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Serum soluble T cell immunoglobulin GEE

mucin domain-3 as an early predictive marker
for severity of acute pancreatitis; a retrospective
analysis
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Abstract

Background: Early prediction of severe acute pancreatitis (SAP) plays an important role in timely treatment deci-
sions. Soluble T cell immunoglobulin and mucin domain-3 (sTIM-3) has been applied as a potential biomarker for the
prediction of many diseases, while its predictive ability for AP severity remains largely unexplored. In this study, we
aimed to identify whether serum sTIM-3 could be used as an indicator of AP severity in the early stage of the disease.

Methods: A retrospective study was conducted. The enrolled AP patients should meet the 2012 Atlanta guideline
and have an onset to admission < 48h.

Results: A total of 94 AP patients were enrolled in the current analysis, including 42 (45%), 35 (37%), and 17 (18%)
patients were diagnosed as mild AP (MAP), moderately SAP (MSAP), and SAP, respectively. SAP patients had signifi-
cantly higher the white blood cells (WBCs) count, red blood cells (RBCs) count, C-reactive protein (CRP) level, direct
bilirubin level, creatinine and procalcitonin levels compared with MAP and MSAP patients. Among SAP and MSAP
patients, significantly higher APACHE I, BISAP, and MCTSI scores were observed compared with MAP patients, and
there was significant difference in APACHE Il and BISAP scores between SAP and MSAP patients. Stepwise multivari-
ate linear regression analysis showed that the concentrations of serum sTIM-3, as well as the BISAP and MCTSI scores,
were significantly associated with the severity of AP. The areas under the ROC curve were 0.914 (95% Cl, 0.865-0.963),
0.855 (95%Cl, 0.742-0.968) 0.853 (95%Cl, 0.768-0.938), and 0.746 (95%Cl, 0.633-0.860) for BISAP score, APACHE Il score,
sTIM-3 level, and MCTSI score, respectively.

Conclusions: Serum sTIM-3 might be ultimately incorporated into a predictive system for assessing the severity of AP.
Keywords: Soluble TIM-3, Acute pancreatitis, Severity, Prediction, Scoring system

Introduction

As an acute inflammation of the pancreas, acute pan-

creatitis (AP) is clinically characterized by abrupt onset

of deep epigastric pain and biochemically diagnosed
*Correspondence: tianya-liulang@sohu.com by an increase in serum amylase or lipase. Approxi-
mately 70-80% of AP patients have a mild disease course.
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However, in 20-30% of patients [1], it develops to a severe
course with a mortality rate of 15-20% [2]. The patho-
genesis of AP is still an enigma to clinicians and basic
research scientists.

Most severe acute pancreatitis (SAP) patients develop
systemic inflammatory response syndrome (SIRS) in
the early stage of the disease. SIRS is recognized as one
of the most important indicators for the occurrence of
persistent organ failure, which is responsible for morbid-
ity and mortality in most SAP patients [3]. Furthermore,
the early prediction for SAP is important for treatment
decisions.

In recent years, with rapid advances in diagnostic
tests, studies on more biomarkers for AP have received
extensive attention. As a surface molecule expressed
on immune cells, T cell immunoglobulin and mucin
domain-3 (TIM-3) plays a fundamental role in immune
regulation. Elevated soluble TIM-3 (sTIM-3) may serve
as a potential biomarker for the prediction of the disease
activity of sepsis [4], systemic lupus erythematosus (SLE)
[5], adultonset Still's disease [6], autoimmune hepatitis
[7] and COVID-19 [8, 9].

Our previous study has shown that serum sTIM-3
participates in the early progression of AP by positively
regulating the pro-inflammatory cytokines [10]. In the
current study, we aimed to assess whether serum sTIM-3
could represent an early indicator of the severity of AP.
Moreover, we measured and compared the levels of
serum sTIM-3 in AP patients within 24 h of admission.

Materials and methods

This retrospective study was approved by the ethical
committee of the Changzhou No. 2 People’s Hospital
Affiliated to Nanjing Medical University (No. [2022] KY
116-01) and the experiments complied with the Helsinki
declaration.

