
REVIEW ARTICLE

The role of lipopolysaccharide/toll-like receptor 4 signaling
in chronic liver diseases

João-Bruno Soares • Pedro Pimentel-Nunes •

Roberto Roncon-Albuquerque Jr •

Adelino Leite-Moreira

Received: 1 June 2010 / Accepted: 14 September 2010 / Published online: 21 October 2010

� Asian Pacific Association for the Study of the Liver 2010

Abstract Toll-like receptor 4 (TLR4) is a pattern rec-

ognition receptor that functions as lipopolysaccharide

(LPS) sensor and whose activation results in the production

of several pro-inflammatory, antiviral, and anti-bacterial

cytokines. TLR4 is expressed in several cells of healthy

liver. Despite the constant confrontation of hepatic TLR4

with gut-derived LPS, the normal liver does not show signs

of inflammation due to its low expression of TLR4 and

ability to modulate TLR4 signaling. Nevertheless, there is

accumulating evidence that altered LPS/TLR4 signaling is

a key player in the pathogenesis of many chronic liver

diseases (CLD). In this review, we first describe TLR4

structure, ligands, and signaling. Later, we review liver

expression of TLR4 and discuss the role of LPS/TLR4

signaling in the pathogenesis of CLD such as alcoholic

liver disease, nonalcoholic fatty liver disease, chronic

hepatitis C, chronic hepatitis B, primary sclerosing cho-

langitis, primary biliary cirrhosis, hepatic fibrosis, and

hepatocarcinoma.
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Abbreviations

Akt Serine/threonine protein kinase

ALD Alcoholic liver disease

Anti-BEC-Ab Antibiliary epithelial cell antibodies

AP-1 Activator protein 1

ATF3 Activating transcription factor-3

BAMBI Bone morphogenetic protein and activin

membrane-bound inhibitor

Bcl-3 B cell leukemia-3

BEC Biliary epithelial cell

CCL Chemokine

CCl4 Carbon tetrachloride

CLD Chronic liver diseases

CYLD Cylindromatosis protein

DAMP Damage-associated molecular patterns

DEN Diethylnitrosamine

DUBA De-ubiquitinating enzyme A

ERK Extracellular signal-regulated kinase

GSK-3b Glycogen synthase kinase-3b
HBV Hepatitis B virus

HCC Hepatocarcinoma

HCV Hepatitis C virus

HSC Hepatic stellate cell

ICAM Intercellular cell adhesion molecule

IFN Interferon

IKK Inhibitor of NF-jB kinase

IL Interleukin

IRAK Interleukin-1 receptor-associated kinase

IRF Interferon regulatory factor

IjBa Inhibitor of NF-jB

JNK C-Jun N-terminal kinase

KC Kupffer cells

LBP LPS binding protein

LPS Lipopolysaccharide

MCDD Methionine- and choline-deficient diet

miR MicroRNA

MyD88 Myeloid differentiation factor 88

MyD88s Splice variant of MyD88

NAFLD Non-alcoholic fatty liver disease

NEMO NF-jB essential modifier

NF-jB Nuclear factor jB
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PAMP Pathogen-associated molecular pattern

PBC Primary biliary cirrhosis

PI3K Phosphatidylinositol 3-kinase

Pin Peptidyl-prolyl isomerase

PRR Pattern recognition receptor

PSC Primary sclerosing cholangitis

RIP Receptor-interacting serine–threonine

kinase

ROS Reactive oxygen species

RP105 Radioprotective 105

SARM Sterile alpha- and armadillo-motif-

containing protein

SHP Src homology 2 domain-containing

protein tyrosine phosphatase

SIGIRR Single immunoglobulin IL-1R-related

molecule

SNP Single nucleotide polymorphism

SOCS1 Suppressor of cytokine signaling-1

ST2L Transmembrane form of ST2

sTLR4 Soluble decoy TLR4

TAK Transforming growth factor-b-activated

kinase

TANK TRAF family member associated NF-jB

activator

TBK TANK binding kinase

TGF Transforming growth factor

TIRAP Toll/IL-1 receptor domain-containing

adaptor protein

TNF Tumor necrosis factor

TIR Toll/interleukin 1 receptor

Tollip Toll interacting protein

TLR Toll-like receptor

TRAF Tumor necrosis receptor-associated factor

TRAIL Tumor necrosis factor-related apoptosis-

inducing ligand

TRAM TRIF-related adaptor molecule

TRIAD3A Triad domain-containing protein 3

variant A

TRIF Toll/IL-1 receptor domain-containing

adaptor inducing interferon-b
VCAM Vascular cell adhesion molecule

Introduction

The innate immune system recognizes several components

of microbes and initiates protective immunological

responses. This microbiological recognition is a specific

and highly coordinated process involving pattern recogni-

tion receptors (PRRs) that identify preserved structures of

different pathogens, the so-called pathogen-associated

molecular patterns (PAMPs) [1, 2]. Toll-like receptors

(TLRs) are the most important family of PRRs, with ten

different TLRs being ubiquitously expressed in humans [1,

2]. TLR4 acts as a receptor for lipopolysaccharide (LPS), a

cell-wall component of Gram-negative bacteria, promptly

inducing the production of several pro-inflammatory, anti-

viral, and anti-bacterial cytokines [1, 2].

The TLR4 is expressed in several liver cells, and the

liver, due to its anatomic location, is constantly confronted

with gut-derived LPS [3]. Despite the constant confronta-

tion of TLR4-expressing liver cells with gut-derived LPS,

the normal liver does not show signs of inflammation,

which on one hand can be explained by the relatively low

expression of TLR4 and its adaptor molecules in the liver

[3]. On the other hand, under normal circumstances, the

liver negatively regulates TLR4 signaling at different lev-

els, contributing to a process known as ‘‘liver tolerance’’

[3]. A breakdown of liver tolerance, by increased exposure

of TLR4 to LPS and/or increased expression or sensitivity

of TLR4, may induce an inappropriate immune response

which can contribute to chronic inflammatory liver dis-

eases [3]. Recent studies provide evidence for a role of

LPS/TLR4 signaling in the pathogenesis of alcoholic liver

disease, nonalcoholic fatty liver disease, chronic hepatitis

C, chronic hepatitis B, primary sclerosing cholangitis,

primary biliary cirrhosis, hepatic fibrosis, and hepatocar-

cinoma [3].

Herein we first review TLR4 structure, ligands, and

signaling pathways. Later, we review liver expression of

TLR4 and discuss the role of LPS/TLR4 signaling in the

pathogenesis of chronic inflammatory liver diseases.

TLR family

The TLR, originally identified as homologs of Drosophila

Toll, belong to the superfamily of interleukin-1 receptors

[4]. The human TLR family currently consists of ten

members, which are structurally characterized by the

presence of a distinct leucine-rich repeat extracellular

domain that confers specificity to the receptor, and a con-

served toll/interleukin 1 (IL1) receptor (TIR) intracellular

domain [5].

