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Objective: To investigate the diagnostic value of serum fibrinogen domain-containing lectin-3 (Ficolin-3) and galectin-3 (Gal-3) in
sepsis-associated acute kidney injury (SA-AKI).

Methods: This study retrospectively analyzed 126 SA-AKI patients with SA-AKI and 103 septic patients without AKI as controls.
Based on the severity of renal injury, the SA-AKI patients were divided into three groups: mild (41 cases), moderate (53 cases), and
severe (32 cases). Serum levels of Ficolin-3 and Gal-3 were measured using ELISA, and their correlation was determined through
Pearson analysis. Multivariate logistic regression was used to identify factors associated with the occurrence of SA-AKI.

Results: The serum creatinine (SCr), blood urea nitrogen (BUN), as well as the expression levels of serum Ficolin-3 and Gal-3 in the
SA-AKI group were higher than those in the non SA-AKI group (P<0.05). The expression levels of Ficolin-3 and Gal-3 in the serum
of the SA-AKI group were also higher than those of the non SA-AKI group (P<0.05). The expression levels of Ficolin-3 and Gal-3 in
serum gradually increased with the severity of renal injury in SA-AKI patients (P<0.05). The expression levels of Ficolin-3 and Gal-3
in serum were greatly positively correlated (P<0.001). Elevated levels of BUN, Ficolin-3, and Gal-3 were risk factors affecting the
occurrence of SA-AKI (P<0.05). The area under the curve (AUC) of serum Ficolin-3 and Gal-3 for individual diagnosis of SA-AKI
was 0.877 and 0.867, respectively, the AUC of their combined diagnosis was 0.953, and the diagnostic sensitivity was higher than that
of their individual diagnosis (P<0.001).

Conclusion: The expression levels of serum Ficolin-3 and Gal-3 are closely related to associated with the onset and progression of
SA-AKI and hold diagnostic value for its detection. Furthermore, the combined use of both markers provides a more accurate
diagnosis than either marker alone.
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Introduction
Sepsis is a condition triggered by the body’s dysregulated response to infection, resulting in organ dysfunction. In sepsis,
increased vascular permeability and altered local blood flow distribution can raise the risk of mortality.! Acute kidney
injury (AKI) is a frequent and complex complication of sepsis. Factors such as infections, urethral obstruction, and
certain medications associated with sepsis can contribute to its development. Patients with AKI often exhibit symptoms
like reduced or absent urine output, nausea, and generalized edema. Statistics indicate that 50% to 70% of sepsis patients
develop sepsis-associated acute kidney injury (SA-AKI), a syndrome marked by impaired renal function. This disease
progresses rapidly and can become severe, potentially leading to multi-organ failure and posing a serious threat to the
patient’s life, health, and safety.>* Therefore, finding specific biomarkers that can assist in the clinical diagnosis of SA-
AKI is of great importance.

Fibrinogen domain-containing lectin 3 (Ficolin-3) is one of the important members of the fibrinogen family as well as
an important initiator of the complement lectin pathway.* Research indicates that Ficolin-3 plays a role in inflammation
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and immune responses by activating specific signaling pathways, thereby exerting pro-inflammatory effects and con-
tributing to the onset and progression of inflammatory diseases.”

Galectin-3 (Gal-3) is a member of the lectin family, abundantly present in the extracellular matrix of cardiomyocytes
and fibroblasts, and involved in cell differentiation, proliferation, and intercellular communication.” Recently, scholars
have found that Gal-3, as an immune-regulating protein, has a unique structure that enables it to bind extracellular matrix
(ECM) glycosylation compounds to the cell surface during tissue remodeling. This interaction stimulates immune cells,
such as macrophages, to release chemokines and inflammatory factors, promoting their accumulation and triggering
inflammatory responses.®’

However, there are few studies on the correlation between the expression levels of Ficolin-3 and Gal-3 in serum and
the occurrence of SA-AKI. Based on this, this study measured the expression levels of Ficolin-3 and Gal-3 in the serum
of SA-AKI patients and analyzed their auxiliary diagnostic value for SA-AKI, aiming to improve the early diagnosis rate
of SA-AKI, thereby improving the treatment outcome and prognosis of patients.

