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Abstract� �
Lipopolysaccharide (LPS), known as endotoxin, is produced by Gram-negative bacteria and trans-
ported from the intestine to the liver via the portal vein.　While LPS is cytotoxic and gives dam-
ages to hepatocytes, it also functions as an exogenous ligand for toll-like receptor 4 (TLR4) 
expressed in the plasma membrane.　Stimulated by LPS, TLR4 activates MyD88-NF-κB signal-
ing pathway in hepatocytes, leading to tissue repair and cell proliferation.　It has thus been postu-
lated that a combination of LPS-induced hepatic injury and TLR4-mediated tissue repair may lead 
to development of hepatocellular carcinoma (HCC).　As recently reported, the increased expres-
sion of TLR4 in HCC is related to poor prognosis, suggesting involvement of TLR4 in HCC pro-
gression after its development.　To explore correlation of clinicopathological characteristics of 
HCC with TLR4 expression, we immunostained TLR4 protein in both HCC and its neighboring 
non-cancerous area by using 99 resected livers bearing HCC.　In general, TLR4 expression was 
significantly higher in HCC areas than in non-cancerous areas.　When correlation of the 
increased expression of TLR4 with different clinicopathological factors was assessed, tumor size 
and expanding growth pattern were significantly correlated with the TLR4 expression level, sug-
gesting that TLR4 is closely related to cell proliferation but not invasive phenotype.
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connecting between the gastrointestinal tract and the 

liver.　One is the biliary tract for discharge of bile from 

the liver to the intestine, the other is the portal vein for 

transportation of nutrients from the intestine to the liver.　
The latter serves as not only a supply route of nutrients 

but also an intake of various toxic materials, including li-

popolysacharride (LPS) produced by Gram-negative bac-

teria in intestinal microbiota1).

LPS is a component of Gram-negative bacterial cell 

wall and functions as endotoxin1).　When composition of 

intestinal microbiota has aberrantly altered, when Gram-

negative bacteria proliferate excessively in the intestine, 

Introduction

While the gastrointestinal tract always encounters for-

eign bodies called “food,” the liver is not exposed directly 

to extracorporeal environment.　There are two paths 
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or when barrier function of the intestinal epithelium is 

impaired, the amount of LPS transported to the liver via 

the portal vein drastically increases2).　It is well known 

that LPS has strong cytotoxicity causing direct damage to 

hepatocytes.　LPS can also insult the liver tissue by 

means of indirect mechanisms, i.e., LPS activates an ap-

optotic pathway in hepatocytes by inducing Kupffer cells 

to secrete TNF-α2).

On the other hand, receptor molecules, called toll-like 

receptor 4 (TLR4), specific for LPS are expressed on cell 

membrane of the hepatocytes.　TLR4 protein activated 

by LPS contributes to tissue repair, regeneration, and 

proliferation by involving a MyD88-NF-κB signaling 

pathway1,3-5).　It has, thus, been postulated that a combi-

nation of LPS-induced inflammatory hepatic injury and 

TLR4-mediated tissue repair and/or proliferation may 

lead to development of hepatocellular carcinoma (HCC).　
There is indeed a growing body of evidence indicating 

that TLR4 should enhance tumor promotion stage during 

hepatocarcinogenesis before HCCs have developed3,6-9).　
However, it has recently been reported that the expres-

sion level of TLR4 protein in HCC is in reverse correla-

tion with survival of the patients, suggesting that TLR4 

should be involved in not only carcinogenesis but also 

progression of developed HCC10).　If it is the case, what 

kind of clinicopathological characteristics of HCC is relat-

ed to TLR4 expression?　To address the question, we 

therefore examined expression patterns, as revealed by 

immunohistochemistry, of TLR4 protein in both HCC and 

its neighboring non-cancerous area and analyzed the ex-

tent of correlation between each clinicopathological factor 

and the increased expression of TLR4 in HCC.

Materials and Methods

Tissue specimens

All the samples examined for the present study were 

formalin-fixed paraffin-embedded (FFPE) sections gen-

erated from HCCs and their neighboring non-cancerous 

liver tissues resected from 99 patients operated in Akita 

University Hospital in the period from 2005 to 2012.　All 

the samples were diagnosed by experienced pathologists.　
For experiments, well fixated FFPE blocks containing a 

minimal size of necrotized area were selected and 3-µm-

thick slices were subjected to immunohistochemistry as 

well as hematoxylin-eosin (HE) staining.　We obtained 

informed consent from all patients before their enroll-

ment in this study.　The study was conducted in accord-

ance with the Declaration of Helsinki.

