. Associations with pathways affecting HICH development included HIF-1
signaling, NF-kappa B signaling, and C-type lectin receptor signaling. In the HICH group, higher expressions of HK3,
HCK, SYK, CD14, FCER1G, CYBB, and FGR, and lower SPI1 expression compared to the control group. HICH patients
experienced high rates of complications: pulmonary infection (84%), epilepsy (16%), enlarged hematoma (20%), gas-
trointestinal bleeding (48%), malnutrition (84%), and lower limb deep vein thrombosis (DVT) (12%,. Factors contribut-
ing to pulmonary infection included age and elevated expression of HCK, SYK, CD14, and FGR. SPI1 was associated
with epilepsy, while its lower expression correlated with hematoma enlargement. Gastrointestinal bleeding was linked
to increased cerebral hemorrhage. Malnutrition was associated with higher age, and expressions of HK3, HCK, SYK,
CD14, FCER1G, CYBB, and FGR. Patients with lower limb DVT had elevated expressions of the identified genes.

Conclusion In hypertensive intracerebral hemorrhage, there are elevated expressions of HK3, HCK, SYK, CD14,
FCER1G, CYBB, and FGR, along with reduced expression of SPI1. Furthermore, age, along with elevated expressions
of HCK, SYK, CD14, and FGR, serves as influencing factors contributing to pulmonary infection in patients.
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Introduction

Seventy-five percent of patients with acute cerebral
hemorrhage have hypertension [1]. Hypertensive intrac-
erebral hemorrhage (HICH) is one of the most criti-
cal complications of primary hypertension, with a high
mortality and disability rate [2]. Patients with cerebral
hemorrhage usually have extremely poor prognosis and
limited treatment options. The direct occupation and
compression of hematoma after bleeding are the causes
of mechanical damage to brain tissue, and excessive acti-
vation of inflammation, cell apoptosis, autophagy, and
other factors in the brain tissue surrounding the hema-
toma are important reasons for secondary damage to
brain tissue [3]. The neurological dysfunction of patients
with cerebral hemorrhage is mainly caused by the degen-
eration, necrosis, or apoptosis of nerve cells around the
hematoma, and these pathological processes are closely
related to gene expression and regulation [4]. Research
has shown that biomarkers can predict the development
and prognosis of cerebrovascular diseases and play a cru-
cial mediating role in the prognosis of neuronal damage,
brain edema, and neurological function [5]. However, its
specific mechanism is still not very clear. Therefore, it is
necessary to further clarify the molecular mechanisms
underlying the occurrence and development of cerebral
hemorrhage, and search for potential molecular thera-
peutic targets and diagnostic markers for early screening.

Recently, researchers have used gene chip technology
to analyze genes in patients with cerebral hemorrhage
and hypertension and obtained 340 differential genes
(DEGs) [6]. There have been studies on the gene expres-
sion profile of cerebral hemorrhage. Through microarray
analysis, 399 DEGs were obtained between the surround-
ing tissue of the hematoma and the contralateral gray
matter, and 756 DEGs were identified between the sur-
rounding tissue of the hematoma and the contralateral
white matter. There are a total of 35 common DEGs in
both groups [7]. By using weighted gene co-expression
network analysis, potential gene co-expression mod-
ules were explored for the progression of spontaneously
hypertensive intracerebral hemorrhage in mice, with 554
genes exhibiting abnormal expression [8]. However, there
have been no relevant reports on the altered expression
of messenger ribonucleic acid (mRNA) and its possi-
ble clinical significance in extremely early hypertensive
intracerebral hemorrhage in the basal ganglia region.

In this study, we enrolled peripheral blood samples
from patients with hypertensive intracerebral hemor-
rhage in the basal ganglia region and a healthy control
population and conducted RNAseq analysis. Then, com-
prehensive bioinformatics methods including weighted
gene co-expression network analysis (WGCNA) and
protein interaction database analysis (PPI) were used
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to identify candidate mRNA [9]. Finally, the possible
mechanisms of candidate mRNA expression in the HICH
process were elucidated through Gene Ontology (GO)
terminology, Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway enrichment analysis, and Gene Set
Enrichment Analysis (GSEA) [10-13], and the differen-
tial expressions of genes in patients with hypertensive
intracerebral hemorrhage in the basal ganglia region and
healthy controls were verified, then the possible relation-
ship between differentially expressed genes and adverse
events were analyzed in patients.

Patient selection

Twenty-five emergency surgical patients (9 females and
16 males) diagnosed with HICH in the basal ganglia
region were carefully chosen from the Neurosurgery
Department of the Fifth Affiliated Hospital of Zheng-
zhou University. The HICH group, with an average age of
(69.92 £ 4.56) years old, comprised individuals eligible for
admission if diagnosed with primary basal hemorrhage
(putamen or thalamus) within 6 h of onset, meeting sur-
gical indications regarding the extent of bleeding. Neuro-
surgeons diagnosed HICH based on acute symptoms and
CT brain scans. Approval for this method was granted
by the Ethics Committee of the Fifth Affiliated Hospital
of Zhengzhou University (Approval No. Y2021052), or
written informed consent was obtained from the patient’s
representative. Additionally, 22 healthy volunteers (9
females and 13 males) of comparable age (average age
of (68.86+4.35) years old) were recruited as the control
group during the same period. Exclusion criteria involved
patients with intracerebral hemorrhage secondary to
brain trauma, tumors, vascular malformations, or antico-
agulant use.

Materials and methods

Blood sample collection and cell sample extraction
Patients in the HICH group received peripheral blood
samples before starting treatment after admission,
while healthy controls received peripheral blood sam-
ples the day after inclusion in the study. Blood samples
were taken using blood routine EDTA-K2 anticoagulant
tubes. Extract blood cell samples from blood samples
within 12 h. Step: (1) Add an equal volume of PBS (1x)
to fresh whole blood and mix thoroughly. (2) Slowly
transfer to another centrifuge tube that has already
added peripheral blood lymphocyte separation solu-
tion and keep the above mixture above the lymphocyte
separation liquid level, then place it in TDL_ Centri-
fuge at 2200 g for 30 min at 18 'C in a 5 M centrifuge.
(3) Carefully separate the white blood cell layer using a
pipette, wash the white blood cells with PBS (1x), cen-
trifuge to recover the white blood cells, and discard the
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supernatant. (4) Add 20 times the volume of pre-cooled
TRIzol reagent to the white blood cells, repeatedly blow
the cells until the clumps of cells are not visible, and
the entire solution is in a clear and non-viscous state.
Quickly fix the extracted cell sample in liquid nitrogen
for 20 min and transfer it to a —80° C refrigerator for
storage.