The existence of several TLRs enables the innate

immunity system to recognize different groups of patho-

gens while initiating appropriate and distinct immunolog-

ical responses, according to the PAMP recognized [3]

(Fig. 1). TLR1, TLR2, TLR4, TLR5, and TLR6 are

expressed on the cell surface, and TLR3, TLR7, TLR8, and

TLR9 are expressed on the endosome–lysosome mem-

brane. TLR1 and TLR6 form heterodimers with TLR2 in

order to sense tri-acyl (mycobacterium) and di-acyl lipo-

peptides (mycoplasma), respectively. TLR4 and TLR5 are
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the receptors for the Gram-negative bacterial cell wall

components, lipopolysaccharide (LPS), and bacterial fla-

gellin, respectively. Intracellular TLRs, TLR3, TLR7/8,

and TLR9 detect viral-derived and synthetic double-stran-

ded RNA, viral-related single-stranded RNA, and bacterial

unmethylated CpG-DNA, respectively. The ligands for

TLR10, TLR12, and TLR13 remain unidentified. TLR8

does not signal in mice. TLR10 is expressed in humans, but

not in mice. TLR11, TLR12, and TLR13 are expressed in

mice, but not in humans.

TLR4 ligands

The TLR4 is expressed on the cell surface and is the receptor

for the Gram-negative bacteria cell-wall component, LPS

[4]. LPS is composed of hydrophilic polysaccharides of the

core and O-antigen and a hydrophobic lipid A component,

which corresponds to the conserved molecular pattern of

LPS and is the main inducer of biological responses to LPS

[4]. Stimulation of TLR4 by LPS is a complex process

(Fig. 1), which includes the participation of several mole-

cules [LPS binding protein (LBP), CD14 and MD-2] [6, 7].

LBP (a soluble protein) extracts LPS from the bacterial

membrane and shuttles it to CD14 (a glycosylpho-

sphatidylinositol-anchored protein, which also exists in a

soluble form). CD14 then transfers the LPS to MD-2 (a

soluble protein that non-covalently associates with the

extracellular domain of TLR4). Binding of LPS to MD-2

induces a conformational change in MD-2 which then allows

the complex MD-2-TLR4 to bind to a second TLR4 receptor,

thus achieving TLR4 homo-dimerization and signaling.
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Fig. 1 Overview of signaling of LPS/TLR4 and other TLRs. LPS

recognition is facilitated by LBP and CD14 and is mediated by TLR4/

MD-2 receptor complex. TLR4 signaling cascade can be separated

into MyD88-dependent and MyD88 independent pathways which

mediate the activation of proinflammatory cytokines and IFN-b.

These two pathways also mediate the intracellular signaling of other

TLRs, enabling interaction between TLR4 and other TLRs at different

levels. See text for abbreviations
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Besides LPS, TLR4 also senses endogenous ligands

initiating danger signals, such as high-mobility group box-

1, hyaluronan, heat shock protein 60, and free fatty acids

(C12:0, C14:0, C16:0, and C18:0) [8–10]. Recent reports

demonstrated that necrotic cells stimulate TLR4 associated

with MyD88 under sterile conditions, thereby pre-emp-

tively inducing an inflammatory response in the absence of

microbial challenge [11, 12]. Due to the association of

many endogenous ligands with tissue injury, they are

termed damage-associated molecular patterns (DAMPs).

Interestingly, recent studies show that many of the pro-

posed endogenous TLR4 ligands may also have the

capacity to bind and transport LPS and/or enhance the

sensitivity of cells to LPS, suggesting that many of these

molecules may be more accurately described as PAMP-

binding molecules or PAMP-sensitizing molecules, rather

than genuine ligands of TLR4 [13].

TLR4 signaling

Binding of ligands to the extracellular domains of TLRs

causes a rearrangement of the receptor complex and trig-

gers the recruitment of specific adaptor proteins to

the intracellular domain, thus initiating a signaling cascade

[6, 7].

TLR4 signals through adaptor molecules such as

MyD88, toll/IL-1 receptor domain-containing adaptor pro-

tein (TIRAP), toll/IL-1 receptor domain-containing adaptor

inducing interferon-b (TRIF) and TRIF-related adaptor

molecule (TRAM) to activate transcription factors such as

nuclear factor (NF)-jB, activator protein 1 (AP-1), and

interferon regulatory factors (IRFs). These transcription

factors then initiate the transcription of a specific set of

genes involved in proinflammatory, anti-viral, and anti-

bacterial responses and genes that control cell survival and

apoptosis. TLR4 signaling has been divided into MyD88-

dependent (mediated by MyD88) and MyD88-independent

(mediated by TRIF) pathways (Fig. 1) [5]. These two

pathways also mediate the intracellular signaling of other

TLRs, enabling the interaction between TLR4 and other

TLRs at different levels from adaptor molecules to tran-

scription factors (Fig. 1). MyD88 is an essential part of the

signaling cascade of all TLRs except for TLR3. In contrast,

TRIF only interacts with TLR3 and TLR4.

In the MyD88-dependent pathway, TLR4, through

TIRAP, recruits MyD88 to activate IL-1R-associated

kinase (IRAK)-4 and IRAK-1, which then associate with

tumor necrosis receptor-associated factor (TRAF)-6 and

transforming growth factor-b-activated kinase 1 (TAK-1).

These activate the complex inhibitor of NF-jB kinase

(IKK), formed by NEMO, IKKa e IKKb, which phos-

phorylates and degrades IjBa (inhibitor of NF-jB),

allowing nuclear translocation of NF-jB (normally

sequestered in the cytoplasm by ligation to IjBa). NF-jB

leads to expression of effectors genes (TNF-a, IL-6, and

IL-12). The MyD88-dependent pathway can also activate

p38 and c-Jun N-terminal kinase (JNK), leading to AP-1

activation followed by transcription of genes involved in

regulation of cell proliferation, morphogenesis, apoptosis,

and differentiation.

In the MyD88-independent pathway, TLR4, through

TRAM, recruits TRIF. This recruits TRAF3 which asso-

ciates with TRAF family member associated NF-jB acti-

vator (TANK), TBK1 (TANK binding kinase 1) and IKKi

with subsequent phosphorylation and nuclear translocation

of IRF-3. IRF-3 leads to IFN-b transcription. In MyD88-

independent pathway, TRIF also associates with the

receptor-interacting serine–threonine kinase (RIP)-1 to

activate NF-jB. NF-kB induction in the MyD88-dependent

pathway occurs with fast kinetics, whereas NF-kB activa-

tion in the MyD88-independent pathway occurs with

slower kinetics.

