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Increased levels of miR-372 correlate with disease progression
in patients with hyperlipidemic acute pancreatitis
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Abstract. The aim of the present study was to investigate
the expression of microRNA (miRNA)-372 in the serum of
patients with hyperlipidemic acute pancreatitis (HTGAP),
and its clinical significance. Patients with a serum lipid
concentration =11.3 or 5.65-11.3 mmol/l with chylous serum
were included in group A (n=40). The remaining patients
did not have HTGAP and were included in group B (B). A
further 25 patients with hyperlipidemia, but not AP (group
C), and 30 healthy volunteers (group D) were recruited as
controls. The level of miR-372 in the serum of group A
(4.76+2.60) was significantly increased compared with
groups B (0.98+0.80), C (0.85+0.62) and D (0.76+0.44);
however, there was no significant difference in the expres-
sion of miR-372 between groups B, C and D. The expression
level of miR-372 was significantly increased in the severe
HTGAP group (6.45+2.20) compared with the mild HTGAP
group (3.08+1.74). Further experiments suggested that the
expression level of miR-372 was positively correlated with
the level of triacylglycerol (r=0.666; P<0.001) but not with
the level of amylase (r=-0.145; P>0.05). ROC analysis indi-
cated that the combined use of miR-372 expression levels and
Acute Physiology and Chronic Health Evaluation II scoring
improved the diagnostic value for HTGAP. In summary,
the expression of miR-372 in HTGAP was significantly
upregulated and increased with the severity of the disease.
The results of the present study may provide a novel strategy
for the diagnosis and severity assessment of HTGAP in the
clinic.
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Introduction

Acute pancreatitis (AP) is one of the most common acute
abdominal diseases in the clinic worldwide and is typically
caused by cholelithiasis, alcoholism and hyperlipidemia (1,2).
In recent years, the incidence of hyperlipidemic acute pancre-
atitis (HTGAP) has been increasing, becoming the secondary
cause of AP under biliary AP (3). Patients with HTGAP are
prone to recurrence, occasionally with uncontrolled seizures,
which seriously endangers the health of the patient (4,5). At
present, the diagnosis of HTGAP is primarily based on clinical
signs, blood urine amylase levels and serum triacylglycerol
levels. However, these diagnostic criteria have a number of
limitations, which make the clinical diagnosis and treatment
of HTGAP difficult (6,7). Therefore, it is imperative to identify
specific biomarkers for the diagnosis of HTGAP.

MicroRNAs (miRNAs/miRs) are a class of endogenous,
non-coding small RNAs 19-25 nucleotides in length, which
participate in a number of pathophysiological processes, such
as cancer and diabetes (8-11). Numerous studies have reported
that miRs are closely related to the occurrence and develop-
ment of AP; therefore, miRs serve as novel markers for the
diagnosis and prognosis of the disease (10-12). However,
whether miRs can be used as markers for the diagnosis of
HTGAP and for predicting the severity of the disease has not
been reported.

Abnormal expression of miR-372 has been widely identi-
fied in various tumors, including pancreatic adenocarcinoma,
as well as ovarian and parathyroid cancer (13-15). It has been
reported that miR-372 expression is significantly reduced in
human pancreatic adenocarcinoma (13); however, the relation-
ship between miR-372 expression, and the occurrence and
development of HTGAP remains unclear. In the present study,
the relative expression of miR-372 was detected in 115 patients
with AP, and the correlation between miR-372 expression and
HTGAP was investigated.

Materials and methods
Patient samples. Patients with AP were admitted to the

Department of General Surgery, Jinling Clinical Medical
College between November 2018 and December 2018.
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Clinical data were collected during hospitalization to
evaluate the acute physiology and Acute Physiology and
Chronic Health Evaluation (APACHE) II score (16) of each
patient. Inclusion criteria were as follows: i) Aged between
18 and 65 years; and ii) conformed to the AP diagnostic stan-
dard. The AP diagnostic standard consists of i) displaying
abdominal pain consistent with AP (acute sudden persistent
upper abdominal pain, often radiating to the back); ii) serum
amylase and/or lipase levels =3 times higher than the upper
limit of the normal levels; and iii) imaging results consistent
with AP lesions. The following exclusion criteria were used:
1) patients with cancer; ii) pregnant patients; iii) patients with
psychiatric conditions or patients who refused to cooperate;
and iv) patients who give up treatment, transferred out of the
department or died.

