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Abstract

Background: Dysregulated microRNAs (miRNAs) have been identified to be associated with various diseases.
However, the relationship between serum miRNAs and the severity of acute pancreatitis (AP) remains unknown.

Methods: One hundred twenty-five patients were enrolled and classified into mild AP (MAP, n = 45), moderate
severe AP (MSAP, n = 42) and severe AP (SAP, n = 38) groups according to Atlanta 2012. TaqMan low density array
(TLDA) technology was initially used in three pooled serum samples from 10 MAP, 10SAP and 10 healthy controls
(HCs). The selected miRNAs were subsequently measured individually using quantitative real-time polymerase chain
reaction (qRT-PCR) assay.

Results: The TLDA identified 395 miRNAs were differentially expressed between the AP patients and the HCs,
among which 12 miRNAs were selected for further evaluation. qRT-PCR confirmed that miR-19a, miR-143 and miR-
374-5p were significantly upregulated in AP patients (p < 0.001) and increased with disease severity (p < 0.05).
Receiver operating characteristic (ROC) curve analysis revealed that three miRNAs could distinguish the SAP patients
from the HCs (area under ROC, AUC 0.940–0.943), MAP (AUC 0.754–0.782), and moderate severe AP (MSAP, AUC
0.670–0.686). In addition, multivariate logistic regression revealed that increased serum miR-143 was an
independent predictor of developing SAP among MSAP and SAP patients (OR = 6.8, 95% CI 2.0–22.7) and among all
AP patients (OR = 4.5, 95% CI 1.8–10.9).

Conclusions: These data indicate that an expression signature of three serum miRNAs holds potential as a novel
biomarker for the early prediction of SAP.
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Introduction
Acute pancreatitis (AP) is an inflammatory disorder of
the pancreas with highly variable clinical manifestations
and attacks 13 to 45 per 100, 000 people every year [1].
Although most of the patients manifest a self-limiting
course, 10–20% of them may experience a severe process
with a high mortality reaching up to 30–50% in cases
with severe AP (SAP) [1]. Approximately 50% of deaths
occur within 1 week of the attack, mostly from multior-
gan dysfunction syndrome [2]. Early prediction of dis-
ease development is fundamental to determine intensive
treatment to improve outcomes.
There are some clinic biochemical scoring systems,

such as APACHE II and the Ranson system. However,
they are too complex to keep them from being routinely
applied. Currently, the widely accepted ‘gold standard’
for classification of the severity of AP is the Atlanta
2012 classification, and persistent organ failure (POF)
has been recognized as the critical factor in determining
the severity of AP. Nevertheless, patients with POF can-
not be identified until 48 h after admission [3]. There-
fore, novel biomarkers for predicting early SAP are still
urgently needed.
MicroRNAs (miRNAs), a class of endogenous small

non-coding RNAs has been demonstrated to be involved
in multiple physiological and pathological processes. The
value of miRNAs in AP has been reported in recent
years. Meng S et al. performed a study to confirm that
serum miR-24 could well distinguish AP patients from
HCs, but there was no significant difference between
mild AP (MAP) and moderately severe AP (MSAP) [4].
Serum miR-216a was reported to be a potential bio-
marker for SAP, but the result was retrieved from a
small cohort study of subjects [5]. Lu et al. comfirmed
that a cluster of miRNAs (miR-7, miR-9, miR-122 and
miR-141) were increased in AP patients, and particu-
larly, the level of miR-7 was significantly higher in SAP
than that in MAP patients [6]. Moreover, these 4 serum
miRNAs declined along with the clinical improvement
of AP patients, which indicated that serum miRNAs
might take part in the occurrence, development, and re-
pair of AP [6]. The above findings suggest that levels of
serum miRNAs in AP are different in accordance with
the severity of AP, thus serum miRNAs are potential
biomarkers for predicting SAP.
We hypothesized that serum miRNAs profiles may be

different in MAP, MSAP and SAP patients according to
Atlanta 2012 classification and could provide prognostic
information at the time of diagnosis. Therefore, we con-
ducted this case-control study to compare the profiles of
serum miRNAs in the early phase of AP, with an at-
tempt to explore whether miRNAs may serve as markers
to distinguish SAP from MAP and MSAP on admission.
We found that an expression signature of serum miR-

19a, miR-143 and miR-374-5p might be a potential bio-
marker for the early prediction of SAP.

Materials and methods
Study population
Patients admitted to Jinling Hospital (Nanjing, China)
within 48 h of AP onset from March 2014 to March
2015 were enrolled. AP was diagnosed when the patients
met at least 2 of the following 3 criteria: 1) characteristic
abdominal pain; 2) serum amylase≥3 times the upper
limit of normal; 3) characteristic findings on abdominal
imaging [7]. All enrolled subjects were recruited within
24 h of admission. The AP severity was defined accord-
ing to Atlanta 2012 [3]. Control subjects were recruited
from the Health Examination Center of Jinling Hospital.
Controls were matched to the patients by age, sex and
ethnicity. All subjects were provided written informed
consent. The study was approved by the ethics commit-
tee of Jinling Hospital in accordance with the Declar-
ation of Helsinki.