Study populations

Consecutive patients with AP admitted at our hospital
between September 2020 and July 2021 were enrolled
in the present study. Diagnostic criteria included two or
more of the following characteristics: (1) abdominal pain
consistent with AP; (2) serum amylase and/or lipase three
times higher compared with the normal upper limit;
and/or (3) computed tomography (CT) findings of AP.
According to the Atlanta classification, AP was classified
into three degrees of severity: mild AP (MAP), moder-
ately SAP (MSAP), and SAP [11]. Exclusion criteria were
set as follows: time from pain onset to admission >48h,
age < 18years, diagnosis of chronic pancreatitis, history of
tumor or immune-related disease.
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Data Collection

This study was a retrospective analysis. General infor-
mation, including gender, age, body mass index (BMI),
pre-existing comorbidities (diabetes mellitus, hyperten-
sion, and hyperlipidemia), and substance abuse (alco-
hol and tobacco) were collected from the medical chart
of AP patients. On admission, vital sign (temperature,
heart rate, pulse oxygen saturation, blood pressure)
were recorded. Blood samples were obtained from AP
patients for blood tests within 24 h of admission. Serolog-
ical tests included serum concentrations of white blood
cells (WBCs), red blood cells (RBCs), platelet, C-reactive
protein (CRP), aspartate and alanine aminotransferases
(AST and ALT), bilirubin, urea, creatinine, procalcitonin
(PCT), and serum activities of amylase. The routine tests
were conducted on the day of blood collection in the
Central Laboratory of Changzhou No. 2 People’s Hospital
using automatic analyzers and standard protocols.

Human serum sTIM-3 enzyme-linked immunosorb-
ent assay (ELISA) kits (Shanghai Zeye Biotechnology
Co. LTD, China) were used to detect the levels of STIM-3
according to the manufacturer’s instructions. Briefly, the
standard was reconstituted into different concentrations
using distilled water, the standard concentrations were
considered as the horizontal axis, and the optical den-
sity (OD) values were used as the vertical axis. Regressed
data were used to create a standard curve using computer
software. OD was detected at the wavelength of 450nm
using an xMark microplate reader, and the concentra-
tions of sTIM-3 were calculated according to the stand-
ard curve. Serum inflammatory cytokine interleukin-6
(IL-6), interleukin-10 (IL-10) levels were determined
using the corresponding commercial ELISA kits (Jiangsu
Meibiao Biotechnology Co. LTD, China) according to the
manufacturer’s instructions.

Various severity scoring systems, including acute
physiology and chronic health evaluation II (APACHE
II) score, bedside index for severity in acute pancreati-
tis (BISAP) score, and modified computed tomography
severity index (MCTSI) score, were made during the
first 24 h.

Patients were followed until discharge from hospital
and the length of stay in the hospital was recorded. They
were managed according standard clinical practice.

Statistical analyses

Statistical analysis was performed using SPSS 22.0
software (IBM, Armonk, NY, USA) and R software
(http://www.R-project.org). The measurement data
was expressed by mean and standard deviation (x™ +s),
and the measurement data with skewed distribution
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Table 1 Characteristics of the study population
Characteristic MAP(n = 42) MSAP(n = 35) SAP(n=17) P-value
Agely) 47548 +14.750 50.657 £15.332 47.9414+17.185 0.659
Gender 0.194
Male 20 (47.619%) 22 (62.857%) 12 (70.588%)
Female 22 (52.381%) 13 (37.143%) 5(29.412%)
BMI 25.976£3.605 26.283 +3.540 2821245435 0.141
Etiology 0.949
Biliary, n (%) 25 (59.524%) 24 (68.571%) 9(52.941%)
Hypertriglyceridemia, n (%) 1(26.190%) 7 (20.000%) 5(29.412%)
Alcoholic, n (%) (4 762%) 2 (5.714%) 1(5.882%)
Other, n (%) 4(9.524%) 2 (5.714%) 2 (11.765%)
Tobacco, n (%) 3(7.143%) 1(2.857%) 2 (11.765%) 0451
Alcohol, n (%) 4(9.524%) 3(8571%) 5(29.412%) 0.075
Pre-existing comorbidities
Diabetes mellitus, n (%) 13 (30.952%) 16 (45.714%) 8 (47.059%) 0323
Hypertension, n (%) 7 (40.476%) 13 (37.143%) 5(29.412%) 0.728
Vital signs
Temperature, °C 36.795£0.391 36.823£0.468 37.26540.8855# 0.008
Heart rate, beats per minute 82381+£13.676 94.000+17.427& 117471 £ 24.4265# <0.001
Pulse oxygen saturation, % 97.42941.741 96.686 & 2.654 90.765+10.0595# <0.001
Mean arterial pressure, mmHg 98.069+13.111 99.149+18.890 111.059+27.64554 0.046
Length of hospital stay, days 7476 £2.540 9.0864+3.212 17.059 £ 9.9595# <0.001