Immunohistochemistry

The mouse anti-TLR4 monoclonal antibody (clone 

76B357.1, Abcam, Cambridge, UK) was purchased.　
FFPE sections on slide glass were deparaffinized, auto-

claved in 1 mM EDTA pH 9.0 at 121°C for 20 min, then 

immersed in 3% hydrogen peroxide/methanol at room 

temperature for 15 min.　The slides were incubated with 

the primary antibody in a humidified chamber at 4°C 

overnight (17 h).　Specific signals were visualized by 

employing HRP-labeled polymer method as follows, the 

slides were reacted with EnVision+ system-HRP for 

mouse (Agilent, Santa Clara, CA) at room temperature 

for 30 minutes and finally DAB was oxidized for signal 

detection.

Image analysis and quantification

Positive intensity of immunohistochemical signals for 

TLR4 protein was quantified and analyzed using ImageJ 

1.51 j8.　The microscope capture images were converted 

to 8 bit gray scale and luminance displayed in the histo-

gram was recorded.　Therefore, a stronger DAB staining 

indicates a lower numerical value, whereas a weaker one 

indicates a higher numerical value.　To avoid effects of 

non-specific background staining, ratio of each raw value 

to that of the area where TLR4 should not be expressed 

was gotten, and finally this ratio was subtracted from 1 to 

get the positive index.　All the analyses were performed 

based on these positive indices.

Statistical analysis

Statistical analysis was performed using IBM SPSS 

Statistics version 24.

Results

Clinicopathological characteristics

Clinicopathological profiles of all the cases examined 

for the present study are summarized in Table 1.　99 pa-
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tients, who had their HCCs surgically-resected in Akita 

University Hospital in the period from 2005 to 2012, are 

subjected to our study.　The males account for 81.8% 

(81/99 patients).　The ages are ranged from 40 to 80 

years old (median 67).　As for the status of hepatitis vi-

ral infection, 19.2% (19/99) and 41.4% (41/99) are posi-

tive for HBs Ag and HCV Ab, respectively.　The tumor 

sizes are ranged from 0.8 to 24.0 cm (median 4.5).　Ap-

plied to Tokyo score (0 to 2)11), 51.5% and 44.4% are 

scored 1 and 2, respectively.　According to Edmondson 

Table 1.　Clinicopathological characteristics (n=99)

Gender

Male 81.8% (81/99)

Female 18.2% (18/99)

Age (years)

Max 80

Min 40

median 67

mean±SD 65.98±10.07

Hepatitis virus Infection (duplicate=1)

HBs Ag positive 19.2% (19/99)

HCV Ab positive 41.4% (41/99)

otherwise 40.4% (39/99)

Tumor size/diameter at the maximum equator (cm)

Max 24.0

Min   0.8

median   4.5

mean±SD 6.02±4.4

Tokyo score

0 4.0% (4/99)

1 51.5% (51/99)

2 44.4% (44/99)

Histological grading (Edmondson grade)

I 7.1% (7/99)

II 49.5% (49/99)

III 39.4% (39/99)

IV 3.0% (3/99)

unknown 1.0% (1/99)

Staging (T)

T1 5.1% (5/99)

T2 36.4% (36/99)

T3 34.3% (34/99)

T4 21.2% (21/99)

unknown 3.0% (3/99)

Growth pattern

eg 44.4% (44/99)

eg > ig 39.4% (39/99)

ig > eg 12.1% (12/99)

ig 4.0% (4/99)
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grading12,13), 50.0% and 39.8% are evaluated as Grade II 

and III, respectively, while only a few cases are evaluated 

as Grade I or IV.　Tumor staging designated by the T fac-

tor is, in order of high proportion, T2 (37.5%) > T3 

(35.4%) > T4 (21.9%) > T1 (5.2%)14).　83.8% of our tu-

mor collection exhibits an expanding growth (eg) pattern 

(eg, 44.4% ; eg>infitrating growth (ig) pattern, 39.4%).

