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Background: Sepsis was a high mortality and great harm systemic inflammatory response syndrome caused by infection. lncRNAs 
were potential prognostic marker and therapeutic target. Therefore, we expect to screen and analyze lncRNAs with potential prognostic 
markers in sepsis.
Methods: Transcriptome sequencing and limma was used to screen dysregulated RNAs. Key RNAs were screened by correlation 
analysis, lncRNA-mRNA co-expression and weighted gene co-expression network analysis. Immune infiltration, gene set enrichment 
analysis and gene set variation analysis were used to analyze the immune correlation. Kaplan–Meier curve, receiver operator 
characteristic curve, Cox regression analysis and nomogram were used to analyze the correlation between key RNAs and prognosis. 
Sepsis model was established by lipopolysaccharide-induced HUVECs injury, and then cell viability and migration ability were 
detected by cell counting kit-8 and wound healing assay. The levels of apoptosis-related proteins and inflammatory cytokines were 
detected by RT-qPCR and Western blot. Reactive Oxygen Species and superoxide dismutase were detected by commercial kit.
Results: Fourteen key differentially expressed lncRNAs and 663 key differentially expressed genes were obtained. And these 
lncRNAs were closely related to immune cells, especially T cell activation, immune response and inflammation. Subsequently, 
Subsequently, lncRNA PRKCQ-AS1 was identified as the regulator for further investigation in sepsis. RT-qPCR results showed that 
PRKCQ-AS1 expression was up-regulated in clinical samples and sepsis model cells, which was an independent prognostic factor in 
sepsis patients. Immune correlation analysis showed that PRKCQ-AS1 was involved in the immune response and inflammatory 
process of sepsis. Cell function tests confirmed that PRKCQ-AS1 could inhibit sepsis model cells viability and promote cell apoptosis, 
inflammatory damage and oxidative stress.
Conclusion: We constructed immune-related lncRNA-mRNA regulatory networks in the progression of sepsis and confirmed that 
PRKCQ-AS1 is an important prognostic factor affecting the progression of sepsis and is involved in immune response.
Keywords: sepsis, immune-related lncRNA, lncRNA-mRNA, PRKCQ-AS1, prognosis and progress

Introduction
Sepsis was a life-threatening multiple-organ dysfunction, usually caused by severe trauma, burns and major surgery, 
accompanied by systemic inflammatory response and immunosuppressive process.1–3 Some studies have also confirmed 
that the development of sepsis involves various immune stress and immune regulation processes.4–6 At present, the 
treatment of sepsis mainly depended on early identification and the use of antibiotics, but the clinical effect was still not 
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satisfactory, and it was still the main cause of death in critically ill patients.7,8 According to statistics, more than 
30 million people developed sepsis every year, and about 30% of them die. Moreover, patients who survived sepsis had 
a poor prognosis and were at risk of recurrence.9,10 Therefore, it was very important to understand the basic mechanism 
of sepsis and identify potential biomarkers and targets as tools for diagnosis, treatment and drug development.

With the development of sequencing technology, previous studies have shown that pathogen activation of immune cells 
can lead to dynamic changes in the expression of some infection-resistant genes, including lncRNA. LncRNA has been 
confirmed that lncRNA was involved in the occurrence and development of a variety of diseases, including sepsis.11,12 Yang 
et al found that lncRNA NEAT1 inhibited the progression of lipopolysaccharide-induced (LPS-induced) sepsis in RAW264.7 
cells by regulating the miR-31-5p/POU2F1 axis, suggesting that NEAT1 would be a potential therapeutic target for sepsis.13 

Similarly, lncRNA MIR155HG can promote the progression of sepsis by regulating the miR-194-5p/MEF2A axis, suggest-
ing that MIR155HG can be used as a potential biomarker to promote the diagnosis and treatment of sepsis.14 In addition, 
lncRNAs were also generally involved in the pathogenesis of various diseases by targeting miRNA or mRNA. Liu et al 
confirmed that lncRNA GSEC can regulate glycolytic metabolism by targeting PFKFB3, activate neutrophil inflammation 
and promote the development of sepsis.15 However, the current research on lncRNA-mRNA expression network in sepsis 
was limited, and the role of lncRNAs associated with sepsis has not been fully clarified, which may be an important factor 
hindering the study of the complex molecular mechanism of this deadly disease. Meanwhile, because of its multiple 
regulatory mechanisms, lncRNA has also been reported by researchers as a potential marker of various diseases.16 

Therefore, further research was needed to study how lncRNA affects sepsis and regulates the exact molecular mechanisms, 
as well as to identify candidate lncRNA for diagnosis and treatment.

In this study, we expected to establish novel lncRNA-mRNA co-expression network and screen out key lncRNAs 
involved in the development of sepsis by transcriptome sequencing, series of bioinformatics methods and qPCR. Then to 
explore the role of key lncRNAs from lncRNA-mRNA co-expression network in sepsis by western, sepsis model (LPS- 
induced HUVECs) and cell function assay. The research content was shown in the form of flow chart (Figure S1). The 
results of this study can provide targeted basis for early diagnosis, drug development and treatment of sepsis.

Materials and Methods
Gene Expression Omnibus Database Acquisition
GSE95233 and GSE28750 expression profile data were downloaded from Gene Expression Omnibus (GEO) (https:// 
www.ncbi.nlm.nih.gov/geo/) database. GSE95233 was based on [HG-U133_Plus_2] Affymetrix Human Genome U133 
Plus 2.0 Array, which contained 73 blood samples (22 healthy controls and 51 sepsis samples). GSE28750 was based on 
[HG-U133_Plus_2] Affymetrix Human Genome U133 Plus 2.0 Array, which contained 31 blood samples (20 healthy 
controls and 10 sepsis samples). Meanwhile, GSE95233 clinical information were download.

Clinical Sample Collection
Nineteen diagnosed patients with septic infection treated in the third affiliated Hospital of Naval Medical University from 
May 2021 to September 2021 were selected as samples, and 19 healthy volunteers were selected as control group (Table 
S1). Inclusion criteria: (1) Refer to the diagnostic criteria for sepsis in the third edition of the international consensus on the 
definition of sepsis and septic shock (Sepsis-3);17 (2) Age ≥ 18 years old; (3) Complete clinical data; (4) The patient was 
informed and signs an informed consent form. Exclusion criteria; (1) hospitalization time<24 h; (2) Infected with viruses or 
other pathogens; (3) immunodeficiency, malignant tumor, hematological disease or severe mental illness; (4) Received 
antibiotic treatment before admission; (5) women who were lactating or pregnant; (6) patients or their families offered to 
give up treatment. Collect basic information of patients (age and gender); 4 mL Peripheral blood was collected and stored in 
−80°C. Among 19 pairs clinical samples, 4 pairs of samples were used for transcriptome sequencing, and the remaining 15 
pairs were used for RT-qPCR analysis of key genes. This study was approved by the Ethics Committee of the third affiliated 
hospital of naval military medical university and was carried out in accordance with the Declaration of Helsinki.
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Cell Culture, Transfection and Treatment
Human umbilical vein endothelial cells (HUVECs) were purchased from BeNa Culture Collection (BNCC, Henan, 
China). The culture medium was 90% Dulbecco’s modified Eagle’s medium (DMEM, Thermo, USA) mixed with 10% 
fetal bovine serum (FBS, Thermo, USA) and cultured in cell incubator with 5% CO2 and 37 °C.

