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ABSTRACT

Background/Aims: The aim of this study was to investigate the protective effects on intestinal barrier function and tight junction by
matrine via a small, non-coding RNA microRNA-155-signaling pathway.

Materials and Methods: Tight junction protein and target gene expressions were determined through microRNA-155 inhibition or over-
expression of Caco-2 cell line with or without the treatment of matrine. In order to further verify the role of matrine, dextran sulfate
sodium-induced mice colitis was treated by matrine. MicroRNA-155 and ROCK1 expressions were detected in clinical specimens of
acute obstruction patients.

Results: Matrine could enhance the expression level of occludin, which might be inhibited by the overexpression of microRNA-155. After
the transfection of the precursor of microRNA-155 into Caco-2 cells, ROCK1 expression was increased at both mRNA and protein levels.
MicroRNA-155 inhibitor could decrease the ROCK1 expression after transfection. Furthermore, matrine could increase the permeability
and decrease tight junction-associated proteins induced by dextran sulfate sodium-induced mice colitis. Clinical sample detection also
found high levels of microRNA-155 in stercoral obstruction patients.

Conclusions: Matrine could maintain the tight junction and protect the intestinal barrier from dysfunction. The molecular mechanism
may be that matrine might inhibit microRNA-155 and increase the expression level of tight junction proteins.
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INTRODUCTION cause dizziness, nausea, and other adverse reactions. The

MicroRNAs (miRs) can bind to the 3’-untranslated regions
of mRNA and negatively regulate their target genes. A
series of studies have shown that miRs could regulate
the expression of different genes."? Several hundred miRs
have been described, most of which are encoded by the
human genome.® MicroRNAs could regulate different
genes in a variety of biological processes, such as prolif-
eration, differentiation, and metabolism.* Recently, miRs
are also found to be related with tight junction (TJ) and
intestinal barrier dysfunction.®

Matrine is a natural alkaloid with bioactive components
of herbs, such as Sophora flavescens Ait.6 It possesses a
variety of pharmacological characteristics, such as anti-
inflammatory and antioxidant characteristics.” The nor-
mal use of matrine includes its antitumor, antiviral, and
anti-inflammatory effects. As to the side effects, if the
infusion speed of matrine is too fast, sometimes it might
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protective effects of matrine on interleukin-10 (IL-10)-
deficient colitis mice have been demonstrated,® while
other studies found its effects on mice colitis induced
by 2,4,6-trinitrobenzene sulfonic acid.®'® Another study
investigated the model of dextran sulfate sodium (DSS)-
induced colitis and found that matrine protects against
murine colitis by improving gut barrier integrity through
the peroxisome proliferator-activated receptor-a (PPAR-
a)-signaling pathway as well as the regulation of gut
microbiota.®

The study about miRNA, intestinal barrier dysfunction, and
intestinal microbiota becomes more and more popular.™2
Little further functional characterization was reported to
verify the relationship.'®'® McKenna et al'® investigated
the miRNA expression profile using the model of intes-
tinal conditional mutant mice and found intestinal bar-
rier dysfunction in the Dicer1-deficient mice as well as
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the intestinal inflammation. Liu et al'” found that miR-
155 antagomir could relieve weight loss and intestinal
damage in DSS-induced colitis. Another study showed
that FG-4497 might upregulate hypoxia-inducible fac-
tor (HIF)-1a expression and protect the intestinal barrier
and TJ from dysfunction in DSS-induced colitis model. In
our previous study, we identified ROCK1 as the target of
miR-21 and demonstrated that miR-21 could protect the
intestinal barrier via the Rho-ROCK-signaling pathway of
ROCK1."® The general therapeutic method for intestinal
barrier dysfunction is using probiotics. Also nowadays,
fecal microbiota transplantation is developed for the pro-
tection of intestinal barrier.

However, the molecular mechanism and signaling path-
way of matrine on colitis have not been fully understood.
The relationship between matrine and miR-155 still needs
to be further investigated. In this study, we are to inves-
tigate the molecular mechanisms and signaling pathway
of intestinal epithelial barrier dysfunction, which could be
protected by matrine through miR-155.

MATERIALS AND METHODS

Cell Culture

Caco-2 cells were grown and cultured in Dulbecco’s
Modified Eagle Medium (DMEM) medium, which was
supplemented with 10% Fetal Bovine Serum (FBS), 100
U/mL penicillin, and 100 pg/mL streptomycin at 37°C
in a proper humidified atmosphere containing 5% CO.,.
Cells were passaged at pre-confluent densities using
0.05% trypsin and 0.5 mm ethylene diamine tetraace-
tic acid (EDTA) (Gibco, Carlsbad, CA, USA), as previously
described.” Matrine was purchased from the Chengdu
Must Bio-Technology Co., Ltd, ChengDu, Sichuan, China.?

