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LncRNA CYP1B1-AST as a clinical biomarker
exacerbates sepsis inflammatory response via
targeting miR- 18a- 5p

Lixia Xu', Jingpo Li%, Li Li', Qiushuang Zhang?, Qiuju Feng* and Lijie Bai®”

Abstract

Background Sepsis, characterized by high morbidity and mortality, necessitates the identification of novel
diagnostic and prognostic biomarkers to enhance patient outcomes. Prior research has highlighted the potential
clinical utility of long non-coding RNAs (IncRNAs) in sepsis. This study aimed to investigate the clinical significance
and underlying mechanisms of serum IncRNA Cytochrome P450 family 1 subfamily B member 1 antisense RNA 1
(CYP1B1-AST) expression in sepsis.

Methods Differentially expressed INcRNAs in sepsis patients were explored via GEO database. Sepsis patients and
Control subjects were included. An in vitro cellular model was established with LPS-stimulated THP- 1 cells. RT-gPCR
assessed CYP1B1-AS1T and miR- 18a- 5p expression. ROC analysis evaluated diagnostic and predictive value. Kaplan-
Meier curves and Cox regression analyzed the prognostic value of CYP1B1-AST. Flow cytometry and ELISA assessed
cell apoptosis and inflammatory factors levels. Dual luciferase reporter, RIP, and RNA pull down to validate target
binding relationship.

Results The GSE217700 database shows that CYP1B1-AST was upregulated in sepsis. Serum levels of CYP1B1-AS1
were higher in sepsis patients than controls. CYP1B1-AST was positively correlated with SOFA and APACHE Il scores
and distinguished sepsis patients from controls. The 28-day mortality rate for sepsis patients was 29.31%. High
CYP1B1-AS1 expression in sepsis patients predicts a worse prognosis and is a potential risk factor. CYP1B1-AS1 targets
miR- 18a- 5p. Silencing CYP1B1-AS1 reduced LPS-inducted apoptosis and inflammatory factor promotion, which the
miR- 18a- 5p inhibitor reversed.

Conclusion CYP1B1-AS1 serves as a biomarker for sepsis diagnosis and poor prognosis, potentially promoting
inflammation and apoptosis by targeting miR- 18a- 5p.
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Introduction

Sepsis is a systemic inflammatory condition triggered by
severe trauma, burns, infections, or surgery, often lead-
ing to organ failure and shock in severe cases [1]. Statisti-
cally, sepsis affects 31.5 million people globally annually,
causing 5.3 million deaths [2]. The 28-day mortality rate
ranges from 8.5 to 31.6% [3]. The WHO considers sepsis
prevention and treatment to top global priority [3]. Sep-
sis is characterized by excessive inflammation triggered
by overactivation of the innate immune system, lead-
ing to significantly elevated inflammatory mediators in
peripheral blood and ultimately causing damage or even
death to the host. Despite an in-depth understanding of
the pathogenesis of sepsis, there has been no significant
improvement in sepsis mortality in clinical treatment at
home and abroad [4]. Low diagnostic specificity ham-
pers research, detection, and prognosis. Comprehensive
pathogenesis analysis and biomarker identification are
crucial for early diagnosis, treatment, mortality reduc-
tion, and understanding of sepsis.

Long non-coding RNAs (IncRNAs) are a diverse subset
of transcripts longer than 200 nt that do not encode pro-
teins. Their abundance and dysfunction serve as biomark-
ers and affect sepsis by modulating immune function.
Recent evidence indicates that IncRNA MCM3 AP-AS1
[5], SNHGS8 [6], and LINC00265 [7] are implicated in
sepsis and serve as potential biomarkers. Cytochrome
P450 family 1 subfamily B member 1 antisense RNA 1
(CYP1B1-AS1), also known as C2orf58 or MGC34824,
is a IncRNA located on human chromosome 2q22.2
with three exons. This novel IncRNA is abnormally reg-
ulated in lung adenocarcinoma [8] and acute myeloid
leukemia [9], and has potential as a biomarker for glio-
blastoma [10]. Respiratory epithelial cells regulate local
inflammation by interacting with immune cells. Nota-
bly, CYP1B1-AS1 is upregulated in COPD respiratory
epithelial cells [11]. Recently, Aryashree et al. showed
that Coxiella burnetiid infection regulates CYP1B1-AS1
expression, reducing host cell death and enhancing sur-
vival [12]. Using the GEO database, we identified differ-
ential expression of IncRNAs in sepsis patients compared
to healthy individuals, noting a 7.27-fold increase in
CYP1B1-AS1. Additionally, RNA sequencing by Zhao et
al. (2021) also revealed a significant elevation of CYP1B1-
AS1 in patients with sepsis [13]. Nevertheless, the clinical
significance and molecular mechanisms of CYP1B1-AS1
in sepsis remain unknown.

