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Abstract: Objective To analyze the expression changes of peripheral blood Toll-like receptor 4 (TLR4) , nuclear factor- kB (NF-
kB) , NOD-like receptor thermal protein domain associated protein 3 (NLRP3) mRNA in patients with severe acute pancreatitis
(SAP) at different clinical disease stages, and to explore their predictive value for in-hospital death risk in SAP patients. Methods
A prospective cohort study was conducted. A total of 100 SAP patients admitted to the Department of Critical Care Medicine,
Affiliated Hospital of Inner Mongolia Medical University from January 2024 to January 2025 were enrolled. They were divided
according to clinical stages into the acute response phase (n=50), systemic infection phase (7=30) , and residual infection phase
(n=20) .Based on in-hospital prognosis, patients were categorized into an in-hospital death group (n7=24) and an in-hospital
survival group (n=76) .The mRNA expression levels of TLR4, NF-kB, and NLRP3 were compared among groups. Multivariate
logistic regression was used to assess the correlation of these indicators with in-hospital death, and receiver operating
characteristic (ROC) curves were used to evaluate their predictive efficacy for in-hospital death. Results The expression levels of
peripheral blood TLR4, NF-kB, and NLRP3 mRNA were significantly different among SAP patients at different disease stages
(P<0.01). Levels in the systemic infection phase were significantly higher than those in the acute response and residual infection
phases (P<0.05). Multivariate logistic regression showed that high Acute Physiology and Chronic Health Evaluation |l
(APACHE II') score within 24 h, high Sequential Organ Failure Assessment (SOFA) score within 24 h, systemic infection phase,
low serum calcium level, high CRP level, and high expression of TLR4 mRNA (OR=1.893, 95%C/ 1.365-2.637), NF-kB mRNA
(OR=1.278,95%Ct. 1.046-1.560), and NLRP3 mRNA (OR=1.962, 95%C/ 1.379-2.791) were independent risk factors for in-hospital
death (P<0.05) . ROC curve analysis showed that the area under the curve (AUC) for predicting in-hospital death risk in SAP
patients based on peripheral blood TLR4, NF-kB, and NLRP3 mRNA expression levels were 0.736, 0.708, and 0.782, respectively.
The AUC for combined detection of the three indicators was 0.892, which was significantly higher than that of any single indicator
(P<0.05). Conclusion The expression levels of TLR4, NF-kB, and NLRP3 mRNA in peripheral blood significantly differ across
disease stages in SAP patients, and the expression levels are significantly elevated in patients in the systemic infection phase.
This elevated expression is closely associated with an increased risk of in-hospital death. Combined detection of these three
markers demonstrates higher predictive efficacy for death risk compared to any single indicator.
Keywords: Severe acute pancreatitis; Toll-like receptor 4; Nuclear factor-kB; NOD-like receptor thermal protein domain
associated protein 3; In-hospital death risk
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Severe acute pancreatitis (SAP) is a common acute
abdominal condition in clinical practice, characterized by
rapid disease progression and an extremely poor prognosis.
The all-cause in-hospital mortality rate is high, ranging
from 15% to 30% [1-2]. In the early stage, SAP is
dominated by systemic inflammatory response syndrome;
while in the late stage, it is prone to complications such as
infection, sepsis, and multiple organ failure. The
pathophysiological mechanisms differ across disease
stages, leading to distinctly different clinical intervention
outcomes and prognoses [3]. Therefore, identifying
specific biomarkers that reflect disease progression and
assess mortality risk is of great clinical significance for
optimizing stratified treatment strategies and improving
patient outcomes in SAP. The toll-like receptor 4 (TLR4)/
nuclear factor (NF)-kB/ NOD-like receptor thermal protein
domain associated protein 3 (NLRP3) pathway is a core
signaling axis of the body's inflammatory response. Its

aberrant activation can release pro-inflammatory cytokines
such as interleukin (IL)-1p, IL-6, and tumor necrosis factor
(TNF)-a, amplifying the systemic inflammatory cascade
and participating in the pathological processes of
pancreatic necrosis and multiple organ injury in SAP [4].
A study confirmed that TLR4, NF-kB, and NLRP3 are
abnormally expressed in the peripheral blood of SAP
patients [5]. However, their changing patterns across
different disease stages (acute reaction phase, systemic
infection phase, and residual infection phase) and their
association with the risk of in-hospital all-cause mortality
have not yet been clarified. Based on this, the present study
aims to measure the mRNA expression levels of TLR4,
NF-xB, and NLRP3 in the peripheral blood of SAP patients
at different disease stages and to explore their value in
assessing the risk of in-hospital mortality, thereby
providing a theoretical basis for disease monitoring, risk
stratification, and targeted therapy in SAP.
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1 Subjects sand Methods

1.1 Study Subjects

This study was a prospective study. A total of 100
patients with SAP admitted to the Department of Critical
Care Medicine of Affiliated Hospital of Inner Mongolia
Medical University from January 2024 to January 2025
were collected.

Inclusion criteria:

(1) Met the diagnostic criteria for SAP according to
the Guidelines for Diagnosis and Treatment of Acute
Pancreatitis in China (2021) [6];

(2) Age >18 years;

(3) Time from onset to admission <72 h, with a
clearly defined disease course stage;

(4) Voluntary participation in this study with signed
informed consent;

(5) With complete clinical medical records and the
ability to complete full follow-up until discharge or in-
hospital death.

Exclusion criteria:

(1) Presence of other acute or chronic pancreatitis
conditions (such as acute exacerbation of chronic
pancreatitis or autoimmune pancreatitis);

(2) Previous history of pancreatic surgery or severe
pancreatic insufficiency;

(3) Presence of malignant tumors, severe hepatic or
renal failure, hematological diseases, immunodeficiency
diseases, or long-term use of immunosuppressive agents;

(4) Pregnant or lactating women;

(5) Automatic discharge, transfer to another hospital,
or abandonment of treatment within 24 h after admission;

(6) Systemic inflammatory response syndrome caused
by other factors such as severe trauma, burns, or sepsis;

(7) Allergy to reagents related to the detection
methods used in this study.