Transfection of Caco-2 cells with MicroRNA-155
Overexpression of Lentivirus

As our previous study reported,'®?® primers for miR-155,
GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACT
GGATACGACACCCCT, were added to the reverse tran-
scriptase reaction mix.2! Lentivirus vectors or inhibitors
were constructed by Shanghai Minzai Co., Ltd. (Shanghai,
China). According to the manufacturer’s instructions, the

Main Points

Matrine could protect the intestinal tight junction.

Matrine could inhibit miR-155.

miR-155 is associated with the expression of intestinal
tight junction.

Caco-2 cells were transfected with Lipofectamine 2000
(Invitrogen, Vilnius, Lithuania).

Dextran Sulfate Sodium-Induced Mice Colitis

As described,"”” 3.0% DSS (36-50 kDa; MP Biomedicals,
Santa Ana, California, USA) was added in the drinking
water of mice for 7 days to induce colitis. Animals were
sacrificed after blood was collected from their eyeballs.
Mice in the matrine groups were given 20 mg/kg matrine
via oral gavage once a day, respectively.®

Permeability Assay

To evaluate the permeability of Caco-2 cells and DSS-
induced mice colitis, measurements of transepithelial
electrical resistance (TER) and dextran permeability were
done, as reported previously.”® The fractional excretion
(for sucralose) was determined to evaluate the colonic
permeability, while the ratio of fractional excretion (for
lactulose/mannitol) was used to detect the small intesti-
nal permeability. Ussing chamber assay was also an indi-
cator to evaluate the intestinal permeability, using the
isolated mice colons, as previously reported.'®

Quantitative Real-Time Polymerase Chain Reaction
Analysis

The miR isolation of Caco-2 cells, colon tissues, or serum
samples was performed, using the miRNeasy Mini Kit
(Qiagen, Hilden, Germany) according to the manufactur-
er's instructions. First-strand synthesis of cDNA was per-
formed with the Reverse Transcription Kit (Invitrogen).
A quantitative real-time polymerase chain reaction

Table 1. PCR Primer

Primer
(F) 5-GGTGGTCGGTTGGGGTATTTT-3’
(R) 5-CGCCCTAACCTCACTTCCC-3’
(F) 5'-CCAGAAGACCAGAGGAAA-3’
(R) 5-GGAAATCGTGGAAATGAG-3’
TNF-« (F) 5-GACGTGGAACTGGCAGAAGAG-3’
(
(
(
(

Gene
ROCK1

IL-6

R) 5-TTGGTGGTTTGTGAGTGTGAG -3’
F) 5-TTGAAAGTCCACCTCCTTACAGA-3’
R) 5-CCGGATAAAAAGAGTACGCTGG-3’
F) 5-ACCAGTAAGTCGTCCTGATCC-3’
(R) 5-TCGGCCAAATCTTCTCACTCC-3’

IL-6, interleukin-6; PCR, polymerase chain reaction; TNF-a, tumor necrosis
factor a.

Occludin

Z0-1
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(QRT-PCR) for mRNA was performed through the SYBR
Master Mix (Invitrogen) according to the manufac-
turer's instructions and a 7500 real-time PCR system.
Quantitative real-time polymerase chain reaction primer
sequences are shown in Table 1.

Western Blot Analysis

Western blotting was performed by a wet electroblotter
(Bio-Rad, Hercules, CA, USA) for 120 minutes at 100 V, as
previously reported.’?'® The membrane was detected by
the enhanced chemiluminescence method (ECL kit; Pierce,
lll, USA) according to the manufacturer's instructions.!

Statistical Analysis

Statistical data were analyzed by GraphPad Prism 5 soft-
ware (San Diego, California, USA) and are expressed as
mean + SEM. Statistical analysis was performed using the
paired Student’s t-test. P-values < .05 were defined as
significant.

RESULTS

Matrine Could Decrease the Expression Level of
Occludin Induced by MicroRNA-155 in Caco-2 Cells

To determine the effect of matrine on the intestinal bar-
rier-associated protein, occludin, the Caco-2 cells were
transfected with the miR-155 precursor. Quantitative
real-time polymerase chain reaction indicated that the
miR-155 expression was significantly increased in the
cells transfected with the miR-155 mimic compared with
control (P < .05, Figure 1A). Lipopolysaccharide (LPS)
might inhibit the expression of occludin in Caco-2 cells.
However, after the pretreatment of matrine, the occludin
expression level was increased, while miR-155 overex-
pression inhibits the effect of matrine (P < .05, Figure 1B).