Study design
We included 125 patients with AP (45 with MAP, 42
with MSAP, and 38 with SAP) and 52 HCs in our study
according to the above inclusion criteria. To identify
early predicting markers, a multiphase case-control
study was designed. In the initial screening or discovery
phase, total RNA extracted from three pooled serum
samples of 10 patients with MAP, 10 with SAP and 10
healthy controls were separately subjected to miRNA
profiling analyses using the TaqMan low density array
(TLDA) analysis, which contains probes for 754 miR-
NAs. To identify serum miRNAs with prediction poten-
tial, miRNAs meeting the following four criteria were
selected: First, a candidate miRNA must be differentially
expressed (fold change ≥2) between AP patients and
HCs. Second, the trend of alteration between AP pa-
tients and controls must be the same as that between
the SAP and MAP groups. Third, miRNAs with
greater fold changes between the different groups are
preferred. Finally, miRNAs expressed with high abun-
dance in serum are preferred. The selected miRNAs
were then confirmed using quantitative real-time poly-
merase chain reaction (qRT-PCR), in the following 2
sets: (a) the biomarker training set, including 20 MAP,
20 MSAP, 20 SAP patients and 20 HCs (including
samples that had undergone TDLA) and (b) the valid-
ation set, which comprised serum samples from an
additional 25 MAP, 22 MSAP, 18 SAP patients and 32
HCs (Fig. 1).

Data and sample collection
Clinical and laboratory data were obtained from med-
ical records. Patients’ blood samples were drawn on
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admission (day 1) and at days 2, 3, 7, 14 and 21.
Within 2–3 h of collection, the blood samples were
first centrifuged at 1500 g for 10 min (min), and the
serum samples were transferred to a new tube and
subjected to centrifuge at 12,000 g for 5 min to fully
remove the cell debris. The supernatant was collected
and stored at − 80 °C until use.
Patients were monitored for the severity of AP. The

APACHE II and Ranson scores of the patients were

calculated as previously described [3], and OF identified
at any time point during hospitalization was noted.
Clinical outcome included mortality, intensive care unit

(ICU) admission, need for interventions, ICU length of stay
(LOS), and overall hospital LOS. Interventions were defined
as surgical (cystgastrostomy, open and laparoscopic pancre-
atic debridement), interventional (percutaneous drainage)
and supportive (continuous renal replacement therapy and
endotracheal intubation with artificial ventilation).

Fig. 1 Flow chart of the experimental design. One hundred twenty-five patients were enrolled and classified into MAP (n = 45), MSAP (n = 42)
and SAP (n = 38) groups. TaqMan low density array (TLDA) technology was initially used in three pooled serum samples from 10 MAP, 10 SAP
and 10 healthy controls (HCs). TaqMan low density array (TLDA) technology was initially used in three pooled serum samples from 10 MAP, 10
SAP and 10 healthy controls (HCs). The selected miRNAs were then confirmed using quantitative real-time polymerase chain reaction (qRT-PCR),
in the following 2 sets: a the biomarker training set, including 20 MAP, 20 MSAP, 20 SAP patients and 20 HCs (including samples that had
undergone TDLA) and (b) the validation set, which comprised serum samples from an additional 25 MAP, 22 MSAP, 18 SAP patients and 32 HCs.
MAP, mild acute pancreatitis; MSAP, moderately severe acute pancreatitis; SAP, severe acute pancreatitis
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TaqMan low density array assay (TLDA)
For the TLDA assay, total RNA was extracted from 3
pooled serums, using TRIzol reagent (Invitrogen, Carlsbad,
CA, USA) according to the manufacturer’s instructions,
with minor modifications as described in our previous work
[7]. The resultant RNA pellet was dissolved in 20 μL
diethylpyrocarbonate-treated water and stored at − 80 °C.
miRNA profiling analyses were performed using TLDA as
previously described [8]. In brief, 3 μL total RNA were
added to 4.5 μL of the RT reaction mix (Megaplex RT
Primers 10X, dNTPs with dTTP 100mmol, MultiScribe
Reverse Transcriptase 50U/μL, 10X RT Buffer, MgCl2 25
mmol, RNase Inhibitor 20 U/μL and nuclease-free water).
After incubation on ice for 5min, reverse transcription was
performed using a thermal cycle (UNO-Thermoblock,
Biometra, Göttingen, Germany). miRNA profiling of 754
different human miRNAs was then performed using the
TLDA (TaqMan Array Human MicroRNA A+B Cards Set
v3.0) (Life Technologies, Carlsbad, CA). In order to in-
crease the sensitivity of the TLDA, a preamplification was
performed after the reverse transcription. All steps were
performed using a 7900 HT Fast Real-Time PCR System
(Applied Biosystems, Foster City, CA) and all reactions
were performed as specified in the protocols of the manu-
facturer. miRNAs concentrations were presented as Cq
values and normalized to an internal control recommended
by the manufacturer on the calculated Cq of each miRNA
(ΔCq). The fold changes of miRNA expression were calcu-
lated using the eq. 2-ΔΔCq. ΔΔCq was determined by
subtracting the ΔCq of the normal controls from the ΔCq
of the cases.

