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Clostridium butyricum partially regulates the development of colitis-associated cancer
through miR-200c
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Abstract: Colitis-associated cancer (CAC), one form of colorectal cancer (CRC),is an increasing concern worldwide. Both diagnosis and current therapy are
challenging and bottlenecked. The aim of this study is to investigate novel mechanisms by which the therapeutic C. butyricum regulates colitis-induced oncogenesis. Mouse models of CAC were established with 2,4,6-Trinitrobenzenesulfonic acid (TNBS)and azoxymethane (AOM), following by biochemical, clinical and
histological analysis. The integrity of epitheliumwas examined by electron microscopy (EM). The epithelial barrier function was evaluated with Ussing chamber.
Real time PCR and fluorescent in situ hybridization (FISH) were performed to characterize the effect of C. butyricum on miR-200c; cell proliferation assays
(MTT) were performed to study the role ofC. butyricum on epithelial cell proliferation mediated by miR-200c inhibitor; finally, we quantified the proinflammatory
cytokines TNF-α and interleukin (IL)-12 by real time PCR. C. butyricum ameliorates clinical, histological and biochemical manifestations in colitis-induced CAC
models. Further mechanistic studies demonstrated that C. Butyricum could lengthen epithelial microvillus and increase TER by decreasing the transepithelial permeability. We also showed that C. butyricum facilitates the expression of miR-200c, by which increase the proliferation rate. Finally, we found that C. butyricum
can regulate the production of proinflammatory cytokines TNF-α and IL-12 through miR-200c. C. butyricum may regulate epithelial barrier function through miR200c, then to be involved in the process of inflammation-associated cancers.
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Introduction

which is a major cause of failure of cancer treatment
(13). The processes of EMT and metastasis are highly
regulated by multiple mechanisms, including TGF-β1/
ZEB pathways and miR-200 family (14). In short, even
promising advances have gradually come to understanding the pathogenesis of inflammation and CRC in
recent years, their diagnosis and treatment in clinics are
still quite challenging. In order to overcome this clinical
challenge, there is a clear need to identify biomarkers
that will facilitate the identification of patients with a
poor prognosis, and permit personalized treatment for
patients with high risk of CRC recurrence.
Numerous miRNAs exhibit abnormal expression
in multiple types of inflammation and cancer, and are
often associated with diagnosis, staging, progression,
prognosis and response to clinical therapies (15-17).
The miR-200 family includes five members, miR-200a,
miR-200b, miR-200c, miR-429 and miR-141, and plays
a critical regulatory role in processes which are associated with inflammation, metastasis and prognosis of
malignant tumors: EMT and MET. Particularly, miR200c is the most representative miRNAin miR-200
family and crucial in regulation of both EMT and MET
processes (14) and inflammation (18), which is down
regulated in inflammation like IBD (18) and a variety of
human cancer typeslike CRC (19, 20). Multiple studies
have demonstrated the prognostic value of miR-200c in

Colitis-associated cancer (CAC), one form of colorectal cancer (CRC),is developed from intestinal
inflammation like inflammatory bowel disease (IBD),
including mainly ulcerative colitis (UC) and Crohn’s
disease (CD). The underlying mechanisms by which intestinal inflammation undergoes tumorigenesis are still
elusive and may differ in other forms of CRC.Several
inflammatory stimulators like dextran sulfate sodium
(DSS) (1), oxazolone (2) or enterotoxic bacteria Bacteroides fragilis (3)or some inflammatory cytokines pathways, including of NF-κB, PI-3K and Akt pathways
(4-6) can drive WNT/β-catenin nuclear accumulation
even without any mutations in APC (7).CRCitself is one
of the most common causes of cancer deathwith 1.2 million annual new cases and over 600,000 annual deaths
worldwide (8, 9). Even though the fact that screening
of early-stage CRC allows surgical removal of cancer
precursor lesions and potentially reduces mortality of
the disease, such as fecal occult-blood testing (FOBT)
and colonoscopy, but with obvious limitation and approximately half of CRC patients subject metastases
during thecourse of the disease (10, 11), whichrender
the long-term survival and prognosis of patients remain
quite poor (12). Epithelial-mesenchymal transition
(EMT) is a critical step for initiatingtumor metastasis,
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different cancers including CRC, for example, the link
between overexpression of miR-200c and poor prognosis of CRC patients has been established (20). But, the
mechanisms underlie the pathogenesis of miR-200c in
IBD and oncogenic feature of miR-200c in CRC are still
illusive.
Clostridium butyricum is a spore-forming, gram-positive and obligate anaerobic rod bacterium (21). C. butyricum, as a probiotic in humans and animals (22), can
increase butyrate production in colon and improve the
symptoms of inflammatory bowel diseases (IBD).Further, C. butyricum represses the proliferation of CRC
cellsby rendering cell cycle arrest and promoting apoptosis, by thus inhibit the development of CRC (23). But,
the alternative mechanisms by which CRC metastasis is
attenuated by C. butyricum need to be explored.
In the present study, by using the experimental model of colon cancer induced by AOM and TNBS, we
demonstrated that C. butyricum attenuates the colitis
associated cancerous responses. Next, we found that
C. butyricum regulates epithelial barrier function and
proliferationthrough regulating mir-200c. Together, this
study enables us to better understand the mechanism by
which C. butyricum improves the outcome of patients
suffering inflammation related cancer.

and stored in 4% paraformaldehyde solution, sectioned and stained with haematoxyllin and eosin(H&E)
as described previously (26). Myeloperoxidase (MPO)
activity was measured as a solid marker for neutrophil
infiltration into mucosa based on method described previously (1). To study the role of C. butyricum on healing phase of AOM-TNB Sinduced experimental CAC,
with control mice (n=20) and C. butyricum treated mice
(n=20), we analyzed the survival status of mice for another week after TNBS withdrawal.
Transmission electron microscopy (TEM)
The intestines from 6 mice per group were fixed and
analyzed by transmission electron microscopy (TEM)
based on protocol described previously (27). Briefly,
pieces of ileum were fixed with 2.5% glutaraldehyde,
incubated with 1% osmium tetroxide and finally dehydrated with acetone, followed by being embedded in
epoxy resin and sectioned. The sections were then stained with uranyl acetate and lead citrate, finally examined under an H-600 Electron Microscope (JEM 1010,
Hitachi, Japan) at 80 kV.
miRNAs, plasmid construction, transfection
mirVana® miR-200c mimic (A25576), Anti-miR™
miR-200c Inhibitor (MH12741), miR negative
vecTM
tor (scrambled, AM17110), and anti-miR negative
control (scrambled, AM17010) were obtained from
Thermo Fisher (Carlsbad, CA, USA). Caco2-BBE were
transfected with 40 nM of different miRNA construct
using Lipofectamine 2000 (Life technology, Carlsbad,
CA, USA).

