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Abstract: Objective: While it’s widely accepted that the etiology of ulcerative colitis (UC) involves both genetic and 
environmental factors, the pathogenesis of ulcerative colitis is still poorly understood. Intestinal epithelial apoptosis 
is one of the most common histopathological changes of UC and the expression of a number of apoptosis genes 
may contribute to the progression of UC. MicroRNAs have recently emerged as powerful regulators of diverse cel-
lular processes and have been shown to be involved in many immune-mediated disorders such as psoriasis, rheu-
matoid arthritis, lupus, and asthma. A unique microRNA expression profile has been identified in UC, suggesting 
that, microRNAs play an important role in the pathogenesis of UC. We investigated the role of miR-29a in intestinal 
epithelial apoptosis in UC. Methods: The expression of miR-29a and Mcl-1, an anti-apoptotic BCL-2 family member, 
was evaluated in both UC patients and UC mice model induced by dextran sodium sulfate (DSS). The apoptosis rate 
of intestinal epithelial cells was also evaluated. Results: In UC patients and DSS-induced UC in mice, the expression 
of miR-29a and Mcl-1, were up-regulated and down-regulated, respectively. We identified a miR-29a binding site (7 
nucleotides) on the 3’UTR of mcl-1 and mutation in this binding site on the 3’UTR of mcl-1 led to mis-match between 
miR-29a and mcl-1. Knockout of Mcl-1 caused apoptosis of the colonic epithelial HT29 cells. In addition, miR-29a 
regulated intestinal epithelial apoptosis by down-regulating the expression of Mcl-1. Conclusion: miR-29a is involved 
in the pathogenesis of UC by regulating intestinal epithelial apoptosis via Mcl-1. 
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Introduction

Ulcerative colitis (UC), one of the two major 
forms of inflammatory bowel disease (IBD), is 
characterized by relapsing inflammation of the 
large bowel [1]. Clinical manifestations include 
rectal bleeding and diarrhea during periods of 
exacerbation [2]. UC represents an important 
public health problem, as it tends to afflict 
young people. Epidemiological studies demon-
strated that the incidence and prevalence of 
UC are increasing around the world, indicating 
its emergence as a global disease [3, 4]. It was 
proposed that, UC develops in a genetically pre-
disposed host as a consequence of dis-regulat-
ed immune response to environmental, in par-
ticular, enteric antigens, resulting in continuous 
immune mediated inflammation. 

While the pathogenesis of UC is still unclear, 
numerous studies support that UC occurs with 

aberrant and exaggerated immune response 
[1, 2, 5] in genetically susceptible individuals 
[6]. A number of studies have suggested the 
role of apoptosis in the intestinal epithelial 
cells, caused by increased cytokine production, 
such as TNF, IL, and interferon family members 
[7]. Increased apoptosis of intestinal epithelial 
cells has been detected at the acute inflamma-
tory sites in UC [8, 9]. Induction of apoptosis of 
intestinal epithelial cells has also been 
described in a number of studies using murine 
colitis models [10-12]. Apoptosis can disrupt 
intestinal mucosal integrity and barrier function 
eventually leading to inflammation. Anti-TNF 
therapies for treating IBD patients were found 
to inhibit apoptosis of intestinal epithelial cells 
[13, 14]. However, the molecular basis of apop-
tosis of intestinal epithelial cells in response to 
intestinal inflammation remains poorly under-
stood. In addition, it has been suggested that 
the epithelial cell apoptosis rate is primarily 
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influenced by local inflammatory response and 
is the consequence of UC rather than the cause 
of UC [15]. 

MicroRNAs are a class of small, single-strand-
ed non-coding RNAs that regulate gene expres-
sion by mediating mRNA cleavage, repressing 
mRNA translation, or causing mRNA destabili-
zation [16]. They are approximately 20-22 
nucleotide RNA sequences that bind to comple-
mentary sequences in the 3’ UTR of multiple 
target mRNAs, usually resulting in their silenc-
ing. MicroRNAs, which are abundantly present 
in human cells, target ~60% of all genes. Most 
of the miRNAs have multiple target genes and 
can often repress hundreds of target genes 
expression.