RNA extraction for qRT-PCR
Total RNA was extracted from 100mL serum with a 1-
step phenol/chloroform purification protocol as previ-
ously described [2]. Briefly, 100 μL serum was mixed
with 200 μL acid phenol, 200 μL chloroform, and 300 μL
RNase-free water. To normalized the sample-to-sample
variation of the RNA isolation step, an exogenous refer-
ence gene, plant miRNA MIR2911 (5′-GGCCGGGGGA
CGGGCUGGGA), was added (20 μL of 106 fmol/μL) to
each denatured sample. The mixture was vortex-mixed
vigorously and centrifuged at room temperature for 15
min. After phase separation, the aqueous layer was
mixed with 2 volumes of isopropyl alcohol and 0.1 vol-
umes of 3 mol/L sodium acetate (pH 5.3). This solution
was stored at − 20 °C for 1 h. The RNA pellet was col-
lected by centrifugation at 16,000 g for 20 min at 4 °C.
The resulting RNA pellet was washed once with 750
mL/L ethanol and dried for 10 min at room temperature.
Typically, after extracting total RNA from 100 μL serum,
the amounts of RNA in the yields were in the range of
approximate 50–100 ng.

qRT-PCR
qRT-PCR assay was then conducted according to the
manufacturer’s instructions with a minor modification
[3]. Briefly, the reverse transcription reaction was carried
out in 10 μL containing 2 μL of extract RNA, 1 μL of 10
mmol/L dNTPs, 0.5 μL of AMV reverse transcriptase
(TaKaRa), 1 μL of a stem-loop RT primer (Applied Bio-
systems), 2 μL of 5X reverse transcription buffer and
3.5 μL of diethylpyrocarbonate (DEPC) water. For syn-
thesis of cDNA, the reaction mixtures were incubated at
16 °C for 30 min, at 42 °C for 30 min, at 85 °C for 5 min,
and then held at 4 °C. Real-time PCR was performed (1
cycle of 95 °C for 5 min, and 40 cycles of 95 °C for 15 s
and 60 °C for 1 min) with Light Cycler 480 II System
(Roche). The reaction was performed with a final volume
of 20 μL containing 1 μL of cDNA, 0.3 μL of Taq,
0.33 μL of hydrolysis probe (Applied Biosystems), 1.2 μL
of 25 mmol/L MgCl2, 0.4 μL of 10 mmol/L dNTPs, 2 μL
of 10X PCR buffer, and 14.77 μL of DEPC water. All re-
actions, including notemplate controls, were performed
in triplicate. The relative levels of miRNAs were normal-
ized to MIR2911 and were calculated us-ing the 2-ΔCq

method. ΔCq was calculated by subtracting the Cq
values of MIR2911 from the average Cq values of the
target miRNAs. The fold changes of miRNA expression
were calculated using the eq. 2-ΔΔCq. ΔΔCq was deter-
mined by subtracting the mean ΔCq of the normal con-
trols from the mean ΔCq of the cases.

Statistical analysis
The relative expressions of miRNAs are presented as
means (SEM), and other quantitative data are presented
as the means (SD). Qualitative data are shown as per-
centages. The Kolmogorov-Smirnov test was used ini-
tially on all continuous variables to test for normal
distribution. Comparisons between two groups were
tested with the Independent-samples T test, and those
between multiple groups were analyzed with the one-
way ANOVA followed by the LSD test for normally
distributed quantitative data with equal variance. Other-
wise, the Mann-Whitney U test or Kruskal-Wallis test
was used. Fisher’s exact test or the chi-square test was
used to compare categorical variables. Correlations be-
tween two continuous variables were performed using
the Spearman rank correlation.
The prognostic value of miRNAs for predicting the

development of SAP was determined using receiver-
operating characteristic (ROC) curve and logistic regres-
sion analyses. The area under the ROC curve (AUC),
together with the corresponding sensitivity and specifi-
city, was used to measure the predictive accuracy.
Univariate and multivariate logistic regression were used
to identify independent predictors of SAP.
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Intergroup differences with p < 0.05 were regarded as
statistically significant, except for multiple comparisons
after the Kruskal-Wallis test, where adjusted p values of
less than 0.017 (number of groups = 3) or 0.008 (number
of groups = 4) were considered statistically significant.
The statistical analyses were conducted using the SPSS
22.0 software. An optimal cutoff point of a ROC curve
was calculated by MedCalc software with the maximum
value of the Youden index (YI, =1-α-β, α, misdiagnosis
rate, β, omission diagnostic rate).

