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Abstract

Background: Ulcerative colitis (UC), belongs to inflammatory bowel diseases (IBD), frequently induces

liver inflammation and injury. Previous studies have proved that bone marrow-derived mesenchymal

stem cells (BMSCs) can suppress inflammation and improve intestinal mucosal injury in colitis, however,

the effects of BMSCs on colitis-induced liver injury and the underlying molecular mechanisms remain

unclear. Here, we investigated the effects and mechanisms of BMSCs in acute ulcerative colitis Balb/C

mice, which were induced by 4 % dextran sodium sulphate (DSS).

Methods: In this study, BMSCs derived from Balb/C mice were administrated by single intravenous

injection with a dose of 5*10^7 cells/kg. And then, the effects and underlying molecular mechanisms were

investigated. Firstly, degree of liver injury in colitis mice was evaluated by hepatic ALT, AST, ALP and

TBIL levels, which were measured by specific determination kits, the levels of TNF-α, IL-6, IFNγ and LPS

were examined by ELISA. Secondly, as the indicator of intestinal-liver barrier disorder, tight junction

proteins were analyzed by western blot. Thirdly, the pathological changes in colon and liver were

detected by H&E staining. At last, homing of BMSCs to lesion tissues was investigated by

Immunofluorescence.

Results: The results indicated that histopathological changes in model mice had been greatly alleviated,

BMSCs infusion remarkably decreased the serum ALT, AST, ALP and TBIL level, and meanwhile reduced

pro-inflammatory cytokines in liver tissues. Furthermore, homing of BMSCs was observed in colon and

liver, and the disorder of intestinal-liver barrier was declined significantly.

Conclusions: In conclusion, BMSCs alleviate liver injury induced by ulcerative colitis via repairing the

intestinal-liver barrier and activating hepatocyte growth factor, it has potential application prospects in the

treatment of liver injury induced by ulcerative colitis.
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Introduction

Ulcerative colitis (UC) is an inflammatory bowel disease (IBD) restricted to the colonic mucosa and

submucosa with characteristic ulcers or open sores [1]. UC is a commonly occurring disease, and has a

prevalence of 7.6-246 per 100000 individuals in the worldwide [2]. The etiology of UC is still poorly

understood, which is likely to involve immune dysfunction [3], genetic susceptibility [4] and microbial

imbalance [5]. So far, due to the high recurrence rate, the clinical therapeutic efficacy of UC is still

unsatisfactory [6].

Numerous of evidence indicates that the most typical character of UC is the abnormal immune response

in the intestinal wall with epithelial barrier disruption [7-10]. Studies show that abnormal immune

response of intestinal wall mucosa and intestinal mucosal barrier defection can cause liver injury by over

exposure to bacterial translocation, enteric antigens and toxins, as well as inflammatory mediators

[11-15]. As for the pathogenesis of liver injury induced by colitis, it is well known that enteric toxins are

more convenient to enter the liver through the portal vein, leading to liver diseases [16]. More seriously,

this pathogenic process is usually accompanied by the destruction of liver barrier function, which

aggravates the risk of liver injury [17]. Regrettably, the drugs currently used to treat UC were reported

have some unsatisfactory gastrointestinal and liver adverse effects [18-20]. Therefore, it is meaningful to

find better treatments that can treat liver damage caused by UC.

In the recent years, systemic administration of BMSCs to regulate the immune response and enhance

endogenous regeneration is becoming a new treatment strategy in immune hyperactivity and tissue

injury diseases [21-23]. Intravascular injection of BMSCs has been confirmed to be an effective treatment

for autoimmune diseases [24-25], graft vs. host disease (GVHD) [26-27], vascular diseases and diabetes

[28-29]. Hundreds of clinical trials of BMSC cell therapy are now being carried out world-wide [30-32].

Meanwhile, studies have showed that BMSCs can homing to injured intestinal crypt and promote

intestinal epithelial regeneration, as well as repair intestinal epithelial tight junction in DSS induced colitis

mice [33]. In our previous studies, we have proved BMSCs could inhibit hepatic fibrosis and repair liver

injury via activating hepatocyte growth factor (HGF). However, the role of BMSCs in colitis induced liver

injury, as well as how BMSCs will work are still unknown. Undoubtedly, these problems are very urgent

and will have great clinical significance. Based on this, in this study, we aimed to confirm the effects of

BMSCs in colitis induced UC and the underlying mechanism.



