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Abstract
AIM: To study the uptake of bacterial lipopolysaccharides (LPS) and 
expression of tumor necrosis factor α-mRNA (TNF-α-mRNA) with 
cultured rat intrahepatic bile duct epithelial cells.

METHODS: By using fluorescent, immunohistochemical and in 
situ hybridization techniques, the uptake of Escherichia coli LPS 
and expression of TNF-α-mRNA with isolated rat intrahepatic bile 
duct epithelial cells were observed with confocal laser scanning 
microscopy. 

RESULTS: Positive reactions to LPS were found in the cytoplasm 
of isolated intrahepatic bile duct epithelial cells after incubation with 
LPS for 15 min and the FITC fluorescent intensity against LPS was 
significantly higher than that of the controls (121.45 μFI/μm2 ��±� 
15.62 μFI/μm2 vs  32.12 μFI/μm2 �� �����±� ����� 9.64 μFI/μm2, P  < 0.01). After 
incubation with LPS for 3 h, fluorescein isocyanate (FITC) fluorescent 
intensities of the expression of TNF-α-mRNA with fluorescent in situ 
hybridization in the cytoplasm and nuclei of the cultured bile duct 
epithelial cells were significantly higher than those of the controls 
(189.15 μFI/μm2 �� ������±�������  21.33 μFI/μm2 vs  10.00 μFI/μm2 �� �����±��� ��� 8.99 μFI/μm2, 
64.85 μFI/μm2 �� ������±���� ��� 14.99 μFI/μm2 vs 21.20 μFI/μm2 �� �����±������  2.04 μFI/μm2, 

respectively (P  < 0.01)). The increase of FITC fluorescent intensity 
of TNF-α-mRNA expression in the cytoplasm peaked at 6 h after 
incubation (221.38 μFI/μm2 �� ������±���� ��� 22.99 μFI/μm2). At various time points 
after incubation with LPS, the increase of fluorescent intensities of 
TNF�-α-���������������������������������������������������������          mRNA in the cytoplasm were much higher than those in the 
nuclei (P  < 0.01). 

CONCLUSION: LPS can act on and enter into isolated intrahepatic 
bile duct epithelial cells and stimulate the expression of TNF�-α-
mRNA.
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INTRODUCTION
Endotoxins, mainly consisting of lipopolysaccharides (LPS) and 
proteins, can induce a number of reactions, both beneficial and 
harmful to the body[1]. It is generally known that the cells of the 
reticuloendothelial system, mainly the Kupffer cells of the liver, are 
responsible for the clearance of LPS[2]. LPS that have undergone 
degradation in the liver are subsequently excreted mainly into the 
gut through the bile ducts. Although the LPS present in the liver 
after the injection exhibited a lower fatty acid to carbohydrate ratio 
than the original LPS, lipid A was still present, covalently bound to 
the polysaccharide, thus showing that the overall macromolecular 
structure of LPS had remained unaltered[3]. Besides, the toxic activity 
of LPS in the bile was the same as the original LPS, indicating that 
LPS in the bile are biologically active[4]. The bile duct epithelial cells 
have been postulated to be involved in absorptive and secretory 
activities, including the transport of water, electrolytes, sugars, 
amino acids, bile acids and proteins[5-6], and might play a role in the 
liver immune system, but only a little information exists about their 
interactions with LPS. In the present study, by using a monoclonal 
antibody specific to the core lipid A region of LPS and a fluorescein 
isocyanate (FITC) labelled oligonucleotide as a probe for TNF�-α-
mRNA, the uptake of LPS and expression of TNF�-α-mRNA with 
isolated rat intrahepatic bile duct epithelial cells were observed with 
immunofluorescence and fluorescent in situ hybridization techniques 
followed by confocal laser scanning microscopy.
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Figure 1  Fluorescent reactions to lipopolysaccharides in cultured intrahepatic 
bile duct epithelial cells. Positive reactions were obvious in the cytoplasm. The color 
bar in the bottom on the left side shows the fluorescent intensities (the highest is red 
and the lowest green).

MATERIALS AND METHODS
Materials
Collagenase (Type Ⅰ), trypsin, insulin, heparin and wild form LPS 
for Escherichia coli stereotype 0111:B4 were purchased from Sigma 
Chemical Company. Monoclonal antibody against LPS specific to 
the core lipid A region was a gift from Dr. Noguchi. Fluorescent 
(FITC) labelled affinity purified goat anti mouse IgM was from 
O.E.M. Concepts Incorporation. Eagles’ MeM was obtained from 
Nissui Pharmaceutical Co. William’s Medium E. was from ICN 
Biomedicals Incorporation. Low LPS fetal bovine serum (FBS) 
was from Life Technologies. The endotoxin concentration in the 
prepared media with 10% FBS used in the experiments was as low 
as 0.6 ng/mL by measurement using the Endotoxin Species Test 
Kit (Seikagakce Kogyo LtD.). Percoll (sterile) was purchased from 
Pharmacia Bioprocess Technology AE. All other reagents were of 
analytical grade from the usual commercial sources. Male Wistar 
rats under specific pathogen free conditions were used (each 150 to 
200 mg). Twenty-four hours before the experiments, the rats were 
given kanamycin (1 mg), lactulose (100 mg), sodium picosulfate 
(0.125 mg) and magnesium citrate (50 mg) diluted in 2 mL sterile 
water orally every other hour. All the rats were deprived of food but 
allowed free access to sterile water.

