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Abstract. — OBJECTIVE: Ulcerative colitis
(UC) is an unexplained inflammatory disease
in bowel. Some studies reported that microR-
NA-19b (miR-19b) was closely related to cell in-
flammatory response. We aimed to explore the
molecular mechanism of miR-19b on lipopoly-
saccharide (LPS)-induced human intestinal cell
inflammatory injury.

MATERIALS AND METHODS: Caco2 cells were
treated with 10 ng/ml LPS to induce inflammato-
ry injury. The expression of miR-19b and runt-re-
lated transcription factor 3 (Runx3) was changed
in Caco2 cells by cell transfection. Then, the via-
bility, apoptosis and pro-inflammatory factors ex-
pressions of transfected cells were assessed us-
ing trypan blue exclusion assay, flow cytometry,
qRT-PCR, Western blotting and enzyme-linked
immunosorbent assay (ELISA), respectively, af-
ter LPS treatment. At last, the expressions of key
factors involved in nuclear factor kappa B (NF-
kB) and phosphatidylinositol 3-kinase/protein ki-
nase 3 (PIBK/AKT) pathways were evaluated us-
ing Western blotting.

RESULTS: LPS significantly induced Caco2
cell inflammatory injury, down-regulated miR-
19b expression and activated NF-kB and PI3K/
AKT pathways. Suppression of miR-19b en-
hanced the LPS-induced Caco2 cell inflammato-
ry injury, as well as NF-kB and PI3K/AKT path-
ways activation. Overexpression of miR-19b had
opposite effects. In addition, miR-19b regulated
the expression of Runx3 in Caco2 cells. Overex-
pression of Runx3 reversed the miR-19b knock-
down-induced Caco2 cell viability inhibition,
apoptosis enhancement, inflammatory factors
expressions and NF-kB and PI3K/AKT signaling
pathways activation.

CONCLUSIONS: Our study demonstrated that
miR-19b alleviated LPS-induced Caco2 cell in-

flammatory injury via up-regulation of Runx3
and deactivation of NF-kB and PI3K/AKT signal-
ing pathways.
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Introduction

Ulcerative colitis (UC) is a kind of idiopathic
inflammatory bowel disease (IBD) with unknown
reason'. UC lesions mainly confined on the mu-
cosa of the colon, manifested as inflammation or
ulcers, involving the rectum and distal colon, but
can be extended to the proximal, and even throu-
ghout the colon®. Its clinical features are mostly
persistent or repeated mucus bloody stool and
abdominal pain with varying degrees of systemic
symptoms®. At present, there is no any particu-
larly effective treatment method to cure UC. It is
mainly treated with drugs, such as mesalazine,
corticosteroids, and immunosuppressive drugs?,
and some patients would like to choose surgical
treatment®. At the same time, patients with UC
have an increasing risk of colorectal cancer’. Hen-
ce, it is urgently needed to study the mechanism
of inflammatory response in colon cells.

microRNAs (miRNAs) are a class of non-coding
RNA fragments encoded by endogenous genes with
an average length of 19-24 nucleotides®’. miRNAs
can lead to gene silencing by inhibiting the transla-
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tion process or degrading the target gene by comple-
mentarily binding to the target gene, thereby partici-
pating in gene transcription and post-transcriptional
expression regulation®. miRNAs have been arou-
sed more and more attention in recent years due to
their critical regulatory roles in hematological ma-
lignancies and lymphoma®'°. Furthermore, some
researches' " have confirmed that many miRNAs
are related to the development and progression of
various inflammatory diseases. By using bioinfor-
matics analysis, miRNA-19b (miR-19b) is predicted
to be a potential target for the regulation of inflam-
matory factors in immune-inflammatory diseases'*.
Evidence' has shown that miR-19b plays pivotal
roles in cell inflammatory response by regulating
the expression of toll-like receptor 2 (TLR2) and
releasing interleukin 6 (IL-6) and matrix metallo-
proteinases 3 (MMP3). Ashraf et al'® proved that
miR-19b regulated Japanese encephalitis virus (JE-
V)-induced inflammatory response in the Japanese
encephalitis. Ye et al'” revealed that miR-19b redu-
ced the airway remodeling, airway inflammation
and degree of oxidative stress in a mouse model of
asthma. However, the role of miR-19b in the regu-
lation of inflammatory injury in human colorectal
mucosa cells is still unclear.