Materials and methods

Reagents

Dextran sodium sulfate (DSS; molecular weight: 36,000–50,000) was purchased from MP Biomedicals

(Santa Ana, CA, USA). The aminotransferase (AST), alanine aminotransferase (ALT), alkaline

phosphatase (ALP) and total bilirubin (TBIL) testing kits were provided by Jiancheng Institute of

Biotechnology (Nanjing, China). Enzyme-linked immunosorbent assay (ELISA) kits of TNF-α, IL-6 and

IFNγ was obtained from Sigma-Aldrich (St. Louis, MO, USA). The ELISA kits for HGF and HGFA were

respectively purchased form R&D systems (Minneapolis, MN, USA) and Cloud-Clone Corp (Houston, TX,

USA). The ELISA kits for LPS was obtained from Shanghai Enzyme-linked Biotechnology Co., Ltd

(Shanghai, China). Primary antibodies specific for claudin1、claudin2、claudin5、claudin7、occludin、

ZO-1 were purchased from Abcam (Cambridge, UK), and Primary antibodies specific for HGF α chain

was purchased from Santa Cruz Biotech (Santa Cruz, CA, USA).

Isolation and culturing of BMSCs

The BMSCs were isolated and cultured following the published protocol as mentioned [34]. In this

present study, the bone marrow was obtained from the hind limbs of male Balb/C mice aged 5-6 weeks

by flushing with Dulbecco’s modified Eagle’s medium (DMEM) medium supplemented with 10% fetal

bovine serum (Hyclone, Salt Lake City, UT, USA), 100 units/ml penicillin and 100 units/ml streptomycin

(Sigma-Aldrich, St-Louis, MO, USA). The cells were cultured in a humidified incubator at 37°C under an

atmosphere with 5% CO2 and the third generation of BMSCs were used in the experiments.

FITC-marked rabbit anti-mouse CD29 or CD34 (BD, NJ, USA) and PE-linked anti-mouse CD45 or CD90

antibody (BD, NJ, USA) were used to stain cell surface markers which subsequently were evaluated

using fluorescence-activated cell sorting with flow cytometry. Oil Red O was used to assess cell capability

of adipogenesis. The capability of osteogenesis was evaluated using calcium tubercle sodium

alizarinsulfonate staining.

BMSCs labeling

BMSCs were maintained in DMEM supplemented with 0.1 mmol/L 5-bromo-2′-deoxyuridine (BrdU,

Sigma-Aldrich, St. Louis, MO, USA), 10% fetal bovine serum (FBS, Gibco, Carlsbad, CA, USA), 100

units/ml penicillin and 100 units/ml streptomycin for 3 days, after which medium was changed to

complete DMEM without BrdU.

Animals and experimental protocol



A total of 45 6-week-old male BALB/C mice were obtained from shanghai SLAC laboratory animal Co.,

Ltd. The animals were administered a standard rodent diet with free access to water (ad libitum) and

were housed in rooms sustained at 22 ± 1 °C with a 12 h light/dark cycle. The experimental protocol was

reviewed and approved by the Animal Ethics Committee of Guilin Medical University (No. 20140304026).

To evaluate the protective effects of BMSCs on liver injury induced by ulcerative colitis, mice were

randomly divided into the three experimental groups (n=15 per group): control group, model+PBS (4 %

DSS) group, DSS+PBMCs (5*10^7 cells/kg) group. The control group was given distilled water every day,

and mice in the other groups received DSS (molecular mass 36000–50000, MP Biomedicals) added at

4% concentration to the drinking water within 7 consecutive days. On the seventh day, mice in

model+PBS group were injected with BrdU labeled BMSCs (5*10^7 cells/kg) via tail vein, and mice in

model+PBS group were injected with same volume of PBS via tail vein. From the eighth day, all the mice

in three groups were administrated with distilled water. Peripheral blood was selected on day 7, 9, 11, 15,

19, 23 for biochemical detection. The mice in each group were sacrificed in batches on day 9, 16, 23,

colon and liver samples were collected, a portion of the tissue was fixed in 4 % paraformaldehyde for

histopathological analyses, and the remaining was stored at −80°C for further immunofluorescence

staining and immunoblot assays.

