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Explore the role of long noncoding 
RNAs and mRNAs in intracranial 
atherosclerotic stenosis: From the 
perspective of neutrophils
Yilin Wang1#, Tao Wang2#, Ziping Han1, Rongliang Wang1, Yue Hu1, Zhenhong Yang1, 
Tong Shen1, Yangmin Zheng1, Jichang Luo2,3, Yan Ma2,3, Yumin Luo1,3,4, Liqun Jiao2,3

Abstract:
CONTEXT: Circulating neutrophils and long noncoding RNAs (lncRNAs) play various roles in 
intracranial atherosclerotic stenosis (ICAS).
OBJECTIVE: Our study aimed to detect differentially expressed (DE) lncRNAs and mRNAs in 
circulating neutrophils and explore the pathogenesis of atherosclerosis from the perspective of 
neutrophils.
METHODS: Nineteen patients with ICAS and 15 healthy controls were enrolled. The peripheral 
blood of the participants was collected, and neutrophils were separated. The expression profiles of 
lncRNAs and mRNAs in neutrophils from five patients and five healthy controls were obtained, and 
DE lncRNAs and mRNAs were selected. Six lncRNAs were selected and validated using quantitative 
reverse transcription–polymerase chain reaction (qRT‑PCR), and ceRNA and lncRNA‑RNA binding 
protein (RBP)-mRNA networks were constructed. Correlation analysis between lncRNAs and mRNAs 
was performed. Functional enrichment annotations were also performed.
RESULTS: Volcano plots and heat maps displayed the expression profiles and DE lncRNAs and 
mRNAs, respectively. The qRT-PCR results revealed that the four lncRNAs showed a tendency 
consistent with the expression profile, with statistical significance. The ceRNA network revealed 
three pairs of regulatory networks: lncRNA RP3-406A7.3-NAGLU, lncRNA HOTAIRM1-MVK/IL-25/
GBF1/CNOT4/ANKK1/PLEKHG6, and lncRNA RP11-701H16.4-ZNF416. The lncRNA-RBP-mRNA 
network showed five pairs of regulatory networks: lncRNA RP11-701H16.4-TEK, lncRNA 
RP11‑701H16.4‑MED17, lncRNA SNHG19‑NADH‑ubiquinone oxidoreductase core subunit V1, 
lncRNA RP3‑406A7.3‑Angel1, and lncRNA HOTAIRM1‑CARD16.
CONCLUSIONS: Our study identified and verified four lncRNAs in neutrophils derived from peripheral 
blood, which may explain the transcriptional alteration of neutrophils during the pathophysiological 
process of ICAS. Our results provide insights for research related to the pathogenic mechanisms 
and drug design of ICAS.
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Introduction

In recent years, stroke has become 
one of the main causes of death and 

disability in recent years.[1] It has been 

reported that 46.6% of stroke patients are 
diagnosed with intracranial occlusive 
diseases that can cause more severe stroke 
and increase the risk of recurrent stroke, 
especially intracranial atherosclerotic 
stenosis (ICAS).[2] Atherosclerosis is a 
lipid‑driven inflammation of arteries. 
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Neutrophils heavily contribute to the initiation and 
progression of atherosclerosis, including promoting 
endothelial dysfunction, monocyte accumulation, and 
foam cell formation.[3,4] Neutrophils exacerbate endothelial 
dysfunction, recruit monocytes to atherosclerotic 
foci, and facilitate foam cells.[3] Neutrophils can form 
neutrophil extracellular traps (NETs) consisting of 
decondensed chromatin, cytoplasm, granular proteins, 
and nucleus.[3] NETs stimulate macrophages to release 
cytokines, activate Th17 cells, and promote immune 
cell accumulation around the atherosclerotic lesions.[5] 
Long noncoding RNAs (lncRNAs) are RNAs longer than 
200 nucleotides that cannot be translated into proteins. 
More than 18,000 lncRNAs have been annotated in 
the human genome, which can interact with RNA, 
DNA, and proteins and participate in various cellular 
biology processes and the pathogenesis of human 
diseases.[6] Recently, several studies have reported 
that various lncRNAs participate in the pathological 
processes of atherosclerosis, plaque inflammation, and 
destabilization.[7] Despite the severe consequences of 
ICAS, the potential pathology and pathogenesis remain 
unclear. In our study, we collected peripheral blood 
from patients with ICAS and healthy controls, separated 
neutrophils, and detected the lncRNA expression profiles 
and mRNA expression profiles in neutrophils, aiming 
to explore the pathogenesis of atherosclerosis from the 
perspective of neutrophils.