The significance of the two different downstream path-

ways and the role of distinct adapter molecules of TLR4

activation in liver diseases are largely unknown. None-

theless, many studies suggest that the activation of the

different downstream pathways may be cell- and effect-

specific. This may have important implications for devel-

oping TLR4 modulators as potential therapeutic agents.

Negative regulation of TLR4 signaling

Because TLR4 stimulation can induce potent inflammatory

responses, inhibitory pathways are necessary to protect the

host from inflammation-induced damage [14]. The balance

is maintained by multiple negative regulators, and the

regulation is very precise. TLR4 signaling can be regulated

at multiple levels (from receptor level to transcription

factors level; Table 1), through many kinds of mechanisms

(degradation, deubiquitination, and competition are the

most frequently observed). Table 1 describes the targets of

each inhibitor. sTLR4 (soluble decoy TLR4), RP105

(radioprotective 105; a homolog of TLR4), SIGIRR (sin-

gle immunoglobulin IL-1R-related molecule), ST2L

(transmembrane form of ST2; homolog of the IL-1 recep-

tor), MyD88s (splice variant of MyD88), SARM (sterile

alpha- and armadillo-motif-containing protein), TRAF1,

TRAF4, and IRAK-2c (splice variant of IRAK-2) inhibit

TLR4 signaling by means of competing with various

adaptors and transcription factors for binding sites.

TRIAD3A (triad domain-containing protein 3 variant A),

SOCS1 (suppressor of cytokine signaling-1), and Pin1

(peptidyl-prolyl isomerase1) inhibit several molecules of

TLR4 signaling by means of polyubiquitination and sub-

sequent proteasome-dependent degradation. A20, DUBA
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(de-ubiquitinating enzyme A), and CYLD (cylindromatosis

protein) inhibit several mediators of TLR4 signaling by

deubiquitination.

There are many other negative regulators that use dif-

ferent mechanisms to control TLRs signaling pathways.

Bcl-3 (B cell leukemia-3) and TRAIL (tumor necrosis

factor-related apoptosis-inducing ligand) inhibit activation

of NF-jB by stabilization of NF-jBp50 and IjBa,

respectively. IRAK-M (a member of IRAK family without

kinase activity) inhibits MyD88-mediated signaling by

preventing the dissociation of IRAKs from MyD88. ATF3

(activating transcription factor-3) binds to the promoters

and recruits histone deacetylase, resulting in altered chro-

matin structure to limit access to transcription factors (such

as NF-jB). Both the Src homology 2 domain-containing

protein tyrosine phosphatase (SHP)-1 and SHP-2 are

intracellular tyrosine phosphatases, which inhibit IRAK-1

and TBK1, respectively. Tollip constitutively suppresses

IRAK by forming a complex that is dissociated after TLR4

activation. MicroRNAs are 21–22-nucleotide, non-coding

small RNAs that have been shown to be centrally involved

in immune system development and function. Very

recently, it was shown that miR-146 expression was

increased by LPS stimulation [15], and miR-146 may

inhibit IRAK-1 and TRAF6. PI3K (phosphatidylinositol

3-kinase) is a member of the lipid kinase family. Recog-

nition of PAMP by TLRs can activate PI3K, which leads to

activation Akt (serine/threonine protein kinase) and sub-

sequent inactivation of glycogen synthase kinase-3b (GSK-

3b). Inhibition of GSK-3b decreases NF-kB-dependent

production of proinflammatory cytokines.

The expression of most negative regulators (including

PI3K, A20, IRAK-M, and miR-146) can be induced by the

activation of TLR4 and uses a mode of negative feedback

to terminate TLR4 activation. However, there are also

some constitutively expressed factors (including Tollip)

that could possibly exert their functions only when TLRs

are overactivated.

TLR4 expression in the liver

The healthy liver contains low mRNA levels of TLR4 and

signaling molecules such as MD-2 and MyD88 in com-

parison to other organs [16, 17], suggesting that the low

expression of TLR4 and signaling molecules may con-

tribute to the high tolerance of the liver to LPS from the

intestinal microbiota to which the liver is constantly

exposed.

Because of the unique anatomical link between the liver

and intestines, Kupffer cells (KC) are the first cell to

encounter gut-derived toxins including LPS. Accordingly,

Kupffer cells express TLR4 and are responsive to LPS

[18]. Upon triggering, TLR4 signaling drives Kupffer cells

to produce TNF-a, IL-1b, IL-6, IL-12, IL-18, and anti-

inflammatory cytokine IL-10 [19].

Hepatocytes may uptake and eliminate LPS from portal

and systemic circulation [20]. Hepatocytes express mRNA

for TLR4 and respond to TLR4 ligands although there are

contradictory data about the amount of TLR4 mRNA

expression and the level of responsiveness to LPS [21, 22].

Activated human hepatic stellate cells (HSCs) express

TLR4 and CD14 and respond to LPS [23]. TLR4 directly

stimulates HSC to induce proinflammatory features, such

as upregulation of chemokines (CCL2, CCL3, and CCL4)

and adhesion molecules [vascular cell adhesion molecule 1

(VCAM-1), intercellular cell adhesion molecule 1 (ICAM-

1), and E-selectin] and profibrogenic features including the

enhancement of TGF-b signaling by the downregulation of

TGF-b pseudoreceptor, bone morphogenetic protein and

activin membrane-bound inhibitor (BAMBI) [21, 23].

Other liver cells, such as biliary epithelial cells, sinu-

soidal endothelial cells, and hepatic dendritic cells, express

TLR4 and are responsive to LPS, but this expression and

response have not been studied in detail [20].

The role of LPS/TLR4 signaling in CLD

There is increasing evidence for a role of LPS/TLR4 sig-

naling in the pathogenesis of alcoholic liver disease, non-

alcoholic fatty liver disease, chronic hepatitis C, chronic

hepatitis B, primary sclerosing cholangitis, primary biliary

cirrhosis, hepatic fibrosis, and hepatocarcinoma (Table 2).

