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KEYWORDS Abstract Background: The adverse effects of sepsis-associated acute kidney injury (SA-AKI)
Acute kidney injury; highlight the need for new biomarkers. Signal Peptide-Complement C1r/C1s, Uegf, Bmp1-
Inflammation; Epidermal Growth Factor-like Domain-Containing Protein 2 (SCUBE2), important for angiogen-
Critical care; esis and endothelial integrity, has been linked to increased mortality in models of
Sepsis; lipopolysaccharide-induced lung injury. This research aimed to assess the utility of plasma
SCUBE2 SCUBEZ2 levels as a prognostic indicator for SA-AKI in intensive care unit (ICU) patients.

Methods: Between September 2020 and December 2022, our study enrolled ICU patients diag-
nosed with stage 3 SA-AKI. We collected demographic information, illness severity indices, and
laboratory data, including plasma SCUBE2 and sepsis-triggered cytokine levels. We employed
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receiver operating characteristic curves and DelLong tests to assess the predictive accuracy for
survival, Kaplan—Meier curves to evaluate the relative risk of death, and multivariate logistic
regression to identify independent mortality predictors.

Results: Among the total of 200 participants, the survivors had significantly higher plasma
SCUBE2 levels (115.9 ng/mL) compared to those who died (35.6 ng/mL). SCUBE2 levels showed
a positive correlation with the anti-inflammatory cytokine IL-10 and a negative correlation
with the APACHE Il score, SOFA score, C-reactive protein, and monocyte chemoattractant
protein-1. Multivariate analysis revealed that elevated SCUBE2 and IL-10 levels were indepen-
dently protective against mortality, and associated with the most favorable 30-day survival
outcomes.

Conclusions: In ICU patients with stage 3 SA-AKI, lower plasma levels of SCUBE2 were corre-
lated with elevated pro-inflammatory factors, which impacted survival outcomes. This sug-
gests that SCUBE2 could be a potential biomarker for predicting prognosis in patients with
SA-AKI.

Copyright © 2024, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

In intensive care unit (ICU) settings, sepsis is a major cause
of acute kidney injury (AKI), accounting for 45—70% of cases
among critically ill patients and leading to severe negative
outcomes.™? Patients with sepsis-associated AKI (SA-AKI)
face a higher risk of morbidity and mortality compared to
those with AKI due to other etiologies.>* Various studies
have highlighted the potential of using biomarkers indica-
tive of glomerular and tubular damage, such as cystatin C,
neutrophil gelatinase-associated lipocalin (NGAL), kidney
injury molecule 1 (KIM-1), metalloproteinases 2 (TIMP-2)
and insulin-like growth factor binding protein 7 (IGFBP7) to
evaluate the risk for SA-AKI progression.> ® However, these
biomarkers were not directly related to sepsis and were
insufficient in predicting survival outcomes. This gap
addressed the urgent need to identify novel biomarkers for
patients with SA-AKI.

The Signal Peptide-Complement C1r/C1s, Uegf, Bmp1
(CUB)-Epidermal Growth Factor-like Domain-Containing
Protein (SCUBE) gene family, expressed in endothelial cells,
is found in highly vascularized tissues like lungs, kidneys,
and liver.'®"" This family includes the genes for SCUBE1—3,
which encode glycoproteins structured into five domains:
an N-terminal signal peptide, nine tandem epidermal
growth factor-like repeats, a large spacer region, three
cysteine-rich motifs, and a CUB domain at the C-terminus.
Endothelial-derived SCUBE2 is a peripheral membrane
protein that serves as a coreceptor for vascular endothelial
growth factor (VEGF). It can also be cleaved and released
into the bloodstream as a soluble form.'?

