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Abstract

The incidence of hypertriglyceridemia induced acute pancreatitis (HTAP) continues to rise in China. It has systemic
complications and high mortality, making the early assessment of the severity of this disease even more important.
Circulating microRNAs (miRNAs) could be novel, non-invasive biomarkers for disease progression judgment. This study
aimed to identify the potential role of serum miRNAs as novel biomarkers of HTAP progression. HTAP patients were divided
into two groups: moderately severe (HTMSAP) and severe (HTSAP), healthy people were used as control group. The serum
miRNA expression profiles of these three groups were determined by microarray and verified by gRT-PCR. The functions and
pathways of the targeted genes of deregulated miRNAs were predicted, using bioinformatics analysis; miRNA-mRNA
network was generated. Moreover, the correlation between miR-181a-5p and pancreatitis metabolism related substances
were studied and the serum concentration of inflammatory cytokines and miRNAs at different time points during the MSAP
and SAP were investigated, respectively. Finally, the receiver operating characteristic (ROC) curve of miRNAs was studied.
Significant changes in the serum concentration of the following miRNAs of HTAP patients (P<<0.05) were discovered: miR24-
3p, 361-5p, 1246, and 222-3p (constantly upregulated), and 181a-5p (constantly downregulated) (P<<0.05). Bioinformatics
analysis predicted that 13 GOs and 36 pathways regulated by overlap miRNAs were involved in glucose, fat, calcium (Ca++),
and insulin metabolism (P<<0.001). miRNA-mRNA network revealed that the overlap miRNAs targeted genes participating in
pancreas metabolism and miR-181a-5p, the only downregulated miRNA, had good negative correlation with triglyceride
(TG), total cholesterol (TC), and fast blood glucose (FBG), but a positive correlation with Ca++. When compared with
inflammatory cytokines, the changes of all five overlap miRNAs were more stable. It was found that when used for
evaluating the progression of HTAP, miRNAs showed good AUC. These data suggested that serum miRNAs have the
potential to be excellent HTAP biomarkers.
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Introduction cancer, and thousands of miRNAs have been screened in
) ) . ) ) pancreatic cancer, several of which could have diagnostic utility
Hypertrllglycendemla (HT) is the third most common cause of [4]. However, the changes of circulating miRNAs in HTAP are
AP following gallstones and alcohol. It is a potentially life-  pclear. Gene ontology (GO) and the kyoto encyclopedia of genes
threatening disease with a wide spectrum of severity, the overall and genomes (KEGG) are bioinformatics databases used for
mortaht}/ of A,P 18 approxlsnately 5% an'd the mortality of severe computational prediction of highly complex cellular processes and
AP Pat}ents is up to 10% or eyen higher [1] Although tbe organism behavior, including signaling pathways and gene
association between HT and AP is well established and the risk function [5]. In our previous study, bioinformatics have been

and relativ? burden of AP i'n pgtients “{ith diff(?r ing degrees of HT successfully used to predict miRNA function, signaling pathways,
were studied [2], there is still no ideal biomarker for early and gene networks in acute liver failure [6]
assessment of the severity of this disease presently. It is still unclear whether the profile of serum miRNAs is

Recent studies show that n}iRNA§ in serum or pl.asma can t?e deregulated during the development of HTAP. In the current
stably detected and used as diagnostic and prognostic markers in

diseases [3]: circulating miRNAs were deregulated in pancreatic
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study, we report a possible role of circulating miRNAs as
biomarker in the progression of HTAP.

Results

Serum miRNAs expression profile was significantly
changed in HT related MSAP and SAP patients

Microarray revealed that there were 39 deregulated serum
miRNAs (P<<0.01) in MSAP patients, compared with the healthy
control group, of which 37 were upregulated and 22 were
downregulated (P<<0.01) (Figure 1A). In SAP patients, there were
70 deregulated serum miRNAs (P<<0.01), compared with the
healthy control group, of which 44 were upregulated and 26 were
downregulated (P<<0.01) (Figure 1B). Evidently, eight deregulated
miRNAs were overlap between the two HTAP groups (P<<0.05)
(Figure 1C).