According to the aforementioned criteria, 115 patients with
AP were enrolled (60 male patients and 55 female patients;
age, 22-66 years; mean age, 47.3+11.5 years). Patients with
serum lipid concentrations =11.3 mmol/l or serum lipid
levels 5.65-11.3 mmol/l with chylous serum were included
in group A (n=40). Subsequently, group A was subdivided
into patients with mild (HTG-MAP) or severe (HTG-SAP)
HTGAP, according to the AP classification standard (n=20
per group). The remainder of the patients with AP did not have
HTGAP and were included in group B. A further 25 patients
with hyperlipidemia but not AP (group C) admitted to the
Department of General Surgery, Jinling Clinical Medical
College (China) between November 2018 and December 2018
(12 males and 13 females; age range, 34-68 years; mean age,
48.9+16.8 years) and 30 healthy volunteers (group D) from
the Physical examination Center, Jinling Clinical Medical
College (China) between November 2018 and December 2018
(16 males and 14 females; age range, 42-71 years; mean age,
46.9+15.3 years) were recruited as controls. Computed tomog-
raphy (CT) images displaying AP status are presented in Fig. 1.
The present study was approved by the Ethics Committee of
Nanjing Medical University, and written informed consent
was obtained from all patients.

Determination of triglyceride and serum amylase levels.
3 ml venous blood was collected from the subjects and placed
in heparin anticoagulant tubes. Plasma was detected using
an amylase test kit (cat. no. AY7747; Shanghai Zhicheng
Biological Technology Co., Ltd.) and triglyceride test kit
(cat. no. TR7734; Shanghai Zhicheng Biological Technology
Co.,Ltd.) using a TBA-120FR automatic biochemical analyzer
(Toshiba).

Reverse transcription-quantitative PCR (RT-qPCR).
Peripheral blood samples were collected from the patients
immediately after admission. Total RNA was extracted from
the serum samples using the TRIzol® method (17), and the
purity and integrity of the RNA was detected by measuring
the optical density (OD) at wavelengths of 260 and 280 nm
using an Orion AquaMate 7000 Vis spectrophotometer
(Thermo Fisher Scientific, Inc.). Total RNA was reverse
transcribed to cDNA using TagMan™ MicroRNA Reverse
Transcription kit (Applied Biosystems' Thermo Fisher
Scientific, Inc.) according to the manufacturer's instructions.
c¢DNA was stored at -20°C until further analysis. qPCR was
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performed using the PowerUp SYBR Green master mix
(Applied Biosystems; Thermo Fisher Scientific, Inc.) with 1 ul
cDNA as the template. The following thermocycling condi-
tions were used for the qPCR: Initial denaturation at 95°C for
10 sec; 39 cycles at 95°C for 3 min, 95°C for 10 sec and 58°C for
30 sec; and a final extension at 72°C for 10 min. miRNA levels
were quantified using the 222 method (18) and normalized to
the internal reference gene U6. qPCR was performed in tripli-
cate wells. The following primer pairs were use for the qPCR:
miR-372-RT: 5'-GTCGTATCCAGTGCAGGGTCCGAGGTA
TTCGCACTGGATACGACAGAATA-3"; U6-RT: 5'-GTC
GTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGAT
ACGACAAAATG-3" miR-372 forward, 5'-GCCCTCAAA
TGTGGAGCAC-3'; U6 forward, 5-GCGCGTCGTGAAGCG
TTC-3' and universal reverse primer (Sangon Biotech Co.,
Ltd.), 5-GTGCAGGGTCCGAGGT-3..

Statistical analysis. Data are presented as the mean + SD.
The unpaired Student's t-test was used to make compari-
sons between two groups. One-way ANOVA followed by
Tukey's post hoc test was used to make comparisons between
>2 groups. Receiver operating characteristic (ROC) curves
were used to assess the value of miR-372 as a biomarker,
and the area under the curve (AUC) was reported. Pearson
correlation assay demonstrated the level of miR-372 and
triglyceride levels, serum amylase levels. Statistical anal-
yses were performed using SPSS software (version 20.0;
IBM Corp.). P<0.05 was considered to indicate a statistically
significant difference.