1.2 Detection of Peripheral Blood TLR4, NF-xB,
and NLRP3 mRNA Expression Levels

Peripheral venous blood (5 mL) was collected from
all patients within 24 h after admission and divided into
two tubes: (1) 2 mL were placed into an anticoagulant tube
containing EDTA. After gentle inversion and mixing, the
sample was centrifuged at 4 °C and 3,000 r/min
(centrifugal radius 10 cm) for 10 min. Peripheral blood
mononuclear cells were isolated for total RNA extraction.
(2) 3 mL were placed into a procoagulant tube, centrifuged
to separate serum, and stored at —80 °C for later use.

Total RNA was extracted from peripheral blood
mononuclear cells using the Trizol method. RNA
concentration and purity were determined using an ultra-
micro spectrophotometer, ensuring that the A260/A280
ratio ranged from 1.8 to 2.0. Subsequently, according to the
instructions of the reverse transcription kit, 1 ug of total
RNA was reverse-transcribed into complementary DNA
(cDNA). The reaction conditions were 42 °C for 60 min
and 70°C for 10 min.

Quantitative real-time polymerase chain reaction

(qRT-PCR) was used to detect the mRNA expression levels
of TLR4, NF-kB, and NLRP3, with GAPDH used as the
internal reference gene. Primers were designed and
synthesized by Sangon Biotech (Shanghai), and the

sequences are shown in Table 1.
Tab.1 Primer sequence

Indicator Upstream Sequence 5’3’

Downstream Sequence 5'—3’

TLR4 TCG ATA GCT ACG TAG CGA TTA TAG CTA GCT
CTAT AAT
NF-xB TCA TAT CGA TTA GCT GCA TAT ATC GTA GCA
AGCT TGC A
NLRP3 GCT ATA TGC TAG CTA TAG CTA TAA GCT AGC
GCTT TAT A
GAPDH GAG TCC ACT GGC GTC TGG TTC ACA CCC ATG
TTC AC ACG AA

The qRT-PCR reaction system (20 pL) consisted of:
2 uL ¢cDNA,0.8 pL each of forward and reverse primers,
10 uL SYBR Green Mix, and 6.4 uL. RNase-free water. The
reaction conditions were as follows: 95 °C pre-
denaturation for 30 s; 95 °C denaturation for 5 s and60 °C
annealing for 30 s for 40 cycles; melting curve analysis at
95 °C for 15 s, 60 °C for 1 min, and 95 °C for 15 s.

The relative expression levels of target genes were
calculated using the 224¢. All experiments were
performed in triplicate, and the average value was used as
the final result.

1.3 Disease Course Staging

According to the Guidelines for Diagnosis and
Treatment of Acute Pancreatitis in China (2021) [6] and
the clinical characteristics of disease progression, patients
were divided into three stages.

(1) Acute response stage:

Occurred within 1-2 weeks after SAP onset and was
characterized primarily by systemic inflammatory
response syndrome and organ dysfunction, without
definite evidence of infection.

(2) Systemic infection phase:

Occurred within 3—-6 weeks after SAP onset and
manifested as systemic infection or sepsis, possibly
accompanied by infected pancreatic necrotic tissue.
Laboratory examinations showed significantly elevated C-
reactive protein (CRP) and procalcitonin (PCT) levels, or
positive blood culture/necrotic tissue culture results.

(3) Residual infection phase:

Occurred at 7 weeks or later after SAP onset and was
characterized mainly by residual pancreatic necrotic tissue,
formation of infectious abscesses, or sinus tract formation,
requiring targeted anti-infective treatment or drainage.

Two senior intensive care physicians independently
determined the disease stage according to the patients’
clinical manifestations, imaging findings, and micro-
biological examination results. In cases of disagreement,
consensus was reached through departmental case
discussions.

According to clinical disease staging, the patients
were divided into the acute response phase group (50
cases), systemic infection phase group (30 cases), and
residual infection phase group (20 cases).
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1.4 In-Hospital Mortality Assessment and
Outcome Grouping

In-hospital death was used as the primary outcome
indicator. All patients entered the observation period from
the time of admission. Their clinical status was
continuously monitored through daily medical records,
nursing records, and vital sign monitoring systems. The
observation endpoint was patient discharge or in-hospital
death. The criteria for death determination were in-hospital
death caused by SAP itself or its complications (such as
multiple organ failure, severe infection, or septic shock).
Deaths caused by non-SAP-related accidental events (such
as falls from bed or suicide) were excluded. According to
the survival status at the end of the observation period, the
study subjects were divided into the in-hospital death
group (24 cases) and the in-hospital survival group (76
cases) for subsequent prognostic analysis.

1.5 Statistical Methods

SPSS 26.0 software was used for data processing and
figure generation. Continuous variables conforming to
normal distribution were expressed as  x +s. Comparisons
between two groups were performed using the
independent-samples #-test, while comparisons among
multiple groups were performed using one-way analysis of
variance (ANOVA). Pairwise comparisons were conducted
using the LSD-¢ test. Continuous variables not conforming
to normal distribution were expressed as M (O, 03), and
comparisons between two groups were performed using
the Mann-Whitney U test. Categorical variables were
expressed as cases (%), and comparisons between-groups
were performed using the ¥ test. Multivariate logistic
regression analysis was used to investigate the correlations
between the mRNA expression levels of TLR4, NF-«xB,
and NLRP3 and in-hospital death in patients with SAP.
Receiver operating characteristic (ROC) curves were
plotted to evaluate the predictive performance of each
indicator for the risk of in-hospital death. A P value <0.05
was considered statistically significant.

2 Results

2.1 Comparison of peripheral blood TLR4,
NF-kB, and NLRP3 mRNA expression in
SAP patients at different disease stages

The mRNA expression levels of TLR4, NF-kB, and
NLRP3 in peripheral blood showed statistically significant
differences among SAP patients at different disease stages
(P<0.01). The expression levels of TLR4, NF-kB, and
NLRP3 mRNA in the systemic infection phase were
significantly higher than those in the acute response phase
and the residual infection phase (P<0.05). There was no
statistically significant difference in the above indicators
between the acute response phase and the residual
infection phase (P>0.05). See Table 2.

2.2 Comparison of clinical data between the
in-hospital death group and the in-hospital
survival group

The in-hospital death group had significantly higher
APACHE 1I score within 24 hours of admission, SOFA
score, proportion of patients in the systemic infection
phase, CRP and PCT levels, as well as mRNA expression
levels of TLR4, NF-kB, and NLRP3 compared with the
in-hospital survival group (P<0.05). The serum calcium
level was lower in the in-hospital death group than in the
in-hospital survival group (P<0.05). There was no
statistically significant difference in the remaining
indicators between the two groups (P>0.05). See Table 3.

