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Abstract

Lactobacillus (LAB) have been reported to exert both harmful and beneficial effects on human and animal health.

Recently, it has been reported that dysbiosis and bacterial translocation contribute to liver fibrosis. However, the

role of Gram-positive LAB in the situation of chronic liver diseases has not been yet elucidated. Liver injury was

induced by bile duct ligation (BDL) in LAB or control-administered mice. Liver fibrosis was enhanced in LAB-

administered mice compared with control-treated mice as demonstrated by quantification of Sirius-red positive

area, hydroxyproline contents and fibrosis-related genes (Col1α1, Acta2, Timp1, Tgfb1). Moreover, LAB-admin-

istered mice were more susceptible to BDL-induced liver injury as shown by increased ALT and AST level of

LAB group compared with control group at 5 days post BDL. Consistent with serum level, inflammatory cyto-

kines (TNF-α, IL-6 and IL-1β) were also significantly increased in LAB-treated mice. Of note, LAB-treated liver

showed increased lipoteichoic acid (LTA) expression compared with control-treated liver, indicating that LAB-

derived LTA may translocate from intestine to liver via portal vein. Indeed, responsible receptor or inflammatory

factor (PAFR and iNOS) for LTA were upregulated in LAB-administered group. The present findings demon-

strate that administration of LAB increases LTA translocation to liver and induces profibrogenic inflammatory

milieu, leading to aggravation of liver fibrosis. The current study provides new cautious information of LAB for

liver fibrosis patients to prevent the detrimental effect of LAB supplements.
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INTRODUCTION

Lactobacillus (LAB) have been used widely in foods

and dairy products for over a hundred years. Recently,

there has been increasing interest in their use to prevent or

treat various diseases. Recently, the Agency for Healthcare

Research and Quality (AHRQ) concluded that, although

the existing LAB clinical trials reveal no evidence of

increased risk, “the current literature is not well equipped

to answer questions on the safety of LAB in intervention

studies with confidence (1).” Because LAB have been

shown to affect both the innate and adaptive immune sys-

tems, including effects on cytokine production and immune

cell function (2-5), concern has been raised about the

potential to overly stimulate the immune response in some

individuals, possibly leading to excessive inflammation or

autoimmune phenomena. Furthermore, this concern has

not been reported in any liver diseases.

Liver fibrosis is a consequence of the chronic wound

healing response to continuous hepatocellular damage.

Such injury results in a strong inflammatory response
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within the liver, activating hepatic stellate cells to produce

large amounts of extracellular matrix (6). Liver cirrhosis,

the end stage of liver fibrosis is associated with develop-

ment of various complications such as ascites, renal fail-

ure, hepatic encephalopathy, and portal hypertension, and

may progress to hepatocellular carcinoma (7). Thus,

investigating the pathogenesis of liver fibrosis is the key

step in understanding a number of life-threatening compli-

cations in chronic liver disease.

LAB has been proposed to modulate various inflamma-

tory conditions in body (8,9). Especially, LAB-derived

bacterial products, like lipoteichoicacid (LTA), translocate

to the liver via portal vein and can mediate several immune

responses with participation of inflammatory cytokines.

LTA can bind to Toll-like receptor 2 (TLR2) or platelet

activating factor receptor (PAFR) present in hepatic cells,

which triggers the release of TNFα, IL-6, IL1β, and other

inflammatory cytokines (10). In addition, This signaling

promote the production of collagen by activated-HSC (2,

11). Because of the importance of gut-liver axis in fibro-

sis progression, it has been hypothesized that the change

of intestinal microbiota using LAB could modulate the gut

barrier and inflammatory and fibrogenic response in liver

disease. To examine the our hypothesis, we used murine

liver fibrosis model induced by common bile duct ligation

(BDL) surgery.

The present study examined the in vivo role of LAB by

assessing liver fibrosis induced by BDL in mice with oral

administration of LAB. Our results demonstrated that LAB

aggravates liver fibrosis by activation of TLR2 signaling.