Herein, we hypothesized that abnormally expressed
CYP1B1-AS1 contributes to sepsis progression. To vali-
date this, we analyzed its clinical significance in patients
and investigated its molecular mechanisms. Our find-
ings aim to offer new insights into sepsis treatment and
management.
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Materials and methods

Gene expression omnibus (GEO) public functional
genomics data

The GEO (https://www.ncbi.nlm.nih.gov/geo/) serves as
a publicly accessible repository for functional genom-
ics data, encompassing high-throughput sequencing
and microarray datasets. To obtain the human IncRNA
expression database, specifically GSE217700, which com-
prises transcriptomics sequencing data from whole blood
samples of four sepsis patients and four healthy controls.
Using the GEO2R web tool, we identified differentially
expressed IncRNAs between samples. Volcano plots
were employed to visualize and analyze their differences
based on absolute values. The study considered a statisti-
cally significant threshold of an absolute log2 fold change
greater than 2.5 and a P-value less than 0.05.

Study approval

The study protocol was approved by the Ethics Commit-
tee of Hebei General Hospital and conducted following
the Helsinki Declaration. All participants or their family
members provided informed consent.

Participants

This study enrolled 116 patients with sepsis who were
admitted to the Hebei General Hospital ICU over the
period from May 2020 to February 2023. Inclusion crite-
ria were as follows: (1) Meeting the diagnostic criteria for
sepsis and septic shock as outlined in the “International
Consensus on Sepsis and Septic Shock, third edition”
published by the American College of Critical Care Med-
icine in 2016 [14]; (2) having complete clinical data; (3)
Hospitalization for at least 24 h. Patients excluded from
this study included those with various systemic malig-
nancies, severe hematologic disorders, acute cardiovas-
cular events, those who had received immunotherapy
before admission, pregnant or lactating individuals, and
those at the end of life. In addition, 92 subjects served
as controls, selected based on the following criteria: (1)
Undergoing physical examination at this hospital during
the same period as the sepsis patients; (2) Matched sep-
sis patients in age (53.76 + 8.48 years) and gender (58.62%
male); (3) No history of sepsis or serious infections; (4)
Free from malignant tumors and physical abnormalities.

Data collection

Demographic details and medical histories of all partici-
pants were gathered. Biochemical analysis measurements
included serum creatinine (Scr) levels, albumin levels,
white blood cell count (WBC), and C-reactive protein
(CRP) concentration. Additionally, the levels of tumor
necrosis factor (TNF-a), interleukin (IL)- 6, and IL- 1p
were also recorded for the patients. CRP levels were
measured by scattering turbidimetry using a Beckman
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Coulter IMMAGESO00 detector. Whole blood WBCs were
measured using a Sysmex XN2000 automated hematol-
ogy analyzer. Inflammatory factors such as TNF-a, IL- 6,
and IL- 1P were measured by enzyme-linked immuno-
sorbent assay (ELISA) using commercial kits.

Furthermore, the patients Acute Physiology and
Chronic Health Evaluation (APACHE II) scores, com-
prising three components: the Acute Physiology Score,
Age Score, and Chronic Health Score, were assessed. The
total score ranges from 0 to 71, with a higher score indi-
cating a more severe condition and a poorer prognosis.
Additionally, sequential organ failure assessment (SOFA)
scores at 12 h of post-admission were also recorded.
The SOFA score encompasses respiratory, coagulation,
hepatic, cardiovascular, central nervous system, and renal
system functions, and has a total range of 0 to 24. An ele-
vated SOFA score signifies increased severity of illness.
Additionally, 2 ml of peripheral blood was centrifuged at
12,000 rpm for 15 min to collect serum, which was then
stored at — 80°C for subsequent testing. Upon admission,
patients underwent a 28-day short-term follow-up. Their
survival status was documented, and the Kaplan-Meier
method was employed to determine the cumulative sur-
vival rate.

Cell culture and treatment

The human monocytic leukemia THP- 1 cell line was
acquired from the American Type Culture Collec-
tion (ATCC, Cat# TIB- 202, USA). Cells were main-
tained in RPMI- 1640 medium (Cat# 11875093, Gibco,
USA) supplemented with 10% fetal bovine serum (Cat#
F8318-500ML, Sigma Aldrich, USA) and 1% penicillin/
streptomycin (Cat# 15140155, Invitrogen, USA), and
the experiments were carried out during the logarithmic
growth period. A sepsis model was constructed in vitro
by treating cells with 1 pg/ml lipopolysaccharide (LPS,
Cat# L4391, Sigma Aldrich, USA) at 37°C for 24 h, mim-
icking the sepsis environment as per established proto-
cols [15].

