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Abstract. The present study aimed to investigate the expres-
sion pattern and underlying mechanism of microRNA-372 
(miR-372) in the progression of ulcerative colitis (UC). Reverse 
transcription-quantitative polymerase chain reaction was used 
to measure miR-372 expression levels in the blood and colonic 
mucosa tissue samples from patients with UC. The present 
study demonstrated that levels of miR‑372 were significantly 
increased in the blood and colonic mucosa tissue samples from 
patients with UC compared with healthy controls. Furthermore, 
the level of serum miR-372 was positively correlated with the 
level of serum c-reactive protein. Receiver operating charac-
teristic analysis indicated that levels of miR-372 detected in 
serum and tissue samples could be used to screen for patients 
with UC from healthy controls. These results indicated a 
potential role of miR-372 as a diagnostic marker and thera-
peutic target for patients with UC. Furthermore, a conserved 
miR-372 binding site in the 3'untranslated region of the NLR 
family pyrin domain containing 12 (NLRP12) was identified. 
Dual luciferase assay demonstrated that overexpression of 
miR‑372 significantly reduced the relative luciferase activity of 
pmirGLO-NLRP12-3'UTR compared with control pmirGLO. 
In addition, western blot analysis indicated that overexpres-
sion of miR‑372 significantly decreased the protein expression 
level of NLRP12. Therefore it was hypothesized that miR-372 
may promote the progression of UC by suppressing NLRP12 
protein expression and thereby inducing the excessive produc-
tion of inflammatory cytokines. In conclusion, high levels of 
miR-372 detected in peripheral blood samples may serve a role 
as a potential biomarker to screen potential patients with UC 
from healthy controls.

Introduction

Inflammatory bowel disease (IBD) is a term mainly used to 
describe two autoimmune disorders which directly affect 
the gastrointestinal tract: ulcerative colitis (UC) and Crohn's 
disease (1). UC is a common form IBD characterized by bloody 
purulent stool, recurrent diarrhea and abdominal pain (2). The 
pathogenesis of UC is complex with numerous genetic, immune, 
environmental and psychological factors suggested to be 
involved (3). Dysregulation of immune response in the intestine 
and increased secretion of proinflammatoy cytokines serve a 
critical role in the pathogenesis of IBD (4). However, the precise 
etiology of IBD is unknown (4). There is an enhanced risk of 
developing colorectal cancer (CRC) in patients with long-term 
IBD and in particular, it has been suggested that patients with 
chronic UC carry a high risk of malignant transformation 
IBD (5,6). It is estimated that patients with UC are more than 30 
times more likely to develop CRC and three times more likely 
to succumb to CRC compared with the general population (6).

Recent studies revealed that complex regulatory networks 
are involved in monitoring and responding to alterations in 
environmental conditions and physiological states (4,7,8). 
Within these regulatory networks, microRNAs (miRs) can 
interact with downstream target genes, some of which have 
been linked to cancer progression (9). A recent study demon-
strated that increased levels of miR-132 by aryl hydrocarbon 
receptor attenuate tumorigenesis associated with chronic 
colitis (10). Furthermore, it was revealed that miR-141 was 
involved in the pathogenesis of ulcerative colitis by targeting 
C‑X‑C motif chemokine ligand 5 (11). Emerging evidence has 
previously identified miRs that can be secreted from cells 
into the extracellular environment, where they are stable and 
resistant to degradation by RNases (12,13). Circulating miRs 
are therefore desirable candidates as both endocrine signaling 
molecules and disease markers (12,13).

A previous study demonstrated that high miR-372 
expression is associated with synchronous liver metastasis 
in patients with CRC (14). In addition, serum miR-372 has 
been suggested to be a noninvasive biomarker for the early 
detection and prognosis of CRC (15). However, the involve-
ment of circulating miR-372 in the progression of UC remains 
unknown. The present study demonstrated that the level of 
miR-372 in peripheral blood is increased in patients with UC. 
Furthermore, receiver operating characteristic (ROC) analysis 
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demonstrated that levels of miR-372 detected in blood and 
tissue samples could be used to screen for patients with UC 
from healthy controls. These results revealed a potential role 
of that circulating miR-372 as a noninvasive biomarker to 
distinguish the progression of ulcerative colitis.