Abbreviations:MAP Mild acute pancreatitis, MSAP Moderately severe acute pancreatitis, SAP Severe acute pancreatitis
P<0.05 was considered statistically significant. P < 0.05, MAP versus MSAP; ¥ P<0.05, MAP versus SAP; *P < 0.05, MSAP versus SAP

was expressed by median (Q1-Q3). The chi-square
test (categorical variable), one-way analysis of variance
(ANOVA) and Student-Newman-Keuls (SNK) (nor-
mally distributed continuous variable), and Kruskal
Wiallis test (skew continuous variable) were used to
analyze the differences between and within groups,
respectively. Associations of study variables with acute
pancreatitis severity were analyzed using multiple lin-
ear regression model. We calculated unadjusted and
adjusted estimates using exact methods and asymptotic
methods which provided (B) and corresponding 95%
confidence intervals (95%CI), respectively. We adjusted
for features that, when added to this model, changed
the matched by at p value at least 10%. Three regres-
sion models were used for analysis in this study: Model
1: unadjusted for covariates. Model 2: adjusted for
temperature, pulse oxygen saturation, white blood cell
count, CRP, procalcitonin and length of hospital stay.
Model 3: adjusted for sTIM-3, IL-6, IL-10 on the basis
of adjusted Model 2.

The receiver operating characteristic (ROC) curve
was drawn for sTIM-3 and different scoring systems,
and compared the diagnostic efficacy and area under
the curve (AUC) of sTIM-3, BISAP, APACHE-II,

MCTSI scores using the method from DeLong et al.
[12]. P value <0.05 was considered statistically
significant.

Results

Characteristics of Study Population

A total of 94 AP patients were included in the pre-
sent study, among which 42 (45%), 35 (37%), and 17
(18%) patients were diagnosed with MAP, MSAP, and
SAP, respectively. Table 1 shows that MAP, MSAP,
and SAP patients did not differ significantly in terms
of age, gender, BMI, AP etiology, tobacco use, alcohol
use, and pre-existing comorbidities. In contrast, SAP
patients had a higher temperature, faster heart rate,
higher mean arterial pressure, and lower pulse oxygen
saturation (P<0.05) compared with MAP and MSAP
patients. In addition, the length of hospital stay was
longer in SAP patients.

As shown in Table 2, on admission, SAP patients had
significantly higher the WBC count, RBC count, CRP
level, direct bilirubin level, creatinine and procalci-
tonin levels (P<0.05) compared with MAP and MSAP
patients. However, other biochemical variables, such as
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Table 2 The results of laboratory tests on admission according to the acute pancreatitis severity

Variable MAP(n = 42) MSAP(n = 35) SAP(n=17) P-value
White blood cell count, x 10°/L 9.830+£4.188 12,028 +4.320& 16.350£4.5275# <0.001
Red blood cell count, x 10'%/L 4647 4+0.593 4.802£0.667 5.374+0.8285# 0.001
Hematocrit, % 43.752+13.922 45197 4+£17.827 48.635+6.860 0513
Platelet count, x 10'%/L 191.881+£62.304 225.086 +84.156 243.235482.945# 0.034
CRP, mg/L 54.088+£67.037 92.224+£75537 194.541 £152.6055# <0.001
ALT, U/L 54333+£152.244 93.870+168.934 252.682 +602.560# 0.063
AST, U/L 73.595+£133.175 86.6914+197.879 228.735+600.135 0.168
Total bilirubin, umol/L 22.000 (14.500, 33.850) 23.400 (18.100, 39.900) 38.000 (15.65, 126.6) 0.196
Direct bilirubin, pmol/L 7.800 (3.075, 12.200) 10.900 (5.900,1 6.200) 28.000 (10.000,103.500)$# 0.001
Triglyceride, mmol/L 4.2384+5.253 10.244 4+ 28.837 8.136 £7.407 0.350
Creatinine, umol/L 41.064+£29.968 51.709£30.791 82.206+43.67254# <0.001
Urea, mmol/L 75144+£16428 4.809+£2.258 5.724+£2599 0.563
Procalcitonin, ng/ml 0.188£0.285 1.026 £2.305 5.040411.073S# 0.003
Amylase, U/L 727.2194981.935 924914 4853.368 895.653 +790.804 0.602
sTIM-3, pg/ml 911.615+565.535 1462.801 £688.925& 2152.698 +632.143S# <0.001
IL-6, pg/ml 42902+ 28821 119.501 £ 74.666& 323.5934+62.9335# <0.001
IL-10, pg/ml 1206.080 £ 566.251 964.443 +603.482 760.253 £200.418# 0.012
APACHE Il score, points 3619+£2.230 5743 £3.119& 12.647 £8.1775# <0.001
BISAP score, points 1.214+£0.606 2400+£0.847& 35294071754 <0.001
MCTSI score, points 1.190£0.994 4057 +£1.413& 4235415624 <0.001

Abbreviations: MAP Mild acute pancreatitis, MSAP Moderately severe acute pancreatitis, SAP Severe acute pancreatitis, CRP C-reactive protein, ALT Alanine

aminotransferases, AST Aspartate aminotransferases, IL-6 Interleukin-6, IL-70 Interleukin-10, APACHE Il Acute physiology and chronic health evaluation II, BISAP Bedside

index for severity in acute pancreatitis, MCTS/ Modified computed tomography severity index
P<0.05 was considered statistically significant. P < 0.05, MAP versus MSAP; *P < 0.05, MAP versus SAP; *P < 0.05, MSAP versus SAP

hematocrit, ALT level, AST level, total bilirubin level,
triglyceride level, urea and amylase levels, did not differ
significantly among the MAP, MSAP, and SAP patients.