MATERIALS AND METHODS

Strain and culture conditions. Lactobacillus sakei

was kindly provided by Dr. Suk-heung Oh, the depart-

ment of Food and Biotechnology, Woosuk University

(Wanju, Korea). These LAB were precultured in Lactoba-

cilli MRS broth from BD Difco TM (CA, USA) at 37oC

for 24 hr. Cultured cells were collected and washed two

times with PBS by centrifugation at 3,000 g for 5 min. For

oral administration, mice received 109 CFU of LAB resus-

pended in PBS or PBS only (200 μL/mouse) for either 5 or

21 consecutive days.

Mice and liver injury model. C57BL/6 mice were

maintained in a standard condition (24 ± 2oC, 50 ± 5%

humidity), pathogen-free environment and fed a sterile

standard rodent chow diet and water ad libitum. Experimental

and animal management procedures were undertaken in

accordance with the requirements of the Animal Care and

Ethics Committees of Chonbuk National University.

For BDL procedures, mice were anesthetized Zoletil

(Virbac, 1.6 μL/g) by intramuscular injection. Sham-oper-

ated wt mice, used as controls, underwent laparotomy

with exposure but no ligation of the common bile duct.

The fascia and skin of the midline abdominal incision

were closed with sterile surgical 6-0 sutures (Dafilon;

B.Braun/Aesculap AG, Tuttlingen, Germany). C57BL/6

mice underwent BDL. After either 5 days (BDL, n = 8 per

group; Sham, n = 4 per group) or 21 days (BDL, n = 8 per

group; Sham, n = 4 per group) of surgery, mice were re-

anesthetized, and blood was obtained directly from the

heart for serum hepatic enzyme determinations.

Determination of liver fibrosis by Sirius red staining.
Liver fibrosis was quantified at 21 days post BDL using

Sirius red staining as described by Kim et al (12). Direct

red 80 was obtained from Sigma-Aldrich Diagnostics.

Liver sections of were stained, and red-stained collagen

fibers were quantified by the percentage of positive area

per total liver section. Total liver section images were ana-

lyzed in individual animals using a light microscope (BX-

51, Olympus Corp., Tokyo, Japan) and digital image soft-

ware (analySIS TS, Olympus Corp., Tokyo, Japan). Data

were expressed as the percentage of Sirius red-positive

area per field.

Measurement of hepatic hydroxyproline content.
Hydroxyproline content was measured as previously

described (13). Liver specimens were weighed and 20 mg

of freeze-dried sample was hydrolyzed in 6 N HCl at

120oC for 12 hr. Fifty μL of each hydrolyzed sample was

transferred to a 96-well plate and evaporated to dryness

under vacuum. The hydrolysate was evaporated under

vacuum and the sediment was re-dissolved in 1 mL dis-

tilled water. Samples were incubated with chloramine-T

solution for 20 min at room temperature, followed by

incubation in Ehrlich’s solution at 65oC for 20 min. After

cooling, the absorbance was read at 561 nm. Hydroxypro-

line concentration was calculated from a standard curve

prepared with high purity hydroxyproline. The results were

expressed as μg hydroxyproline per 10 mg of liver protein.

Quantitative real-time polymerase chain reaction
(qPCR). We extracted total RNA from liver tissue using

the Easy-Spin Total RNA extraction kit (iNtRon Biotech,

Seoul, Korea). Following incubation with RNase-free

DNase I (Promega, Madison, WI, USA), reverse transcrip-

tion was performed using the High Capacity cDNA Reverse

Transcription Kit (Applied Biosystems, Foster City, CA,

USA) according to the manufacturer’s instructions. cDNA

was subjected to real-time PCR on a CFX96TM Real-Time

PCR Detection System (Bio-Rad Laboratories, CA, USA)

using SYBR Green I as a double-strand DNA-specific bind-

ing dye. After the reaction was completed, we verified

specificity by melting curve analysis. Quantification was

performed by comparing Ct values of each sample after

normalization to GAPDH. Sequences of primers were
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summarized in Supplementary Table 1.

Serum liver enzyme quantification. We measured

serum levels of alanine aminotransferase (ALT), aspartate

aminotransferase (AST), and alkaline phosphate (ALP)

using the Roche Diagnostics COBAS INTEGRA 400 Plus

(Indianapolis, IN, USA).

