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Abstract: Objective To investigate the diagnostic value of serum Toll-like receptor 9 (TLR9) and uncoupling protein 2 (UCP2)
for sepsis patients complicated with acute kidney injury (AKI) , and to provide a reference for clinical diagnosis and treatment.
Methods From October 2022 to September 2024, 193 sepsis patients admitted to the Intensive Care Unit (ICU) of Sir Run Run
Hospital, Nanjing Medical University, were regarded as the sepsis group, and 215 healthy volunteers who underwent physical
checkups during the same period were included as the control group. According to whether the patients complicated with AKI,
the sepsis patients were assigned into non-AKl group (n=125) and AKI group (n=68) . According to the severity of AKI, the
AKI patients were assigned into mild group (n=34) , moderate group (n=23) , and severe group (n=11) . Enzyme-linked
immunosorbent assay (ELISA) was used to detect serum levels of procalcitonin (PCT) , tumor necrosis factor-ot (TNF-a)
interleukin-18 (IL-1B) , TLR9, andUCP2. Fully automated biochemical analyzer was used to detect serum levels of creatinine

(Scr) , blood urea nitrogen (BUN), cystatin C (CysC) , C-reactive protein (CRP) , and the fully automated chemiluminescence
immunoassay analyzer was used to detect interleukin-6 (IL-6) . The Sequential Organ Failure Assessment (SOFA) score was
performed to evaluate the degree of organ dysfunction in patients, while the Acute Physiology and Chronic Health Evaluation
Il (APACHE II') score was performed to evaluate the severity of the patient’s condition. Receiver operating characteristic (ROC)
curve was used to analyze the diagnostic value of TLR9 and UCP2 for AKI in sepsis patients. Results Compared with the control
group, the levels of TLR9 [ (1.98+0.62) pg/mLvs (1.45+0.34) pg/mL, t=10.849, P<0.05] and UCP2 [ (104.72+28.45)
pg/mL vs (75.68+21.67) pg/mL, t=11.665, P<0.05] were higher in the sepsis group. The SOFA score, APACHE Il score,
renal function indicators (Scr, BUN, CysC) , inflammatory factors (CRP, PCT, TNF-a, IL-6, IL-B) , TLR9 and UCP2 levels
in the AKI group were higher than those in the non-AKI group (A< 0.05) . The levels of TLR9 and UCP2 gradually increased with
the aggravation of AKI (P<0.05) . The AUC of TLR9 combined UCP2 in the diagnosis of AKI in sepsis patients was 0.917, which
was superior to their individual diagnoses (0.806, 0.814) (P<0.05) . Conclusion The levels of serum TLR9 and UCP2 are higher
in sepsis patients and increase with the severity of AKI. The combined diagnosis of the two is valuable for sepsis complicated
with AKI.
Keywords: Sepsis; Acute kidney injury; Toll-like receptor 9; Uncoupling protein 2; Interleukin

Sepsis is a life-threatening organ dysfunction caused
by a dysregulated host response to infection, imposing
heavy medical and economic burdens worldwide [1].
Acute kidney injury (AKI) is a complex syndrome with
relatively high incidence and mortality rates. Meanwhile,
sepsis is the main and key triggering factor for the
development of AKI. Sepsis complicated with AKI not
only prolongs patients' ICU stay duration and increases
the risk of complications but also raises their mortality
rate [2]. Therefore, diagnosing AKI in sepsis patients is
crucial for improving their prognosis.

Toll-like receptor 9 (TLRY) is a pattern recognition
receptor that plays a core role in the development and
function of the immune system. Innate immune cells,
including B cells, express various receptors that can
recognize  pathogen-associated molecular  patterns
(PAMPs) of various microorganisms and induce
inflammatory immune responses [3]. Studies have found
that TLRY is involved in the pathogenesis of sepsis
complicated with AKI. Inhibiting TLR9 expression can
enhance autophagy, alleviate kidney injury, inhibit

inflammatory responses, and thus reduce the risk of AKI
in sepsis [4]. Uncoupling protein 2 (UCP2) is a homolog
of uncoupling protein 1 (UCP1). Unlike UCP1, UCP2
does not perform typical H* leakage. Instead, it
participates in oxidative stress by consuming proton
motive force through the mitochondrial inner membrane
[5]. Studies in animal models have shown that UCP2
participates  in  autophagy  through  adenosine
monophosphate-activated  protein  kinase = (AMPK)
involved in mitochondrial membrane potential loss,
thereby participating in the pathogenesis of sepsis [6].
Therefore, this study selected TLR9 and UCP2, which are
related to the pathogenesis of sepsis and AKI, to explore
the relationship between these two factors and AKI in
sepsis patients.