Methods

Patient inclusion and clinical sample
This study conformed to the principles of the Declaration 
of Helsinki. The Ethics Committee of Xuanwu Hospital 
supported our study (No. [2021]083 in October 2021), 
and written informed consent was obtained from all 
enrolled participants. In this study, 19 patients with 
ICAS (diagnosed using high‑resolution magnetic 
resonance imaging) and 15 healthy controls were 
enrolled. Regarding the patients, there were several 
exclusion criteria: previous history of other neurological 
diseases, other system diseases, and long‑term drug 
intake. Neutrophils derived from the peripheral blood of 
all enrolled individuals were collected by density gradient 
centrifugation. LncRNA and mRNA microarray analyses 
were performed on five patients and five healthy controls. 
Further verification was done using quantitative reverse 
transcription–polymerase chain reaction (qRT‑PCR) on 
the remaining 14 patients and 10 healthy controls.

Long noncoding RNA and mRNA microarrays 
and identification of differentially expressed long 
noncoding RNAs and mRNAs
Total RNAs were extracted, and quality and quantity 
were evaluated. Human lncRNA and mRNA microarray 
analyses were also performed. Sample labeling and 

array hybridization were performed according to 
the manufacturer’s instructions. After cRNA was 
fragmented, it was heated. A gasket slide with a diluted 
hybridization solution was installed on the lncRNA 
and mRNA expression microarray slides. The slides 
were incubated, washed, fixed, and scanned using an 
Agilent DNA Microarray Scanner. Expression profiling 
of the ICAS group was performed using fold change (FC) 
against the average of the control subjects. Differentially 
expressed (DE) lncRNAs or mRNAs were defined as 
FC >2.00 and P < 0.05. Raw data were normalized, and 
DE lncRNAs and DE mRNAs were selected.

Quantitative reverse transcription–polymerase 
chain reaction verification of long noncoding 
RNAs
To verify the credibility of lncRNA microarray 
results, we selected several lncRNAs for validation 
using quantitative reverse transcriptionpolymerase 
chain reaction (qRTPCR). The selection criteria were 
as follows: (1) relatively novel, (2) higher FC, (3) 
lower P value, and (4) less intragroup heterogeneity. 
Finally, six DE lncRNAs were selected and validated 
using qRT‑PCR in 14 patients with ICAS and 
10 healthy controls. Total RNAs were extracted 
and reverse transcribed into cDNA using TRIzol 
reagent (Invitrogen) and SuperScript III reverse 
transcriptase (Invitrogen), respectively. LncRNA 
expression levels were estimated using qRT‑PCR via 
the ViiA 7 Real-time PCR System (Applied Biosystems) 
with β‑actin as internal parameters. The primers used 
are listed in Supplementary Table 1. All reactions were 
performed in triplicate. The expression level of lncRNAs 
was converted into FC by adopting the 2‑ΔΔCt method.