PRKCQ-AS1(ENST00000663449) overexpression plasmid (pCDH-GFP-PRKCQ-AS1) and si-PRKCQ-AS1 were all 
purchased from Guangzhou RiboBio (China). The sequence information of overexpressing plasmids and siRNA can be 
found in Supplementary Materials 1 and 2. All plasmids were tested according to the manufacturer’s instructions and 
transfected into cells using Lipofectamine 3000 reagent (Invitrogen, USA).

For LPS induction, HUVECs were inoculated in 6-well plates or 96-well plates and incubated for 12 h. HUVECs 
were treated with LPS (0.1μg/mL, 1μg/mL, 5μg/mL, 10μg/mL and 100μg/mL) or normal saline (control) for 24 h, and 
cells were collected for further analysis.

RNA Isolation and Libraries Preparation for RNA Sequencing
The total RNA was extracted according to the manufacturer’s instructions using RNAprep Pure efficient total RNA extraction 
kit (TIANGen, Beijing, China). RNA concentration and purity were detected by NanoDrop2000 and agarose gel electrophor-
esis, respectively. RNA integrity was then verified using Agilent 2100 bioanalyzer. Library construction was performed using 
TruSeq Stranded Total RNA with Ribo-Zero (Illumina, California, USA). After construction of libraries, the libraries were 
initially quantified by Qubit2.0 Fluorometer and diluted to 1.5 ng/μL, then the insert size of the libraries was detected by Agilent 
2100 bioanalyzer. qRT-PCR quantified the effective concentration of the libraries accurately and was quantified using qRT-PCR 
(the effective concentration of the library was higher than 2nM). Finally, the libraries were sequenced using NovaSeq 6000.

Sequencing Data Processing and Screening of Differentially Expressed RNAs (lncRNAs 
and mRNAs)
Firstly, the quality of the original sequencing data was filtered as follows: (1) The adapter sequence in reads was removed; (2) The 
bases containing non-AGCT in the 5’ end were removed before shear; (3) pruned the reads terminal with low sequencing quality 
(less than Q20); (4) reads containing 10% N were removed; (5) Discard the small segments less than 25bp after the adapter is 
removed and the quality is trimmed. The sequence data after quality control were compared to the human reference genome 
GRCh38 (http://asia.ensembl.org/Homo_sapiens/Info/Index). According to the comparison results, the FPKM value of each 
gene/transcript in the sample was calculated. For all mRNA genes and transcripts, six databases (NR, Swiss-Prot, Pfam, 
STRING, GO and KEGG) were annotated.

After obtaining gene expression levels, RNAs with significant differences between sepsis groups and control groups 
were screened. Firstly, the original read count was normalized. Screening criteria: | log2 fold change (FC) |≥1, q<0.05 and 
False Discovery Rate (FDR)<0.05.18 Finally, volcano plot and heat map were used to visualize the differentially 
expressed RNAs.

Functional Enrichment Analysis
The “simple enrichment analysis” in Sangerbox tool was used for functional analysis.18 Then, the R software package 
clusterProfiler (version 3.14.3) was used for enrichment analysis to obtain the results of gene set enrichment. The 
minimum gene set was 5, and the maximum gene set was 5000. P values <0.05 and FDR of <0.25 were considered 
statistically significant.

Co-Expression Analysis and Weighted Gene Co-Expression Network Analysis
To explore the targeting relationship between lncRNAs and mRNAs, we calculated the Pearson correlation coefficient 
(PCCs) between lncRNAs and mRNA. P<0.05 and Pearson’s correlation>0.9 were the criteria for predicting target genes 
of lncRNAs. The co-expression network was then mapped and visualized via Cytoscape 3.9.1.

Weighted gene co-expression network analysis (WGCNA) was performed using the GSE28750 dataset as the genetic 
background. Firstly, MAD (Median Absolute Deviation) of each gene was calculated, and the top 50% of the minimum 
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MAD genes were excluded. Outlier genes and samples were removed using goodSamplesGenes method of R software 
package WGCNA. Further, a scale-free co-expression network was constructed. After choosing the power of 6, we 
carried out hierarchical cluster analysis and clustered genes according to the set criteria. The execution parameters were: 
power=6, block Size=7000, minimodules=20, deepSplit=2, mergeCutHeight =0.25, hub cut=0.9. Finally, the correlation 
between gene modules and phenotypes was calculated, and identified the trait-related modules.

Gene Set Enrichment Analysis and Gene Set Variation Analysis
“Gene set enrichment analysis (GSEA)” in Sangerbox tool was used to analyze the differences of biological processes 
between different groups of septic patients. The h.all.v7.4.symbols.gmt and c2.cp.kegg.v7.4.symbols.gmt subsets were 
downloaded from Molecular Signatures Database (http://www.gsea-msigdb.org/gsea/downloads.jsp). Based on 
GSE95233 data and phenotypic grouping, the minimum gene set was set to 5, the maximum gene set was 5000, 
a thousand resampling times, p value <0.05 and False Discovery Rate (FDR) <0.25 were considered statistically 
significant.

“Gene set variation analysis (GSVA)” in Sangerbox tool was used to calculate the enrichment score of each sample 
downloaded. The c2.all.v7.4.symbols.gmt subset was downloaded from Molecular Signatures Database (http://www. 
gsea-msigdb.org/gsea/downloads.jsp). Based on GSE95233 data, Hänzelmann et al method was used to evaluate the 
related pathways and molecular mechanisms.19 The minimum gene set was 5 and the maximum gene set was 5000. Then 
R software package “limma” (version 3.40.6) was used to analyze the difference of the matrix. The identification 
condition was | log2 fold change (FC) | ≥ 0.5, p value < 0.05 and FDR < 0.05.

Immune Cell Infiltration
Based on the GSE95233 data, CIBERSORT was used to calculate the scores of 22 kinds of immune cells. The different 
types of immune cells were screened according to the condition of p < 0.05. ggplot2 package was used to draw 
a histogram. Then, R software package “corrplot” was used to visualize the correlation of each type of immune cell 
infiltration. Furthermore, ggplot2 package was used to visualize the correlation between RNA and immune cells, as well 
as the difference of immune cells between sepsis group and control group.