In terms of inflammatory cytokines, SAP and MSAP
patients had significantly higher IL-6 cytokine level
(P<0.05) compared with MAP patients, and there was
significant difference in IL-6 cytokine level between SAP
and MSAP patients (Table 2, Fig. 1B). While SAP patients
had significantly lower IL-10 cytokine level (P<0.05)
compared with MAP patients, there was no signifi-
cant difference in IL-10 level between other two groups
(Table 2, Fig. 1C). Among SAP and MSAP patients, sig-
nificantly higher serum sTIM-3 levels were observed
compared with MAP patients, and there was signifi-
cant difference in STIM-3 level between SAP and MSAP
patients (Table 2, Fig. 1A).

As illustrated in Table 2, Fig. 1D, E, F, among SAP and
MSARP patients, significantly higher APACHE II, BISAP,
and MCTSI scores were observed compared with MAP
patients, and there was significant difference in APACHE
II and BISAP scores between SAP and MSAP patients,
but there was no significant difference in MCTSI score
between SAP and MSAP patients.

Multivariable linear regression analysis

Univariate linear regression analysis showed that com-
pared with the MAP group, serum sTIM-3 levels in
the MSAP and SAP groups increased by 551.186 and
1241.082pg/mL, respectively, showing significant dif-
ferences among these groups (Model 1, Table 3). After
adjustments for temperature, pulse oxygen saturation,
white blood cell count, CRP, procalcitonin, length of
hospital stay and IL-6, IL-10(P for trend <0.001) (Model
2,3, Table 3), serum sTIM-3 levels was still gradually
increased with the severity of AP. IL-6 cytokine level with
the severity of AP was statistically significant, too (Model
1-3, Table 3, P for trend <0.001). IL-10 cytokine level
in MAP, MSAP, SAP groups showed a gradual decrease
trend (Model 1, P for trend =0.012, Model 2, P for trend
=0.003, Model 3, P for trend =0.007, Table 3).

BISAP score and MCTSI score were significantly
associated with the severity of AP (Table 3, P for trend
<0.001). Multivariate linear regression analysis indi-
cated that the APACHE II score also showed a gradual
upward trend, but the increase was not significantly dif-
ferent between MSAP group and MAP group (model 2,
P=0.074, model 3, P=0.093, Table 3).
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Fig. 1 Distribution of sTIM-3, IL-6, IL-10, scoring systems in MAP, MSAP, SAP patients. Abbreviations: The difference in levels of sTIM-3 (A), IL-6 (B),
IL-10 (C), BISAP scores (D), APACHE Il scores (E), and MCTSI (F) among MAP, MSAP, and SAP patients. *P<0.05 was considered statistically significant.
MAP, mild acute pancreatitis; MSAP, moderately severe acute pancreatitis; SAP, severe acute pancreatitis; sTIM-3, soluble T cell immunoglobulin
and mucin domain-3; APACHE II, acute physiology and chronic health evaluation II; BISAP, bedside index for severity in acute pancreatitis; MCTSI,
modified computed tomography severity index

Table 4 Diagnostic value for different scoring systems versus sTIM-3 in SAP

Variable AUC (95% Cl) Cut-off Specificity (%) Sensitivity (%) Accuracy (%) +LR -LR PPV (%) NPV (%)
sTIM-3 0.853 (0.768-0.938) 1400.247 68.83 94.12 734 3.02 0.086 40 98.15
BISAP 0.914 (0.865-0.963) 3 76.62 100 80.85 4278 0 4857 100
APACHE-II 0.855 (0.742-0.968) 12 100 58.82 92.55 Inf 0412 100 91,67
MCTSI 0.746 (0.633-0.860) 4 59.74 7647 62.77 19 0.394 29.55 92

Abbreviations: sTIM-3 Soluble T cell immunoglobulin and mucin domain-3, APACHE Il Acute physiology and chronic health evaluation Il, BISAP Bedside index for
severity in acute pancreatitis, MCTSI Modified computed tomography severity index, AUC Area under the curve, C/ Confidence interval, LR Likelihood ratio, PPV Positive

predictive value, NPV Negative predictive value

Predictive value of sTIM-3 and different scoring systems

in SAP

The ROC curves were used to compare the diagnostic
performance of BISAP score, APACHE II score, sTIM-3
level, and MCTSI score. The results showed that the per-
formance of BISAP score and APACHE II score in pre-
dicting SAP (AUC was 0.914 and 0.855, respectively)
were better than sTIM-3 level (AUC=0.853), but the
difference was not statistically significant (P=0.159 and
0.969, respectively) (Fig. 2, Table 4).

