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A B S T R A C T

Aims: Despite the protective effect of galacto-oligosaccharides (GOS) on human colon has been widely-reported,
the mechanism of its beneficial effect is still unclear. This paper aims to reveal the internal mechanism un-
derlined the anti-colitis effect of GOS by studying its regulatory effect on miRNAs.
Main methods: An in vitro model of colitis was constructed by using human colon epithelial FHC cells and
lipopolysaccharide (LPS). An in vivo colitis model was established as well, by injecting Rag2−/− Sprague-
Dawley (SD) rats with helicobacter hepaticus. The effects of GOS pre-treatment on these two models were tested,
and the miRNAs involved in these effects were studied.
Key findings: The expression of miR-19b, miR-590-5p and miR-495 was up-regulated, and the expression of miR-
29a, miR-31 and miR-142-5p was down-regulated by GOS treatment in both normal and LPS-stimulated FHC
cells. Among which, miR-19b was the most varied miRNA. GOS pre-treatment significantly attenuated LPS-
induced cell injury, as evidenced by the increase of cell viability, the decrease of apoptosis, as well as the
suppressed release of TNF-α, IFN-γ and IL-1β. GOS pre-treatment could also prevent Rag2−/− rats against he-
licobacter hepaticus injection induced diarrhea and inflammation, as the body weight and colon organ weight
were recovered, diarrhea score was declined, and the release of pro-inflammatory cytokines was inhibited. The
in vitro and in vivo effects of GOS abovementioned were all impeded when miR-19b was silenced.
Significance: In vitro and in vivo experiments showed that GOS have certain anti-colitis effect, and this effect
may be achieved by up-regulating miR-19b.

1. Introduction

Colitis is an inflammatory disease of the colon which can be caused
by injection of bacteria, fungi, viruses, parasites, protozoa and other
organisms, as well as several allergic reactions, like physical and che-
mical factors. The main clinical manifestations are diarrhea, abdominal
pain and constipation [1,2]. Depending on the causes of colitis, many
types of colitis are classified. Among which, Crohn's disease (CD) and
Ulcerative colitis (UC) are identified as two main types caused by au-
toimmunity. And thereby, the link between bacteria injection and CD/
UC has been well-established [3,4]. Inhibition of inflammation caused
by bacterial infection can effectively relieve CD and UC. Besides, the
complex symbiotic system of aerobic and anaerobic bacteria provides
stable antigen-driven in chronic immune-mediated colitis [5].

Galacto-oligosaccharides (GOS) are functional oligosaccharides
with natural properties. GOS are a mixture of substances produced by

lactose. The mixture consists of 2 to 8 sugar units with glucose at the
end and the remaining sugar units are galactose and disaccharide
consisting of two molecules of galactose. Recently, GOS have been
widely-considered as beneficial nutrients in human gastrointestinal
tract. They are capable of altering the composition and metabolism of
the gut microbiota, and thus offering beneficial effects in human health
[6]. For instance, GOS can promote the growth of Lactobacillus, Strep-
tococcus and Bifidobacterium [7]. Apart from the potential of GOS in
modifying the gut microbial balance, GOS were found to inhibit in-
jections by many pathogens due to their ability in coating the surface of
gastrointestinal epithelial cells [8,9]. However, the mechanism under-
lined the colon-protecting effects of GOS is not studied in exhaustive
details.

MicroRNAs (miRNAs) are a class of endogenous non-coding RNA
with regulatory functions found in eukaryotes, with a size of about
20–25 nucleotides [10,11]. Recent studies have shown that miRNA is
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involved in a variety of regulatory pathways, including nutritional
control, virus defense, hematopoietic process, organ formation, cell
proliferation and apoptosis, fat metabolism, etc. [12–18]. Aberrant
expression of miRNAs is often occurred in patients with colitis, and
these miRNAs have been considered as potential biomarkers for the
diagnosis of this disease [19]. By retrieving though the published re-
ports, miR-148a, miR-206, miR-19b, miR-29a, miR-590-5p, miR-146a-
5p, miR-495, miR-106a, miR-155, miR-31 and miR-142-5p are shown
to play promoting or inhibitory effects on the initiation and develop-
ment of colitis [20–26].