2.3 Multivariate logistic regression analysis of
in-hospital mortality in SAP patients

Taking the prognosis during hospitalization of SAP
patients as the dependent variable (death = 1, survival = 0)
and the indicators with statistically significant differences
in the univariate analysis as independent variables, a
multivariate logistic regression model was performed. The
results showed that a high APACHE II score within 24
hours of admission, a high SOFA score within 24 hours of
admission, the systemic infection phase, a low serum
calcium level, a high CRP level, and high mRNA
expression levels of TLR4, NF-«B, and NLRP3 were
independent risk factors for in-hospital mortality in SAP
patients (P<0.05). See Table 4.

2.4 Predictive value of peripheral blood TLR4,
NF-kB, and NLRP3 mRNA expression for
in-hospital mortality risk in SAP patients

ROC curve analysis showed that the areas under the
curve (AUCs) of peripheral blood TLR4, NF-xB, and
NLRP3 mRNA expression levels for predicting in-hospital
mortality risk in SAP patients were 0.736, 0.708, and 0.782,
respectively. The AUC of the combined detection of the
three markers was 0.892, which was greater than that of
each individual marker (Z = 3.254, 3.286, 2.997; P<0.05).
See Figure 1 and Table 5.

Tab.2 Comparison of the mRNA expression levels of TLR4,
NF-kB and NLRP3 in the peripheral blood of SAP patients at
different disease stages (¥+s)

Disease stage Case R4 NF-xB NLRP3
8 mRNA mRNA mRNA
Acute Response Phase 50  3.25+0.85 2.97+0.89 3.51+1.24

Systemic Infection Phase 30 6.88+1.52® 5.96+1.31% 7.23+1.35%

Residual Infection Phase 20  2.82+0.79  2.53+£0.76 3.00+0.89
F value 126.662 100.663 107.511
P value <0.001 <0.001 <0.001

Note: Compared with acute response phase, 2P<0.05; Compared with residual

infection phase, ®P<0.05.
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Tab.3 Comparison of clinical data of SAP patients in the in-hospital death group and the in-hospital survival group

Indicator In-hospital death group (n=24) _ In-hospital survival group (n=76) _ t/y’/H value P value
Age (years)® 61.25+£11.36 58.89+12.34 0.832 0.408
BMI (kg/m?)* 28.86+3.55 27.22+3.64 1.935 0.056
Gender [case (%)]
Male 15(62.50) 45(59.21) 0.082 0.774
Female 9(37.50) 31(40.79)
Etiology”
Choledocholithiasis 10(41.67) 32(42.10)
Alcoholic 7(29.17) 20(26.32) 0.153 0.985
Lipogenic 4(16.67) 15(19.74)
Others 3(12.50) 9(11.84)
Combined hypertension [case (%)] 8(33.33) 18(23.68) 0.883 0.347
Combined diabetes [case (%0)] 6(25.00) 15(19.74) 0.305 0.581
Time from onset to hospitalization(h)® 38.21+13.12 36.52+12.35 0.576 0.566
APACHE II score within 24 hours of admission® 18.75+4.52 12.56+3.32 7.268 <0.001
SOFA score within 24 hours of admission® 8.52+2.13 4.23+1.56 10.709 <0.001
Disease Stage [case (%)]
Acute response phase 5(20.83) 45(59.21)
Systemic infection phase 18(75.00) 12(15.79) 30.647 <0.001
Residual infection phase 1(4.17) 19(25.00)
Treatment measures [case (%)]
Surgery 12(50.00) 22(28.94) 3.603 0.058
Mechanical ventilation 20(83.33) 50(65.79) 2.673 0.102
Renal replacement indicators 10(41.67) 17(22.37) 3.446 0.063
WBC(x10°/L) 18.45+4.52 16.87+3.56 1.772 0.079
Neutrophil percentage(%)* 80.15+8.32 77.23+8.67 1.452 0.150
ALT(U/L)* 69.65+25.31 62.32+18.54 1.561 0.122
AST(U/L)* 75.32+£28.45 66.45+20.12 1.695 0.093
Total bilirubin(umol/L)® 25.62(16.15, 36.87) 22.35(18.56, 28.42) 0.672 0.601
Serum creatinine(umol/L)" 82.35(55.67, 98.23) 78.52(65.34, 92.45) 0.742 0.610
Blood urea nitrogen(mmol/L)* 7.3243.56 6.54+2.12 1.315 0.191
Serum calcium(mmol/L)* 1.72+0.28 2.15+0.32 5.904 <0.001
Serum sodium(mmol/L)* 138.45+14.52 132.56+13.21 1.859 0.066
Serum amylase(U/L)* 1178.56+325.45 1028.45+342.19 1.895 0.061
CRP(mg/L)* 106.32+35.21 85.23425.67 3.194 0.002
PCT(ng/mL)* 8.75+3.21 2.56+1.23 13.980 <0.001
TLR4 mRNA*® 6.19+1.48 3.64+1.02 9.514 <0.001
NF-kB mRNA* 5.17£1.25 3.34+0.98 3.828 <0.001
NLRP3 mRNA* 6.15+1.32 4.01+1.15 7.667 <0.001
Note: %, data was expressed as X +s; °, data was expressed as M (Qy, 05).
Tab.4 Multivariate logistic regression analysis of mortality during hospitalization in SAP patients
Variable p SE Wald ¥ OR value 95%CI P value
APACHE II score within 24 hours of admission 0.345  0.148 5.434 1.412 1.053-1.841 0.021
SOFA score within 24 hours of admission 0.795  0.196 16.425 2217 1.503-3.272 <0.001
Disease staging (systemic infection phase vs acute response phase) 1.986  0.618 10.321 7.295 2.156-24.460  <0.001
Disease staging (residual infection phase vs acute response phase) 0.523  0.841 0.388 1.687 0.320-8.780 0.498
Serum calcium -0.382  0.151 6.400 0.682 0.208-0.916 0.017
CRP 0.108  0.045 5.760 1.114 1.022-1.216 0.020
PCT 0.156  0.098 2.528 1.169 0.967-1.412 0.112
TLR4 mRNA 0.638  0.168 14.426 1.893 1.365-2.637 <0.001
NF-kB mRNA 0245  0.102 5.769 1.278 1.046-1.560 0.020
NLRP3 mRNA 0.674  0.181 13.852 1.962 1.379-2.791 <0.001