MicroRNAs play crucial roles in various biologi-
cal processes including cellular proliferation 
and differentiation, development and apopto-
sis [17, 18]. Understanding the function of mic- 
roRNA provides new insights into the pathogen-
esis of many human diseases including cancer, 
diabetes, infectious diseases, and autoimmune 
diseases. 

The mammalian inflammatory response is a 
rapid and complex physiological reaction to 
noxious stimuli including microbial pathogens. 
Although inflammation plays a valuable role in 
combating infection, its dysregulation often 
occurs in people and can cause a variety of 
pathologies, ranging from chronic inflammation, 
to autoimmunity, to cancer. In recent years, our 
understanding of both the cellular and mole- 
cular networks that regulate inflammation has 
improved dramatically. Although much of the 
focus has been on the study of protein regu- 
lators of inflammation, recent evidence also 
points to a critical role for microRNAs, in 
managing certain features of the inflammatory 
process. Unique miRNA expression profiles 
have recently been reported in intestinal epi-
thelial cells of patients with UC and the results 
suggested that miRNAs may play a central role 
in the pathogenesis of UC [19]. Among these 
miRNAs, our previous study demonstrated that 
miR-29a contributed to the development of UC 
by regulating TNF-α [20]. 

Myeloid cell leukemia 1 (Mcl-1), an anti-apop-
totic BCL-2 family member localized to the mito-
chondrial membrane, is essential for the sur-
vival of multiple cell lineages, and is character-
ized as the most highly amplified genes in can-
cer [21-23]. Studies demonstrated that Mcl-1 

play a central role in determining the cell fate of 
cancer. Whether Mcl-1 is involved in the apop-
tosis and inflammation in UC is unknown. 
Recently, several observation suggest miR-29b 
regulates Mcl-1 expression. Mott et al. reported 
that mir-29b regulates Mcl-1 protein expression 
and apoptosis in H69 cells. The isoform of miR-
29a and miR-29b share the first 9 nucleotides 
with minor divergence thereafter, it is suggest-
ed potentially target Mcl-1 [24]. In this study, we 
first measured the expression of Mcl-1 in UC 
patients and mice induced by DSS. In addition, 
we also investigated the possible role of miRNA, 
especially miR-29a in regulating Mcl-1 and its 
involvement in apoptosis and pathogenesis of 
UC. 

Materials and methods

Ethics statement

All experiments involving human participants 
have been approved by the Medical Research 
Ethics Committee of the First Affiliated Hospital 
of Guangzhou University of Chinese Medicine, 
and conducted according to the principles 
expressed in the Declaration of Helsinki. All 
participants involved in the study signed the 
informed consent forms and all animal experi-
ments were conducted according to relevant 
national and international guidelines. This proj-
ect was approved by the Medical Research 
Animal Ethics Committee of Guangzhou Uni- 
versity of Chinese Medicine. 

Human colon tissue collection and cell culture

Human colon tissue specimens from 10 normal 
volunteer donors (6 men and 4 women; mean 
age 32.4 years, range 21-48 years; have no 
previous history of chronic autoimmune diseas-
es such as multiple sclerosis, autoimmune 
encephalitis, diabetes mellitus, systemic lupus 
erythematosus, rheumatoid arthritis, ankylos-
ing spondylitis and asthma and no family histo-
ry of cancer) and 24 patients (15 men and 9 
women; mean age 36.5 years; range 19-51 
years; inflammation grading: 9 mild and 15 
moderate; clinical disease activity:19 initial 
onset and 5 recurrent; duration of disease: 
range from 0.1 to 12 years, mean 1.27 years; 
medical treatment: 18 treated with mesala-
mine, 2 with steroid and 4 with herbal medi-
cine) with active UC were obtained from the 
First Affiliated Hospital of Guangzhou University 
of Chinese Medicine. Under endoscopic biopsy, 
tissue specimens were snap-frozen shortly 
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after taken from flared sigmoid in UC patients 
and corresponding site in controls. For later his-
tological research, specimens were sectioned 
into 5-10 mm thickness. Human intestinal epi-
thelial HT29 cells (American Type Culture 
Collection, Rockville, MD, USA) were cultured in 
DMEM supplemented with 10% fetal bovine 
serum, penicillin, and streptomycin in a 5% CO2 
incubator.