RNA extraction, library construction, and sequencing
Following the manufacturer’s guidelines, total RNA
was extracted using TRIzol reagent kit (Invitrogen).
The RNA’s quality was assessed with the Agilent 2100
biological analyzer (Agilent Technologies, CA, USA),
employing agarose gel electrophoresis without ribo-
nuclease for detection. After extracting total RNA,
oligomeric (DT) beads were used to enrich eukaryotic
mRNAs, and RiboZeroTM magnetic reagent kit (Epi-
Center, WI, USA) was used to remove rRNA to enrich
prokaryotic mRNAs. Subsequently, the concentrated
mRNA fragments underwent conversion into short
sequences using fragment buffer and were reverse
transcribed into cDNAs via random primers. Second-
stranded genes were synthesized using DNA polymer-
ase I, ribonuclease H, dNTP, and buffer. Purification of
DNA fragments ensued using the QiaQuick polymerase
chain reaction kit (Qiagen, Venlo, Holland), with sub-
sequent repair of base ends and connection of Illumina
sequencing connectors. The size of the junction prod-
uct was determined through agarose gel electropho-
resis, followed by amplification of the product using
polymerase chain reaction (PCR) to establish a cDNA
library.

The library was sequenced by Gene Denovo Biotech-
nology Co., Ltd. on the Illumina Sequencing Platform
(Ilumina HiSeqTM 2500) using paired terminal tech-
nology [14]. FastP program was written to select clean
reads by removing low-quality sequences (more than
50% of bases with a mass lower than 20% in a sequence),
read with more than 10% N bases (bases unknown), and
read containing splice sequences. HISAT2 was used for
the alignment of sequence readings and assembly of the
Bactrian camel genome (GOV/GENAME/Term =Came-
lus+Bactrianus) as a reference genome. Then, based
on gene expression information, principal component
analysis was performed using R to calculate the Pearson
correlation coefficient. Then, differential gene expres-
sion analysis was performed using DESeq2 software, and
related pathways were studied using KEGG and GO anal-
ysis. In addition, the string protein interaction database
was used to analyze the interactions and relationships
between proteins of interest. Established a differential
gene protein interaction network.
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Differential expression genes (DEG)

The differential expression between the two groups was
analyzed using DESeq2 software (and analyze the dif-
ferential expression between the two groups of samples
using Edger software) [13]. Genes/transcripts with EDR
parameters less than 0.05 and absolute folding change >2
are considered differentially expressed. Thus, statistically
significant differential genes were identified between the
hypertensive intracerebral hemorrhage group and the
primary hypertension group.

GO and KEGG enrichment analysis of DEGs

GO functional analysis was used for GO functional clas-
sification annotation and enrichment analysis of differen-
tially expressed genes. Map differentially expressed genes
to each term in the GO database (http://www.geneo
ntology.org/) and calculate the number of genes for each
term to obtain a list of genes with a certain GO function
and the number of genes. Then, a hypergeometric test
is applied to search for GO entries that are significantly
enriched in differentially expressed genes compared to
the entire background gene. The p-value calculation for-
mula for this hypothesis test is:

m—1 {M {N_,M}
p=1-y LIl S
= W

Among them, N is the number of genes with GO anno-
tation among all background genes. n is the number of
differentially expressed genes in N. M is the number of
genes annotated as a specific GO term among all back-
ground genes. m is the number of differentially expressed
genes annotated as a specific GO term. After Bonferroni
correction, the calculated p-value is defined as GO terms
that are significantly enriched in differentially expressed
genes, with a corrected p-value<0.05 as the threshold.
The main biological functions exercised by differentially
expressed genes can be determined through GO func-
tional significance enrichment analysis.

KEGG enrichment analysis of core module genes using
the ‘clusterProfiler’ package of R software. Pathway sig-
nificance enrichment analysis used the KEGG pathway as
a unit and used hypergeometric tests to identify pathways
where differentially expressed genes were significantly
enriched compared to background genes. The calcula-
tion formula was the same as the GO analysis. Here N is
the number of genes with Pathway annotations among
all background genes. n is the number of differentially
expressed genes in N. M is the number of genes anno-
tated as a specific pathway among all background genes.
m is the differential expression of the number of specific
Pathway annotation genes. After multiple tests and cor-
rection, Pathways with Q-value<0.05 were defined as
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significantly enriched Pathways in differentially expressed
genes. The Q-value here is the p-value after error detec-
tion rate (EDR) correction.

Analysis of weighted gene co-expression network

R language pack was used for WGCNA algorithm anal-
ysis [15]. A one-step method was used to construct a
weighted gene co-expression network for DEGs. The
optimal soft threshold was obtained by calculating the
Pearson correlation coefficient between genes, i.e. p. The
network closer was made to scale-free networks. Then,
the adjacency matrix was transformed into a topologi-
cal overlap matrix (TOM), and the dissimilarity between
genes was calculated as disTOM=1-TOM to achieve
hierarchical clustering. Finally, dynamic cutting was used
to merge similar modules.

Construction of protein interaction network and screening
of target mRNA

We crossed and intersected the central genes in the key
modules with the differentially expressed genes in the
hypertensive intracerebral hemorrhage group as the tar-
get gene set. We applied the interaction relationships in
the STRING protein interaction database to analyze the
differentially expressed gene protein interaction net-
work. We will import the selected target gene set into
the STRING website and export the PPI network data to
a TSV file. Then we used Cytoscape software to analyze
and visualize the interaction network, identifying the key
genes that play an important role in the PPI network, and
these key genes are the target mRNA we want to screen
[16].

Functional analysis of target mRNA

We conducted GO terminology and KEGG pathway
enrichment analysis on the central genes in the key
modules to identify the pathways in which the central
genes are mainly enriched. Then, we conducted path-
way enrichment analysis on the target mRNA again to
determine the main pathway in which the target gene is
located and further explored the function of the target
gene.

Verification of SPI1, HK3, HCK, SYK, CD14, FCER1G, CYBB,
FGR gene expressions

5 ml of peripheral blood from two groups were taken,
centrifuge at 4000r/min for 8 min, and real-time fluo-
rescence quantitative polymerase chain reaction was
used to measure the expressions of SPI1, HK3, HCK,
SYK, CD14, FCER1G, CYBB, and FGR in the super-
natant. The internal reference was GAPDH, and the
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Table 1 Gene primer information
Genes  Primer sequence Amplification
product length
(bp)
SPI1 Forward: 5-AGCAGATGCACGTCCTCG 237

ATAC-3'
Reverse: 5-TCTTCTTCTTGCTGCCTGTCTC-3"

HK3 Forward: 5-TGGGTGACTCTAACTGGCATTG-3" 228
Reverse: 5-AATGAGGGTGCTCCTGTCCA-3'

HCK Forward: 5-CCGAAGCACCTTCAGCACTCT-3" 135
Reverse: 5'-ATCTCCCAGGCATCTTTCTCC-3'

SYK Forward: 5-GAGCAGGCCATCATCAGTCAG-3" 155
Reverse: 5'-CGGATCAGGAACTTTCCA
TTTGT-3'

Forward: 5'-~AGCCTAGACCTCAGCCAC 105
AACT-3
Reverse: 5'-CCCAGCGAACGACAGATTG-3'

Forward: 5-GCAGTGGTCTTGCTCTTACTC 124
CTTT-3'

Reverse: 5-GACAGTAGAGGAGGGTGA

GGACA-3'

Forward: 5-ATGAGGTGGTGATGTTAG 110
TGGGA-3'
Reverse: 5-TTTGAGCTTCAGATTGGTGGC-3"

FGR Forward: 5-GACCCTGTTCATTGCCCTGTA-3" 2
Reverse: 5-TCTCCCAATCTTTCCAAAGTACC-
3

Forward: 5-GGAAGCTTGTCATCAATGGAA 168
ATC-3
Reverse: 5-TGATGACCCTTTTGGCTCCC-3"

cD14

FCER1G

CYBB

7

GAPDH

primers used are shown in Table 1. ConFig. the reaction
system, perform PCR, and draw dissolution and ampli-
fication curves. Calculate 27 22 €t,

Diagnosis of adverse events in the HICH group

HICH patients receive routine treatment, including
minimally invasive hematoma removal surgery, hypo-
tension, reducing brain edema, nutritional support,
and infection prevention. Adverse events include lung
infection, epilepsy, hematoma enlargement, gastroin-
testinal bleeding, malnutrition, and lower limb DVT.