Matrine Could Protect the Expression of the Signal of
ROCK1, Which Could be Inhibited by MicroRNA-155

To further investigate the molecular mechanism of
matrine and miR-155 during the induction of intestinal
TJ, we determined the expression level of Rock1 by gRT-
PCR after the transfection of miR-155 with or without the
pretreatment of matrine. LPS could promote the expres-
sion of ROCK1 in Caco-2 cells, significantly, and matrine
could inhibit the effect of LPS; however, in the group in
which the precursor of miR-155 was transfected, ROCK1
expression was upregulated again (P < .05, Figure 2A).
Meanwhile, after Caco-2 cells were transfected with miR-
155, ROCK1 expression was downregulated with or with-
out the pretreatment of matrine (P < .05, Figure 2B).

0 B.E
r:] ]
N3 =
= 44 3 1.5q
= o
5 s
© 31 3
K 3 1.0 "
c
S 2- s
® B
7]
o S 0.5 #
< 14 S
) 3
o )
>
£0 . 2 0.0-
) > N < » 2 &
O & [} O . .
& o‘{é 3 o« o’*{é M e"\o
(&) g O &
< &
@ @
g K\
(o) %o
3\‘3
N

Figure 1. Matrine could attenuate the decrease of the
expression induced by microRNA (miR)-155. (A) Analysis of the
relative expression level of miR-155 determined by quantitative
real-time polymerase chain reaction in miR-155-overexpressed
Caco-2 cells and control. (B) LPS could lower the expression of

occludin. However, after the pretreatment of matrine, the
expression of occludin was increased, while miR-155
overexpression inhibits the effects of matrine. * vs. LPS group,
P < .05, *vs. #, P < .05.
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Figure 2. MicroRNA (miR-155) can upregulate ROCK1 signal and
inhibit the effects of matrine. (A) LPS could increase the
expression of ROCKT1 in Caco-2 cells, significantly, and matrine
inhibits the effects of LPS; however, after miR-155 was
transfected, the ROCK1 expression was upregulated. (B) Analysis
of the relative expression level of ROCK1 at the mRNA level in
anti-miR-155 transfected Caco-2 cells and control with or
without the pretreatment of matrine. * vs. LPS group, P < .05, *
vs. #, P < .05.
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Treatment of Dextran Sulfate Sodium-Induced Mice
Colitis Confirmed the Relationship Between
MicroRNA-155 and ROCK1

The TER was significantly lower after transfection of
miR-155 into Caco-2 cells (P < .05, Figure 3A), whereas
the relative intensity was enhanced by miR-155; how-
ever, pretreatment of matrine could relieve the effect
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of miR-155 (P < .05, Figure 3B). Ussing chamber assay
showed a higher permeability of DSS-induced mice coli-
tis compared with the control wild-type (WT) group, while
the effects could be relieved by giving the drugs of matrine
to mice (P < .05, Figure 3C and 3D). The lactulose/manni-
tol rate and sucralose excretion were used to measure the
permeability of small intestine and colon. The lactulose/
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Figure 3. Matrine could lower the intestinal permeability through the inhibition of microRNA (miR)-155 and ROCK1 pathway. (A)
Transepithelial electrical resistance was lowered after the miR-155 overexpression in Caco-2 cells, which could be relieved by matrine. (B)
The relative intensity was enhanced after the miR-155 overexpression, which could be relieved by matrine. (C) Mannitol flux was increased
in the dextran sulfate sodium (DSS)-induced mice colitis group compared with the control wild-type (WT) group, which could be relieved by

matrine. (D) The resistance was decreased in the DSS-induced mice colitis group compared with the control WT group, which could be
relieved by matrine. (E) The lactulose/mannitol rate was higher in the DSS-induced mice colitis compared with the control WT group at
8- and 12-week mice, which could be relieved by matrine. (F) The sucralose excretion was higher in the DSS-induced mice colitis compared
with the control WT group at 8- and 12-week mice in vivo, which could be relieved by matrine. * P < .05, * vs. #, P < .05. Three independent
experiments were performed for the cell test, and 15 experiments were performed for mice.
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mannitol rate was higher in the DSS-induced mice coli-
tis compared with the WT mice, which could be relieved
by matrine (P < .05, Figure 3E). The sucralose excretion
was higher in the DSS-induced mice colitis, compared
with WT mice, which could be relieved by matrine (P <
.05, Figure 3E).