Construction of ceRNA network and long 
noncoding RNA-RNA binding protein-mRNA 
network
We constructed a ceRNA network and lncRNA‑RNA 
binding protein (RBP)-mRNA network for the 
validated lncRNAs. The detailed processes are shown 
in Figure 1. In the preliminary ceRNA network, 
lncRNA–miRNA and miRNA–mRNA interactions 
were predicted using TargetScan and miRanda, 
respectively. To simplify the ceRNA network, the 
predicted mRNAs intersected with DE mRNAs. 
mRNAs intersecting with their corresponding 
miRNAs were extracted from the preliminary network 
and placed into a simplified ceRNA network. In 
the lncRNA-RBP-mRNA network, lncRNA-RBP–
RBP-mRNA interactions were predicted using the 
RBPDB and Encori databases. Predicted mRNAs 
intersected with DE mRNAs. Intersecting mRNAs and 
their corresponding RBPs were combined to form a 
preliminary lncRNA-RBP-mRNA network.
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Co‑expression network construction and 
functional enrichment annotation
A co‑expression network was established for all 
mRNAs in the preliminary lncRNA-RBP-mRNA 
network, and the top 10 hub genes for each module 
were selected via Integrated Differential Expression 
and Pathway analyses (IDEP. 96). Correlation analysis 
was performed for all hub genes and lncRNAs using 
the OECloud tool (https://cloud.oebiotech.com). The 
hub genes with the highest correlation coefficient 
in each module were placed in the simplified 

lncRNA-RBP-mRNA network, combined with their 
corresponding RBPs. Meanwhile, gene ontology (GO) 
enrichment and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway analyses of all the hub 
genes in the co‑expression network and all the mRNAs 
in the simplified ceRNA network were performed via 
the “clusterProfiler” package in R and WEB-based Gene 
SeT AnaLysis Toolkit (WebGestalt), respectively. The 
GO terms included biological processes (BP), cellular 
components (CC), and molecular functions (MF).

Figure 1: Flowchart and quantitative reverse transcription–polymerase chain reaction (qRT‑PCR) verification of long noncoding RNAs (lncRNAs). (a) Flowchart displaying 
the analysis procedure. DE: Differentially expressed, RBP: RNA binding protein, GO: Gene Ontology, KEGG: Kyoto Encyclopedia of Genes and Genomes. (b) qRT‑PCR 

verification of lncRNAs. Red, upregulated; blue, downregulated; ICAS: intracranial atherosclerotic stenosis; *: P <0.05; **: P <0.01; ***: P <0.001

https://cloud.oebiotech.com
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Statistical analysis and graph plotting
Statistical analysis was executed via SPSS Statistics 23.0 
(Armonk, NY: IBM Corp.), and a P < 0.05 was considered 
statistically significant. Graphs were drawn using 
GraphPad Prism 8.0 (SanDiego, CA, USA), R software 
(version 4.4.1, the R foundation, New Zealand), Cytoscape 
3.9.1, Adobe Illustrator 2020, IDEP. 96, WebGestalt, and two 
online platforms (https://www.bioinformatics.com.cn and 
http://www.genome.ad.jp/kegg/).

Results

Identification of differentially expressed long 
noncoding RNAs and mRNAs and quantitative 
reverse transcription–polymerase chain reaction 
verification of long noncoding RNAs
The expression profiles of lncRNAs and mRNAs were 
visualized using volcano plots, and DE lncRNAs 
and mRNAs (FC >2.00 and P < 0.05) were visualized 
using heat maps [Figure 2a]. Subsequently, six 
DE lncRNAs were selected and validated using 
qRT‑PCR. LncRNA‑RP3‑406A7.3, lncRNA‑RP11‑70C1.3, 
and lncRNA‑SNHG19 were upregulated, and 
lncRNA-HOTAIRM1, lncRNA-RP1-244F24.1, and 
lncRNA‑RP11‑701H16.4 were downregulated [Figure 2b]. 
The results of qRT‑PCR showed that there were four 

lncRNAs (lncRNA‑RP3‑406A7.3, lncRNA‑SNHG19, 
lncRNA-HOTAIRM1, and lncRNA-RP11-701H16.4) that 
showed expression tendencies consistent with the results 
of lncRNA microarray with statistical significance, which 
were considered the core lncRNAs in this study.