Cell transfection

Small interfering RNA  targeted CYP1B1-AS1
(si-CYP1B1-AS1, Cat# siB150423095235-1-5) and
negative control (si-NC, Cat# siB06525141922-1-5),
miR- 18a- 5p inhibitor (Cat# miR20000072-1-5), and
inhibitor NC (Cat# miR2 N0000001-1-5) were obtained
from RiboBio. Following a 24 h LPS stimulation of THP-
1 cells, 50 mg/ml of si-CYP1B1-AS1, si-NC, or/and 50
nM miR- 18a- 5p inhibitor or inhibitor NC, were com-
bined with the transfection reagent lipofectamine 3000
(Cat #L000015, Invitrogen, USA). The mixture was incu-
bated at room temperature for 20 min and subsequently
added dropwise to the cells. Transfection efficiency was
assessed by RT-qPCR.
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RNA extraction and real-time quantitative reverse
transcription PCR (RT-qPCR)

Total RNA isolated from samples through GenElute
Total RNA purification Kit (Cat# RNB100 -50RXN,
Sigma Aldrich, USA) or miRNeasy Serum/Plasma Kit
(Cat# 217184, Qiagen, Germany). RNA was quantified
using a NanoDrop 2000 (Thermo Fisher, USA) and the
purity was assessed according to both absorption ratios
A260/A280 and A260/A230 respectively in the range of
2 and 1.8-2.2 reflecting contaminant free samples. Sub-
sequently, the total RNA of each sample was subjected
to cDNA synthesis with PrimeScript RT Reagent kit
(PerfectReal Time, Cat# RR047, Takara Biotechnology,
China, for IncRNA) or TagMan miRNA Reverse Tran-
scription Kit (for miRNA, Cat# 4366597, Life Technolo-
gies, USA). 20 ul of fluorescent RT-qPCR system mixture
(cDNA, primers, kit reagents, and ddH,0) was prepared
according to the SYBR Green qPCR Master Mix kit (Cat#
K0221, ThermoFisher Scientific, USA) instructions and
amplified using an ABI 7500 Fluorescence Quantitative
PCR Instrument (Applied Biosystems) for amplification.
CYP1B1-AS1 and miR- 18a- 5p mRNA expression were
measured using the 2722t methods, and normalized to
the GPAHD and U6, respectively. The primer sequences
used in this study were as follows: CYP1B1-AS1 forward
5-AGACTCTGCTCTACCAGGGG- 3; reverse 5-TGG
TCACCTTGGAATGGCTC- 3’; miR- 18a- 5p forward
5-TAAGGTGCATCTAGTGCA- 3] reverse 5-CAGTG
CGTGTCGTGGAGT- 3’; GAPDH forward 5-GGTGG
TCTCCTCTGACTTCAA- 39 reverse 5-GTTGCTGTA
GCCAAATTCGTTGT- 3% U6 forward 5-CGCTTCGG
CAGCACATATAC- 3] reverse 5AACGCTTCACGAAT
TTGCGT- 3! The PCR program settings are as follows:
pre-denature cycle (1 cycle): 95°C for 5 min, PCR cycle
(40 cycles): 95°C for 10's, 60 ‘C for 30 s, and dissolution
curve: 60-95C for 30 s, and increase the set point tem-
perature after cycle two by 0.

Cell apoptosis assay

Apoptosis in transfected THP- 1 cells was evaluated
using Annexin V-FITC/PI Apoptosis Detection Kit (Cat#
E-CK- 211, Elabscience, USA) staining followed by flow
cytometry. Cells were washed with chilled PBS, collected,
and resuspended in a binding buffer. After adding 5 pl
of PI and 5 pl of FITC reagent, the cells were stained at
room temperature in the dark for 15 min. Subsequently,
the stained cells were analyzed using a BD/FACS Aria II
Flow cytometry (BD Biosciences, Piscataway, USA).

Enzyme-linked immunosorbent assay (ELISA)

The concentrations of cytokines, specifically tumor
necrosis factor (TNF)-a (Cat# KAC1751), interleukin
(IL)- 6 (Cat# KRC0061), IL- 8 (Cat# KHCO0081), and IL-
1B (Cat# KACI1211), in the culture supernatants, were
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quantitatively determined using ELISA kits sourced
from Invitrogen. ELISA was performed according to the
manufacturer’s instructions. Colorimetric changes were
detected using a microplate reader set at 450 nm. Mea-
surements were taken in triplicate.

Subcellular fractionation location

Following the rinsing of the THP- 1 cells with pre-chilled
phosphate buffer, cellular lysis was achieved using a lysis
buffer. Thereafter, the cytoplasmic and nuclear fractions
were segregated employing the PARIS kit (Cat# AM1921,
Thermo Fisher Scientific, USA) from Thermo Fisher
Scientific, Inc. Subsequently, total RNA was extracted,
and the expression of CYP1B1-AS1 was quantified via
RT-qPCR analysis. The results were normalized to the
endogenous reference gene GAPDH (serving as the cyto-
plasmic control) and U6 (serving as the nuclear control),
respectively.