1 Materials and methods
1.1 Study subjects

A total of 193 sepsis patients admitted to the
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Intensive Care Unit (ICU) of Department of Emergency
Medicine, Sir Run Run Hospital, Nanjing Medical
University from October 2022 to September 2024 were
enrolled as the sepsis group, including 98 males and 95
females with an average age of (52.34 + 8.14) years.
Another 215 healthy volunteers who received physical
examinations during the same period were selected as the
control group, consisting of 114 males and 101 females
with an average age of (51.73 + 7.28) years. Sepsis
patients were divided into non-AKI group (n=125) and
AKI group (n=68) based on whether they were
complicated with Acute Kidney Injury (AKI). For the
non-AKI group: infection sources included 28 cases of
abdominal infection, 66 cases of pulmonary infection, and
31 cases of other infections; mechanical ventilation
duration was (8.75 + 1.83) days; ICU stay duration was
(11.58 £ 3.21) days. For the AKI group: infection sources
were 19 cases of abdominal infection, 36 cases of
pulmonary infection, and 13 cases of other infections;
mechanical ventilation duration was (9.26 + 2.38) days;
ICU stay duration was (12.43 + 3.76) days. Patients in the
AKI group were further stratified by disease severity into
mild group (AKI Stage I, n=34), moderate group (AKI
Stage II, n=23), and severe group (AKI Stage III, n=11).

Inclusion criteria:

(1) Sepsis patients met the diagnostic criteria for sepsis [7];

(2) AKI occurred within 48 hours after admission, with
diagnosis and staging conforming to the corresponding
standards [8];

(3) No mental disorders and able to cooperate with treatment;
(4) Informed consent was obtained from the subjects and their
family members.

Exclusion criteria:
(1) ICU stay < 48 hours;
(2) AKI induced by renal insufficiency or other
non-sepsis factors;
(3) Patients with malignant tumors;
(4) Discontinuation of treatment halfway;
(5) Use of nephrotoxic drugs within 3 months prior to
admission.

This study was approved by the Ethics Committee of
Sir Run Run Hospital, Nanjing Medical University.

1.2 Treatment methods

1.2.1 Serum factor detection
A total of 5 mL of peripheral venous blood was

collected from sepsis patients immediately after
admission. The supernatant was isolated via
low-temperature  centrifugation. Serum levels of

procalcitonin (PCT) (Elabscience, E-TSEL-H0002),
tumor necrosis factor-o (TNF-a) (MLBio, ml077385),
interleukin-1p (IL-1B) (Jining Biotechnology, JN19669),
toll-like receptor 9 (TLR9) (Fine Biotech, EH1019), and
uncoupling protein 2 (UCP2) (Keluo Bio, ELK3106)
were measured using the Enzyme-Linked Immunosorbent
Assay (ELISA). Serum creatinine (Scr), blood urea
nitrogen (BUN), cystatin C (CysC), and C-reactive

protein (CRP) were analyzed with an automatic
biochemical analyzer (Shengda Yixin Medical
Technology, BS-430). Interleukin-6 (IL-6) was detected
via an automatic chemiluminescence immunoassay
analyzer (Mindray, CL-2200i).

1.2.2 Disease severity assessment

The Sequential Organ Failure Assessment (SOFA)
score was used to evaluate organ dysfunction, based on
six key systems: respiratory, coagulation, liver,
cardiovascular, central nervous, and renal. Scores range
from 0 (normal function) to 4 (severe dysfunction), with
higher scores indicating worse organ failure [9]. The
Acute Physiology and Chronic Health Evaluation II
(APACHE 1I) score assessed overall severity via three
dimensions: acute physiology, age, and chronic health
status—higher scores reflect more severe illness [10].

1.3 Statistical methods

Data analysis was performed using SPSS 25.0
software. Measurement data were expressed as xts,
independent samples t-test for two-group comparisons,
and one-way analysis of variance (ANOVA) followed by
Student-Newman-Keuls g (SNK-q) test for pairwise
comparisons among three groups. Count data were
presented as n (%) and compared using the chi-square test.
Pearson correlation analysis was used to explore
relationships between TLR9/UCP2 levels and SOFA
score, APACHE 1I score, renal function indicators, and
inflammatory factors. Receiver operating characteristic
(ROC) curve analysis evaluated the diagnostic value of
TLRY and UCP2 for AKI in sepsis patients, and the Z test
compared differences in the area under the curve (AUC).
A P value < 0.05 was considered statistically significant.