Note: The assignment was as follows: disease staging (acute response phase=1, systemic infection phase=2, residual infection phase=3); APACHE II score,
SOFA score within 24 hours of admission, serum calcium, CRP, PCT, TLR4 mRNA, NF-kB mRNA, and NLRP 3mRNA were substituted with their original values.
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Fig.1 The ROC of predictive value of the expression levels of
TLR4, NF-kB and NLRP3 mRNA in peripheral blood for the

risk of in-hospital death of SAP patients
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3 Discussion

SAP is a systemic critical illness driven by a cytokine
storm, and its disease progression is often accompanied by
the development of multiple organ dysfunction. Recently,
activation of the innate immune key pathway
TLR4/NF-kB/NLRP3 has been considered to play a
central role in the amplification of the early inflammatory
response and systemic injury in SAP [4-5]. In this study,
by observing the expression changes of key molecules in
this pathway in the peripheral blood of SAP patients at
different stages of disease progression and evaluating their
association with the risk of in-hospital death, we aimed to
identify new laboratory evidence for disease assessment
and prognosis prediction in SAP.

In the same cohort of SAP patients, this study
systematically analyzed the evolution pattern of TLR4,
NF-kB, and NLRP3 mRNA expression levels throughout
the clinical course. The results showed that the mRNA
expression levels of all three reached their peak during the
systemic infection phase, significantly higher than those in
the acute response phase and residual infection phase. This
finding is highly consistent with the disease progression of
SAP. During the acute response phase, although pancreatic
necrotic tissue can activate the TLR4/NF-kB signaling
pathway and induce the release of a large number of pro-
inflammatory factors, the inflammatory response at this
stage is still in the initial outbreak phase[7]. After entering
the systemic infection phase, pancreatic and peri
pancreatic necrotic tissues become a “culture medium” for
bacterial and fungal infections. The pathogen-associated
molecular patterns released by these tissues (such as
endotoxins) and damage-associated molecular patterns
continuously and intensely stimulate TLR4 on the surface
of immune cells, thereby maximally activating
downstream NF-kB signaling and promoting the
transcription of various inflammatory mediators, including
the precursors of IL-1f and IL-18 [8-9] . At the same time,
persistent inflammatory signals and intracellular danger
signals (such as reactive oxygen species bursts) provide the
necessary conditions for the assembly of the NLRP3
inflammasome. Activated NLRP3 inflammasomes cleave
Gasdermin D to mediate pyroptosis and promote Caspase-
1 to process IL-1B and IL-18 precursors into mature
cytokines with strong pro-inflammatory activity, thereby
driving further deterioration of the septic state and organ
dysfunction [10-11]. Therefore, the significantly elevated
expression of TLR4, NF-kB, and NLRP3 mRNA in the
peripheral blood of patients during the systemic infection
phase directly reflects the persistent and intense immune-
inflammatory storm existing in vivo at this stage and
represents a marker of the most critical disease condition.
In the residual infection phase, infection foci are mostly
localized and the systemic inflammatory response is
alleviated; therefore, the activity of this pathway also
declines to levels similar to those in the acute response
phase.

This study demonstrated that high expression of
TLR4, NF-kB, and NLRP3 mRNA are independent risk

factors for in-hospital death in SAP patients. In the
univariate analysis, the APACHE II score, SOFA score,
CRP, PCT, and the three target mRNA levels in the death
group were all significantly higher than those in the
survival group, whereas blood calcium levels were
significantly lower, which is consistent with previous
studies and confirms the predictive value of traditional
severity scores, inflammatory markers, and electrolyte
disturbances for prognosis [12-13]. However, in the
multivariate logistic regression analysis, after adjustment
for important confounding factors such as APACHE II
score, SOFA score, disease stage, and CRP, high
expression of TLR4,NF-«kB, and NLRP3 mRNA remained
independently associated with the risk of in-hospital death.
These results suggest that the pathological damage caused
by excessive activation of the TLR4/NLRP3 pathway may
exceed the scope that traditional scoring systems and
inflammatory indicators can fully capture. APACHE II and
SOFA scores mainly reflect the outcome of organ
dysfunction, whereas CRP and PCT are broad
inflammatory markers [14-15]. As initiating and key
amplification components of the inflammatory response,
TLR4 and NLRP3 expression levels may more specifically
and earlier reflect the degree of immune microenvironment
imbalance and the tendency toward loss of control in SAP
patients. In particular, pyroptosis mediated by the NLRP3
inflammasome, as a novel form of programmed cell death,
directly causes cellmembrane rupture and the release of a
large number of damage-associated molecular patterns,
thereby aggravating tissue injury and systemic
inflammation [16-17], and is closely related to the severity
of SAP. This mechanism has also been verified in animal
experiments. Studies have shown that in SAP rat models,
the expression levels of TLR4, NF-kB, and NLRP3
proteins and mRNA in pancreatic tissues were
significantly  increased, while serum levels of
inflammatory cytokines such as IL-8,IL-12, IL-17, and IL-
18 were markedly elevated, accompanied by obvious
pathological changes in pancreatic tissues, including
edema, necrosis, and hemorrhage [18]. Therefore,
detecting the expression levels of key molecules in this
pathway can provide incremental information for
prognosis evaluation from an etiological perspective and
also provide a theoretical basis for therapeutic strategies
targeting this pathway, with the potential to improve the
prognosis of SAP patients at the mechanistic level.

ROC curve analysis showed that whenTLR4, NF-«B,
and NLRP3 mRNA were detected individually, their AUC
were all greater than 0.7, indicating moderate to high
predictive efficacy [19]. Among them, NLRP3 mRNA had
the highest AUC (0.782), suggesting that activation of the
NLRP3 inflammasome may play a more critical role in
mortality outcomes. The predictive efficacy of combined
detection of the three markers (AUC = 0.892) was
significantly superior to that of any single indicator and
higher than the AUC (0.877) ofthe model constructed by
Zhang et al.[20]. This fully demonstrates the advantage of
the TLR4/NF-xB/NLRP3 pathway, as a continuously
activated and synergistically functioning whole, in
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prognosis evaluation. Combined detection can more
comprehensively assess the activity status of the entire
inflammatory cascade pathway, from inflammatory signal
recognition  (TLR4), signal  transduction  and
transcriptional activation (NF-kB), to inflammasome
assembly and effector molecule release (NLRP3), thereby
more accurately identifying critically ill patients at
extremely high risk of “cytokine storm.” This provides
important theoretical and experimental data support for the
future development of SAP prognosis prediction models
based on multigene expression profiles.