The expression of miRNAs were verified by RT-PCR

Five of the eight overlap miRNAs mentioned above were
verified by RT-PCR. Four of them (miR24-3p, 222-3p, 361-5p,
and 1246) were overexpressed in both the two HTAP groups
(MSAP and SAP), compared with the healthy control group,
(Figure 2A, B, C, D) (P<<0.05). Only one, miR-181a-5p, was
downregulated in two HTAP groups (Figure 2E) (P<<0.05). The
change of miR-486-5p was not significant in any of the three
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groups (Figure 2F) (P>0.05), and the expression of miR-4532 and
miR-4793-3p were too low to be detectable in two HTAP groups
(data not show). The expressions of these eight miRINAs were also
examined in non-HTAP group, and it was found that compared
with healthy control, none of the miRNAs exhibited significantly
different expression in non-HTAP group (P>0.05).

Microarray based bioinformatics prediction revealed the

role of overlap miRNAs in HTAP

It was demonstrated that 35 GOs were regulated significantly
(P<<0.01) by these five overlap miRNAs (Figure 3A). Among these
GOs, 13 GOs were related to metabolic processes of glucose, fat,
calcium, and insulin, including the following: cellular lipid
metabolic process, negative regulation of fat cell differentiation,
insulin receptor signaling pathway, fat cell differentiation, response
to glucose stimulus, cellular response to insulin stimulus, positive
regulation of glucose import, long-chain fatty-acyl-CoA biosyn-
thetic process (Table S2).

The KEGG predicted that 36 pathways were regulated
significantly (P<<0.01) by these five overlap miRNAs (Figure 3B).
Many of these signaling pathways such as pancreatic secretion,
calcium reabsorption (regulated by either hormones or other
factors), calcium signaling pathway, gastric acid secretion, and
insulin signaling pathway have been shown to participate in the
progression of AP (Table S3).

SAP
SAP2

Figure 1. Microarray analysis of the serum miRNA expression profile of control MSAP and SAP patients. The expression profile of serum
miRNAs was detected, using the LAN-based miRNA microarray. (A) There were 59 deregulated serum miRNAs (P<<0.01) in MSAP patients and (B) 70
deregulated serum miRNAs (P<<0.01) in SAP patients, compared with the healthy control group. (C) Among these deregulated miRNAs, eight were
overlap miRNAs between the two AP groups. The top bar represents the signal levels of miRNA expression from —1.72 (green) to 2.73 (red). The
individual identity of the significantly deregulated miRNAs is shown on the right border.

doi:10.1371/journal.pone.0111058.g001
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Figure 2. Verification the expression of overlap miRNAs via RT-PCR. The expression of eight overlap miRNAs was verified via gRT-PCR. The x-
xis represents the different groups (HTAP: hypertriglyceridemia induced acute pancreatitis, non-HTAP: acute pancreatitis caused by factors other than
hyperlipidemia), and the y-axis represents the relative expression of (A) miR-24-3p, (B) miR-222-3p, (C) miR-361-5p, (D) miR-1246, (E) miR-181a-5p, and
(F) miR-486-5p respectively. Mean *£SEM. *P<<0.05, **P<<0.01, *** P<<0.001, NS: no significant changes.

doi:10.1371/journal.pone.0111058.g002

To illustrate the relationship between overlap miRNAs and
their targeted genes, the miIRNA-mRNA network was generated,
based on the GO and the KEGG predicted data (see above).
Target scan (http://www.targetscan.org/) revealed that the
overlap miRNAs targeted genes that participated in the fat,
glucose, insulin or calcium metabolism and which have been
found to play key roles in HTAP [7] (Figure 3C, Table S4).