Statistical analysis

SPSS software (version 26.0) was used for statisti-
cal analysis of the data. The measurement data were
verified to follow a normal distribution using the K-S
method, described as 'x s, and compared between
groups using independent sample t-tests. The counting
data were described as "rate/%” and inter-group com-
parisons were conducted using x 2 tests. Logistic regres-
sion analysis was used to explore the risk factors for
various adverse events in patients. P<0.05 indicated a
statistically significant difference.
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Results

Comparison of baseline features between two groups
There was no statistically significant difference in gen-
der, age, and smoking history between the two groups
(P>0.05). The systolic and diastolic blood pressure in the
HICH group were higher than those in the control group
(P<0.05), as shown in Table 2.

DEGs in peripheral blood of patients with hypertensive
intracerebral hemorrhage and primary hypertension

We detected a total of 19,014 genes in all samples and
conducted RNA differential expression analysis between
two different groups using DESeq2 software (as well as
between two samples using edgeR). Genes with an EDR
parameter below 0.05 and an absolute multiple change
of >2 are considered differentially expressed. Among
the 19014 mRNA detected by us, there were 3163 DEGs
between the HICH group and the hypertension group,
including 1777 upregulated DEGs and 1386 downregu-
lated DEGs. The distribution of DEG was visualized as
a volcanic map and a hierarchical clustering heat map

(Fig. 1).

GO and KEGG analysis of DEGs

We conducted GO and KEGG analysis on all differen-
tially expressed genes. According to GO analysis, DEGs
were mainly involved in the activation of inflammatory
cells and the regulation of immune responses in the BP
term. These genes were mainly enriched in the vesicle
transport, cytoplasmic portion, and endometrial sys-
tem in the CC term, and their MF was concentrated in
protein binding, cytokine receptor activity, and pattern
recognition receptor activity (Fig. 2A). KEGG pathway

Page 5 of 21

analysis showed that these genes were mainly enriched in
the cytokine cytokine receptor interaction, HIF-1 signal-
ing pathway, P53 signaling pathway, and MAPK signaling
pathway (Fig. 2B, C).

Selection of WGCNA and key modules

We selected genes with expression levels greater than 1
from at least half of the samples to establish a gene set
and screened out 11,042 genes. Firstly, we conducted
a hierarchical clustering of all sample processes based
on the expression levels of all genes. Through this hier-
archical clustering, we could check whether there are
outliers in the sample, to analyze the sample situation.
Then, a gene clustering tree was constructed based on
the correlation between gene expression levels, and gene
modules were divided based on the clustering relation-
ship between genes. Genes with similar expression pat-
terns would be grouped into the same module, and the
branches of the clustering tree would be cut and distin-
guished to generate different modules, with each color
representing one module. The gene co-expression net-
work was divided into 11 gene modules of different
colors, with the black module containing a maximum of
2999 genes (Fig. 3).

We used module feature values to perform correlation
analysis with specific trait and phenotype data to iden-
tify the modules that were most relevant to the trait and
phenotype. We selected the module with the highest cor-
relation coefficient GS with HICH, and the darkorange
module with a GS of up to 0.69 as the key module. We
plotted charts to display the GS and MM, network heat-
maps, and expression heatmaps of module genes in dif-
ferent samples in the darkorange module. Among the 559

Table 2 Comparison of baseline characteristics between two groups

Baseline characteristics HICH group (n=25) Control group (n=22) Xt P
Gender([cases (%)]
Male 16(64.00) 13(59.09) 0.119 0.730
Female 9(36.00) 9(40.91)
Age (X £ s, years old) 69.92+4.56 68.86+£4.35 0.810 0422
Smoking history[cases (%)]
Yes 14(56.00) 11(50.00) 0.169 0.681
No 11(44.00) 11(50.00)
Systolic pressures (X £ s, mmHg) 17720+11.08 1025041253 21.698 <0.001
Diastolic pressures (X & s, mmHg) 99.60+12.98 77.50+8.59 6.781 <0.001
Diabetes[cases (%)] 13(52.00) — — —
Hyperlipidemia[cases (%)] 11(44.00) — — —
Coronary heart disease[cases (%)] 3(12.00) — — —
Hypertension course (X % s, years) 11.88+3.06 — — —
Cerebral hemorrhage volume (x £ s, ml) 4792+11.26 — — —
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Fig. 1 There are differential expression of genes (DEG) between hypertensive intracerebral hemorrhage group and primary hypertension

group. A The volcanic map can visually display the differential genes between the comparison groups, with red and yellow dots corresponding
to up-regulated and down-regulated mRNAs, and blue dots indicating no difference. B Perform hierarchical clustering of differential gene
expression patterns and present the clustering results using heat maps. Red represents upregulated genes, while blue represents downregulated
genes. C The radar map shows the top 30 mRNAs with the highest differential expression between the two groups, with yellow and blue circles
representing upregulated and downregulated genes, respectively. The size of the circles varies according to the size of the log2 (FC) value. D The
violin chart displays the data density of differential genes in each sample or group

genes in the darkorange module, 219 central genes with
MM > 0.8, GS>0.5, and K. in > 50 were selected (Fig. 4).

GO and KEGG analysis of central genes

We conducted GO and KEGG analysis on the 219
selected central genes. According to GO analysis, the
DEGs of cerebral hemorrhage and hypertension were
roughly the same. The central genes were also mainly
involved in the activation of inflammatory cells and the
regulation of immune responses in the BP term. These
genes were mainly enriched in the vesicles, cytoplasmic
parts, and endometrial system in the CC term, while MF
was also concentrated in protein-binding Cytokine recep-
tor activity and pattern recognition receptor activity.
KEGG pathway analysis showed that the main pathways

enriched in the central gene include the HIF-1 signaling
pathway, chemokine signaling pathway, and VEGF signal-
ing pathway (Fig. 5).

Determine the target mRNA and PPl Network construction
We crossed and intersected the central genes in the key
modules with the differentially expressed genes in the
hypertensive intracerebral hemorrhage group, resulting
in 169 genes. This gene set was designated as the target
gene set, and we applied the interaction relationships in
the STRING protein interaction database to analyze the
differentially expressed gene protein interaction net-
work. We would import the selected target gene set into
the STRING website and export the PPI network data to
a TSV file. Then we used Cytoscape software to conduct
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Fig. 2 Results of GO terminology of DEG and KEGG pathway enrichment analysis in the study. A The TOP10 items in GO biological process (BP), cell
composition (CC), and molecular function (MF) enrichment analysis are sorted by gene enrichment quantity. B Bubble chart, selecting significantly
enriched Top30 paths based on EDR values. Each bubble represents a path, the size of the bubble represents the number of genes contained

in the path, and the color of the bubble represents the significance of the enrichment of the path. C Enriched bubble chart, different colors

represent different KEGG A class classifications

statistical analysis on the PPI network, screening out the
genes that play the main role in the nodes at key hubs
in the network and selecting them as our target genes.
Finally, we selected 8 target mRNA (SPI1, HK3, HCK,
SYK, CD14, FCER1G, CYBB, FGR) (Fig. 6).