Materials and methods

Human tissue and blood samples. Colonic mucosa biopsies from 
the sigmoid colon of 50 patients with active UC and 50 healthy 
patients undergoing a screening colonoscopy were obtained 
from the First Affiliated Hospital of Zhejiang Chinese Medical 
University (Hangzhou, China) between December 2015 and 
June 2016 (Table I). This study was approved by the Ethics 
Committee at The First Affiliated Hospital of Zhejiang Chinese 
Medical University and written informed consent was obtained 
from each patient enrolled in the study. All procedures were 
conducted in compliance with the approved guidelines of the 
Ethics Committee. Pathological analysis further confirmed the 
diagnoses of active UC. The diagnosis of UC was confirmed by 
standard parameters as previously described (16). The site of 
disease was defined according to the Montreal classification (17). 
The clinical disease activity was assessed by the measurement 
of the Mayo score for UC. Endoscopies were performed and 
graded according to the ulcerative colitis endoscopic index of 
severity (UCEIS) scores for UC. Patients with infectious colitis 
and colorectal cancer were excluded. Individuals who had 
normal height and body mass index and no history of chronic 
diseases were recruited for the healthy control group. Blood 
samples for the measurement of high-sensitivity C-reactive 
protein (CRP) were taken 1 week prior to or after endoscopy. 
CRP was measured using a nephelometric method (18). In 
brief, human CRP reacted with the corresponding antisera in 
the liquid phase to generate antigen-antibody complexes and 
produce turbidity using a CRP immunoturbidimetric assay kit 
[DiaSys Diagnostic Systems (Shanghai) Co., Ltd., Shanghai, 
China] according to the manufacturer's protocol. The turbidity 
was associated with the antigen content and the CRP content 
in the sample was calculated by comparing the samples with 
PBS using Detection system 1 Hitachi 7600‑020 automatic 
biochemical analyzer (Hitachi, Ltd., Tokyo, Japan). In healthy 
people, blood CRP levels are <5 mg/l (18). To avoid bias, all 
gastroenterologists performing the endoscopies were unaware 
of the results from the disease activity index.

Sample acquisition and RNA isolation. From each patient, a 
5 ml aliquot of blood was collected directly into anticoagula-
tion tubes containing ethylene diamine tetraacetic acid. Total 
RNA was isolated from blood or colonic mucosa tissue samples 
from patients with UC or healthy controls using RNAVzol LS 
(Vigorous Biotechnology Beijing Co., Ltd., Beijing, China), 
according to the manufacturer's protocol. The quantity and 
purity of RNA were measured using a NanoDrop spectropho-
tometer (ND‑1000; Nanodrop Technologies; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA).

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). Total RNA (1 µg) was reverse transcribed 
into cDNA using the Prime-Script One-Step RT-PCR kit 
(cat. no. C28025‑032, Invitrogen; Thermo Scientific, Inc.), 

according to the manufacturer's protocol. qPCR was subse-
quently performed using SYBR® Green Supermix (Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA) using an iCycler iQ 
real-time PCR detection system. The following thermocy-
cling conditions were used for the qPCR: Initial denaturation 
at 95˚C for 10 min; 50 cycles of 95˚C for 10 sec, 55˚C for 
10 sec, 72˚C for 5 sec, 99˚C for 1 sec, 59˚C for 15 sec and 
95˚C for 1 sec; and then cooled to 40˚C. U6 was used as an 
internal control. The relative mRNA expression levels were 
calculated with the 2‑∆∆Cq method (19) and experiments were 
performed in triplicate. The primers used in the current study 
were listed as follows: miR‑372‑RT, 5'‑GTC GTA TCC AGT 
GCA GGG TCC GAG GTA TTC GCA CTG GAT ACG ACA GAA 
TA‑3'; U6‑RT, 5'‑GTC GTA TCC AGT GCA GGG TCC GAG 
GTA TTC GCA CTG GAT ACG ACA AAA TG‑3'; miR‑372, 
forward 5'‑GCG CCC TCA AAT GTG GAG CAC‑3'; U6, 
forward 5'‑GCG CGT CGT GAA GCG TTC‑3'; universal reverse 
primer, 5'‑GTG CAG GGT CCG AGG T‑3'.