miR-181a-5p had a close correlation to TG, TC, Ca++, FBG

and inflammatory cytokines

The above-mentioned miRNNA-mRNA bioinformatics analysis
showed that the enrichment degree of the down-regulated miR-
181a-5p was the largest, indicating its deeper involvement in the
regulation of genes associated with the metabolism of fat, insulin,
glucose, and calcium. Further correlation analysis revealed that
miR-181a-5p was significantly and negatively correlated with TG,
TC, and FBG, with the correlation coefficient R being —0.6083,
—0.6255, and —0.4920, respectively; miR-181a-5p was signifi-
cantly and positively correlated with Ca++ and the correlation
coeflicient R was 0.5262 (P<<0.01) (Figure 4A, B, C, D).

In order to investigate the relationship between miRNAs and
inflammatory cytokines in the HTAP, we studied the correlation
between miR-18la-5p and inflammatory cytokines PCT, IL-
1Band IL-6, it was disclosed that miR-181a-5p had significant and
negative correlation with PCT, IL-1Band IL-6, with the correla-
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tion coefficient R being —0.6783, —0.6294, and —0.5849,
respectively (Figure S2A,B,C).

The dynamic expression of overlap miRNAs and
inflammatory cytokines at different time points in HTAP

Furthermore, the dynamic expression of the overlap miRNAs
and inflammatory cytokines was studied. The serum samples of the
22 cases of MSAP and 18 cases of SAP patients were collected at
different time points after disease onset, and the levels of miRNAs
as well as inflammatory cytokines (PCT, IL-1B and IL-6) were
measured. The results showed that in the HTMSAP group, IL-6
expression rose rapidly, reached its peak at six hours after the
disease onset, and then rapidly declined after another six hours.
The dynamic change in IL-1P was similar to that of 1L-6. PCT
expression started to rise six hours after the disease onset, reached
its peak value at 24 hours after the disease onset, but declined to a
very low level at 72 hours after the disease onset. The expression
of the five miRNAs changed significantly after 12 hours of the
disease onset (increase or decrease), reached maximal values at
24 hours of the disease onset, and remained stable afterwards
(Figure 5A). The dynamic expression of miRNAs and inflamma-
tory cytokines was also studied in HT'SAP group, they showed the
similar changes (Figure 5B).

November 2014 | Volume 9 | Issue 11 | e111058
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Figure 3. Prediction of functions and signal pathways of overlap miRNAs. (A) miRNA-GO network was generated according to the
relationships between significant functions and 5 overlap miRNAs. The vertical axis is the GOs category and the horizontal axis is the P value of each
GO. The lower the P value was, the more miRNAs regulated the GOs and the more important was the roles of GOs in HTAP. (B) miRNA-KEGG-network
was generated according to the relationship between significant signal pathways and 5 overlap miRNAs. The vertical axis is the pathways category
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and the horizontal axis is the P value of each pathway. The lower the P value was, the more miRNAs regulated the pathways and more important was
the roles of GOs in HTAP. (C) miRNA-mRNA-Network. The blue circles represent genes, and the blue squares represent miRNAs; lines represent the
relationship between miRNA and genes. The network is used to assess the regulatory status of miRNAs and genes. The degree (size) of the blue
square correlates with the regulatory functionality of miRNA; i.e., the bigger the degree, the more functions of the miRNAs.