Materials and Methods
Cell culture
Human intestinal cell line Caco2-BBE was cultured
according to protocol described previously (24).
C. butyricum
C. butyricum (Shenzhen Kexing Biotech; Shenzhen,
China) was cultured in brain heart infusion (BHI) medium (Sigma-Aldrich, St. Louis, MO, USA) for 16 h
at 37 °C before the experiments, then centrifuged at
3000 rpm for 5 min, 109bacteriawere re-suspended in
500 μl PBS (pH 7.4) and administered by gavage dailyto
mice; 107 bacteria were re-suspended in 2ml of culture
medium for Caco2-BBE cells.

miRNA expression analysis
Total RNA from Caco2-BBE cells and following
cDNA synthesis were prepared as described previously
(28). Real time PCRs were performed using iQ SYBR
Green Supermix kit (Bio-Rad, Hercules, CA) with
the iCycler sequence detection system (Bio-Rad, Hercules, CA) with the universal primer provided in the
NCode miRNA first-strand cDNA synthesis kit was
used together with following forward primer mir-200c
for (5′-CGTCTTACCCAGCAGTGTTTGG-3′).Foldinduction was calculated using the Ct method: ΔΔCt =
(CtTarget gene-Cthousekeeping gene)group1 - (CtTarget gene-Cthousekeeping
)
, and the final data were derived from 2-ΔΔCt.18s
gene group2
acts as internal control: sense 5′ ACCACAGTCCATGCCATCAC 3′, antisense 5′ TCCACCACCCTGTTGCTGTA 3′.

Mice
C57BL/6 mice (8 wk, 18–22 g) were obtained from
Chinese Academy of Science and were group housed
under a controlled temperature and photoperiod and
allowed free access to tap water and standard mouse
chow. They were allowed to acclimate to these conditions for at least a week before inclusion in the experiments. All experiments with mice were approved by
Zhejiang Academy of Agricultural Sciences, Hangzhou,
China.

Transepithelial resistance (TER) assay
TER, which can mirror epithelial barrier function
and migration,was monitored in Caco2-BBE cellby
Ussing chamber (Applied BioPhysics, NY, USA) as
described previously (29). Since TER is dominated
mainly by transepithelial permeability, we then investigated the contribution of permeability in vitro using a
fluorescein isothiocyanate (FITC)-dextran (4-kDa, Sigma-Aldrich) method in confluent and polarized Caco2BBE cells. Fluorescence intensity of each sample was
measured (485Ex/520Em, Cytofluor 2300; Millipore,
Waters Chromatography) and FITC-dextran concentrations were determined from standard curves generated
by serial dilution of FITC-dextran.

Induction and assessment of colitis and colitis associated colon cancer (CAC)
Colitis and CAC were induced in mice (n = 6 mice/
group) by injection of AOM (10 mg/kg body weight)
intraperitoneally and followed by administering 2.5
mg of TNBS (150 µL 50% EtOH) via rectal catheter
as described previously (1, 25). The features of CAC
were evaluated accordingly: direct visualization of the
colon was performed using the coloview system (Karl
Storz Veterinary Endoscopy, Goleta, CA). After mice
were euthanized by CO2 method, colon were removed
Cell Mol Biol (Noisy le Grand) 2017 | Volume 63 | Issue 4
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Fluorescence in situ hybridization (FISH)
FISH was performed with LNA microRNA FISH optimization kit from Exiqon (miRCURY LNA detection;
Exiqon, Vedbaek, Denmark) based on kit instruction.
Briefly, Caco2-BBE cells grown on slides were fixed,
permeabilized, and hybridized with FITC 5′ labeled locked–nuclei-acid incorporated (LNA) miRNAmiR-200c
probe, following incubation with mouse anti-FITC antibody (Cell Signaling Technology, Danvers, MA, USA).
Cell proliferation assay
Cell proliferation assay was performed to investigate the contribution of cell proliferation to TER.
2x104 Cells are cultured in flat-bottomed, 96-well tissue culture plates and incubatedwith3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium bromide (MTT),
following by adding detergent regent provided by commercial TACS MTT Assay Kit (R&D Systems, Minneapolis, MN, USA), the absorbance at 570 nm was read
using a spectrophotometer. The data is analyzed by plotting cell number versus absorbance, finally normalized
to data from non-treated cells.

Figure 1. Probiotic C. butyricum regulates the process of colitis
and colitis-associated cancer (CAC). Experimental colitis/CAC
models were established using AOM/TNBS methods, colon was
removed from euthanized mice for further analysis. (A) Compared
to control group with plenty of different sized tumors, C. butyricum
treated group showed mild and very less tumors spread all around
colon. (B) Colonoscopic and histological view of CAC mouse:
Representative photomicrographs of paraffin-embedded, hematoxylin-stained sections of the distal colon. Original magnification
10 ×; Intestinal inflammation and tumor were evaluated macroscopically in vivo using a murine miniature endoscope. Representative images of 6 different mice are shown. (C) Colon tissue was
collected and subjected for MPO activity measurement. Data are
expressed as means ± SEM (n = 9 mice per group). Statistical analysis was performed using an unpaired two-tailed Student’s t test.
*: P<0.05, **: P<0.01. (D) After 10 days of 3 % TNBS, mice were
given tap water and followed for mortality during recovery phase.