Isolation in culture of intrahepatic bile duct epithelial cells
The intrahepatic bile duct epithelial cells were isolated from the rat 
livers by means of a modified technique described by Ishii et al[7]. 
The rats were anesthetized and their livers were perfused in situ 
at a flow rate of 10 mL/min with the perfused liquid (heparin 2.5 
μ/mL, Ca2+ and Mg2+ free) followed with perfusion of the 0.05% 
collagenase solution for 15 min. After perfusion, the livers were 
then carefully removed and placed in ice coated Eagles’ MEM. 
The intact hyperplastic bile ductular tissue was gently separated 
from the enzyme dissociated hepatic parenchymal and sinusoidal 
components. An essentially pure bile ductular tissue fraction was 
obtained by shaking the tissue fragments for 50 min in Hank’
s medium containing 0.1% collagenase and 0.25% trypsin in 
order to remove any residual hepatic parenchymal cells that might 
have remained attached. Following centrifugation at 467 �× g for 
5 min at 4 ℃, the cells were then resuspended in Eagles’ MEM 
and laid as 5 mL aliquot on top of 15 mL of 30% and 50% Percoll 
in Hank’s medium. Following centrifugation at 1870 g for 30 min 
at 4� ℃, viable intrahepatic bile duct epithelial cells were obtained 
and viability was determined by the methods of trypan blue dye 
exclusion. The cell count was made (1-3 ���� ×���  105 cell/mL). After 
incubation at 37 ℃ for 24 h in 35 mm plastic dishes in a 5% CO2 
and 40% O2 atmosphere ( in William’s Medium E with 10% FBS), 
the media were changed to William’s medium E (FBS free) with 
LPS (10 mg/L). After incubation for 15 min, the cells were fixed 
with 99% methanol for 10 min, washed with sterile saline and then 
underwent the immunohistochemistry procedure.

In a separate experiment, the isolated bile duct epithelial cells 
were set in glass dishes. After incubation at 37� ℃ for 24 h in a 5% 
CO2 and 40% O2 atmosphere (in William’s Medium E with 10% FBS), 

the media were changed to William’s medium E (FBS free) with LPS 
(10 mg/L). After incubation for 3, 6 and 9 h, the cells were fixed 
with PHA, washed with sterile saline and then the fluorescent in situ 
hybridization procedure was done to determine the expression of 
TNF�-α-mRNA. 

Immunofluorescence staining and confocal laser scanning 
microscopic observation
To localize LPS in the cells, the indirect staining procedure was 
followed by using the monoclonal antibody against lipid A of 
LPS (1:800) and FITC labelled immunoglobulin as the secondary 
antibody (1:30). After immunofluorescence staining, the dishes were 
mounted with VECTASHIELD mounting medium for fluorescence 
under the coverslip. With a confocal laser scanning microscope 
(LSM-GB 200, Olympus, Japan) and an analysis system of LSM-
SB 200 Ver. 2.01 provided by Olympus Company, the fluorescent 
intensities of FITC in the cytoplasm of the intrahepatic bile duct 
epithelial cells were measured under the same conditions as the 
analysis system. For each dish, 20 to 30 cells were measured.

Fluorescent in situ hybridization procedure and confocal laser 
scanning microscopic observation
A fluorescein-dUTP labelled oligonucleotide as a fluorescent in situ 
hybridization probe for TNF�-α-������������������������������� mRNA (5’-GCCCACGTCGTAGCCAAACCA
CCAAGTGG-3’) was used in this study. After fixation with PHA, the 
cells were hybridized with the probe in the hybridization mixture for 
20 h at 45 ℃. After hybridization, the dishes were rinsed three times 
in phosphate buffered saline and dehydrated. FITC activities against 
the expression of TNF�-α-��������������������������������������      mRNA in the cytoplasm and nuclei were 
observed and measured with a confocal laser scanning microscope 
by the same method as described above.

Statistical analysis
All the data were expressed as -x �� �����������������������������     ±������������������������������       s from three to six separate 
experiments and were analyzed with the StatView program. 
Student’s t test and ANOVA F test were applied where appropriate. 

RESULTS
Uptake of LPS by cultured intrahepatic bile duct epithelial cells
Cultured intrahepatic bile duct epithelial cells showed a strong 
positive reaction to LPS after 15 min of incubation. Positive reactions 
were found in the cytoplasm but not in the nuclei (Figure 1). The 
fluorescent intensities in the cytoplasm of the bile duct epithelial 
cells were significantly higher than that of the controls (121.45 μFI/
μm2 �� ������±�������  15.62 μFI/μm2 vs 32.12 μFI/μm2 �� �����±������  9.64 μFI/μm2, P < 0.01). 
No fluorescence was found in the negative controls using only the 
monoclonal antibody or FITC labelled secondary antibody. 