The body weight of DSS-induced mice colitis was signifi-
cantly lower, compared with control, and matrine could
relieve the decrease of body weight significantly (P < .05,
Figure 4A). The gRT-PCR assays revealed that all serum
IL-6, tumor necrosis factor a (TNF-a), and zonulin level
at the mRNA levels significantly increased in the DSS-
induced mice colitis relative to the WT group, which could
be relieved by adding matrine in their drinking water (P
< .05, Figure 4B-D). We further performed the assay of
colon tissues of mice. Determination of occludin and
Zonula occludens-1 (ZO-1) also indicated a significant
decrease in the DSS-induced mice colitis group, while the
effects could be relieved by giving the drugs of matrine to

mice (P < .05, Figure 4E and 4F). The expression levels of
miR-155 were detected as well, and the results indicated
that matrine could lower the expression of miR-155 in the
DSS-induced mice colitis model (P < .05, Figure 4QG).

Low Levels of Occludin and ZO-1 and High Levels of
MicroRNA-155, Zonulin, Interleukin-6, and Tumor
Necrosis Factor o (Serum) Levels Were Detected in
Clinical Stercoral Samples

Serum and tissue samples of acute stercoral obstruction
patients were used to evaluate the expression level of
miR-155. Fresh colon tissues and serum were collected
from the stercoral obstruction and paired with adja-
cent normal colon tissues to determine the expression
levels of mR-155 and related inflammatory molecules.
Tissue was collected from the Fifth Affiliated Hospital of
Guangzhou Medical University, which was approved by the
Scientific and Ethical Committee of the Fifth Affiliated
Hospital of Guangzhou Medical University (approval no:
201600128) in accordance with approved human subject
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Figure 4. Matrine could relieve the destruction of tight junction. (A) The body weight of dextran sulfate sodium (DSS)-induced mice colitis
was lower, while after the pretreatment of anti-ROCK1, the body weight became higher compared with that of the DSS group. (B-D)
Interleukin-6 (IL-6) and tumor necrosis factor a (TNF-a) levels were higher in the DSS-induced mice colitis group compared with the

wild-type group in mice blood, which could be relieved by anti-ROCK1. (E and F) Occludin and ZO-1 in colon tissues also decreased in the

DSS-induced mice colitis group, while the effects could be relieved by giving the drugs of anti-ROCK1 to mice. (G) Matrine could lower the

expression of microRNA (miR)-155 in the DSS-induced mice colitis model. *P < .05, * vs. #, P < .05. Fifteen independent experiments were

performed for mice.
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Figure 5. Assay of the clinical samples of acute stercoral obstruction patients to detect the levels of microRNA (miR)-155, occludin, and
Z0-1 in the colon tissues and zonulin, interleukin-6 (IL-6), and tumor necrosis factor a (TNF-a) in the serum. (A) The expression levels of
miR-155 increased in the stercoral obstruction group compared with the paired obstruction-adjacent normal colon tissues. (B and C) The
occludin and ZO-1 expression levels decreased significantly in the stercoral obstruction group compared with that of the paired
obstruction-adjacent normal colon tissues. (D-F) Serum levels of zonulin, IL-6, and TNF-a rose in the acute stercoral obstruction group
compared with those of the volunteers. *P < .05. Ten independent experiments were performed for each test.

guidelines. The levels of miR-155 in clinical colon tis-
sues of stercoral obstruction patients were significantly
higher than that of adjacent normal colon tissues (P <
.05, Figure 5A). Meanwhile, the occludin and ZO-1 expres-
sion levels declined significantly in clinical colon tissues of
stercoral obstruction patients (P < .05, Figure 5B and 5C).
Serum zonulin, IL-6, and TNF-a levels were determined
by the enzyme linked immunosorbent assay (ELISA) kit
(RayBiotech, CA, USA) in patients with intestinal barrier
dysfunction, which was caused by acute stercoral obstruc-
tion. Results showed that higher serum levels of zonulin,
IL-6,and TNF-awere found in the acute stercoral obstruc-
tion patients than volunteers (P < .05, Figure 5D-F).

DISCUSSION

In this study, we investigated the protective effects of
matrine on intestinal barrier via the molecular mechanism
of miR-155 in Caco-2 cell lines, DSS-induced mice colitis,

and clinical samples of stercoral obstruction patients.
Results indicated that matrine could promote the Rho-
Rock pathway-related protein ROCK1 in Caco-2 cells and
maintain the TJ, while the pretreatment of matrine could
inhibit the protective effects of matrine. Determination
of mice and clinical samples also showed the protective
effects of matrine on TJ and the molecular mechanism
and signaling pathway of miR-155 and ROCK1.