Results
Characteristics of the study participants
There were 513 patients with AP hospitalized at Jinling
Hospital between March 2014 and March 2015. One hun-
dred and twenty-five patients who were admitted within
48 h of the onset of pain were enrolled in the present
study. They were then classified into MAP (n = 45), MSAP
(n = 42) and SAP (n = 38) groups based on the Atlanta
2012. Main clinical and demographic data are shown in
Table 1. There were no significant differences in age and

sex among the 4 groups (p > 0.05). Significantly increased
length of hospital stay, ICU admission, and length of ICU
stay were observed in SAP compared with MSAP (p <
0.001). Moreover, 27 of the 38 SAP patients, while only 2
of the 42MSAP patients required further interventions.
Although the APACHE II and Ranson scores significantly
differed between MSAP and SAP, none of the existing bio-
markers, including CRP (C-reactive protein), could iden-
tify SAP from MSAP (p > 0.05).

TLDA analysis
To identify dysregulated miRNAs in patients with differ-
ent severities of AP, 3 pooled serum total RNAs were
examined by TLDA (Fig. 1). A miRNA was considered
altered if its relative expression was at least2 folds higher
than that of the healthy control (HC) group. Of the 754
miRNAs, 395 were differentially expressed between the
AP patients and the HCs, among which 24 miRNAs had
the same trend of alteration between the MAP patients
and the SAP patients and were altered more markedly in
the SAP patients than in the MAP patients (Table 2).

Table 1 Patient characteristicsa

HCs (n = 52) (n = 45) MSAP (n = 42) SAP (n = 38) p

Age (years) 47.4 (17.1) 42.3 (16.9) 48.1 (15.8) 44.6 (14.7) 0.835b

Male (% total) 32 (61.5) 29 (64.3) 27 (64.3) 22 (57.9) 0.923c

Etiology (% total) – – – – 0.037c

Gallstones – 22 (48.9) 17 (40.5) 19 (50.0) –

Hyperlipidemia – 15 (33.3) 13 (31.0) 18 (47.4) –

Alcohol misuse – – 3 (7.1) – –

Other – 8 (17.8) 12 (28.6) 1 (2.6) –

WBC (× 109/L)d, e, f 6.0 (1.5) 10.6 (4.0) 13.0 (5.5) 13.4 (5.5) < 0.001b

CRP (mg/L)d, e, f, g, h 2.7 (2.4) 39.5 (53.6) 97.3 (83.1) 135.0 (79.3) < 0.001b

SGOT (U/L)d, e, f 20.7 (4.6) 93.8 (170.5) 120.4 (190.3) 125.0 (166.0) < 0.001b

BUN (mmol/L) 5.0 (1.0) 12.1 (48.0) 4.8 (2.1) 6.8 (6.5) 0.245b

Serum creatinine (μmol/L) 55.7 (11.1) 60.7 (19.0) 60.6 (16.7) 71.7 (55.8) 0.492b

Ranson scored, e, f, g, h, i 0.4 (0.5) 1.1 (1.0) 1.9 (1.2) 3.0 (1.4) < 0.001b

APACHE IIe, f, g, h 1.7 (1.7) 2.4 (2.0) 4.2 (2.5) 6.2 (3.9) < 0.001b

Length of stay (days)h, i – 9.2 (3.2) 10.2 (4.5) 18.7 (10.7) < 0.001b

ICU admission (% total)h, i – 25 (55.6) 31 (73.8) 37 (97.4) < 0.001c

Length of ICU stay (days)h, i – 2.2 (2.8) 3.7 (3.7) 10.7 (6.7) < 0.001b

Need for intervention – – 2 27 –

Surgical – – – 1 –

Interventional – – 2 15j –

Supportive – – 21j –

Mortality – – – 1 –
aData are mean (SD) or number (%).bKruskal-Wallis Test.cFisher’s Exact Test.d-iMann-Whitney U test:dp < 0.008 between the HCand MAP groups; e p < 0.008
between the HC and MSAP groups; fp < 0.008 between the HC and SAP groups; gp < 0.008 between the MAP and MSAP groups; hp < 0.008 between the MAP and
SAP groups;ip < 0.008 between the MSAP and SAP groups. j10 patients needed both interventional and supportive intervention. HC Healthy controls, MAP Mild
acute pancreatitis, MSAP Moderately severe acute pancreatitis, SAP Severe acute pancreatitis, WBC White blood count, CRP C-reactive protein, SGOT Serum
glutamic oxaloacetic transaminase, BUN Blood urea nitrogen, APACHE II Acute Physiology and Chronic Health Evaluation II
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Confirmation of miRNAs expression by qRT-PCR
Although TLDA is based on qRT-PCR assay, it was
performed on only one pooled sample for each group.
Consequently, the array results must be validated by a
qRT-PCR assay in individual samples. Therefore, 12
miRNAs, including miR-143, miR-374-5p, miR-19a,
miR-744, miR-451, miR-200c, miR-874, miR-216a, miR-
381, miR-518f, miR-219, and miR-136, were selected for
further evaluation by qRT-PCR in 20 HCs, 20 patients
with MAP, 20 patients with MSAP, and 20 patients with
SAP (referred to as the training set). Consistent with
TLDA, miR-19a, miR-143, miR-374-5p, miR-200c and
miR-451 levels increased significantly in the MSAP and
SAP groups compared with the HCs (p < 0.008). More-
over, miR-143 and miR-374-5p levels were significantly
elevated in the SAP group compared with the MAP
group (p < 0.008).
Three miRNAs (miR-19a, miR-143 and miR-374-5p)