Induction of colitis in mice 

Six- to 8-week-old male C57BL/6J mice were 
fed in the standard laboratory in an air-condi-
tioned room equipped with a 12-hour light/12-
hour dark cycle. For active colitis group, mice 
were orally administered of with 3.5% DSS (MP 
Biomedicals, CA, USA) in drinking water for up 
to 12-19 days. Control mice were administered 
with normal sterilized water. Data of body 
weight and pathological features were collect-
ed each day before and after the treatment of 
DSS. Body weight, stool consistency (scores: 0, 
normal stools; 1, soft stools; 2, liquid stools), 
hemoccult positivity and presence of gross 
blood (scores: 0, negative fecal occult blood; 1, 
positive fecal occult blood; 2, visible rectal 
bleeding) were assessed daily. After induction 
of colitis, mice were then scarified, the cecum 

was removed, and remained colon was divided 
into two distal halves. Tissues were frozen for 
further Western blot analysis and were fixed in 
10% buffered formalin for immunohistoche- 
mistry.

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

Total RNA was isolated from tissue samples 
with Trizol (Invitrogen Life Technologies, Car- 
lsbad, CA, USA) according to the manufactur-
er’s instructions. RNA was reverse-transcribed 
by ReverTra Ace qPCR RT Kit (Toyobo Bio- 
chemicals, Osaka, Japan) according to the 
manufacturer’s protocol. For mcl-1 detection, 
total RNA was reversely transcribed into cDNA 
using RNA reverse transcription kits. Sequence-
specific primers for U6 and miR-29a were pur-
chased from company. (Bulge-LoopTM hsa-
miR-29a-3p qRT-PCR Primer Set, Ruibo). 
Specific primers for Mcl-1 and GAPDH mRNA 
amplification were as follows, Mcl-F 5’-TC- 
AAAGATGGCGTAACAAACTGG-3’, Mcl-R 5’-CCC- 
GTTTCGTCCTTACAAGAAC-3’, GAPDH-F 5’-AGG- 
TCGGTGTGAACGGATTTG-3’, 5’-GAPDH-R TGTA- 
GACCATGTAGTTGAGGTCA-3’. Real-time PCR 
was performed with SsoFast EvaGreen Super- 
mix Kit (Bio-Rad) on a Bio-Rad Q5 instrument 
(Bio-Rad Laboratories, Hercules, CA) using the 
SYBR Green detection protocol as outlined by 
the manufacturer. Briefly, the amplification mix-
ture consisted of 0.4 μM primers, 10 μl of 
SsoFast EvaGreen supermix (Bio-Rad), and 2 μl 
template DNA in a total volume of 20 μl. 
Samples were amplified with the following pro-
gram: initial denaturation at 98°C for 2 min, fol-
lowed by 40 cycles of denaturation for 5 s at 
98°C  and annealing/elongation for 30 s at 
57°C. All PCRs were run in triplicate, and con-
trol reactions without template were included.

Western blot

Tissue lysates were separated using SDS-PAGE 
and electrophoretically transferred to a polyvi-
nylidene difluoride membrane. Membranes 
were blocked in Tris-buffered saline with 5% 
milk and 0.05% Tween 20 and probed with pri-
mary antibodies at 4°C overnight. The following 
primary antibodies: anti-Mcl-1, anti-GAPDH and 
anti-caspase-3 [all from Santa Cruz 
Biotechnology, CA, USA]; and corresponding 
appropriate horseradish peroxidase-conjugat-
ed secondary antibodies (Jackson Immuno- 
Research, West Grove, PA, USA) were used for 
detection with the ECL and ECL-plus systems 
(Forevergen Biosciences, Guangzhou, China).