The cut-off values of the BISAP score, APACHE II
score, STIM-3 level, and MCTSI score for predicting SAP
are listed in Table 4. The specificity, sensitivity, accuracy,
pre-test/post-test likelihood ratios, positive predictive

values (PPV) and negative predictive values (NPV) for
different cut-off values are shown in Table 4.

Discussion

Rapid and accurate prediction of disease course in the
early stage of AP remains a challenge. Because only
rapid and accurate prediction is achieved, the subse-
quent precise and appropriate therapeutic intervention
can be determined. That is the reason why the availabil-
ity of accessible and practical parameters can be a valu-
able perspective. To the best of our knowledge, this is the
first study investigated the predictive potential of serum
sTIM-3 to predict the severity of AP within the first 24h
of admission. The data indicated that serum sTIM-3 level
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and chronic health evaluation II; BISAP, bedside index for severity in
acute pancreatitis; MCTSI, modified computed tomography severity
index; AUC, area under the curve

was increased with the severity of AP. Additionally, com-
pared with the BISAP, APACHE II, and MCTSI score, the
predictive value of sTIM-3 was simpler.

Currently, several scoring systems, such as the BISAP,
APACHE II, and MCTSI, have good predictive capabili-
ties for disease severity. The APACHE II scoring system
is a reliable prognostic scoring system in AP. It can per-
form as well as the pancreatitis-specific measures using
values obtained within the first 24h of admission [13].
The APACHE II scoring system is primarily applied in
the dynamic evaluation of critical patients, and it con-
sists of three parts: acute physiology, age, and chronic
health evaluation. Therefore, the APACHE II measure
is complicated and inconvenient to clinical application.
The Atlanta criteria recommend a cut-off of>8 for the
APACHE II score for severity prediction [14]. However,
recent publications have used a cut-off value ranging
from >6 to >10 in clinical practice [15]. None of these
cut-off values achieve an overall accuracy of more than
75-80%. Our study showed the power of the APACHE II
scoring system to predict AP severity, and a cut-off of> 12
for the APACHE II score for severity prediction within
the first 24h of admission. Multivariate linear regression
analysis indicated that the APACHE II score also showed
a gradual upward trend, but the increase was not signifi-
cantly different between MSAP group and MAP group.

The BISAP scoring system is initially proposed in 2008
and is composed of five indicators (BUN, impaired men-
tal status, SIRS, age, and pleural effusion) to predict the
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mortality of AP within 24h of admission [16]. The primary
advantage of the BISAP scoring system is simplicity. There
is no need for additional computation. In addition, each of
the parameters can be easily obtained early in the course of
general hospital admission. BISAP scoring system is easy to
use, while meta-analysis display it has low sensitivity for the
early prediction of AP severity [17]. The MCTSI scoring sys-
tem is initially proposed in 2004 based on the CT severity
index. It includes assessments of pancreatic inflammation
and the area of pancreatic necrosis, as well as extra-pancre-
atic complications on the initial CT scans. These measures
are closely related to outcome measures of AP patients.
However, peripancreatic fat necrosis is important criteria in
MCTSI scoring system. Early diagnosis of acute pancreatitis
by the MCTSI scoring system may be delayed because the
early stages of acute pancreatitis are usually not accompa-
nied by peripancreatic fat necrosis [18, 19]. In our current
study, we determined the values of the BISAP and MCTSI
scoring systems to predict AP severity within the first 24h
of admission. Each scoring system has specific applications
and advantages, while they also have limitations.

A few reports have shown that the elevated sTIM-3 level
may serve as a potential biomarker for predicting the disease
activity and severity. In our previous study, we have firstly
reported that sTIM-3 participates in the early progression
of AP [10]. Although the function of STIM-3 has not been
clarified, it seems to reflect the severity of AP. In the present
study, we found that the concentration of sSTIM-3 was signif-
icantly different among the MAP, MSAP, and SAP patients.
Further multivariate linear regression analysis showed the
value of sTIM-3 could predict the AP severity within the
first 24h of admission. After adjustments for factors (model
2), the trend of gradual increase was still statistically sig-
nificant. In the adjusted model 3, the power of sSTIM-3 was
reduced, while the P value was still statistically significant.
The cause might be attributed to the interference with IL-6
cytokine. Currently, serum IL-6 cytokine has been proposed
as a valuable prognostic biomarker for the early prediction
of AP severity [20, 21]. The other various biomarkers, such
as CRP and PCT, have been tested for the early prediction
of AP severity, while they have not shown a flawless per-
formance [22]. The combination of these two might be an
important approach to improve early predictive sensitivity
of AP severity, which requires further investigations. Early
detection of the tendency toward SAP and early interven-
tion are important in the treatment and reduction of mor-
tality in AP. The BISAP and MCTSI scoring systems have
good predictive capabilities for AP severity. Compared with
the BISAP and MCTSI scoring systems, serum sTIM-3 also
had a good predictive value.