ceRNA network and functional enrichment 
annotation
A preliminary ceRNA regulatory network was constructed 
for the four core lncRNAs [Figure 3a]. The predicted mRNAs 
were then intersected with the DE mRNAs to obtain eight 
mRNAs, forming a simplified ceRNA network with their 
corresponding miRNAs [Figure 3b]. The simplified ceRNA 
network showed three pairs of lncRNA‑mRNA regulatory 
networks: lncRNA RP3‑406A7.3‑NAGLU, lncRNA 
HOTAIRM1-MVK/interleukin (IL)-25/GBF1/CNOT4/
ANKK1/PLEKHG6, and lncRNA RP11-701H16.4-ZNF416. 
GO and KEGG analyses were performed on these eight 
mRNAs [Figure 3c]. Enriched BP mainly consists of 
metabolic processes, biological regulation, response 
to stimuli, and cell communication. The enriched CC 
mainly consisted of the cytosol, extracellular space, 
membrane‑enclosed lumen, membrane, microbody, 
and nucleus. The enriched MF mainly consisted of ion 
binding, protein binding, and transferase activities. 
The enriched KEGG primarily consisted of terpenoid 

Figure 2:  LncRNAs and mRNAs microarray profiles and qRT‑PCR verification results. (a)Volcano plots and heatmaps of lncRNAs and mRNAs. Red: upregulated; blue: 
downregulated. (b) The expression level of six lncRNAs verified by qRT‑PCR. Red: upregulated; blue: downregulated. FC: fold changes; ICAS: intracranial atherosclerotic 

stenosis; qRT‑PCR: quantitative reverse transcription polymerase chain reaction. *P<0.05, **P<0.01, ***P<0.001.

ba

https://www.bioinformatics.com.cn
http://www.genome.ad.jp/kegg/
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backbone biosynthesis, RNA degradation, peroxisomes, 
IL‑17 signaling pathway, lysosomes, endocytosis, and 
cytokine–cytokine receptor interactions.

L o n g  n o n c o d i n g  R N A - R N A  b i n d i n g 
protein‑mRNA network, co‑expression network, 
and functional enrichment annotation
Four core lncRNA-targeted RBPs were identified. 
The RBP-targeted mRNAs were then predicted 
and intersected with the DE mRNAs to obtain 447 
DE‑targeted mRNAs. Subsequently, combining the 447 
mRNAs and their corresponding RBPs, a preliminary 
lncRNA-RBP-mRNA network was constructed for the 
four core lncRNAs [Figure 4]. For the mRNAs in the 
network, a co‑expression network was established 
to obtain five modules [Figure 5]. Figure 6 shows the 
top 10 hub genes and correlation analysis between the 
four core lncRNAs and the top 10 hub genes in each 
module. The lncRNA‑mRNA pair with the highest 
correlation coefficient is highlighted in the green 
box for each module: RP11-701H16.4-TEK (Module 
1), lncRNA RP11-701H16.4-MED17 (Module 2), 

lncRNA SNHG19‑NADH‑ubiquinone oxidoreductase 
core subunit V1 (NDUFV1) (Module 3), lncRNA 
RP3-406A7.3-Angel1 (Module 4), and lncRNA 
HOTAIRM1-CARD16 (Module 5). For these four core 
lncRNAs and five mRNAs, the corresponding RBPs were 
extracted from the preliminary network and inserted into 
a simplified lncRNA-RBP-mRNA network [Figure 7]. 
GO and KEGG analyses were performed for the top 10 
hub genes of each module [Figure 8]. The GO and KEGG 
terms related to the five mRNAs are highlighted in red 
boxes. TEK may function as a tyrosine kinase. TEK was 
enriched in the following BP: cell-substrate junction 
organization and assembly and focal adhesion assembly. 
TEK was also enriched in the HIF‑1 signaling pathway. 
MED17 may enrich in the mediator complex. MED17 
may function as a transcriptional coactivator, nuclear 
receptor‑binding protein, and coactivator. In addition, 
MED17 was enriched in the thyroid hormone signaling 
pathway. NDUFV1 mainly enrich in the BP, CC, and 
MF that are involved in oxidative phosphorylation 
and mitochondrial function. In addition, NDUFV1 was 
enriched in retrograde endocannabinoid signaling.