SCUBE2 has been suggested to guide cancer therapy and
predict prognosis in several cancers. Ozcan discovered that
SCUBE2 overexpression in breast cancer was associated
with resistance to Taxane-based chemotherapy.'® Further-
more, Cheng et al. reported that SCUBE2 suppresses breast
tumor cell proliferation, and patients with SCUBE2 protein-
expressing invasive breast cancer have better disease-free
survival.™ Lin et al. further demonstrated that SCUBE2
serves as a tumor suppressor by inhibiting breast cancer cell
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migration and invasion through the reversal of
epithelial-mesenchymal transition.”®> Additionally, evi-
dence has shown that reduced SCUBE2 expression is an in-
dependent predictor of poor prognosis in gastric cancer,'®
bladder cancer,"” endometrial cancer,’® and nasopharyn-
geal carcinoma. '’

SCUBE2 also plays an important role in maintaining the
endothelial barrier during inflammation. Downregulated
SCUBE2 has been found in central nervous system tuber-
culosis and traumatic brain injury, leading to blood—brain
barrier disruptions.’®?' Recently, Lin et al. demonstrated
that mice with endothelial-specific SCUBE2 deletion
exhibited vascular leakage and leukocyte infiltration in
response to lipopolysaccharide (LPS)-induced acute organ
injury.?? In the context of SA-AKI, endothelial dysfunction is
a pivotal pathogenic factor.”® Given that reduced endo-
thelial SCUBE2 dysregulates microvascular integrity in
sepsis animal models, we hypothesize that SCUBE2 may be
associated with clinical outcomes in SA-AKI. Herein, we
conducted a prospective study to evaluate the relationship
between plasma SCUBE2 levels and various disease indices
in stage 3 SA-AKI patients, particularly those with severe
kidney damage and poor survival rates. Our objective is to
determine the prognostic utility of plasma SCUBE2 in ICU
settings.

Methods

Study design

We conducted this single-center prospective study between
September 2020 and December 2022. Our inclusion criteria
were as follows: (1) being admitted to the ICU on an
emergency basis or for postsurgical care with an expected
stay of >48 h; (2) fulfillment of sepsis criteria and (3) Kid-
ney Disease: Improving Global Outcomes (KDIGO)-defined
AKI stage 3. Exclusions were patients without sepsis, with
AKI from non-septic causes, AKI not advancing to stage 3,
baseline eGFR <15 mL/min/1.73 m? or on maintenance
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dialysis, history of cancer, or under 20 years old. The pa-
tient enrollment process is depicted in Fig. 1. This study
was approved by the Institutional Review Board of Taipei
Veterans General Hospital (2020-09-002A).

Definitions of SA-AKI and follow-up

Patients were identified as having SA-AKI if both consensus
sepsis criteria and AKI criteria were met within 7 days of
sepsis diagnosis. Sepsis was defined by Sepsis-3, requiring a
confirmed infection with a Sequential Organ Failure Assess-
ment (SOFA) score increase of >2 points.>* In accordance
with KDIGO guidelines, AKI was defined by an increase in
serum creatinine (SCr) by > 0.3 mg/dL within 48 h, an in-
crease to >1.5 times baseline within 7 days, or urine output
(UO) < 0.5 mL/kg/h for 6—12 h.? The progression to stage 3
AKI was characterized by an increase in SCr to at least three
times the baseline value, a rise to at least 4 mg/dL, UO of
less than 0.3 mL/kg/h for 24 h, anuria for 12 h, or the need
for acute dialysis.?® In our study, baseline SCr was deter-
mined as the average of all SCr measurements from any
hospital admissions within the year preceding the current
admission or from outpatient blood tests conducted within
the 6 months prior. In the absence of these data, the lowest
SCr level recorded during the current hospital stay was used
as the baseline. Hemodialysis was typically initiated in pa-
tients exhibiting azotemia with uremic symptoms, refractory
oliguria or anuria, fluid overload, hyperkalemia, and meta-
bolic acidosis, in accordance with standard clinical practice.
The choice between intermittent hemodialysis and contin-
uous renal replacement therapy (RRT) was based on the
patient’s hemodynamic stability. Follow-up of patients
continued until discharge or death.