doi:10.1371/journal.pone.0111058.g003

Diagnostic Accuracy of Serum overlap miRNAs of HTAP
Severity

In order to investigate the sensitivity and specificity of these
serum microRNAs as diagnostic markers of the HTAP severity, a
receiver operating characteristic (ROC) curve analysis was
performed. The results showed that the area under the curve
(AUCQ) for miR24-3p was 0.889 (95% confidence interval (CI)
=0.697-1.0; sensitivity: 100%; specificity: 83.3%; P<0.01)
(Figure 6A). The AUC for miR-222-3p was 0.833 (95%
CI=0.590-1.0; sensitivity: 100%; specificity: 83.3%; P<0.01)
(Figure 6B). The AUC for miR-361-5p was 0.722 (95%
CI=0.96-1.0; sensitivity: 85%; specificity: 90%; P<<0.01) (Fig-
ure 6C). The AUC for miR-1246 was 0.917 (95% CI=0.673—
0.95; sensitivity: 98%; specificity: 92%; P<<0.01) (Figure 6D). The
AUC for miR-181a-5p was 0.972 (95% CI: 0.604-1.0; sensitivity:
100%; specificity: 83.3%; P<<0.01) (Figure 6E). Meanwhile, the
ROC curve analysis for PC'T was performed, the AUC for PCT
was 0.800 (95% CI=0.520-1.0; sensitivity: 100%; specificity:
80%; P<<0.01) (Figure 6F). Thus it can be seen under the similar
sensitivity and specificity, PC'T with an AUC value of 0.800, which
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was not found to be superior to serum miRNAs. It was speculated
that the expression of the above five miRNAs, especially miR-
181a-5p, can be used to accurately evaluate the progression of

HTAP.

Discussion

According to the current state of knowledge, miRNAs circulate
in the bloodstream and other bodily fluids in a very stable, cell-free
form and may serve as a novel diagnostic marker [8]. In this study,
we detected the serum miRNAs of HTAP patients with different
disease severity. Our data showed that serum miRNAs were
significantly changed in both MSAP and SAP patients. Five of
these deregulated miRNAs are overlap from MSAP to SAP groups
(consistently upregulated or downregulated). However, this phe-
nomenon was not found in the non-HTAP patients. Our novel
findings suggest that the five mRNAs may be one of the factors
determining the severity of the HTAP. In this study, we also
checked the five overlap miRNAs expression in HT induced mild
acute pancreatitis (HTMAP) patients by RT-PCR, and discovered
(data not shown) that they have no significant changes, compared
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Figure 4. miR-181a-5p had a close correlation with TG, TC, Ca++ and FBG respectively in HTSAP. The correlation between the expression
of miR-181a-5p and that of (A) triglycerides (TC), (B) total cholesterol (TC), (C) calcium (Ca++), and (D) fasting blood glucose (FBG) were examined. R
represents a correlation coefficient; a negative R value suggests a negative correlation and a positive R value a positive correlation; Mean *SEM.

doi:10.1371/journal.pone.0111058.9g004
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Figure 5. Expression of miRNAs and inflammatory cytokines at different time points during HTAP. The levels of serum inflammatory
cytokines and the five overlap miRNAs at time points of 2, 5, 12, 24, 48, 72, and 96 hours after (A) HTMSAP and (B) HTSAP onset were examined. In
this figure, miRNAs expressions were shown using curves of different colours. The abscissa represents the time interval between disease onset and
sample collection; the left vertical axis represents the level of serum inflammatory cytokines, and the right vertical axis represents the relative

expression of the five overlap miRNAs.
doi:10.1371/journal.pone.0111058.g005

with the healthy control (data not show). Therefore we focused our
studies on the differences between MSAP and SAP patients in
HTAP.

The GO annotations have proven to be remarkably useful to
determine the significance of microarray results concerning the
functional significance [9]. In this study, based on the microarray
data, GO analysis was applied to predict the roles of these five
overlap miRNAs in the progression of HTAP. It was discovered

A B

that many GOs regulated by the miRNAs were related to glucose,
fat calcium and insulin metabolic processes, including negative
regulation of fat cell differentiation, insulin receptor signaling
pathway, fat cell differentiation, response to glucose stimulus,
cellular response to insulin stimulus, and positive regulation of
glucose import and long-chain fatty-acyl-CoA biosynthetic pro-
cess.