Figure 3: ceRNA network and functional enrichment annotation. (a) Preliminary ceRNA regulatory network. (b) Simplified ceRNA network. Octagons indicate long noncoding 
RNAs (lncRNAs); V‑shapes indicate miRNAs; diamonds indicate mRNAs; red means upregulated; green means downregulated. (c) Functional enrichment annotation of the 

mRNAs in the simplified ceRNA network. KEGG: Kyoto Encyclopedia of Genes and Genomes

c

ba
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Discussion

Recently, neutrophils have been considered regulators 
of ICAS, and previous studies have concentrated more 
on the effect of neutrophils on other cells or components 
of ICAS. Accordingly, the alteration of neutrophils per se 
has been ignored, and our study fills this knowledge 
gap. The present study uncovers four lncRNAs in 
neutrophils as potential therapeutic targets for ICAS. 
The ceRNA and lncRNA-RBP-mRNA networks may 
elucidate how neutrophils are responsible for ICAS 
development.

Long noncoding RNA RP3-406A7.3
In our study, lncRNA RP3‑406A7.3 was upregulated 
in the ICAS group. To date, no literature is available 
regarding lncRNA RP3‑406A7.3. Our study suggests 
that lncRNA RP3‑406A7.3 may regulate NAGLU via 

miRNAs and Angel1 via RBPs, participating in the 
pathophysiological process of ICAS.

N‑acetyl‑alpha‑glucosaminidase (NAGLU) can degrade 
heparan sulfate.[8] A previous study identified abnormally 
expressed NAGLU in endothelial cells as a biomarker of 
atherosclerosis.[9] However, the relationship between 
NAGLU and neutrophils has not yet been reported. In 
the present study, NAGLU expression was found to be 
upregulated. Further studies are required to explore the 
role of NAGLU in neutrophils in ICAS.

Angel1 belongs to the CCR4 deadenylase family and has 
a eukaryotic initiation factor 4E (eIF4E)‑binding motif. 
Generally, Angel1 is located in the Golgi apparatus 
or endoplasmic reticulum rather than being widely 
distributed throughout the cell.[10] eIF4E plays various 
roles in the mRNA life cycle.[10] In eukaryotes, eIF4E binds 
with mRNA 5’ cap and eIF4G and then eIF3, and bridges 

Figure 5: Construction of co‑expression network. Co‑expression network of mRNAs in the preliminary long noncoding RNA‑RNA binding protein‑mRNA network (5 modules)

Figure 4: Construction of preliminary long noncoding RNA‑RNA binding protein (lncRNA‑RBP)‑mRNA network. Gain of lncRNA‑targeted RBPs; gain of RBP‑targeted 
mRNAs; targeted mRNAs intersected with differentially expressed mRNAs; 447 intersected mRNAs and corresponding RBPs and lncRNAs constitute preliminary 

lncRNA‑RBP‑mRNA network. Octagons indicate lncRNAs; V‑shapes indicate RBPs; diamonds indicate mRNAs; red, upregulated; green, downregulated
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mRNAs to ribosomes. eIF4E is a rate‑limiting factor in 
protein synthesis.[11] Angel1 was identified as a partner of 
eIF4E that can compete with eIF4G for binding to eIF4E.[11] 
According to the literature, an original peptide derived 
from Angel1 can interact with eIF4E, inhibiting translation 
and causing massive cell death in cancer cell lines.[11] In the 
tumor microenvironment, eIF4E phosphorylation facilitates 
neutrophil survival and promotes metastasis. Inhibition of 
eIF4E phosphorylation can inhibit pathological neutrophil 
accumulation in a mouse model.[12] Neutrophil infiltration 
is vital in atherosclerosis.[13] In the present study, Angel1 
expression was downregulated in the ICAS group. We 
deduced that decreased Angel1 expression might increase 
translation and neutrophil survival, contributing to the 
development of ICAS.

