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Introduction

Ulcerative colitis (UC) is an inflammatory bowel di-
sease (IBD) restricted to the colonic mucosa and submu-
cosa 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 worldwide (2). The etio-
logy 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 recur-
rence rate, the clinical therapeutic efficacy of UC is still 
unsatisfactory (6).

Numerous of evidence indicates that the most typical 
characteristic 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 overexposure to bacterial transloca-
tion, 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 destruc-
tion of liver barrier function, which aggravates the risk of 
liver injury (17). Regrettably, the drugs currently used to 
treat UC were reported to have some unsatisfactory gas-
trointestinal and liver adverse effects (18-20). Therefore, it 
is meaningful to find better treatments that can treat liver 
damage caused by UC.

In 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 worldwide (30-32). 
Meanwhile, studies have shown that BMSCs can be ho-
ming to the injured intestinal crypt and promote intestinal 
epithelial regeneration, as well as repair intestinal epithe-
lial tight junction in DSS-induced colitis mice (33). In our 
previous studies, we have proved BMSCs could inhibit 
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hepatic fibrosis and repair liver injury via activating hepa-
tocyte 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 ef-
fects 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), ala-
nine 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 were obtained from Sigma-Aldrich 
(St. Louis, MO, USA). The ELISA kits for HGF and HGFA 
were respectively purchased from R&D systems (Minnea-
polis, MN, USA) and Cloud-Clone Corp (Houston, TX, 
USA). The ELISA kits for LPS were obtained from Shan-
ghai Enzyme-linked Biotechnology Co., Ltd (Shanghai, 
China). Primary antibodies specific for claudin1, claudin2, 
claudin5, claudin7, occludin, and 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 stu-
dy, 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 was 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 as-
sess the cell capability of adipogenesis. The capability of 
osteogenesis was evaluated using calcium tubercle sodium 
alizarinsulfonate staining.

BMSCs labeling
BrdU (5-bromodeoxyuridine) incorporation was used 

to label BMSCs before transplantation. Briefly, BMSCs 
were cultured in DMEM, 10% fetal bovine serum (FBS, 
Gibco, Carlsbad, CA, USA), 100 units/ml penicillin 
and 100 units/ml streptomycin until 60% confluency. 
Cells were then rinsed once with PBS and were maintai-
ned in the above complete medium supplemented with 
0.1 mmol/L 5-bromo-2′-deoxyuridine (BrdU, Sigma-
Aldrich, St. Louis, MO, USA) for 3 days. The medium 
was changed every day. Then BMSCs were placed in a 
complete medium without BrdU for 7 days. During this 

period, the culture was sustained by medium changes and 
passages. Finally, cells were collected and placed on glass 
coverslips to perform BrdU immunostaining, and before 
transplantation in vivo, the BrdU positive rate of BMSCs 
should be greater than 90%.

Animals and experimental protocol
A total of 45 6-week-old male BALB/c mice were ob-

tained from Shanghai SLAC laboratory animal Co., Ltd. 
The animals were administered a standard rodent diet with 
free access to water (adlibitum) 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 random-
ly divided into the three experimental groups (n=15 per 
group): control group, model+PBS (4 % DSS) group, 
model+PBMC (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 the model+BMSC group were injected with BrdU labe-
led BMSCs (5*10^7 cells/kg) via tail vein, and mice in the 
model+PBS group were injected with the same volume of 
PBS via the tail vein. On the eighth day, all the mice in 
three groups were administrated distilled water. Periphe-
ral blood was selected on days 7, 9, 11, 15, 19, and 23 
for biochemical detection. The mice in each group were 
sacrificed in batches by intra-peritoneal injection of so-
dium phenobarbital (50 mg/kg body weight) on days 9, 16, 
and 23, colon and liver tissues were collected and the co-
lon length was measured from the ileocecal junction to the 
anus. Next, a portion of the tissue was fixed in 4 % parafor-
maldehyde for histopathological analyses, and the remai-
ning was stored at −80°C for further immunofluorescence 
staining and immunoblot assays.