Additionally, in our current study, it should be noted
that among the MAP, MSAP, and SAP patients were not
significantly higher in terms of BMI, age, pre-existing
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comorbidities, triglyceride, hematocrit, and PCT [23-26].
The association between these indicators and the severity
of AP is controversial in previous reports.

We selected the study population based on strict
inclusion and exclusion criteria. In addition, we used
multivariable linear regression models to examine the
association between variables and AP severity and esti-
mated two models to exclude confounding factors.

There are also several limitations in our study. This
study is a single-center retrospective study. The main
limitation is the relatively small sample size, especially
those with severe disease. Another limitation is that the
enrolled patients had an onset time within 48 h because
the course of the disease could change dynamically dur-
ing the first 3days, making an urgent need to diagnose
disease severity in the early stage of AP. According to the
2012 Atlanta guideline, the early stage of AP is defined as
the first week after abdominal pain. Therefore, we only
enrolled AP patients within 48h of onset. Furthermore,
we should compare the diagnostic efficiency of serum
sTIM-3 and various scoring systems among patients
within different times of onset for the prediction of AP.

Conclusions

In summary, the serum sTIM-3 was an objective, com-
parable, and more sensitive parameter, which had differ-
ent levels among MAP, MSAP, and SAP patients. Taken
together, serum sTIM-3 might be ultimately incorporated
into a predictive system for assessing the severity of AP.
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comorbidities (diabetes mellitus, hypertension, and high triglyceride), and
substance abuse (alcohol and tobacco) and Length of hospital stay were
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interleukin-6 (IL-6), interleukin-10 (IL-10) levels were determined using the
corresponding commercial ELISA kits..

Page 8 of 9

Acknowledgements

The authors would like to thank Dr. Min XU (The Third Affiliated Hospital of
Soochow University), for her help analyzing the data. Also’we would like to
thank Dr. Xihu Qin for her review of the manuscript.

Authors’ contributions

1. Fushuang Wang, Ranked first, brewing and designing experiments,
conducting research, collecting data, analyzing and interpreting data, draft-
ing articles, statistical analysis. 2. Minghui Zhu, Co-first author, conducting
research, collecting data, analyzing and interpreting data, drafting articles, and
statistical analysis. 3. Yao Meng, Ranked No. 2, conduct research and collect
data. 4. Min Lin, Corresponding author, prepare and design experiments,
critically review the intellectual content of the article, obtain research funding,
guidance, and supportive contributions. The authors read and approved the
final manuscript.

Funding

This work was supported by Changzhou Sci&Tech Program (CJ20220130),
Jiangsu Province Postdoctoral Research Funding Project (2019K065) and
Changzhou High-Level Medical Talents Training project (2022CZBJ052).

Availability of data and materials

The data provided by this research is the original data, obtained from the
database search of Changzhou Second People’s Hospital. The datasets gener-
ated and analyzed during the current study are not publicly available due to
hospital database limitations, but are available from the respective authors
upon reasonable request.

Declarations

Ethics approval and consent to participate

This study was reviewed and approved by the ethical committee of the
Changzhou No. 2 People’s Hospital Affiliated to Nanjing Medical University (No.
[2022] KY 116-01) and approved to exempt patients from informed consent.
The reasons are as follows: our study does not interfere with patients, has no
contact with patients, does not involve patients’ personal privacy, does not
provide research results to patients, does not serve as auxiliary diagnostic basis,
and has no risk to patients. It complies with the provisions of articles 33 and

39 of the measures for ethical review of biomedical research involving human
beings (implemented since December 1,2016) issued by our national health
and Family Planning Commission, so it is allowed to exempt the patient from
informed consent.

This study only analyzed the previous laboratory test data of patients, did
not contact with patients, did not pose a threat to the health of patients, and
did not harm the interests of patients. On the premise of exempting patients
from informed consent, our study is compliwance with the Declaration of
Helsinki. All authors declare that we will keep the information of all research
objects strictly confidential and will not infringe the privacy of any research
object. All authors declare that our study is compliance with the Declaration
of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors have no relevant financial or non-financial interests to disclose.

Author details

'Department of Gastroenterology, The Affiliated Changzhou No.2 People’s
Hospital of Nanjing Medical University, No.188 Gehu Road, Wujin District,
Changzhou, Jiangsu Province, China. ?Dalian Medical University, No.9 of
Lushun South Road, Dalian, Liaoning Province, China. *Department of Gastro-
enterology, The Third Affiliated Hospital of Soochow University, No.185 Jugian
Road, Tianning District, Changzhou, Jiangsu Province, China.