Figure 6. Receiver operating characteristic (ROC) curve analysis of overlap miRNAs for the judgment of HTAP severity. ROC analysis
allows the evaluation of the binary classification variable (MSAP =0, SAP =1) at different thresholds of miRNA levels. The area under the curve (AUC)
was calculated. The 95% confidence interval (Cl) is therefore a measure for the reliability of miRNA-based HTAP severity diagnosis.

doi:10.1371/journal.pone.0111058.9006
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The KEGG is widely used for analysis of various types of
molecular biological data in order to discover higher-order
functions [10,11]. We examined the roles of miRNAs regulated
pathways involved in the development of HTAP in processes such
as pancreatic secretion, calcium reabsorption (regulated by either
hormones or other factors), calcium signaling pathway, gastric acid
secretion, and insulin signaling pathway.

In order to further investigate the roles of deregulated miRNAs
in the development of HTAP, miRNA-mRNA interactions were
explored; for this purpose, miRNA-mRNA networks were
employed as they efficiently detect mRNAs deregulated by
miRNAs [12]. It was predicted that five overlap miRNAs targeted
genes involved in fat/lipid metabolic process, insulin metabolism,
glucose/glycogen metabolism, and cellular calcium ion homeo-
stasis.

Pancreatic lipase hydrolyses TG to generate free fatty acids
(FFA) [13], The degradation of lipoprotein to FFA may produce a
proinflammatory response, further damaging the acinar structure
of pancreatic cells [14]. It has been reported that FFA is involved
in the development of complications in acute pancreatitis [15].
FFA serum levels in acute necrotizing pancreatitis were signifi-
cantly higher than in acute edematous pancreatitis, and serum
FFA correlated positively with C-reactive protein levels. In acute
necrotizing pancreatitis, the higher and sustained elevation of FFA
may predominantly response the pancreatic parenchymal and
extrapancreatic fat necrosis [16]. In the present study, it was found
that the TC and TG levels of the two HTAP groups were both
significantly increased, and their levels in the HTSAP group
(approximately 13.38 mmol/l and 24.47 mmol/l, respectively)
were higher than that in the HTMSAP group (approximately
2.9 mmol/l and 12.85 mmol/I, respectively). This suggests that in
the HTSAP patients more FFA is produced than in the HTMSAP
patients, leading to necrosis of the pancreas and the surrounding
adipose tissues.

Many studies found that Ca++ is overloaded in pancreatic
acinar cells [17], the sustained calcium elevation activates
intracellular digestive proenzymes which leads to necrosis and
toxicity [18-20], resulting in necrosis and inflammation in AP
[21,22]. Based on these previous findings, in the present study we
did not focus on examining the calcium content in the pancreatic
acinar cells in the pancreatic tissue of AP using animal
experiments, but rather focused on investigating the relationship
between the miRNAs and the calcium expression. It was found
that in AP the serum Ca++ is decreased because of “saponifica-
tion” and “hypoproteinemia” theories, etc. In the current study,
we found the serum concentration of Cat++ in HTSAP group
(about 1.48 mmol/]) was much lower than in HTMSAP groups
(about 1.89 mmol/l). The key pancreatic digestive enzymes
include trypsin, lipase and amylase, in this study, it was found
the level of these three digestive enzymes were significantly
elevated in both HTMSAP and HTSAP groups, and the level of
Try-II in HTSAP group was much higher than in HTMSAP
groups (P<<0.05). In conclusion, it was speculated that there is
more auto-digestion and necrosis in HTSAP cases than in
HTMSAP cases [23]. We measured the FBG concentration of
HTAP patients, and could demonstrate that its upregulation was
more significant in SAP patients compared with MSAP patients.

Bioinformatics analysis revealed that among these miRNAs,
downregulated miR-181a-5p showed the highest enrichment
degree. It was speculated that miR-181a-5p plays key roles in
the progression of HTAP by targeting the genes involved in
pancreatic metabolism. Further correlation analysis showed that
miR-181a-5p exhibited a significant correlation with TG, TG,

PLOS ONE | www.plosone.org
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Cat+, and FBG. At present, we are exploring further regulatory
mechanisms of miR-181a-5p concerning HTAP.