Runt-related transcription factor 3 (Runx3) is
a transcription factor of runt-domain family'®. It
has been reported to regulate cell proliferation and
apoptosis in various cancers'®?. In recent years,
some investigations'®?!* revealed that Runx3 was
closely related to the inflammation of human disea-
ses. Therefore, Runx3 has an important function in
the immune regulation of inflammatory diseases.

This study aimed to investigate the molecular
mechanism of miR-19b on lipopolysaccharide
(LPS)-stimulated human colorectal mucosa cel-
Is, to provide a new theoretical basis for deeply
exploring the pathogenesis of UC.

Materials and Methods

Cell Culture and Treatment

Human colorectal Caco2 cells were obtained
from American Type Culture Collection (ATCC;
Manassas, VA, USA) and seeded in Dulbecco’s
Modified Eagle’s Medium (DMEM; Solarbio, Bei-
jing, China) supplemented with 25 mM N’-a-hy-
droxythylpiperazine-N’-ethanesulfanic acid (HE-
PES; Solarbio, Beijing, China), 15% fetal bovine
serum (FBS; Sijiqing, Hangzhou, China), 100 U/
ml penicillin, 100 pg/ml streptomycin, 0.25 mg/
ml amphotericin B (all from Sigma-Aldrich, St.

Louis, MO, USA). LPS (10 ng/ml, Solarbio, Bei-
jing, China) was used to stimulate Caco2 cells in
this research?. All cells were cultured at 37°C in
5% CO, atmosphere.

Cell Transfection

Cells were transfected with miR-19b mimic,
miR-19b inhibitor and the negative controls (NC)
(Biomics, Jiangsu, China), respectively. The
full-length Runx3 sequence was constructed into
pcDNA3.1 (GenePharma, Shanghai, China), whi-
ch was considered as pc-Runx3. According to the
manufacturer’s protocols, the Lipofectamine 3000
reagent (Invitrogen, Carlsbad, CA, USA) was used
for cell transfection. The stably transfected cel-
Is were selected by the culture medium including
0.5 mg/ml G418 (Sigma-Aldrich, St. Louis, MO,
USA). After approximately 4 weeks, G418-resi-
stant Caco2 cell lines were established and col-
lected directly for the following experiments.

Cell Viability Assay

Caco2 cells (1x10° /ml) were collected and
trypsinized by using 0.5 % trypsin (Thermo Fi-
sher Scientific, Waltham, MA, USA). The viable
cells in each group were calculated using cell
counting chamber under microscope (Leica, Wei-
tzlar, Germany).

Apoptosis Assay

Flow cytometry analysis was performed
to identify and quantify the apoptotic cells
post-transfection by using Annexin V-FITC/PI
Apoptosis Detection Kit (Beijing Biosea Biotech-
nology, Beijing, China). The cells were collected
from G418-resistant stably transfected cell lines.
The differentiation of apoptotic cells (Annexin-V
positive and Pl-negative) and necrotic cells (An-
nexin-V and PI-positive) were detected by flow
cytometry (Beckman Coulter, Coulter, CA, USA).

Enzyme-Linked Immunosorbent
Assay (ELISA)

Supernatant of culture medium was collected
from 24-well plates after relevant treatment or
transfection. The concentrations of interleukin 1
(IL-1) and tumor necrosis factor o (TNF-a) were
measured using ELISA kit (R&D Systems, Abin-
gdon, UK) following manufacturer’s instructions.