were selected to establish an expression signature be-
cause these miRNAs has a p value ≤ 0.001 and a fold

change ≥2 (comparing all AP patients with the HCs)
(Supplemental Table S1). The three miRNAs were
examined using qRT-PCR in another, larger cohort con-
sisting of 25 MAP, 22 MSAP, 18 SAP patients and 32
matched HCs. As shown in Supplemental Table S2, all
three miRNAs showed the same trend with the training
set and had a higher serum level in the SAP patients
than in the MAP patients (p < 0.008).
As shown in Fig. 2, when the training and validation

sets were combined, miR-19a, miR-143 and miR-374-5p
increased with disease severity. Statistical analyses re-
vealed that the expression of the three miRNAs were
significantly different among all paired groups (p < 0.05).

Diagnostic accuracy analysis of the selected serum
miRNAs
As miR-19a, miR-143 and miR-374-5p levels were higher
in the SAP group than in the HCs, MAP and MSAP
group, they might identify SAP patients from other pa-
tients. ROC analyses were performed to determine the

Table 2 Levels of miRNAs using TaqMan low density array

miRNAs HC MAP Fold
change
(MAP/HC)

SAP Fold
change
(SAP/HC)

Cq Ave ΔCq Cq Ave ΔCq Cq Ave ΔCq

miR-143 Undetermined 22.45 29.68 12.33 1.11 × 103 26.52 8.65 1.43 × 104

miR-374-5p 30.99 13.44 28.83 11.48 3.91 × 100 24.58 6.71 1.07 × 102

miR-19a 32.10 14.56 26.39 9.03 4.60 × 101 26.06 8.19 8.28 × 101

miR-744 30.99 13.44 28.04 10.68 6.78 × 100 26.10 8.23 3.72 × 101

miR-451 28.50 10.96 26.58 9.23 3.31 × 100 23.82 5.95 3.22 × 101

miR-200c 30.54 12.99 28.41 11.06 3.81 × 100 27.06 9.19 1.39 × 101

miR-874 4.83 −12.71 27.30 9.95 1.50 × 10−7 29.06 11.19 6.38 × 10−8

miR-216a 20.98 3.44 32.40 15.05 3.19 × 10−4 Undetermined 22.13 2.36 × 10−6

miR-381 22.34 4.79 30.04 12.69 4.21 × 10−3 Undetermined 22.13 6.05 × 10−6

miR-518f 23.08 5.53 25.58 8.23 1.54 × 10−1 Undetermined 22.13 1.01 × 10− 5

miR-219 25.42 7.87 28.01 10.66 1.45 × 10−1 Undetermined 22.13 5.10 × 10− 5

miR-136 26.70 9.15 34.07 16.72 5.28 × 10−3 Undetermined 22.13 1.24 × 10−4

miR-184 27.12 9.57 28.99 11.64 2.39 × 10−1 Undetermined 22.13 1.66 × 10−4

miR-367 27.40 9.85 32.59 15.24 2.39 × 10−2 Undetermined 22.13 2.01 × 10−4

miR-147 29.00 11.45 37.87 20.52 1.87 × 10−3 Undetermined 22.13 6.11 × 10−4

miR-331-5p 29.77 12.23 30.84 13.48 4.19 × 10−1 Undetermined 22.13 1.04 × 10−3

miR-618 23.01 5.46 26.72 9.37 6.65 × 10−2 31.66 13.79 3.11 × 10−3

miR-205 26.85 9.30 29.96 12.61 1.01 × 10−1 34.31 16.44 7.09 × 10−3

miR-342-5p 29.07 11.53 32.52 15.17 8.01 × 10−1 33.85 15.98 4.58 × 10−2

miR-139-3p 26.02 8.47 26.85 9.50 4.91 × 10−1 30.23 12.36 6.74 × 10−2

miR-194 25.01 7.46 26.82 9.47 2.48 × 10−1 28.68 10.81 9.78 × 10−2

miR-491 24.69 7.14 26.69 9.34 2.19 × 10−1 27.88 10.01 1.37 × 10−1

let-7b 20.71 3.17 23.18 5.83 1.58 × 10−1 23.87 6.00 1.40 × 10−1

miR-433 26.82 9.27 28.48 11.12 2.77 × 10−1 29.92 12.05 1.46 × 10−1

Undetermined data were referred to as 40
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accuracy. The analyses were initially confined between
the HC and SAP groups. As shown in Fig. 3 and Supple-
mental Table S3, the AUCs for miR-19a, miR-143 and
miR-374-5p were 0.943 (95% CI, 0.874–0.981), 0.940
(95% CI, 0.870–0.979) and 0.941 (95% CI, 0.870–0.980),
respectively. Likewise, when MAP was used as the refer-
ence, SAP could also be distinguished by miR-19a, miR-
143 and miR-374-5p with AUCs of 0.781 (95% CI,
0.676–0.864), 0.782 (95% CI, 0.678–0.866) and 0.754
(95% CI, 0.647–0.842), respectively. Because the majority
of patients with MAP recover uneventfully, differentiat-
ing SAP from MSAP was crucial for decision making. As
shown in Fig. 3 and Supplemental Table S3, all three
miRNAs could identify SAP from MSAP, whereas CRP
could not differentiate SAP from MSAP (p = 0.056). The