Figure 1. Down-regulation of Mcl-1 in human co-
lon tissues with ulcerative colitis. A. Immunohisto-
chemical staining of Mcl-1 in human colon tissues. 
Compared to normal human colon tissues, Mcl-1 
expression was significantly decreased in human 
colon tissues with ulcerative colitis. B. Western blot 
analysis of Mcl-1 in human colon tissues. Compared 
to normal human colon tissues (C1, C2, C3 and C4), 
Mcl-1 expression was significantly decreased in hu-
man colon tissues with ulcerative colitis (UC1, UC2, 
UC3, and UC4).
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Immunohistochemistry

Frozen colon tissue sections were fixed on 
glass slides by incubating in acetone for 10 min 
at 4°C. The slides were incubated with 3% H2O2 
for 20 min at room temperature and indirectly 
immunolabeled using an ABC kit (Forevergen 

Biosciences) according to the manufacturer’s 
instructions. Slides were then blocked in don-
key serum for 30 min at 37°C  and incubated 
with a goat anti-mouse and anti-Mcl-1 (Santa 
Cruz Biotechnology) at 4°C  overnight. For the 
negative controls, the primary antibody was 
replaced with phosphate buffered saline (PBS). 

Figure 2. Down-regulation of Mcl-1 in mice with DSS-induced experimental colitis. A. Histopathological changes 
in colon tissues of mice with DSS-induced colitis. Compared to the normal colon tissues, the epithelial structure 
of the colon tissues of mice with DSS-induced colitis was destroyed and a large number of lymphocytic infiltration 
was observed in the mucosa and submucosa. The disease activity index (DAI) was significantly higher in mice with 
DSS-induced colitis than in the control animals (right). B. The expression levels of mcl-1 in each group. The expres-
sion of mcl-1 protein was significantly decreased in mice with DSS-induced colitis compared to the control animals. 
Western blot analyses of band intensity from three independent experiments are presented as the relative ratio of 
mcl-1 to β-actin. **P < 0.01 vs. control. C. RT-qPCR analysis of the relative expression of miR-29a in the control and 
DSS group. U6 served as an internal control. **P < 0.01 vs. control.
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This was followed by incubation with biotinylat-
ed anti-mouse or anti-human IgG in PBS for 2 h 
at room temperature. Sections were rinsed in 
PBS and then in distilled water. The slides were 
stained with 3,3’-diaminobenzidine and coun-
terstained with hematoxylin.

Knockdown of Mcl-1 through small interfering 
RNA (siRNA)

Cells were plated at a density of 1.5 × 105 
cells/well in 12-well plates 24 h before the first 
transfection. siRNA sequences targeting the 
human c-Myb cDNA were designed and synthe-
sized by forevergen biosciences (Guangzhou, 
China). A scrambled siRNA that could not target 
human Mcl-1 cDNA was included as a negative 
control. siRNA sequences were as follows: 
Scramble: 5’-UGGUUUACAUGUCGACUAA-3’; si-
Mcl-1-1: 5’-TCCAAGGCATGCTTCGGAA-3’; si-
Mcl-1-2: 5’-CCAAGGCATGCTTCGGAAA-3’; siRNA 
was transfected into HT29 cells using Lipofec- 
tamine 2000 (Invitrogen, CA, USA) according to 
the manufacturer’s instructions.

Apoptosis assays

HT29 cells were cultured in 12-wells plates and 
transfected with 100 pmol miR-29a precursors 

or siRNA of Mcl-1. Pre-miRNA control and 
scramble siRNA served as negative controls. 
Cells were cultured overnight with both serum-
containing complete medium and serum-
depleted medium; the attached cells and float-
ing cells were then harvested. Flow cytometry 
analysis of apoptotic cells was carried out using 
an Annexin V-FITC/PI staining kit (BD Bio- 
sciences, CA, USA). After washing with cold 
PBS, the cells were resuspended in binding 
buffer (100 mM HEPES, pH 7.4, 100 mM NaCl, 
and 25 mM CaCl2), followed by staining with 
AnnexinV-FITC/PI at RT in darkness for 15 min. 
Apoptotic cells were then evaluated by gating PI 
and Annexin V positive cells on a FACSCalibur 
(BD, New Jersey, USA). All experiments were 
performed in triplicate.