Expression distribution and functional analysis of target
genes

To specifically investigate the function of the target
mRNA, we conducted a KEGG analysis on the target

gene. KEGG analysis showed that SYK and FCER1G
mainly participate in the C-type lectin receptor sign-
aling pathway and Fc epsilon RI signaling pathway,
CYBB, and HK3 mainly participate in the HIF-1 signal-
ing pathway, FGR and CD14 mainly participate in the
chemokine signaling pathway and NF kappa B signaling
pathway (Fig. 7). The C-type lectin receptor signaling
pathway, Fc epsilon RI signaling pathway, chemokine
signaling pathway, and NF kappa B signaling pathway
are signaling pathways related to immune inflammatory
response.
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Fig. 3 Construction of Co-expression Network through Weighted Gene Co-expression Network Analysis (WGCNA). A Construct gene clustering
based on the correlation between gene expression. Each color represents a module, while gray represents genes that cannot be classified into any
module. B Divide modules based on clustering results. Merge dynamics is the division of modules with similar expression patterns based on their
similarity, and subsequent analysis is carried out based on the merged modules. Regarding tree graphs, vertical distance represents the distance
between two nodes (genes), while horizontal distance is meaningless. C The classification of 11 modules and the number of genes in the modules

Comparison of SPI1, HK3, HCK, SYK, CD14, FCER1G, CYBB
and FGR expressions between the two groups

The SPI1, HK3, HCK, SYK, CD14, FCER1G, CYBB and
FGR expressions in HICH group were higher than those
in the control group (P<0.05), of which SPI1 expression
was lower than the control group (P<0.05), as shown in
Table 3 and Fig. 8.

Analysis of the relationships between adverse events

in the HICH group and mRNA expressions of SPI1, HK3,
HCK, SYK, CD14, FCER1G, CYBB, and FGR

In the HICH group, there were 21 cases of pulmo-
nary infection, 4 cases of epilepsy, 5 cases of hematoma
enlargement, 12 cases of gastrointestinal bleeding, 21
cases of malnutrition, and 3 cases of lower limb DVT,
with incidence rates of 84%, 16%, 20%, 48%, 84%, and
12%, respectively. Age and the expressions of HK3, HCK,
SYK, CD14, FCER1G, CYBB, and FGR of patients with
pulmonary infection were higher than those without pul-
monary infection (P <0.05), as shown in Table 4.

The expression of the SPI1 gene in patients with epi-
lepsy was higher than that in patients without epilepsy
(P<0.05), as shown in Table 5.

The expression of SPI1 in patients with hematoma
enlargement was lower than that in patients without
hematoma enlargement (P <0.05), as shown in Table 6.

The amount of cerebral hemorrhage in patients with
gastrointestinal bleeding was higher than that in patients
without gastrointestinal bleeding (P<0.05), as shown in
Table 7.

Age, HK3, HCK, SYK, CD14, FCER1G, CYBB, and FGR
expressions of patients with malnutrition were higher
than those of patients without malnutrition (P<0.05), as
shown in Table 8.

The expressions of HK3, HCK, SYK, CD14, FCERIG,
CYBB, and FGR in patients with lower limb DVT were
higher than those in patients without lower limb DVT
(P<0.05), as shown in Table 9.

The factors with P<0.05 in the single factor analysis
mentioned above were taken as independent variables,
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the connectivity between the two genes corresponding to the row and column, that is, the stronger the Pearson correlation. B Character
correlation graph, with the horizontal axis representing the trait and the vertical axis representing the module, plotted using Pearson correlation
coefficients. Red represents a positive correlation, green represents a negative correlation, darker color indicates a stronger correlation,

and the number in parentheses below represents the significant P value. The smaller the value, the stronger the significance. This graph can
intuitively reflect the correlation between each module and each trait. C Module gene expression pattern heatmap, the above Fig. shows

the expression heatmap of genes in different samples in the module, with red indicating upregulation and green indicating downregulation. D
Correlation scatter plot, selecting 219 central genes with MM > 0.8, GS> 0.5, and Kin > 50

and the measured values were taken as independent
variables for continuous variables. The occurrence of
adverse events was taken as the dependent variable,
and conditional logistic regression analysis was used.
The results showed that age, HCK, SYK, CD14, and

FGR expressions were all influencing factors for lung
infection (P<0.05), as shown in Table 10. The analy-
sis results of the influencing factors of other adverse
events were shown in Tables 11, 12, 13, 14 and 15, and
no possible correlation with gene expression was found
(P>0.05).
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Discussion

The pathophysiological mechanisms of HICH have
been a hot topic of research in recent years. Previous
experimental studies have found a series of pathologi-
cal mechanisms after the occurrence of HICH, such as
inflammation, neuronal and endothelial cell apopto-
sis, oxidative stress (OS), etc. [17, 18]. Researchers have
been trying to explore the blood mRNA spectrum of
ICH. Previously, researchers used high-throughput

sequencing technology to study the mRNA expression
profile of patients with cerebral hemorrhage. In dif-
ferentiated genes, INPP5D (inositol polyphosphatase-
5-phosphatase) regulates bone marrow cell proliferation,
and ITA4« (integrin) participates in white blood cell
recruitment in ICH [19]. In 2019, Stamova studied the
use of GeneChip HTA 2.0 arrays in patients with periph-
eral blood transcriptome cerebral hemorrhage. This
study indicates that ICH has differentially expressed T
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cell receptors and CD36 genes, as well as iNOS, TLR,
macrophages, and T helper pathways [20]. 250 mRNA
changes (136 upregulated and 114 downregulated),

Table 3 Comparison of SPI1, HK3, HCK, SYK, CD14, FCER1G,
CYBB and FGR expressions

Genes HICH group (n=25) Control t P
group
(n=22)
SPI1 0.64+0.09 1.35+0.09 26219 <0.001
HK3 148+0.25 0.77+0.15 11.594 <0.001
HCK 146+0.19 061£0.14 17455 <0.001
SYK 148+0.17 0.72+0.12 17.053 <0.001
D14 147+0.19 0.61+£0.19 15.729 <0.001
FCER1G 1.67+£0.17 062+0.14 22652 <0.001
CYBB 143+0.21 0.69+0.10 15.387 <0.001
FGR 1.55+£0.19 0.66+0.07 20.778 <0.001

I > (0.026)
I 1 (0.021)

| BE{XRR]

I 1 (0.035)

I 1 (0.011)

I 1 (0.047)

I 1 (D.047)

N 1 (0.042)

B 1 (D.0s35)

0 10 20 30 40 50

Gene Percent(%)

regulating many ICH-related pathways in the whole
blood of ICH patients, such as toll-like receptors, natural
killer cells, and TGF-f [21].