Mammalian intestine is an important organ, in where nutrients are
absorbed and immune response is happened. Besides, miRNAs are ap-
peared to play critical roles in both the crypt-villus axis of cellular self-
renewal and inflammation in the mammalian intestinal mucosa and
their impact on the microbiota [27]. Thus, we are interested in in-
vestigating whether GOS exert its anti-colitis effects via regulating co-
litis-associated miRNAs. This paper aims to reveal the internal me-
chanism underlined the anti-colitis effect of GOS by studying its
regulatory effect on miRNAs.

2. Materials and methods

2.1. Human colon epithelial cells culture and treatment

Human colon epithelial cell line FHC (Catalogue number: ATCC®
CRL-1831™) was purchased from ATCC (Manassas, VA). The cultivating
methods can be found in ATCC's official website. In brief, FHC cells
were cultured in DMEM:F12 medium (ATCC) supplied with 10mM
HEPES, 0.005mg/mL insulin, 0.005mg/mL transferrin, 100 ng/mL
hydrocortisone, 20 ng/mL human recombinant EGF (all from Sigma, St.
Louis, MO), 25 ng/mL cholera toxin (Invitrogen, Carlsbad, CA), and
10% fetal bovine serum (Hyclone, Logan, UT). Cells were routinely
grown in 75 cm2

flask at 37 °C in a humid atmosphere with 5% CO2.
Lipopolysaccharide (LPS) from Escherichia coli O111:B4 was pur-

chased from Sigma. FHC cells were treated with 1 μg/mL of LPS for 24 h
[28] to induce in vitro inflammation.

Guaranteed reagent grade of GOS with purity > 99.8% was pur-
chased from Grbio Biotechnology Co., Ltd. (Shanghai, China). GOS with
a final concentration of 2% was used to treat FHC cells before LPS
stimulation for 24 h [29].

2.2. miRNA transfection

miR-19b inhibitor and its negative control (NC) were purchased
from GenePharma (Shanghai, China). The sequences of miR-19b used
were as follows: UAACCGAUUUCAGAUGGUGCUA. miR-19b inhibitor
and NC with final concentration of 100 nM were respectively trans-
fected into FHC cells with the mediation of Lipofactamine 2000 reagent
(Invitrogen). After 48 h of transfection, the efficiency of the transfection
was tested by qRT-PCR analysis.

2.3. qRT-PCR analysis

For detection of miRNAs expression, total miRNAs were extracted
from FHC cells by using RNAiso for Small RNA (Takara, Dalian, China).
Reverse transfection and qRT-PCR processes were carried out with the
mediation of Mir-X™ miRNA First-Strand Synthesis Kit and Mir-X™
miRNA qRT-PCR TB Green™ Kit (both from Takara), respectively. For
the test of mRNA expression, cellular mRNAs were isolated by using
Trizol reagent (Invitrogen). PrimeScript™ RT Master Mix and TB
Green™ Premix Ex Taq™ II obtained from Takara were used for cDNA
synthesis and qRT-PCR. The amounts of the targeted miRNAs and
mRNAs were standardized against U6 snRNA and GAPDH, respectively.
Data were calculated according to 2−ΔΔCt method [30].

2.4. Detection of cell viability

FHC cells (1× 103) in 96-well plates were treated as indicated.
After which, cell viability was measured at 48 h using cell counting kit-
8 (Dojindo Laboratories, Kumamoto, Japan), according to the manu-
facturer's instructions. Optical density (OD) values of each well were
recorded by an ELISA reader (Bio-Rad Laboratories, Hercules, CA) for
calculating relative cell viability.

2.5. Detection of apoptosis

After the indicated treatment, 1× 105 FHC cells per sample were
collected and washed twice with PBS. The cell apoptosis was detected
by the Annexin V-FITC/PI apoptosis detection kit (Beyotime, Shanghai,
China), according to the manufacturer's instructions. The stained cells
were evaluated by flow cytometric analysis. Annexin V-positive and PI-
negative cells are considered as apoptotic cells and the rate of apoptotic
cells was calculated by using the FlowJo software (TreeStar, San Carlos,
CA).