Clinical evaluation of DSS colitis
Before BMSCs transplantation, all of the mice received 

clinical evaluation of DSS colitis. Several parameters were 
monitored daily, including weight loss, rectal bleeding, 
diarrhea and colon length. The rectal bleeding was measu-
red by haemoccult tests (Beckman Coulter), and was given 
a score from 0 to 4, defined as follows: 0 for no blood; 
2 for positive haemoccult; and 4 for gross bleeding. The 
severity of diarrhea was given a score from 0 to 4, defined 
as follows: 0 for well-formed pellets; 2 for pasty and semi-
formed stools; and 4 for liquid stools. All clinical scorings 
were performed in a blinded fashion. At last, the colon was 
removed from the ileocecal junction to the anus, and the 
colon length was measured as a marker for inflammation.

Biochemical analyses
Serums were separated from blood after centrifuga-

tion 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-lin-
ked immunosorbent assay (ELISA) kit according to the 
manufacturer’s instructions.
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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 the ulce-
rative 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. After DSS treatment for 7 days, 
model mice lost significantly more weight than control 
animals (Fig 1a), and meanwhile, the colon length of 
model mice was remarkably shorter than control animals 
(Fig 1b). Consistent with the increased weight loss, mo-
del mice showed increased intestinal bleeding and suffe-
red from more severe diarrhea (Fig 1c-d). Histopatholo-
gical examination of colon sections showed more severe 
epithelial erosion (black arrows), loss of goblet cells and 
areas of mucosal ulceration (green arrows), as well as in-
creased numbers of infiltrating mucosal and submucosal 
leukocytes (red arrows) in model mice compared with the 
control animals (Fig 1e).

Enzyme-linked immunosorbent assay (ELISA)
The levels of TNF-α, IL-6, IFNγ, HGF, and 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 histologi-
cal 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 permea-
bilized with 0.3 % Triton-X for 30min at room tempera-
ture, the tissue sections were then incubated overnight at 
4°C with rat anti-BrdU (Abcam, Cambridge, UK) antibo-
dies. 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 mi-
croscope EVOS (Thermo Fisher Scientific, CA, USA). All 
experiments were performed in triplicate.

Bacterial translocation test
Bacterial translocation tests were performed to eva-

luate the integrity of the intestinal-liver barrier. Mice were 
infected orally with 1010 CFU of bioluminescent Listeria 
monocytogenes (Xen32) by oral gavage after DSS treat-
ment. After 24 hours, liver tissue was removed under ste-
rile conditions, dissected mechanically, and mixed with 3 
ml of sterile PBS. One milliliter of cell suspension each 
was inoculated into aerobic and anaerobic blood culture 
vials (BD BACTEC PEDS Plus). Blood cultures were 
monitored for bacterial growth for 5 d (BD BACTEC sys-
tem, Heidelberg, Germany). To detect microbial 16S/18S 
rDNA, 1 ml of the suspension was analyzed using the Uni-
versal Microbe Detection Kit according to the manufactu-
rer’s protocols (Molzym, Bremen, Germany).

Western blotting 
Proteins were extracted from the colon and liver tis-

sue samples by RIPA reagent containing 1mM PMSF and 
phosphatase inhibitors, and the concentrations were detec-
ted by the BCA protein assay kit. Equal amounts of protein 
were separated on 10 % SDS-PAGE electrophoretic gels 
and transferred to the PVDF membrane. Subsequently, the 
membranes were blocked with 5 % BSA at room tempera-
ture 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 Error of 

Mean (SEM) of three independent experiments. Signi-
ficant differences in the mean values were evaluated by 