Luciferase reporter assay

The IncBook2 (https://ngdc.cncb.ac.cn/Incbook/home) and
DIANA (https://rnasysu.com/encori/index.php) databases
independently predicted the target miRNAs for CYP1B1-
AS1. Subsequently, Venn analysis was employed to identify
overlapping target miRNAs among the predictions. The
pGL3 luciferase reporter plasmid, containing both wild-
type (WT) and mutant (MUT) sequences of CYP1B1-AS1,
was obtained from Suzhou GenePharma Co., Ltd. THP- 1
cells were transfected with either miR- 18a- 5p inhibitor
or inhibitor NC using lipofectamine 3000 for 8 h at 37°C.
Following 48 h, luciferase activity was measured using the
Dual-luciferase reporter system (Cat# E1910, Promega,
USA) and normalized to Renilla luciferase activity.

RNA immunoprecipitation (RIP) assay

The EZ-MAGNA RIP kit (Cat# 17-701, Millipore, USA)
was prepared for RIP assay. Cells were treated with RIP
lysis buffer and cell lysates were incubated with magnetic
beads conjugated with anti-Ago2 or anti-IgG. Finally,
immunoprecipitated was collected and RNA levels
(CYP1B1-AS1 and miR- 18a- 5p) were determined.

RNA pull-down assay

Biotin-labeled miR- 18a- 5p probe (Bio-miR- 18a- 5p) and
control probe (Bio-miR-NC) were obtained from Ribo-
Bio. The M-280 Streptavidin Dynabeads (Cat# 112.05D,
Invitrogen, USA) were first incubated with the Bio-miR-
18a- 5p and Bio-miR-NC probes, respectively at 37°C for
2 h. Cells were then lysed and incubated with magnetic
beads coated with the probes for 3 h at 4°C. Finally, RNA
was isolated from the magnetic beads and then analyzed
for MYP1B1-AS1 expression by RT-qPCR.
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Statistical analysis

Data from at least three replicated experiments were ana-
lyzed using SPSS 3.0 and GraphPad Prism 9.0. Continu-
ous variables were compared using unpaired t-tests (for
normal distribution) or Mann-Whitney U tests (for non-
normal distribution), and multiple groups were compared
using ANOVA. Continuous data were reported as mean
+ SD (for normal distribution) or median with interquar-
tile range (for non-normal distribution). Quantitative
data were analyzed using chi-square tests and reported as
n (%). The diagnostic and predictive value of IncRNA was
evaluated using ROC curves. Pearson Pearson coefficient
was used for correlation analysis, Kaplan-Meier for sur-
vival analysis, and Cox regression for survival risk factor
analysis. A P-value <0.05 indicated significance.

Results

Serum CYP1B1-AS1 is significantly elevated in patients
with sepsis

The GSE217700 database identified multiple differen-
tially expressed IncRNAs, with CYP1B1-AS1 significantly
upregulated by 7.27-fold (Fig. 1A). To validate CYP1B1-
AST’s role in sepsis, we regressively conducted clinical
trials and included sepsis patients. Demographic and
medical histories were similar between groups (P> 0.05,
Table 1). However, sepsis patients had higher Scr, WBC,
CRP, and inflammatory factors (TNF-a, IL- 1p, IL- 6, and
IL- 8) levels, and lower Albumin levels compared to the
controls (P< 0.05, Table 1). Crucially, sepsis patients had
significantly higher serum CYP1B1-AS1 levels compared
to controls (P< 0.001, Fig. 1B).

Elevated serum CYP1B1-AS1 correlates with sepsis severity
and may serve as a marker for it

Subsequently, we analyzed the correlation of serum
CYP1B1-AS1 with biochemical indices and inflammatory
markers. In sepsis patients, CYP1B1-AS1 levels posi-
tively correlated with CRP (r= 0.499), TNF-a (r= 0.636),
IL- 6 (r= 0.719), IL- 1B (r= 0.625), and IL- 8 (r= 0.590,
Table 2). It also correlated positively with the SOFA (r=
0.774) and APACHE II (r= 0.611) scores, which gauge
disease severity (Fig. 1C-D). Furthermore, CYP1B1-AS1
had a sensitivity of 78.45% and specificity of 82.61% for
identified sepsis patients from controls (AUC =0.857,
Fig. 1E).