Quantitative Real-Time Polymerase Chain
Reaction (gRT-PCR)

The total RNA was extracted from transfected
cells by using TRIzol reagent (Life Technologies
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Corporation, Carlsbad, CA, USA) and treated
with 150 U/ml DNasel (Tiangen, Beijing, Chi-
na). For the expression level of IL-1, TNF-a and
Runx3 detection, 5 pg of total RNA were rever-
se transcribed by using mRNA Selective PCR
kit (TaKaRa, Dalian, China), and the One Step
SYBR PrimeScript™ PLUS RT-PCR Kit (Ta-
KaRa, Dalian, China) was used for the qRT-PCR
analysis. For miR-19b level detection, the TagMan
MicroRNA Reverse Transcription Kit (Applied
Biosystems, Foster City, CA, USA) was used to
synthetize cDNA from 5 pg of total RNA, and
gRT-PCR was performed by using the TagMan
Universal Master Mix II (Applied Biosystems,
Foster City, CA, USA). The expressions of U6 and
GAPDH were acted ag gndogenous controls. Data
were calculated by 2 method?.

Western Blot Assay

RIPA Lysis Buffer (Beyotime Biotechnolo-
gy, Shanghai, China) supplemented with prote-
ase inhibitors (Roche, Basel, Switzerland) and
BCA™ Protein Assay Kit (Plerce Biotechnology,
Waltham, MA, USA) were used to extract and
quantify the total proteins in cells, respectively.
Anti-GAPDH (G9545), anti-cleaved-caspase-9
(C7729), and anti-AKT (SAB4500797) were
purchased from Sigma-Aldrich (St. Louis, MO,
USA). Anti-Bcl-2 (ab59348), anti-Bax (ab53154),
anti-pro-caspase-3 (ab32150), anti-cleaved-caspa-
se-3 (ab13585), anti-pro-caspase-9 (abl135544),
anti-IL-1 (ab8320), anti-TNF-a (ab6671), anti-p65
(ab16502), anti-inhibitor of nuclear factor kappa
B (IxkBa) (ab5076), anti-p-IkBa (ab64813), anti-
phosphatidylinositol 3 kinase (PI3K) (ab86714),
and anti-p-P13K (ab182651) were purchased from
Abcam Biotechnology (Cambridge, MA, USA).
Anti-p-p65 (#3033) and anti-p-AKT (#4056) were
obtained from Cell Signaling Technology (Dan-
vers, MA, USA). Primary antibodies were prepa-
red in 1% blocking buffer (1:1,000) and incuba-
ted with the membrane at 4°C overnight, washed
and incubated with secondary antibody marked
by horseradish peroxidase (HRP) for 1 h at room
temperature. After rinsing, the polyvinylidene di-
fluoride (PVDF) membrane carried blots and an-
tibodies were transferred into the Bio-Rad Che-
miDoc™ XRS system, and then 200 pul Immobilon
Western chemiluminescent horseradish peroxi-
dase (HRP) substrate (Millipore, Billerica, MA,
USA) was added to cover the membrane surface.
The signals of proteins were captured and the in-
tensity of the bands was quantified using Image
Lab™ Software (Bio-Rad, Hercules, CA, USA).
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Statistical Analysis

The results from three repeated experiments
were estimated using SPSS 19.0 statistical softwa-
re (SPSS Inc., Chicago, IL, USA) and presented
as mean =+ standard deviation (SD). The p-values
were calculated using one-way analysis of varian-
ce (ANOVA) with Sidak post-hoc test. p < 0.05
was described as statistically significant result.

Results

LPS Induced Inflammatory Injury
in Caco-2 Cells

A research® has shown that LPS induces in-
flammatory injury in multiple cells. In our study,
we found that the viability of Caco2 cells was de-
creased in LPS treatment group (p < 0.05, Figure
1A), while apoptotic cells were increased signifi-
cantly (p <0.01, Figure 1B). The results of Western
blot analysis showed that the expression of Bcl-2
was down-regulated, and Bax, cleaved-caspase-3
and cleaved-caspase-9 expressions were up-regu-
lated in response to LPS exposure in Caco2 cells
(Figure 1C). Data in Figure 1D and 1E showed
that the expressions of inflammatory cytokines
IL-1 and TNF-a in Caco2 cells were overexpres-
sed at mRNA and protein levels in response to
LPS exposure (p < 0.05). Besides, ELISA assay
results showed that the concentrations of IL-1 and
TNF-a in culture supernatant of Caco2 cells were
also raised significantly in LPS group (p < 0.05,
Figure 1F and 1G).