2 Results

2.1 Comparison of general data and serum
TLRY9/UCP? levels between sepsis group and control

group

There were no statistically significant differences in
general data including gender, age, body mass index
(BMI) smoking status, alcohol consumption, and
comorbid underlying diseases between the sepsis group
and the control group (P>0.05). However, the serum
levels of TLRY and UCP?2 in the sepsis group were higher
than those in the control group (P<0.05). [Table 1]

2.2 Comparison of general data and serum
TLRY9/UCP? levels between non-AKI group and AKI

group

There were no statistically significant differences in
general data, infection sources, or mechanical ventilation
duration between the non-AKI group and the AKI group
(P>0.05). The AKI group had higher SOFA scores,
APACHE 1I scores, renal function indicators (Scr, BUN,
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CysC), inflammatory factors (CRP, PCT, TNF-a, IL-6,
IL-B), and serum levels of TLR9 and UCP2 compared
with the non-AKI group (P<0.05). [Table 2]

2.3 Comparison of TLRY/UCP2 Levels in AKI
patients with different severity degrees

With the increase in AKI severity, serum TLR9 and
UCP2 levels gradually increased, and pairwise

comparisons showed statistically significant differences
(P<0.05). [Table 3]

2.4 Correlation Between Serum TLR9/UCP2 Levels
and Clinical Indicators in AKI Patients

Pearson correlation analysis revealed that serum

TLRY and UCP2 levels in AKI patients were positively
correlated with SOFA scores, APACHE 1I scores, renal
function indicators (Scr, BUN, CysC), and inflammatory
factors (CRP, PCT, TNF-o, IL-6, IL-B), respectively
(P<0.05). [Table 4]

2.5 Diagnostic value of serum TLRY9 and UCP2 for
AKI occurrence in sepsis patients

The AUC values of TLR9 and UCP2 alone for
diagnosing AKI in sepsis patients were 0.806 (95% CI:
0.743-0.860) and 0.814 (95%CI: 0.752-0.866),
respectively. The AUC of their combined diagnosis was
0.917 (95% CI.0.869-0.952), which was superior to the
AUC of each alone (ZcombinedTLro=3.899, P<0.01; Zcombined/
ucr2=3.836, P<0.01).[Table5 & Figurel]

Tab.1 Comparison of general data, serum TLR9 and UCP2 levels between sepsis group and control group