Inflammatory cytokines such as interleukin-1f (IL-1f) and
interleukin-6 (IL-6) play key roles in acute pancreatitis at the early
stage of HTAP [24,25]. Procalcitonin (PCT) is the protein that is
valuable in the prognosis of AP [26]. In the present experiment, it
was found that, miR-181a-5p had good negative correlation with
PCT, IL-1PBand IL-6. Many studies showed cytokines can regulate
the miRNAs transcription through different signaling pathways
[27], it is possible that the inflammatory cytokines can regulate the
overlap miRNAs expression during HTAP. At present, we are
doing further experiment to obtain the possibility of the regulatory
role of inflammatory cytokines to miRNAs expression.

Although the IL-1B and IL-6 expressions began to increase
early after HTAP (within six hours), after another six hours, the
IL-1B and IL-6 expression levels declined sharply and were close
to normal at 24 hours after disease onset. They showed short half-
life [28]. PCT reached the highest value 24 hours after the disease
onset, but afterwards its level also declined dramatically. The
expressions of the five overlap miRNAs changed significantly after
12 hours of the disease onset (up or down regulation), then they
reached a plateau at time point of 24 hours and remained stable
until the last time point of examination (96 hours). The severity of
HTAP patients turned from MSAP to SAP generally after
24 hours of disease admission. Therefore, it was speculated that
the expression levels of these inflammatory factors can not reflect
the progression and outcome of the HTAP satisfactorily because of
their short half-life.

Usually, the early prediction of the AP can be made by scoring
systems such as “Ranson”, but it needs 48 hours of disease onset to
complete the assessment and is uncomfortable to use everyday. At
present, a great attention is still given for seeking a single
prognostic biomarker. The most widely explored and described
single predictor is PCT [29], but some studies found PCT is of
limited additional value for early assessment of severity in AP [30].
Molecular biomarkers of a disease do not only have to be tissue-
specific, but also highly stable and detectable. Nowadays, almost
all of the routinely used serum markers are proteins and the
conventional methodologies used to measure them remain labor-
intensive. Moreover, miRNAs are present in human plasma in a
remarkably stable form, and are resistant to RNaseA digestion and
other harsh conditions. The serum miRNAs levels are stable,
reproducible, and consistent among individuals of the same animal
species [31-33]. They are stable in almost every bodily fluid and
their presence and level is related to the severity and progression of
diseases [34], although the mechanisms are not clear [8,35,36].
Based on the studies above, further the analysis on the sensitivity
and specificity of the miRNAs as molecular biomarkers revealed
that the above five overlap miRNAs, especially miR-181a-5p, with
the similar sensitivity and specificity, exhibited relatively high
AUC in evaluating the progression of HT'AP from MSAP to SAP
when compared with PC'T. However, it needs further studies to
get a perfect reference value as a diagnostic cutoff point.

Tissue-specific serum miRNA profiling would be of interest in
the future. However, we did not find any literature on the tissue
source of these five miRNAs in the PubMed database. Currently,
effective methods for determining the tissue source of miRNAs are
still lacking, and the tissue source of miRNAs can only be inferred
from the relative expression levels of miRNAs in the relevant
organs and tissues. Therefore we are currently in the process of
establishing an HTAP animal model, in order to obtain the tissue
source of the five overlap miRNAs, particularly miR-181a-5p. The
results will be reported in future studies.
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In conclusion, our results suggest that miRNAs especially miR-
181a-5p play important roles in the progression of HTAP. These
findings may provide useful data in the development of a
therapeutic strategy and find new HTAP biomarkers.

Methods

Ethics Statement

The current study was approved by the Nanjing Medical
University Clinic Institutional Review Board (IRB) protocols. All
patients provided written informed consent prior to study
commencement.