Expression�patterns�of�TLR4�protein�in�the�livers�

bearing�HCC

Firstly, we examined expression patterns of TLR4 pro-

tein in the livers bearing HCC from 99 patients.　In all 

the cases examined, TLR4 is expressed, as revealed by 

immunohistochemistry, most strongly in cholangiocytes, 

notably in those showing ductular reaction which often 

occurs in a non-cancerous area adjacent to an HCC lesion 

(Fig. 1).　Intense signals of TLR4 are also observed dif-

fusely in cell membrane and cytoplasm of both HCC cells 

and non-cancerous hepatocytes (Fig. 1).　Increased ex-

pression of TLR4 in hepatocytes has been known to ele-

vate susceptibility to development of HCC6).　Our data 

thus revealed that expression of TLR4 protein was sus-

tained even after HCC had developed.

Comparison�of�expression�levels�of�TLR4�between�

HCC�and�non-cancerous�areas

As a clue to understand importance of TLR4 expres-

sion in the developed HCCs, we carefully compared the 

intensity of immunohistochemical signals for TLR4 be-

tween HCC and non-cancerous areas in the same liver of 

each case.　The intensities were measured on captured 

images by using ImageJ software and each acquired value 

was converted to a positive index as described in Materi-

als and Methods section.　The indices of TLR4 expres-

sion both in HCC areas and in non-cancerous areas 

showed a normal distribution statistically.　As shown in 

Table 2 and Fig. 2, TLR4 expression is significantly high-

er in HCC areas than in non-cancerous areas (p<0.0001).

Fig. 1.　Immunostaining of TLR4 in the liver bearing HCC.　Two representative cases are featured.　(A) and (B) 
are HE staining.　(C) and (D) are the images of immunohistochemistry, captured from the sites almost corre-
sponding to (A) and (B), respectively, on each serial section.　In each micrograph, HCC is presented in the right to 
the dotted line.　Non-cancerous hepatocytes are presented in the left of each image with the central zone inter-
vened by connective tissue.　Biliary ducts and/or ductules are highlighted by arrows.　Scale bar, 50 µm.

A B

C D

Ito et al. Fig. 1
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Table 2.　TLR4 index significant difference test

n
Tumor area non Tumor area

p value
Mean±SD Mean±SD

Total 99 0.28±0.11 0.24±0.09 <0.0001

Tokyo Score

0   4 0.21±0.07 0.20±0.47 　0.391

1 51 0.30±0.09 0.26±0.09 <0.0001

2 44 0.26±0.12 0.23±0.10 <0.0001

Edmondson Grade

I   7 0.20±0.08 0.19±0.42 　0.731 

II 49 0.29±0.12 0.25±0.10 　0.029 

III 39 0.29±0.10 0.24±0.09 　0.004 

IV   3 0.27±0.05 0.21±0.21 　0.435 

Staging (T)

T1   5 0.21±0.10 0.19±2.00 　0.521 

T2 36 0.27±0.12 0.25±0.77 　0.180 

T3 34 0.31±0.99 0.24±0.79 <0.0001

T4 21 0.28±0.09 0.25±0.97 　0.248 

Hepatitis virus Infection (duplicate=1)

HBs Ag positive 19 0.28±0.13 0.24±0.07 　0.120 

anti-HCV Ab positive 41 0.30±0.30 0.25±0.06 <0.001

otherwise 40 0.26±0.11 0.24±0.11 　0.105 

Growth pattern of tumor

eg 44 0.29±0.12 0.26±0.10 　0.062 

eg > ig 39 0.29±0.09 0.24±0.08 <0.001

ig > eg 12 0.21±0.10 0.19±0.11 　0.382 

ig   4 0.27±0.13 0.22±0.04 　0.437

*** *** *** * * NS *** ** **NS
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Fig. 2.　Correlation of the increased expression of TLR4 with different clinicopathological characteristics.　Only 
the results showing significant correlation in Table 2 are demonstrated.　TLR4 expression index was calculated as 
described in Materials and Methods section.　The measurable maximal index should be 1.
*, P<0.05 ; **, P<0.001 ; ***, P<0.0001 ; NS, not significant.　Error bar represents standard deviation.
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Elevated expression of TLR4 in HCC according to 

various clinicopathological factors

It has been reported that the expression level of TLR4 

is in inverse correlation with prognosis of HCC 

patients10).　To explore which clinicopathological factors 

of HCC can be modulated by TLR4 expression, we fur-

ther performed paired-sample t-tests on the TLR4 ex-

pression level between HCC and non-cancerous areas 

according to various clinicopathological factors including 

gender, Tokyo score (0 to 2), histological grade (Edmond-

son I to IV), staging parameter (T1 to T4), growth pat-

tern (eg or ig), and status of hepatitis virus infection.　
As shown in Table 2 and Fig. 2, regardless of genders, 