Item Control group (n=215) Sepsis group (n=193) t/7’ value P value
Gender [male, n(%)] 114 (53.02) 98 (50.78) 0.206 0.650
Age (years, ts) 51.73£7.28 52.3418.14 0.799 0.425
BMI (kg/m?, #s) 22.45+2.36 22.28+2.31 0.734 0.464
Smoking [n(%)] 91 (42.33) 86 (44.56) 0.207 0.649
Alcohol consumption [n(%)] 52 (24.19) 57 (29.53) 1.486 0.223
Comorbidities [1n(%)]
Hypertension 28 (13.02) 22 (11.40) 0.250 0.617
Diabetes mellitus 34 (15.81) 25 (12.95) 0.673 0.412
Coronary heart disease 21 (9.7 16 (8.29) 0.269 0.604
TLRY (pg/mL, xs) 1.45+0.34 1.98+0.62 10.849 <0.001
UCP2 (pg/mL, *s) 75.681+21.67 104.72+28.45 11.665 <0.001
Note: Coronary heart disease is coronary atherosclerotic cardiopathy.
Tab.2 Comparison of general data and serum TLR9, UCP2 levels between non-AKI group and AKI group
Item Non-AKI group (n=125) AKI group (n=68) t/x? value P value
Male [12(%)] 61 (48.80) 37 (54.41) 0.555 0.456
Age (vears, =s) 52.1747.86 52.65+8.54 0393 0.695
BMI (kg/m?, +s) 22.36+£2.28 22.14£2.33 0.635 0.526
Smoking [n(%)] 54 (4320) 32 (47.06) 0.265 0.606
Alcohol consumption [r(%)] 36 (28.80) 21 (30.88) 0.092 0.762
Comorbidities [1(%)]
Hypertension 25 (20.00) 16 (23.53) 0.328 0.567
Diabetes mellitus 31 (24.80) 23 (33.82) 1.780 0.182
Coronary heart disease 18 (14.40) 12 (17.65) 0.354 0.552
Infection position [r(%)] 1.179 0.555
Abdominal infection 28 (22.40) 19 (27.94)
Pulmonary infection 66 (52.80) 36 (52.94)
Others 31 (24.80) 13 (19.12)
Mechanical ventilation duration (d, *s) 8.75+1.83 9.26+2.38 1.659 0.099
ICU stay duration (days, =+s) 11.5843.21 12.43£3.76 1.653 0.100
Total hospital stay (days, =s) 19.651+4.83 20.43+6.24 0.694 0.336
SOFA score (points, =s) 16.72+3.74 20.15+4.21 5.820 <0.001
APACHE II score (points, =s) 9.4613.02 11.84+3.27 5.079 <0.001
Renal function indicators ( +s)
Ser (pmol/L) 47.26£13.54 72.581+21.48 10.026 <0.001
BUN (mmol/L) 6.25+1.82 8.47+2.26 7.420 <0.001
CysC (mg/L) 438+1.67 6.14+1.85 6.731 <0.001
Inflammatory factors ( +s)
CRP (mg/L) 65.47+17.36 83.51+£22.49 6.198 <0.001
PCT (ng/mL) 8.524+2.68 11.64£3.17 7.236 <0.001
TNF-a (ng/L) 68.451+12.38 81.611+18.47 5.899 <0.001
IL-6 (ng/L) 114.75+28.27 136.28+38.41 4438 <0.001
IL-B (ng/L) 32.47+7.31 38.68+8.42 5.340 <0.001
TLRY (pg/mL) 1.85+0.38 2.2140.62 4.997 <0.001
UCP2 (pg/mL) 95.78+23.54 121.23+36.78 5.847 <0.001
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Tab.3 Comparison of TLR9 and UCP2 levels in AKI
patients with different severity degrees

Group case TLRY (pg/mL) UCP2 (pg/mL) ) )
Mild group 34 1.68+0.45 87.71£21.57 =ba )_J_‘
Moderate group 23 2.15+0.57* 110.38+27.46* o
Severe group 11 2.56+0.68 145.45+41.24% J__."_:
F value 13.076 19.136 0.80 F =
P value <0.001 <0.001 - J_'_r
Note: Compared with the mild hroup, *P<0.05; compared with the moderate YA i)
group, °P<0.05. 1 -’: ! -
Tab.4 Correlation analysis between serum TLR9, UCP2 levels ? 0.60 1 i
and clinical indicators in AKI patients = I ’J—r
TLRY UCP2 3 3
ftem r value P value r value P value 0.40 F
SOFA 0.418 <0.001 0.434 <0.001 TLR9
APACHE I 0.432 <0.001 0.415 <0.001 —UCP2
Renal function indicators <0.001 Combination
Ser 0436 <0001 0434  <0.001 0.207 Reference
BUN 0.453 <0.001 0.426 <0.001
CysC 0.421 <0.001 0.412 <0.001
Inflammatory factors <0.001 <0.001 0 I I I I i
CRP 0.421 <0.001 0.423 <0.001 0.20 0.40 0.60 0.80 1.00
PCT 0458  <0.001 0434  <0.001 1-Specificity
TNF-a 0.426 <0.001 0.451 <0.001
IL-6 0449 <0.001 0439 <0.001 Fig.1 ROC curve of TLR9 and UCP2 for diagnosing AKI in
IL-B 0.428 <0.001 0.417 <0.001 sepsis patients
Tab.5 Diagnostic value of TLR9 and UCP2 for AKI occurrence in sepsis patients
Indicators AUC 95%CI P value Cut-off value Selzanl;flty Specificity (%) Youden index
TLR9 0.806 0.743-0.860 <0.001 1.981 pg/mL 60.29 92.00 0.523
UCP2 0.814 0.752-0.866 <0.001 107.685 pg/mL 64.71 85.60 0.503
Combination - 0.869-0.952 <0.001 - 83.82 96.80 0.806