The evidence for a role of LPS and TLR4 in these diseases

comes from two kinds of studies:

Table 1 Negative regulation of TLR4 signaling

Level Inhibitor

TLR4 sTLR4, RP105, SIGIRR, and TRIAD3A

Adaptors molecules

Myd88 MyD88s

TRIF TRIAD3A, SARM, TRAF1, and TRAF4

TIRAP ST2L, TRIAD3A, and SOCS-1

Myd88-dependent pathway

IRAK IRAK-M, IRAK-2c, Tollip, SHP-1, and miR-146

TRAF6 TRAF4, A20, CYLD, and miR-146

NF-KB TRAIL, Bcl3, ATF3, and PI3K

Myd88-independent pathway

RIP1 A20 and TRIAD3A

TRAF3 DUBA

TBK1 SHP-2

IRF3 PIN-1

Abbreviations – see text

Hepatol Int (2010) 4:659–672 663

123



T
a

b
le

2
E

v
id

en
ce

fo
r

th
e

ro
le

o
f

L
P

S
/T

L
R

4
si

g
n

al
in

g
in

ch
ro

n
ic

h
ep

at
ic

d
is

ea
se

s

D
is

ea
se

L
P

S

ex
p

re
ss

io
n

T
L

R
4

ex
p

re
ss

io
n

T
L

R
4

se
n

si
ti

v
it

y
E

ff
ec

ts
o

f
m

o
d

u
la

ti
o

n
o

f
T

L
R

4
C

el
lu

la
r

an
d

in
tr

ac
el

lu
la

r
p

at
h

w
ay

s

A
lc

o
h

o
li

c
li

v
er

d
is

ea
se

:
[2

4
–

2
6
]

:
[2

9
]

:
[2

9
,

3
0
]

S
u

p
p

re
ss

io
n

o
f

T
L

R
4

p
ro

te
ct

s
ag

ai
n

st

A
L

D
[3

0
–

3
2
]

K
C

,
M

y
d

8
8

-i
n

d
ep

en
d

en
t,

T
N

F
-a

an
d

IL
-6

an
d

R
O

S
[3

4
,

3
5
]

N
o

n
-a

lc
o

h
o

li
c

fa
tt

y

li
v

er
d

is
ea

se

:
[3

7
–

4
1
]

:
[4

2
]

:
[4

2
]

S
u

p
p

re
ss

io
n

o
f

T
L

R
4

p
ro

te
ct

s
ag

ai
n

st

N
A

F
L

D
[3

9
–

4
1
,

4
3

–
4

5
]

K
C

,
M

y
d

8
8

-d
ep

en
d

en
t,

T
N

F
-a

an
d

IL
-6

an
d

R
O

S

[3
9
,

4
5

]

H
C

V
in

fe
ct

io
n

:
[4

9
]

:
(i

n
B

ce
ll

s
an

d

h
ep

at
o

cy
te

s)
[2

2
,

5
0
]

:
(i

n
D

C
an

d

m
ac

ro
p

h
ag

es
)

[5
1
,

5
2

]

:
(i

n
B

ce
ll

s
an

d

h
ep

at
o

cy
te

s)
[2

2
,

5
0

]

;
(D

C
an

d
m

ac
ro

p
h

ag
es

)

[5
1
,

5
2

]

A
ct

iv
at

io
n

o
f

T
L

R
4

su
p

p
re

ss
es

H
C

V

re
p

li
ca

ti
o

n
[5

3
]

K
C

an
d

L
S

E
C

,
M

y
d

8
8

-i
n

d
ep

en
d

en
t,

IF
N

-b
[5

3
]

H
B

V
in

fe
ct

io
n

:
[5

6
]

;
[5

7
]

;
[5

7
]

A
ct

iv
at

io
n

o
f

T
L

R
4

su
p

p
re

ss
es

H
B

V

re
p

li
ca

ti
o

n
[5

8
]

K
C

,
M

y
d

8
8

-i
n

d
ep

en
d

en
t,

IF
N

-b
[5

9
]

P
ri

m
ar

y
b

il
ia

ry

ci
rr

h
o

si
s

:
(i

n
B

E
C

)

[6
0
,

6
1

]

:
(i

n
B

E
C

)
[6

2
]

:
[6

3
]

n
d

B
E

C
,

T
N

F
-a

,
IL

-1
[6

3
]

P
ri

m
ar

y
sc

le
ro

si
n

g

ch
o

la
n

g
it

is

:
(i

n
B

E
C

)

[6
0
]

:
(i

n
B

E
C

)
[6

4
]

:
[6

4
]

n
d

B
E

C
,

T
N

F
-a

,
IL

-1
[6

4
]

H
ep

at
ic

fi
b

ro
si

s
:

[2
1
,

6
7

]
B

E
C

:
[6

2
,

6
4
]

H
ep

at
o

cy
te

s
:/

=
[6

2
,

6
9

]

P
B

M
C

;/
=

[7
0
,

7
1

]

B
E

C
:

[ 6
2
,

6
4

]

H
ep

at
o

cy
te

s
:/

=
[6

2
,

6
9
]

P
B

M
C
;/

=
[7

0
,

7
1
]

S
u

p
p

re
ss

io
n

o
f

T
L

R
4

p
ro

te
ct

s
ag

ai
n

st

h
ep

at
ic

fi
b

ro
si

s
[2

1
,

5
5
,

7
2
–

7
6

]

H
S

C
,

M
y

d
8

8
-d

ep
en

d
en

t,
C

h
em

o
k

in
es

,
ad

h
es

io
n

m
o

le
cu

le
s,

B
A

M
B

I
[2

1
]

H
ep

at
o

ca
rc

in
o

m
a

:
[2

2
]

:
[2

2
]

:
[2

2
]

S
u

p
p

re
ss

io
n

o
f

T
L

R
4

p
ro

te
ct

s
ag

ai
n

st

h
ep

at
o

ca
rc

in
o

m
a

[1
2
,

2
2

]

K
C

an
d

h
ep

at
o

cy
te

s,
M

y
d

8
8

-d
ep

en
d

en
t,

N
an

o
g

;

IL
-6

[1
2
,

2
2

]

:
in

cr
ea

se
d

,
;

d
ec

re
as

ed
,

=
m

ai
n

ta
in

ed
,

L
P

S
li

p
o

p
o

ly
sa

cc
h

ar
id

e,
B

E
C

b
il

ia
ry

ep
it

h
el

ia
l

ce
ll

s,
D

C
d

en
d

ri
ti

c
ce

ll
s,

K
C

K
u

p
ff

er
ce

ll
s,

L
S

E
C

li
v

er
si

n
u

so
id

al
en

d
o

th
el

ia
l

ce
ll

s,
P

B
M

C
p

er
ip

h
er

al

b
lo

o
d

m
o

n
o

n
u

cl
ea

r
ce

ll
s,

R
O

S
re

ac
ti

v
e

o
x

y
g

en
sp

ec
ie

s,
n

d
n

o
t

d
et

er
m

in
ed

664 Hepatol Int (2010) 4:659–672

123



1. Studies showing that LPS/TLR4 signaling is altered as

a result of altered portal LPS levels and/or hepatic

TLR4 expression in these diseases.

2. Studies showing that modulation of LPS/TLR4 sig-

naling (by suppressing/attenuating LPS production or

TLR4 gene expression) influences the pathogenesis of

these diseases.

Alcoholic liver disease

Alcoholic liver disease (ALD) is characterized by a spec-

trum of liver pathology ranging from fatty liver, steato-

hepatitis, to cirrhosis.