2.6. Western blotting

The total protein in FHC cells after the indicated treatment was
extracted by using RIP lysis buffer (Beyotime). Protein concentration of
the extracts was measured by BCA Protein Assay Kit (Sangon Biotech,
Shanghai, China). Proteins were separated by SDS-PAGE and trans-
ferred onto PVDF membranes. For immunoblotting, the following pri-
mary antibodies were used: anti-Bax (ab32503), anti-Bcl-2 (ab182858),
anti-cleaved caspase-3 (ab2302), and anti-GAPDH (ab181603). Goat
anti-rabbit IgG H&L (HRP) (ab7090) was used as a secondary antibody.
Electrochemiluminescence Western blotting kit (Thermo Fisher
Scientific, Waltham, MA) was used for developing the target bands.

2.7. Animals and in vivo study design

A total of 40 SPF grade of Sprague-Dawley (SD) rats (Rag2−/−) (20
males and 20 females, 6 weeks old) were purchased from Vital River
Laboratories (Beijing, China) and cultured under SPF conditions as
described elsewhere [31]. The Rag2−/− rats are high immunodeficient
with dysfunction of B and T cells. All animal experiments were ap-
proved by the Animal Ethics Committee of Northeast Agricutural Uni-
versity.

The rats were randomly divided into 5 groups (8 rats per group):
Control, HH, HH+GOS, HH+GOS+NC and HH+GOS+miR-19b
inhibitor. Rats in the Control group received no treatment. HH group
rats were infected with 0.3 mL helicobacter hepaticus suspension (OD
values≥ 1.8 at 600 nm) via oral for 2 consecutive days. The number of
dosing of helicobacter hepaticus suspension to rats was two times per
day (at morning and night). Bacterial culture was performed as pre-
viously described [32]. In the HH+GOS group, the rats were con-
tinuously administrated with GOS via oral for 2 weeks at a dose of
5000mg/day/kg before helicobacter hepaticus infection. GOS was
dissolved in double-distilled H2O and given to rats two times per day (at
morning and night). Rats in the HH+GOS+NC and
HH+GOS+miR-19b inhibitor groups received 60 μg/kg of NC or
miR-19b inhibitor injection (intraperitoneal) before GOS treatment and
helicobacter hepaticus infection.

The severity of diarrhea was evaluated according to the following
criterion which is scored from 1 to 4: no diarrhea (1), fecal specimens
loose yellow-green indicates mild diarrhea (2), fecal specimens totally
loose yellow-green indicates moderate diarrhea (3), fecal specimens
with high water content indicates severe diarrhea (4) [33]. The rats
with scores≥2 were considered for use as animal model of colitis. After
the end of the experiment, diarrhea index was detected every 4 days.
Also, the weight of body and colon organ was weighed.
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2.8. ELISA

Concentrations of TNF-α, IFN-γ, IL-1β in rat serum and cell culture
supernatant were measured using the ELISA kit (Catalogue number:
ab46070, ab46107 and ab100768, Abcam), according to the manu-
facturer's instructions.

2.9. Statistics

All data presented as mean ± SD. In vivo experiments were re-
peated in eight rats, while in vivo experiments were done in triplicate.
SPSS software version 19.0 (Chicago, IL) was sued for statistical ana-
lysis. Statistical difference between groups was analyzed by one way
ANOVA followed by Duncan post-hoc. Results were considered statis-
tically significant at P < 0.05.

3. Results

3.1. Six miRNAs could be altered by GOS treatment

Through literature review, 11 miRNAs closely related to colitis were
screened to study whether GOS could regulate the expression of these
miRNAs [34–37]. The results of Fig. 1A showed that GOS up-regulated
the expression of miR-19b, miR-590-5p and miR-495, and down-regu-
lated the expression of miR-29a, miR-31 and miR-142-5p in normal
FHC cells (P < 0.05). However, the expression levels of miR-148a,
miR-206, miR-146a-5p, miR-106a and miR-155 could not be sig-
nificantly altered by GOS (P > 0.05).

The same trend was obtained in LPS-damaged FHC cells. Data in
Fig. 1B showed that, the expression of miR-19b, miR-590-5p, miR-495,
miR-29a, miR-31 and miR-142-5p in LPS-injured FHC cells was sig-
nificantly different from that in LPS-injured FHC cells treated with GOS
(P < 0.05).