Figure 1. Typical pathological changes in colitis-induced liver inju-
ry model mouse. (a), Body weight. (b), Colon length. (c), The score 
of the rectal bleeding score. (d), The score of diarrhea. (e), Colonic 
pathology changes. Mice colon sections were examined by H&E stai-
ning. Black arrows represent the epithelial, green arrows represent the 
goblet cells, and red arrows represent the leukocyte infiltration in mu-
cosal and submucosal tissues. (f), Hepatic pathology changes. Mice 
liver sections were examined by H&E staining. Black arrows indicate 
hepatocyte ballooning, and red arrows indicate lobular inflammation. 
(g-j), The serum ALT, AST, TC and TBIL levels change. Values pre-
sented are expressed as the mean ± SEM, ***P < 0.001 versus the 
control group, **P < 0.01, *P < 0.05 versus the control group.
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Consistent with previous research reports, histopatho-
logical changes in liver tissue were also observed in model 
mice (Fig 1f). In the control mice, the liver tissues revea-
led an entire structure with a homogeneous distribution of 
cytoplasm, legible nucleoli and radially arranged hepatic 
cords. However, remarkable hepatic pathological changes 
were shown in the model, such as vacuolar degeneration, 
necrosis, and inflammatory infiltration of hepatocytes, as 
well as disorganized hepatic cords. Meanwhile, the serum 
ALT, AST, and TC levels were significantly increased in 
model mice (Fig 1g-j), which also revealed that we suc-
cessfully established an ulcerative colitis-caused liver 
injury model. To determine the intestinal-liver barrier 
dysfunction in the ulcerative colitis-induced liver injury 
model, we detected intestinal-liver barrier-related pro-
teins in the colon and liver respectively. As shown in Fig 
2, claudin2, claudin 5, claudin 7, as well as occludin and 
ZO-1 were remarkably decreased in the colon and liver, 
while the expression of claudin1 was down-regulated in 
the liver only. These results well confirmed ulcerative coli-
tis-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 ty-
pical symptoms of ulcerative colitis. After treatment with 
BMSCs, the body loss of model mice was markedly rever-
sed from Day 9 (Fig 3a). Meanwhile, compared with the 
Model+PBS group, BMSCs extremely increased the colon 
length (Fig 3b). As shown in Fig 3c, in the Model+PBS 
group, the structure of colonic mucosal was seriously 
damaged with loss of goblet cells (green arrows) and 
inflammatory infiltration in mucosa and sub-mucosa (red 
arrows). Compared with the Model+PBS group, BMSC 
treatment showed a better appearance of colonic mucosal 
with normal goblet cells and small areas of inflammatory 
infiltration. Moreover, after BMSCs treatment, pathologi-
cal changes of hepatocytes were markedly improved with 
lower inflammation (red arrows) and ballooning (black 
arrows) in contrast to the Model+PBS group.

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 ho-
ming in inflamed foci of the colon (Fig 4a) and liver (Fig 
4b) on the fifth day after BMSCs treatment. These results 
prompted that BMSCs might inhibit inflammation and 

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. Mice colon sections were examined by H&E staining. Green 
arrows represent the goblet cells, and the red arrows represent the 
leukocyte infiltration in mucosal and submucosal tissues. (d), Liver 
pathology images. Mice liver sections were examined by H&E stai-
ning. Black arrows indicate hepatocyte ballooning, and red arrows 
indicate lobular inflammation.

Figure 2. The expression of tight junction proteins was 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 five mice for each group after 
calculating the intensity of the treatment relative to control and nor-
malized by α-tubulin intensity, ***P < 0.001, **P < 0.01, *P < 0.05 
versus the Control group. ns, no statistical significance.

Figure 4. BrdU immunofluorescence. Nine days after the intrave-
nous transplant of BMSCs, the mice in each group were sacrificed in 
batches by intra-peritoneal injection of sodium phenobarbital (50 mg/
kg body weight), and the frozen slices of colon and liver tissues 
were prepared as described in materials and methods. 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 indicate the BrdU-positive cells derived from endogenous 
BMSCs.
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repair damaged tissue via directly homing to the inflamed 
foci.