The diagnosis of HTAP and the severity criteria of HTAP

The diagnosis of HT is made if the TG level is greater than
11.3 mmol/l [37], or the TG level is between 5.65 an-
d11.3 mmol/l and the serum is milky. At least two of the
following three conditions must be met for the diagnosis “AP” to
be valid: (1) persistent upper abdominal pain; (2) serum lipase or
amylase increase to at least 3 times of normal level; and (3)
characteristics of AP in abdominal CT. The diagnosis of HTAP is
caused by hyperlipidemia only and based on the clinical
manifestations of both HT and AP.

The severity of HT'AP was defined according the 2012 Mayo
clinic criteria for assessing severity of AP [38]: The classification
defines three degrees of severity (MAP, MSAP, and SAP). MAP:
no organ failure and lack of local or systemic complications.
MSAP: organ failure that resolves within forty-eight hours
(transient organ failure) and/or local or systemic complications
(sterile or infected) without persistent organ failure. SAP: persistent
single or multiple organ failures (longer than forty eight hours).

By comparison, non-HTAP is caused by factors other than
hyperlipidemia, such as gallstones and alcohol. The clinical
characteristics and abdominal C'T manifestations of the HTAP
patients are shown in Table S1 and Figure SIA, B, C, D.

Human serum collection

We collected the blood samples of 82 healthy controls at the
healthy physical examination center of Wuxi People’s Hospital.
Total HTAP serum samples were obtained from 79 patients at
different time points after admission to the emergency room at the
Wuxi People’s Hospital. Among these samples, 43 were from
MSAP and 36 from SAP patients. We also collected serum
samples from 118 AP patients without hypertriglyceridemia (non-
HTAP) at different time points after admission to the emergency
room at the Wuxi People’s Hospital. Among these samples, 63
were from MSAP and 55 from SAP patients. All blood specimens
were maintained in collection tubes with no additives for 2 hours
at 20 to 22°C and then centrifuged (Minifuge RF, Heracus,
Hanover, Germany) at 1200 xg and 4°C for 20 mins. Serum was
separated and snap frozen upon acquisition and stored at —80°C
until use.

Serum RNA extraction and miRNA microarray

The circulating miRNAs study followed the guidelines of
relevant literature [39]. The serum specimens were collected
24 hours after HTAP onset. Total RNA was extracted from frozen
serum, using QIAGEN RNeasy Mini Kit (217004; QIAGEN,
Germany) according to the manufacturer’s instructions, as we
described in our previous work [6]. Small isolated RNAs were
extended and hybridized with fluorescence labeled with biotin
dyes on a Gene Chip miRNA 3.0 Array (Affymetrix, Cleveland,
OH, USA). Following hybridization, the images were digitized and
analysed using a laser scanner interfaced with ArrayPro image
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analysis software (Media Cybernetics, Silver Spring, MD, USA).
The microarray data have been submitted to ArrayExpress and
the accession number is E-MTAB-2642.

Quantitative real-time RT-PCR (qRT-PCR)

The expression of mRNAs was confirmed, using qRT-PCR
according to the manufacturer’s instructions as we described in
our previous work [6]. cDNA was synthesized from total RNA
obtained above, using a Quantscript reverse transcription kit
(Tiangen Biotech Beijing CO., LTD., China). qRT-PCR was
performed with the SYBR Green SuperReal PreMix (Tiangen
Biotech Beijing CO., LTD., China) with an ABI 7,500 qPCR
system (Applied Biosystems, Foster City, CA, USA). Optimal
dilution and melting curves were utilised for specificity of amplified
production for each primer set. Each sample was diluted serially
over three orders of magnitude. qPCR was performed to detect
human miR24-3p, 222-3p, 361-5p, 1246, 181la-5p, and 486-5p,
while U6 was utilized as an internal control for miRNAs, The
relative amount of each gene was measured using the 2(-DDCT)
method [40]. All qRT-PCR reactions were performed in triplicate
and repeated three times.