The LPS and TLR4 have been proposed as key players

in the pathogenesis of ALD. Chronic ingestion of alcohol

leads to a strong elevation of portal and systemic levels of

LPS in animal models and humans [24–26]. The elevation

of LPS appears to be predominantly caused by two

mechanisms. First, alcohol exposure can promote the

growth of Gram-negative bacteria in the intestine, which

leads to enhanced production of LPS [27]. In addition,

alcohol metabolism by Gram-negative bacteria and intes-

tinal epithelial cells can result in accumulation of acetal-

dehyde, which in turn can increase intestinal permeability

by opening intestinal tight junctions. Increased intestinal

permeability can lead to increased transfer of LPS from the

intestine to portal and systemic circulation [28]. Further-

more, chronic alcohol consumption upregulates hepatic

TLR4 and sensitizes it to LPS to enhance TNF-a produc-

tion [29]. Exposure to LPS during chronic alcohol con-

sumption results in increased production of inflammatory

mediators as well as in induction of reactive oxygen spe-

cies (ROS) [30]. Finally, inhibition of LPS/TLR4 signaling

by altering intestinal microbiota and LPS production

(antibiotics or probiotics) or suppressing TLR4 gene

expression protects against ALD. Indeed, treatment with

lactobacillus or antibiotics suppresses alcohol-induced liver

injury by reducing LPS circulating levels [31, 32]. TLR4-

mutant mice have a strong reduction of alcohol-induced

liver injury despite elevated LPS circulating levels [33].

Recent studies have clarified the cellular and molecular

pathways by which LPS/TLR4 signaling promotes ALD.

Kupffer cells have been established as a crucial cellular

target of LPS in alcohol-induced liver injury as demon-

strated by a strong reduction of alcoholic liver injury fol-

lowing depletion of Kupffer cells with gadolinium chloride

[34]. Moreover, Hritz et al. [35] demonstrated that TLR4-

mediated signal in ALD is mediated through a MyD88-

independent pathway, most likely through the adapter

molecule TRIF. Hepatic alcohol-induced production of

inflammatory mediators (TNF-a and IL-6) and TLR4 co-

receptors (CD14 and MD2) was prevented by TLR4

deficiency [35]. In addition, ROS production by cyto-

chrome P450 and the nicotinamide adenine dinucleotide

phosphate complexes was also prevented by TLR4 defi-

ciency [35]. These data suggest that TLR4-mediated

alcoholic liver injury is carried out by increased inflam-

matory mediators (TNF-a and IL-6) and ROS production.

Taken together, these data suggest that activation of TLR4

in Kupffer cells by LPS is a key pathogenetic mediator of

ALD through production of inflammatory cytokines and

ROS.

Non-alcoholic fatty liver disease

Non-alcoholic fatty liver disease (NAFLD) includes a

continuum of disease ranging from steatosis to steatohep-

atitis and cirrhosis and usually develops in the setting of

obesity and insulin resistance [36]. Mechanisms involved

in the development of NAFLD are not yet fully clarified,

and therapeutic options are still limited.

There is accumulating evidence that LPS/TLR4 signaling

plays an essential role in the pathogenesis of NAFLD. In

different human and animal studies, NAFLD was associated

with increased portal LPS levels, through mechanisms

involving bacterial overgrowth, and increased intestinal

permeability and bacterial translocation [37–41]. Wigg et al.

[37] found that bacterial overgrowth was prevalent among

22 patients with NAFLD. Bergheim et al. [38] showed that

even the early stages of fructose-induced NAFLD are

associated with an increased intestinal translocation of

bacterial LPS. NAFLD has also been associated with

increased sensitivity to LPS, mainly by increased hepatic

TLR4 expression. Leptin or leptin receptor-deficient ani-

mals that are genetically obese are highly susceptible to LPS

and develop NAFLD after low dose of LPS [42]. Finally,

suppression of LPS/TLR4 signaling by alteration of intes-

tinal microbiota (antibiotics or probiotics) or genetic

manipulation protects against NAFLD. Selective intestinal

decontamination results in decreased LPS levels in mice in a

high-fat diet and reduced hepatic triglycerides in mice with

diet-induced obesity as well as in leptin-deficient mice [40,

41]. Probiotics diminish non-alcoholic steatohepatitis in

leptin-deficient mice [43, 44]. The crucial role for TLR4

signaling in NAFLD was further confirmed in TLR4-mutant

mice that display decreased liver injury and lipid accumu-

lation following a methionine- and choline-deficient diet

(MCDD) and fructose-induced NAFLD [39, 45].

Besides the role of LPS/TLR4 signaling in the patho-

genesis of NAFLD, there is also accumulating evidence

showing a bidirectional connection between TLR4 signal-

ing and insulin resistance (to which NALFD is intimately

associated). There are several studies showing that LPS/

TLR4 activation induces inflammatory signaling pathways
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which mediate insulin resistance and studies showing that

insulin resistance may lead to activation of LPS/TLR4

signaling. Cani et al. [46] demonstrated that subcutaneous

infusion of a low dose of LPS resulted in liver insulin

resistance in a CD-14-dependent manner. On the other

hand, it was shown that free fatty acids, which are often

elevated in insulin resistance states, due to increased

release from adipose tissue, can induce insulin resistance

through activation of TLR4 [10]. Notably, a recent human

study demonstrated that TLR4 expression and its ligands

(high-mobility group box-1, hyaluronan, heat shock protein

60, and LPS), signaling, and functional activation are

increased in recently diagnosed type-2 diabetes and con-

tribute to a proinflammatory state [47].

Recent studies have clarified the mechanisms by which

increased LPS/TLR4 signaling promotes NAFLD.

Destruction of Kupffer cells with clodronate liposomes

blunted histological evidence of non-alcoholic steatohep-

atitis in a model of MCDD and prevented increasing of

TLR4 expression, underscoring a direct link between TLR4

and Kupffer cells within pathogenesis of NAFLD [39].

Hepatic lipid peroxidation, Myd88, and TNF-a levels were

significantly decreased in fructose-fed TLR4 mutant mice

in comparison to fructose-fed wild-type mice, suggesting

that MyD88 may be critical in mediating the effects of

TLR4 activation in the promotion of NAFLD, through

enhanced ROS and induction of TNF-a [45]. Taken toge-

ther, these data suggest a major role of TLR4 signaling in

the pathogenesis of NAFLD through activation of Kupffer

cells and enhanced ROS and TNF-a production.

HCV infection

About 30% of patients chronically infected with hepatitis C

virus (HCV) show signs of active hepatic inflammation and

are at risk of developing fibrosis, cirrhosis, and HCC [48].

There is an accumulating evidence that LPS and TLR4

play a key role in the pathogenesis of HCV infection.

Patients with chronic HCV infection display increased

serum levels of LPS even in the absence of significant

hepatic fibrosis [49].

Interaction of HCV and TLR4 expression and signaling

is robust although complex and may be cell-specific.