BMSCs reduced DSS-induced inflammation and ame-
liorated hepatic function

We further detected the levels of inflammatory cyto-
kines in the 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). Si-
milarly, elevated liver TNFα and IFNγ induced by DSS 
suppressed BMSCs transplantation (Fig 5e-f). Meanwhile, 
serum biochemical analyses were performed to detect he-
patic function, we found that the serum ALT, AST, ALP 
and TBIL levels were extremely increased in the DSS 
group, and compared with the DSS group, BMSCs could 
markedly reduce these indexes in serum (Fig 5g-j). As 
HGF plays important roles in colon and liver tissue rege-
neration (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 the 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 proteins Claudin2, Claudin5, Claudin7, Occlu-
din and ZO-1 were seriously reduced in colon tissue of 
colitis mice, 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 bar-
rier dysfunction (Fig 6a-m).  As the same, the expression of 
Claudin1, Claudin5, Claudin7,  Occludin and ZO-1 were 
decreased in the liver tissue of colitis mice, while BMSCs 
remarkably up-regulated these above junction-associated 
proteins (Fig 6a-m). Moreover, the results of the bacte-
rial translocation test (Fig 6n) and LPS detection (Fig 6o) 
showed that the bacterial location and LPS level in liver 
tissues of mice were markedly increased after DSS treat-
ment, indicating DSS-induced intestinal barrier dysfunc-
tion. And meanwhile, BMSC treatment inhibited DSS-in-
duced bacterial translocation and reduced LPS content in 
liver tissues, which indicated that BMSCs improved DSS-
induced intestinal barrier dysfunction.

Discussion

In recent years, the number of patients with IBD ac-
companied by liver injury continues to increase (37). It is 
urgent to clarify the pathogenesis of ulcerative colitis-in-
duced liver injury and find appropriate drug interventions 
(38). In this current study, we demonstrated that BMSCs 
alleviated ulcerative colitis-induced liver injury via repai-
ring 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 an 
extreme increase of intestinal vascular permeability in ul-
cerative 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). Cur-
rent researches indicate that the colon-liver tight junction 
complex is composed of membrane protein occludin, clau-
dins and intracellular protein ZO-1 and other components, 
of which claudin proteins are the functional and structu-

Figure 5. BMSCs suppressed DSS-induced inflammation and ame-
liorated colitis-induced hepatic dysfunction. Serum inflammatory fac-
tors TNFα, IL6, IFNγ and serum LPS were detected (a-d), and TNFα, 
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 chains were detected by 
western blot 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-
ficance.

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 mean ± SD of 
three independent experiments. *P<0.05, **P<0.01, ***P<0.001. ns, 
no statistical significance (t-test). (n), The bacterial loads with Liste-
ria (CFU/organ) in the liver tissues are shown. Symbols represent in-
dividual mice and mean ± SEM from at least three mice per group was 
obtained in five independent experiments. **P < 0.01, ***P < 0.001. 
(o), The LPS levels in liver tissues of three groups. Symbols represent 
individual mice and mean ± SEM from at least three mice per group 
was obtained in five independent experiments. ***P < 0.001.
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ral basis of the 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 
junctions. A lack of claudins will cause damage to the 
endothelial barrier (42-44). ZO-1 protein plays an impor-
tant role in assembling mature tight junction structures 
and maintaining the integrity of tight junctions (45-46). In 
this study, we demonstrated that BMSCs directly homed 
to the sites of inflammation both in the colon and liver, 
and repaired the intestinal-liver barrier via increasing the 
expression of tight junction proteins, our research provi-
ded direct evidences for BMSC localization and repair the 
tight junction and maintaining the integrity of the intesti-
nal-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 exerted biological activity in tissue regeneration as 
a form of HGF alpha chain [35-36]. However, whether 
BMSCs promote the activation of HGF is still unknown. 
Our results revealed that BMSCs significantly increased 
the HGFA and HGF alpha chain in the liver, which indi-
cated that HGF was involved in the therapeutic process of 
BMSCs in liver tissue.

In summary, this study delineated that BMSCs treat-
ment protected DSS-induced liver injury by remodeling 
the intestinal-liver barrier and inhibiting inflammation res-
ponse. These results suggested that BMSCs could be used 
as a promising adjuvant therapeutic strategy in the treat-
ment of colitis-induced liver injury.
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