Inconclusion, the mRNA expression levels of TLR4,
NF-«B, and NLRP3 in the peripheral blood of SAP patients
peak during the systemic infection phase. Their high
expression levels are independent predictors of in-hospital
death, and combined detection of the three can
significantly improve the predictive efficacy for mortality
risk. These findings not only deepen the understanding of
the immune pathogenesis of SAP but also suggest that
monitoring the activity of the TLR4/NF-xB/NLRP3
pathway may become a powerful tool for evaluating
disease severity and prognosis in SAP, providing potential
targets for future precision medicine interventions.
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- 2RI R L1 -
ANE L TLR4 NF-kB NLRP3 mRNA X F5iE 2P if 48
BHF PR NAET B A E

BAR', £TB', FE°
1L S TR B AR IEFL 0, A DRI 0100303
2. Py PRI R IR BB rh o GBI RL) . 19365 DE AT 010030

FE: B WA DR FAE 2 P B 48 (SAP) B3 SN I Toll #5214 (TLR4) \#% I T-kB(NF-kB) |
NOD FE2Z (R AR 1 S5 H 48R DG 25 11 3 (NLRP3) mRNA 1 3R3E 48 Ak, H44 0T HNT SAP f85 A Be 4 [R1 58 1 KURS: 1) T
W E ., F7ik RATTBEPEBR I B 5T Jr i , e ION 5y BB 2 B i 5 e T IS 4B 2024 48 1 1 %2 2025 4F
1 A Y 100 1 SAP FB 35 Heli SRR 43 43 2 vk B (n=50) . 4> BB 1 (n=30) FIZR AR YL ] (n=20) .
AT A8 383 e 301 (B T55 43 2 B N AE T 2H (n=24) FIBE N A7 15 2H (n=76) , L3045 2H 41 JA] 1l TLR4 \NF-kB . NLRP3
1 mRNA FRIEKT o R Z I # logistic [FIH /BT 457541 55 SAP BB BEWIESET- M OC R |, R 52108 TAES?
TE(ROC) 2R ITAN - 8 FRXT SAP B BE I RIZE T R FUM AL AE . 455 A& I TLR4 NF-kB .NLRP3 ) mRNA
FEIRKTAE A [ B2 0 B 04 SAP JR 38 v 25 5 Bo 22 38 X (P<0.01) , Horp 4 By B e 10 8 3% A1 JR Il TLR4
NF-kB NLRP3 /) mRNA &35 7K V35 1 2 1w 2o R Ak Ay B L 1 (P<0.05) o 22 BRI ZE logistic [M1)H 4347 i
IR, B ABE 24 h N S R SR M REIR B 2 48 1L (APACHE D) PE43 A BE 24 h Y B2 B 0l P4
(SOFA)TEAy 4 B I ] AR IS 7K - L 5 CRP 7K F & TLR4 mRNA 7 %1k (OR=1.893,95%CI : 1.365~2.637) .
NF-kB mRNA & %1% (OR=1.278,95%CI: 1.046~1.560) \NLRP3 mRNA 7 %35 (OR=1.962,95%CI : 1.379~2.791) J&
SAP BB B 1A B8 T B kST fE B R 22 (P<0.05) . ROC 4% .75 , 41 & Il TLR4 \NF-kB . NLRP3 mRNA 357K
S-S SAP H 243 e 30 1R A6 T KUK B i 26 R TR (AUC) 23 514 0.736.,0.708 ,0.782, = B A I (9 AUC
0.892, ¥R T A ARSI (P<0.05) o £518  ANIFPHEES319] SAP J8 % SMJH il TLR4 \NF-kB \NLRP3 # mRNA
RIFKTAFAE 3 22 5, 2 BRI B8 R kK W 3 T, T i 5 i A e A R SE T KU 2 DA G, =3
I R A5 B — i b EL A T oy ) SR T JRUSS: T 55 e

FEEIR . TR SRR 5 Toll BESZ iR 45 K F-kB; NOD FEZARIAER S5 IAT G 11 35 AR Be st T XU
FESES: R576 XEkPRIRAD: A XEHS: 1674-8182(2026)05-0697-06

Predictive value of peripheral blood TLR4/NF-kB/NLRP3 mRNA for in-hospital

death in patients with severe acute pancreatitis
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Abstract: Objective To analyze the expression changes of peripheral blood Toll-like receptor 4 (TLR4) ,nuclear factor-
kB (NF-kB), NOD-like receptor thermal protein domain associated protein 3 (NLRP3) mRNA in patients with severe
acute pancreatitis ( SAP) at different clinical disease stages, and to explore their predictive value for in-hospital
death risk in SAP patients. Methods A prospective cohort study was conducted. A total of 100 SAP patients
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January 2024 to January 2025 were enrolled. They were divided according to clinical stages into the acute response
phase (n=50), systemic infection phase (n=30), and residual infection phase (n=20). Based on in-hospital prognosis,
patients were categorized into an in-hospital death group (n=24) and an in-hospital survival group (n=76). The mRNA
expression levels of TLR4, NF-kB, and NLRP3 were compared among different groups. Multivariate logistic regression was
used to assess the correlation of these indicators with in - hospital death, and receiver operating characteristic (ROC)
curves were used to evaluate their predictive efficacy for in - hospital death. Results The expression levels of
peripheral blood TLR4, NF-kB, and NLRP3 mRNA were significantly different among SAP patients at different disease
stages (P<0.01). Levels in the systemic infection phase were significantly higher than those in the acute response and
residual infection phases (P<0.05). Multivariate logistic regression showed that high Acute Physiology and Chronic
Health Evaluation Il (APACHE II') score within 24 h, high Sequential Organ Failure Assessment (SOFA) score within
24 h, systemic infection phase, low serum calcium level, high CRP level, and high expression of TLR4 mRNA (OR=
1.893, 95%CI: 1.365-2.637), NF-kB mRNA (OR=1.278, 95%CI: 1.046—1.560), and NLRP3 mRNA (OR=1.962,
95%CI:1.379-2.791) were independent risk factors for in-hospital death (P<0.05). ROC curve analysis showed that the
areas under the curve (AUCs) for predicting in-hospital death risk in SAP patients based on peripheral blood TLR4, NF-
kB, and NLRP3 mRNA expression levels were 0.736, 0.708, and 0.782, respectively. The AUC for combined
detection of the three indicators was 0.892, which was significantly higher than that of any single indicator (P<0.05).
Conclusion The expression levels of TLR4, NF-kB, and NLRP3 mRNA in peripheral blood significantly differ across
disease stages in SAP patients, and the expression levels are significantly elevated in patients in the systemic infection
phase. This elevated expression is closely associated with an increased risk of in-hospital death. Combined detection of
these three markers demonstrates higher predictive efficacy for death risk compared to any single indicator.