Demographic data and primary outcome

The patients’ baseline demographic data were collected on
the index day of ICU admission. These data included de-
mographic factors such as age, sex, baseline SCr, and body
mass index. We recorded the presence of comorbidities,
such as hypertension, diabetes mellitus (DM), coronary ar-
tery disease (CAD), congestive heart failure (CHF), and
CKD. Acute Physiology and Chronic Health Evaluation

(APACHE) Il score and SOFA score assessing illness severity
were also examined. Additionally, we recorded the sources
of infection, coexisting organ failures, and the types of
antibiotics used. Besides the variations in SCr levels, our
database also recorded UO and cumulative fluid overload
when AKI progressed to stage 3. Notably, if a patient
experienced a second episode of SA-AKI after discharge
from the ICU, only the first episode was considered in our
analysis. The primary outcome was in-hospital mortality,
defined as any death during hospitalization.

Timeframe of blood sampling

We obtained blood samples within 2 h of diagnosing stage 3
AKI. Inflammatory markers such as white blood cell count
(WBC), C-reactive protein (CRP), procalcitonin (PCT), and
lactate levels were examined. Within 1 h after collection,
the blood specimens used to measure plasma SCUBE2 and
sepsis-triggered cytokines, including IL-1B, IL-6, IL-10, and
monocyte chemoattractant protein (MCP)-1, were centri-
fuged, subjected to a single freeze—thaw cycle, and then
stored at —80 °C.

Quantification of plasma SCUBE2

Anti-SCUBE2 monoclonal antibodies were developed in-
house at the Institute of Biomedical Sciences, Academia
Sinica, Taiwan.?” Splenocytes from BALB/c mice immunized
with purified recombinant SCUBE2-EGF-like domain (resi-
dues 177—321) GST-fusion protein were fused with
myeloma cells to produce hybridomas. Four independent
clones (SCUBE2-EGF-B2, C1, C2, and C3) were obtained,
which specifically detected the recombinant full-length
SCUBE2 protein expressed in HEK-293T cells by Western
blotting and flow cytometry. Based on its higher sensitivity
in sandwich ELISA, the SCUBE2-EGF-B2/C3 combination was
used to evaluate SCUBE2 levels in plasma by multiplex
immunoassay analysis. Briefly, anti-SCUBE2-EGF-B2 mono-
clonal antibody was conjugated to magnetic beads (Lumi-
nex, Austin TX, USA). Subsequently, 50 uL of each sample
was incubated with the antibody-conjugated beads in 96-
well microtiter plates for 2 h on an orbital shaker at room
temperature. Following incubation, the plates were

589 patients aged > 20 and admitted in the
intensive care units from 2020 to 2022

v

221 patients with stage 3 sepsis-associated
acute kidney injury

195 not fulfill the definition of sepsis
91 not fulfill the diagnosis of stage 3 acute kidney
injury
47 with an underlying malignancy
20 with a baseline estimated glomerular filtration
rate <15 mL/min/1.73 m?
15 with maintenance dialysis

v

200 eligible participants

Figure 1.

v

17 hospital stay < 48 hours
4 lack of laboratory data within 24 hours of
enrollment

Flowchart for patient selection.

722



Journal of Microbiology, Immunology and Infection 57 (2024) 720—729

washed three times with assay wash buffer. Then, 40 uL of
biotinylated anti-SCUBE2-C3 monoclonal antibody was
added to each well and incubated for an additional hour.
The wells were washed again, and 50 uL of Streptavidin-
Phycoerythrin solution was added, followed by a 30-min
incubation on the shaker, protected from light. Fluores-
cence levels of the beads were measured using a Luminex
200 instrument, and SCUBE2 concentrations were calcu-
lated using a standard curve.

Statistical analysis

The sample size needed for this study was calculated ac-
cording to the following formula: n = Z;_,,,"2 " p (1 — p)/
d*2, where n is the sample size, Z,_,,, is standard normal
variate (P value less than 0.05 is considered significant;
hence, 1.96 is used in this formula), p is expected preva-
lence (a recent epidemiological study demonstrated the
prevalence of SA-AKI was 40.7% among critically-ill pa-
tients?), and d is precision (the precision in this study is
0.1).2% Therefore, we had to enroll at least 93 subjects for
this cohort study.