Real time PCR analysis
Lipopolysaccharide (LPS), an integral component of
the outer cell membranes of Gram-negative bacteria,is
used to stimulate inflammatory response in cells(30)
and animals (31). Here, the regulation of C. butyricum
and miR-200c in the production of proinflammatory cytokines was examined in LPS treated Caco2-BBE cells.
Real time PCR analysis for proinflammatory cytokines
tumor necrosis factor (TNF)-α and interleukin (IL)-12
were performed based on study described previously (1)

Histological analysis
To study the role of C. butyricum on the integrity of
intestinal mucosa, we did H&E staining to mice colon
samples.Figure 1B showed intact epithelium, a well-defined crypt length, no edema, no neutrophil infiltration
into the mucosa or submucosa, and no ulcers or erosions
in tap water treated mice. C. butyricum treated mice had
longer crypt-villi axle, but thinner submucosa, lamina
propia or muscle layer. Under the treatment of AOM
plusTNBS, control mice display extensive inflammatory, dysplasia or carcinoma lesionsall overentire mucosa
(Figure 1B, lower row) with numerous ulcers. Edema of
submucosal and muscle layers are obvious. However, in
C.butyricum group induced by TNBS, the mice colonshowed disperse ulceration and necrosis, and mild edema and less dysplasia, some but much less neutrophil
infiltration. Further, mucosa still maintains the overall
architecture. Colonoscopy showed that both control
and C. butyricum mice showed no evidence of macroscopic tumor, displaying a semi-translucent mucosa
characteristic of a healthy colon (Figure 1B). However,
AOM plus TNBS treated control mice demonstreated
a progressive severe, colonic inflammation and numerous tumor-like bodies with bloody diarrhea (Figure 1B).
However, C. butyricum mice exhibited milder intestinal
inflammation, and no tumor noticeable.

Statistical analysis
Values were expressed as means ± S.E.M Statistical analysis was performed using unpaired two-tailed
Student's t-test by InStat v3.06 (GraphPad) software.
P<0.05 was considered statistically significant.
Results
C. butyricum attenuates colitis and CAC induced by
TNBS plus AOM by colonoscopy
To study the regulation of C. butyricum on colitis
induced CAC, we first established themouse models ofCAC byAOM plus TNBS methods. As shown in Figure
1A, control group showed enormous tumors all over
the colon with different sizes, however, C. butyricumtreated group only showed mild and much less tumors
both in terms of size and quantity. By colonoscopy, we
found that there is no evident feature of macroscopic
inflammation and carcinomain both control and C. butyricum treated mice, all colon fragments demonstrated
semi-translucent mucosa characteristic of healthy colon
(Figure 1B). However,TNBS induced a rapid and progressiveintestinal inflammation with bloody diarrhea in
all the control mice, further, there present plenty of tumors with different sizes covered the whole colon (Figure 1B). C. butyricum treated mice exhibited relative
mild inflammation, less number of tumors with small
sizes, less prominent mucosal edema and less spontaneous bleeding in comparison with control mice.
Cell Mol Biol (Noisy le Grand) 2017 | Volume 63 | Issue 4

MPO activity
MPO activity is regard as an inflammatory indicator
of tissue damage and infiltration inflammatory cells. No
significant MPO changes were noticed between control
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mice (6.473 ± 5.106mUnits/μg protein) and C. butyricum mice (6.6994 ± 4.819mUnits/μg protein ) (Figure
1C). The values of MPO increased dramatically in TNBS-treated mice compared to control littermates, but C.
butyricum mice showed significantly lower MPO values (42.5327 ± 18.065 mUnits/μg protein) than TNBStreated control littermates (91.2167 ± 21.167 mUnits/
μg protein), indicating less colon tissue damage and less
neutrophil infiltration into lamina propria.
Survival assay
To study the protective effect of C. butyricum on
severe inflammatory disorder and tumor, experimental mouse model of CAC induced by AOM plus TNBS
were employed. Survival curves of C. butyricum mice
with AOM/TNBS treatment showed 8% death in comparison with the 37% of death in control mice during
this period, indicating a higher mortality of control mice
during recovery and strong protective effect of C. butyricum in AOM/TNBS treated mice (Figure 1D).

Figure 3. miR-200c mediates the regulation of C. butyricum on
epithelial cell proliferation. (A) Real time PCR showed that C.
butyricum increases the transcript level of miR-200c in comparison with non-treated group. (B) FISH analysis showed that C.
butyricum significantly increases the transcript level of miR-200c.
(C) C. butyricum regulates epithelial cell proliferation through
miR-200c. Values represent means ± S.E. of three determinations.
*p<0.05, **p<0.01, NS, not statistically significant v.s control.

Effect of C. butyricum on brush border of mice intestine
To study the mechanism by which C. butyricum
protect mouse from AOM/TNBS treatment, we did the
electron microscopy (EM) on mouse mucosa (Figure
2A). Examination of IEC ultrastructure by EM showed
similar morphological characteristics in control and C.
butyricum treated mice, except for the slightly increased
size of microvilli at the apical membranes of epithelial
cells in C. butyricum treated mice compared to control
littermates.

snap well filters (Corning Costar, Corning, NY, USA),
and were treated with 2x107 CFU ml-1C. butyricum for
2h; relative transepithelial resistance (TER) was measured with Ussing chambers (Physiologic Instruments,
San Diego, CA, USA).As shown in Figure 2B, C. butyricum increased TER to 420.65 ± 94.5 ohms.cm2 from
150.9 ± 71.1 ohms.cm2 in non-treated cells. Since TER
is dominant by the transepithelial permeability, to further investigate the contribution transepithelial permeability to TER, we examined transepithelial permeability using (Figure2C) FITC-dextran (molecular weight:
4-kDa) method. Non-treated cells showed a FITC-dextran flux (ng/ml/min) of 23.6 ± 3.96. In comparison,
a∼2-fold decrease in FITC-dextran flux was observed
in C. butyricum treated cells (11.8 ± 4.03).