Survival Prognosis Analysis
Survival analysis was performed using R software package “survival with GSE95233 clinical data, presented using.” 
Kaplan–Meier curve. The Log-rank (Mantel-Cox) test was used to identify statistical differences. Univariate and 
multivariate Cox regression analysis was performed by Sangerbox tool for key RNAs with age and gender. R software 
package “forestplot” was used to drawn forest plot. Then, R software package “rms” was used to construct nomogram by 
integrating survival time, survival status, age and gender. Finally, the accuracy and stability of nomogram were evaluated 
by calibration curve, Receiver operator characteristic (ROC) curve and Kaplan–Meier curve.20

Validation of lncRNAs Expression in RNA Sequencing by RT-qPCR
Reverse transcription (1 μg) was performed using Fast King cDNA first-Strand Synthesis kit (TIANGen, Beijing, China). 
The expression of RNA was detected by Bio-Rad real-time PCR detection system. All the primers were designed by 
Primer 5 and the sequence of primers were shown in Table S2. GAPDH and β-actin were used as the internal controls. 
And the 2−ΔΔCt method was used to calculate the relative expression. Sangon Biotech (Shanghai, China) for synthesis. 
Each sample was repeated three times.

Western Blot Assay
Total protein was extracted using protein lysis solution (Beyotime, Shanghai, China) according to the manufacturer’s 
instructions. Then Bicinchoninic Acid (BCA) protein concentration determination kit (Beyotime, Shanghai, China) was 
used to quantify the extracted protein. After adding sodium dodecyl sulfate (SDS)-loading buffer, it was placed in boiling 
water at 98°C for 5 min to denature. The sample was separated by 12% sodium dodecyl sulfate-polyacrylamide gel 
(SDS-PAGE). Then the protein was transferred to polyvinylidene fluoride (PVDF, Millipore, Bedford, USA) membrane 
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by Western electrophoresis. The membrane was incubated in 5% skimmed dry milk for 2 h. After incubation, they were 
incubated overnight with primary antibody: Bcl-2 (1RV 1000, AF0060, Beyotime, Shanghai, China), Bax (1RV 1000, 
AF1270, Beyotime, Shanghai, China), caspase1 (1RV 1000, AF1681, Beyotime, Shanghai, China), IL-1 β (1RV 1000, 
AF7209, Beyotime, Shanghai, China), NLRP3 (1RV 1000, AF2155, Beyotime, Shanghai, China) and GAPDH (1RV 
1000, AF1186, Beyotime, Shanghai, China). The corresponding second antibody was horseradish peroxidase labeled goat 
anti-rabbit IgG (H+L) (A0208,1VO1000, Beyotime, Shanghai, China). Finally, the PVDF films were treated with Clarity 
Western ECL substrate (1705061 USA) and observed by chemiluminescence imaging system (Bio-Rad, USA).

Cell Viability
LPS-induced HUVECs were obtained. Pancreatin digested and resuspended as a single-cell suspension. Five thousand 
cells/well were inoculated into 96-well plates after counting. Then cultured in cell incubator for 24 h. Continue to culture 
after transfection of plasmid. They were taken out at 24h and 48h, respectively. About 10 μL cell counting kit-8 (CCK-8) 
solution (C0038, Beyotime, Shanghai, China) was added to each well and incubated for 3 h. Finally, the absorbance value 
at OD450 was measured by automatic microporous instrument. Three replicates per well.

Wound Healing Assay
LPS-induced HUVECs were obtained. 5×105 cells/well were inoculated into 24-well plates after counting and then 
cultured in cell incubator for 24 h. After transfection of plasmid, the cells were cultured for 6 h. The transfected cells 
were collected again to prepare single-cell suspension. 5×105 cells/well were inoculated into 24-well plates after 
counting. Then cultured in cell incubator for 24 h. 200 μL sterile pipette end was used to scratch monolayer cells to 
form scratches and remove suspended cells. Serum-free medium was added to each well and cultured in the incubator for 
48 h. The cell migration area was observed and photographed, and the differences in cell healing ability were evaluated 
according to the migration area.

Detection of Reactive Oxygen Species and Superoxide Dismutase
Reactive Oxygen Species Assay Kit (Beyotime, Shanghai, China) was used to detect reactive oxygen species (ROS) 
levels in transfected or LPS-treated HUVECs, according to the manufacturer’s instructions. Finally, the fluorescence 
value was detected by full-function enzyme marker of 488nm excitation wavelength and 525 nm emission wavelength.

Total Superoxide Dismutase Assay Kit with WST-8 (Beyotime, Shanghai, China) was used to detect the level of 
superoxide dismutase (SOD) in transfected or LPS-treated HUVECs according to the manufacturer’s instructions. 
Finally, the absorption value at 450 nm was detected by full-function enzyme marker.

Statistical Analysis
Statistical analysis was performed using GraphPad Prism 8 and SPSS 26. All data were expressed as mean ± standard 
deviation (SD). Statistical evaluation was performed using the student t-test between two groups. P <0.05 was considered 
to be statistically significant.

Results
Transcriptome Analysis of Sepsis
After quality filtering of transcriptome sequencing raw data,125.581 Gb Clean Data was obtained, the average data 
amount of each sample was 15.698 Gb, the percentage of Q30 bases was over 93.89%, GC content was between 47.53% 
and 57.54%, and the alignment rate was between 96.355% and 97.986%. Through statistics, we found that the obtained 
lncRNAs were divided into 10 types (Figure 1A), among which antisense (36.05%) and lincRNA (33.76%) were the 
main types. Through principal component analysis (PCA) based on lncRNA expression data, we can clearly find that the 
two groups could be significantly differentiated into two parts (Figure 1B). The same was true for mRNA analysis 
(Figure 1C). These results indicated that the transcriptome profiles were significantly altered in the control and sepsis 
groups.
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Figure 1 (A) The type and proportion of lncRNA identified in transcriptome sequencing data. (B) PCA principal component analysis based on lncRNA expression in sepsis 
group and control group. (C) PCA principal component analysis based on mRNA expression in sepsis group and control group. (D) Volcano plot shows the differential 
expression of lncRNAs between sepsis group and control group. GP1 represents the sepsis group. GP2 represents the normal group. (E) Heat map shows the differential 
expression of lncRNAs between sepsis group and control group. GP1 represents the sepsis group. GP2 represents the normal group. (F) Volcano plot shows the differential 
expression of mRNAs between sepsis group and control group. GP1 represents the sepsis group. GP2 represents the normal group. (G) Heat map shows the differential 
expression of mRNAs between sepsis group and control group. GP1 represents the sepsis group. GP2 represents the normal group. (H) Venn shows the common 
differential expression lncRNAs between sequencing data and GSE95233. (I) Venn shows the common differential expression mRNAs between sequencing data and 
GSE95233.

https://doi.org/10.2147/JIR.S433057                                                                                                                                                                                                                                    

DovePress                                                                                                                                                 

Journal of Inflammation Research 2024:17 284

Ding et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Screening of Differentially Expressed lncRNAs and Differentially Expressed mRNAs
A total of 2310 differentially expressed lncRNAs (DElncs) were screened, of which 1104 were up-regulated and 1206 
were down-regulated. Likewise, we obtained 7310 differentially expressed mRNAs (DEMs), of which 3178 were up- 
regulated and 4132 were down-regulated. The top 10 up- and down-DElncs and DEMs were exhibited in Table 1 and 
Table 2, respectively. The DElncs and DEMs between the two groups were displayed by volcano plot and heat map 
(Figure 1D–G). Using the same method, a total of 40 DElncs and 868 DEMs were obtained from GSE95233 (Figure S2). 
Subsequently, 14 overlapping DElncs and 663 overlapping DEMs between transcriptome sequencing difference analysis 
data and GSE95233 difference analysis data were obtained by Venn (Figure 1H and I).