We compared the demographics of nonsurvivors and
survivors. Between-group comparisons were analyzed using
the 2 test for categorical variables and the independent t-
test and Mann—Whitney U test for parametric and
nonparametric continuous variables, respectively. We used
Spearman’s rank correlation test to assess the correlations
of SCUBE2 with cytokines and other variables. The diag-
nostic accuracy of the variables in predicting in-hospital
mortality was evaluated using receiver operating charac-
teristic (ROC) curves, and the areas under the curves (AUC)
were compared using the Delong test. Youden Index was
used to determine the optimal cutoff levels of the vari-
ables. Survival outcomes among the subgroups were
compared using Kaplan—Meier curves and pairwise Wil-
coxon tests. In the logistic regression models used to
identify independent factors predicting mortality, all vari-
ables with P value < 0.1 from the univariate analysis and
those deemed clinically significant were incorporated into
the multivariate analysis. The parameters were dichoto-
mized based on their best predictive cutoff values. The
strength of each association was quantified as an odds ratio
(OR) accompanied by a 95% confidence interval (Cl). A two-
tailed P value of <0.05 was statistically significant. All
statistical analyses were performed using SAS (version 9.4;
SAS Institute, Cary, NC, USA) and Prism (version 9; Graph-
Pad Software, San Diego, CA, USA).

Results
Demographic characteristics of the cohort

Among 200 patients with stage 3 SA-AKI, 104 (52%) died
during hospitalization. The baseline characteristics of the
study subjects are listed in Table 1. Respiratory failure
(66.5%) was the most common coexisting organ failure, fol-
lowed by heart failure (38.5%). The most common source of
infection was the lungs (41%), followed by the bloodstream
(19.5%). The top three antibiotics were cephalosporins
(29.5%), glycopeptides (28.5%), and carbapenems (25.5%).
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The laboratory findings at AKI stage 3 included a median WBC
count of 15,010/uL, albumin 2.8 g/dL, lactate 68.1 mg/dL,
PCT 4.05 ng/mL, and CRP 19 mg/dL. The SCr levels rose to
3.86 mg/dL from a baseline of 1.25 mg/dL, with a median UO
of 0.18 mL/kg/hr and a cumulative fluid overload of
1988 mL. The median time to RRT initiation following the
diagnosis of AKI stage 3 was 60 h. Nonsurvivors exhibited
significantly higher APACHE Il score, more frequent coexist-
ing respiratory failure, and elevated lactate, PCT, and CRP
levels compared to survivors.

Plasma SCUBE2 and cytokine levels between
survivors and nonsurvivors

Table 2 presents the log-transformed plasma biomarker
profile of the patients. Plasma SCUBE2 and IL-10 levels were
significantly higher in the survivors than in nonsurvivors
(P < 0.001). By contrast, IL-13, IL-6, and MCP-1 levels were
significantly higher in the nonsurvivors than in the survivors.
(IL-6, P < 0.001; IL-18, P = 0.037; MCP-1, P = 0.021).

Prediction of all-cause mortality

Fig. 2a presents the ROC curves assessing the performance
of SCUBE2 and other disease indices in predicting survival
outcomes. SCUBE2 demonstrated the highest AUC (0.877),
indicating its potential as a prognostic marker in SA-AKI.
While the AUC difference between SCUBE2 and APACHE II
score was insignificant, the predictive performance of
SCUBE2 for all-cause mortality was significantly superior to
that of SOFA score, CRP, PCT, and lactate. Fig. 2b shows
that the median plasma SCUBE2 levels were significantly
higher in survivors than nonsurvivors (P < 0.001). The
optimal cutoff values and diagnostic performance of the
parameters are provided in Supplemental Table 1.

Correlation between SCUBE2 levels and disease
markers

Fig. 3 displays the results of Spearman’s correlation anal-
ysis. SCUBE2 demonstrated a positive correlation with anti-
inflammatory IL-10 (r = 0.35) but negative correlations
with APACHE Il score (r = —0.23), SOFA score (r = —0.2),
CRP (r = —0.25), and MCP-1 (r = —0.23). Similarly, IL-10
exhibited significantly negative correlations with APACHE
Il score (r = —0.23), SOFA score (r = —0.19), lactate
(r = —0.28), procalcitonin (r = —0.26), IL-1B (r = —0.28),
and MCP-1 (r = —0.31).