C. butyricum increases transepithelial barrier function
We then studied the effect of C. butyricum on intestinal barrier function. Caco2-BBE cells grew confluent on

C. butyricum increases the transcripts of mir-200c in
Caco2-BBE cells
To investigate the effect of C.butyricum on expression of mir-200c, we treated the Caco2-BBE cells with
2×107 of C. butyricum. We found that C. butyricum can
stimulate the transcription of mir-200c significantly
when compared to control cells (Figure 3A).
FISH assay confirmed this result that miR-200c is
increased at transcript level after C. butyricum treatment, in comparison with non-treated Caco2-BBE cells
(Figure 3B); further, miR-200c is mainly located at cytosolic pool, after induced by C. butyricum, miR-200c
in both cytosolic pool and nucleus are positively regulated.

Figure 2. C. butyricum regulates the intestinal barrier function.
(A) Electro microscope demonstrated that C. butyricum increases
the length of microvillus of intestinal epithelial cells in comparison with those in control mice. (B) Transepithelial resistance
(TER) assay with Ussing chamber in Caco2-BBE monolayer. (C)
FITC-dextran (4 kDa) was added to the apical side of polarized
monolayers of Caco2-BBE cells at 10 mg/ml, and the basolateral
reservoir was sampled at 2 h after the addition of FITC-dextran to
the apical side. Histograms show mean ± SEM of ng/ml/min FITCdextran translocation to the basolateral reservoir.
Cell Mol Biol (Noisy le Grand) 2017 | Volume 63 | Issue 4

C. butyricum regulated the proliferation of Caco2BBE cells through miR-200c
In MTT assay, C. butyricum alone did not change
the proliferation rate of Caco2-BBE cells significantly
in comparison with non-treated cells.Over-expression
of miR-200c dramatically inhibited Caco2-BBE cellsproliferation, andC. Butyricum treatment of miR-200ctransfected cells could not restore its proliferation rate.
miR-200c inhibitor accelerated the proliferation of Ca62
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co2-BBE cells to a very high level, but, co-treatment of
cells by inhibitor and C. butyricum slowed down significantly its proliferation, but not resumed to its original
level (Figure 3C).
mir-200c mediates the regulation of C. Butyricum on
transepithelial barrier function
To further study the effect of interaction between C.
butyricum and miR-200c on intestinal barrier function,
we performed the TER analysis. Single treatment by
either C. butyricumn or miR-200cincreased TER significantly, further, co-treatment by both of C. butyricumn
and miR-200c synergistically strengthen the transepithelial TER. On the contrary, miR-200c inhibitor compromised the TER when compared to scramble RNA
treated cells. Further, C. butyricumn rescued the compromised TER to a significant high level (Figure 4A). In
transepithelial permeability experiment by FITC-dextran method, we found that C. butyricum decreased the
passages of FITC-dextran in comparison with negative
control. Similarly, miR-200c decreased the concentration of FITC-dextran through Caco2-BBE cells; cotreatment with miR-200c and C. butyricum synergistically inhibited the concentration of dextran the most.
Further, miR-200c inhibitor could accelerate the passages of FITC-dextran, but co-treatment by miR-200c
and C. butyricum tightened monolayer of Caco2-BBE
and resumed the FITC-dextran concentration to its original level (Figure 4B).

Figure 5. Balances between miR-200c and C. butyricum determined the production of proinflammatory cytokines TNFa and IL-12. Caco2-BBE cells were transfected with different
constructs of miR-200c, then subjected to inflammation stimulator
LPS, real time PCR was used to quantify proinflammatory cytokines TNF-a (A) and IL-12 (B). Here, 1: scramble RNA (sRNA), 2:
sRNA+C.B, 3: miR-200c, 4: miR-200c+C.B, 5: miR-200c inhibitor, 6: inhibitor+C.B. Values represent means ± S.E. of three determinations. * p < 0.05, **p < 0.01; NS, not statistically significant
versus control.

permeability and consequent immune cell infiltration is
thought to stimulate the production of pro-inflammatory
cytokines. We found that either miR-200c, its specific
inhibitor, or C. butyricum did not change the expression
of both TNF-α and IL-12, remaining at basal level. Under the treatment of LPS, for TNF-α (Figure 5A), LPS
increased its production of TNF-αsignificantly in comparison with non-treated cells,C. butyricum decreased
TNF-α expression in comparison with non-treated cells
but still higher than non-LPS treated cells.Overexpression of miR-200c attenuated the increased expression
of TNF-α by LPS, however, co-treatment of miR-200c
and C. butyricum could not resume the TNF-α to its
original level. Interestingly, miR-200c specific inhibitor treated Caco2-BBE cell secreted dramatically high
level of TNF-α under the stimulation of LPS, and cotreatment of this inhibitor and C. butyricum rescued the
high TNF-α to its lower level. Similar results were seen
for IL-12 as shown in Figure 5B.

C. butyricum regulates the production of pro-inflammatory cytokines through mir-200c in LPS treated
Caco2-BBE cells
Pro-inflammatory cytokines play central roles in pathogenesis of both IBD and CAC(1). Enhanced intestinal

Discussion
In current study, by in vivo mouse model and in vitro
cell model, we established the concept that miR-200c
plays important role in mediating the protective effect
of C. butyricum against colitis-associated cancer, which
shed some new insight of C. butyricum’s application in
attenuating inflammation related disorders.
In the mouse model of CAC induced by AOM/
TNBS, we noticed that, by following histologic studies,
there are still lots of features of colitis, such as tremendous neutrophil filtration into lamina propria, necrosis
and edema, or the bloody colon lumenby colonoscopy.
Nevertheless, dysplasia and carcinoma are the predominant phenomena in AOM/TNBS induced cancer model.
To date, the treatments of intestinal inflammation and
CRC are limited of drug effectiveness,resistance and or-