In our study, we first transfected the Caco-2 cell line with
the miR-155-overexpressed plasmid and found that the
expression level of occludin was significantly declined
compared with the group of matrine pretreatment.
Therefore, we deduced that matrine could protect the
intestinal barrier from dysfunction through the miR-155
signal pathway. It is reported that miR-155 contributes
to intestinal barrier dysfunction by inhibiting the HIF-1a/
Trefoil factor peptide-3 (TFF-3) axis signal.’” However,
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miR-155 has not been reported as the key molecular
mechanism during the protection of the intestinal barrier
by matrine. Then, the Caco-2 cells were transfected by
miR-155 to investigate the regulative effects of matrine
and ROCK1. In the group that the precursor of miR-155
was transfected into Caco-2 cells, ROCK1 expression was
upregulated compared with the matrine pretreatment
group. However, after miR-155 inhibitor was transfected
into Caco-2 cells, the expression level of ROCK1 was
downregulated. In our previous study, we also found that
mir-21 could inhibit the Rho-ROCK pathway by decreas-
ing the ROCK1 expression during the process of intesti-
nal barrier protection.’® It is also reported that Rho-ROCK
might be an important molecular signal during the regula-
tion of intestinal inflammation, permeability, TJ, and intes-
tinal barrier.22Moreover, we verified the role of matrine and
miR-155 in the DSS-induced mice colitis model and clini-
cal samples of stercoral obstruction patients. We further
investigated the functions of matrine and miR-155 in the
mice with DSS-induced colitis model and clinical serum
and tissue samples of stercoral obstruction patients. Our
study indicated that miR-155 could be an important sig-
nal during the protection of DSS-induced mice colitis by
matrine. Clinical samples might indicate that miR-155
and other inflammatory factors were increased in the
stercoral obstruction patients group, compared with con-
trol, while intestinal barrier-related proteins occludin and
Z0-1 were decreased.

It is reported that miR-155 could cause intestinal bar-
rier dysfunction by inducing inflammation and altering gut
microecology in the pancreatitis model.>®> MicroRNA-155
overexpression could increase the intestinal inflammatory
factor significantly and decrease the TJ proteins. Another
study investigated the microbiota 16S rRNA sequencing
and found that miR-155 promoted gut microbiota dysbio-
sis. Furthermore, they showed that miR155 may regulate
intestinal microbiota via the toll-like receptors-4/myeloid
differentiation factor 88 (TLR4/MYD88) pathway, leading
to serious acute pancreatitis (SAP)-related intestinal injury
by the regulation of inflammatory mediators.?®* Another
study showed the association between miR-155 and intes-
tinal barrier dysfunction by nuclear factor (NF)-kappaB."®
Mice were injected with an miR-155 inhibitor, which recov-
ered from the intestinal injury. Overexpression of miR-155
increased the NF-kappaB and p-NF-kappaB expression
and localization, which could be relieved by adding the miR-
155 inhibitor.”® Pretreatment with an NF-kappaB inhibi-
tor could improve cell permeability and increase occludin
and ZO-1 expression levels. Li et al** showed that miR-155
promoted colitis-associated intestinal fibrosis through the

pathway of Hd1 Binding Protein (HBP1)/Wnt/beta-catenin
signaling. They reported that the overexpression of miR-155
promoted trinitro-benzene-sulfonic (TNBS)-induced intes-
tinal fibrosis, and HBP1 might be a target of miR-155.24

One study showed that matrine significantly lowers
the histological score of ulcerative colitis (UC) mice, by
decreasing the inflammatory cytokines and maintaining
the intestinal barrier function and integrity.® Further study
showed that matrine significantly inhibited the PPAR-a-
signaling pathway.® Furthermore, matrine could regu-
late the intestinal microbiota, by regulating Barnesiella
intestinihominis and Helicobacter ganmani® Another
study demonstrated that matrine could decrease intes-
tinal inflammation and enhance the chemokine recep-
tor 7 expression.?> Moreover, matrine could alleviate
LPS-induced inflammation via downregulating IL-1beta,
IL-17, and malondialdehyde expression.?® In our study, we
mainly investigated the protective effects of matrine via
the miR-155-signaling pathway from intestinal barrier
dysfunction.

One of the limitations of our study may be that we could
not use the clinical intervention of matrine to further ver-
ify the protective effects of matrine on intestinal barrier
and its impact on miR-155 expression. Whether there are
middle molecular mechanisms and pathways should also
be studied as well. Further studies or clinical trials might
be needed to verify this hypothesis.

CONCLUSION

In conclusion, matrine could maintain TJ and protect
intestinal barrier from dysfunction. The molecular mech-
anism may be that matrine might inhibit miR-155 and
increase the expression level of TJ proteins.
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