Study Subjects and Methods
Study Subjects

1. A retrospective selection of 126 SA-AKI patients treated at our hospital between January 2022 and
December 2023 was made for the SA-AKI group. The patients were aged between 55 and 75 years, with an
average age of 64.79 = 7.15 years. Inclusion criteria: (1) those who meet the diagnostic criteria for sepsis'® and
AKL'" (2) those with complete clinical data. Exclusion criteria: (1) those with acute or chronic inflammatory
diseases such as acute appendicitis, acute enteritis, chronic pancreatitis, and cholecystitis; (2) those with a history
of chronic kidney disease, end-stage renal disease, and other kidney diseases and treatments; (3) those with
malignant tumors; (4) those with combined heart, lung, or other major organ dysfunction; (5) those with immune
system, blood system diseases. Patients in the SA-AKI group were classified into mild (41cases), moderate (53
cases), and severe (32 cases) groups based on the AKI staging criteria.'” Additionally, 103 sepsis patients without
acute kidney injury treated in the same period were selected as controls (non-SA-AKI group). The case collection
flow chart is shown in Figure 1. All patients and their families provided consent to participate in the study by
signing informed consent forms. The study was conducted with the approval of our hospital’s ethics committee.

Study Methods

Data Collection
Collected data included age, gender, body mass index (BMI), hypertension, diabetes, and other general information, as
well as biochemical indicators such as serum creatinine (SCr) and urea nitrogen (BUN) levels.

Detection of Serum Ficolin-3 and Gal-3 Expression Levels

On the day of admission, 5 mL of fasting venous blood was drawn from all study subjects in the morning. The blood was
left to stand for 10 minutes, then centrifuged at 3000 rpm for 10 minutes. The supernatant serum was collected into
sterile EP tubes and stored at —80°C for analysis, which was conducted within 24 hours. Serum levels of Ficolin-3 and
Galectin-3 (Gal-3) were measured using enzyme-linked immunosorbent assay (ELISA) kits (Ficolin-3 and Gal-3 ELISA
kits obtained from Shanghai Enzyme-linked Immunology Company). Serum creatinine (SCr) and blood urea nitrogen
(BUN) levels were analyzed using a fully automated biochemical analyzer (purchased from Shanghai Yindu Biological
Technology Co., Ltd). All procedures were performed strictly according to the instructions provided with the reagent kits.

Statistical Methods

Data in this article were analyzed using SPSS 25.0 software. Categorical data are presented as n (%), and comparisons
between groups were made using the chi-square (y?) test. Quantitative data are presented as mean + standard deviation
(SD). Comparisons between two groups were conducted using the #-test, while comparisons among multiple groups were
further analyzed using the SNK-Q test. The correlation between serum Ficolin-3 and Gal-3 expression levels was
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Figure | Case Collection Process Diagram.

analyzed using Pearson’s method. Multifactorial logistic regression analysis was used to identify factors associated with
the occurrence of SA-AKI. The diagnostic value of serum Ficolin-3 and Gal-3 for SA-AKI was analyzed using receiver
operating characteristic curve (ROC) analysis, with the area under the curve (AUC) comparisons conducted using the

Z-test. A P-value of <0.05 was considered statistically significant.
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Results
Comparison of General Data Between the Two Groups
There were no statistically significant differences between the two groups in terms of age, gender, BMI, hypertension,

diabetes, or coexisting organ dysfunction (P>0.05). However, serum creatinine (SCr) and urea nitrogen (BUN) levels
were higher in the SA-AKI group compared to the non-SA-AKI group (P<0.05). See Table 1.

Comparison of Serum Ficolin-3 and Gal-3 Expression Levels
The levels of serum Ficolin-3 and Gal-3 in the SA-AKI group were higher than those in the non-SA-AKI group (P<0.05).
See Table 2.

Comparison of Serum Ficolin-3 and Gal-3 Expression Levels Among SA-AKI Patients
with Different Degrees of Kidney Injury

The expression levels of serum Ficolin-3 and Gal-3 increased with the severity of kidney injury in SA-AKI patients
(P<0.05). See Table 3.

Correlation Analysis of Serum Ficolin-3 and Gal-3 Expression Levels
The Pearson correlation analysis showed a positive correlation between the expression levels of serum Ficolin-3 and Gal-3
(r=0.699, P<0.001). See Figure 2.

Table | General Information of Two Groups and Serum Ficolin-3 and Gal-3 Expression Levels[(X=* s) /n (%)]

Index Non SA-AKI group SA-AKIgroup 7t P
(n=103) (n=126)

Age (years) 65.30+£7.30 64.79+7.15 0.532 0.595

Gender

Male 56 (54.36) 78 (61.90) 1.326 0.250

Female 47 (45.64) 48 (38.10)

BMI (kg/m?) 23.59+3.03 23.723.16 0.315 0.753

Hypertension 42 (40.78) 49 (38.89) 0.084 0.771

Diabetes 28 (27.18) 29 (23.02) 0.527 0.468

Combined with other organ dysfunction(number)

<2 82 (79.61) 91 (72.22) 1.675 0.196

22 21 (20.39) 35 (27.78)

SCr (umol/L) 132.39£16.39 147.30£17.22 6.661 <0.001

BUN (umol/L) 7.22+1.03 4.59+0.81 21.628 <0.001

Note: BMI is Body Mass Index; SCr is blood creatinine; BUN stands for urea nitrogen.