However, there is limited research on the correlation
between brain tissue RNA expression and peripheral
blood RNA expression in patients with cerebral hemor-
rhage. The expression of the GSE24265 gene in brain tis-
sue after intracerebral hemorrhage. Overexpressed genes
in the surrounding area of a hematoma encode cytokines,
chemokines, coagulation factors, cell growth, and prolif-
eration factors, while low-expressed genes encode pro-
teins related to the cell cycle or neurotrophic factors [22].
In this study, 3163 DEGs were identified in peripheral
blood samples of extremely early HICH patients through
RNAseq analysis. These DEGs have rich functions in var-
ious pathways such as cell death, inflammatory response,
and ligand-gated ion channels [23, 24]. Previous reports
have suggested that these pathways are associated with
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Table 4 Comparison of general information and gene expressions between patients with and without pulmonary infection

General information and gene expressions

With pulmonary infection

Without pulmonary Xt P

(n=21) infection (n=4)
Gender([cases (%)]
Male 13(61.90) 3(75.00) 0.250 0617
Female 8(38.10) 1(25.00)
Age (X £ s, years old) 7133+3.18 62.50+£342 5.037 <0.001
Smoking history[cases (%)]
Yes 13(61.90) 1(25.00) 1.857 0.173
No 8(38.10) 3(75.00)
Systolic pressures (X £ s, mmHg) 17776+11.66 174.25+7.80 0573 0.572
Diastolic pressures (X £ s, mmHg) 99.10+11.52 102.25+21.27 0438 0.666
Diabetes[cases (%)] 12(57.14) 1(25.00) 1.391 0.238
Hyperlipidemia[cases (%)] 10(47.62) 1(25.00) 0.698 0.404
Coronary heart disease[cases (%)] 3(14.29) 0(0.00) 0.649 0420
Hypertension course (x £ s, years) 11.86+3.24 12.00+2.16 0.084 0.934
Cerebral hemorrhage volume (x £ s, ml) 4838+11.14 4550+13.33 0461 0.649
Gene expressions
SPI1 0.63+0.09 0.66+0.13 0.502 0.620
HK3 1.54+0.19 1174035 3.093 0.005
HCK 151+0.15 1214014 3.581 0.002
SYK 1.52+0.16 1.28+0.08 2.872 0.009
CD14 1.53+0.15 1.19+0.03 4434 <0.001
FCER1G 1.71+0.17 149+0.03 2.581 0.017
CYBB 148+0.18 1.17+0.08 3.268 0.003
FGR 1.60+0.16 1.29+0.10 3.814 0.001

neuronal damage after cerebral hemorrhage. In addition,
a total of 11 gene co-expression modules were estab-
lished through WGCNA. Among them, the darkorange
module is the main module related to HICH, contain-
ing 559 genes. These genes are enriched in multiple
functional pathways such as the HIF-1 signaling path-
way, chemokine signaling pathway, and VEGF signaling
pathway. Undoubtedly, many researchers have reported
that these pathways are involved in the pathogenesis

of cerebral hemorrhage [25, 26]. In addition, there are
reports that selective serotonin reuptake inhibitors
(SSRIs) have adverse effects on the neurological progno-
sis of patients with cerebral hemorrhage [27]. Many genes
are associated with immune system activation and other
inflammatory processes [28]. It is worth mentioning that
our study found that the expression of HK3, HCK, SYK,
CD14, FCER1G, CYBB, and FGR increased after HICH,
while the expression of SPI1 decreased, suggesting that
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Table 5 Comparison of general information and gene expressions between patients with and without epilepsy
General information and gene expressions With epilepsy (n=4) Without epilepsy (n=21) Xt P
Genderl[cases (%)]
Male 2(50.00) 14(66.67) 0.405 0.524
Female 2(50.00) 7(33.33)
Age (X £ s, years old) 68.00+3.56 7029+4.71 0915 0370
Smoking history[cases (%)]
Yes 2(50.00) 12(57.14) 0.070 0.792
No 2(50.00) 9(42.86)
Systolic pressures (X £ s, mmHg) 180.00+6.98 176.67+11.75 0.554 0.592
Diastolic pressures (x £ s, mmHg) 98.25+12.82 99.86+13.31 0222 0.826
Diabetes[cases (%)] 2(50.00) 11(52.38) 0.008 0.930
Hyperlipidemia[cases (%)] 2(50.00) 9(42.86) 0.070 0.792
Coronary heart disease[cases (%)] 0(0.00) 3(14.29) 0.649 0.420
Hypertension course (X =+ s, years) 11.50+2.38 11.95+3.22 0.266 0.793
Cerebral hemorrhage volume (x £ s, ml) 54.25+16.40 46.71+10.11 1.241 0.227
Gene expressions
SPI 0.66+0.08 0.51+0.10 3462 0.002
HK3 1.62+0.10 1.45+0.27 1.243 0.226
HCK 1.61+£0.12 143+0.18 1.847 0.078
SYK 1.61+0.11 1.46+0.18 1.625 0.118
D14 1.60+0.11 1.45+0.19 1.538 0.138
FCER1G 1.64+£0.17 1.81£0.10 1.768 0.090
CYBB 1.60+0.10 1.394+0.20 1.962 0.062
FGR 1.71+£0.13 152+0.19 1921 0.067

abnormal expression of these genes may play an impor-
tant role in the progression of HICH.

HK3 is mainly expressed in hematopoietic cells and
tissues and is highly upregulated during the terminal dif-
ferentiation process of certain acute myeloid leukemia
(AML) cell line models. Here, we demonstrate that the
expression of HK3 mainly originates from bone marrow
cells, and the upregulation of this glycolytic enzyme is
not only limited to the differentiation of leukemia cells
but also occurs during the in vitro bone marrow differ-
entiation of healthy CD34 4 hematopoietic stem cells and
progenitor cells. In the hematopoietic system, we found
that HK3 is mainly expressed in bone marrow-derived
cells. The absence of HK3 can lead to changes in chro-
matin structure and increase the accessibility of genes
involved in cell apoptosis and stress response. HK3 pro-
motes cell survival while also promoting glycolytic activ-
ity in AML cells, which is optional [29]. There have been
no previous reports on the possible involvement of HK3
in hypertensive intracerebral hemorrhage. However, in
the study by Stone JG et al, it was confirmed that HK3
can be expressed in brain tissue, and this protein can
participate in cell proliferation, angiogenesis, and vas-
cular damage [30]. Therefore, it is speculated that high
expression of HK3 is likely related to cerebrovascular

damage caused by hypertension, thus increasing the risk
of intracerebral hemorrhage.