Immunoblot analysis. Liver tissue was directly lysed

with an extraction buffer (T-PER, Thermo Fisher Scien-

tific Inc., Rockford, lL, USA) for 30 min on ice. After cen-

trifugation at 13,000 g for 15 min at 4oC, protein concentration

in the supernatant was measured using Bradford’s reagent

(Thermo Fisher Scientific Inc.). Protein (30 μg) was resolved

by sodium dodecyl sulfate-polyacrylamide gel electropho-

resis (SDS-PAGE) on a gradient gel and then transferred

onto PVDF membranes. Blocking was carried out using

blocking buffer [5% nonfat dairy milk in Tris-buffered

saline (20 mM Tris, 150 mM NaCl, pH 7.4) containing

0.05% Tween-20] for 1 hr at room temperature. Primary

antibodies were diluted 1:1,000 in a blocking buffer and

incubated at 4oC overnight. The following antibodies were

used: anti-LTA (mouse antibody, Invitrogen, Waltham,

MA, USA). To detect antigen antibody complexes, anti-

rabbit or anti-mouse horseradish peroxidase (HRP)-conju-

gated secondary antibodies (Santa Cruz Biotechnology Inc.,

Santa Cruz, TX, USA) were diluted 1:3000 in blocking

buffer and incubated at room temperature for 45 min.

Immune complexes were visualized using chemilumines-

cent substrate (Millipore, Burlington, MA, USA) accord-

ing to the manufacturer’s instructions.

Statistical analysis. All data were expressed as mean

± standard error. Differences between two groups were

compared using a two-tailed Student’s t-test. A value of

p < 0.05 was considered statistically significant.

Fig. 1. Administration of LAB exacerbates BDL-induced liver fibrosis. (A-B) Control or LAB-administered mice underwent sham
operation (n = 4 per group) or BDL for 21 days (n = 8 per group). Fibrillar collagen deposition was determined by quantification of
the Sirius red-positive area and hydroxyproline contents. LAB administration induced significant increase of Sirius red-positive area
and hydroxyproline contents compared with control group. Data are presented as means ± SEM per group. Two-tailed Student’s t-
test, *p < 0.05, **p < 0.01. Original magnification, ×200 (Sirius-Red).
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RESULTS

Administration of LAB exacerbates BDL-induced liver
fibrosis. To investigate the effect of LAB in liver fibro-

sis, LAB or control vehicle-treated WT mice were sub-

jected to BDL. At 21 days after BDL, LAB-administered

mice displayed significantly increased liver fibrosis com-

pared with control-treated mice as determined by quantifi-

cation of Sirius red-positive area, which is specific for

collagen deposition. Furthermore, hydroxyproline content

was also significantly increased in LAB-administered

mice (Fig. 1A, 1B). Therefore, these results suggest that

Fig. 2. LAB-administered mice are more susceptible to BDL-induced liver injury. (A) ALT level of LAB group were significantly
higher than control group at 5 days post BDL. Data are presented as means ± SEM per group. Two-tailed Student’s t-test, *p < 0.05.

Fig. 3. LAB administration favors progression of liver fibrosis. (A-B) Control or LAB-administered mice underwent sham operation
(n = 4 per group) or BDL for 5 days (n = 6 per group). Expression of genes were determined by quantitative real time PCR. (A) Fibro-
sis related genes in liver were increased in LAB-administered group compared with control-treated group. (B) Various proinflamma-
tory genes were also significantly increased in LAB-treated group. Data are presented as means ± SEM per group. Two-tailed
Student’s t-test, *p < 0.05, **p < 0.01, ***p < 0.001.
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LAB administration enhances liver fibrosis induced by

BDL.

LAB-administered mice are more susceptible to BDL-
induced liver injury. Next, we investigated the effect of

LAB on liver injury induced by BDL. Consistent with

results of Fig. 1, increased liver injury in LAB-treated

group was confirmed by increased serum ALT and AST

levels (Fig. 2) at 5 days after BDL. Thus, LAB may increase

the susceptibility of cholestasis-induced liver injury.