Independent risk factors for mortality

Table 3 presents the results of the multivariate logistic
regression identifying independent predictors of mortality.
The higher APACHE Il score (OR 1.17; 95% Cl =
1.06—1.29; P = 0.001) and CRP levels (OR = 11.92; 95% CI
= 2.85—49.93; P = 0.003) significantly increased the risk
of mortality. In contrast, SCUBE2 (OR = 0.04; 95% Cl =
0.01—-0.16; P< 0.001) and IL-10 (OR = 0.04; 95% Cl =
0.01-0.21; P < 0.001) were identified as protective factors
against mortality.
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Table 1  Patient characteristics at the time of developing stage 3 acute kidney injury.

Total (n = 200) Survivors (n = 96) Nonsurvivors (n = 104) P
Age (year) 64 (49, 83) 62 (46, 78) 66 (55, 85) 0.351
Male (%) 132 (66.0) 72 (76.6) 60 (56.6) 0.196
Body mass index (kg/m?) 60 (52, 70) 25.7 (23.1, 28.5) 23.0 (21.3, 25.4) 0.077
Body temperature (°C) 37.7 (37.2, 38.3) 37.7 (37.2, 38.3) 37.7 (37.2, 38.3) 0.911
Heart rates (beats/min) 111 (96, 128) 103 (96, 127) 115 (96, 128) 0.880
Respiratory rates (breaths/min) 25 (22, 30) 26 (22, 29) 25 (22, 30) 0.719
MAP (mmHg) 52 (46, 68) 56 (46, 76) 48 (43, 61) 0.833
GCS 7 (5, 8) 7 (5, 8) 6.5 (5, 8) 0.726
APACHE Il score 23 (16, 29) 18 (15, 23) 28 (22.5, 31.5) <0.001
SOFA score 10.5 (8.5, 13) 10 (8, 11) 11.5 (9, 15) 0.082
Coexisting organ failures
Respiratory failure (%) 133 (66.5) 52 (39.1) 81 (77.9) <0.001
Heart failure (%) 77 (38.5) 42 (43.8) 35 (33.7) 0.143
Liver failure (%) 39 (19.5) 24 (25) 15 (14.4) 0.088
Source of infection
Lungs (%) 82 (41) 36 (37.5) 46 (44.2) 0.334
Bloodstream (%) 39 (19.5) 20 (20.8) 19 (18.3) 0.647
Urinary tract (%) 20 (10) 13 (13.5) 7 (6.7) 0.109
Soft tissue (%) 13 (6.5) 7 (7.3) 6 (5.8) 0.663
Abdomen (%) 12 (6) 7 (7.3) 5 (4.8) 0.460
CNS (%) 2 (1) 1(1) 1(1) 0.955
Unidentified (%) 32 (16) 12 (12.5) 20 (19.2) 0.195
Types of antibiotic use
Cephalosporins (%) 59 (29.5) 33 (31.7) 26 (27.1) 0.472
Glycopeptides (%) 57 (28.5) 28 (29.2) 29 (27.9) 0.841
Carbapenems (%) 51 (25.5) 27 (28.1) 24 (23.1) 0.413
Tetracyclines (%) 37 (18.5) 16 (16.7) 21 (20.2) 0.413
Penicillins (%) 35 (17.5) 14 (14.6) 21 (20.2) 0.297
Fluoroquinolones (%) 29 (14.5) 18 (18.8) 11 (10.6) 0.101
Sulfonamides (%) 26 (13) 14 (14.6) 12 (11.5) 0.522
Macrolides (%) 16 (8) 9 (9.4) 7 (6.7) 0.491
Laboratory parameters
WBC (10"3/pL) 15.01 (6.43, 16.52) 14.21 (6.22, 14.35) 15.57 (6.52.18.63) 0.338
Albumin (g/dL) 2.8 (2.1, 3.2) 2.7 (2.2, 3.1) 2.8 (2.4, 3.0) 0.855
Blood pH value 7.25 (7.15, 7.26) 7.23 (7.16, 7.48) 7.26 (7.15, 7.44) 0.977
Bicarbonate (mg/dL) 15.7 (10.2, 19.2) 15.2 (11.5, 19.7) 16.7 (10.3, 18.4) 0.460
Lactate (mmol/L) 68.1 (57.6, 83.9) 62.5 (51.0, 78.9) 73.9 (64.2, 86.1) <0.001
Potassium (mmol/L) 4.6 (3.5, 5.9) 4.1 (3.3, 5.1) 4.8 (3.9, 6.1) 0.193
Phosphate (mg/dL) 6.4 (2.5, 8.1) 6.2 (2.4,7.9) 6.6 (2.6, 8.6) 0.283
AST (U/L) 53 (25, 172) 52 (22, 166) 56 (23, 175) 0.662
PCT (ng/mL) 4.05 (3.30, 5.22) 3.66 (3.18, 4.22) 4.87 (3.61, 5.70) <0.001
CRP (mg/dL) 19 (15.5, 25.4) 16.8 (14.2, 19.7) 23.6 (17.4, 28.0) <0.001
SCr (mg/dL) 3.86 (2.97, 4.27) 3.87 (2.65, 4.16) 3.84 (2.62, 6.81) 0.989
Urine output (mL/kg/h) 0.18 (0.01, 0.24) 0.16 (0.01, 0.22) 0.19 (0.02, 0.27) 0.174
Cumulative fluid overload (mL) 1988 (378, 3040) 2030 (460, 3215) 1950 (466, 3142) 0.196
Time to RRT initiation (hour) 60 (12, 110) 55 (7, 101) 62 (12, 113) 0.236