Construction of lncRNA-mRNA Co-Expression Network and Functional Enrichment 
Analysis
According to the prediction criteria, a total of 3938 target genes of 14 overlapping were screened, of which 12 were Cis 
target genes. After overlapping with 663 differentially expressed mRNAs, 373 common mRNAs were obtained 
(Figure 2A). Subsequently, 14 overlapping DElncs and 373 common mRNAs were used to construct the lncRNA- 
mRNA co-expression network, including 387 nodes and 600 edges (Figure 2B).

Furthermore, the functional enrichment analysis results of 373 common mRNAs showed that these mRNAs were 
enriched in immune cell-related functions, such as T cell activation, T cell complex and MHC protein complex. Among 
them, biological processes mainly include T cell activation, leukocyte differentiation, neutrophil activation and stress, 
lymphocyte differentiation, and cell surface receptor signaling pathway activation (Figure S3A). In the cellular compo-
nent (CC), these mRNAs were mainly associated with T cell receptor complexes, immune synapses, plasma membrane 
receptor complexes, MHC Class II protein complexes, and ficolin-1-rich granules (Figure S3B). In addition, molecular 

Table 1 Top 10 (Up- and Down-Regulated) of Differentially Expressed lncRNAs in Normal Bloods 
and Sepsis Bloods

Symbol logFC Gene Id Gene Biotype p value FDR

Up regulation
AF064858.2 13.8294 ENSG00000237609 lincRNA 5.70E-14 9.90E-13

AF064858.3 12.8799 ENSG00000237721 lincRNA 1.31E-13 2.20E-12
AC009229.2 12.1171 ENSG00000229160 lincRNA 5.81E-10 5.46E-09

AC021594.2 11.5437 ENSG00000267780 lincRNA 2.04E-08 1.48E-07
AC105118.1 11.1700 ENSG00000253931 Antisense 2.12E-09 1.80E-08

AP000943.4 11.1630 ENSG00000280167 TEC 2.42E-09 2.03E-08

MAFA-AS1 11.0214 ENSG00000254338 Antisense 2.01E-08 1.47E-07
AC113398.2 10.9875 ENSG00000251456 Sense intronic 1.08E-06 5.88E-06

LINC00513 10.9861 ENSG00000233559 lincRNA 2.95E-16 6.57E-15

AP003086.2 10.9737 ENSG00000254420 Antisense 5.41E-07 3.09E-06

Down regulation
AC130456.3 −17.73766 ENSG00000260592 Antisense 6.07E-46 1.74E-43
AC098588.2 −14.93627 ENSG00000285783 Processed transcript 1.51E-39 2.44E-37

AL138900.3 −13.50109 ENSG00000271736 lincRNA 4.85E-23 1.96E-21

LINC00570 −13.11601 ENSG00000224177 lincRNA 8.58E-26 4.58E-24
TRBV11-2 −12.94738 ENSG00000241657 lincRNA 6.33E-20 2.02E-18

AC104389.1 −12.87967 ENSG00000224091 Antisense 4.09E-21 1.41E-19

AC013264.1 −12.46738 ENSG00000231621 Antisense 4.83E-16 1.06E-14
LINC02295 −11.59673 ENSG00000258511 lincRNA 3.12E-12 4.22E-11

LINC01259 −11.12173 ENSG00000249667 lincRNA 6.83E-15 1.32E-13

AC127526.2 −11.04475 ENSG00000255367 Processed transcript 1.45E-18 4.03E-17

Notes: P<0.05 was considered to be statistically significant. 
Abbreviations: FC, fold change; FDR, False Discovery Rate.
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function (MF) analysis showed that it was mainly involved in cytokine receptor regulation, MHC protein complex 
binding, cytokine regulation, pattern recognition receptor activity, and SH3/SH2 adapter activation (Figure S3C). KEGG 
enrichment analysis also revealed similar functional pathways, mainly involved in Th17/Th1/Th2 cell differentiation, 
PD-1 checkpoint pathway, T cell receptor signaling pathway, cell adhesion molecules (CAMs), antigen processing and 
presentation, and NF-kappa B signaling pathway (Figure S3D). Subsequently, we select the functional terms with more 
than 30 enriched genes and construct the lncRNA-mRNA-functional terms network was construct with the functional 
terms with more than 30 enriched genes, 14 overlapping DElncs and 373 common mRNAs (Figure 2C). Taken together, 
these results suggested that the 14 keys DElncs in sepsis played a potential role in regulating the expression of genes 
related to T cell activation and immune response function.

Weighted Gene Co-Expression Network Analysis of lncRNAs and mRNAs in Sepsis
WGCNA analysis was performed using GSE28750 as the genetic background. The results showed that the soft threshold power β 
of lncRNA was6, and the soft threshold power β of mRNA was 16, both of which were consistent with the scale-free network and 
had greater biological significance (Figure 3A and B). Then, the hierarchical clustering tree results showed that lncRNA 
consensus contains 8 modules (Figure S4A). The relationship between co-expression modules and sepsis was shown in 
Figure 3C. We found that the trend of genetic change in each module was reversed between the control group and sepsis. 
According to p-values and correlation values, brown module was selected as significant modules associated with sepsis, 
including 2 core lncRNAs. In the same, mRNA consensus identified 18 modules, in which the mediumorchid module was 
significantly correlated with sepsis, including 238 core mRNAs (Figure S4B), Figure 3D). By comparing the core module with 
lncRNAs and mRNAs in the lncRNA-mRNA co-expression network, one common key lncRNA (PRKCQ-AS1) and 67 
common key mRNAs were obtained, including 12 PRKCQ-AS1 co-expressed mRNAs (AQP3, ICAM2, IL32, KDM2B, 
KLF12, OSBPL3, P2RY8, PCED1B, PRKCQ, PVRIG, RORA and SIRPG) (Figure 3E and F). GO and KEGG analysis showed 