LAB administration favors progression of liver fibrosis.
The exacerbation of liver fibrosis was also confirmed by

qRT-PCR analysis of hepatic expression of fibrogenic

genes (Fig. 3). The mRNA levels of Col1a1, Col4, Acta2,

Timp1, and Tgfb1 were significantly elevated in LAB-

treated group compared with control group (Fig. 3A). Fur-

thermore, inflammatory responses of LAB-administered

mice were significantly higher than those of control-

treated mice as demonstrated by hepatic expression of pro-

inflammatory cytokines including IL-1β, TNF-α and IL-6

(Fig. 3B). These results suggest that LAB promotes profi-

brogenic milieu of cholestasis of liver injury.

LAB-treated mice show increased hepatic LTA expres-
sion and related responses. Above results (Fig. 1-3)

prompted us to test whether oral administration LAB

affects the translocation of lactobacillus LTA to liver.

Indeed, LAB-treated liver showed increased LTA expres-

sion compared with control-treated liver, indicating that

LAB-originated LTA may translocate from intestine to

liver via portal vein (Fig. 4A). Moreover, LTA-related

receptor or inflammatory factor (PAFR and iNOS) were

significantly upregulated in LAB-administered group com-

pared with control group. Collectively, these results indi-

cate that oral administration of LAB increases the LTA

translocation to liver and inflammatory signaling.

DISCUSSION

We demonstrate herein that LAB administration exacer-

bates liver fibrosis in mice. LAB increased the expres-

sions of profibrogenic and proinflammatory cytokines and

exhibited increased the susceptibility to BDL-induced

liver injury. Because LAB-originated LTA could translo-

cates to activate the hepatic inflammation, their adminis-

tration leads to increased inflammation and progression of

liver fibrosis.

Previously, many studies have been investigated the

beneficial effects of LAB on various diseases. However,

little is known about the side effect of exposure to LAB in

human and animals. Specifically, it has been reported that

LAB are closely related with inflammation of gut-liver

axis (9,14). Therefore, we used the BDL-induced liver

fibrosis model to study LAB-mediated inflammation and

subsequent liver fibrosis.

Unexpectedly, we found that LAB aggravated liver

injury and fibrosis. The translocation of intestinal bacteria

to liver have been suggested to be a key step in the patho-

genesis of liver fibrosis (14). In current study, LAB-origi-

nated LTA was translocated to liver. It has been reported

that LTA from gram-positive bacteria induces nitric oxide

production using a PAFR signaling pathway to activate

STAT1 via Jak2 (15). Consistently, our data showed LAB

Fig. 4. LAB-treated mice shows increased hepatic LTA expression and related responses. (A-B) Hepatic expression of LTA were mea-
sured by western blot. (A) LTA expression in LAB group were much higher than control group. (B) LTA-related receptor or inflamma-
tory factor (PAFR and iNOS) were also upregulated in LAB-administered group. Two-tailed Student’s t-test, **p < 0.01, ***p < 0.001.
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increased the expression of PAFR and NO. Therefore,

LAB could be a detrimental factor for liver disease

patients through excessive stimulation of liver immune

system.

The exact mechanisms responsible for exacerbation of

liver fibrosis in LAB-administered mice remain unclear,

but the following data are relevant. First, LAB-treated

mice generated high levels of inflammatory cytokines

(TNF-α, IL-6 and IL-1β) and nitric oxide, which are

potent activators of the immune system in the liver (16).

Second, we showed that administration of LAB enhances

susceptibility to liver injury (ALT and AST), which is crit-

ical event in the course of liver fibrosis (17). Third, we

observed that livers of LAB treated mice have increased

translocation of bacterial LTA, which is believed to directly

promote fibrosis (18). Accumulating evidence suggests

that LTA is a ligand for PAFR as well as TLR2 signaling.

Furthermore these receptors have been reported to express

on hepatic stellate cells (HSCs) and Kupffer cells (KCs),

which are responsible cell type for liver fibrognenesis

(11,19).

In conclusion, LAB induce the profibrogenic milieu in

response to BDL via induction of LTA translocation to

liver and may stimulate the PAFR-mediated signaling in

order to activate HSCs and KCs in liver fibrosis. Thus, the

present study provides additional information of detrimen-

tal effect about LAB to pave the way for the development

and evaluation of dietary constituents as health supple-

mental agents.
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