CYP1B1-AS1 levels may predict unfavorable outcomes in
sepsis patients

We analyzed the prognostic significance of CYP1B1-AS1
in sepsis patients, finding that the 28-day mortality rate
was 29.31%. Serum CYP1B1-AS1 expression was notice-
ably higher in non-survivors than in survivors (P < 0.001,
Fig. 2A). The ROC curve demonstrated that CYP1B1-AS1
expression predicted a high risk of 28-day mortality with
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Fig. 1 Elevated serum CYP1B1-AST has potential as a diagnostic biomarker of sepsis. A Differential expression volcano plots of INcRNA in sepsis from the
GSE217700 database. B Serum CYP1B1-AST expression in the subjects. C-D Correlation analysis between serum CYP1B1-AS1 and severity scores (SOFA
and APACHE Il score). E ROC curves were employed to evaluate the diagnostic utility of CYP1B1-AS1 in sepsis patients

73.53% sensitivity and 92.68% specificity (AUC =0.891,
Fig. 2B). Based on the median CYP1B1-AS1 expression
in sepsis patients, they were divided into high and low-
expression groups. Patients in the high expression group
had a poorer prognosis than those in the low group (P=
0.0074, Fig. 2C). Cox regression analysis revealed that
similar to the APACHE II and SOFA score, CYP1B1-AS1
(HR: 5.592, 95%CI: 1.249-25.036, P= 0.024) was a poten-
tial risk factor for 28-day mortality in sepsis (Table 3).

CYP1B1-AS1 inhibition reverses LPS- reduces apoptosis
and inflammation

LPS-stimulated THP- 1 cells modeled sepsis. Figure 3A
shows CYP1B1-AS1 mRNA increased dose-dependently
after 48 h of LPS (P< 0.05). It also rose time-depend-
ently with 1 pg/mL LPS over 0-48 h (P< 0.005, Fig. 3B).
Subsequent studies focused on 1 pg/mL LPS for 24 h.
siRNA targeting CYP1B1-AS1 significantly reduced
its expression compared to si-NC (P< 0.05, Fig. 3C),
and si-CYP1B1-AS1 #1 was chosen for further studies.
LPS increased CYP1B1-AS1 mRNA levels compared

to controls, but this was reversed by si-CYP1B1-AS1
(P< 0.05, Fig. 3D). Additionally, LPS-induced apoptosis
was significantly reduced by si-CYP1B1-AS1 (P< 0.05,
Fig. 3E). Notably, LPS increased pro-inflammatory factor
release (TNF-a, IL- 6, IL- 8, and IL- 1B) in THP- 1 cells,
which was partially reduced by low CYP1B1-AS1 expres-
sion (P< 0.05, Fig. 3F).

CYP1B1-AS1 is a target of miR- 18a- 5p

Sublocalization analysis showed CYP1B1-AS1 was
mainly in the cytoplasm (Fig. 4A), hinting at its potential
as a ceRNA for miRNAs. DIANA and IncBook2 predicted
CYP1B1-AS1 target miRNAs, including miR- 18a- 5p
(Fig. 4B). The putative binding sequences between
CYP1B1-AS1 and miR- 18a- 5p are presented in Fig. 4C.
Furthermore, a dual luciferase reporter assay showed
that the miR- 18a- 5p inhibitor reduced CYP1B1-AS1-
WT luciferase activity but not CYP1B1-AS1-MUT
(Fig. 4D). Ago2, a score RISC component, enriched both
CYP1B1-AS1 and miR- 18a- 5p compared to IgG (P<
0.05, Fig. 4E). RNA pull-down experiments revealed the



Xu et al. BMC Immunology (2025) 26:32 Page 6 of 12
Table 1 Clinical baseline characteristics of healthy controls and patients with sepsis
Parameters Controls Sepsis patients Pvalue
(n=92) (n=116)
Demographics
Age (years), mean +SD 55.77 +9.02 53.76 +8.48 0.101
BMI (kg/mz), mean +SD 2373 £4.25 2426 £4.17 0.365
Male, n (%) 45 (48.91) 68 (58.62) 0.207
Smoke, n (%) 40 (43.48) 54 (46.55) 0676
Drink, n (%) 41 (44.57) 57 (49.14) 0.576
Medical history, n (%)
Hypertension 31(33.70) 46 (39.67) 0.390
Hyperlipidemia 37 (40.22) 39 (33.61) 0.385
Diabetes 32 (34.78) 47 (40.52) 0472
Biochemical indicators, median (IQR)
Scr (mg/dL) 0.85(0.72,1.01) 1.60 (1.16, 2.05) < 0.001
Albumin (g/L) 44.76 (39.42,51.63) 3242 (25.64,3831) <0.001
WBC (x 10°/L) 5.92 (5.07,6.85) 18.37 (15.25,22.67) < 0.001
CRP (mg/L) 4.95 (3.96, 6.93) 106.47 (79.91,136.31) < 0.001
Disease severity, mean £SD
SOFA score 7.00 (4.00, 9.00) -
APACHE Il score 18.50 (14.00, 23.00) -
Inflammatory cytokine, median (IQR)
TNF-a (pg/mL) 29.70 (23.76, 36.63) 199.00 (150.98, 250.47) < 0.001
IL-6 (pg/mL) 13.12(9.90,18.12) 5148 (37.62,72.27) <0.001
IL-8 (pg/mL) 15.35(12.87,20.79) 112.34 (81.51,142.51) < 0.001
IL- 1B (pg/mL) 25.25(19.31,32.18) 182.16(137.12,216.32) <0.001