Table 2 Top 10 (Up- and Down-Regulated) of Differentially Expressed mRNAs in Normal Bloods 
and Sepsis Bloods

Symbol logFC Gene Id Gene Biotype p value FDR

Up regulation
OLAH 12.056357 ENSG00000152463 Protein coding 1.61E-22 1.59E-21

AC008763.3 10.863079 ENSG00000269711 Protein coding 2.72E-07 7.28E-07
CD177 10.632398 ENSG00000204936 Protein coding 1.18E-74 1.99E-72

FAM20A 9.1093202 ENSG00000108950 Protein coding 7.07E-31 1.24E-29

AC069368.1 9.0598129 ENSG00000249240 Protein coding 2.74E-17 1.81E-16
LHX4 9.0384033 ENSG00000121454 Protein coding 1.75E-12 7.84E-12

SPATC1 8.8033099 ENSG00000186583 Protein coding 1.11E-46 4.93E-45
TREML4 8.7245730 ENSG00000188056 Protein coding 7.73E-07 1.96E-06

PCOLCE2 8.6997081 ENSG00000163710 Protein coding 3.42E-09 1.12E-08

PCSK9 8.6711140 ENSG00000169174 Protein coding 1.04E-10 3.96E-10

Down regulation
ALAS2 −14.39665 ENSG00000158578 Protein coding 2.15E-45 8.99E-44
HBB −14.06364 ENSG00000244734 Protein coding 2.03E-28 3.08E-27

HBA1 −13.96905 ENSG00000206172 Protein coding 2.64E-28 1.65E-280

HBM −13.92049 ENSG00000206177 Protein coding 7.52E-43 2.75E-41
HBA2 −13.68241 ENSG00000188536 Protein coding 5.74E-27 2.39E-271

SLC4A1 −12.72911 ENSG00000004939 Protein coding 1.97E-72 2.89E-70

AHSP −12.23709 ENSG00000169877 Protein coding 6.50E-30 1.09E-28
SELENBP1 −11.73680 ENSG00000143416 Protein coding 2.60E-22 2.53E-21

CA1 −11.61142 ENSG00000133742 Protein coding 8.76E-31 1.53E-29

KRT1 −11.24845 ENSG00000167768 Protein coding 7.06E-17 4.53E-16

Notes: P<0.05 was considered to be statistically significant. 
Abbreviations: FC, fold change; FDR, False Discovery Rate.

https://doi.org/10.2147/JIR.S433057                                                                                                                                                                                                                                    

DovePress                                                                                                                                                 

Journal of Inflammation Research 2024:17 286

Ding et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=433057.pdf
https://www.dovepress.com/get_supplementary_file.php?f=433057.pdf
https://www.dovepress.com/get_supplementary_file.php?f=433057.pdf
https://www.dovepress.com/get_supplementary_file.php?f=433057.pdf
https://www.dovepress.com
https://www.dovepress.com


Figure 2 (A) Venn shows the common mRNAs between lncRNA target genes and differential expression mRNAs. (B) lncRNA-mRNA co-expression network. The green 
oval represents mRNAs. the red triangles represent lncRNAs. (C) lncRNA-mRNA-GO term co-expression network. The green oval represents mRNAs. the red diamonds 
represent lncRNAs. The light blue triangle represents GO terms.
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that the biological functions of these mRNAs were mainly involved in immune system processes such as immune response 
activation and regulation, lymphocyte activation, cell adhesion and cell surface receptor signaling pathways (Figure 3G). KEGG 
was mainly enriched in Th17 cell differentiation, T cell receptor signaling pathway, NF-kappa B signaling pathway, circadian 
rhythm and water reabsorption regulation (Figure 3H).

Figure 3 (A) lncRNA WGCNA soft threshold results, where the horizontal axis is soft threshold (power) and the vertical axis is the evaluation parameter of the scale-free 
network. (B) mRNA WGCNA sample clustering results (above) and soft threshold results (below), where the horizontal axis is soft threshold (power) and the vertical axis 
is the evaluation parameter of the scale-free network. (C) Correlation heat map of sepsis phenotype and control phenotype with each module of lncRNAs. The horizontal 
axis is the basic phenotype, the vertical axis is the module, the color indicates the correlation, and the text represents the correlation coefficient and significance p value. (D) 
Correlation heat map of sepsis phenotype and control phenotype with each module of mRNAs. The horizontal axis is the basic phenotype, the vertical axis is the module, 
the color indicates the correlation, and the text represents the correlation coefficient and significance p value. (E) Common lncRNAs between lncRNA-mRNA co- 
expression network and WGCNA key modules. (F) Common mRNAs between lncRNA-mRNA co-expression network and WGCNA key modules. (G) GO enrichment 
analysis of common mRNAs. The ordinate text indicates the name of GO. The x-coordinate is Gene Ratio. (H) KEGG enrichment analysis of common mRNAs. The 
ordinate text indicates the name of GO. The x-coordinate is gene Ratio.
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Gene Set Enrichment Analysis and Gene Set Variation Analysis
The above enrichment results were carried out by using cross genes. In order to avoid the one-sidedness of the results, we 
carried out GSEA on the whole GSE95233 and observed its enrichment in KEGG and HALLMARK. Figure 4A and B show 
the major biological processes of GSE95233 in KEGG and HALLMARK, respectively (p<0.05 and FDR<0.25). KEGG was 
mainly enriched in Oxidative phosphorylation, PPAR signaling pathway, Nicotinate and Nicotinamide metabolism, Natural 
killer cell mediated cytotoxicity, Wnt signaling pathway and T cell receptor signaling pathway. In HALLMARK analysis, 
GSE95233 was mainly involved in Reactive oxygen species pathway, Glycolysis, IL6 AK-STAT3 signaling, Wnt-β-catenin 
signaling, Adipogenesis and p53 pathway. These pathways were mainly involved in inflammation, oxidative stress, immunity, 
glycolysis and other similar roles. Subsequently, patients were divided into a high-expression group and a low-expression 
group according to the median expression of PRKCQ-AS1 for GSEA analysis (Figure 4C and D). The results showed that in 
KEGG and HALLMARK, the high-expression group involved abundant biological signal pathways, including Cell adhesion 
molecules cams, Antigen processing and presentation, T cell receptor signaling pathway, Natural killer cell mediated 
cytotoxicity, Wnt signaling pathway, Primary immunodeficiency. The low-expression group was mainly enriched in 
Cholesterol homeostasis, IL6 JAk-STAT3 signaling, Hypoxia and Xenobiotic metabolism.

Subsequently, GSVA analysis results of GSE95233 showed 196 differential gene sets between the sepsis group and 
the control group, including 90 up-regulated gene sets and 106 down-regulated gene sets. These differential gene sets 
were also involved in protein repair, antimicrobial proteins, glycolysis, and immune cell stress and response (Figure 4E 
and F and Table 3).