Figure 4. miR-200c mediates the regulation of C. butyricum
on epithelial barrier function. (A) C. butyricum regulates transepitheial TER through miR-200c, ussing chamber was used to
examine the TER in our treated groups; (B) miR-200c mediates
the regulation of C. butyricum on transepithelial permeability by
FITC-dextran method. Values represent means ± S.E. of three determinations. *p< 0.05, **p< 0.01; NS, not statistically significant
versus control.
Cell Mol Biol (Noisy le Grand) 2017 | Volume 63 | Issue 4
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gan toxicities (32), or surgery timeliness,such that, other
alternative therapeutic options are urgent. C. butyricum,
thriving even at low pH and high temperature, is one probiotic and gram-positive anaerobe present in intestines
of healthy animals and humans, rendering it potential
applications against various conditions, such as inflammatory disorders and tumorigenesis (22), for example,
treating patients with specific immunotherapy (SIT) and
probiotic C. butyricum together significantly improved
the clinical symptoms of UC (33). Basically, C. butyricum produces high levels of butyrate and acetate in
colon, which are part of energy sources (34); further,
C. butyricum decrease the intestinal permeability and
strengthens TER, by reinforcing various components of
the colonic barrier such as balancing intestinal microflora, re-shaping immune response, promoting epithelial migration, proliferation (as shown in our research),
inducing production of mucins, intestinal trefoil factor,
transglutaminase activity, antimicrobial peptides, heat
shock proteins, Toll like receptors (35, 36),tight junction proteins (37, 38), adherent junction proteins (39)
and other epithelial cell structural proteins (40).C. butyricum can also interact with miRNAs to exert different
bio-functions as mentioned in our study. In addition, C.
butyricum inhibits E.coli viability and causes E.coliinduced apoptosis, by which prevents E.coli-induced
intestinal disorders through (41). Further, C. butyricum
promotes the growth of Lactobacillus and Bifidobacterium and inhibits antibiotic-associated diarrhea (42).
Similar to our study in which C. butyricum facilitates
the expression of proinflammatory cytokines TNF-α
and IL-12, some other studies also found that C. butyricum could regulate inflammatory disorder by regulating
the balance between proinflammatory cytokines TNF-α,
IFN-γ, IL-1βand anti-inflammatory cytokines IL-10
(35, 43-45). Besides, C. butyricum produces butyrate
and acetate in colon as energy sources and has been
used as a probiotic in humans and animals (22, 33).
As a known tumor suppressor, miR-200cis involved
in prognosis and oncogenesis of almost all kinds of cancer types, including bladder cancer (46), breast cancer
(47), CRC(48), endometrial cancer (49), esophageal
cancer (50), gastric cancer (51), head and neck cancer
(52), liver cancer (53), lung cancer (54), renal cancer
(55) and many others. The proposed mechanismsare
variable, for example,miR-200c targets at transcription factors ZEB (39), p53 (56) to regulate EMT; miR200c can modify metastasis by targeting HMGB1(57),
VEGFR (58), ZNF217 (59); miR-200c optimizes the
sensitivity to many anti-cancer drugs like doxorubicin, paclitaxel, trastuzumab, cetuximabor cisplatin etc
through molecules like TGF-β, RhoE, TrkB and other
molecules (60-62); miR-200c also targets some stem
cell markersBMI1,NCAM1, CD133 (62-64).
The interaction of endothelial/epithelial barrier
function and cancer metastasis was intensively studied
lately, basically,the interaction and penetration of epithelial/endothelial cells by metastasizing tumor cells
is a checkpoint for metastasis (65), increase of barrier
function reduced the penetration of tumor cells through
mesothelial cells (66). The epithelium in CRC is more
leaky than those in healthy controls (66).Study demonstrated that hepatocyte growth factor (HGF) decreased
TER and increased paracellular permeability in human
Cell Mol Biol (Noisy le Grand) 2017 | Volume 63 | Issue 4

vascular endothelial cells, by which stimulating invasion of breast cancer cells (67, 68).
The current study, for the first time, established the
linkage betweenprobiotic C. butyricum and tumor suppressor miR-200c, laying the foundation for the clinic
use of C. butyricum or miR-200c on the inflammatory
disorders or cancers.
Acknowledgments
This work was supported by the International Cooperation Grant of Zhejiang Academy of Agricultural Sciences in 2016 and State Key Laboratory Breeding Base
for Zhejiang Sustainable Pest and Disease Control (No.
2010DS700124-ZM1608).
References
1. Yan Y, Kolachala V, Dalmasso G, Nguyen H, Laroui H, Sitaraman
SV, Merlin D. Temporal and spatial analysis of clinical and molecular parameters in dextran sodium sulfate induced colitis. PloS one
2009; 4:e6073.
2. Heller F, Fuss IJ, Nieuwenhuis EE, Blumberg RS, Strober W.
Oxazolone colitis, a Th2 colitis model resembling ulcerative colitis, is mediated by IL-13-producing NK-T cells. Immunity 2002;
17:629-38.
3. Rabizadeh S, Rhee KJ, Wu S, Huso D, Gan CM, Golub JE, Wu X,
Zhang M, Sears CL. Enterotoxigenic bacteroides fragilis: a potential
instigator of colitis. Inflamm Bowel Dis 2007; 13:1475-83.
4. Kaler P, Godasi BN, Augenlicht L, Klampfer L. The NF-kappaB/
AKT-dependent Induction of Wnt Signaling in Colon Cancer Cells
by Macrophages and IL-1beta. Cancer Microenviron 2009; 2:69-80.
5. Brown JB, Lee G, Managlia E, Grimm GR, Dirisina R, Goretsky
T, Cheresh P, Blatner NR, Khazaie K, Yang GY, et al. Mesalamine
inhibits epithelial beta-catenin activation in chronic ulcerative colitis. Gastroenterology 2010; 138:595-605, e1-3.
6. Lee G, Goretsky T, Managlia E, Dirisina R, Singh AP, Brown JB,
May R, Yang GY, Ragheb JW, Evers BM, et al. Phosphoinositide
3-kinase signaling mediates beta-catenin activation in intestinal epithelial stem and progenitor cells in colitis. Gastroenterology 2010;
139:869-81, 81 e1-9.
7. Oguma K, Oshima H, Aoki M, Uchio R, Naka K, Nakamura S,
Hirao A, Saya H, Taketo MM, Oshima M. Activated macrophages
promote Wnt signalling through tumour necrosis factor-alpha in gastric tumour cells. EMBO J 2008; 27:1671-81.
8. Siegel R, Desantis C, Jemal A. Colorectal cancer statistics, 2014.
CA: a cancer journal for clinicians 2014; 64:104-17.
9. Siegel R, Ma J, Zou Z, Jemal A. Cancer statistics, 2014. CA: a
cancer journal for clinicians 2014; 64:9-29.
10. Qiu Y, Yu H, Shi X, Xu K, Tang Q, Liang B, Hu S, Bao Y, Xu
J, Cai J, et al. microRNA-497 inhibits invasion and metastasis of
colorectal cancer cells by targeting vascular endothelial growth factor-A. Cell proliferation 2016; 49:69-78.
11. Bae SI, Kim YS. Colon cancer screening and surveillance in
inflammatory bowel disease. Clinical endoscopy 2014; 47:509-15.
12. Koyanagi K, Bilchik AJ, Saha S, Turner RR, Wiese D, McCarter
M, Shen P, Deacon L, Elashoff D, Hoon DS. Prognostic relevance of
occult nodal micrometastases and circulating tumor cells in colorectal cancer in a prospective multicenter trial. Clinical cancer research
: an official journal of the American Association for Cancer Research
2008; 14:7391-6.
13. Shen A, Lin W, Chen Y, Liu L, Chen H, Zhuang Q, Lin J, Sferra
TJ, Peng J. Pien Tze Huang inhibits metastasis of human colorectal
carcinoma cells via modulation of TGF-beta1/ZEB/miR-200 signaling network. International journal of oncology 2015; 46:685-90.
64