Received: 9 February 2022 Accepted: 8 September 2022
Published online: 16 December 2022


https://doi.org/10.1186/s12876-022-02537-x
https://doi.org/10.1186/s12876-022-02537-x

Wang et al. BMC Gastroenterology

(2022) 22:522

References

1.

20.

21

Singh P, Garg PK. Pathophysiological mechanisms in acute pancreati-
tis: Current understanding. Indian J Gastroenterol. 2016,35(3):153-66.
https://doi.org/10.1007/512664-016-0647-y.

Shah AP, Mourad MM, Bramhall SR. Acute pancreatitis: current perspec-
tives on diagnosis and management. J Inflamm Res. 2018;11:77-85.
https://doi.org/10.2147/JIR.S135751.

Garg PK, Singh VP. Organ Failure Due to Systemic Injury in Acute Pancrea-
titis. Gastroenterology. 2019;156(7):2008-23. https://doi.org/10.1053/.
gastro.2018.12.041.

McBride MA, Patil TK, Bohannon JK; et al. Immune Checkpoints: Novel Thera-
peutic Targets to Attenuate Sepsis-Induced Immunosuppression. Front
Immunol. 2021;11:624272. https.//doi.org/10.3389/fimmu.2020.624272.
Asano T, Matsuoka N, Fujita Y, et al. Serum Levels of T Cell Immunoglobu-
lin and Mucin-Domain Containing Molecule 3 in Patients with Systemic
Lupus Erythematosus. J Clin Med. 2020;9(11):3563. https://doi.org/10.
3390/jcm9113563.

Fujita Y, Asano T, Matsumoto H, et al. Elevated serum levels of check-
point molecules in patients with adult Still's disease. Arthritis research &
therapy. 2020;22(1):174-6. https://doi.org/10.1186/513075-020-02263-3.
Migita K, Nakamura M, Aiba Y, et al. Association of soluble T cell immu-
noglobulin domain and mucin-3 (sTIM-3) and mac-2 binding protein
glycosylation isomer (M2BPGi) in patients with autoimmune hepatitis. PLoS
One. 2020;15(12):20238540. https.//doi.org/10.1371/journal.pone.0238540.
Chen PK, Lan YL, Huang PH, et al. Interleukin-18 Is a Potential Biomarker
to Discriminate Active Adult-Onset Still's Disease From COVID-19. Front
Immunol. 2021;12:719544. https://doi.org/10.3389/fimmu.2021.719544.
Ueland T, Heggelud L, Lind A, et al. Elevated plasma sTIM-3 levels in
patients with severe COVID-19. J Allergy Clin Immunol. 2021;147(1):92-8.
https://doi.org/10.1016/jjaci.2020.09.007.

Lin M, Huang J, Huang J, et al. Level of serum soluble Tim-3 expression in
early-phase acute pancreatitis. Turk J Gastroenterol. 2019;30(2):188-91.
https://doi.org/10.5152/tjg.2018.18137.

. Casillas J, Sleeman D, Ahualli J, et al. Acute Pancreatitis (AP). Multidiscipli-

nary Teaching Atlas of the Pancreas. 2015;30:681-749. https://doi.org/10.
1007/978-3-662-46745-9_14.

E.R. Delong, D. M. DeLong, D. L. Clarke-Pearson. Comparing the areas
under two or more correlated receiver operating characteristic curves: a
nonparametric approach. Biometrics 1988;44(3):837-845.

Ferreira AF, Bartelega JA, Urbano HCdA, et al. Acute pancreatitis grav-

ity predictive factors: which and when to use them? Arq Bras Cir Dig.
2015;28(3):207-11. https://doi.org/10.1590/50102-67202015000300016.
Zheng Z, Ding Y-X, Qu Y-X, et al. A narrative review of acute pancreatitis

and its diagnosis, pathogenetic mechanism, and management. Annals of
translational medicine. 2021,9(1):69. https://doi.org/10.21037/atm-20-4802.
Ogawa M, Hirota M, Hayakawa T, et al. Development and use of a new
staging system for severe acute pancreatitis based on a nationwide sur-
vey in Japan. Pancreas. 2002;25(4):325-30. https://doi.org/10.1097/00006
676-200211000-00001.

Wu BU, Johannes RS, Sun X, et al. The early prediction of mortal-

ity in acute pancreatitis: a large population-based study. Gut.
2008;57(12):1698-703. https://doi.org/10.1136/gut.2008.152702.