Long noncoding RNA HOX antisense intergenic 
RNA myeloid 1
HOX antisense intergenic RNA myeloid 1 (HOTAIRM1) 
is located between HOXA1 and HOXA2 and exhibits 

myeloid-specific expression.[14] The lncRNA HOTAIRM1 
was initially identified in myeloid lineage cells and was 
shown to participate in cell differentiation. Recently, 
lncRNA HOTAIRM1 has been observed in various 
cells, such as neurons. LncRNA HOTAIRM1 facilitates 
autophagy and proliferation.[15] In our study, lncRNA 
HOTAIRM1 was downregulated in the ICAS group. Our 
study suggests that lncRNA HOTAIRM1 may regulate 
MVK, IL-25, GBF1, CNOT4, ANKK1, and PLEKHG6 via 
miRNAs and regulate CARD16 via RBPs, contributing 
to the pathophysiological process of ICAS.

MVK is located on chromosome 12q24 and consists of 
ten coding exons and one noncoding exon.[16] Previous 
studies have reported that MVK participates in 
cholesterol synthesis, a risk factor for atherosclerosis.[17] 
However, regulatory interactions between MVK and 
neutrophils have not yet been reported. CCR4‑NOT 
transcription complex subunit 4 (CNOT4), an E3 ubiquitin 
ligase, interacts with ubiquitin‑conjugating enzymes and 

Figure 6: Correlation analysis of long noncoding RNAs (lncRNAs) and top 10 hub genes of each module. Red rectangle means positive correlation; blue rectangle means 
negative correlation; the darker the color is, the more significant the correlation is. Green box indicates the pair of lncRNA‑mRNA with the highest correlation coefficient in 
each module. Protein–protein interaction network presents the interaction between the top 10 hub genes in each module. In the network, the gene and the interaction are 

defined as the node and the edge, respectively
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Figure 7: Simplified long noncoding RNA‑RNA binding protein (lncRNA‑RBP)‑mRNA network. Pair of lncRNA‑mRNA with the highest correlation coefficient in each module 
were extracted from the preliminary network, and put into the simplified network, combined with their corresponding RBPs. Octagons indicate lncRNAs; V‑shapes indicate. 

RBPs; diamonds indicate mRNAs; red means upregulated; green means downregulated

Figure 8: Functional enrichment annotation of the top 10 hub genes of each module and simplified long noncoding RNA‑RNA binding protein (lncRNA‑RBP)‑mRNA 
network. Gene Ontology and Kyoto Encyclopedia of Genes and Genomes pathway analyses for the top 10 hub genes of each module. GO terms consist of BP, MF, and CC. 

BP: biological process; MF: molecular function; CC: cellular component
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participates in ubiquitination. CNOT4 is involved in 
transcriptional regulation.[18] There is no available data 
regarding CNOT4, neutrophils, and atherosclerosis. 
Ankyrin repeat and kinase domain containing 1 (ANKK1) 
is a receptor-interacting protein (serine/threonine 
kinase) that participates in various BP, such as cell 
survival and tissue differentiation.[19,20] To the best of our 
knowledge, no data is available on ANKK1, neutrophils, 
and atherosclerosis. We deduced that ANKK1 might 
regulate the survival of neutrophils that participate in 
atherosclerosis. Pleckstrin homology domain‑containing 
family G with RhoGef domain member 6 (PLEKHG6) 
belongs to a guanine nucleotide exchange factor.[21] 
PLEKHG6 rapidly activates RhoG under the epidermal 
growth factor stimulation, which is involved in cell 
migration.[22] To the best of our knowledge, no literature 
is available regarding PLEKHG6, neutrophils, and 
atherosclerosis. Thus, we deduced that PLEKHG6 
regulates neutrophil migration and participates in 
atherosclerosis. GBF1 indirectly regulates neutrophil 
chemotaxis.[23] In this study, GBF1 expression was 
downregulated. We deduced that GBF1 may modulate 
neutrophil chemotaxis and participate in ICAS. Studies 
have demonstrated that IL‑25 has an anti‑atherosclerosis 
role.[24] Consistent with this, in our study, IL‑25 was 
downregulated, resulting in decreased anti‑atherosclerotic 
effects. However, the relationship between the remaining 
four mRNAs in the ceRNA network and neutrophils/
atherosclerosis has not been reported.