Effects of miR-19b on LPS-Induced
Inflammatory Injury in Caco-2 Cells
gRT-PCR was performed to measure the expres-
sion of miR-19b in Caco2 cells after LPS treatment.
We found that the level of miR-19b was down-re-
gulated after LPS treatment (p < 0.05, Figure 2).
Then, we speculated that miR-19b might be
involved in the LPS-induced Caco2 cell in-
flammatory injury. To verify this hypothesis,
miR-19b mimic and miR-19b inhibitor were re-
spectively transfected into Caco2 cells to ove-
rexpress and silence miR-19b expression. Figure
3A showed that the expression of miR-19b was
notably up-regulated in miR-19b mimic tran-
sfection group and down-regulated in miR-19b
inhibitor transfection group (p < 0.01). Figure
3B and 3C presented that LPS-induced decrea-
se of cell viability and increase of cell apopto-
sis were both exacerbated by miR-19b silence,
and inhibited by miR-19b overexpression (p <
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Figure 1. LPS-induced inflammatory injury in Caco2 cells. (A-B) Viability and apoptosis of Caco2 cells after LPS treatment
were measured, respectively. (C) The expressions of apoptosis-related proteins in Caco2 cells after LPS treatment were de-
tected using Western blot analysis. (D-E) mRNA and protein levels of inflammatory cytokines IL-1 and TNF-a in Caco?2 cells
after LPS treatment were detected using qRT-PCR and Western blot analysis, respectively. (F) Concentrations of IL-1 and
TNF-a in culture supernatant of Caco?2 cells after LPS treatment were detected using ELISA. *p < 0.05, **p <0.01.

0.05 or p < 0.01). Western blot analysis showed
that LPS-induced down-regulation of Bcl-2, and
up-regulations of Bax, cleaved caspase-3 and
cleaved caspase-9 were further exacerbated by
silence miR-19b expression and alleviated by
miR-19b overexpression (Figure 3D). Further-
more, the effects of miR-19b on the production
of inflammatory cytokines were also examined.
According to the results of qRT-PCR, ELISA
and Western blot analysis, the level of IL-1 and
TNF-a were increased by miR-19b silence, and

were decreased by miR-19b overexpression after
LPS treatment (p < 0.05 or p < 0.01, Figure 3E-
3H). Summed up these results, we suggested
that miR-19b silence aggravated LPS-induced
inflammatory injury in Caco2 cells. On the con-
trary, miR-19b overexpression alleviated it.

miR-19b Deactivated NF-«xB and PI3K/

AKT Signaling Pathways in Caco2 Cells
Then, the regulatory effects of LPS and miR-19b

on NF-xB and PI3K/AKT signaling pathways in
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Caco? cells were investigated. Western blot results
suggested that LPS treatment up-regulated the pro-
tein levels of p-p65, p-IkBa, p-PI3K and p-AKT
in Caco2 cells. Silence of miR-19b enhanced the
effects of LPS and overexpression of miR-19b atte-
nuated the effects of LPS (Figure 4A and 4B).

miR-19b alleviated LPS-Induced
Inflammatory Injury in Caco2 Cells
by Up-Regulation of Runx3

By using qRT-PCR and Western blot analy-
sis, we found that Runx3 expression level was
down-regulated in miR-19b inhibitor transfection
group compared with NC group, but notably
up-regulated in miR-19b mimic transfection
group (p< 0.05, Figure 5A and 5B). This result re-
vealed that miR-19b could regulate the expression
of Runx3 in Caco?2 cells.