Biochemical analyses

Serum were separated from blood after centrifugation at 4000 rpm for 5 min and stored at −80 °C until

use. The serum levels of alanine transaminase (ALT), aspartate aminotransferase (AST), alkaline

phosphatase (ALP) and total bilirubin (TBIL) were measured with an enzyme-linked immunosorbent

assay (ELISA) kit according to the manufacturer’s instructions.

Enzyme-linked immunosorbent assay (ELISA)

The levels of TNF-α, IL-6, IFNγ, HGF, HGFA in serum or liver tissues were analyzed by corresponding

ELISA kits, according to their manufacturer’s instructions. The optical density of each well was measured

at 450nm.

Histopathological Evaluation

After being fixed in 10% formalin solution for 24 h, the colon and liver tissues were embedded in paraffin

and sectioned (5 μm) with a rotary microtome. For histological assessment of tissue damage,

formalin-fixed, paraffin-embedded tissue sections were deparaffinized with xylene and stained with

hematoxylin and eosin (H&E). Stained slides were evaluated under a light microscope by two



independent medical technologists.

Immunofluorescence staining

For immunofluorescence staining, prepared frozen slices were fixed with iced acetone for 10min and

permeabilized with 0.3 % Triton-X for 30min at room temperature, the tissue sections were then

incubated overnight at 4°C with rat anti-BrdU (abcam, Cambridge, UK) antibodies. Subsequently, the

cells were incubated with Alexa 488-conjugated secondary antibody (Invitrogen, Carlsbad, CA, USA) at

RT. The slides were counterstained with DAPI. The images were observed with a fluorescence

microscope EVOS (Thermo Fisher Scientific, CA, USA). All experiments were performed in triplicate.

Western blotting

Proteins were extracted from the colon and liver tissue samples by RIPA reagent containing 1mM PMSF

and phosphatase inhibitors, and the concentrations were detected by BCA protein assay kit. Equal

amounts of protein were separated on 10 % SDS-PAGE electrophoretic gels and transferred to PVDF

membrane. Subsequently, the membranes were blocked with 5 % BSA at room temperature for 2h and

incubated overnight at 4°C with a 1:1000 dilution of different primary antibodies. The membranes were

then washed three times with TBST followed by incubation with appropriate HRP-conjugated secondary

antibodies for 1h at room temperature. The membranes were visualized with an enhanced

chemiluminescence kit.

Statistical analysis

Results are presented as means ± standard deviations (SD) of three independent experiments.

Significant differences in the mean values were evaluated by unpaired t-test. One-way ANOVA was used

to compare continuous variables among two or more groups. p<0.05 was considered statistically

significant.

Results

The intestinal-liver barrier was disrupted in ulcerative colitis induced liver injury model

In the present study, we applied 4 % DSS to induce mice colitis model, which has been reported to cause

adverse liver reactions. Changes in disease characteristics such as body weight, colon length, as well as

pathological changes in colon all indicated that ulcerative colitis model was successfully constructed (Fig

1a-c). Consistent with previous research reports, histopathological changes in liver tissue were frequently

observed in ulcerative colitis mice (Fig 1c). Meanwhile, the serum ALT, AST, TC levels were significantly
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increased in model mice (Fig 1d-g), which also revealed that we successfully established ulcerative

colitis caused liver injury model.

To determine the intestinal-liver barrier dysfunction in ulcerative colitis induced liver injury model, we

detected intestinal-liver barrier related proteins in colon and liver respectively. As showed in Fig 2,

claudin2、 claudin 5、claudin 7, as well as occludin and ZO-1 were remarkably decreased in colon and

liver, while the expression of claudin1 was down-regulated in liver only. These results well confirmed

ulcerative colitis induced intestinal-liver barrier dysfunction.