The data are presented in frequency (percentage) and median (interquartile range) values.
Abbreviations: SCr, serum creatinine; MBP, mean blood pressure; GCS, Glasgow coma scale; APACEIIl, Acute Physiology and Chronic

Health Evaluation Il; SOFA, Sequential Organ Failure Assessment;

CNS, central nervous system; WBC, white blood cell; AST, aspartate

aminotransferase; PCT, procalcitonin; CRP, C-reactive protein; RRT, renal replacement therapy.

Fig. 4 illustrates the Kaplan—Meier curves, stratifying
the cohort into four subgroups based on SCUBE2 and IL-10
levels, using median values as cutoffs. The pairwise com-
parison of P values revealed that the subgroup with
elevated levels of both SCUBE2 and IL-10 exhibited the
most favorable 30-day survival outcomes following the
diagnosis of SA-AKI.

Discussion

To evaluate the potential of SCUBE2 as a biomarker asso-
ciated with survival outcomes in SA-AKI, this study exam-
ined the relationship between plasma SCUBE2 levels,
cytokines, illness severity, and patient survival. We found
that increased plasma SCUBE2 and anti-inflammatory IL-10
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Table 2 Log-transformed plasma levels of SCUBE2 and various cytokines in stage 3 sepsis-associated acute kidney injury
survivors and nonsurvivors.

Biomarkers Survivors (n = 96) Nonsurvivors (n = 104) P

Log (SCUBE2, in pg/mL) 4.98 + 0.29 4.5 + 0.34 <0.001
Log (IL-1B, in pg/mL) 1.35 + 0.37 1.84 + 0.42 0.037
Log (IL-6, in pg/mL) 2.34 + 0.53 2.85 + 0.51 <0.001
Log (MCP-1, in pg/mL) 2.29 + 0.51 2.57 + 0.45 0.021
Log (IL-10, in pg/mL) 2.22 + 0.34 1.5+ 0.32 <0.001

The data are presented in terms of the mean =+ standard deviation values.
Abbreviations: SCUBE2, signal peptide-complement C1r/C1s, Uegf, Bmp1-epithelial growth factor-like domain-containing protein 2; IL,

interleukin; MCP-1, monocyte chemoattractant protein-1.

levels were associated with higher survival rates. In
contrast, elevated levels of pro-inflammatory cytokines,
including IL-1B, IL-6, and MCP-1, were associated with an
increased risk of death. SCUBE2 demonstrated the highest
performance for survival prediction, exceeding the capa-
bilities of the APACHE Il score, CRP, PCT, lactate, and SOFA
score.?? 32 Multivariate logistic regression and subgroup
analysis also indicated that patients with both elevated
SCUBE2 and IL-10 had the lowest risk of death. These
findings suggest that SCUBE2 could be a valuable biomarker
associated with survival outcomes in patients with SA-AKI.