Hematopoietic cell kinase (HCK) is a member of the
SRC cytoplasmic tyrosine kinase (SFK) family and is
expressed in bone marrow and B lymphocyte lineage
cells. HCK enhances the secretion of growth factors and
pro-inflammatory cytokines in bone marrow cells, pro-
motes macrophage polarization towards wound healing,
and promotes alternate activation phenotypes of tumors.
HCK stimulates the formation of podocytes, thereby
promoting the degradation of the extracellular matrix
and enhancing immune and epithelial cell invasion [31].
HCK can regulate NLRP3 and TGF-B. The signaling
pathway is involved in cerebrovascular inflammation,
brain cell degeneration, and apoptosis [32, 33]. Currently,
no reports are confirming its association with hyperten-
sive intracerebral hemorrhage, and the possible molecu-
lar mechanism of HCK involvement in this disease still
needs further research. This study also found that HCK
is an influencing factor for pulmonary infection in the
HICH group. Yamada M et al. showed that bacterial
pneumonia mice can secrete interferon, and HCK can
regulate the Fgr/Lyn pathway to affect interferon secre-
tion [34]; Zhang X et al. also found that HCK is highly
expressed in children with sepsis, which is closely related
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Table 6 Comparison of general information and gene expressions between patients with and without hematoma enlargement

General information and gene expressions

With hematoma
enlargement (n=5)

Without hematoma Xt P
enlargement (n=20)

Genderlcases (%)]

Male 3(60.00)

Female 2(40.00)

Age (X £ s, years old) 67.20+3.56
Smoking history[cases (%)]

Yes 3(60.00)

No 2(40.00)
Systolic pressures (X £ s, mmHg) 180.20+6.06
Diastolic pressures (X £ s, mmHg) 105.40+19.46
Diabetes[cases (%)] 2(40.00)
Hyperlipidemia[cases (%)] 2(40.00)
Coronary heart disease[cases (%)] 0(0.00)
Hypertension course (x £ s, years) 11.20+£2.17
Cerebral hemorrhage volume (X £ s, ml) 56.40+14.99
Gene expressions

SPI1 051+0.01

HK3 1.54+0.19

HCK 152+0.23

SYK 1.534+0.20

cD14 1.52+0.20

FCER1G 1.74+0.17

CYBB 1.51+£0.22

FGR 1.61+0.25

13(65.00) 0.043 0.835
7(35.00)

70.60+4.60 1.531 0.139
11(55.00) 0.041 0.840
9(45.00)

17645+12.01 0.669 0.510
98.15+11.04 1.123 0.273
11(55.00) 0.361 0.548
9(45.00) 0.041 0.840
3(15.00) 0.852 0.356
1205+3.27 0.547 0.586
45.80+9.44 1.997 0.058
0.67+0.08 4.241 <0.001
146+0.27 0.649 0.523
145+0.18 0.795 0435
147+0.17 0.685 0.500
146+0.18 0.628 0.536
1.65+0.17 1.007 0.325
141+0.20 1.001 0.327
1.54+0.18 0.786 0.440

to bacterial infection [35]. This study is consistent with
the above analysis, which suggests that high expression
of HCK is involved in the synthesis and secretion of pro-
inflammatory factors, enhances pro-inflammatory factor
activity, and thus increases the risk of pulmonary infec-
tion in hypertensive intracerebral hemorrhage.

Spleen tyrosine kinase (SYK) is a 72 kDa cytoplasmic
non receptor tyrosine kinase and is a member of the SRC
family. It is widely expressed in various cell types, includ-
ing hematopoietic cells (such as B cells, immature T cells,
neutrophils, mast cells, macrophages, and platelets) and
non-hematopoietic cells (epithelial cells, fibroblasts,
ACCESSED MANUSCRIPT neurons, vascular endothe-
lial cells, liver cells, and osteoclasts), promoting various
downstream signaling pathways and mediating different
biological functions. Active SYK is widely involved in
the transduction of various downstream signaling path-
ways, such as PI3K-AKT, Ras-ERK, PLC y- NFAT, Vavl
Rac, and NF « B pathway [36]. Liu XY et al. showed that
acupuncture at Baihui and Qubin points after cerebral
hematoma can alleviate neurological dysfunction, and
the mechanism of action is related to the inhibition of
the macroscopic inducible C-type lectin/spleen tyros-
ine kinase (Mincle/SYK) pathway [37]. Xie Y et al. found

that inhibiting the Mincle/SYK pathway can alleviate
glial inflammatory response, alleviate early vascular and
neurological dysfunction in rats with subarachnoid hem-
orrhage, and have a positive effect on inhibiting intravas-
cular perforation [38]. Based on the combination of this
study and the above analysis, it is speculated that high
expression of SYK can induce inflammatory response
damage to cerebral vasculature, promote intravascular
perforation, and cause cerebral hemorrhage. This study
also found that high expression of SYK is a contributing
factor to lung infection, and studies have found that SYK
is a biomarker for lung diseases and Pseudomonas aer-
uginosa infection [39, 40]; There are also reports suggest-
ing that CYK can inhibit the body’s immune system and
promote the replication of influenza A virus in the later
stage of virus infection [41]. Therefore, the increased
expression of SYK is related to both pulmonary bacterial
and viral infections.

Human monocyte differentiation antigen CD14 is
a pattern recognition receptor (PRR) that enhances
innate immune response. In addition to its role in innate
immunity, CD14 is considered to have a more general
role in regulating cancer, atherosclerosis, metabolic dis-
eases, etc. In addition, CD14 is involved in regulating
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Table 7 Comparison of general information and gene expressions between patients with and without gastrointestinal bleeding

General information and gene expressions

With gastrointestinal
bleeding (n=12)

Without gastrointestinal X2t P
bleeding (n=13)

Genderl[cases (%)]

Male 8(66.67)

Female 4(33.33)
Age (X £ s, years old) 69.17+£5.42
Smoking history[cases (%)]

Yes 5(41.67)

No 7(58.33)
Systolic pressures (X £ s, mmHg) 180.83+8.10
Diastolic pressures (X £ s, mmHg) 101.00+14.08
Diabetes[cases (%)] 8(66.67)
Hyperlipidemia[cases (%)] 5(41.67)
Coronary heart disease[cases (%)] 1(8.33)
Hypertension course (x £ s, years) 1133274
Cerebral hemorrhage volume (X £ s, ml) 53.38+10.34
Gene expressions

SPI1 0.64+0.11

HK3 147+0.30

HCK 1.44+0.23

SYK 149+0.19

cD14 146+0.21

FCER1G 1.69+0.20

CYBB 144+0.23

FGR 1.55+0.23

8(61.54) 0.071 0.790
5(38.46)
70.62+3.69 0.787 0440
1629 0.117
6(46.15) 0.051 0.821
7(53.85)
173.85+12.64 1.629 0.117
98.31+1230 0.510 0615
5(38.46) 1.989 0.158
6(46.15) 0.051 0.821
2(15.38) 0.294 0.588
12.38+3.36 0.853 0402
42.00+9.29 2.886 0.008
0.63£0.08 0.263 0.795
149+0.22 0.188 0.852
148+0.14 0.527 0.603
147+0.16 0.271 0.789
149+0.17 0.389 0.701
1.65+0.16 0.521 0.607
141019 0.322 0.750
1.56+0.16 0.091 0.928