Keywords: Severe acute pancreatitis; Toll -like receptor 4; Nuclear factor-«kB; NOD-like receptor thermal protein
domain associated protein 3; In-hospital death risk
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HRE 2 PE AR R (severe acute pancreatitis, SAP)
Jellf R DL B 2UIAE , o 1 P eI EL US4 22 , AR B
WHEFET 5, 1 15%~30% ", SAP R4 RR%E
RSN F S 5 0 RIS WEEAE M A8 E
Uy, AN [ RE T B AR B LRIAAAE 22 57, S 30 R
THUBCR NG BRI PRI, 385 B S s 72
PEE IEARIET XU e et E W br i, X ik SAP
IYEIRTT RN G R TV B IR R S, Toll
FE 57 1K 4 (toll -like receptor 4, TLR4)/# [ - (nuclear
factor, NF)-«kB/NOD #£ 32 (R AR 11 45 #4380 S 25 1 3
(NOD -like receptor thermal protein domain associated
protein 3, NLRP3 )3l B AR SERE S b FIAZ L 5
S H B PTHEINA AIEA 2 (interleukin, IL)- 18 IL-6 .,
I ERBEIN T~ (tumor necrosis factor, TNF)-o 8L 46 [H T
IR R 4 B RAEGIR LN, 25 SAP RARIRIE K
Z BB A PIIESS, TLR4 \NF-«B
Je NLRP3 7 SAP B F S M AP A7 A8 53 7 0k A5
THAEA R RE 7 (RSN 4 B R AT Ay
SR AR R, AR 53 B A PR B T RUR F O
WRPE R AR BTAf o JT 0, AW ST D08 i A AN [l 7
53391 SAP (3 41 Ifit TLR4 NF-«B . NLRP3 /) mRNA
FERAOT ARV SAP S8 35 43 B S R) B8 T KUK (14 9F

FEOMEL, 29 SAP AT i XU 2= S ) i A3t
B

1 #EREHE

L1 BFRAT% AU EIIETERR . NS
BB} 27 B i = e FiAE B2 228 2024 4 1 H 222025 4F
1 HIBH I SAP 5 100 61, A9 AARiE: (1) FF AR
2R AR R 1236 45 1 (2021) )/ SAP (12 Wibr
HE; (2) =18 %/ 5 (3) KIN 2 ABEHTE]<72 h, 7]
BRI R 3 10 5 (4) A IR S 5 A58 9238 0 [R)
BAT; (5) WG PRI Dy TRk o6 2, v] 58 i R bl 17 28 11
B ol Be BRI SE T, HEBRBRUE : (1) & IF Hofh 28
P BB AR A8 (g M IR 9 bk R AR A B e g
B4 ) 5 (2) BEAEA AR T AR b sl ™ d AR DI e A 4
i 5 (3) A JF M g ™ B D R R L IR
FRGLYRIA G P L) e B s B8R 0T A 92 41
5 (4) WERIA s LAt (5) ABEfE24 hiN A
R BE % B s SR IA T 5 (6) ST E AT BT e
BEAE S H A R 5 B0 & B RE SN £E A AEE
(7) XFASHIFGE A T332 AH G Al

1.2 418 f2 TLR4 NF-«kB.NLRP3 mRNA & ik /K
el A ERE T ARG 24 h PERESNEF KIS mL,
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SR (1) 2mL BT 4 R PR (EDTA) 1Y
BB BUEITR A1) , 4 °C.3 000 r/min (E§.0242 10
em) B0 10 min, 325 40 ISR 12 20 i, T3
BV RNA; (2) 3 mL B FAEEEE T, B0 40 B 1
-80 CYKFHVRAT 4 o 2K FH Trizol 32 2 HUA1 & ifi 24
120 B A RNA it TR (it 20 0 BE 11 RNA ¥
BE 54l RIE A260/A280 HAE Jy 1.8~2.0, Bfi)5 3%
R S ) R BT B 1 g S0 RNA B 5
H eDNA, S 4544 : 42 °C 60 min, 70 °C 10 min, K
FHSERT 9 ' 7 1 5 A il B S (quantitative real-time
polymerase chain reaction,qRT-PCR)&:M TLR4 NF«B
NLRP3 mRNA #ik/KF, LLGAPDH AN S . 519H
AETAY TRERCE)RITS &P 1. qRT-PCR
FUWARZ (20 wL) :cDNA 2 L, 51445 0.8 pL,
SYBR Green Mix 10 pL, TGHF/K 6.4 plo SN 544 -
95 CHIAEME 30 5595 CAEME 55,60 CiR k30 5,40
PEER ; Kt th 222397 95 °C 15 5,60 °C 1 min, 95 °C 15 s,
FH 22515 B AR AR Rk i . i S g ik
B3N EAL, WO AN A A

13 mESH SH(EEIEBERRSHEN
(2021) )" Bl PR R A i, B BT 40 R 3 4. (1) &
PER I B 1~2 J8, A4 B SR SO W 25 BT 2R FY
DIRERERT A A% OB, T I YIRS 5 (2) 4 5k
Yl K9 3~6 J] , HE B 4 By BRI ol e EEE B, T
B IFBRARIRSE A SUR L , 5250 2 A A B R C [ 3K
I (C-reactive protein, CRP) . F%%E%E(procalcitonin s
PCT) & T, B 5 57 AR SLLH 25 TR BAE 5 (3) 3%
A KR T TR UL L DU AR IR SE LSR8
TR P e Jof O B B S B Y ol SR, W X
PEPUBRYL S5 TIRYT o 2 24 0 A W L E R 2 R
2 AR 4 AR 3 B I PR R B L R AR B 2 A
A 45 RS AT R S A B AN — B
TR e 8 R 4 PR AR 4 1 4k
LM BRI (50 1)) | 4 By I 8 (30 1)) ik 4 ik
Yt (20 491) .