Renal endothelial cells undergo molecular and pheno-
typic changes in the development of SA-AKI. During sepsis,
the activated endothelial cells upregulate adhesion mole-
cules and chemokines, initiating systemic inflammation.
This promotes immune cell adhesion, exacerbating inflam-
mation and increasing microvascular permeability.*>—3¢
Phenotypically, the endothelial cells exhibit barrier loss,
shape changes, and a pro-coagulant state, leading to
microvascular thrombosis. Lin et al. reported that endo-
thelial SCUBE2 acts as a co-receptor for VEGF, facilitating
its binding to VEGF receptor-2. This interaction promotes
angiogenesis, essential for repairing microvascular damage
in inflammatory settings.?’-*” Additionally, human umbilical
vein endothelial cells treated with LPS and pro-
inflammatory cytokines show downregulated SCUBE2
expression, compromising the cell-cell junctions.™
Recently, Lin et al. unveiled the function of endothelial
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Figure 2.

SCUBE2 in preserving vascular barrier integrity by recruiting
vascular endothelial (VE) protein tyrosine phosphatase to
dephosphorylate VE-cadherin, thereby stabilizing adherens
junctions. To determine the role of SCUBE2 during sepsis
in vivo, they showed that endothelial-specific knockout
mice had impaired baseline endothelial barrier function
and exacerbated vascular leakiness in the lungs, heart, and
kidney tissues in LPS-induced sepsis model.?? The essential
role of SCUBE2 in maintaining the vascular barrier integrity
of these vital organs during sepsis aligns with our findings
that higher plasma SCUBE2 levels may protect against
mortality in patients with SA-AKI.

Our findings reveal that SCUBE2 and the anti-
inflammatory IL-10 are negatively correlated with pro-
inflammatory cytokines. These results align with prior
research indicating that hypoxia-induced increases in
SCUBE2 within endothelial cells can alleviate oxidative
stress-induced apoptosis and reduce the production of pro-
inflammatory cytokines by inhibiting the mitogen-activated
protein kinase (MAPK) pathways.?” Additionally, IL-10 plays
a crucial anti-inflammatory role by suppressing the pro-
duction of adhesion molecules and cytokines through NF-«B
and MAPK pathways, reducing the adhesion of activated
immune cells to the endothelium.*®~*" IL-10 also regulates
the endothelial cell cycles via the PI3K/Akt and JAK/STAT3
signaling pathways.“>** Furthermore, studies on IL-10-
knockout mice have shown a lesser increase in superoxide
levels, thereby alleviating LPS-induced endothelial

(b)
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*%k ; 200
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Survivors  Nonsurvivors

Predictive power of plasma SCUBE2 level for in-hospital mortality in patients with sepsis-associated acute kidney

injury. (a) Receiver operating characteristic curve analyses compare the accuracy of the SCUBE2 level with that of other pa-
rameters in mortality prediction. The difference in the AUC for each variable was assessed using the Delong test. ns, non-
significant, *p < 0.05, **p < 0.01, and ***p < 0.001. (b) Survivors had significantly higher SCUBE2 levels (115.9 ng/mL) than non-

survivors (35.6 ng/mL), ****p < 0.0001.
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Figure 3.

-1

Correlation matrix of sepsis severity, SCUBE2 level, and pro- and anti-inflammatory cytokine levels in patients with

sepsis-associated acute kidney injury. The associations between the variables were investigated through the Spearman correlation
analysis. Positive correlations are in blue, whereas negative ones are in red. Blank spaces represent non-significant associations.

Table 3 Multivariate logistic regression of independent
variables associated with in-hospital mortality in patients
with stage 3 sepsis-associated acute kidney injury.