AUCs for 3 selected miRNAs were as follows: miR-19a,
0.686 (95% CI 0.573–0.785); miR-143, 0.671 (95% CI
0.559–0.773); miR-374-5p, 0.670 (95% CI 0.556–0.772),
comparable to the APACHE II (0.655, 95% CI 0.540–
0.758) and Ranson (0.762, 95% CI 0.653–0.850) scores.
Using the optimal cutoff value, we obtained the follow-
ing sensitivity and specificity values: 57.89 and 73.81%
for miR-19a; 44.74 and 88.10% for miR-143; 47.34 and
83.33% for miR-374-5p; 71.05 and 59.52% for CRP;
55.26 and 71.43% for APACHE II; 44.74 and 92.86% for
Ranson respectively. When all AP patients were ana-
lyzed, the AUCs for the 3 miRNAs ranged from 0.714 to
0.735 (95% CI, 0.626–0.810), which was higher than
those for the MSAP or SAP patients (Supplemental
Table S3). Besides, three miRNAs correlated well to

Fig. 2 Relative expression of miR-19a, miR-143 and miR-374-5p in the different AP groups. Serum concentrations of three miRNAs were measured
in 45 MAP patients, 42 MSAP patients, 38 SAP patients and 52 healthy control individuals (HCs) (in both the training and validation sets) with
qRT-PCR. The expression of miR-19a (a), miR-143 (b) and miR-374-5p (c) were significantly different among all paired groups (p < 0.05). Each point
represents the mean results for triplicate samples. The middle bars represent the mean and whiskers SEM. Cq values were converted to relative
expressions with normalization to MIR2911. One-way ANOVA followed by the LSD test was performed after the data were transformed by natural
logarithm. * p < 0.05; ** p < 0.01; *** p < 0.001
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APACHE II and Ranson (Supplemental Table S4), indi-
cating their potential in prediction of SAP.

Selected miRNAs to predict the development of SAP
As three miRNAs could distinguish the SAP patients
from the HCs and the MAP and MSAP patients, they
may be potentially applied to predict the development of
SAP. Subsequently, univariate and multivariate logistic
regression analyses were performed to identify distinct-
ive miRNAs associated with SAP in different cohorts.
After adjusting for age, gender, and confounding factors
and using the control group as the reference category
when the SAP/MSAP/MAP or control group was treated
as a dependent four-category variable, serum miR-19a
(cutoff = 14 × 10− 5) and miR-143 (cutoff = 58 × 10− 5)
were independently correlated with SAP development.
Furthermore, with different cutoff values in different co-
horts, miR-19a, miR-143 and miR-374-5p were found to
be independently associated with SAP development
when the MAP group, MSAP group or combination of
the two groups was treated as the reference category.
When multivariate logistic regression was conducted,

only miR-143 and CRP showed independent association
with the presence of SAP when MAP, MSAP or com-
bined MAP and MSAP was treated as the reference cat-
egory. When MSAP was the reference, the OR values of
miR-143 (cutoff = 141 × 10− 5) and CRP (cutoff = 114)
were 6.8 (95% CI 2.0–22.7, p = 0.002) and 3.8 (95% CI
1.4–10.6, p = 0.011), respectively (Table 3). The combin-
ation of miR-143 and CRP improved the specificity to
100% and the AUC to 0.728 (95% CI 0.617–0.822),
which was comparable to Ranson score (specificity,
92.86%; AUC = 0.762, 95% CI 0.653–0.850) (Supplemen-
tal Table S3). When all AP patients were analyzed, logis-
tic regression analysis showed that miR-143 and CRP
with cutoffs of 101 × 10− 5 and 114 × 10−5respectively,
were independent predictors of SAP with OR values of
4.5 (95% CI 1.8–10.9, p = 0.001) and 5.1 (95% CI 2.1–
12.4, p < 0.001), respectively (Table 3). Combining miR-
143 and CRP also improved the specificity (89.66%) and
AUC (0.786, 95% CI 0.703–0.854) of prediction for SAP,
similar to Ranson score (specificity, 82.76%; AUC =
0.811, 95% CI 0.731–0.876) (Supplemental Table S3). In
addition, miR-143 also showed independent association

Fig. 3 ROC curve analysis for the ability of serum biomarkers to predict the development of SAP (n = 38) from HCs (n = 52), MAP (n = 45) and
MSAP (n = 42). MiR-19a (a), miR-143 (b), miR-374-5p (c), as well as APACHE II (e) and Ranson scores (f), could identify SAP patients from HC, MAP,
especially MSAP, whereas CRP (d), could not differentiate SAP from MSAP (p = 0.056). The AUCs for 3 selected miRNAs were comparable to the
APACHE II and Ranson scores
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with the presence of local complications (OR = 6.2, 95%
CI 1.1–35.3, p = 0.038) (Supplemental Table S5).
Moreover, miR-19a, miR-143 and miR-374-5p showed a

positive correlation with CRP at admission (R = 0.50,
0.51and 0.49, respectively, p < 0.001) (Supplemental Fig. S1),
but they identified partially different patients at risk as miR-
143 and CRP were independently associated with SAP de-
velopment. Taken together, these analyses revealed that
miR-143 may be a better biomarker than CRP for predicting
SAP among patients with MSAP and SAP. Moreover, both
among all patients and among those with MSAP and SAP,
combining miR-143 and CRP improved the accuracy to that
of the more complicated scoring systems for early prediction
of SAP.