insulin action and adipogenesis. FCER1G is a key mol-
ecule involved in allergic reactions, located on chro-
mosome 1q23.3 and encoding the immunoglobulin
fragment crystallization (Fc) region (Fc R) y Subunits
[42]. FCER1G is involved in many diseases, such as squa-
mous cell carcinoma, diabetes nephropathy, multiple
myeloma, and clear cell renal cell carcinoma [43]. CYBB
in c¢cDCs enhances myelin-specific CD4+T cell activa-
tion through antigen presentation, allows CNS immune
invasion, and promotes TH cell-mediated tissue damage
during AT-EAE. CYBB-mediated ROS production can be
detected in many hematopoietic and non-hematopoietic
cell lineages, such as fibroblasts, endothelial cells, and
myocardial cells. FGR mediates the induction of fibrosis
by aging cells [44]. FGR kinase is associated with pro-
inflammatory adipose tissue macrophage activation, diet-
induced obesity, insulin resistance, and liver steatosis
[45]. FGR deficiency is associated with reduced secretion
of chemokines in the lungs in response to lipopolysac-
charides. Girard R et al. found that CD14 belongs to the
biomarker of inflammatory response, which can medi-
ate the damage of inflammatory response to brain tissue
after cerebral hemorrhage [46]. However, the mecha-
nism by which CD14 participates in the occurrence of

hypertensive cerebral hemorrhage is still unclear. Elias
Oliveira J et al. pointed out that xylose oxidase-induced
CD14 deficient mice had smaller lung tissue damage
areas, less infiltration of neutrophils and macrophages,
and milder pulmonary edema [47]. This study also found
that high expression of CD14 is a risk factor for pulmo-
nary infection in hypertensive intracerebral hemorrhage.
It is speculated that high expression of CD14 is associ-
ated with more inflammatory cell infiltration and more
severe pulmonary edema.

FCER1G belongs to the immunoglobulin superfamily
and plays an important role in immune system defense.
Fc receptors are present on the surfaces of B lympho-
cytes, macrophages, natural killer cells, and other cells.
When these receptors are lacking, the immune function
of these cells will be impaired, which can cause cellular
immune disorders. Correspondingly, the expression of
FCERI1G can also participate in the regulation of cellular
immune function. Some studies suggest that FCER1G is
a key gene in renal clear cell carcinoma, and the occur-
rence of cancer is closely related to immune escape [48].
Some studies found that the high expression of FCER1G
may induce acute cerebral infarction by promoting ath-
erosclerosis [49]. However, there are currently no reports
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Table 8 Comparison of general information and gene expressions between patients with and without malnutrition

General information and gene expressions With malnutrition (n=21) Without malnutrition XAt P
(n=4)
Gender([cases (%)]
Male 13(61.90) 3(75.00) 0.250 0617
Female 8(38.10) 1(25.00)
Age (X £ s, years old) 7095+3.32 64.50+£6.81 2.990 0.007
Smoking history[cases (%)]
Yes 13(61.90) 1(25.00) 1.857 0.173
No 8(38.10) 3(75.00)
Systolic pressures (X £ s, mmHg) 178.05+11.56 172.75+7.68 0.872 0.392
Diastolic pressures (X £ s, mmHg) 98.29+11.23 106.50+20.76 1.169 0.254
Diabetes[cases (%)] 11(52.38) 2(50.00) 0.008 0.930
Hyperlipidemia[cases (%)] 9(42.86) 2(50.00) 0.070 0.792
Coronary heart disease[cases (%)] 3(14.29) 0(0.00) 0.649 0420
Hypertension course (x £ s, years) 11.57+293 13.50+3.70 1.164 0.256
Cerebral hemorrhage volume (x £ s, ml) 48.05+11.44 4725+11.87 0.127 0.900
Gene expressions
SPI1 0.63+0.09 0.65+0.12 0.329 0.745
HK3 1.52+0.20 1.23+0.39 2325 0.029
HCK 152+0.14 1.16+0.04 4.947 <0.001
SYK 1.52+0.17 1.31+0.11 2417 0.025
cD14 1.52+0.16 1.23+0.11 3387 0.003
FCER1G 1.71+0.15 144+0.07 3.556 0.002
CYBB 147+0.19 1.20+0.12 2676 0013
FGR 1.59+0.17 1.33+0.15 2.893 0.008

on the mechanism of this gene participating in hyper-
tensive intracerebral hemorrhage both domestically
and internationally, suggesting that it may be related to
immune inflammatory response.

CYBB is one of the subunits of NADPH oxidase, which
is an X-linked recessive inheritance. It is a common
genetic factor in immune deficiency and is also related
to genetic defects in phagocytes. According to previ-
ous reports, CYBB can participate in the occurrence of
non-alcoholic steatohepatitis and the formation of liver
tumors [50]. There is also a report confirming that CYBB
can regulate the antigen processing of myelin oligoden-
drocytes in dendritic cells, leading to the initiation and
maintenance of autoimmune neuroinflammation by
brain T helper cells [44]. Additionally, CYBB gene abla-
tion can inhibit the recruitment of T helper cells from
encephalitis to central nervous cells. Although there have
been no previous reports of high expression of CYBB
and hypertensive intracerebral hemorrhage, it is evident
that CYBB participates in neuroinflammatory damage
through multiple molecular pathways.

FGR is a homolog of the oncogenic gene of the feline
sarcoma virus and a member of the Scr protein tyrosine
kinase family. The protein encoded by FGR is f- Two

important molecules in the signaling pathway of inte-
grin 2 can trigger negative feedback regulation of cell
migration and adhesion. High expression in tumor cells
can inhibit their migration and invasion activities. Gut-
kind JS et al. pointed out that FGR expression is related
to neutrophil activation [51]. However, further research
is needed on how FGR participates in the occurrence
of hypertensive intracerebral hemorrhage. This study
also found that FGR expression is a risk factor for lung
infection. Nelson MP et al. found that knocking out FGR
inhibits its tyrosine kinase activity and enhances the
immune response of lung tissue to pulmonary sporidi-
osis [52]. Another study has confirmed that inhibiting
the expression of FGR can induce alveolar macrophages
to enhance their defense against atypical pneumocystis
[53]. From this, it can be inferred that high expression
of FGR may lead to pulmonary infection in patients with
hypertensive intracerebral hemorrhage by reducing the
defense effect of lung tissue against pathogenic microbial
invasion.

SPI1 is a transcription factor that encodes the ETS
domain and regulates gene expression during the devel-
opment of myeloid cells and B lymphocytes. SPI1 is a
key transcription factor after intracerebral hemorrhage,
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Table 9 Comparison of general information and gene expressions between patients with and without lower-limb DVT

General information and gene expressions With lower limb DVT Without lower limb DVT XAt P
(n=3) (n=22)

Genderlcases (%)]