Cell culture. Human colon cancer cell line HT-29 and 293T 
cells were obtained from the Cell Bank of Chinese Academy of 
Sciences (Shanghai, China) and cultured in RPMI-1640 medium 
(HyClone; GE healthcare, Chicago, IL, USA). HT‑29 and 293T 
cells were seeded at a density of 1.5 x104  cells/cm2 and cultured 
in Dulbecco's modified Eagle's medium (Invitrogen; Thermo 
Fisher Scientific, Inc.) supplemented with 10% heat‑inactivated 
fetal calf serum (Invitrogen; Thermo Fisher Scientific, Inc.), 
streptomycin (100  mg/ml; Thermo Fisher Scientific, Inc.), and 
penicillin (100  U/ml; Thermo Fisher Scientific, Inc.) and main-
tained at 37˚C in a 5% CO2-humidified incubator.

Transient transfection. HT-29 or 293 cells were seeded in the 
six-well plate at a density of 106 cells/well. The cells were trans-
fected with miR-372 mimic (CCU CAA AUG UGG AGC ACU 
AUU CU), miR-372 inhibitor (AGA ATA GTG CTC CAC ATT 
TAG G) or negative control (NC, UUC UCC GAA CGU GUC ACG 
U) for 48 h using Hiperfect Transfection Reagent (Qiagen GmbH, 
Hilden, Germany) according to the manufacturer's protocol. 
In brief, 12 µl Hiperfect Transfection Reagent was mixed with 
100 µl serum‑free DMEM (Invitrogen; Thermo Fisher Scientific, 
Inc.). Additionally, 10 µl miR-372 mimic, miR-372 inhibitor or 
NC was mixed with serum-free DMEM. Then, the two mixtures 
were mixed and incubated at room temperature for 15 min. 
Then, the mixture was added to the six‑well plate at a final miR 
concentration of 20 nM/well. Following transfection for 48 h, the 
cells were collected for subsequent experiments.

Bioinformatics analysis and dual‑luciferase reporter assay. 
TargetScan software 7.2 (www.targetscan.org) was used to 
predict the putative target genes of miR-372. The 3'untrans-
lated region (3'UTR) of NLRP12 was cloned into the pmirGLO 
plasmid. 293T cells were co-transfected with miR-372 mimic 
(or NC) and pmirGLO-NLRP12-3'UTR plasmid (or blank 
pmirGLO) using Vigofect transfection reagent (Vigorous 
Biotechnology Beijing Co., Ltd.), according to the manufac-
turer's protocol. In brief, 293 cells were seeded in a six-well 
plate at a density of 106 cells/well. Following this, 10 µl 
Vigofect transfection reagent was mixed with 100 µl serum 
free DMEM to create a mixture. Then 10 µl miR-372 mimic or 
NC and pmirGLO-NLRP12-3'UTR plasmid was mixed with 
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the aforementioned mixture at room temperature for 10 min. 
The final mixture was added in the six‑well plate at a final miR 
concentration of 20 nM/well. After 48 h, the luciferase activity 
was detected using a Dual Luciferase Reporter Assay System 
(Promega Corporation, Madison, WI, USA).