Yang YX, Li L. Evaluating the Ability of the Bedside Index for Severity of
Acute Pancreatitis Score to Predict Severe Acute Pancreatitis: A Meta-Analy-
sis. Med Princ Pract. 2016;25(2):137-42. https://doi.org/10.1159/000441003.
Jauregui-Arrieta LK, Alvarez-Lopez F, Cobian-Machuca H, et al. Effective-
ness of the modify tomographic severity index in patients with severe
acute pancreatitis. Rev Gastroenterol Mex. 2008;73(3):144-8.

Mortele KJ, Wiesner W, Intriere L, et al. A modified CT severity index for
evaluating acute pancreatitis: improved correlation with patient out-
come. AJR Am J Roentgenol. 2004;183(5):1261-5. https://doi.org/10.2214/
ajr.183.5.1831261.

Nieminen A, Maksimow M, Mentula P, et al. Circulating cytokines

in predicting development of severe acute pancreatitis. Crit Care.
2014;18(3):104-8. https://doi.org/10.1186/cc13885.

SternbyH HH, Tholacius H, et al. The Initial Course of IL1{, IL-6, IL-8, IL-10,

IL-12, IFN-y and TNF-a with Regard to Severity Grade in Acute Pancreatitis.

Biomolecules. 2021;11(4):591-8. https://doi.org/10.3390/biom11040591.

22.

23.

24,

25.

26.

Page 9 of 9

Fisic E, Poropat G, Bilic-Zulle L, et al. The Role of IL-6, 8, and 10, STNFr,

CRP, and Pancreatic Elastase in the Prediction of Systemic Complica-
tions in Patients with Acute Pancreatitis. Gastroenterol Res Pract.
2013;2013:282645. https://doi.org/10.1155/2013/282645.

Moran RA, Garcfa-Rayado G, de la Iglesia-Garcia D, et al. Influence of age,
body mass index and comorbidity on major outcomes in acute pancreatitis,
a prospective nation-wide multicentre study. United European Gastroen-
terol J. 2018;6(10):1508-18. https://doi.org/10.1177/2050640618798155.
Lindkvist B, Appelros S, Regnér S, et al. A prospective cohort study on
risk of acute pancreatitis related to serum triglycerides, cholesterol and
fasting glucose. Pancreatology : official journal of the International Asso-
ciation of Pancreatology (IAP) [et al]. 2012;12(4):317-24. https://doi.org/
10.1016/j.pan.2012.05.002.

Pezzilli R, Morselli-Labate AM. Hematocrit determination (HCT) as an early
marker associated with necrotizing pancreatitis and organ failure. Pancreas.
2001;22(4):433-5. https://doi.org/10.1097/00006676-200105000-00016.
Hagjer S, Kumar N. Evaluation of the BISAP scoring system in prog-
nostication of acute pancreatitis - A prospective observational study.
International journal of surgery (London, England). 2018;54(Pt A):76-81.
https://doi.org/10.1016/j.ijsu.2018.04.026.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1007/s12664-016-0647-y
https://doi.org/10.2147/JIR.S135751
https://doi.org/10.1053/j.gastro.2018.12.041
https://doi.org/10.1053/j.gastro.2018.12.041
https://doi.org/10.3389/fimmu.2020.624272
https://doi.org/10.3390/jcm9113563
https://doi.org/10.3390/jcm9113563
https://doi.org/10.1186/s13075-020-02263-3
https://doi.org/10.1371/journal.pone.0238540
https://doi.org/10.3389/fimmu.2021.719544
https://doi.org/10.1016/j.jaci.2020.09.007
https://doi.org/10.5152/tjg.2018.18137
https://doi.org/10.1007/978-3-662-46745-9_14
https://doi.org/10.1007/978-3-662-46745-9_14
https://doi.org/10.1590/S0102-67202015000300016
https://doi.org/10.21037/atm-20-4802
https://doi.org/10.1097/00006676-200211000-00001
https://doi.org/10.1097/00006676-200211000-00001
https://doi.org/10.1136/gut.2008.152702
https://doi.org/10.1159/000441003
https://doi.org/10.2214/ajr.183.5.1831261
https://doi.org/10.2214/ajr.183.5.1831261
https://doi.org/10.1186/cc13885
https://doi.org/10.3390/biom11040591
https://doi.org/10.1155/2013/282645
https://doi.org/10.1177/2050640618798155
https://doi.org/10.1016/j.pan.2012.05.002
https://doi.org/10.1016/j.pan.2012.05.002
https://doi.org/10.1097/00006676-200105000-00016
https://doi.org/10.1016/j.ijsu.2018.04.026

	Serum soluble T cell immunoglobulin mucin domain-3 as an early predictive marker for severity of acute pancreatitis; a retrospective analysis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Study populations
	Data Collection
	Statistical analyses

	Results
	Characteristics of Study Population
	Multivariable linear regression analysis
	Predictive value of sTIM-3 and different scoring systems in SAP

	Discussion
	Conclusions
	Acknowledgements
	References