BMSCs alleviated the syndrome of ulcerative colitis and improved histopathologic indices.

To assess the effects of BMSCs, we investigated the typical symptoms of ulcerative colitis. After

treatment with BMSCs, the body loss of model mice was markedly reversed from Day 9 (Fig 3a).

Meanwhile, compared with Model+PBS group, BMSCs extremely increased the colon length (Fig 3b). As

showed in Fig 3c-d, BMSCs treatment significantly improved inflammatory infiltration, and recovered the

tissue morphology of colon and liver.

BMSCs homing was observed in damaged colon and liver tissues

In order to confirm the tissue location of therapeutic BMSCs in model mice, BrdU was used to trace stem

cells. Our results showed that there were obvious BMSCs homing in inflamed foci of colon (Fig 4a) and

liver (Fig 4b) the fifth day after BMSCs treatment. These results prompted that BMSCs might inhibit

inflammation and repair damage tissue via directly homing to the inflamed foci.

BMSCs reduced DSS-induced inflammation and ameliorated hepatic function

We further detected the levels of inflammatory cytokines in liver and serum by ELISA. As can be seen in

Fig. 5, levels of serum TNFα, IL-6, IFNγ and LPS were elevated markedly after treatment with DSS as

compared to the control group, and by contrast, BMSCs could reduce notably DSS-induced serum

inflammation (Fig 5a-d). Similarly, elevated liver TNFα and IFN γ induced by DSS were suppressed

BMSCs transplantation (Fig 5e-f). Meanwhile, serum biochemical analyses were performed to detect

hepatic function, we found that the serum ALT, AST, ALP and TBIL levels were extremely increased in the

DSS group, and compared with DSS group, BMSCs could markedly reduce these indexes in serum (Fig

5g-j). As HGF play important roles in colon and liver tissue regeneration [35-36], HGF、HGF activator

(HGFA) and HGF α chain were detected in liver tissues, the results revealed that loss of HGF and HGFA

induced by DSS in liver were remarkably reversed by BMSCs (Fig 5k-n).



BMSCs improved DSS-induced intestinal-liver barrier dysfunction

To determine the epithelial barrier dysfunction, we detected the expression of tight junction proteins in

colon and liver tissues. Our results revealed that tight junction-associated protein Claudin2、Claudin5、

Claudin7、Occludin and ZO-1 seriously reduced in colon tissue of colitis mouse, indicating DSS induced

intestinal barrier dysfunction. After treatment with BMSCs, Claudin2 and Claudin5 were significantly

recovered, which indicated that BMSCs partly improved DSS-induced intestinal barrier dysfunction (Fig

6). As the same, the expression of Claudin1、Claudin5、Claudin7、Occludin and ZO-1 were decreased

in liver tissue of colitis mouse, while BMSCs remarkably up-regulated these above junction-associated

proteins (Fig 6).

Discussion

In the recent years, the number of patients with IBD accompanied with liver injury continues to increase

[37]. It is urgent to clarify the pathogenesis of ulcerative colitis induced liver injury and find appropriate

drug interventions [38]. In this current study, we demonstrated that BMSCs alleviated ulcerative colitis

induced liver injury via repairing the intestinal-liver barrier and activating hepatocyte growth factor, it has

potential application prospects in the treatment of liver injury induced by ulcerative colitis.

Previous studies revealed that owing to the loss of tight junction proteins in the intestinal epithelium, there

was extreme increase of intestinal vascular permeability in ulcerative colitis, which would lead to

enterotoxins exposure and inflammation induced liver injury, and meanwhile accompanied by tight

junction damage in liver tissue and changes in tight junction protein expression [39-41]. Current

researches indicate that colon-liver tight junction complex is composed of membrane protein occludin、

claudins and intracellular protein ZO-1 and other components, of which claudin proteins are the

functional and structural basis of tight junction complex. claudin1, claudin2 and claudin3 proteins are

found in mature hepatocytes and distributed along bile ducts. Claudins can directly affect the

transmembrane electrical impedance of epithelial and endothelial tissues, and regulate the permeability

of tight junction. Lack of claudins will cause the damage of endothelial barrier [42-44]. ZO-1 protein plays

an important role in assembling mature tight junction structure and maintaining the integrity of tight

junction [45-46]. In this study, we demonstrated that BMSCs directly homing to the sites of inflammation

both in colon and liver, and repaired the the intestinal-liver barrier via increasing the expression of tight

junction proteins, our research provided direct evidences for BMSC localization and repair the tight
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junction and maintaining the integrity of the intestinal-liver barrier.