Then, we explored the effects of Runx3 ove-
rexpression on LPS-induced inflammatory injury
in Caco2 cells when miR-19b was silenced. Figu-
re 6A and 6B suggested that Runx3 expression
level was significantly up-regulated in pc-Runx3
group compared to pcDNA3.1 group (p < 0.01).
Next, we found that the decrease of cell viabi-
lity and increase of cell apoptosis induced by
LPS exposure combined with miR-19b silence
were both attenuated by addition of pc-Runx3
(p <0.05, Figure 6C and 6D). From Western blot
analysis, we also found that the addition of pc-
Runx3 mitigated LPS-stimulation and silence
miR-19b expression led to up-regulation of Bcl-2
and down-regulations of Bax, cleaved caspase-3
and cleaved caspase-9 (Figure 6E). In addition,
we also examined the effects of Runx3 on inflam-
matory cytokines when miR-19b was silenced and
LPS-stimulation. As shown in Figure 6F-61, the
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Figure 2. miR-19b was down-regulated in LPS-induced
Caco2 cells. Relative level of miR-19b in Caco2 cells after
LPS treatment was examined using qRT-PCR. *p < 0.05.

levels of IL-1 and TNF-a were raised in miR-19b
inhibitor+pcDNA3.1 group, and reduced in miR-
19b inhibitor+pc-Runx3 group after LPS treat-
ment (p < 0.05). These above results indicated
that miR-19b alleviated LPS-induced Caco?2 cell
inflammatory injury by up-regulation of Runx3.

miR-19b Regulated NF-xB and PI3K/AKT
Signaling Pathways in CacoZ2 Cells by
Modulating Runx3 Expression

Western blot analysis was conducted to analyze
the effects of Runx3 on NF-kB and PI3K/AKT
pathways in Caco2 cells. The results revealed that
the protein levels of p-p65, p-IkBa, p-PI3K and
p-AKT were down-regulated after LPS+miR-19b
inhibitor +pc-Runx3 group, compared to LPS+-
miR-19b inhibitor+pcDNA3.1 group (Figure 7A
and 7B).

Discussion

UC 1is a chronic disease with high incidence
and prevalence rate in North America and Nor-
thern Europe?®. Due to the Westernization of diet,
the incidence of UC increased significantly in
China?. However, there are no particularly good
medical methods to cure UC. Patients often need
long-term medication to maintain, and often en-
dure, the recurrence of UC?. In recent years, the
molecular mechanism researches of disease were
popular in order to know the pathogenesis of di-
seases and find new therapeutic regimens. Some
studies?”*® have showed that miRNAs play an im-
portant regulatory role in IBD. Cheng et al*’ sug-
gested that miR-19b was significantly down-regu-
lated in Crohn’s disease (CD), which is another
type of IBD. However, the effects of miR-19b on
the regulation of inflammatory injury in UC are
still unclear. We found that miR-19b exhibited
protective functions in LPS-stimulated Caco2
cell inflammatory injury, as evidenced by the in-
crease of cell viability, decrease of cell apoptosis,
and inhibition of inflammatory cytokines relea-
se. There was a positive correlation between the
expression of miR-19b and Runx3. Inflammatory
injury induced by LPS plus miR-19b silence was
partially attenuated when Runx3 was overexpres-
sed. Besides, we found that miR-19b overexpres-
sion deactivated NF-kB and PI3K/AKT signaling
pathways possibly via up-regulation of Runx3.

From the previous study®, we found that LPS
could induce cell inflammatory response. Wang
et al’! reported miR-19b inhibited the expression
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Figure 3. Overexpression of miR-19b alleviated LPS-induced inflammatory injury in Caco2 cells. Caco2 cells were tran-
sfected with miR-19b mimic or miR-19b inhibitor and then exposed to LPS. (A) The expression of miR-19b was assessed. (B-
C) Cell viability and apoptosis were measured, respectively. (D) The expressions of apoptosis-related proteins were detected
using Western blot analysis. (E-F) mRNA and protein levels of inflammatory cytokines IL-1 and TNF-o were examined using
qRT-PCR and Western blot analysis, respectively. (G-H) Concentrations of IL-1 and TNF-a in the culture supernatant of
Caco2 cells were detected using ELISA. *p <0.05, **p <0.01.
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Figure 4. miR-19b deactivated NF-kB and PI3K/AKT
signaling pathways in Caco2 cells. Caco2 cells were tran-
sfected with miR-19b mimic or miR-19b inhibitor and then
exposed to LPS. The protein expressions of main factors in-
volved in (A) NF-kB and (B) PI3K/AKT signaling pathways
were measured using Western blot analysis.

of p47phox in macrophages, thereby reduced the
LPS-induced inflammatory response. Therefore,
in this study, we used LPS to induce inflamma-
tory injury in Caco2 cells. We found that LPS
treatment significantly decreased Caco?2 cell via-
bility, increased cell apoptosis and promoted the
expression of inflammatory factors in Caco2 cel-
Is. These results were consistent with the previous
studies.