Evaluation of UC severity based on the disease 
activity index (DAI) score

The DAI score that was first described by Murthy 
et al. has been widely used to evaluate the 
severity of UC in animal models [25]. Briefly, an 
investigator complying the protocol recorded 
and scored the changes in weight, hemoccult 
positivity or gross bleeding, and stool consis-
tency according to the previous report. The DAI 

Figure 3. Knockdown of Mcl-1 induced colonic epithelial HT29 cell apoptosis. A. The mcl-1gene was knocked down 
via small interfering RNA (siRN A). Based on RT-PCR assay, in the two mutants (si-MCL-1-1 and si-MCL-1-2) with 
mcl-1knockdown, the mcl-1 mRNA level is significantly lower than wild-type HT29 cells (lower panel). The level of 
Mcl-1 protein in the mutants with mcl-1knockdown was significantly lower than wild-type HT29 cells (upper panel) 
and the level of apoptosis protein Caspase-3 was significantly higher in the mutants with mcl-1knockdown than 
wild-type HT29 cells based on Western blot analysis (upper panel). B. The apoptosis rate in the mutants with mcl-
1knockdown was significantly higher than wild-type HT29 cells. Data are expressed as the means ± SD (n = 3). *P 
< 0.05 vs. scramble (serum).
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score was a combination of scores of all these 
parameters mentioned.

Statistical analysis

All images of western blots and immunohisto-
chemistry are representative of at least three 
independent experiments. The data shown are 
presented as the mean ± standard derivation 
for at least three independent experiments. 
The groups were compared using Student’s 

t-test with control values. The statistical signifi-
cance is indicated as follows: *P < 0.05; **P < 
0.01.

Results

Down-regulation of Mcl-1 in human colon tis-
sues with ulcerative colitis 

It has been confirmed that Mcl-1, a Bcl-2 family 
member, plays a critical role in the pathogene-

Figure 4. Up-regulated miR-29a in DSS-induced mice experimental colitis regulates Mcl-1. (A) Predicted duplex for-
mation between human and mouse mcl-1 3’UTR (has-Mcl-1 3’UTR and mmu-Mcl-1 3’UTR, respectively) and human 
and mouse miR-29a (has-miR-29a-3p and mmu-miR-29a-3p, respectively). Vertical lines represent complementary 
matches between miR-29a and mcl-1 3’UTR. Point mutation (5th G -> C) on the binding site of human and mouse 
mcl-1 with miR-29a was introduced. Mutants (mut-has-Mcl-1 3’UTR and mut-mmu-Mcl-1 3’UTR) were transfected 
into colonic epithelial HT29 cells and the luciferase activity of reporter genes were measured and compared with 
negative control and positive control (UTR-wt). (B) The miR-29a level in mice with DSS-induced experimental colitis 
was significantly higher than in control animals. *P < 0.05 vs. control 1 (C). In colonic epithelial HT29 cells, muta-
tion on the 3’UTR miR-29a binding site of mcl-1 caused significant up-regulation of the expression of reporter gene. 
When HT29 cells were co-transfected with 3’UTR binding site mutants of mcl-1 and miR-29a plasmid, the luciferase 
activity of reporter genes increased significantly. Data are expressed as the means ± SD (n = 3). *P < 0.05 vs. 
control.
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sis of many cancers by regulating apoptosis. 
Abnormal apoptosis of the intestinal epithelial 
cells has been observed at the acute inflamma-
tory sites in UC as well as in colitis animal mod-
els. Thus, we measured the expression of Mcl-1 
in normal human colon tissues and colon tis-
sues with active UC. Based on immunohisto-
chemistry assay using Mcl-1 antibody, we 
observed that damaged structure, inflammatory 
cell infiltration, and reduced expression of 
Mcl-1 in the colon tissue of UC patients (Figure 
1). Western blot was used to further confirm 
the decrease in Mcl-1 expression. As shown in 
Figure 1, four tissues with UC showed lower 
level of Mcl-1 expression compared to the four 
normal tissues, with GAPDH as loading con-
trols. These data suggest that the expression 
of Mcl-1 is significantly decreased in human 
colon UC, which may cause the apoptosis in 
human colon tissues with ulcerative colitis.