Machida et al. [50] found that HCV, through the action of

its NS5A protein, induces expression of TLR4 on the

surface of B cells, leading to enhanced IFN-b and IL-6

production and secretion, particularly in response to LPS.

Machida et al. [22] also provided evidence that hepato-

cyte-specific transgenic expression of the HCV nonstruc-

tural protein NS5A upregulates TLR4 expression and

signaling. They demonstrated enhanced TAK-1–TRAF-6

and TAK-1–IRAK-1 interactions and phosphorylation of

JNK and Ij-Ba (downstream mediators of TLR4

signaling) in NS5A mice given LPS. Miyazaki et al. [51]

found that myeloid dendritic cells from patients with

chronic HCV display an increased expression of TLR4,

but a decrease in the cytokine production secondary to

activation of TLR4 by LPS, thus suggesting the impair-

ment of TLR4 signaling by HCV in myeloid dendritic

cells. Abe et al. [52] demonstrated that murine macro-

phages overexpressing NS3, NS3/4A, NS4B, or NS5A

showed a strong suppression of TLR4 signaling. NS5A

interacts with MyD88 to prevent IRAK-1 recruitment and

cytokine production, such as IL-1, IL-6, and IFN-b
response to the ligands for TLR4 [53].

TLR4 signaling itself may regulate HCV replication.

Broering et al. [53] found that supernatants from TLR4-

stimulated non-parenchymal liver cells (Kupffer cells and

sinusoidal epithelial cells) led to potent suppression of HCV

replication in murine HCV replicon bearing MH1 cells

through IFN-b and induction of IFN-stimulated genes. These

novel findings are of particular relevance for the control of

HCV replication by the innate immune system of the liver.

Finally, TLR4 has also been associated with many

clinical consequences of HCV infection. Machida et al.

[22] demonstrated that, in a murine model, synergism

between alcohol and HCV in liver damage and tumor

formation is mediated by sustained activation of LPS/

TLR4 signaling, which results from HCV NS5A-induced

hepatic TLR4 expression and alcohol-induced endotoxe-

mia. Recently, in a gene centric functional genome scan in

patients with chronic hepatitis C virus, a major CC allele of

TLR4 encoding a threonine at amino acid 399 (p.T399I)

emerged as the second single nucleotide polymorphism

(SNP) with highest ability to predict the risk of developing

cirrhosis, indicating a protective role in fibrosis progression

of its c.1196C_T (rs4986791) variant at this location

(p.T399I), along with another highly cosegregated

c.896A_G (rs4986790) SNP located at coding position 299

(p.D299G) [54]. Interestingly, later on, it was shown that

these two SNP are associated with reduced TLR4-mediated

inflammatory and fibrogenic signaling and lower apoptotic

threshold of activated HSCs [55].

Taken together, these data support the hypothesis that

HCV selectively influences TLR4 signaling, impairing it in

cells that limit HCV replication (dendritic cells and mac-

rophages), while at the same time enhancing it in cells

(hepatocytes and B cells) that generate a chronic inflam-

matory state. Thus, it is likely that the interaction between

HCV and TLR4 promotes virus expansion, inflammation,

and potentially the progression to fibrosis and cirrhosis.

HBV infection

Hepatitis B virus (HBV) causes a chronic infection in about

10% of adults that may result in cirrhosis and HCC [45].
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Recent studies have shown that LPS/TLR4 signaling

may have an important role in the pathogenesis of HBV

infection. One study reported a 72-fold induction of LPS

levels in chronic HBV infection [56]. Moreover, a signif-

icant correlation was revealed between systemic LPS levels

with virus replication and the degree of basic clinical and

laboratory signs in patients with chronic viral hepatitis B

[56].

Interaction of HBV and TLR4 expression and signaling

is complex. One study demonstrated that TLR4 was

downregulated in HBV-infected peripheral blood mono-

cytes, and these cells also had a decreased cytokine

response to TLR4 ligands [57]. On the other hand, TLR4

was shown to block HBV replication through its ability to

upregulate IFNs. The injection of LPS into HBV transgenic

mice reduced HBV replication in an IFN-a/b-dependent

manner [58]. These antiviral effects of TLR4 activation are

directed at nonparenchymal cells, but not hepatocytes that

express low level of TLR4. Further experiments demon-

strated that nonparenchymal cell-derived mediators inhibit

HBV replication in HBV-Met cells. The supernatants from

TLR4-stimulated Kupffer cells inhibit HBV replication

independently of MyD88 in vitro, suggesting that TRIF-

dependent IFN-b plays a role [59].

Taken together, these data suggest that TLR4 signaling

is impaired in HBV infection and that TLR4 agonists can

block HBV replication through activation of TRIF-depen-

dent pathway in Kupffer cells.

Hepatic autoimmune disorders

The pathogenesis of hepatic autoimmune disorders remains

still largely unknown. It is believed that autoimmunity may

develop from genetic predispositions, but the onset of

autoimmune tissue injury or disease flare is often triggered

by microbial infection. Aberrant innate immune response

to infections, providing the necessary inflammatory milieu

to activate pre-existing autoreactive cellular repertoire, has

the potential to initiate the development of autoimmunity.

There is increasing evidence for LPS/TLR4 signaling in the

pathogenesis of primary biliary cirrhosis (PBC) and pri-

mary sclerosing cholangitis (PSC).

Primary biliary cirrhosis (PBC) is a chronic inflamma-

tory cholestatic disease of unknown origin that affects

small and medium intrahepatic bile ducts. Recent studies

have demonstrated that significant amounts of LPS accu-

mulate in biliary epithelia of PBC patients [60]. Ballot

et al. [61] reported that 64% of PBC sera were positive for

IgM antibodies against lipid A, an immunogenic and toxic

component of LPS. TLR4 expression is significantly ele-

vated in biliary epithelial cells and periportal hepatocytes

of PBC patients [62]. Monocytes from PBC patients appear

more sensitive to the ligand for TLR4 (LPS), producing

higher levels of proinflammatory cytokines, particularly

IL-1b, IL-6, IL-8, and TNF-a [63].

The PSC is characterized by the destruction of hepatic

bile duct and a high frequency of antibiliary epithelial cell

antibodies (anti-BEC-Ab). One study revealed that, in

primary sclerosing cholangitis, LPS gets accumulated

abnormally in biliary epithelial cells [60]. Anti-BEC-Ab-

stimulated BECs or PSC patient-derived BECs express

higher levels of TLR4 and respond to ligands for TLR4 to

produce higher levels of inflammatory cytokines (IL-1b,

IL-8, IFN-c, TNF-a, granulocyte–macrophage colony-

stimulating factor, and TGF-b) [64].

These data suggest that in CBP and PSC increased

accumulation of LPS and TLR4 expression in biliary epi-

thelial cells enhances secretion of selective pro-inflamma-

tory cytokines integral to the inflammatory response that

may be critical in the breakdown of self-tolerance and

initiation and perpetuation of bile duct injury.