Clostridium butyricum regulates miR-200c.

Y. Xiao et al.

14. Hur K, Toiyama Y, Takahashi M, Balaguer F, Nagasaka T, Koike
J, Hemmi H, Koi M, Boland CR, Goel A. MicroRNA-200c modulates epithelial-to-mesenchymal transition (EMT) in human colorectal cancer metastasis. Gut 2013; 62:1315-26.
15. Bartel DP. MicroRNAs: genomics, biogenesis, mechanism, and
function. Cell 2004; 116:281-97.
16. Di Leva G, Croce CM. miRNA profiling of cancer. Current opinion in genetics & development 2013; 23:3-11.
17. Raisch J, Darfeuille-Michaud A, Nguyen HT. Role of microRNAs in the immune system, inflammation and cancer. World J Gastroenterol 2013; 19:2985-96.
18. Zidar N, Bostjancic E, Jerala M, Kojc N, Drobne D, Stabuc B,
Glavac D. Down-regulation of microRNAs of the miR-200 family
and up-regulation of Snail and Slug in inflammatory bowel diseases
- hallmark of epithelial-mesenchymal transition. Journal of cellular
and molecular medicine 2016; 20:1813-20.
19. Chen Y, Sun Y, Chen L, Xu X, Zhang X, Wang B, Min L, Liu
W. miRNA-200c increases the sensitivity of breast cancer cells to
doxorubicin through the suppression of E-cadherin-mediated PTEN/
Akt signaling. Molecular medicine reports 2013; 7:1579-84.
20. Toiyama Y, Hur K, Tanaka K, Inoue Y, Kusunoki M, Boland CR,
Goel A. Serum miR-200c is a novel prognostic and metastasis-predictive biomarker in patients with colorectal cancer. Ann Surg 2014;
259:735-43.
21. Nakanishi S, Kataoka K, Kuwahara T, Ohnishi Y. Effects of high
amylose maize starch and Clostridium butyricum on metabolism in
colonic microbiota and formation of azoxymethane-induced aberrant crypt foci in the rat colon. Microbiology and immunology 2003;
47:951-8.
22. Seki H, Shiohara M, Matsumura T, Miyagawa N, Tanaka M, Komiyama A, Kurata S. Prevention of antibiotic-associated diarrhea in
children by Clostridium butyricum MIYAIRI. Pediatrics international : official journal of the Japan Pediatric Society 2003; 45:86-90.
23. Chen ZF, Ai LY, Wang JL, Ren LL, Yu YN, Xu J, Chen HY, Yu J,
Li M, Qin WX, et al. Probiotics Clostridium butyricum and Bacillus
subtilis ameliorate intestinal tumorigenesis. Future Microbiol 2015;
10:1433-45.
24. Yan Y, Dalmasso G, Nguyen HT, Obertone TS, Sitaraman SV,
Merlin D. Ste20-related proline/alanine-rich kinase (SPAK) regulated transcriptionally by hyperosmolarity is involved in intestinal
barrier function. PloS one 2009; 4:e5049.
25. Osawa E, Nakajima A, Fujisawa T, Kawamura YI, Toyama-Sorimachi N, Nakagama H, Dohi T. Predominant T helper type 2-inflammatory responses promote murine colon cancers. International
journal of cancer 2006; 118:2232-6.
26. Dalmasso G, Nguyen HT, Ingersoll SA, Ayyadurai S, Laroui H,
Charania MA, Yan Y, Sitaraman SV, Merlin D. The PepT1-NOD2
signaling pathway aggravates induced colitis in mice. Gastroenterology 2011; 141:1334-45.
27. Zhang S, Zheng S, Wang X, Shi Q, Wang X, Yuan S, Wang G, Ji
Z. Carbon Monoxide-Releasing Molecule-2 Reduces Intestinal Epithelial Tight-Junction Damage and Mortality in Septic Rats. PloS
one 2015; 10:e0145988.
28. Li Y, Di C, Li W, Cai W, Tan X, Xu L, Yang L, Lou G, Yan
Y. Oncomirs miRNA-221/222 and Tumor Suppressors miRNA199a/195 Are Crucial miRNAs in Liver Cancer: A Systematic Analysis. Dig Dis Sci 2016; 61:2315-27.
29. Yan Y, Laroui H, Ingersoll SA, Ayyadurai S, Charania M, Yang
S, Dalmasso G, Obertone TS, Nguyen H, Sitaraman SV, et al. Overexpression of Ste20-related proline/alanine-rich kinase exacerbates
experimental colitis in mice. J Immunol 2011; 187:1496-505.
30. Lin TY, Fan CW, Maa MC, Leu TH. Lipopolysaccharide-promoted proliferation of Caco-2 cells is mediated by c-Src induction
and ERK activation. Biomedicine (Taipei) 2015; 5:5.
Cell Mol Biol (Noisy le Grand) 2017 | Volume 63 | Issue 4