Hepatocyte growth factor (HGF) is a multifunctional growth factor that plays an important role in the

process of development, tissue regeneration and repair. Studies revealed that in damaged colon or liver

tissues, HGF was activated by HGFA (hepatocyte growth factor activator), and exert biological activity in

tissue regeneration as a form of HGF alpha chain [35-36]. However, whether BMSCs promote activation

of HGF is still unknown. Our results revealed that BMSCs significantly increased the HGFA and HGF

alpha chain in liver, which indicated that HGF was involved in therapeutic process of BMSCs in liver

tissue.

In summary, this study delineated that BMSCs treatment protected DSS-induced liver injury by

remodeling the intestinal-liver barrier and inhibiting inflammation response. These results suggested that

BMSCs could be used as a promising adjuvant therapeutic strategy in the treatment of colitis-induced

liver injury.
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Figure legend

Figure 1. Typical pathological changes in colitis induced liver injury model mouse. (a), Body weight. (b),

Colon length. (c), Colonic pathology images. (d), the serum ALT, AST, TC levels. Values presented are

expressed as the mean ± SEM, ***P < 0.001 versus control group, **P < 0.01, *P < 0.05 versus the

Control group.

Figure 2. The expression of tight junction proteins were abnormal in colon and liver tissues. (a),

Representative Western blots of tight junction proteins in colon and liver tissues. The induction folds of (b)
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Claudin1, (c) Claudin2, (d) Claudin5, (e) Claudin7, (f) Occludin and (g) ZO-1 are shown in mean ± SE of

five mice for each group after calculating the intensity of the treatment relative to Control and normalized

by α -tubulin intensity, ***P < 0.001, **P < 0.01, *P < 0.05 versus the Control group. ns, no statistical

significance.

Figure 3. Effect of BMSCs on the clinical symptoms of colitis. (a), % body weight change. Data expressed

as mean ± SEM (n = 15/group). ***P < 0.001 vs Control; ##P < 0.01 vs Control; &P < 0.05, &&P < 0.01

vs Model+PBS; (b), colon length, Data expressed as mean ± SEM (n = 15/group), **P < 0.01, ***P <

0.001. (c), Colonic pathology images. (d), Liver pathology images.

Figure 4. BrdU immunofluorescence. Nine days after intravenous transplanted of BMSCs, cells derived

from BMSCs were identified by rat anti-BrdU antibody and Alexa 488-conjugated secondary antibody in

colon tissue (a) and liver tissue (b). Arrows showed BrdU positive cells derived from endogenous

BMSCs.

Figure 5. BMSCs suppressed DSS-induced inflammation and ameliorated colitis induced hepatic

dysfunction. Serum inflammatory factors TNFα、IL6、IFNγ and serum LPS were detected (a-d), and TNF

α、IFNγ (e-f). Serum ALT, AST, ALP and TBIL levels were detected to assess hepatic function (g-j). HGF

and HGFA were evaluated in liver tissue by ELISA (k-l). Meanwhile, HGF α chain were detected by

western blot in in liver tissue (m-n). Data expressed as mean ± SEM (n = 15/group). *P < 0.05, **P < 0.01,

***P < 0.001 vs Control; &P < 0.05, &&P < 0.01, &&&P < 0.001 vs Model+PBS. ns, no statistical

significance.