The caspase recruitment domain (CARD) regulates 
signaling pathways related to innate immune responses, 
caspase activation, and inflammasome assembly.[25] 
CARD16 (also known as pseudo‑ICE) comprises 97 amino 
acids containing a solitary CARD motif.[25,26] CARD16 can 
bind with the CARD of caspase‑1 (CASP1) and negatively 
regulate CASP1 activity.[27] According to the literature, 
the loss of CASP1 can decrease the transcription levels 
of inflammatory factors and reduce the recruitment of 
pulmonary neutrophils.[28] Additionally, IL‑1beta (IL‑1β) 
is known as a pro-inflammatory cytokine.[29] CARD16 
can bind with CASP1, reducing IL‑1β levels.[26] CARD16 
interacts with Bcl-10, possibly by participating in other 
inflammatory processes.[27] Consistent with this finding, 
CARD16 expression was downregulated in the ICAS group 
in our study. We deduced that decreased CARD16 may 
carry increased CASP1 activity, increasing the recruitment 
of neutrophils and causing the development of ICAS.

Long noncoding RNA RP11‑701H16.4
In our study, lncRNA RP11‑701H16.4 was downregulated 
in the ICAS group. To the best of our knowledge, to date, no 
literature is available regarding lncRNA RP11‑701H16.4. 
To the best of our knowledge, this is the first study 
to suggest that lncRNA RP11‑701H16.4 can regulate 
ZNF416 via miRNAs and regulate MED17 and TEK via 

RBPs, thereby contributing to the pathophysiological 
process of ICAS.

ZNF416 is a histone acetyltransferase that has been 
identified as a novel transcriptional activator and 
repressor. ZNF416 regulates fibroblast differentiation 
and proliferation.[30] However, the relationship between 
ZNF416, neutrophils, and atherosclerosis remains 
unclear.

Mediator (MED) is a coactivator that connects 
transcriptional regulators and RNA polymerase (Pol) 
II and initiates gene transcription.[31,32] MED is a 
multiprotein complex consisting of more than 30 
subunits and four modules: kinase, head, middle, and 
tail.[33] Mediator 17 (MED17), a subunit of the head 
module of MED, interacts with other subunits and is a 
key scaffold component. Generally, MED17 promotes 
transcription initiation and DNA repair.[34] Increasing 
evidence suggests that the transcriptional activity of 
neutrophils is vital in chronic inflammatory diseases. In 
early atherosclerosis, neutrophils present a nonresolving 
inflammatory state with the inhibition of homeostatic 
transcription factors in endotoxemia.[35] To the best of 
our knowledge, no previous study has investigated 
the relationship between MED17 and neutrophils. We 
deduced that MED17 may regulate the transcriptional 
activity of neutrophils, participating in inflammation 
and ICAS development.

TEK, a specific receptor for angiopoietin-1 (Ang-1), also 
known as TIE‑2, with a molecular weight of 140kD.[36] 
Tie2 activates several pathways and triggers multiple 
downstream effects.[36] The Ang‑Tie2 system is vital for 
the modulation of vascular integrity and quiescence. 
Ang-Tie2 is an important regulator of inflammation.[37] 
The Tie2 receptor is expressed on human neutrophils[38] 
and on neutrophils via active site ligation by Ang1 or 
Ang2.[39] According to the literature, Ang1‑transfected 
mesenchymal stem cells alleviate granulocyte infiltration, 
pro‑inflammatory cytokine expression, and alveolar 
inflammation.[40] Ang-1 inhibits granulocyte infiltration, 
chemokines, and pro-inflammatory cytokine IL-1β in the 
lungs of HVT‑ventilated mice model.[41] In our study, TIE‑2 
was downregulated in the ICAS group, which may have 
alleviated the anti-inflammatory effect of Ang-1. In other 
words, decreased TIE-2 may carry increased inflammation, 
resulting in the development of ICAS. However, other 
studies have suggested that Ang-1, a pro-inflammatory 
mediator, mediates neutrophil migration in Tie2 and 
CD18.[42] Notably, higher concentrations of Ang‑1 decreased 
migratory response. Additionally, Tie2 inhibition did not 
completely block the chemotactic response to Ang‑1, 
indicating that other factors may assist Ang‑1 in mediating 
neutrophil migration.[42] Further studies are required to 
explore the role of TIE‑2 in ICAS.
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Long noncoding RNA SNHG19
SNHG19 has recently been identified as a novel lncRNA 
involved in several diseases.[43] lncRNA SNHG19 has 
been observed in the brains of patients with Alzheimer’s 
disease[44] and breast cancer tissues.[45] To date, no studies 
have reported the relationship between lncRNA SNHG19 
and neutrophils or atherosclerosis. To the best of our 
knowledge, this is the first study to suggest that lncRNA 
SNHG19 regulates NDUFV1 via RBPs, contributing to 
the pathophysiology of ICAS.