Either in normal or LPS-injured FHC cells, miR-19b is the most
varied miRNA by GOS, thus we chose miR-19b for further study.

3.2. The expression of miR-19b was silenced by transfection

To investigate whether miR-19b is a downstream gene which plays
an anti-colitis role in cell treated with GOS, the expression of miR-19b
in cell was silenced by inhibitor transfection. The qRT-PCR data showed
that the expression of miR-19b in the miR-19b inhibitor group was
significantly lower than that in the NC group (P < 0.05, Fig. 2), in-
dicating that miR-19b silenced cells were successfully obtained.

3.3. GOS protected FHC cells against LPS induced injury via up-regulating
miR-19b

Next, FHC cells were transfected with miR-19b inhibitor and then
treated with GOS and LPS, to see the involvement of miR-19b expres-
sion in GOS's function. As shown in Fig. 3A–C, LPS significantly reduced
cell viability while induced apoptosis of FHC cells (P < 0.05). Pre-
treatment with GOS attenuated LPS induced injury to FHC cells, as cell

Fig. 1. Six miRNAs are altered by GOS. (A) The expression of
11 miRNAs closely related to colitis in FHC cells after treating
with GOS. (B) The expression of these 11 miRNAs in FHC cells
after LPS stimulation, and LPS plus GOS treatment. qRT-PCR
analysis was performed for testing miRNA expression. Data
are expressed as mean ± SD (n=3). ns, no significance; *,
P < 0.05.

Fig. 2. Silence of miR-19b by transfection. Relative expression of miR-19b in
FHC cells, after transfection with miR-19b inhibitor or its negative control (NC).
qRT-PCR analysis was performed for testing miR-19b expression. Data are ex-
pressed as mean ± SD (n=3). *, P < 0.05.
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viability was enhanced, and apoptosis was suppressed (P < 0.05).
More interestingly, GOS pre-treatment could not protect FHC cells
against LPS-induced cell death when miR-19b was silenced by inhibitor
transfection (P < 0.05). Results from western blot further confirmed

this observation, as Bax and cleaved caspase-3 was remarkably down-
regulated, while Bcl-2 was up-regulated following GOS treatment
(Fig. 3D). And next, these alterations induced by GOS were abolished
by miR-19b silence.

Fig. 3. In vitro effects of GOS on LPS-injured FHC cells via regulating miR-19b. FHC cells were transfected with miR-19b inhibitor or its negative control (NC), after
which the cells were treated by LPS or LPS plus GOS. (A) Cell viability was detected by CCK-8 assay. (BeC) Cells were stained with Annexin V-FITC and PI, and the
apoptosis cells were analyzed by flow cytometry. (D) The protein levels of Bax, Bcl-2 and cleaved caspase-3 were tested by western blot analysis. (E) The relative
mRNA levels of TNF-α, IFN-γ and IL-1β by qRT-PCR. (F) The concentrations of TNF-α, IFN-γ, IL-1β by ELISA. Data are expressed as mean ± SD (n=3). *, P < 0.05.
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Same trends were observed in the release of pro-inflammatory cy-
tokines. From Fig. 3E and F, we found that the mRNA levels and the
protein concentrations of TNF-α, IFN-γ and IL-1β were all increased by
LPS (P < 0.05). GOS pre-treatment attenuated LPS-stimulated TNF-α,
IFN-γ and IL-1β (P < 0.05), while the impacts of GOS on these pro-
inflammatory cytokines were impeded when miR-19b was silenced
(P < 0.05). All these results suggested that GOS protected FHC cells
against LPS induced injury at least in part via up-regulating miR-19b.

GOS attenuated helicobacter hepaticus induced colitis via up-

regulating miR-19b.
As the cytoprotective effects of GOS have been identified, we further

verified the protective effects of GOS in an animal model of colitis in-
duced by helicobacter hepaticus. Fig. 4A and B showed that, the weight
of whole body and colon organ of Rag2−/− SD rats were significantly
reduced after helicobacter hepaticus injection as compared with control
group (P < 0.05). Treatment with GOS beforehand obviously re-
covered the weight loss caused by helicobacter hepaticus (P < 0.05).
However, GOS did not alleviate the weight loss caused by helicobacter