Table 2 Comparison of Serum Ficolin-3 and Gal-3 Expression Levels(X+ s)

Group

Number of cases

Ficolin-3 (mg/L)

Gal-3 (ng/mL)

Non SA-AKI group
SA-AKI group

T

P

103
126

30.77+4.71

39.79+6.00
12.441
<0.001

4.66+0.69
5.97+0.82
12.903

<0.001

Note: SA-AKI is sepsis-acute kidney injury; Ficolin-3 is Fibrinogen domain-containing lectin 3; Gal-3

is Galectin-3.
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Table 3 Serum Ficolin-3 and Gal-3 Expression Levels in SA-AKI Patients

with Different Degrees of Kidney Injury Severity (X=£ s)

Group

Number of cases

Ficolin-3 (mg/L)

Gal-3 (ng/mL)

Mild group
Moderate group
Severe group

F

P

41
53
32

36.06+4.97

40.03+6.07*

44.18+7.22"%
16.194
<0.001

5.32+0.72

6.02+0.83*

6.73+0.95%
26.144
<0.001

Note: Ficolin-3 is Fibrinogen domain-containing lectin 3; Gal-3 is Galectin-3; Note: Compared
with the Mill group, *P<0.05; Compared with the Moderate group, *P<0.05.

Multifactorial Logistic Regression Analysis of Factors Affecting the Occurrence of

SA-AKI

Factors with significant differences (P<0.05) in the general data analysis between the two groups were included in the

multifactorial logistic regression analysis. The occurrence of AKI in sepsis patients (yes = 1, no = 0) was used as the

dependent variable, with BUN, Ficolin-3, and Gal-3 levels (measured values) as independent variables. Logistic

regression analysis revealed that elevated levels of BUN, Ficolin-3, and Gal-3 were significant risk factors for the
development of SA-AKI (P < 0.05).See Table 4.

Diagnostic Value Analysis of Serum Ficolin-3 and Gal-3 for SA-AKI

ROC curve analysis of the diagnostic value of serum Ficolin-3 and Gal-3 for SA-AKI showed that the area under the

curve (AUC) for diagnosing SA-AKI using serum Ficolin-3 and Gal-3 individually were 0.877 and 0.867, respectively.

The combined diagnosis AUC was 0.953, with higher sensitivity, better than individual diagnoses (Zthe combination of the

two-Ficolin-3=3-288, ZThe combination of the two-Gal-3—=4-434, P<0.001), indicating a certain diagnostic value for the occurrence

of SA-AKI. See Figure 3 and Table 5.
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Figure 2 Correlation analysis of serum Ficolin-3 and Gal-3 expression levels.
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Table 4 Multivariate Logistic Regression Analysis of the Relevant
Factors Affecting the Occurrence of SA-AKI

Influence factor B SE Wald P OR 95% CI

BUN 0.440 | 0.213 | 4.258 | 0.039 | 1.552 | 1.022~2.356
Ficolin-3 1.197 | 0.386 | 9.616 | 0.002 | 3.310 | 1.553~7.053
Gal-3 1.026 | 0.344 | 8.896 | 0.003 | 2.790 | 1.422~5.475

Note: BUN stands for urea nitrogen; Ficolin-3 is Fibrinogen domain-containing lectin 3; Gal-3
is Galectin-3.

Discussion

Sepsis is a syndrome resulting from the body’s dysregulated response to infection, leading to immune dysfunction and
microcirculatory disturbances, with a high prevalence among the elderly. AKI is a common complication in sepsis
patients, marked by a rapid decline or complete loss of renal filtration function. This is mainly due to sepsis damaging
vascular endothelial cells, increasing their permeability, and leading to significant proteinuria and renal damage.
Epidemiological statistics indicate that nearly 40%—50% of patients with sepsis will develop AKI. The occurrence of
SA-AKI not only hinders recovery but also damages other organs, affecting the patient’s life, health, and safety.'>:'*
Currently, clinical diagnosis and assessment AKI commonly rely on indicators such as serum creatinine (SCr). However,
to enhance diagnostic accuracy, many researchers have recently identified specific biomarkers that can aid in clinical
diagnosis. For example, Magnusson et al'> found that measuring neutrophil gelatinase-associated lipocalin (NGAL) at
the time of patient admission can provide a more accurate diagnosis of early-stage AKI. Therefore, this study aimed to
explore indicators that can assist in diagnosing SA-AKI, focusing on the expression levels and clinical significance of
serum Ficolin-3 and Gal-3 in SA-AKI patients.