Dynamic expression of the selected serum miRNAs at
different time points
In addition, the dynamic expressions of miR-19a, miR-143
and miR-374-5p were explored. Among all the patients,
we collected 21 serum samples (10 MAP, 6 MSAP, 5 SAP)
on day 2, 47 samples (14 MAP, 16 MSAP, 17 SAP) on day
3, 52 samples (17 MAP, 16 MSAP, 19 SAP) on day 7, 13
samples (1 MAP, 8 MSAP, 4 SAP) on day 14 and 11 sam-
ples (1 MAP, 4 MSAP, 6 SAP) on day 21respectively
(Fig. 4). Data analyses were performed on SAP, non-SAP

(including MAP and MSAP) and HC groups. As shown in
Fig. 4, the levels of miR-19a, miR-143 and miR-374-5p
were higher in the SAP patients at all time points through
21 days after admission than in the HCs (p < 0.017) and
the non-SAP patients. Of the three miRNAs, miR-19a in
the SAP group increased gradually and achieved its peak
at day 14, then declined at day 21. The trend was similar
in the non-SAP group except for day 2, when the expres-
sion decreased markedly. However, miR-143 in the SAP
group reached its peak at approximately day 7 and de-
clined from day 14, whereas in the non-SAP group, the
fluctuation was not obvious. miR-374-5p showed a trend
similar to that of miR-19a, which reached its peak at day
14, then declined at day 21. Notably, miR-374-5p had a
significantly higher levels in the SAP and non-SAP pa-
tients from day 1 to day 3 (p < 0.017), suggesting it may
more sensitively predict SAP. At day 21, all three miRNAs
declined but still remained higher in the SAP and non-
SAP patients than in the HCs (p < 0.017 for each), except
for miR-19a in the non-SAP group (p = 0.025).
Furthermore, as shown in Supplemental Table S6,

using the optimal cutoff value, the peak levels of the
three miRNAs were significantly correlated with the
presence of local complications (p < 0.001 for each).
Moreover, patients with peak expressions of miR-19a

Table 3 Logistic regression analyses of biomarkers in predicting severe acute pancreatitis

Variables Cutoff Univariate analyses Multivariate analyses

OR (95% CI) p OR (95% CI) p

Model 1a

miR-19a (×10−5) 14 433.5 (46.4–4047.1) < 0.001 69.2 (4.8–992.2) 0.002

miR-143 (× 10− 5) 58 272.0 (31.3–2364.8) < 0.001 13.5 (0.7–244.8) 0.078

miR-374-5p (× 10− 5) 33 NA 0.997

CRP (mg/L) 8 NA 0.997

Model 2b

miR-19a (×10−5) 17 9.7 (3.3–28.0) < 0.001

miR-143 (×10−5) 88 11.6 (4.1–32.6) < 0.001 18.1 (4.7–69.3) < 0.001

miR-374-5p (×10−5) 45 7.7 (2.9–20.5) < 0.001

CRP (mg/L) 36 18.2 (5.8–57.3) < 0.001 11.5 (3.2–41.9) < 0.001

Model 3c

miR-19a (×10−5) 24 6.0 (1.9–18.6) 0.002

miR-143 (×10−5) 142 3.3 (1.3–8.3) 0.012 6.8 (2.0–22.7) 0.002

miR-374-5p (×10−5) 63 3.9 (1.5–9.9) 0.005

CRP (mg/L) 114 4.5 (1.6–12.6) 0.004 3.8 (1.4–10.6) 0.011

Model 4d

miR-19a (×10−5) 18 5.8 (2.5–13.3) < 0.001

miR-143 (×10−5) 101 6.4 (2.8–15.0) < 0.001 4.5 (1.8–10.9) 0.001

miR-374-5p (×10−5) 50 5.7 (2.3–14.4) < 0.001

CRP (mg/L) 114 4.6 (2.0–10.4) < 0.001 5.1 (2.1–12.4) < 0.001
a the reference category was the HC; b the reference category was MAP; c the reference category was MSAP; d the reference category was MAP and MSAP. OR
Odds ratio, CI Confidence intervals, NA Not assessed, as at least one cell has zero frequencies
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and miR-374-5p at day 14 were more likely to be treated
with interventions (p = 0.003 and 0.000 respectively).