Results

Comparison of general characteristics between the
HTG-MAP group and the HTG-SAP group. There was no
significant difference in sex or age between the HTG-MAP
and HTG-SAP groups. The levels of triacylglycerol in the
HTG-SAP group were higher compared with the HTG-MAP
group (Table I). Compared with the HTG-MAP group, the
levels of CRP were significantly increased in the HTG-SAP
group (Table I). The amylase levels in the HTG-SAP group
were significantly lower compared with the HTG-MAP group
(Table I). Increased levels of serum lipase were also observed
in the HTG-SAP group compared with the HTG-MAP group,
but the difference was not significant (Table I). Although
the APACHE II scores in the HTG-SAP group were higher
compared with the HTG-MAP group, the difference was not
significant (Table I).

miR-372 expression in the serum of the four different
groups. The level of miR-372 expression in the serum of
group A (4.76+2.60) was significantly higher compared with
groups B (0.98+0.80), C (0.85+0.62) and D (0.76+0.44);
however, there was no significant difference in the expression
of miR-372 between groups B, C and D (Fig. 2A). The level of
serum miR-372 was significantly increased in the HTG-SAP
group (6.45+2.20) compared with the HTG-MAP group
(3.08+1.74; Fig. 2B).

miR-372 expression levels are positively correlated with
triglyceride levels in patients with HTGAP. The expression
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Table I. General characteristics of the HTG-MAP group and the HTG-SAP group.
Characteristic HTG-MAP HTG-SAP P-value
Sex (male/female) 11/9 12/8 0.821
Age (years) 41.3+3.5 45.6+3.8 0.436
Triacylglycerol (mmol/l) 10.2+2.7 159443 0.075
CRP (mg/l) 274219 139.8+101.3 0.015
Amylase (U/l) 460.5+£132.6 207.9+45.2 0.021
Lipase (U/1) 1,177.9+675.1 1,738.5£1668 .4 0.085
APACHE 1I score 45+04 12.7+1.1 0.130

HTG-MAP, mild hyperlipidemic acute pancreatitis; HTG-SAP, severe hyperlipidemic acute pancreatitis; CRP, C-reactive protein; APACHE 11,

Acute Physiology and Chronic Health Evaluation II.

Figure 1. Axial contrast-enhanced computed tomography images of the pancreas of patients with severe AP. The images were obtained from a 42-year-old
female patient, a 48-year-old female, a 47-year-old male patient and a 52-year-old male patient. White arrows indicate the pancreatic lesions. The patients were

discharged without gastrointestinal or intra-abdominal hemorrhage.

of miR-372 was positively correlated with triglyceride levels  Diagnostic value of miR-372 in HTGAP. ROC curve anal-
(r=0.666; P<0.001), but not with serum amylase levels in  ysis suggested that the AUC for APACHE II scoring, which
patients with HTGAP (r=-0.145; P>0.05; Fig. 3A and B). is used for the diagnosis of HTGAP, was 0.759 with 85.3%
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Figure 2. miR-372 expression levels were analyzed in the different groups using RT-qPCR. (A) RT-qPCR analysis suggested that the level of miR-372 expres-
sion in the serum of group A was significantly increased compared with groups B, C and D. (B) RT-qPCR analysis suggested that the level of serum miR-372
was significantly increased in the HTG-SAP group compared with the HTG-MAP group. ““P<0.001 vs. the control. miR, microRNA; RT-qPCR, reverse
transcription-quantitative PCR; HTG-SAP, severe hyperlipidemic acute pancreatitis; HTG-MAP, mild hyperlipidemic acute pancreatitis.
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Figure 3. Pearson's correlation coefficient was calculated to analyze the corre-
lation between miR-372 expression levels, and TG and serum amylase levels.
miR-371 expression in group A was positively correlated with (A) triglyc-
eride levels, but not with (B) serum amylase levels. miR, microRNA; TG,
triglyceride.