Fig. 4. In vivo effects of GOS on Rag2−/− SD rats injected with helicobacter hepaticus via regulating miR-19b. Rag2−/− SD rats were transfected with miR-19b
inhibitor or its negative control, after which received helicobacter hepaticus injection or in combination with GOS pre-treatment. Changes of (A) body weight, (B)
colon organ weight, and (C) diarrhea index of rats were recorded. The concentrations of (D) TNF-α, (E) IFN-γ, and (F) IL-1β in rat serum were measured by ELISA.
Data are expressed as mean ± SD (n=8). *, P < 0.05.
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hepaticus when miR-19b was silenced (P < 0.05). In Fig. 4C, the result
trend is similar to that of Fig. 4A and B, which reflects diarrhea index.
Specifically, rats still had an attack of diarrhea at the 4th day after
helicobacter hepaticus injection, and the diarrhea was slightly relieved
with time increasing. The rats received GOS pre-treatment processed
low diarrhea scores as compared to the rats injected with helicobacter
hepaticus alone (P < 0.05). Moreover, GOS pre-treatment could not
attenuate diarrhea such significant when miR-19b was silenced by gene
transfer (P < 0.05).

Fig. 4D–F showed that the concentrations of TNF-α, IFN-γ and IL-1β
in rat serum were obviously elevated by helicobacter hepaticus injec-
tion (P < 0.05). Treatment with GOS beforehand significantly reduced
the concentrations of pro-inflammatory cytokines caused by helico-
bacter hepaticus (P < 0.05). Not surprisingly, GOS could not reduce
the concentrations of these pro-inflammatory cytokines when miR-19b
was silenced. Thereby, it is rationally to draw a conclusion that GOS
attenuated helicobacter hepaticus induced colitis at least in part via up-
regulating miR-19b.

4. Discussion

It is well-known that nutrients play significantly roles in main-
taining human health and the management of many diseases. Recent
decades, a growing number of reports focused on investigating the
beneficial effects of various nutrients and the mechanisms involved.
GOS are functional ingredients produced by lactose. The beneficial ef-
fects of GOS have long been known, and three mechanisms of theirs
action have been roughly revealed. One is related to the growth pro-
moting effects of GOS on several probiotics, like Lactobacillus,
Streptococcus and Bifidobacterium [7]. One is related to the production of
short chain fatty acids, which is helpful for inhibiting the growth of
undesirable microorganisms [38]. And other one is related to the in-
hibitory effects on pathogen injections, due to the ability of GOS in
coating the surface of gastrointestinal epithelial cells [8,9]. However, a
recent paper found that GOS were able to increase sucrase activity in
cultured human epithelial intestinal cells, and thus the authors hy-
pothesized that GOS may act directly on these cells [39]. A later study
further confirmed this hypothesis, that GOS could directly protect
human epithelial intestinal cells against deoxynivalenol induced epi-
thelial barrier dysfunction, and inhibited the release of IL-8 from cell
[29]. The abovementioned three mechanisms cannot explain how GOS
impact human epithelial intestinal cells directly. Therefore, we are in-
terested in this point and found that GOS exerted theirs beneficial ef-
fects on the human colon epithelial cells may partially via up-regulating
miR-19b. This finding allows us to understand the beneficial effects of
GOS in a different mechanism.

In the current study, in vitro experiments were performed and the
cytoprotective effects of GOS on human colon epithelial cells (FHC)
were observed. Pre-treatment with GOS attenuated LPS-inhibited cell
viability and LPS-induced apoptosis. This phenomenon was coupled
with the down-regulated Bax, the up-regulated Bcl-2 and the suppressed
cleavage of caspase-3. These three proteins are all key control points for
apoptosis pathways. Bax gene, belongs to the Bcl-2 gene family, is the
most important apoptotic gene in human body. The encoded Bax pro-
tein can form a heterodimer with Bcl-2 and has an inhibitory effect on
Bcl-2. Caspase-3 is one of the main executors of apoptosis. Thus, our
data suggested that pre-treating FHC cells with GOS significantly atte-
nuated LPS-induced cell death. Moreover, GOS were found to prevent
LPS induced the release of pro-inflammatory cytokines, including TNF-
α, IFN-γ and IL-1β, indicating GOS have potent anti-inflammatory ef-
fects. This finding was in line with multiple previous studies. For in-
stance, Gopalakrishnan et al. found that GOS have the potential to
regulate colon inflammation and thus reduce the severity of colitis by
initiating non-specific immunity [32]. Bouwhuis et al. demonstrated
that pigs supplemented with GOS resulted in reduced mRNA levels of
IL-6, IL-22 and TNF-α [40].