Abbreviations: BMI Body mass index, Scr Serum creatinine, WBC White blood cell, CRP C-reactive protein, SOFA Sequential organ failure assessment, APACHE Il Acute
physiology and chronic health evaluation Il, IL Interleukin, TNF Tumor necrosis factor, SD Standard deviation, /QR Interquartile range

Table 2 Correlation of serum LncRNA CYP1B1-AS1 levels with
biochemical indices and inflammatory factors in the subjects

Parameters Controls Sepsis patients
Pvalue r P value r
Scr 0.195 0.136 0.031 0.200
Albumin 0.066 -0.192 0.053 —-0.180
WBC 0.169 0.145 0.011 0.236
CRP 0.075 0.188 0.000 0.499
TNF-a 0.636 0.050 0.000 0.636
IL.-6 0.533 0.066 0.000 0.719
IL-8 0.588 0.057 0.000 0.625
I-13 0.333 0.102 0.000 0.590

enrichment of CYP1B1-AS1 by bio-miR- 18a- 5p (P<
0.05, Fig. 4F). Furthermore, sepsis patients had signifi-
cantly lower serum miR- 18a- 5p levels compared to con-
trols (P< 0.001, Fig. 4G) and a positive correlation with
serum CYP1B1-AS1 (P< 0.001, r = - 0.603, Fig. 4H). LPS
suppressed miR- 18a- 5p expression in THP- 1 cells, but
this was restored by si-CYP1B1-AS1 (P< 0.001, Fig. 41).

miR- 18a- 5p downregulation partly reversed the effects

of miR- 18a- 5p silencing on LPS-induced cell damage in
THP- 1 cellls

In THP- 1 cells, miR- 18a- 5p levels significantly
decreased with increasing doses (0, 0.5, 1, 2 pg/ml) after

48 h and with time (0, 12, 24, 48 h) at 1 pg/ml LPS (P<
0.05, Fig. 5A-B). Moreover, the miR- 18a- 5p inhibitor
markedly decreased its expression (P< 0.05, Fig. 5C). In
LPS-induced THP- 1 cells, low CYP1B1-AS1 expression
boosted miR- 18a- 5p levels, which the inhibitor then
suppressed (P< 0.005, Fig. 5D). Additionally, miR- 18a-
5p suppression reversed the reduction in apoptosis due
to CYP1B1-AS1 downregulation in these cells (P< 0.05,
Fig. 5E). Crucially, the miR- 18a- 5p inhibitor restored the
suppression of silenced CYP1B1-AS1 on inflammatory
factors in THP- 1 cells (P< 0.05, Fig. 5F).

Discussion

Sepsis, triggered by severe infection and mediated by
innate immune cells (neutrophils, monocytes, mac-
rophages), poses a significant threat due to its rapid
progression, severity, and high mortality rates. Despite
common interventions such as fluid resuscitation,
antibiotic therapy, and vasopressor use, sepsis progno-
sis remains poor. Moreover, differentiating sepsis from
other immune disorders is challenging, delaying early
treatment and often leading to multi-organ dysfunc-
tion or high morbidity and mortality. CRP, an inflam-
mation indicator, and procalcitonin, a bacteremia
marker, were widely used as sepsis biomarkers, yet they
have limited value in early diagnosis and prognosis
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Fig.2 CYP1B1-AST levels may predict unfavorable outcomes in sepsis patients. A Serum CYP1B1-AS1 expression in death and survival patients with sep-
sis at 28 days of follow-up. B The ROC curve was employed to examine the predictive significance of serum CYP1B1-AS1 for mortality in sepsis patients.
C Kaplan-Meier curves depicted cumulative survival rates, with group differences assessed by the log-rank test. **** P< 0,0001

Table 3 Cox regression analysis of independent risk factors for
28-day mortality in patients with sepsis