3 Discussion

Sepsis is a life-threatening clinical syndrome
characterized by organ dysfunction caused by a
dysregulated host response to infection. Approximately
50% of sepsis cases originate from pulmonary infection,
while infections of the digestive system, urinary system,
and bloodstream can also lead to sepsis [11]. The
pathogenesis of sepsis is complex, mainly due to bacterial
endotoxins inducing the body’s inflammatory response,
causing immune dysfunction, and ultimately leading to
extensive damage to various systems and organs [12].
AKI is a severe and common complication of sepsis, and
also a risk factor for progression to chronic kidney
disease. During sepsis, systemic inflammatory responses
lead to vasodilation and increased capillary permeability.
Meanwhile, inflammatory mediators can cause renal
vasoconstriction, further reducing renal blood flow and
glomerular filtration rate, resulting in AKI [13]. A large
body of evidence shows that patients diagnosed with
sepsis-related AKI have a higher risk of death than those
with non-sepsis-related AKI, and usually require longer
ICU and hospital stays. In addition, sepsis patients are
mainly elderly; with the global aging trend, the number of
patients with sepsis-related AKI may continue to increase
[14]. Therefore, exploring accurate diagnostic methods is

of great significance for the diagnosis and treatment of
sepsis-related AKI and improving patients’ quality of life.
TLR is a pattern recognition receptor that recognizes
nucleic acids of bacteria and viruses, participates in the
regulation of adaptive and innate immunity, and prevents
microbial  invasion. TLR9  recognizes endogenous
mitochondrial DNA products released by damaged cells,
induces gene transcription, and thus leads to inflammation and
cell apoptosis. TLR9 is expressed in various immune cells,
and its signaling can regulate the composition and function of
the intestinal microbiota [15]. Animal experiments have
shown that IL-17A levels in TLR9-knockout mice are
significantly lower than those in wild-type mice. Knockout of
TLRY can alleviate AKI in mice, indicating that TLR9 in
dendritic cells mediates the production of IL-17A by y6 T cells
during sepsis and promotes the occurrence of sepsis-related
AKI [16]. Wang et al. [17] found that TLR4 levels in sepsis
patients were higher than those in the ICU control group and
healthy control group, and positively correlated with
inflammatory factors IL-6 and IL-1p; TLR4 is an independent
risk factor for patient death and may be a target for regulating
inflammation and treating sepsis. In this study, the TLRO level
in the sepsis group was higher and gradually increased with
the severity of AKI; the SOFA score, APACHE II score, renal
function indicators (Scr, BUN, CysC), inflammatory factors
(CRP, PCT, TNF-a, IL-6, IL-B), and TLRO level in the AKI
group were all higher than those in the non-AKI group. This
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suggests that increased TLRO levels may activate gene
transcription, leading to the release of inflammatory factors
and further damage to renal function. Inflammatory factors
damage the kidneys through multiple pathways: on one hand,
they directly damage renal cells, leading to apoptosis and
necrosis; on the other hand, they cause changes in renal
hemodynamics, such as renal microvascular occlusion.
Furthermore, they activate immune cells to release more
inflammatory mediators, forming a cascade reaction like a
waterfall, amplifying inflammation and further damaging the
kidneys [18]. In this study, TLR9 levels in the AKI group were
positively correlated with SOFA score, APACHE 1I score,
renal function indicators, and inflammatory factors. This result
indicates that higher TLR9 levels are associated with higher
levels of systemic inflammation and more severe renal
function damage, suggesting that TLR9 can be a potential
indicator for predicting inflammation and renal function.

UCP2 is composed of multiple amino acids with a
specific three-dimensional structure; it is a protein located
in the inner mitochondrial membrane, mainly expressed
in adipose tissue (participating in fat metabolism),
pancreas (regulating islet cell function and insulin
secretion), and also expressed in the liver (participating in
gluconeogenesis and lipid metabolism) and kidneys [19].
In the kidneys, UCP2 may play a role in the function of
renal tubular epithelium and renal energy metabolism.
Studies have found that UCP2 expression is increased in
renal tissues of mice with tubulointerstitial fibrosis;
meanwhile, UCP2-knockdown mice show reduced renal
fibrosis. It is speculated that UCP2 may promote renal
tubular fibrosis by inducing lipid accumulation [20]. In
this study, UCP2 levels in sepsis patients were higher
than those in the control group, and gradually increased
with the severity of AKI; UCP2 levels were also
positively correlated with SOFA score, APACHE II score,
renal function indicators, and inflammatory factors. This
suggests that UCP2 may increase the degree of renal
function damage in sepsis patients by participating in
renal energy metabolism and inducing lipid accumulation;
higher UCP2 levels are associated with higher
inflammatory factors and lower renal function. Li et al.
[21] found that UCP2 is a risk factor for poor prognosis
in sepsis patients and can be a potential diagnostic marker
for predicting the occurrence and poor prognosis of sepsis.
In this study, UCP2 had high specificity for diagnosing
AKI in sepsis patients. The AUC and sensitivity were
significantly improved when combined with TLR9, and
the combined diagnosis was superior to single diagnosis.
This suggests that the combined diagnosis of TLR9 and
UCP2 has more clinical significance.