NDUFV1 is located on the mitochondrial complex 
I.[46,47] Clinically, mitochondrial complex I dysfunction 
is common in genetic diseases, especially human 
mitochondrial diseases.[48] Mitochondrial dysfunction 
is related to inflammation, oxidative stress, and 
cell apoptosis, and participates in the progression 
of atherosclerosis. The inhibition of mitochondrial 
activity can significantly alleviate atherosclerosis.[49] 
Activated neutrophils can produce reactive oxygen 
species (ROS), which are beneficial for host defense 
and are conducive to the elimination of bacteria and 
pathogens. However, the overproduction of ROS by 
neutrophils may cause organ system dysfunction 
during inflammation. Inhibition of mitochondrial 
complex I in neutrophils can diminish proinflammatory 
cytokine production and nuclear factor kappa 
B (NF-κB) activation.[50] Previous studies reported 
that NDUFV1 increases the activity of mitochondrial 
complex I.[47] In this study, NDUFV1 expression was 
upregulated in the ICAS group. Combined with the 
studies mentioned above, the increased NDUFV1 in 
neutrophils may promote the activity of mitochondrial 
complex I, increasing pro‑inflammatory cytokine 
production and NF‑κB activation and promoting the 
development of ICAS.

However, this study had some limitations. First, our 
conclusions may be compromised by the small sample 
size. Second, the ceRNA and lncRNA-RBP-miRNA 
networks were constructed via bioinformatics analysis, 
which requires identification and validation using 
molecular biology experiments.

Conclusions

We suggest that lncRNA RP11‑701H16.4, lncRNA 
SNHG19, lncRNA RP3‑406A7.3,  and lncRNA 
HOTAIRM1 of neutrophils may participate in the 
development of ICAS and construct a regulatory 
network to explore the potential downstream 
mechanism. We elaborated on the transcriptional 
alterations of neutrophils in the pathophysiological 
process of ICAS, and provided insights for research 
related to the pathogenesis mechanism and drug design 
in ICAS.
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Supplementary Table 1: Sequence of primers used  for quantitative  reverse  transcription–polymerase chain  reaction
Gene name Primer sequence Temperature (C) Product length (bp)
β-actin F:5’GTGGCCGAGGACTTTGATTG3’

R:5’CCTGTAACAACGCATCTCATATT3’
60 73

RP3-406A7.3 F:5’TTGAACCTTTTTGGACTGGCT3’
R:5’CTCAGCTGGAACAGCATTGG3’

60 137

RP11-70C1.3 F:5’CAACGCCTCACTGTCATTCT3’
R:5’GGCACCAGTTTCTCCAATGT3’

60 58

RP11-701H16.4 F:5’GCTTGGTGTGTGTTCCTACC3’
R:5’GCAAGGTGAGTGGTCTGTC 3’

60 126

RP1-244F24.1 F:5’CCACCTCTTTGCATCCACTC3’
R:5’CTTACCTCTTGGCACCTTGA3’

60 78

HOTAIRM1 F:5’ATGAACTGGCGAGAGGTCTGT 3’
R:5’ CCAGGAATGAGTAACACGGAGT 3’

60 210

SNHG19 F:5’GCTACGATCTTGGGACGAAC3’
R:5’CGCTAAGGGACAAAGTGGTG3’

60 119