1.4 AR it S g hom  LIEEER
LT N EL G mAahn . A B A ARG A M
S, A H R D70 S BB s S AR A RAE W
FR G 8 R LG PRIR A SR ol BB B 1%
FEBEIRIZET o TR bR TR SAP A 5wl H
RAE (W Z 45 B DI RE 20 ™ d e MREEREIR 70 55)
SR AEBEIIZET , HEBR K AR SAP A OGS F
(InBAPR L FARSE) RBUNSET . AR WL 25
SBEHAPIRA KT X 5 0 B INFE T4 (24 151])

&1 51WFsI

Tab.1  Primer sequences
314 iR 5" =3 TFTA 5 -3
TLR4  TCG ATA GCT ACGTAG CTAT CGA TTA TAG CTA GCT AAT

NF-kB  TCA TAT CGA TTA GCT AGCT  GCA TAT ATC GTA GCA TGC A
NLRP3 GCT ATA TGC TAG CTA GCTT  TAG CTA TAA GCT AGC TAT A
GAPDH GAG TCC ACT GGC GTC TTC AC TGG TTC ACA CCC ATG ACG AA

MBENAFEA (T6 41 , T 5 2285 734

1.5 %itd ik R SPSS 26.0 # AR HE1T A0 b
PSRRI o 55 IR A Y JE S8 B L s
FoR, ML) HEBR T ST REAS o K 56, 22 4 1) FE
BOR B R 7 22 23, P LE R T LSD -1 K
B AFEIES AT RS R AM(Q), Q)RR
N 2H 18] Fb 8% >k FH Mann-Whitney U /56 . 30 2848 &
PABI (90) 227, 4118 L AR kg . R Z R
logistic 1] 943 #7 4% i+f TLR4 . NF-kB . NLRP3 mRNA
FIRKF-5 SAP B AR BE W RISE T B MG . 22
il 52 3 H TAERFE (receiver operating characteristic ,
ROC) M £t 2% 48 b 40 32 e 19 18] 5 1 IXURS: Y Tl
AL, P<0.05 A 225 A it id Lo

2 & R

2.1 R E RN 4 SAP & & 91 JE f2 TLR4 NF-kB.
NLRP3 mRNA & ik K-Frb2k  ApE I TLR4 \NF-kB.,
NLRP3 mRNA Fik /K- FEAN [ A 3 101 1) SAP f8
ERA G L (P<0.01) , Hodh 4 B gL 8 5 A1
J& 1l TLR4 \NF-kB .NLRP3 mRNA &3k /K V34 B 25
TAVER AR AR RG] (P<0.05) ; Ak IS
BRI FRTE bR R KO g, 2 R g i
X (P>0.05), WFE2,
22 RMARRTHALERAAFTAEZERTA®
B BEBET-4H AR 24 h ) APACHE T 143 .SOFA
V43 4 B YL L 9 B2 CRP . PCT 7KF-F TLR4 \NF-
kB .NLRP3 ) mRNA 357K V18 FBE N ARG 41 (P<

F2  KFEYHEEES A SAP B 51 E Il TLR4 \NF-kB .NLRP3

mRNA RILKCOF AL ()
Tab.2 Comparison of the mRNA expression levels of TLR4,
NF-kB and NLRP3 in the peripheral blood of SAP patients at

different disease stages (xs)

gl (L

TLR4 mRNA  NF-«kB mRNA NLRP3 mRNA

SRRV 50 3.25+0.85 2.97+0.89 3.51+1.24
4 B 30 6.88+1.52"  5.96x1.31"  7.23x1.35"
BRAN RG] 20 2.82+0.79 2.53+0.76 3.00+0.89
FAi 126.662 100.663 107.511
PH <0.001 <0.001 <0.001

T 5 2R AR, *P<0.05 ; 5 ER AV R Y] Az, P<0.05
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0.05) , ML F5 AR T BE AT 24 (P<0.05) , Hopda 45

WZH L 22 R o it L (P>0.05) . W33,

23 SAP B H RN LT 89 % B & logistic B )2 5

A LLSAP BE A BE RIS O RS & (BT =1,
F3  BENIET AL GBI SAP FBAF IR TR L

Tab.3 Comparison of clinical data of SAP patients between
the in-hospital death group and the in-hospital survival group

BeNAET 41 BENTEIRLL iz

WA (n=24) (n=76) & Pl
AR (4 ) 61.25+11.36  58.89+12.34 0.832 0.408
BMI(kg/m?)* 28.86+3.55 27.22+3.64 1.935 0.056
PEHI
% 15(62.50) 45(59.21)
&% 9(37.50) 31(40.79) 0082 0774
JpalA
IR 10(41.66) 32(42.10)
Wk 7(29.17) 20(26.32)
Hig gk 4(16.67) 15(19.74) 0153 0985
HAth 3(12.50) 9(11.84)
SRl
o I 8(33.33) 18(23.68)  0.883 0.347
W BRI 6(25.00) 15(19.74)  0.305 0.581
KIGEABERE (h)* 38.21+13.12  36.52+12.35 0.576 0.566
824 hNAPACHE 18.75+4.52 12.563.32  7.268 <0.001
353 (43)
APBE24 h I SOFA T 8.52+2.13 4.23+1.56  10.709 <0.001
I3 (53)"
S
BN i 5(20.83) 45(59.21)
4 BRG] 18(75.00) 12(15.79)  30.647 <0.001
BRI 1(4.17) 19(25.00)
TRYTR
FAR 12(50.00) 22(28.94)  3.603 0.058
BB S, 20(83.33) 50(65.79)  2.673 0.102
B ER AT 1 10(41.67) 17(22.37)  3.446 0.063
P AT (X107L)" 18.45+4.52 16.87£3.56 1772 0.079
FRPERL AN LB (%) 80.15+8.32 77.23+8.67 1.452 0.150
ALT(w/L)* 69.65+25.31 62.32+18.54 1.561 0.122
AST(u/L)* 753242845  66.45220.12 1.695 0.093
SRZEE (wmol/L)* 25.62 22.35 0.672 0.601
(16.15, 36.87) (18.56, 28.42)
AL (pumol/L)¢ 82.35 78.52 0.742 0.610
(55.67, 98.23) (65.34, 92.45)
1l JR 2 A (mmol/L)* 7.32+3.56 6.54%2.12 1315 0.191
155 (mmol/L)* 1.72+0.28 2.15+0.32  5.904 <0.001
1l 44 (mmol/L)* 138.45£14.52  132.56+13.21 1.859 0.066
ML EA i (u/L)* 1178.56+325.45 1 028.45+342.191.895 0.061
CRP(mg/L)* 106.32+35.21 85.23+25.67 3.194 0.002
PCT(ng/mL)* 8.75+3.21 2.56£1.23  13.980<0.001
TLR4 mRNA* 6.19+1.48 3.64£1.02  9.514 <0.001
NF-kB mRNA® 5.17+1.25 3.34+0.98 3.828 <0.001
NLRP3 mRNA® 6.15+1.32 401x1.15 7.667 <0.001