Western blotting. After transfection with miR-372 mimic, 
miR-372 inhibitor or NC for 48 h, total proteins were isolated 
from HT‑29 using a total protein extraction kit (Beijing Solarbio 
Science & Technology Co., Ltd., Beijing, China). Then, the cell 
lysates were centrifuged at 12,000 x g for 30 min at 4˚C. To 

determine the protein concentration, a BCA protein assay kit 
(Pierce; Thermo Fisher Scientific, Inc.) was applied. Following 
this, 20 µg protein per lane was separated using SDS-PAGE on a 
12% gel, transferred onto polyvinylidene difluoride membranes 
at 300 mA for 2 h. Then, the membranes were blocked with 
5% fat‑free milk at room temperature for 2 h. The following 
antibodies were incubated with membranes overnight at 4˚C: 
Anti‑NLRP12 (cat. no. ab105409; 1:1,000; Abcam, Cambridge, 
UK) and anti‑GAPDH (cat. no. 2118; 1:5,000; Cell Signaling 
Technology, Inc., Danvers, MA, USA) primary antibodies. After 
washing with PBST three times (5 min/wash), the membranes 

Table I. Clinical characteristics of patients with UC and healthy control patients.

Characteristics Patients with UC Healthy control patients

Patients (n) 50 50
Males [n (%)] 25 (50) 25 (50)
Age, years (mean ± SD) 46±15.4 43±16.3
Disease duration, months [median (range)] 65.7 (25.6‑173.2) n/a

UC, ulcerative colitis; SD, standard deviation; n/a, not applicable.

Figure 1. Peripheral blood miR‑372 increases in patients with UC. (A) The expression levels of miR‑372 and (B) the serum CRP were measured using blood 
samples from patients with UC. Pearson's correlation analysis of miR-372 with (C) serum CRP levels, (D) the Mayo score and (E) UCEIS in patients with UC. 
***P<0.001 vs. control. UC, uncreative colitis; CRP, c‑reactive protein; UCEIS, ulcerative colitis endoscopic index of severity; miR, microRNA.
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were incubated with horseradish peroxidase‑conjugated goat 
anti‑rabbit immunoglobulin G (1:5,000; cat. no. ZB‑2301; 
Beijing Zhongshan Golden Bridge Biotechnology Co., Beijing, 
China) for 2 h at room temperature. After washing with PBST 
three times (5 min/wash), the protein levels were determined 
using enhanced chemiluminescence (EMD Millipore, Billerica, 
MA, USA) according to the manufacturer's protocol. Signals 
were evaluated using a Super ECL Plus Kit (Nanjing KeyGen 
Biotech Co., Ltd., Nanjing, China) and quantitative analysis 
was performed using UVP software (UVP, LLC, Phoenix, AZ, 
USA). GAPDH was used as an internal control. ImageJ 1.43b 
software (National Institutes of Health, Bethesda, MD, USA) 
was used for densitometry analysis.

Statistical analysis. Data are presented as the mean ± standard 
deviation. All statistical analyses were performed using SPSS 
software (version 20.0; IBM Corp., Armonk, NY, USA). 
Student's t-test was used for the comparisons of two groups. The 
use of miR-372 as a biomarker to distinguish disease status was 
determined using ROC analysis and the area under the curve 
was used to test discriminative ability. Spearman's correlation 
coefficient was used to measure the linear correlation between 
miR‑372 expression and serum CRP levels. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

Peripheral blood miR‑372 increases in patients with 
UC. The expression level of miR-372 was significantly 
increased in peripheral blood samples from patients with 
UC compared with healthy controls (P<0.001; Fig. 1A). In 
addition, serum CRP was significantly increased in patients 
with UC (5.67±1.02 mg/l) compared with healthy controls 
(0.28±0.03 mg/l; P<0.001; Fig. 1B). To identify the level of 
serum miR-372 expression with potential diagnostic value, the 
correlation of serum miR-372 with CRP, the Mayo score and 
UCEIS in patients with UC was analyzed (Fig. 1C-E). This 
study revealed that the level of serum miR-372 had a positive 
correlation with CRP (r=0.592; P<0.001), the Mayo score 
(r=0.604; P<0.001) and UCEIS (r=0.338; P<0.001) in patients 

with UC. The positive correlation with these indicators of 
disease activity in UC suggests that the serum miR-372 level is 
associated with UC disease severity.