Hepatic fibrosis

The development of hepatic fibrosis and cirrhosis occurs in

virtually any type of chronic hepatic injury [65]. In terms

of chronic liver injury, several studies have highlighted the

role of transforming growth factor-b (TGF-b) in activating

hepatic stellate cells (HSC), the main producers of extra-

cellular matrix in the fibrotic liver and the promotion of a

fibrogenic phenotype [65, 66]. On the other hand, chronic

liver inflammation is a key prerequisite for triggering liver

fibrosis [65, 66]. However, until now, the cell-type specific

molecular mechanisms linking pathways driving inflam-

mation on one hand and liver fibrogenesis on the other

hand have not been defined yet. Recently, there is accu-

mulating evidence that TLR4-induced activation and sen-

sibilization of HSC may constitute the molecular link

between hepatic inflammation and fibrogenesis.

The LPS is elevated in experimental models of hepatic

fibrosis and in patients with cirrhosis [21, 67]. It is believed

that changes in intestinal motility, subsequent alterations of

the intestinal microbiota, decreased mucosal integrity, and

suppressed immunity in hepatic fibrosis contribute to a

failure of the intestinal mucosal barrier, and causes

increases in bacterial translocation and LPS levels in later

stages of hepatic fibrosis and cirrhosis [68].

Data regarding expression of TLR4 in cirrhotic patients

are conflicting, with studies showing increased expression

on BEC, maintained or increased expression on hepato-

cytes, and maintained or decreased expression on PBMC

[62–64, 69–71].

Several studies have demonstrated that modulation of

the intestinal microbiota in advanced cirrhosis by probio-

tics or antibiotics is beneficial for the prevention of bac-

terial translocation and spontaneous bacterial peritonitis
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[72, 73]. It has been shown that antibiotics prevent hepatic

injury and fibrosis induced by CCl4 treatment or a choline-

deficient diet, and that LPS enhances hepatic fibrosis

induced by a MCCD [74, 75]. Treatment of mice with

nonabsorbable broad-spectrum antibiotics also resulted in a

clear reduction in the fibrotic response of mice, upon bile

duct ligation [21]. Recently, Velayudham et al. showed that

VSL#3 (a probiotic) protects against MCDD-induced liver

fibrosis, through modulation of collagen expression and

inhibition of TGF-b expression and signaling [76].

Recent studies, using TLR4 mutant as well as gut-ster-

ilized, CD14- and LBP-deficient mice, have demonstrated

the crucial role for the LPS–TLR4 pathway in hepatic

fibrogenesis [21, 77]. TLR4-mutant mice display a pro-

found reduction in hepatic fibrogenesis in three different

experimental models of biliary and toxic fibrosis [77].

In a recent study, Seki et al. [21] analyzed the cell-

specific molecular mechanism underlying the role of LPS/

TLR4 on liver fibrosis. They showed that chimeric mice

that contain TLR4-mutant Kupffer cells and TLR4-intact

HSCs developed significant fibrosis and the mice that

contain TLR4-intact Kupffer cells and TLR4-mutant HSCs

developed minimal fibrosis after bile duct ligation, indi-

cating that TLR4 on HSCs, but not on Kupffer cells, is

crucial for hepatic fibrosis. Notably, Kupffer cells are

essential for fibrosis by producing TGF-b independent of

TLR4. TLR4-activated HSCs produce chemokines (CCL2,

CCL3, and CCL4) and express adhesion molecules

(ICAM-1 and VCAM-1) that recruit Kupffer cells to the

site of injury. Simultaneously, TLR4 signaling downregu-

lates the TGF-b decoy receptor (BAMBI) to boost TGF-b
signaling and allow for unrestricted activation of HSCs by

Kupffer cells, leading to hepatic fibrosis. Finally, by using

adenoviral vectors expressing an inhibitor of NF-jB kinase

(IjB)-superrepressor and knockout mice for MyD88 and

the adapter molecule TRIF, the authors demonstrated that

TLR4-dependent downregulation of BAMBI is mediated

via a pathway involving MyD88 and NF-jB, but not TRIF.

In summary, they demonstrated that LPS/TLR4 signaling

acts in a profibrogenic manner via two independent

mechanisms: it induces the secretion of chemokines from

HSCs and chemotaxis of Kupffer cells which secrete the

profibrogenic cytokine TGF-b; additionally, TLR4-depen-

dent signals augment TGF-b signaling on HSCs via

downregulation of the TGF-b pseudoreceptor BAMBI.

Recently, Huang et al. [54] conducted a gene centric

functional genome scan in patients with chronic hepatitis C

virus, which yielded a Cirrhosis Risk Score signature

consisting of seven single nucleotide polymorphisms

(SNPs) that may predict the risk of developing cirrhosis.

Among these, a major CC allele of TLR4 encoding a

threonine at amino acid 399 (p.T399I) was the second most

predictive SNP among the seven, indicating a protective

role in fibrosis progression of its c.1196C[T (rs4986791)

variant at this location (p.T399I), along with another highly

cosegregated c.896A[G (rs4986790) SNP located at cod-

ing position 299 (p.D299G). In a subsequent study, the

same group examined the functional linkage of these SNPs

to hepatic stellate cell (HSC) responses [55]. They showed

both HSCs from TLR4-deficient mice, and a human HSC

line (LX-2) reconstituted with either TLR4 D299G and/or

T399I complementary DNAs were hyporesponsive to LPS

stimulation compared to those expressing wild-type TLR4

as assessed by the expression and secretion of LPS-induced

inflammatory and chemotactic cytokines (i.e., monocyte

chemoattractant protein-1, IL-6), downregulation of

BAMBI expression, and activation of NF-jB-responsive

luciferase reporter. In addition, spontaneous apoptosis, as

well as apoptosis induced by pathway inhibitors of NF-jB,

extracellular signal-regulated kinase (ERK), and phospha-

tidylinositol 3-kinase were greatly increased in HSCs from

either TLR4-deficient or Myd88-deficient mice, as well as

in murine HSCs expressing D299G and/or T399I SNPs

[55]. Recently, Li et al. expanded the list of TLR4 SNPs

that are independently associated with the risk of liver

fibrosis progression and the development of cirrhosis [78].

Taken together, these data suggest that LPS/TLR4 sig-

naling in HSC is essential for liver fibrosis development, by

stimulating production chemokines that recruit Kupffer

cells and at the same time allowing for unrestricted acti-

vation of HSCs by Kupffer cells-derived TGF-b.