Immune Infiltration Analysis
To further confirm the correlation between PRKCQ-AS1 expression and immune cells, CIBERSORT algorithm was 
performed, and the results were shown in the bar chart (Figure 5A). PCA clustering results showed that there were 
differences in immune cell infiltration between the sepsis and control group, which could be well distinguished between 
the two groups (Figure 5B). The violin plot of immune cell infiltration showed that Plasma cells, T cells gamma delta, 
Monocytes, Eosinophils, and Neutrophils were infiltrate in the sepsis group and were higher than in the control samples. 
B cells naive, T cells CD8, NK cells resting, Dendritic cells resting and Mast cells resting had low infiltration 
(Figure 5C). Correlation analysis between PRKCQ-AS1 and immune cells showed that 12 kinds of immune cells had 
significant correlation with PRKCQ-AS1 expression. B cells native, T cells CD8, T cells CD4 native, T cells CD4 
memory resting, NK cells resting, Dendritic cells resting, Mast cells resting was negatively correlated with the expression 
of PRKCQ-AS1. Plasma cells, T cells follicular helper, T cells gamma delta, Mast cells activated, Neutrophils and 
PRKCQ-AS1 expressions were positively correlated (Figure 5D). The correlation of immune cell scores between high- 
expression group and low-expression group showed that different immune cells showed differently in the two groups. 
Among them, B cells native, Plasma cells, T cells CD8, T cells CD4 memory resting, T cells gamma delta, NK cells 
resting, Dendritic cells resting, Mast cells resting, Mast cells activated and Neutrophils were significantly different 
(Figure 5E and F). These results further supported the possibility that PRKCQ-AS1 levels may influence the immune 
activity of immune cells.

Validation and Evaluation of PRKCQ-AS1
PRKCQ-AS1 expression profile in GSE95233 and GSE28750 datasets were obtained, respectively, ROC analysis results 
showed that the AUC values of PRKCQ-AS1 in the two datasets were 0.88 and 0.96, respectively, indicating that 
PRKCQ-AS1 may have a certain predictive effect on sepsis (Figure 6A and B). Kaplan–Meier curve showed that 
PRKCQ-AS1 was significantly correlated with the survival of sepsis patients (logrank p<0.05) (Figure 6C). Univariate 
and multivariate Cox regression analysis results showed that PRKCQ-AS1 may be an independent prognostic factor for 
sepsis patients (Figure 6D and E). Moreover, Pearson correlation analysis showed that PRKCQ-AS1 was related to 
gender (p=0.049). In order to explore the predictability of PRKCQ-AS1 and clinical factors for survival, a nomogram 
was established based on multivariate results (Figure 6F). C-index value was 0.81, indicating the predictability of 
nomogram. And calibration curve, ROC analysis and Kaplan–Meier analysis further reflect the predictability and 
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Figure 4 Gene Set Enrichment Analysis (GSEA) and Gene Set Variation Analysis (GSVA) enrichment analysis. (A) GSEA on the whole GSE95233 and observed its 
enrichment in KEGG set. (B) GSEA on the whole GSE95233 and observed its enrichment in HALLMARK set. (C) GSEA based on PRKCQ-AS1 expression in KEGG set. (D) 
GSEA based on PRKCQ-AS1 expression in HALLMARK set. (E) Volcano for differential GSVA enrichment analysis of PRKCQ-AS1 expression in sepsis and control groups. 
Green dots represent down regulated enrichment, and red dots represent up regulated enrichment. (F) The heat map shows the significant gene sets; blue is the control 
group, red is the sepsis group, the blue square represents low enrichment, and the red square represents high enrichment.
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Table 3 GSVA Enrichment Analysis

Symbol logFC AveExpr t P value FDR

Up regulation
BIOCARTA_TCRA_PATHWAY 0.8589830 −0.0292275 10.4230448 8.87E-19 2.66E-16
KAPOSI_LIVER_CANCER_MET_DN 0.7908491 −0.0520589 10.0412813 7.73E-18 1.47E-15

BIOCARTA_TCAPOPTOSIS_PATHWAY 0.7897578 −0.0294686 9.35328470 3.74E-16 3.79E-14

WP_MICRORNA_NETWORK_ASSOCIATED_WITH_CHRONIC_LYMPHOCYTIC_LEUKEMIA 0.7731021 −0.0187495 10.1935157 3.26E-18 7.32E-16
BIOCARTA_BBCELL_PATHWAY 0.7075996 −0.0259635 9.28348784 5.53E-16 5.19E-14

MYLLYKANGAS_AMPLIFICATION_HOT_SPOT_18 0.7060035 −0.0186892 7.17069991 5.37E-11 1.03E-09

HAHTOLA_SEZARY_SYNDROM_DN 0.7001293 −0.0325348 10.8865144 6.36E-20 4.44E-17
BIOCARTA_NO2IL12_PATHWAY 0.6993535 −0.0313300 9.13734062 1.25E-15 1.05E-13

REACTOME_RUNX3_REGULATES_CDKN1A_TRANSCRIPTION 0.6930391 −0.0093101 8.89183724 4.92E-15 3.20E-13
SHANK_TAL1_TARGETS_DN 0.6791681 −0.0134682 9.78905921 3.22E-17 4.93E-15

Down regulation
KORKOLA_CHORIOCARCINOMA_UP −0.7116438 0.0271206 −8.2542698 1.65E-13 6.37E-12

MARIADASON_RESPONSE_TO_BUTYRATE_CURCUMIN_SULINDAC_TSA_2 −0.7176633 0.0384776 −8.7794845 9.17E-15 5.44E-13

REACTOME_IRAK4_DEFICIENCY_TLR2_4 −0.7188560 0.0411886 −11.047977 2.54E-20 2.66E-17
MARTINELLI_IMMATURE_NEUTROPHIL_UP −0.7325367 0.0013556 −7.3488430 2.11E-11 4.60E-10

WP_HIF1A_AND_PPARG_REGULATION_OF_GLYCOLYSIS −0.7370072 0.0213788 −10.431217 8.47E-19 2.66E-16

REACTOME_METAL_SEQUESTRATION_BY_ANTIMICROBIAL_PROTEINS −0.7606094 0.0204451 −10.242874 2.47E-18 5.74E-16
REACTOME_SYNTHESIS_OF_LIPOXINS_LX −0.7902687 0.0276077 −9.4534958 2.13E-16 2.35E-14

WP_SULINDAC_METABOLIC_PATHWAY −0.7942038 0.0408034 −8.8672452 5.64E-15 3.55E-13

WP_CELLULAR_PROTEOSTASIS −0.8056009 0.0251640 −8.7574824 1.04E-14 5.90E-13
REACTOME_PROTEIN_REPAIR −0.9527306 0.0487624 −10.771374 1.22E-19 5.92E-17