miR‑372 increased in colonic mucosa tissue samples from 
patients with UC. The mRNA expression level of miR-372 was 
significantly increased in colonic mucosa tissue samples from 
patients with UC, compared with tissue samples from healthy 
controls (P<0.01; Fig. 2).

miR‑372 as a potential biomarker for UC. To examine the 
feasibility of using miR-372 as a diagnostic marker, blood 
and tissue samples were collected from patients with UC 
and healthy controls. ROC analyses indicated that the serum 
miR‑372 level had a predictive power of 0.943 (95% confidence 
interval: 0.859‑1.000; P<0.001; Fig. 3A) for distinguishing 
potential patients with UC from the healthy control group. 
Furthermore, ROC analyses indicated that the tissue miR-372 
level had a predictive power of 0.912 (95% confidence interval: 
0.819‑1.000; P<0.001; Fig. 3B) for distinguishing UC patients 
from the healthy control group.

Figure 3. miR-372 as a potential biomarker for UC. (A) ROC analysis of 
serum miR-372. Comparison was performed across serum samples from 
healthy controls and patients with UC. (B) ROC analysis of miR‑372 from 
tissue samples. Comparison was performed using tissue samples from healthy 
controls and colonic mucosa tissue samples from patients with UC. UC, 
uncreative colitis; miR, microRNA; ROC, receiver operating characteristic.

Figure 2. miR-372 is increased in UC. The mRNA expression level of 
miR-372 was determined by reverse transcription-quantitative polymerase 
chain reaction using colonic mucosa tissue samples from patients with UC. 
**P<0.01 vs. control. UC, uncreative colitis; miR, microRNA. 
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NLRP12 is a novel target gene of miR‑372. To investigate 
miR-372 and its involvement in the progression of UC, 
TargetScan was used to identify potential targets of miR-372. 
TargetScan identified a conserved miR‑372 binding site in 

the 3'UTR of NLRP12 (Fig. 4A), which was previously 
suggested to attenuate the progression of UC. The dual 
luciferase assay demonstrated that miR-372 overexpres-
sion significantly suppressed the relative luciferase activity 

Figure 4. NLRP12 is a novel target gene of miR‑372. (A) Bioinformatics analysis was used to identify a conserved miR‑372 binding site in NLRP12. The 
structure represents the 3'UTR region of NLPR12 and possible binding bases between miR‑372 and the 3'UTR of NLPR12. (B) miR‑372 mimic and pmirGLO 
or pmirPLO-NLRP12-3'UTR were transiently transfected into 293T cells, respectively, and the relative luciferase activity of pmirGLO-NLRP12-3'UTR was 
measured relative to control. miR-372 mimic and miR-NC were transiently transfected into HT-29 cells, respectively. (C) The mRNA expression level of 
miR-372 was detected by RT-qPCR. (D) The protein expression level of NLRP12 was determined by western blotting. miR-372 inhibitor and miR-NC were 
transiently transfected into HT-29 cells, respectively. (E) The mRNA expression level of miR-372 was detected by RT-qPCR. (F) The protein expression level 
of NLRP12 was determined by western blotting. **P<0.01 and ***P<0.001 vs. control. NLRP12, NLR family pyrin domain containing 12; HT‑29, human colon 
cancer cell line; miR‑NC, HT‑29 cells transfected with scramble miR; miR‑372 mimic, HT‑29 cells transfected with miR‑372 mimic; miR‑NC, HT‑29 cells 
transfected with miR‑NC; miR‑372 inhibitor, HT‑29 cells transfected with miR‑372 inhibitor; miR‑372 + pmirGLO, 293T cells co‑transfected with miR‑372 
mimic and pmirGLO; miR‑372 + pmirGLO‑NLRP12‑3'UTR, 293T cells co‑transfected with miR‑372 mimic and pmirGLO‑NLRP12‑3'UTR; RT‑qPCR, 
reverse transcription‑quantitative polymerase chain reaction; miR, microRNA.
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of pmirGLO-NLRP12-3'UTR compared with control 
pmirGLO (P<0.001; Fig. 4B). The effect of miR‑153 on 
RUNX2 expression was examined in human colon cancer 
cell line HT-29 following transfection with either miR-372 
mimic or miR-NC. The mRNA expression level of miR-372 
significantly increased in human colon cancer cells trans-
fected with miR‑372 mimic compared with NC (P<0.001; 
Fig. 4C). Overexpression of miR‑372 significantly decreased 
the protein expression level of NLRP12 (P<0.01; Fig. 4D). To 
further understand the effect of miR-372, HT-29 cells were 
transfected with either miR-372 inhibitor or miR-NC. The 
mRNA expression level of miR‑372 significantly decreased 
in human colon cancer cells transfected with miR-372 inhib-
itor compared with NC (P<0.001; Fig. 4E). Knockdown of 
miR‑372 significantly increased the protein expression level 
of NLRP12 (P<0.01; Fig. 4F).