The colon-protecting effects of GOS were also confirmed in an an-
imal model in this study. By injection with helicobacter hepaticus for
two consecutive days, Rag2−/− SD rats had a severe attack of diarrhea.
The body weight and colon organ weight begun to loss, and the levels of
IL-6, IL-22 and TNF-α in rat serum were dramatically increased. These
observations indicated that Rag2−/− SD rats suffered from colitis after
helicobacter hepaticus injection. Similar murine models of colitis were
used elsewhere. For instance, Smad3- and IL10-deficient mice injection
with helicobacter hepaticus leads to a severe colitis [32,41]. These
animal models were established due to the immune system was sup-
pressed which made animals more sensitive to bacterial infection
[42,43]. Besides this, other animal models of colitis were also utilized
in recent studies, like dextran sulfate sodium (DSS)-induced colitis
model. DSS is a long chain polymer of sulfated glucose that can induce
epithelial damage. DSS is the most widely used stimulation for the es-
tablishment of colitis animal model, as its predominant properties, like
rapidity, simplicity, reproducibility and controllability [44]. Despite
that, we used immunodeficiency rat and helicobacter hepaticus injec-
tion for the establishment of colitis model. And found that treatment
with GOS beforehand could effectively relieve the severity of illness.
These finding indicates that, GOS may have potentials in preventing
colitis among immunodeficiency population.

With the better understanding of miRNAs, the importance of them
in the onset and progression of colitis has been highlighted. Some of
them have been considered as potential biomarkers for this disease, as
they are differentially expressed in patients with colitis. For example,
Wu et al. found out that the expression of 11 kinds of miRNAs in the
intestinal mucosa was different during the activity period of UC pa-
tients, of which 3 kinds decreased significantly (miR-192, miR-375 and
miR-422b) and 8 kinds increased significantly (miR-16, miR-21, miR-
23a, miR-24, miR-19b, miR-126, miR-195 and Let-7f) [34]. Besides, the
functional roles and potential usage as therapeutic targets were widely
reported [45], since they play important roles in regulating cell pro-
liferation, apoptosis, differentiation and inflammatory responses.
Moreover, host miRNAs in mammalian cells appeared to work as crucial
regulators during the injection of diverse pathogens. They participate in
regulating the self-renewal and inflammation of intestinal mucosal
epithelia [27], in where GOS absorption and bacterial infection were
carried out. Bases on these reasons, we are interested in studying
whether GOS protected FHC cells and SD rats via modulating miRNAs.

By retrieving though the published reports, 11 kinds of colitis-as-
sociated miRNAs [20–26] were selected. We found that 6 of them can
be altered by GOS treatment. The expression of miR-19b, miR-590-5p
and miR-495 was up-regulated, and the expression of miR-29a, miR-31
and miR-142-5p was down-regulated by GOS. Among them, GOS had
the most significant effect on miR-19b expression, thus miR-19b was
selected for further investigation. The present work showed that the in
vitro and in vivo colon-protective effects of GOS were both attenuated
when miR-19b was silenced. This finding suggested that GOS could
prevent colitis to a certain degree via partially up-regulating miR-19b.
Actually, the functional effects of miR-19b have been reported pre-
viously. Chen et al. found that inhibition of miR-19b elevated the ex-
pression of TNF-α, IL-8, and GM-GSF, suggesting the anti-inflammatory
effects of miR-19b [46]. Zhou et al. revealed that miR-19b could target
TNF-α and thereby suppressed the progression of UC [47]. Further
studies are required to investigate the miRNAs other than miR-19a
which can act as downstream effectors of GOS.

5. Conclusions

In conclusion, in vivo and in vitro experiments in the current study
showed that GOS have certain anti-colitis effect, and this effect may be
achieved by regulating miR-19b. The finding of this study allows a
closer understanding of the different mechanism involved in the ben-
eficial effects of GOS.
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