Notes: P<0.05 was considered to be statistically significant. 
Abbreviations: FC, fold change; FDR, False Discovery Rate.
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Figure 5 Immune cell infiltration and correlational analysis. (A) Barplot shows the proportion of 22 immune cells in sepsis samples. (B) PCA analysis of immune infiltration 
background dataset. (C) Immune cells are expressed at different group of sepsis (sepsis vs control) as violin chart. Turquoise is the sepsis group, and red is the control group. 
(D) The correlation heat map of 22 kinds of infiltrated immune cells and PRKCQ-AS1 expression. Light red means positive correlation, and red means negative correlation. 
****p <0.0001, ***p <0.001, ** p<0.01, *p<0.05 (E) Immune cells are expressed at different levels of PRKCQ-AS1 (low vs high) as box diagram. Turquoise is the low 
expression group, and red is the low expression group. (F) The correlation of infiltrated immune cells (Plasma cells, T cells gamma delta, NK cells resting, T cells CD8, 
B cells native and Neutrophils) and PRKCQ-AS1 expression.
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reliability of nomogram (Figure 6G–I). These results also indicated that PRKCQ-AS1 had the potential of prognostic 
markers for sepsis patients.

To verify the expression trend of PRKCQ-AS1GSE95233 and GSE28750 were used as external data for validation. 
As shown in Figure 6J, PRKCQ-AS1 expression was up-regulated in the two datasets, consistent with transcriptome 

Figure 6 (A) ROC analysis of PRKCQ-AS1based on GSE95233. (B) ROC analysis of PRKCQ-AS1based on GSE28750. (C) PRKCQ-AS1 survival analysis in sepsis patients. 
The turquoise line represents high expression group, and the red line represents low expression group. The turquoise shading and red shading represent 95% confidence 
interval. (D) Forest maps show univariate Cox analysis results. (E) Forest maps show multivariate Cox analysis results. (F) A nomogram of 28-day survival prediction of 
sepsis patients constructed with PRKCQ-AS1 expression, age and gender. ****p <0.0001. (G) The calibration curve corresponding to the nomogram. (H) The ROC analysis 
corresponding to the nomogram. (I) Kaplan–Meier curve corresponding to the nomogram. The turquoise line represents high expression group, and the red line represents 
low expression group. The turquoise shading and red shading represent 95% confidence interval. (J) PRKCQ-AS1 expression in GSE95233 and GSE28750. (K) PRKCQ-AS1 
expression in 15 sepsis samples and 15 control samples by RT-qPCR. The expression level of actin was used as an internal reference for PRKCQ-AS1. The data are shown as 
the mean ± standard deviation.
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sequencing data. Subsequently, RT-qPCR results showed that PRKCQ-AS1 was also upregulated in sepsis patients, 
which was consistent with the results of bioinformatics analysis as shown in Figure 6K.

PRKCQ-AS1 Contributes to Sepsis Model Cell (LPS-Induced HUVECs) Proliferation, 
Apoptosis, Migration, Inflammatory Response and Oxidative Stress
Firstly, cell activity results showed that different concentrations LPS significantly inhibited the viability of HUVECs cell, and 
the IC50 value was 3.011 μg/mL by fitting curve (Figure 7A). In addition, the treatment of LPS promoted the expression of 
PRKCQ-AS1 in HUVECs (Figure 7B), which verified that the expression trend of PRKCQ-AS1 was consistent with the 
results of bioinformatics analysis and transcriptome sequencing data. Fluorescence microscope observation and qPCR results 
showed that PRKCQ-AS1 plasmid was successfully transfected into the cells and interfered with the expression of PRKCQ- 
AS1 (Figure S5). CCK8 results showed that overexpression of PRKCQ-AS1 significantly inhibited cell proliferation. In 
contrast, silencing PRKCQ-AS1 significantly promoted cell proliferation (Figure 7C). The result trend of wound healing assay 
was consistent with CCK8. Si-PRKCQ-AS1 promoted cell migration. Increased expression of PRKCQ-AS1 showed the 
opposite result, and cell mobility was significantly lower than that of the control group (Figure 7D and E). In addition, qPCR 
and western results showed that si-PRKCQ-AS1 decreased the expression levels of Bax, caspase1, IL-1β and NLRP3, and 
increased the expression levels of Bcl-2. The results of overexpression of PRKCQ-AS1 were reversed (Figure 8A–K). These 
results suggested that PRKCQ-AS1 could promote apoptosis and inflammation. As shown in Figure 8L and M, increasing the 
expression of PRKCQ-AS1 significantly increased the ROS content, while significantly reduced the SOD production. When 
PRKCQ-AS1 was knocked out, SOD content increased significantly and ROS content decreased. These results suggested that 
PRKCQ-AS1 could inhibit the activity of sepsis model cells and induce apoptosis, inflammation and oxidative stress.

Figure 7 (A) Fitting curve of the effect of LPS on HUVECs activity. (B) Effects of LPS concentration on PRKCQ-AS1 expression in HUVECs by RT-qPCR. The expression 
level of GAPDH was used as an internal reference for PRKCQ-AS1. The data are shown as the mean ± standard deviation. ***p <0.001. **p<0.01. (C) The effects of 
PRKCQ-AS1 knockdown or overexpression on the vitality of sepsis-related cell (LPS-induced HUVECs) measured using the CCK-8 assay. The data are shown as the mean ± 
standard deviation. ***p < 0.001. (D and E) The effects of PRKCQ-AS1 knockdown or overexpression on the migration of sepsis-related cell (LPS-induced HUVECs) 
measured using the wound healing assay. The data are shown as the mean ± standard deviation. ***p < 0.001. **p < 0.01.
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Discussion
In this study, 2310 DElncs and 7310 DEMs were obtained by transcriptome sequencing. PCA results based on the expression 
levels of lncRNAs showed that the sepsis group and control group could be well distinguished, suggesting that lncRNAs may 
have the potential as a diagnostic biomarker of sepsis. It has been reported that lncRNA has a mechanism to directly regulate 