Bioinformatics analysis

GO analysis was applied to analyze the main function of the
differential expression genes which can organize genes into
hierarchical categories and uncover the gene regulatory network
on the basis of biological process and molecular function [5].
Pathway analysis was used to find out the significant pathway of
the differential genes according to KEGG, Biocarta and Reatome
[10,41]. The relationship between miRNAs and genes was
counted by their differential expression values and according to
their interactions in the Sanger miRNA database. [42] We
described in detail the methods of bioinformatics analysis in our
previous work [6].

Clinic biochemistry parameters of HTAP patients

The serum samples of MSAP and SAP patients were collected
24 hours after HTAP onset, the levels of alanine transaminase
(ALT), aspartate transaminase (AST), albumin (ALB), TG, FBG,
Cat++, serum amylase (AMY) and lipase (LPS) were determined
using a enzymatic method on a standard biochemical autoanalyzer
(Beckman coulter UniCel DxC 800, Fullerton, CA, USA)
according to the manufacturer’s instructions. The level of Try-1I
was detected via enzyme linked immunosorbent assay (ELISA)
according to the manufacturer’s instructions (B&D Biosciences;
San Diego, CA, USA), all experimental samples were tested in
duplicate.

The concentration of serum inflammatory cytokines were
analyzed

The serum of control, MSAP and SAP groups were collected
6 hours after HTAP onset, the concentrations of IL-1p and IL-6
were determined via ELISA according to the manufacturer’s
instructions (B&D Biosciences; San Diego, CA, USA), all
experimental samples were tested in duplicate. The radioimmu-
noassay was carried out to detecte the serum levels of the PCT
24 hours after the disease admission according to the manufac-
turer’s instructions (B&D Biosciences; San Diego, CA, USA). The
assay is based upon the competition of labeled '*I-peptide and
unlabeled peptide binding to the limited quantity of antibodies
specific for the standard peptide in each reaction mixture.
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The correlation between miR-181a-5p and pancreatic
metabolism-related factors as well as inflammatory

cytokines were analyzed

The relationship between miR-181a-5p and factors related to
pancreatic metabolism such as TG, TC, Cat++ and HBG as well as
inflammatory cytokine PCT were studied 24 hours after HT'SAP
onset using spearman’s correlation coefficient. Meanwhile, the
relationship between miR-181a-5p and IL-1Pfand IL-6 were
studied 6 hours after HI'SAP onset using spearman’s correlation
coefficient.

Statistical analysis

All data are presented as means =SEM. One-way or two-way
ANOVA was performed for statistical analysis, using GraphPad
Prism 5. Differences between group means with P values <0.05
were regarded as being statistically significant. The correlations
were analyzed by Pearson correlation coefficients. Receiver
operating characteristic (ROC) curve analysis was performed
using SPSS19.0.

Supporting Information

Figure S1 CT manifestations of MSAP and SAP patients.
A 35-year-old woman with HTMSAP. (A) The CT scan showed a
pancreatic volume increase, necrosis of the tail of the pancreas,
and large amounts of fluid density shadows (white arrow)
surrounding the pancreas one week of disease onset. (B) A week
later, the C'T scan revealed that pancreatic necrosis was,
compared with before, notably absorbed and was narrowing
(white arrow). A 28-year-old woman with HTSAP. (C) The CT
scan showed a pancreatic volume increase and flocculent water-
like density shadows in the surrounding area one week of disease
onset. (D) A week later, the CT scan revealed an increased
pancreatic volume, flocculent water-like density shadows in the
surrounding area (white arrow), and there was also pancreatic
pseudocyst formation (white stars). These results suggest that
patients with SAP have more severe outcome.

(TIF)

Figure S2 The correlation between the miR-181a-5p and
inflammatory cytokines in HTSAP. The correlations be-
tween miR-181a-5p and inflammatory cytokines (A) PCT, (B) IL-
1B and (C) IL-6 were studies, X axis represents miR-181a-5p, and
Y axis represents the levels of inflammatory cytokines. The
correlations were analysed by Pearson correlation. “R” represents
correlation coefficient. ““-” represents negative correlation.

(TIF)
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