Tokyo scores, or histological grades, TLR4 protein is ex-

pressed more intensely in HCC areas than in non-cancer-

ous areas, thus suggesting no or insignificant involve-

ment of these clinicopathological factors in the elevated 

expression of TLR4 protein in HCCs.　In contrast, our 

data have indicated that the tumor staging parameter, tu-

mor growth pattern, and status of hepatitis virus infection 

are related to the enhanced expression of TLR4 in HCC.　
It is in tumors categorized into Edmondson II and III but 

not into I or IV that TLR4 expression levels are signifi-

cantly higher than in non-cancerous areas.　While HCCs 

exhibiting predominantly an expanding growth pattern, 

i.e., tumors judged as “eg” or “eg>ig,” give significantly 

stronger signals of TLR4 protein than non-cancerous ar-

eas, those exhibiting predominantly an infiltrating growth 

pattern (“ig” or “ig>eg”) express insignificantly different 

levels of TLR4 protein from non-cancerous areas.　As 

for the status of hepatitis virus, HCV-related HCCs but 

not HBV-related ones express a significantly larger 

amount of TLR4 protein compared with non-cancerous 

areas.

Discussion

NF-κB-mediated TLR4 signaling initiated by binding 

of LPS to its receptor TLR4 plays pivotal roles in 

hepatocarcinogenesis7,15).　In the present study, we how-

ever found out that, even after cancer development, HCC 

lesions expressed a larger amount of TLR4 protein com-

pared with hepatocytes in non-cancerous areas in the 

same liver.　Furthermore, expression of TLR4 in HCC 

has recently been proposed to be one of signs for poor 

prognosis10).　To understand how TLR4 contributes to 

deterioration of HCC patients’ survival, we assessed as-

sociation of TLR4 expression patterns with different clin-

icopathological factors.　Among the clinicophathological 

findings verified, five factors such as Tokyo score, histo-

logical grade, staging parameter, growth pattern, and sta-

tus of hepatitis virus infection showed significant correla-

tion with increased expression of TLR4 in HCC (Table 2 

and Fig. 2).　Tumor staging T2 and T3 as well as Tokyo 

score are the indices based principally on tumor size11,14), 

while T4 tends to be influenced by the factor of vascular 

invasion.　Our results thus suggest that TLR4 may have 

potential to up-regulate proliferation of HCC cells rather 

than invasion, resulting in significant correlation of TLR4 

expression with staging T2 and T3.　Consistently, corre-

lation of expanding growth pattern, judged as “eg” or 

“eg>ig,” with TLR4 expression is also significant, sug-

gesting that TLR4 expression may enable HCC cells to 

escape from contact inhibition without impairing cell-cell 

adhesion.　On the other hand, infiltrating growth pat-

tern, resulting from loss of cell-cell adhesion, seems to 

be independent of TLR4.

LPS used to be believed to behave as a negative regu-

lator of cancer due to its ability to induce anti-tumor T-

cell response in a TLR4-mediated manner3,16).　This per-

ception is still valid.　However, it is also true that recent 

studies have revealed carcinogenic roles of LPS-stimulat-

ed TLR43).　It seems that roles of TLR4 in cancer devel-

opment vary depending on organs and phases of 

carcinogenesis17-20).　Amongst all the internal organs, the 

liver is the organ which encounters the highest density of 

LPS in an innate and physiological condition.　The liver 

may thus be programmed to develop an efficient protec-

tive response against LPS-induced cytotoxicity, resulting 

in predominance of the oncogenic effect of LPS.

Although LPS-induced liver injury and TLR4 signaling 

are implicated in hepatocarcinogenesis, the present study 

has indicated that TLR4 signaling also contributes to pro-

gression of HCC, in other words, that LPS transported 

from the intestine to the liver can enhance progression of 

HCC.　Therefore, improving the quality of the intestinal 

microbiota leads to both prevention of HCC and improve-
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ment of its prognosis21).　These aspects should be fur-

ther verified carefully through experimental and clinical 

studies.
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