Discussion

High sensitivity CRP is a common non‑specific marker of inflam-
mation that can be elevated in patients with active IBD (20,21). 
However, CRP can be challenging to use as a biomarker due to 
its low specificity and high expression heterogeneity (22,23). It is 
difficult to screen and monitor the progression of UC and therefore 
necessary to invest the use of other novel noninvasive biomarkers 
for patients with UC (24). Increasing evidence suggests that miRs 
are involved in the progression of a number of diseases, which 
include cancer and inflammatory diseases (25,26).

The present study demonstrated that levels of miR-372 were 
significantly increased in the peripheral blood and colonic 
mucosa tissue samples from patients with UC, compared with 
healthy controls. Furthermore, the level of miR-372 in circula-
tion was positively correlated with serum CRP levels. ROC 
analysis demonstrated that levels of miR-372 detected in both 
peripheral blood and colonic mucosa tissue samples could be 
used to screen for patients with UC from healthy controls. 
These results demonstrated a potential role of miR-372 as a 
diagnostic marker and therapeutic target for patients with UC.

The abnormal activation of inflammatory responses is 
a hallmark of UC (27,28). The nucleotide-binding domain 
leucine-rich repeat proteins are important regulators of 
inflammatory and innate immune response, exerting pro‑ or 
anti‑inflammatory functions in the development and progres-
sion of UC (29,30). Studies have revealed that NLRP12 
negatively regulates inflammatory signaling by suppressing 
both canonical and non-canonical NF-κB signaling pathways, 
as well as regulating gut microbial communities (31-33). 
IBD‑profiling studies indicated that NLRP12 expression is 
negatively correlated with active UC (33,34). Furthermore, 
an imbalance in the intestinal microbiota, or dysbiosis serves 
a key role in IBD pathogenesis (35‑37). There is a complex 
cause-effect association between intestinal microbial diversity 
and human disease (38). In human metabolic and inflamma-
tory disorders including IBD, a reduction in gut microbiome 
richness and diversity can be used as a biomarker for 
disease (39,40). A recent study demonstrated that NLRP12 
attenuates excessive inflammatory cytokine production to 
limit intestinal inflammation by maintaining colonic micro-
bial diversity and promoting protective commensal bacterial 
growth (33).

The current study identified NLRP12 as a novel target 
gene of miR-372. Dual luciferase assay demonstrated that 
overexpression of miR‑372 significantly reduced the relative 
luciferase activity of pmirGLO-NLRP12-3'UTR compared 
with control pmirGLO. In addition, western blot analysis indi-
cated that overexpression of miR‑372 significantly decreased 
the protein expression level of NLRP12. Therefore, it was 
hypothesized that miR-372 may promote the progression of 
UC by suppressing NLRP12 expression, thereby inducing the 
production of excessive inflammatory cytokines.

In conclusion, the current study demonstrated that levels 
of miR‑372 detected in peripheral blood were significantly 
increased in patients with UC compared with healthy 
controls. Furthermore, circulating miR-372 was positively 
correlated with serum CRP levels. High levels of miR-372 
detected in peripheral blood samples may serve as a potential 
biomarker to screen patients with UC from healthy control 
patients.
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