Discussion
In the present study, we focused on the serum miRNA
profile in patients with AP and in the MAP, MSAP and
SAP subgroups based on Atlanta 2012. Our data re-
vealed that AP patients had higher circulating levels of
miR-19a, miR-143 and miR-374-5p at admission than
the HCs. The level of serum miR-19a, miR-143 and
miR-374-5p at admission could differentiate the SAP
patients from the HCs, MAP and MSAP patients and
correlated well with APACHE II, Ranson score and CRP
level. Moreover, miR-143 and CRP were independent
factors in a multivariable logistic regression model for
the development of SAP among MSAP and SAP patients
and among all AP patients. Combining the two variables
(miR-143 and CRP) improved the predictive perform-
ance to a level comparable with the APACHE II and
Ranson score. Thus, we may identify patients with SAP
within 6 h of admission by using three miRNAs as novel
biomarkers.
Several studies have investigated circulating miRNAs

in AP patients. An overexpression of miR-155 has been

reported to be correlated with SAP [9], but it was also
demonstrated to be inversely correlated with SAP in
another study [10]. Lee Hb et al. have shown that miR-
216a and miR-375 could predict the degree of pancreatic
injury in dog model [11].Furthermore, some studies
focused on serum miRNAs profiles of SAP patients with
a specific organ failure [12, 13]. Notably, the miRNAs
profile in the present study was quite different from
those reported by others [6, 9–13]. One possible reason
is that the classifications of enrolled patients were differ-
ent. Another reason might be the different normalization
strategy applied in our study. In the previous studies, U6
or miR-16 was used as the internal reference gene.
While in our study, we normalized miRNAs concentra-
tion to an exogenous spiking small RNA, named
MIR2911, and evidence has demonstrated that an exter-
nal spike-in synthetic oligonucleotide performs better
for accurately determining the serum miRNA abundance
in certain diseases [14].

Why serum levels of miRNAs changes after pancreatic
injury is still not well understood. In the dynamic
process of AP, there are two overlapping phases: early
and late [3]. During the early phase, the inflammatory
reaction initially occurs in the pancreas. Subsequently,

Fig. 4 Expression levels of miR-19a, miR-143 and miR-374-5p at different time points during AP. The levels of 3 miRNAs in the SAP and non-SAP
(MAP and MSAP) groups were measured on admission and at different time points thereafter, as indicated. a miR-19a in SAP peaked at day 14
and declined at day 21. The trend was similar in the non-SAP group, except for day 2. b miR-143 in SAP peaked at approximately day 7 and
declined from day 14. The fluctuation was not obvious in the non-SAP groups. c miR-374-5p showed a trend similar to that of miR-19a and was
different between SAP and non-SAP from day 1 to day 3. Cq values were converted to relative expressions with normalization to MIR2911. The
Mann-Whitney U test was performed subsequent to the Kruskal-Wallis test to compare the differences among groups. n, number of patients in
the subgroups. # p < 0.017 between SAP and non-SAP patients; $ p < 0.017 between SAP and HC; * p < 0.017 between non-SAP and HC
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inflammatory cytokines are released and cause systemic
inflammatory response syndrome (SIRS). When SIRS is
persistent, there is an increased risk of developing organ
failure, which is recognized as the dominant factor of
SAP [15]. In the present study, all three miRNAs showed
positive correlations to CRP and their levels peaked at 1
to 2 weeks and decreased slowly thereafter, suggesting
that they might be involved in the process of SIRS and
be related to the inflammatory status of AP patients.
MiR-19a and miR-374-5p have been demonstrated to be
related to inflammation. MiR-19a, belonging to the clus-
ter mir-17-92, has been proved to be regulated by the
NF-κB p65 subunit and has a positive effect on NF-κB
signaling [16, 17]. NF-κB plays a key role in the pathogen-
esis of AP [18], suggesting that miR-19a is related to the
initiation and cascade of inflammation in AP. Besides,
using TargetScan, miR-19a was found to potentially regu-
late some genes related with inflammatory cascade, such
as serum/glucocorticoid regulated kinase 1. Owen et al.
reported that the miR-374 family of miRNAs is linked to
increased IL-10 expression in trauma patients, indicating
its potential role in acute injury [19]. MiR-374-5p, miR-
19a and miR-143 could be detected in pancreatic tissues
and are reported to take part in the development of pan-
creatic cancer [20–22]. It has been demonstrated that
miR-143 could promote apoptosis and be involved in a
regulatory pathway in KRAS mutant pancreatic cancers
[23, 24]. Moreover, miR-143 expression was shown to be
pancreas and liver specific, suggesting its potential role in
AP [25]. Further study is necessary to elucidate the roles
of miR-19a, miR-143 and miR-374-5p in the pathogenesis
of AP and development of SAP.

Conclusions
In the present study, we report the circulating miRNAs
profile in patients with AP and subgroups of AP according
to Atlanta 2012. Our results indicate that the serum levels
of miR-19a, miR-143 and miR-374-5p at admission is
higher in the AP patients than the healthy controls and
correlate positively with AP severity. An expression signa-
ture of three miRNAs may identify SAP patients from the
healthy controls, MAP patients and MSAP patients. Fur-
thermore, a combination of miR-143 and CRP has the po-
tential to replace the more complicated scoring systems.
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