Down-regulation of Mcl-1 in the DSS-induced 
mice experimental colitis

Next, we examined the expression of Mcl-1 in 
DSS-induced mice colitis. We found that DSS 
administration resulted in a significantly redu- 
ced expression of Mcl-1 with obvious unstruc-
tured colonic epithelia (Figure 2). We performed 
both quantitative real-time PCR and Western 

blot to detect the expression of mRNA and pro-
tein of Mcl-1 in DSS-induced mice colitis. Our 
results showed that both the expression of 
mRNA and protein of Mcl-1 in DSS-induced 
mice colitis was significantly down-regulated 
compared to the normal tissues (Figure 2). 
These results were consistent with the obser-
vations of down-regulation of Mcl-1 in human 
colon tissue with ulcerative colitis as men-
tioned above.

Knockdown of Mcl-1 induced colonic epithelial 
HT29 cell apoptosis

Apoptosis is a complex biological activity in 
which many factors and molecules are involved. 
To further understand the role of Mcl-1 in the 
apoptosis of intestinal epithelial cells, we ana-
lyzed the apoptosis of colonic epithelial HT29 
cell line with Mcl-1 knockdown of through small 
interfering RNA (siRNA). Based on Western blot, 
the expression of Mcl-1 in colonic epithelial 
HT29 cells with Mcl-1 knockdown was dramati-
cally reduced compared to normal HT29 cells, 
suggesting that Mcl-1 was successfully inhibit-
ed by small interfering RNA (Figure 3). Based 
on flow cytometric analysis of apoptotic cells, 
we found that the apoptotic cells in colonic epi-
thelial HT29 cells with Mcl-1 knockdown was 
significantly higher than the control cells with-

Figure 5. miR-29a induced colonic epithelial HT29 cell apoptosis by down-regulating Mcl-1. A. miR-29a down-regu-
lated mcl-1 in colonic epithelial HT29 cells but the expression of apoptosis protein Caspase-3 was increased based 
on Western blot analysis. GAPDH was loaded as internal control. B. The apoptosis rate of HT29 cells was significantly 
higher with the transfection of miR-19a plasmid. Data are expressed as the means ± SD (n = 3). *P < 0.05 vs. HT29 
cells supplemented with serum (-).
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out Mcl-1 knockdown. These results indicated 
that Mcl-1 inhibited the apoptosis of colonic 
epithelial HT29 cells. Taken together with the 
observations that Mcl-1 is down-regulated in 
human colon tissues with ulcerative colitis and 
in the DSS-induced mice experimental colitis, 
Mcl-1 is involved in the pathogenesis of UC by 
inhibiting apoptosis of intestinal epithelial cells. 
Based on these observations, we further 
explored the role of miRNA, miR-29a in the reg-
ulation of Mcl-1 in UC.

Up-regulation of miR-29a in DSS-induced mice 
experimental colitis and regulations of Mcl-1

Until now, there was no study illustrating the 
role of miR-29a in UC, hence we measured the 
expression level of miR-29a in the colon tissues 
of mice with DSS-induced colitis using 
quantified real-time PCR. As showed in Figure 
4B, the expression of miR-29a was significantly 
increased in the colon tissues of mice with 
DSS-induced colitis (P < 0.05) compared to the 
controls. Whether miR-29a regulates the func-
tion of Mcl-1 and is involved in apoptosis of the 
intestinal epithelial cells are still unclear. The 
regulated genes of miRNA typically have 
sequence matches with miRNA at 3’-UTR that 
bind to and be regulated by miRNA. TargetScan 
and MicroCosm programs were used to search 
for potential sequence matches between miR-
29a and Mcl-1. As shown in Figure 4A, both 
human and mouse miR-29a shared perfect 
sequence matches of seven nucleotides with 
the 3’-UTR of human and mouse Mcl-1.