31. Gronbach K, Flade I, Holst O, Lindner B, Ruscheweyh HJ, Wittmann A, Menz S, Schwiertz A, Adam P, Stecher B, et al. Endotoxicity of lipopolysaccharide as a determinant of T-cell-mediated colitis
induction in mice. Gastroenterology 2014; 146:765-75.
32. Miyamoto S, Nakanishi M, Rosenberg DW. Suppression of
colon carcinogenesis by targeting Notch signaling. Carcinogenesis
2013; 34:2415-23.
33. Bin L, Yang F, Lu D, Lin Z. Specific immunotherapy plus Clostridium butyricum alleviates ulcerative colitis in patients with food
allergy. Sci Rep 2016; 6:25587.
34. Hamer HM, Jonkers D, Venema K, Vanhoutvin S, Troost FJ,
Brummer RJ. Review article: the role of butyrate on colonic function. Aliment Pharmacol Ther 2008; 27:104-19.
35. Gao Q, Qi L, Wu T, Wang J. Clostridium butyricum activates
TLR2-mediated MyD88-independent signaling pathway in HT-29
cells. Mol Cell Biochem 2012; 361:31-7.
36. Gao Q, Xiao Y, Zhang C, Min M, Peng S, Shi Z. Molecular characterization and expression analysis of toll-like receptor 2 in response to bacteria in silvery pomfret intestinal epithelial cells. Fish
Shellfish Immunol 2016; 58:1-9.
37. Huang H, Liu JQ, Yu Y, Mo LH, Ge RT, Zhang HP, Liu ZG,
Zheng PY, Yang PC. Regulation of TWIK-related potassium channel-1 (Trek1) restitutes intestinal epithelial barrier function. Cell
Mol Immunol 2016; 13:110-8.
38. Shang H, Sun J, Chen YQ. Clostridium Butyricum CGMCC0313.1 Modulates Lipid Profile, Insulin Resistance and Colon
Homeostasis in Obese Mice. PloS one 2016; 11:e0154373.
39. Park SM, Gaur AB, Lengyel E, Peter ME. The miR-200 family
determines the epithelial phenotype of cancer cells by targeting the
E-cadherin repressors ZEB1 and ZEB2. Genes Dev 2008; 22:894907.
40. Jurmeister S, Baumann M, Balwierz A, Keklikoglou I, Ward
A, Uhlmann S, Zhang JD, Wiemann S, Sahin O. MicroRNA-200c
represses migration and invasion of breast cancer cells by targeting
actin-regulatory proteins FHOD1 and PPM1F. Mol Cell Biol 2012;
32:633-51.
41. Gao Q, Qi L, Wu T, Wang J. Ability of Clostridium butyricum to
inhibit Escherichia coli-induced apoptosis in chicken embryo intestinal cells. Vet Microbiol 2012; 160:395-402.
42. Ling Z, Liu X, Cheng Y, Luo Y, Yuan L, Li L, Xiang C. Clostridium butyricum combined with Bifidobacterium infantis probiotic
mixture restores fecal microbiota and attenuates systemic inflammation in mice with antibiotic-associated diarrhea. Biomed Res Int
2015; 2015:582048.
43. Gao Q, Qi L, Wu T, Wang J. An important role of interleukin-10
in counteracting excessive immune response in HT-29 cells exposed
to Clostridium butyricum. BMC Microbiol 2012; 12:100.
44. Hayashi A, Sato T, Kamada N, Mikami Y, Matsuoka K, Hisamatsu T, Hibi T, Roers A, Yagita H, Ohteki T, et al. A single strain
of Clostridium butyricum induces intestinal IL-10-producing macrophages to suppress acute experimental colitis in mice. Cell Host Microbe 2013; 13:711-22.
45. Neurath MF. New targets for mucosal healing and therapy in
inflammatory bowel diseases. Mucosal Immunol 2014; 7:6-19.
46. Wiklund ED, Bramsen JB, Hulf T, Dyrskjot L, Ramanathan R,
Hansen TB, Villadsen SB, Gao S, Ostenfeld MS, Borre M, et al.
Coordinated epigenetic repression of the miR-200 family and miR205 in invasive bladder cancer. International journal of cancer 2011;
128:1327-34.
47. Madhavan D, Zucknick M, Wallwiener M, Cuk K, Modugno C,
Scharpff M, Schott S, Heil J, Turchinovich A, Yang R, et al. Circulating miRNAs as surrogate markers for circulating tumor cells
and prognostic markers in metastatic breast cancer. Clinical cancer
research : an official journal of the American Association for Cancer
65

Clostridium butyricum regulates miR-200c.