Expression of TNF-α -mRNA
Positive FITC reactions to TNF�-α-mRNA were found in the cytoplasm 
of the cultured intrahepatic bile duct epithelial cells after incubation 
with LPS for 3 h. Positive reactions were also seen in the nuclei. 
The positive FITC reactions became stronger in the cytoplasm after 
6 h of incubation (Figure 2) and decreased after 9 h of incubation. 
Changes of FITC intensities in the cytoplasm and nuclei of the 
cultured cells are shown in Table 1.

The FITC fluorescent intensities in the cytoplasm at various time 
points were significantly higher than those in the nuclei. 

DISCUSSION
Endoto19xins mainly consist of LPS and some proteins. It is LPS 
which inflicts all the ill, toxic effects from the endotoxins[1]. It is 
generally known that most endotoxins in the bile flow excreted from 
the liver remain to exhibit the overall macromolecular structure 
of LPS and are biologically active[3-4]. The LPS injected through 
the portal vein could be detected in the intrahepatic bile duct 
epithelial cells in rats[8]. In the present study, strong positive FITC 
reactions against LPS could be seen in the cytoplasm of the cultured 
intrahepatic bile duct epithelial cells after incubation with LPS for 
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15 min, indicating that biologically active LPS could act on and get 
into the bile duct epithelial cells. Two different kinds of mechanisms, 
i.e. specific and nonspecific, are suggested to be involved in the 
initial interaction of LPS with the cells[9]. The specific interactions 
result from the binding of LPS to a specific receptor on the plasma 
membrane. On the other hand, nonspecific interactions result from 
the binding of LPS macromolecules to any membrane constituents 
other than the receptors. Both mechanisms are involved in the 
uptake process of LPS by cells[10,11]. A number of receptors in the 
membranes of various cells specific to different parts of LPS such 
as a 73 kDa membrane localized protein, CD14 and high lipoprotein 
receptor were recently reported[12,13]. Whether there are such 
receptors in the membranes of the bile duct epithelial cells and with 
which mechanism the biologically active LPS enter those cells are 
still to be clarified.

Although the bile duct epithelial cells were not considered to play 
a significant role in liver function, the involvement in immunological 
functions is being described more frequently now. The bile duct 
epithelial cells in the primary culture have been shown to activate 
T cells[14] and in cholestatic liver diseases they displayed aberrant 
expression of MHC class Ⅰ and Ⅱ antigens and of TNF�-α receptors[15]. 
The expression of TNF�-α-mRNA was detected in the intrahepatic 
bile duct epithelial cells of LPS perfused livers[16]. The results of 
the present study showed that strong expression of TNF�-α-mRNA 
could be detected in the cultured bile duct epithelial cells after 3 h 
incubation with LPS, denoting that the bile duct epithelial cells could 
synthesize TNF�-α-mRNA for the stimulation of LPS. TNF is generally 
considered to be an important cytokine which is associated with the 

injury of hepatocytes, the production of collagen and proliferation 
and differentiation of the cells. It plays a critical role in provoking 
the development of certain liver diseases. The proliferation and 
differentiation of the bile duct epithelial cells is likely to be a common 
feature related to quite a number of liver diseases. The oval cells 
are postulated to originate from the differentiation of the bile duct 
epithelial cells[5]. In vitro, the bile duct epithelial cells reacted to 
cytokines such as TGF, EGF and TNF to proliferate[17]. With the 
observations in our study, the authors tended to conclude that the 
interaction of the biologically active LPS in the bile flow with the bile 
duct epithelial cells might take part in the processes of forming the 
pathogical changes in the liver in some liver diseases.
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Table 1  Fluorescein isocyanate fluorescent intensities of 
TNF-α-mRNA expression in isolated intrahepatic bile duct 
epithelial cells after incubation with lipopolysaccharides (μFI/
μm2, -x ± s)

FITC fluorescent intensities

Cytoplasm Nuclei
Controls 10.00 ± 8.99  2.20 ± 2.04
LPS incubations
   3 h  189.15 ± 21.33b   64.85 ± 14.99b

   6 h   221.38 ± 22.99bd  138.15 ± 36.54bd

   9 h  170.00 ± 15.25b 70.42 ± 9.08b

bCompared with the controls (P < 0.01); dCompared with those of LPS incubations for 3 and 9 
h (P < 0.01). FITC: fluorescein isocyanate.

Figure 2  Fluorescent reactions to TNF-α-����� �����������������������������������    mRNA in cultured intrahepatic bile duct 
epithelial cells. Positive reactions were found in the cytoplasm and nuclei of the cells. 
The chart shows the fluorescent intensities along the line through the cells as indicated.
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