Hepatocarcinoma

During recent years, evidence has been accumulating to

show that inflammation has an important role in initiation,

promotion, and progression of tumors [79, 80]. The gen-

eration of pro-inflammatory cytokines in the tumor

microenvironment provokes activation of NF-jB in cancer

cells, leading to protection against pro-apoptotic host

immune defense mechanisms [79, 80]. It has been shown

that cytokines and growth factors produced by tumor-

infiltrating macrophages, lymphocytes, and other cell types

in the inflammatory tumor microenvironment influence cell

differentiation and exert antiapoptotic and proangiogenic

effects which stimulate the growth of cancer cells, tumor

invasiveness, and metastasis [79, 80].

Hepatocarcinoma (HCC), a prominent example for

inflammation-associated cancer, is a major complication in

the end-stage of cirrhosis [81]. In most cases, HCC in

humans is the outcome of continuous injury and chronic

inflammation; thus, it provides a good and realistic

inflammatory-related cancer model to gain insight about

the role of TLR4 in the carcinogenesis [81]. Two studies

have revealed TLRs, in particular TLR4, as major factors

linking hepatic chronic inflammation and hepatocarcinoma.
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Diethylnitrosamine (DEN) is a chemical carcinogen

used to create a mouse model of HCC [82]. The patho-

genesis of HCC in this mouse model differs from that in

humans and thus may not be directly comparable to human

HCC. Nevertheless, the mouse model of DEN-induced

HCC has a histology and genetic signature similar to that of

human HCCs with poor prognosis and recapitulates a

dependence on inflammation and gender disparity seen in

human HCC [83]. Naugler et al. [12] showed in a model of

DEN-induced HCC in mice that the tumor appears in 100%

of males but only in 13% females. This is correlated with

increased liver injury and a higher production of IL-6 in

males after toxicant administration. They also showed that

IL-6 production after DEN-induced liver injury occurs

through TLR4 stimulation and demonstrated the implica-

tion of the innate immune response in the hepatocarcino-

genic process. They observed that the accumulation of IL-6

mRNA in Kupffer cells incubated with LPS or necrotic

hepatocytes was markedly reduced in MyD88 null mice.

They also found that liver damage and hepatic IL-6 levels

were significantly diminished after DEN administration in

MyD88-deficient mice. Importantly, these mice also

showed a significant reduction in the number and size of

DEN-induced liver tumors.

Clinical and epidemiological evidence implicates long-

term alcohol consumption in accelerating HCV-mediated

tumorigenesis [84]. A recent study provided evidence that

TLR4 mediates the synergism between alcohol and HCV in

hepatic oncogenesis. Machida et al. [22] studied the

molecular mechanism of synergism between alcohol and

HCV, using mice with hepatocyte-specific transgenic

expression of the HCV nonstructural protein NS5A, which

is known to have a cryptic trans-acting activity for cellular

gene promoters. They demonstrated that NS5A and alcohol

synergistically induce hepatocellular damage and trans-

formation via accentuated and/or sustained activation of

TLR4 signaling, which results from HCV NS5A-induced

hepatic TLR4 expression and alcohol-induced endotoxe-

mia. Additionally, Nanog, a stem cell marker, was identi-

fied as a novel downstream gene transcriptionally induced

by activated TLR4 signaling that is largely responsible for

TLR4-mediated liver tumor development.

Taken together, these data suggest that TLR4 signaling in

Kupffer cells and hepatocyte may constitute the link between

hepatic chronic inflammation and hepatocarcinoma.

Conclusion

TLR4, as the other members of toll-like receptors family, is

an essential player of innate immune system. It is activated

by LPS, a Gram-negative bacterial cell wall component, as

well as endogenous components derived from dying host

cell. Activation of TLR4 results in the production of sev-

eral pro-inflammatory, anti-viral, and anti-bacterial cyto-

kines, which mount a rapid protective response against

invading pathogens. Nevertheless, these cytokines may

also trigger harmful responses such as cell death, fibrosis,

and cancer.

Despite the constant confrontation of hepatic TLR4 with

gut-derived LPS, the normal liver does not show signs of

inflammation due to its low expression of TLR4 and ability

to inhibiting TLR4 signals. Enhanced signaling of TLR4

may lead to persistently elevated inflammatory cytokines,

resulting in chronic liver injury (Fig. 2). Indeed, in CLD,

such as ALD, NAFLD, PSC, CBP, and fibrosis, it has been

shown that LPS/TLR4 signaling is enhanced and is

essential for liver injury. Enhanced LPS/TLR4 signaling

may result from increased expression and/or sensitivity of

TLR4 and, mainly, from increased exposure to LPS.

Increased portal levels of LPS have been documented in

many CLD and result mainly from increased intestinal

permeability. In initial stages of CLD this increase of

intestinal permeability may be dependent on etiology of

CLD (i.e., alcohol, diet), but later on liver fibrosis and

subsequent portal hypertension can become the main

inducers of this alteration.

In many of CLD, inhibition of TLR4 has been shown to

decrease liver injury, reinforcing the importance of LPS/

TLR4 signaling in the pathogenesis of those diseases. Of

the many possibilities to suppress TLR4 signaling (modu-

lation of LPS production, TLR and co-receptors expression

and downstream signaling molecules), the first appear to be

the best as the others may result in systemic suppression of

TLR4 disabling it to respond to invading pathogens.

Modulation of the intestinal microbiota can be achieved by

antibiotics, probiotics, and symbiotics. Probiotics and

symbiotics, which already proved to have positive effects

Bacterial
Overgrowth

↑ Intestinal
Permeability

↑ Expression and/or
Sensitivity of hepatic TLR4

↑ Portal LPS levels

↑ LPS/TLR4 hepatic
signaling

Anti-viral responses Inflammation Steatosis Fibrosis Hepatocarcinoma

Portal Hypertension

Fig. 2 Overview of the role of LPS/TLR4 signaling in chronic liver

diseases. Increased expression and/or sensitivity of hepatic TLR4 and

increased portal LPS levels (resulting from bacterial overgrowth and

intestinal permeability) can lead to enhanced LPS/TLR4 signaling.

This can induce anti-viral responses, inflammation, steatosis, fibrosis,

and hepatocarcinoma. Hepatic fibrosis contributes to portal hyperten-

sion development which further increases bacterial overgrowth and

intestinal permeability, creating a positive feedback process
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in patients with CLD, should be preferred due to their high

tolerability and limited side effects.

TLR4 plays also a role in chronic viral hepatitis.

Chronic hepatitis B and C viruses lead to a downregulation

of antiviral TLR4 signaling pathways. On the other hand,

TLR4 was shown to block HBV and HCV replication

through its ability to upregulate IFNs. This suggests that

TLR4 agonists may boost anti-viral immunity and there-

fore represent a novel treatment approach for chronic viral

hepatitis.

Although we need more studies, mainly in human

patients, to translate TLR4 pathogenesis into clinical

practice in CLD, we can anticipate that with further

research on LPS/TLR4 signaling, this pathway will become

an important pharmacological target in CLD.
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