Parameters HR 95%Cl Pvalue
Lower Higher
Age 201 0.798 5.061 0.139
Male 2016 0.741 5.485 0.17
BMI 1.193 0.486 2927 0.7
Smoke 1.922 0.855 4324 0.114
Drink 1.014 0.39 2638 0.976
Hypertension 1474 0.582 3.735 0413
Hyperlipidemia 1.806 0.662 493 0.248
Diabetes 1.785 0.752 4.237 0.189
Scr 263 0.856 8.083 0.091
Albumin 0.59 0.239 1.452 0.25
WBC 2.331 091 5972 0.078
CRP 2.073 0.822 5.226 0.123
TNF-a 2374 0.679 8.306 0.176
IL.-6 1.823 0.518 6414 0.349
IL-8 1.366 0.531 3515 0518
IL-1B 2.365 0.757 7.382 0.138
APAHCE Il score 2923 1.029 8.303 0.044
SOFA score 3.868 1.066 14.033 0.040
CYP1B1-AS1 5592 1.249 25.036 0.024

BMIBody mass index, APACHE Acute physiology and chronic health evaluation,
SOFA Sequential organ failure assessment, Scr Serum creatinine, WBC White
blood cells, CRP C-reactive protein, PCT Procalcitonin, TNF-a Tumor necrosis
factor-a, IL Interleukin

prediction. CRP, while useful for infection diagnosis,
struggles to differentiate sepsis. PCT, less specific,
also increases significantly in non-infectious condi-
tions like severe trauma and surgery [16]. Recently,
the qSOFA score, based on three clinical criteria, was
introduced as a bedside tool. However, studies have
shown that the qSOFA score had high specificity but
low sensitivity, insufficient for early patients’ detec-
tion during disease progression [17]. Therefore, iden-
tifying biomarkers with high sensitivity and specificity

for early sepsis identification is crucial for risk strati-
fication, prognosis assessment, and molecularly tar-
geted therapy. Yet, current biomarkers lack specificity,
research progresses slowly, and treatment options are
limited by uncontrolled inflammation and persistent
immune suppression [18]. Discovering new biomark-
ers and blocking trauma-induced inflammation may
inhibit sepsis progression. This study reveals that
CYP1B1-AS1 is significantly upregulated in sepsis
patients, correlating positively with inflammation lev-
els and predicting poor prognosis. Silencing CYP1B1-
AS1 inhibits the inflammation response by targeting
miR- 18a- 5p, offering new insights for sepsis manage-
ment and treatment.

LncRNAs exert an impact on the inflammatory
response by modulating the expression profiles of
inflammatory mediators, as demonstrated in previ-
ous studies. Specifically, select IncRNAs have been
shown to regulate key inflammatory cytokines such
as IL- 6, IL- 1B, and TNF-a, therefore influencing the
progression of sepsis [19]. Prior investigations have
demonstrated that IncRNA PRKCQ-AS1 partakes in
the sepsis inflammatory process and holds promise as
a prognostic biomarker [20]. In addition, LINC00265
was associated with systemic inflammation and dis-
ease severity in sepsis [7]. CYP1B1-AS1, being a newly
discovered IncRNA, exhibits aberrant expression pat-
terns in lung adenocarcinoma [8] and acute myeloid
leukemia [9]. Moreover, it shows potential to serve as
a novel biomarker in the contest of glioblastoma [10].
Respiratory epithelial cells modulate local inflam-
mation by engaging with macrophages and dendritic
cells with CYP1B1-AS1 notably elevated in COPD epi-
thelial cells [11]. We screened the GEO databases to
detect differentially expressed IncRNAs between sep-
sis patients and controls, revealing a 7.27-fold upreg-
ulation of CYP1B1-AS1. Zhao et al. (2020) through
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RNA sequencing also identified a significant 3.37-fold
elevation of CYP1B1-AS1 in sepsis patients [13]. Fur-
thermore, CYP1B1-AS1 was notably increased during
the inflammatory response induced by Clostridium
burnetiid, the pathogen responsible for Q fever [12],
although the precise mechanism remains elusive. In
accordance with prior research, our study also revealed
a notable elevation in serum CYP1B1-ASI1 levels.

The SOFA and APACHE II scores are widely utilized
clinical metrics for evaluating sepsis severity, reflect-
ing a range of physiological parameters, chronic health,
and overall patient status [21]. Our research revealed a
strong positive correlation between CYP1B1-AS1 lev-
els and SOFA and APACHE II scores, indicating its
utility in gauging disease severity. Elevated CYP1B1-
AS1 levels may correspond to more severe illness
necessitating more intensive treatment. ROC analysis
demonstrated that CYP1B1-AS1 exhibits high sensitiv-
ity and specificity, effectively distinguishing between