Y. Xiao et al.

Research 2012; 18:5972-82.
48. Xi Y, Formentini A, Chien M, Weir DB, Russo JJ, Ju J, Kornmann M, Ju J. Prognostic Values of microRNAs in Colorectal Cancer. Biomark Insights 2006; 2:113-21.
49. Torres A, Torres K, Pesci A, Ceccaroni M, Paszkowski T, Cassandrini P, Zamboni G, Maciejewski R. Diagnostic and prognostic
significance of miRNA signatures in tissues and plasma of endometrioid endometrial carcinoma patients. International journal of cancer 2013; 132:1633-45.
50. Hamano R, Miyata H, Yamasaki M, Kurokawa Y, Hara J, Moon
JH, Nakajima K, Takiguchi S, Fujiwara Y, Mori M, et al. Overexpression of miR-200c induces chemoresistance in esophageal cancers mediated through activation of the Akt signaling pathway. Clinical cancer research : an official journal of the American Association for Cancer Research 2011; 17:3029-38.
51. Valladares-Ayerbes M, Reboredo M, Medina-Villaamil V, Iglesias-Diaz P, Lorenzo-Patino MJ, Haz M, Santamarina I, Blanco M,
Fernandez-Tajes J, Quindos M, et al. Circulating miR-200c as a diagnostic and prognostic biomarker for gastric cancer. J Transl Med
2012; 10:186.
52. Zidar N, Bostjancic E, Gale N, Kojc N, Poljak M, Glavac D,
Cardesa A. Down-regulation of microRNAs of the miR-200 family
and miR-205, and an altered expression of classic and desmosomal
cadherins in spindle cell carcinoma of the head and neck--hallmark
of epithelial-mesenchymal transition. Hum Pathol 2011; 42:482-8.
53. Barshack I, Meiri E, Rosenwald S, Lebanony D, Bronfeld M,
Aviel-Ronen S, Rosenblatt K, Polak-Charcon S, Leizerman I, Ezagouri M, et al. Differential diagnosis of hepatocellular carcinoma
from metastatic tumors in the liver using microRNA expression. Int
J Biochem Cell Biol 2010; 42:1355-62.
54. Liu XG, Zhu WY, Huang YY, Ma LN, Zhou SQ, Wang YK,
Zeng F, Zhou JH, Zhang YK. High expression of serum miR-21 and
tumor miR-200c associated with poor prognosis in patients with
lung cancer. Med Oncol 2012; 29:618-26.
55. Wach S, Nolte E, Theil A, Stohr C, T TR, Hartmann A, Ekici A,
Keck B, Taubert H, Wullich B. MicroRNA profiles classify papillary renal cell carcinoma subtypes. British journal of cancer 2013;
109:714-22.
56. Chang CJ, Chao CH, Xia W, Yang JY, Xiong Y, Li CW, Yu WH,
Rehman SK, Hsu JL, Lee HH, et al. p53 regulates epithelial-mesenchymal transition and stem cell properties through modulating
miRNAs. Nat Cell Biol 2011; 13:317-23.
57. Chang BP, Wang DS, Xing JW, Yang SH, Chu Q, Yu SY. miR200c inhibits metastasis of breast cancer cells by targeting HMGB1.
J Huazhong Univ Sci Technolog Med Sci 2014; 34:201-6.
58. Mezquita B, Mezquita P, Pau M, Mezquita J, Mezquita C.

Cell Mol Biol (Noisy le Grand) 2017 | Volume 63 | Issue 4

Unlocking Doors without Keys: Activation of Src by Truncated Cterminal Intracellular Receptor Tyrosine Kinases Lacking Tyrosine
Kinase Activity. Cells 2014; 3:92-111.
59. Bai WD, Ye XM, Zhang MY, Zhu HY, Xi WJ, Huang X, Zhao J,
Gu B, Zheng GX, Yang AG, et al. MiR-200c suppresses TGF-beta
signaling and counteracts trastuzumab resistance and metastasis by
targeting ZNF217 and ZEB1 in breast cancer. International journal
of cancer 2014; 135:1356-68.
60. Cochrane DR, Spoelstra NS, Howe EN, Nordeen SK, Richer JK.
MicroRNA-200c mitigates invasiveness and restores sensitivity to
microtubule-targeting chemotherapeutic agents. Molecular cancer
therapeutics 2009; 8:1055-66.
61. Ceppi P, Mudduluru G, Kumarswamy R, Rapa I, Scagliotti GV,
Papotti M, Allgayer H. Loss of miR-200c expression induces an aggressive, invasive, and chemoresistant phenotype in non-small cell
lung cancer. Molecular cancer research : MCR 2010; 8:1207-16.
62. Kopp F, Oak PS, Wagner E, Roidl A. miR-200c sensitizes breast
cancer cells to doxorubicin treatment by decreasing TrkB and Bmi1
expression. PloS one 2012; 7:e50469.
63. Oishi N, Kumar MR, Roessler S, Ji J, Forgues M, Budhu A,
Zhao X, Andersen JB, Ye QH, Jia HL, et al. Transcriptomic profiling
reveals hepatic stem-like gene signatures and interplay of miR-200c
and epithelial-mesenchymal transition in intrahepatic cholangiocarcinoma. Hepatology 2012; 56:1792-803.
64. Tellez CS, Juri DE, Do K, Bernauer AM, Thomas CL, Damiani
LA, Tessema M, Leng S, Belinsky SA. EMT and stem cell-like properties associated with miR-205 and miR-200 epigenetic silencing
are early manifestations during carcinogen-induced transformation
of human lung epithelial cells. Cancer Res 2011; 71:3087-97.
65. Gopalakrishnan S, Raman N, Atkinson SJ, Marrs JA. Rho
GTPase signaling regulates tight junction assembly and protects
tight junctions during ATP depletion. The American journal of physiology 1998; 275:C798-809.
66. Tobioka H, Sawada N, Zhong Y, Mori M. Enhanced paracellular barrier function of rat mesothelial cells partially protects against
cancer cell penetration. British journal of cancer 1996; 74:439-45.
67. Jiang WG, Martin TA, Matsumoto K, Nakamura T, Mansel RE.
Hepatocyte growth factor/scatter factor decreases the expression of
occludin and transendothelial resistance (TER) and increases paracellular permeability in human vascular endothelial cells. J Cell
Physiol 1999; 181:319-29.
68. Martin TA, Mansel RE, Jiang WG. Antagonistic effect of NK4
on HGF/SF induced changes in the transendothelial resistance
(TER) and paracellular permeability of human vascular endothelial
cells. J Cell Physiol 2002; 192:268-75.

66