Ficolin-3 is a key recognition molecule in the lectin pathway of the complement system, primarily found in the liver
and platelets. It plays a role in regulating cellular proliferation, differentiation, and apoptosis, as well as facilitating the
phagocytosis of apoptotic cells by macrophages. Ficolin-3 also influences immune regulation, inflammatory cell
infiltration, and the development and malignant progression of inflammatory diseases.'®!” Recent studies have shown
that Ficolin-3 can promote the aggregation of inflammatory factors through related signaling pathways, participating in
the occurrence and development of diseases such as nephritis and atherosclerosis.'®!? Therefore, it is speculated that the
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Figure 3 ROC curves of serum Ficolin-3 and Gal-3 for diagnosing SA-AKI.
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Table 5 Analysis of Diagnostic Value of Serum Ficolin-3 and Gal-3 Expression for SA-AKI

Variable AUC Cut off 95% ClI Sensitivity Specificity Youden
value (%) (%) index
Ficolin-3 0.877 | 35.75 mg/L | 0.827~0.916 76.19 82.52 0.587
Gal-3 0.867 | 572 ng/mL | 0.816~0.908 63.49 95.15 0.586
The combination of the two | 0.953 - 0.917~0.977 86.51 79.61 0.661

Note: Ficolin-3 is Fibrinogen domain-containing lectin 3; Gal-3 is Galectin-3.

expression level of serum Ficolin-3 might be related to the occurrence of SA-AKI. The results of this study showed that
the expression levels of serum Ficolin-3 in the SA-AKI group were higher than in the non-SA-AKI group, and the
expression levels of serum Ficolin-3 and Gal-3 increased with the severity of kidney injury. Indicators reflecting renal
function, such as SCr and BUN, exhibited a similar trend. This may be attributed to the elevated serum levels of Ficolin-
3, which likely enhance inflammatory reactions and tissue damage, thus contributing to the development of SA-AKI.
These findings suggest that Ficolin-3 is not only associated with the occurrence of SA-AKI but also that its expression
levels correlate with the severity of kidney damage in SA-AKI patients. This indicates that Ficolin-3 could potentially
serve as a specific biomarker to aid in the diagnosis of SA-AKI.

Galectin-3 (Gal-3) is a key member of the p-galactoside-binding lectin family. Numerous studies have demonstrated
that Gal-3 plays a role in various biological processes, including cell growth and differentiation, and is involved in
mediating tissue fibrosis and angiogenesis. Abnormal Gal-3 expression has been observed in patients with conditions
such as myocardial infarction and arrhythmias.?**' Moreover, as one of the receptors for advanced glycation end
products, the expression of Gal-3 in the body is also related to the occurrence of various congenital immune
responses.”>>® It can regulate diseases such as myocardial ischemia-reperfusion injury by affecting the expression of
key immune homeostasis regulatory factors, such as transforming growth factor 1 (TGF-B1) and interleukin-10 (IL-
10).>*2°Based on this, this study also measured and analyzed the expression of serum Gal-3 in SA-AKI patients,
showing that the serum Gal-3 expression level in the SA-AKI group was higher than in the non-SA-AKI group and
increased with the severity of kidney injury. An analysis of the correlation between the expression levels of serum
Ficolin-3 and Gal-3 showed a positive correlation between them (r=0.699, P<0.001). Further analysis of factors affecting
the occurrence of SA-AKI indicated that BUN, Ficolin-3, and Gal-3 are risk factors for SA-AKI. Lastly, ROC curve
analysis was used to evaluate the diagnostic value of serum Ficolin-3 and Gal-3 for SA-AKI, showing that the AUCs for
diagnosing SA-AKI with serum Ficolin-3 and Gal-3 were 0.877 and 0.867, respectively. There is notable diagnostic
value for SA-AKI, and recent studies indicate that the combined detection of biomarkers has significant diagnostic
potential in assessing acute kidney injury in patients with ST-segment elevation myocardial infarction.?” Therefore, this
study also evaluated the diagnostic value of combining serum Ficolin-3 and Gal-3 for SA-AKI. The results showed that
the AUC for the combined diagnosis was 0.953, demonstrating superior accuracy compared to the individual biomarkers.

In conclusion, serum Ficolin-3 and Gal-3 levels are closely associated with the onset and progression of SA-AKI. The
combined diagnostic approach offers greater accuracy compared to individual markers, providing valuable diagnostic
insight for SA-AKI. However, the limited sample size in this study may introduce some bias into the statistical results. In
the future, we plan to gather a broader range of cases to further validate the clinical applicability of our findings.
Additionally, we will explore the predictive value of serum Ficolin-3 and Gal-3 for the prognosis of AKI patients and
investigate the specific mechanisms through which these biomarkers influence the development of SA-AKI.
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