controls and patients, and predicting unfavorable out-
comes. High serum CYP1B1-AS1 levels indicate a poor
prognosis, necessitating vigilant monitoring and inten-
sive treatment. In conclusion, our study suggests that
CYP1B1-AS1 levels can serve as a sensitive and spe-
cific guide for the early diagnosis of sepsis and indicate
a poor prognosis for patients. Our findings offer novel
insights into the search for clinical biomarkers for sep-
sis. LPS, a key component of Gram-negative bacteria’s
membrane, acts as an endotoxin to activate cells like
epithelia, endothelia, and monocyte macrophages via
signal transduction. This activation triggers the release
of pro-inflammatory cytokines (IL- 1, TNF-a, IL- 6,
and IL- 8), which in turn can induce a systemic inflam-
matory response and toxic effects on internal organs.
Therefore, LPS-induced cellular models have become
a common tool for sepsis simulation in vitro [22]. Our
study revealed a concentration- and time-dependent
upregulation of CYP1B1-AS1 in response to LPS.
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Concurrently, silencing of CYP1B1-AS1 significantly
reduced LPS-induced excessive release of IL-, TNF-«,
IL- 6, and IL- 8 inflammatory factors. In conclusion,
the findings suggest that inhibition of CYP1B1-AS1
levels alleviates the inflammatory response in sepsis.
miRNAs are a class of short, single-stranded non-
coding RNA molecules [23, 24]. Emerging evidence
shows that miRNA exerts an essential role in the bio-
logical process of sepsis. Emerging evidence shows
that miR- 182 -5p [25], miR-21 [26], and miR- 16 -5p
[27] regulate inflammation, pyroptosis, and acute kid-
ney injury, influencing sepsis. Cytoplasmic IncRNAs
regulate gene expression by competitively binding to
miRNAs, reducing their inhibitory effect on target
mRNAs. Our study found that CYP1B1-AS1 predomi-
nantly enriched in the cytoplasm, suggesting it may
regulate miRNAs. Bioinformatics prediction and fur-
ther validation revealed that CYP1B1-AS1 has a tar-
geted binding site with miR- 18a- 5p. miR- 18a-5p is

involved in lung ischemia-reperfusion injury [28] and
melatonin alleviates hyperoxia-induced lung injury
by modulating it [29]. Moreover, miR- 18a- 5p has
been recognized as an inflammation-related miRNA.
Specifically, exosome miR- 18a- 5p has been linked
to the advancement of small intestinal colitis [30].
Furthermore, isoproterenol was shown to suppress
cardiomyocyte inflammation and mitigate hypoxia-
reoxygenation-triggered myocardial injury using miR-
18a- 5p [31]. miR- 18a- 5p affects inflammation and
apoptosis in COPD bronchial cells [32]. Low serum
miR- 18a- 5p predicts severe COVID-19 outcomes
[33]. Jeon et al. (2023) identified 25 differentially
expressed miRNAs, including miR- 18a- 5p, in plasma
exosomes from 135 sepsis patients compared to 11
controls using microarray analysis [34]. Consistent
with Jeon et al., we also found that miR- 18a- 5p was
downregulated in sepsis patients. Novelly, we showed
miR- 18a- 5p targets CYP1B1-AS1, and inhibiting
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miR- 18a- 5p reduced CYP1B1-AS1’s effects on LPS-
induced inflammation and apoptosis. Previous studies
found that miR- 18a- 5p exacerbated the progression
of small intestinal myositis by regulating RORA [30].
RORA is closely associated with sevoflurane to allevi-
ate sepsis inflammation and endothelial permeability
injury [35]. What’s more, ginsenoside GRgl has been
identified as target IGF1 to ameliorate sepsis-induced
acute lung injury [36]. Prior research has shown that
miR- 18a- 5p plays a role in COPD progression by reg-
ulating IGF1 [32]. Therefore, we hypothesize that miR-
18a- 5p may contribute to sepsis progression by target
RORA, IGF1 or other mRNAs; however, the exact
mechanism requires further investigation.

In conclusion, CYP1B1-AS1 may promote sepsis by
targeting miR- 18a- 5p. Inhibiting CYP1B1-AS1 boosts
miR- 18a- 5p, reducing macrophage inflammation and
apoptosis thus alleviating sepsis. We acknowledge that
this study has some further limitations. Firstly, the rela-
tively small sample size may affect the generalizability

of the results and statistical significance. Secondly, the
relatively short follow-up period of this study focused on
the early stages of patient outcomes, and longer follow-
up studies are needed to gain insight into the prognos-
tic significance of CYP1B1-AS1 in sepsis. Furthermore,
a comprehensive analysis of the target genes of CYP1B1-
AS1/miR- 18a- 5p and the associated signaling pathways
in sepsis progression is required. Our future studies will
focus on addressing these limitations.

In conclusion, our experiments uniquely identify
CYP1B1-AS1 as a promising biomarker for diagnosing
and predicting sepsis outcomes. Reducing CYP1B1-AS1
expression, which upregulates miR- 18a- 5p, effectively
mitigates inflammation and sepsis severity. This finding
advances sepsis treatment strategies.
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