sensitivity and 82.1% specificity (Fig. 4A). Furthermore,
the miR-372 expression levels for the diagnosis of HTGAP
displayed an AUC of 0.831 with 86.7% sensitivity and
79.5% specificity (Fig. 4B). The AUC for the combined use
of the APACHE 1I scoring system and miR-372 expression
levels was 0.935 with 89.5% sensitivity and 87.61% speci-
ficity (Fig. 4C).
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Figure 4. ROC curve analysis suggested that serum miR-372 expression
levels could differentiate patients with HTGAP from controls. The AUC
of (A) APACHE II score, (B) serum miR-372, and (C) the combined use of
APACHE II score and miR-372 were evaluated using ROC curve analysis.
ROC, receiver operating characteristic; HTGAP, hyperlipidemic acute
pancreatitis; AUC, area under the curve; APACHE 11, Acute Physiology and
Chronic Health Evaluation II.
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Discussion

Compared with patients with AP caused by other factors,
including, gallstones and alcohol consumption, patients with
HTGAP are more prone to recurrence, systemic inflamma-
tory response syndrome (SIRS) and multiple organ failure
(MOF), and display high mortality and poor prognosis (19-21).
At present, the clinical diagnosis of HTGAP primarily relies
on serological and imaging examinations (22,23). Serological
examination is typically based on triacylglycerol and amylase
levels (24); however, since triacylglycerol often interferes with
amylase measurements, increases in amylase in patients with
HTGAP are not obvious, which makes it easy for the diagnosis
of HTGAP to be missed in the clinic (25,26).

In recent years, a number of studies have reported that
miRs are closely related to the occurrence and development
of AP (11,27); however, the role of miRs in HTGAP has not
been extensively reported. In the present study, RT-qPCR
results suggested that the level of miR-372 in the serum of
patients with HTGAP was significantly increased compared
with patients who did not have HTGAP, indicating that the
expression of miR-372 was abnormally high in patients with
HTGAP. Therefore, abnormally high miR-372 expression may
serve as a reference index for the diagnosis of HTGAP. ROC
curve analysis indicated that miR-372 had diagnostic value for
HTG-SAP, with an AUC of 0.831. The results suggested that
miR-372 may serve as a specific marker for HTGAP, which
may provide a novel strategy for the clinical diagnosis of
HTGAP. However, the sample size of the present study was
limited; therefore, further investigation using larger sample
sizes is required to support the use of miR-371 for the clinical
diagnosis of HTGAP.

Early prediction of disease severity is also important for
the treatment and prognostic evaluation of HTGAP (28), as
the progression of HTGAP is often rapid. Distinguishing
HTG-MAP and HTG-SAP is important for the treatment and
control of HTGAP (29). At present, the most common methods
used to predict AP are the APACHE II and Ranson scoring
systems (30). These scores often need to be evaluated within
24 or 48 h of admission, and involve numerous steps and a
complicated process (30). In the present study, ROC curve
analysis of the APACHE II score and miR-372 expression was
performed, and the AUC was 0.759 and 0.831, respectively. Both
methods displayed good sensitivity and specificity, suggesting
that miR-372 could be used as a predictor of AP severity.

In addition, the present study examined the correlation
between miR-372 expression, and triacylglycerol and amylase
levels. The results suggested that the expression of serum
miR-372 in HTGAP was positively correlated with triacylglyc-
erol levels, but not with amylase levels. A possible explanation
for the result is that in the hypertriglyceride environment,
amylase, which is the most commonly used indicator of AP,
inaccurately appears to be at normal levels (31).

The present study had a number of limitations. Firstly, the
sample size was relatively small. Secondly, it is important to
include other types of patients to validate the specificity of
abnormal miR-372 expression, since abnormal expression of
serum miR-372 is also present in other diseases. Thirdly, as a
potential biomarker, it is important to evaluate the combined
use of serum miR-372 and existing indicators, which may
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improve the specificity of the diagnosis in patients with
HTGAP.

In conclusion, the expression of miR-372 in HTGAP was
significantly upregulated and increased with the severity of
the disease. The results of the present study suggested a novel
strategy for the diagnosis and severity assessment of HTGAP
in the clinic.
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