Variables Failure to survive P

discharge

(OR, 95% Cl)
Age 1.02 (0.98, 1.06) 0.331
Male 1.93 (0.53, 7.02) 0.319
Respiratory failure 3.51 (0.86, 14.43) 0.082
APACHE I 1.17 (1.06, 1.29) 0.001?
PCT (High vs. Low) 2.84 (0.79, 10.18) 0.108
Lactate (High vs. Low) 1.75 (0.42, 7.32) 0.442
CRP (High vs. Low) 11.92 (2.85, 49.93) 0.001?
SCUBE2 (High vs. Low) 0.04 (0.01, 0.16) <0.001°
IL-1B (High vs. Low) 1.94 (0.49, 7.66) 0.345
IL-6 (High vs. Low) 3.18 (0.8, 12.61) 0.099
MCP-1 (High vs. Low) 3.26 (0.83, 12.8) 0.090
IL-10 (High vs. Low) 0.04 (0.01, 0.21) <0.001°

@ P < 0.05.

Biomarkers dichotomized according to their best predictive
cutoff values determined by Youden’s index.

Abbreviations: APACHE, Acute physiologic and Chronic Health
Evaluation; PCT, procalcitonin; CRP, C-reactive protein;
SCUBE2, signal peptide-complement C1r/C1s, Uegf, Bmp1-
epithelial growth factor-like domain-containing protein 2; IL,
interleukin; MCP-1, monocyte chemoattractant protein-1.
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dysfunction.*"*> Our study uniquely demonstrates that the
synergistic protective effects of SCUBE2 and IL-10 were
associated with improved survival outcomes, highlighting
their potential roles in mitigating systemic inflammation
during sepsis and AKI. The potential interplay between IL-
10 and SCUBE2 within the endothelial context, and its
relevance to other diseases needs further investigation.
This study has some limitations. First, the optimal timing
for collecting specimens is during the acute phase of sepsis,
when cytokine levels are likely at their highest. However,
it’s challenging to determine the exact time of sepsis onset.
Therefore, we set the sample collection timing at AKI stage
3, which typically corresponds with the patient’s condi-
tion’s peak severity. Second, the secretory source of
plasma SCUBE2 remains to be elucidated. Given that sepsis
activates systemic immune responses and induces subse-
quent endothelial dysfunction, the upregulation of SCUBE2
may represent a compensatory mechanism to protect
microvasculature against end-organ damage. However, due
to the critical condition of the ICU patients, performing
kidney tissue biopsies to investigate the intra-renal
expression of SCUBE2 was not feasible. Thus, plasma
SCUBE2 alone may not suffice as a specific biomarker for
distinguishing SA-AKI from other organ dysfunctions. Addi-
tional research is warranted to elucidate the cellular
sources and detailed molecular mechanisms of SCUBE2 in
SA-AKI. Third, we did not compare SCUBE2 with other AKI
biomarkers regarding survival outcomes, such as NGAL,
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Figure 4.

Kaplan—Meier curves illustrate the cumulative survival of patients stratified by SCUBE2 and IL-10 levels (median cutoff

values: 62 ng/mL and 56 pg/mL, respectively). The y-axis presents the probability of survival, whereas the x-axis presents the days
after AKI diagnosis. The Wilcoxon test was performed to calculate the pairwise p values for multiple comparisons.

KIM-1, urinary TIMP-2 and IGFBP7. Fourth, heterogeneity is
inherent in critical care and our single-center design.
Despite adjusting for confounders in our analysis, residual
bias from unmeasured factors may still exist. In addition,
all our patients were Taiwanese individuals, which may
restrict the generalizability of our findings to other ethnic
populations. Finally, the interaction of inflammatory cyto-
kines with endothelial dysfunction during sepsis is intricate,
and the observational nature of our study prevented us
from establishing any causal relationship. Despite these
limitations, our study might pioneer in unveiling SCUBE2’s
potential to forecast survival outcomes in SA-AKI. Targeting
SCUBE2 and IL-10 may provide a potential strategy to
improve survival outcomes for ICU patients.

Conclusions

Among patients with stage 3 SA-AKI, plasma SCUBE2 levels
were inversely related to illness severity and pro-
inflammatory markers. Higher plasma concentrations of
SCUBE2 and the anti-inflammatory cytokine IL-10 corre-
lated with decreased mortality risk. These observations
highlight the urgent need for further studies on the role of
SCUBE2 in alleviating sepsis-induced immune dysregulation.
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