Male 2(66.67) 14(63.64) 0.011 0918
Female 1(33.33) 8(36.36)
Age (X £ s, years old) 69.00+3.00 70.05+4.78 0.365 0.718
Smoking history[cases (%)]
Yes 2(66.67) 12(54.55) 0.157 0.692
No 1(33.33) 10(45.45)
Systolic pressures (X £ s, mmHg) 188.67+4.04 175.64+10.83 2.032 0.054
Diastolic pressures (X £ s, mmHg) 103.00+6.08 99.14+13.68 0476 0.639
Diabetes[cases (%)] 2(66.67) 11(50.00) 0.294 0.588
Hyperlipidemia[cases (%)] 1(33.33) 10(45.45) 0.157 0.692
Coronary heart disease[cases (%)] 0(0.00) 3(13.64) 0.465 0.495
Hypertension course (x £ s, years) 11.67+2.08 11.91+3.21 0.126 0.901
Cerebral hemorrhage volume (X £ s, ml) 41.67+9.07 487711143 1.027 0315
Gene expressions
SPI1 0.66+0.12 0.63+0.09 0.408 0.687
HK3 1.78+0.07 144+0.24 2422 0.024
HCK 1.76+0.10 142+0.16 3.623 0.001
SYK 1.76+0.02 144+0.15 3.668 0.001
cD14 1.71£0.02 1444017 2.589 0016
FCER1G 1.97+0.08 1.63+0.14 4.185 <0.001
CYBB 1.72+0.03 1.39+0.19 3.042 0.006
FGR 1.81+0.08 1.52+0.17 2.871 0.009

Table 10 Logistic regression analysis of influencing factors of pulmonary infection

Factors B S.E Wals P OR 95%CI (Down) 95%Cl (Up)
Age 2488 0.744 11.183 <0.001 12.035 2.800 51.740

HK3 51.893 145,205.300 <0.001 1.000 3443 <0.001

HCK 2.127 0.781 7417 0.001 8.390 1.815 38774

SYK 1.655 0.563 8.641 <0.001 5232 1.736 15.776
cD14 2375 0.821 8.368 <0.001 10.751 2.151 53.740
FCER1G 82.942 228,720.280 <0.001 1.000 1.050E +36 <0.001

CYBB -117.113 620,789.660 <0.001 1.000 <0.001 <0.001

FGR 1.982 0436 20.665 <0.001 7.257 3.088 17.057
Constant term —451.381 902,431.444 <0.001 1.000 <0.001

Table 11 Logistic regression analysis of the influencing factors of epilepsy

Factors B S.E Wals P OR 95%Cl (Down) 95%Cl (Up)

SPI1 —1330.401 109506.100 <0.001 0.990 <0.001 <0.001
Constant term 692.502 56943.170 <0.001 0.990 5.620E300




Gao et al. Proteome Science (2024) 22:12

Table 12 Logistic regression analysis of influencing factors of hematoma enlargement
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Factors B S.E Wals P OR

95%CI (Down)

95%Cl (Up)

SPI1 —1540.296
817.015

119177.021
63303.851

<0.001 0.990
<0.001 0.990

<0.001
Constant term

<0.001

Table 13 Logistic regression analysis of influencing factors of gastrointestinal bleeding

Factors B S.E Wals P OR 95%CI (Down) 95%Cl (Up)
Cerebral hemorrhage 1.196 4371 0.075 0.784 3.308 0.001 17388.528
volume

Constant term -0.841 2.809 0.090 0.765 0431

Table 14 Logistic regression analysis of influencing factors of malnutrition

Factors B S.E Wals P OR 95%CIl (Down) 95%Cl (Up)
Age 291 2482.660 <0.001 0.999 18.381 <0.001

HK3 5.526 174923313 <0.001 1.000 251.190 <0.001

HCK 101.357 96063.595 <0.001 0.999 1.044E44 <0.001

SYK 64.846 392516.776 <0.001 1.000 1.453E28 <0.001

CD14 —109.095 146315.704 <0.001 0.999 <0.001 <0.001

FCER1G 131.746 94078.636 <0.001 0.999 1.646E57 <0.001

CYBB -95.616 445484.449 <0.001 1.000 <0.001 <0.001

FGR 39.865 127040476 <0.001 1.000 2.057E17 <0.001

Constant term —412.034 166533.242 <0.001 0.998 <0.001

Table 15 Logistic regression analysis of influencing factors of lower limb DVT

Factors B S.E Wals P OR 95%CIl (Down) 95%Cl (Up)
HK3 50.248 205060.931 <0.001 1.000 6.644E21 <0.001

HCK -15512 756038.569 <0.001 1.000 <0.001 <0.001

SYK 413.079 413591.625 <0.001 0.999 2499E179 <0.001

CcD14 —280.577 437350431 <0.001 0.999 <0.001 <0.001

FCER1G 91.116 156215.880 <0.001 1.000 3.725E39 <0.001

CYBB -107.311 90886.604 <0.001 0.999 <0.001 <0.001

FGR 44442 96877.561 <0.001 1.000 1.999E19 <0.001

Constant term —358.466 191116.872 <0.001 0.999 <0.001

and its expression is significantly increased after intrac-
erebral hemorrhage. In the study by Zhang G et al.,, SPI1
expression was significantly increased after cerebral
hemorrhage [54]. SPI1 can regulate the transcriptome
expression of brain microglia, enhance their phagocy-
tosis, and is related to glycolysis, autophagy of brain
cells, and myelin regeneration. Further research sug-
gests that SPI1 may continue to participate in FCGRI,
affecting central nervous system function. In this study,

the expression of SPI1 in patients with hypertensive
intracerebral hemorrhage significantly decreased,
which is inconsistent with the above reports. It may be
related to different designed primer sequences, differ-
ent sample detection time points, differences in detec-
tion equipment sensitivity, and differences in patient
sources. However, our research team also found that
SPI1 is highly expressed in some patients with hyper-
tensive intracerebral hemorrhage in the early stage, and
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gradually decreases thereafter. This suggests that SPI1
is dynamically changing during the occurrence and
development of hypertensive intracerebral hemorrhage,
and the reasons for this rapid and significant change are
still unknown.

In this study, it was found that the expression of HK3,
HCK, SYK, CD14, FCER1G, CYBB, and FGR in hyper-
tensive intracerebral hemorrhage was higher than that in
the control group, while the expression of SPI1 was lower
than that in the control group. However, the above gene
testing results of some patients did not conform to this
trend, which may be related to differences in underlying
diseases and individual health levels. However, this indi-
vidual difference does not affect the progress of the study.
In addition, although this study found that there may
be statistical differences in the genes mentioned above
between patients with epilepsy, enlarged hematoma,
gastrointestinal bleeding, malnutrition, and lower limb
DVT compared to those who did not, it was not found
that these genes may affect adverse events, which may be
due to the small sample size of the study leading to biased
results.

The sample size of this study is small, and there are
some errors. The innovation points of our research are
difficult to summarize from the perspective of computer
and contribute from the perspective of application, but
there are contradictions in the contribution points of
the paper, and the knowledge update iteration is fast and
requires continuous learning. Early HICH data are also
being updated. We will monitor the data and release the
latest research results in a timely manner.

Conclusion

This study screened candidate genes for hypertensive
intracerebral hemorrhage, including SPI1, HK3, HCK,
SYK, CD14, FCER1G, CYBB, FGR, which can participate
in the HIF-1 signaling pathway, NF-kappa B signaling
pathway, and C-type lectin receptor signaling pathway.
These genes may affect the development of hyperten-
sive intracerebral hemorrhage through cell apopto-
sis, immune response, and inflammatory response. In
patients with hypertensive intracerebral hemorrhage, the
expressions of HK3, HCK, SYK, CD14, FCER1G, CYBB,
and FGR increase, while the expression of SPI1 decreases.
Age, HCK, SYK, CD14, and FGR expressions are all influ-
encing factors for the occurrence of pulmonary infection
in patients.
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