The interaction between miR-29a and Mcl-1 
was further investigated in colonic epithelial 
HT29 cells. We first constructed a luciferase 
reporter plasmid (UTR-WT) containing the 
human Mcl-1 3’-UTR region and a mutant plas-
mid (UTR-mut) containing the same region but 
with a SNP at the miR-29a complementary 
sequence. The UTR-WT and UTR-mut plasmids 
were transfected into colonic epithelial HT29 
cells, measured the relative luciferase activi-
ties, respectively, and compared with the rela-
tive luciferase activities when miR-29a was co-
transfected with either UTR-WT or UTR-mut 
plasmid. We found that miR-29a transfection 
can suppress the luciferase signal of UTR-WT, 
but not the UTR-mut with mutation at the com-
plementary sequence to miR-29a (Figure 4C). 
These results suggest that miR-29a can direct-
ly regulate Mcl-1 expression in colonic epitheli-

al HT29 cells. Similar results were observed 
when mouse miR-29a and mouse Mcl-1 were 
used (Figure 4C).

miR-29a induced apoptosis of colonic epithe-
lial HT29 cell by down-regulating Mcl-1

To further investigate the interaction of miR-
29a and Mcl-1 and the role of miR-29a in intes-
tinal epithelial apoptosis, miR-29a plasmid was 
transfected into colonic epithelial HT29 cell 
and the level of mcl-1 and apoptosis gene 
Caspase-3 mRNA was measured using RT-PCR. 
As shown in Figure 5A, the level of mcl-1 and 
apoptosis gene Caspase-3 mRNA was signifi-
cantly reduced and increased, respectively by 
miR-29a, suggesting that miR-29a inhibited 
Mcl-1 and activated Caspase-3 in HT29 cells. 
In addition, the apoptosis of HT29 cells 
increased significantly with the transfection of 
miR-29a plasmid (Figure 5B). Taken together, 
these results demonstrated that miR-29a 
induced apoptosis by down-regulating Mcl-1 
and activating Caspase-3. 

Discussion

Aberrant expression of miRNAs is frequently 
associated with the initiation and progression 
of many cancers as well as the pathogenesis of 
inflammation-related diseases [18, 25]. Incr- 
easing evidence supports that miRNAs were 
differentially expressed and were involved in 
the pathogenesis of UC [18, 19, 26-28]. Koukos 
et al. have observed that the level of miR-124 
decreased in colon tissues of children with 
active UC and reduced miR-124 up-regulated 
the activity of STAT3 to promote inflammation 
and the pathogenesis of UC in children [27].

In this study, we found that miR-29a, a member 
of the miRNA-29 family, was highly expressed 
in colon tissues of UC patients and mice with 
DSS-induced experimental colitis. The miRNA-
29 family miRNAs, including miR-29a, miR-29b 
and miR-29c, were recently reported to be 
aberrantly expressed in multiple cancers. 
Increasing evidence shows that the abnormal 
expression of miR-29 family is associated with 
tumorigenesis and cancer progression, making 
miR-29a well-analyzed group of miRNAs in can-
cer research [29, 30]. Cushing et al. also 
showed that miR-29 is a major regulator of 
genes associated with pulmonary fibrosis [31]. 
Wei et al. demonstrated that miR-29 targets 
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Akt3 to reduce proliferation and facilitate dif-
ferentiation of myoblasts in skeletal muscle 
development [32].