In conclusion, the levels of TLR9 and UCP2 in
sepsis patients are high and gradually increase with the
severity of AKI. Both levels are correlated with systemic
inflammation and renal function. The combined diagnosis
of TLR9 and UCP2 has certain value for sepsis-related
AKI and can be used for clinical personalized treatment.
The limitation of this study is that it only explored the
relationship between TLR9/UCP2 and the occurrence of
sepsis-related AKI, while the specific mechanism of

action has not been fully clarified. Future studies can
further explore the signaling pathways and molecular
mechanisms of the two in this disease, providing a basis
for the development of new therapeutic targets.
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AKT ™ B YRS N #i T 5 (P<0.05) s TLRO \UCP2 4532 Wi M 82 f8 2 & 2E AKT 19 AUC 1y 0.917, {1 T & A
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Diagnostic value of serum TLR9 and UCP2 for sepsis complicated with

acute Kidney injury
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Abstract: Objective To investigate the diagnostic value of serum Toll-like receptor 9 (TLR9) and uncoupling protein
2 (UCP2) for sepsis patients complicated with acute kidney injury (AKI) , and to provide a reference for clinical
diagnosis and treatment. Methods From October 2022 to September 2024, 193 sepsis patients admitted to the
Intensive Care Unit (ICU) of Sir Run Run Hospital, Nanjing Medical University, were regarded as the sepsis group,
and 215 healthy volunteers who underwent physical checkups during the same period were included as the control
group. According to whether the patients complicated with AKI, the sepsis patients were assigned into non-AKI group
(n=125) and AKI group (n=68). According to the severity of AKI, the AKI patients were assigned into mild group (n=
34) , moderate group (n=23) , and severe group (n=11). Enzyme-linked immunosorbent assay (ELISA) was used to

detect serum levels of procalcitonin (PCT) , tumor necrosis factor-a (TNF-a) , interleukin-18 (IL-18), TLR9, and
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UCP2. Fully automated biochemical analyzer was used to detect serum levels of creatinine (Scr), blood urea nitrogen
(BUN) , cystatin C (CysC), C-reactive protein (CRP) , and the fully automated chemiluminescence immunoassay
analyzer was used to detect interleukin-6 (1L-6). The Sequential Organ Failure Assessment ( SOFA ) score was
performed to evaluate the degree of organ dysfunction in patients, while the Acute Physiology and Chronic Health
Evaluation Il (APACHE II ) score was performed to evaluate the severity of the patient’s condition. Receiver operating
characteristic (ROC) curve was used to analyze the diagnostic value of TLR9 and UCP2 for AKI in sepsis patients.
Results Compared with the control group, the levels of TLRO [ (1.98+0.62) pg/mL vs (1.45+0.34) pg/mL, 1=10.849,
P<0.05] and UCP2 [ (104.72+28.45) pg/mL vs (75.68+21.67) pg/mL, 1=11.665, P<0.05] were higher in the sepsis
group. The SOFA score, APACHE II score, renal function indicators (Scr, BUN, CysC), inflammatory factors (CRP,
PCT, TNF-a, IL-6, IL-18), TLR9 and UCP2 levels in the AKI group were higher than those in the non-AKI group (P<
0.05). The levels of TLR9 and UCP2 gradually increased with the aggravation of AKI (P<0.05). The AUC of TLR9

combined UCP2 in the diagnosis of AKI in sepsis patients was 0.917, which was superior to their individual diagnoses

(0.806, 0.814) (P<0.05). Conclusion

The levels of serum TLR9 and UCP2 are higher in sepsis patients and

increase with the severity of AKI. The combined diagnosis of the two is valuable for sepsis complicated with AKI.