Figure 6. Effects of BMSCs in DSS-induced intestinal-liver barrier dysfunction. (a), protein levels of
Claudin1、Claudin2、Claudin5、Claudin7、Occludin and ZO-1 in colon and liver tissues were analyzed

using western blotting. (b-m), densitometry of Claudin1、Claudin2、Claudin5、Claudin7、Occludin and

ZO-1 expression . Band densities were normalized to α -tubulin. Data are reported as means±SD of

three independent experiments. *P<0.05, **P<0.01, ***P<0.001. ns, no statistical significance (t-test).

http://www.baidu.com/link?url=bschZ2xGEa4BOiAaKW4o11ex-kYNJNxuEhtqti5_f1ztm62R_P5rqhlU0gFn9Z7zLDTpr-EyM16lCb1PYac1Hzxs1I03-rcqQiG20rlQr75OEmp1EjHRLdr2Zc3bV8bgFkkcBnpCYflwIcQrK3_M1k_qRdKhC9b_KdHsCYsC2he-sa6ytlp2IqPg3TYhTaTghIfUzFFIQpDpRJ9fq_JFtrTm4X3EYRW3b5KG-SicpNo-ULskTEgXMYu2FmZLd-jmKe6xyASY0VKMZlQ2MIxuQTUOchVasBya3DIGsh4EwUXCrySH74AmwHDZl5ugmZWyzVn0_OL-0VI0aZTVMJgA1a


Figures

Figure 1

Typical pathological changes in colitis induced liver injury model mouse. (a), Body weight. (b),Colon
length. (c), Colonic pathology images. (d), the serum ALT, AST, TC levels. Values presented are expressed
as the mean ± SEM, ***P < 0.001 versus control group, **P < 0.01, *P < 0.05 versus the Control group.



Figure 2

The expression of tight junction proteins were abnormal in colon and liver tissues. (a), Representative
Western blots of tight junction proteins in colon and liver tissues. The induction folds of (b) Claudin1, (c)
Claudin2, (d) Claudin5, (e) Claudin7, (f) Occludin and (g) ZO-1 are shown in mean ± SE of �ve mice for
each group after calculating the intensity of the treatment relative to Control and normalized by α -tubulin
intensity, ***P < 0.001, **P < 0.01, *P < 0.05 versus the Control group. ns, no statistical signi�cance.



Figure 3

Effect of BMSCs on the clinical symptoms of colitis. (a), % body weight change. Data expressed as mean
± SEM (n = 15/group). ***P < 0.001 vs Control; ##P < 0.01 vs Control; &P < 0.05, &&P < 0.01 vs
Model+PBS; (b), colon length, Data expressed as mean ± SEM (n = 15/group), **P < 0.01, ***P < 0.001.
(c), Colonic pathology images. (d), Liver pathology images.



Figure 4

BrdU immuno�uorescence. Nine days after intravenous transplanted of BMSCs, cells derived from
BMSCs were identi�ed by rat anti-BrdU antibody and Alexa 488-conjugated secondary antibody in colon
tissue (a) and liver tissue (b). Arrows showed BrdU positive cells derived from endogenous BMSCs.



Figure 5

BMSCs suppressed DSS-induced in�ammation and ameliorated colitis induced hepatic dysfunction.
Serum in�ammatory factors TNFαIL6IFNγ and serum LPS were detected (a-d), and TNF αIFNγ (e-f).
Serum ALT, AST, ALP and TBIL levels were detected to assess hepatic function (g-j). HGF and HGFA were
evaluated in liver tissue by ELISA (k-l). Meanwhile, HGF α chain were detected by western blot in in liver
tissue (m-n). Data expressed as mean ± SEM (n = 15/group). *P < 0.05, **P < 0.01, ***P < 0.001 vs
Control; &P < 0.05, &&P < 0.01, &&&P < 0.001 vs Model+PBS. ns, no statistical signi�cance.



Figure 6

Effects of BMSCs in DSS-induced intestinal-liver barrier dysfunction. (a), protein levels of Claudin1
Claudin2Claudin5Claudin7Occludin and ZO-1 in colon and liver tissues were analyzed using western
blotting. (b-m), densitometry of Claudin1Claudin2Claudin5Claudin7Occludin and ZO-1 expression .
Band densities were normalized to α -tubulin. Data are reported as means±SD of three independent
experiments. *P<0.05, **P<0.01, ***P<0.001. ns, no statistical signi�cance (t-test).