T BMI, BHA T HE4S 50 APACHE 11, 2P A F 2 508 M fit Bk
BLITEAY 11 5 SOFA, FP B 4% B 5838 DA 5 ALT, 9 &0 R & L 55 2 8
AST, RITTR R IR B IR ;A s w3 F LA (%) Ferm ;< LA
M(Q1,Q:)FIR o

FEGE=0) B2 400 vh 25 A it 22 B LR FE s
Vi AR, A Z R K logistic [7] I D, 45 1 &
7N, e ABE 24 h ) APACHE 1T 3F4% . ABE 24 h N
SOFA P43 42 B 1 I 45 7K SF- L 5 CRP 7K K2
TLR4 .NF-kB .NLRP3 () mRNA 25323k /& SAP 5 %41
B A BE T (A ST fE R P &R (P<0.05) . WL 4.

2.4 918 f2 TLR4.NF-kB.NLRP3 mRNA & ik 7K F
*F SAP & F AL B2 1) 5t T R e 8 T A ROC ff
2k W7, SN I TLR4 . NF-kB . NLRP3 mRNA # ik 7K
TR SAP 5 A B A ) FE T XU A il 2T T AR
(area under the curve, AUC)35125 0.736.0.708.0.782,
ZHBAAIAY AUC K 0.892, ¥ K T84 b B A6
M (7=3.254.3.286.2.997,P<0.05)., WK 1.%5,

T4 SAPBEFERHARSETINZH EK logistic [1H 5341
Tab.4 Multivariate logistic regression analysis of in-hospital
death in SAP patients
WiH B SE Waldy ORfH  95%CI  Pfi
ABE 24 h ] APACHE 0.345 0.148  5.434 1.412 1.053~1.841  0.021
IR

ABE24 h FISOFATTSY  0.795 0.196 16.425 2.217 1.503~3.272 <0.001

i B A 30 (4 B e 1.986 0.618 10.321 7.295 2.156~24.460<0.001
Wos 2RIV HH)

i B A3 0 (FR A M 0.523 0.841  0.388 1.687 0.320~8.780  0.498
Wivs 20BN 1Y)

M5 -0.382 0.151 6.400 0.682 0.208~0.916  0.017
CRP 0.108 0.045 5.760 1.114 1.022~1.216  0.020
PCT 0.156 0.098 2.528 1.169 0.967~1.412 0.112
TLR4 mRNA 0.638 0.168 14.426 1.893 1.365~2.637 <0.001
NF-kB mRNA 0.245 0.102  5.769 1.278 1.046~1.560  0.020
NLRP3 mRNA 0.674 0.181 13.852 1.962 1.379~2.791 <0.001

1 RAE, ABY 24 h N APACHE 11 $F43 (J5L{E AR A ) \SOFA ¥4
UFMERA) SRR (St OB =1, 4 BB =2, B AT 0=
3) A5 JFEAEARA) CCRPURMEACA) PCT(JR{ECA) \TLR4 mRNA
UFLEARA) \NF-kB mRNA (JFEEFEA) NLRP3 mRNA (JR{EACA ) o

1.0 T
!*I_D'

0.8
ay 06
g e
0.4 — TLR4 mRNA
— NF-kB mRNA
— NLRP3 mRNA
0.2 — SIS

0 1 1 1 1 1 1
0.2 0.4 0.6 0.8 1.0

1-Fp
B 1 4FEL TLR4 NF-kB NLRP3 mRNA %3k /K F-%f SAP
A EBERIZE T KU B BN ROC 2k
Fig.1 The ROC of predictive value of the expression levels of
TLR4, NF-kB and NLRP3 mRNA in peripheral blood for the
risk of in-hospital death of SAP patients
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&5 HMEIMTLRA NF-kB NLRP3 mRNA k7K X SAP i
A B 0 ) e T XU Fr S 1

Tab.5 The predictive value of the expression levels of TLR4,

NF-kB and NLRP3 mRNA in peripheral blood for the risk of
in-hospital death of SAP patients

iH AUC 95%CI  HIME  BURE  RRRE

TLR4 mRNA 0.736  0.617~0.855 3.98 0.875 0.408

NF-kB mRNA 0.708  0.577~0.839 4.42 0.792 0.553

NLRP3 mRNA 0.782  0.676~0.888 5.64 0.708 0.671

=R 0.892  0.798~0.985 — 0.875 0.842

3 4t 8

SAP J&— i H 41 i PR 7~ XU IR By 1) 4 By P fe
PRI, e TR R A AT R B 22 4 B T RE B4 1Y
Ao AR, e R A G B [ TLR4/NF-k B/NLRP3
PTG B A R 7 SAP -] AR B N7 il R 3R S P A
Pih R DA o A58 WA R A 43
11 SAP 55 E A I 20 B OCEE I 2R ARk
FEPPAL 5 BEAE T XU 1Y Bk, B 7E R SAP B
TS RIS 00 -4 T 1 S 58 2= A0

AW 58 7E 7] — SAP B H BRI b REGE b T
TLR4 NF-kB 5 NLRP3 mRNA 215 7K V- B s 9 74
FEAR R . AT ZE R W, =3 mRNA 3k KF
T 4 B R 58 3 I A, I 35 w8 1 2o s g B AN g
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