Keywords: Sepsis; Acute kidney injury; Toll-like receptor 9; Uncoupling protein 2; Interleukin

U REAE S — PRI A X B S I AR I T S 380 8
FAEAR AR B DI RERERS , 76 A P T Y B T
AR, 2 F 14 (acute kidney injury ,
AKDJE—Fh A 24 BLEAAE , HAT A 24 150 1 A R AL
TR (RN, MR R AKT & A 1Y 2 HOGHE & K
o MEEG I AKUNMUE K B EAE ICU RS T [H] 3
T AE A SASG N T BB HFET 2R PRI, 28k
BEAE AR A AKX G B S 2 OCH 2L,

Toll FEAZ K (TLR ) 9 S A8 AR 32 44, 76 fegie R
L& MBI O, A0 4E B 41 HE Y )
JE R G PE Y 3R IB A Fh Z A, GRS L& A A= )
A0 SRR DG oK, I8 S A e iy o A
FER I, TLRO 2 5 MBEAE I & AKI Y A& AL, 4
il TLRO &K BERS I i [ W5t , Yl B 63405 , 410 ) 8 A
FRL, 1T R ARG e BRI & 28 AKT Y RUBSE o fife i K
HEF2(UCP2) 2 R8I 1 1 (UCPL) 1Y [W]i4, 5
UCP1R[A], UCP2 AN 7 ML AL 1) H R | 38 o) Zepr 1k
W AR T3 )1k 2 58RI . SRt
FErh & B, UCP2 38 o Bl R B 17 U 2 1 D il =
5 ORL A RS A 4530 A F e SE TS 5 MR &
S AL R R A PR AR Y B S R R E I
AKI &AL A 56 59 TLR9 . UCP2 , #1+ H1 % 5 e 27
iE R IR & AKLIYE &R .

1 WNEEFE

1.1 ARt % HHE20224F 10 H £ 2024459 A
Tt R AR A % R 5 e JEE W9 & (ICU) 9 193 44
JHRBERE SR AN G (M2l ) , = 55 98 441, Zc
95 5], A4 (52.34+8.14) % o 55 1k Al 215 A AG: ()

(RS X BRA, o 55 114491, 2 101 ], 4R
(51.73£7.28) % . M4 B 2 55 IF AKURE IR E
B R AE AKITA (n=125) AT AKI 41 (n=68) . E AKI
R YL A VR - I s SR L 28 4], il SR L 66 f91] , H Al
31 4 5 WL AR < ] (8.75 £1.83) d, 4 ICU I} [H]
(11.58+3.21)d. AKIZHBGL A « 6 s Ik e 19 131, i
PRI 36 151, LAt 13 ) 5 HLARGE <R [H] (9.26£2.38)d
fEICU ] (12.43+3.76)d.,  H4k AKI 41 R34 90 ™
FREE TN (AKT T3, n=34) HJE4] (AKT 1T
], n=23) FIE BEH (AKT M3, n=11) . 40 AFRUE .
(1) MeFEAE B A TG MFRRE 2 Wibr "5 (2) AP
48 h N AR AKL 2 M3 AT S AR RARIE" 5 (3) ToH
PR, HAERE I AIRTT 5 (4) 2 E AN S K g
A, HERFRME: (1) AfEICURTH<48 h; (2) B IIfE
A HABPR B LAY AKL 5 (3) SEMhii 3 (4)
WHGHATT 5 (5) 3 H NIRRT E SR 258 . AR5
2P R E IR R R B e e b st
1.2 ARk

1.2.1  IMiEFE R UM EEAE FBE A B S A E
Jok I S L, A Rk 5 0 BRI 7 VR, K e 3 TR A 50
(ELISA) £ W 1fiL %5 B 5 28 i (PCT) (B3R 5 4 , E-
TSEL-H0002) , J{98 ¥R 56 F-- o (TNF-o0) (RlFER A4
ml077385) . FA4AMIA 2 (IL)-18 (42 T4E 4, IN19669)
TLRY ( 3E B 4= ¥ , EH1019) . UCP2 ( F} JE 4= ¥y |
ELK3106)7K -, 4= A S EAA ML GRARMOBT I TR
F, BS-430) #6:0 1fi 375 LT (Ser) VR Z A (BUN) B4
F C(CysC) .CIRIVEM(CRP) . 4 A Bfk2i k& e
BN GIE , CL-22001) K30 IL-6.,

1.2.2 B EREE  CRAT R E B I



PG RFSE 2025 4F 11 A% 38 %45 11 ] Chin J Clin Res, November 2025, Vol.38 , No.11 © 1645 -