TNF-a is a very important immune-regulatory
factor in cells*?. Right amount of TNF-a is benefi-
cial to the body’s immune response, but excessive
TNF-a could cause some abnormal symptoms,
such as inflammation, septic shock and multiple
organ damage®. According to the previous re-
searches, TNF-a plays an important role in the
treatment of UC, which affected by signal tran-
sduction pathways and increased in UC patien-
ts?28. 7 UC patients are examined by colonoscopy,
and the concentration of IL-1 was significantly
increased*. Accordingly, we detected the concen-
trations of the inflammatory cytokines IL-1 and

TNF-a in Caco2 cells by ELISA and the results
suggested that miR-19b silence accelerated the re-
lease of IL-1 and TNF-a, and overexpression of
miR-19b suppressed the release.

Runx3 has an important function in the im-
mune system of inflammatory diseases, which is
commonly expressed in B cells and T cells®. Re-
levant research evidenced that the occurrence and
development of various diseases are related to the
deactivation of Runx3, including colon cancer,
intraepithelial neoplasia and gastric cancer®. In
addition, Runx3 could promote cell apoptosis and
control cell proliferation®’. In our study, we found
that overexpression of miR-19b up-regulated
Runx3 expression, and miR-19b silencing results
in the opposite direction. Further investigations
indicated that miR-19b silence promoted release
of inflammatory cytokines by down-regulation of
Runx3 expression. Thus, we inferred that miR-
19b could affect the inflammatory injury in Caco2
cells by regulating the expression of Runx3.

According to related study, activation of TLRs
triggers innate and adaptive immune responses in
the gastrointestinal disease, leading to the activa-
tion of NF-xB?, which could regulate the survival
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inflammatory cytokines IL-1 and TNF-a were examined using qRT-PCR and Western blot analysis, respectively. (H-I) Concen-
trations of IL-1 and TNF-a in the culture supernatant of Caco2 cells were detected using ELISA. *p < 0.05, **p <0.01.
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Figure 7. miR-19b deactivated NF-xB and PI3K/AKT si-
gnaling pathways in Caco2 cells via up-regulation of Runx3.
Caco2 cells were co-transfected with miR-19b inhibitor and
Runx3 expressing vector (pc-Runx3). The protein expres-
sions of main factors involved in (A) NF-kB and (B) PI3K/
AKT signaling pathways were measured using Western blot
analysis.

p-PI3K

p-AKT

function of cells, promote the growth of tumor
growth factor (TGF) receptor, and induce inflam-
matory protein expression, cause kinase casca-
de??*. AKT belongs to the serine/threonine protein
kinase, plays an important role in cell function,
and could activate cell survival, cell proliferation,
differentiation and metabolism*. Activation of
the PI3K/AKT signaling pathway could suppress
LPS-activated MAPK and NF-kB pathways, re-
sulting in reduced cellular inflammatory factors*.
In order to explore the mechanism of which miR-
19b expression affected LPS-induced inflamma-
tory injury in Caco2 cell, we focused on NF-«B
and PI3K/AKT signaling pathways. The results
revealed that miR-19b silencing activated NF-xB
and PI3K/AKT signaling pathways in Caco2 cells
by down-regulating Runx3 expression.
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Conclusions

We demonstrated that miR-19b overexpression
mitigated LPS-induced inflammatory injury in
Caco2 cells. Further results indicated that miR-
19b exerted protective function possibly via
up-regulation of Runx3 and thus deactivation of
NF-xB and PI3K/AKT signaling pathways. The
findings of this study provide a novel viewpoint
regarding regulatory effects of miR-19b on UC
inflammatory response.
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