A few studies investigated the role of miR-29a 
in UC and related diseases. Wu et al. found that 
three miRNAs including miR-192, miR-375, and 
miR-422b were down-regulated; and 8 miRNAs 
including miR-16, miR-21, miR-23a, miR-24, 
miR-29a, miR-126, miR-195, and Let-7f were 
significantly up-regulated in active UC tissues 
as compared with healthy control tissues [19]. 
Our observation of increased expression of 
miR-29a in colon tissues in UC patients and 
mice of DSS-induced experimental colitis was 
consistent with the results conducted by Wu et 
al [19]. In addition, we further investigated the 
role of increased expression of miR-29a in 
intestinal epithelial apoptosis and the interac-
tion between miR-29a and Mcl-1. 

The mechanism of miRNAs involved in the 
pathogenesis of UC was largely unknown. Zhou 
et al. have observed that the expression of miR-
29a was increased in the colon tissues of irri-
table bowel syndrome (IBS) patients with 
increased intestinal membrane permeability, 
which may be caused by the regulated expres-
sion of GLUL gene by miR-29a [33]. Here, we 
found that, miR-29a is also involved in the 
Mcl-1 pathway to control the apoptosis of intes-
tinal epithelial cells. Thus, miR-29a is involved 
in multiple pathways mediating the integrity 
and growth of intestinal epithelium. It has been 
shown that miRNA-29b regulated Mcl-1 protein 
expression and apoptosis in H69 cholangiocyte 
and malignant KMCH cholangiocarcinoma cell 
lines [24]. Our study further provided evidence 
that another member of the miRNA-29 family, 
miR-29a also regulated the expression of Mcl-1 
protein and apoptosis in colonic epithelial HT29 
cells.

Ulcerative colitis (UC) is an immune disorder of 
the large intestine, which is characterized by 
contiguous inflammation of the colonic lamina 
propria. It has been suggested that apoptosis 
promoted the development of UC, and was one 
of the major processes involved in the patho-
genesis of UC [15, 34]. Qiu et al. found that, 
p53-upregulated modulator of apoptosis 
(PUMA), a p53 target and proapoptotic BH3-
only protein, was involved in the pathogenesis 
of UC by promoting intestinal epithelial apopto-
sis [34]. Herein, we found that miR-29a promot-

ed intestinal epithelial apoptosis by down-regu-
lating Mcl-1. We speculated that the intestinal 
epithelial apoptosis in UC is controlled by mul-
tiple pathways including miR-29a/Mcl-1 and 
the PUMA pathways as previously identified. 
Whether these two pathways have cross-talks 
between each other and whether more path-
ways are involved in intestinal epithelial apop-
tosis in UC need to be further investigated.

While the etiology of UC is still unclear, some 
previous studies have suggested that genetic, 
immunological, and environmental factors are 
involved in the pathogenesis of UC. It has been 
proposed that UC is trigged by environmental 
factors in genetically susceptible individuals. 
Exaggerated and aberrant immune responses 
can be observed in the large intestine, in which 
distinct immune cells and cytokines such as 
TNF-α, IL-6, and IL-13, are involved [5, 35-37]. 

MiRNAs have been shown to be involved in a 
wide range of biological processes such as cell 
cycle control, apoptosis and cell differentiation. 
By regulating the cytokine expression, miRNAs 
are involved in inflammation and eventually, 
contributed to the pathogenesis of many 
inflammation-related diseases [26, 38, 39]. It 
has been reported that miR-29a regulated pro-
inflammatory cytokine secretion and scavenger 
receptor expression by targeting LPL in ox LDL-
stimulated dendritic cells [40]. We speculate 
that miR-29a regulate other molecules includ-
ing other cytokines and contribute to the patho-
genesis of UC. 

In summary, we found in the present study that 
miR-29a is highly expressed in the colon tis-
sues of UC patients and mice of DSS-induced 
experimental colitis. We also successfully dem-
onstrated that miR-29a targeted the 3’UTR of 
Mcl-1 gene and down-regulated the expression 
of Mcl-1 in the colon tissues of UC patients and 
mice of DSS-induced experimental colitis. In 
addition, we observed that knockdown of Mcl-1 
induced apoptosis of the colonic epithelial 
HT29 cells. Our studies suggest that Mcl-1 and 
miR-29a may be useful targets for effective 
treatment of UC. 
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