Figure 8 (A–F) Effects of PRKCQ-AS1 overexpression or knockout on protein expression levels of Bax (A and B), Bcl-2(A and C), caspase 1(A and D), NLRP3(A and E) 
and IL-1β (A and F) in the sepsis-related cell (LPS-induced HUVECs) by western bolt. ***p < 0.001.** p < 0.01. *p < 0.05.(G–K) Effects of PRKCQ-AS1 overexpression or 
knockout on expression levels of Bax (G), Bcl-2 (H), caspase 1 (I), NLRP3 (J) and IL-1β (K) in the sepsis-related cell (LPS-induced HUVECs) by RT-qPCR. The expression 
level of GAPDH was used as an internal reference for PRKCQ-AS1. The data are shown as the mean ± standard deviation. ***p<0.001. ** p<0.01. *p < 0.05.(L and M) 
Effects of PRKCQ-AS1 overexpression or knockout on ROS (L) and SOD (M) levels in the sepsis-related cell (LPS-induced HUVECs) by commercial kit. The data are shown 
as the mean ± standard deviation. ***p<0.001. *p < 0.05.
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genes through cis- or trans-regulation.21 Therefore, we constructed the lncRNA-mRNA co-expression network, including 14 
lncRNAs and 373 mRNAs. Enrichment analysis showed that these mRNAs were mainly involved in inflammatory and 
immune response. These results confirm that sepsis was a regulatory process of immune response. Subsequently, immune 
infiltration analysis, GSEA and GSVA results showed that the sepsis patients had high immune cell infiltration, and there were 
obvious differences, such as T cells, B cells, NK cells and Monocytes. And there were immune-related differential gene sets 
between sepsis patients and control group. All these further confirmed that immune response played an important role in the 
sepsis process. In addition, we obtained the key lncRNA PRKCQ-AS1 and 67 common key mRNAs (including 12 PRKCQ- 
AS1-targeted mRNAs) by WGCNA. Functional enrichment showed that these mRNAs were involved in immune response. 
Immune infiltrate analysis and GSEA results also showed that the expression of PRKCQ-AS1 was correlated with T cells, 
B cells, and Monocytes, which suggested that PRKCQ-AS1 might be a lncRNAs involved in immune regulation, which were 
consistent with literature reports.22,23

Protein kinase C theta antisense RNA 1(PRKCQ-AS1) was encoded by PRKCQ host gene and played a crucial role in 
T cell activation, and NF-κB transcription factor was its main target.24 It was reported that PRKCQ-AS1 was overexpressed in 
CRC tissues, which was related to the poor prognosis of CRC patients. Inhibition of PRKCQ-AS1 expression inhibits the 
proliferation and migration of colorectal cancer cells by regulating the miR-1287-5p/YBX1 axis.25 Some researchers have also 
reported that the low expression of PRKCQ-AS1 may further inhibit the IL-6/STAT3 pathway through up-regulation of miR- 
143-3p, thereby inhibiting the proliferation, migration and invasion of liver cancer cells and inducing cell apoptosis.26 Zhao 
et al reported that PRKCQ-AS1 was an immune-related lncRNA in periodontal tissues, which can regulate its inflammation 
and immune response through the NF-κB pathway.24 Li et al also found that PRKCQ-AS1 was an immune-related prognostic 
factor for glioblastoma.27 All these further confirmed the results that PRKCQ-AS1 was involved in the immune reaction 
process. However, although there have been a few studies of PRKCQ-AS1 in sepsis, they are all bioinformatics analysis data 
based on public datasets.22,23 Subsequently, we analyzed the clinical significance of PRKCQ-AS1 in sepsis and investigated its 
correlation with clinical features. In particular, it relates to the diagnostic potential of disease severity and prognosis. Kaplan– 
Meier curve, ROC analysis and Cox regression analysis showed that the expression level of PRKCQ-AS1 was correlated with 
the survival prognosis of sepsis patients and was an independent prognostic factor of sepsis patients with certain diagnostic and 
prognostic value. The constructed nomogram further corroborates the claim. Calibration curve, risk survival curve and ROC 
verified the accuracy and stability of nomogram. Moreover, univariate Cox logistic regression analysis result, except PRKCQ- 
AS1, showed that gender was also associated with the development of sepsis. It has been reported that there are differences in 
immune response to infection between women and men, such as the expression of pattern recognition receptors in innate 
immune response and the functional response of phagocytes and antigen presenting cells.28–30 However, Cox multivariate 
regression and nomogram analysis showed that gender had no statistical significance in the prognosis of sepsis. PRKCQ-AS1 
as an immune-related factor in the progression of sepsis, Pearson correlation analysis showed that PRKCQ-AS1 was related to 
gender (p=0.049), indicating that factor mediating factors may interfere with the regulation of sepsis by PRKCQ-AS1, such as 
sex hormones. These results suggested that PRKCQ-AS1 was not only an immune-related factor, but also a prognostic 
biomarker. And it may also be a gender mediated regulatory factor. These needed to be further evaluated and studied using 
more clinical samples and advanced diagnostic methods in order to propose their clinical value.

To better understand the role of PRKCQ-AS1 in sepsis, we conducted a series of experiments. Firstly, we detected that 
PRKCQ-AS1 was significantly up-regulated in clinical and cell samples by RT-qPCR, which was consistent with the results of 
sequencing data and bioinformatics analysis. And in LPS-induced sepsis cells, its expression increased with the increase of LPS 
concentration, indicating that PRKCQ-AS1 may be involved in the deterioration of sepsis and mediate the occurrence and 
development of sepsis. Cell function experiments further confirmed that PRKCQ-AS1 not only inhibited the proliferation and 
migration of LPS-induced sepsis cells, but also promoted cell apoptosis, oxidative stress and inflammation. These results suggest 
that PRKCQ-AS1, as a pathogenic factor, may damage organs by promoting the release of inflammatory cytokines and the 
intensification of oxidative stress, leading to increased disease severity and thus increased mortality in patients with sepsis.

However, there are still some limitations in our research. Firstly, although this study screened sepsis-related lncRNA- 
mRNA coexpression pairs through transcriptome sequencing, public datasets and a series of bioinformatics methods, and 
discussed the relationship between PRKCQ-AS1 and immune cells and inflammation. In future studies, we can further study 
the effects of PRKCQ-AS1 on more inflammatory markers (including anti-inflammatory markers) and immune markers. 
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Secondly, this study only evaluated the effects of PRKCQ-AS1 on proliferation, apoptosis, migration and oxidative stress in 
sepsis. The regulatory role and mechanism of PRKCQ-AS1 and its targeted mRNAs in sepsis are not clear and need to be 
verified by further functional experiments. Finally, the limited sample size may lead to a decrease in statistical power; 
therefore, more sample size and verification set will help to improve the accuracy of the results.

Conclusion
In conclusion, through RNA sequencing and series of methods, we obtained an immune-related lncRNA-mRNA 
regulatory network, including 14 immune-related key lncRNAs. Immune infiltration, GSEA and GSVA results further 
confirmed the correlation between lncRNAs and immune cells. The key immune-related lncRNA PRKCQ-AS1 was 
screened by WGCNA. Series of bioinformatics methods, RT-qPCR, Western blot and cell function assay confirm that 
PRKCQ-AS1 was not only an independent prognostic factor in sepsis patients but also inhibited the LPS-induced sepsis 
model cells viability and promote cell apoptosis, inflammatory damage and oxidative stress. These results suggested that 
PRKCQ-AS1 may play a key role in inflammation and oxidative stress processes in HUVECs, which may provide 
potential therapeutic and drug targets for sepsis patients.
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