(SOFA) PF43 VA 8 35 2% ' 2 e W 15 12 B2, AR 4ig P
W I IE O A | PR A 2 RV I S A 32
BE ARG IR TS, JER N O(ThAREIEH )~
4 (" EIIRERERT ) 43, B R, A A B I R A
MR AR AR 5 8 R fd R (APACHE 1)
TE D GCHE AR B A 0 R f R — 3 A R
13 it F ik RHISPSS 25.0 BAF #4780 7
Mo THEGERNA ves R, PIAL HL B IR ST BEAR ¢ 46
B, = 8] B ] B PR R T 22 40 i SO T L Y
SNK-q 1658 ; TR (% ) FR5 , 2110 FH P R 96 L
15 s Pearson FHICH T-0#7 TLR9 .UCP2 7K F-55 SOFA 1
51 JAPACHE I P¥43 B Dhfigfa b . 48 4E A -+ A AH O
P Z R TAERHIE (ROC) fhZE 50 #T TLRY .UCP2 X fift
BERE B A AKTIIZITIN A, Z K LAt 2R T
FUAUC)RIZER: . P<0.05 HESAEGITFE L,

2 & R

2.1 Mk AR A Ao 3 B — i KK A £ iF TLRO.
UCP2 K ¥bdk  BREEAEALAINT BELHPE I AR WS B
TR A (BMI) R ARG A5 I SE R 55—
TR 22 RO R R L (P>0.05) , {H ik EEE 41
TLRO . UCP2 7K Xt R4 (P<0.05) . WLEE 1,

2.2 3F AKI 417 AKI 20— A% F A& e 7 TLR9, UCP2
RFregk A AKTZH AT AKTZH—RE7oR} JBLI R AL
BRGE )55 LU 22 S e e 7 2 L (P>0.05) s AKT
SOFA -4 . APACHE 11 #1435 . ' DI REFE F5 (Ser BUN,
CysC) . 2 4E [ F (CRP.PCT, TNF -t IL- 6. IL- 1B) K&
TLR9 .UCP2 /K- FAE AKIZH(P<0.05) ., L2,

23 RE®ER2EAKIELTLROUCP2AK-Frus  Fifi
FBE AKL™ SRR PG AN, 11175 TLR9 . UCP2 /K&
Wik, P LA 22 A Gei A L (P<0.05) . I3,
2.4 AKI %% 27 TLRO UCP2 R -T 5 15 K45 47449 48
# M Pearson A KT B8, AKT B 3 17 TLRY .
UCP2 7K V-5 SOFA 14> . APACHE 113743 B MhESs
Fr(Ser .BUN . CysC) &4 Kl F- (CRP . PCT . TNF-o . IL-
6. 1L-1B) 53l 2 IEAH G (P<0.05) . W54,

2.5 dniF TLRO.UCP2 *f ik 77 % & & 4 AKI #9445
Wi - 4E TLR9 . UCP2 Ll 2 B Jie 35 0 /8 % & &
AKI 9 AUC 43 %1 24 0.806 (95%CI: 0.743~0.860) .
0.814(95%CI:0.752~0.866) . & BEA 2 WAy AUC
}0.917(95%CI : 0.869~0.952) , 1/t T 4% H . ph i2 Wi
() AUC (Z s mno=3.899, P<0.01;5 Z st aner:=3.836,
P<0.01), W5 K1,

R HAAELA R — ORI TLR UCP2 /K- U
Tab.1 Comparison of general data, serum TLR9 and UCP2

levels between sepsis group and control group
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Tab.3 Comparison of TLR9 and UCP2 levels in AKI patients

with different severity —(x+s)

415 fil%L TLRI(pg/ml.) UCP2(pg/mL)
R 34 1.68+0.45 87.7121.57
rhEEAL 23 2.15+0.57° 110.38+27.46"
B 11 2.56+0.68" 145.45+41.24"
FIE 13.076 19.136
P1H <0.001 <0.001

1 SR ML, P<0.05; S EEL A L, "P<0.05,

R4 AKLEHF M TLRO UCP2 /K-Sl AR ARAARICE 34
Tab.4 Associations of serum TLR9, UCP2 levels with clinical

indicators in AKI patients
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Fig.1 ROC curve of TLR9 and UCP2 for diagnosing AKI in
sepsis patients
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Tab.5 Diagnostic value of TLR9 and UCP2 for AKI occurrence

in sepsis patients
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