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SUMMARY

Murine extrahepatic bile duct epithelial cells (MEBEC) were isolated from extrahepatic bile ducts of

BALB/c mice and established in primary culture. The epithelial origin was confirmed by positive

cytokeratin 19 staining for these cells and the presence of microvilli and tight junctions under electron

microscopy. By immunofluorescent staining with monoclonal antibodies and flow-cytometric analysis,

MEBEC in culture constitutively express low levels of intercellular adhesion molecule (ICAM)-1, class I

and class II major histocompatibility (MHC) antigens. The expression of ICAM-1 was significantly

increased by interferon gamma (INF-g ) or tumour necrosis factor alpha (TNF-a ) stimulation. Class I

and class II antigen expression were significantly enhanced by INF-g and in vitro murine

cytomegalovirus (MCMV) infection. MEBEC infected with MCMV revealed a progressive cytopathic

effect. MEBEC activated by INF-g or infected by MCMV induced a low but significant proliferation of

allogeneic T cells and displayed a significant decrease in the absorbance at O.D. 550 nm in a microtitre

tetrazolium assay after these treated cells were co-cultured with allogeneic T cells. These results suggest

that following the up-regulation of surface MHC antigen and adhesion molecule expression with

cytokines or MCMV, the MEBEC can function as antigen-presenting cells and initiate T-cell

proliferation, which in turn trigger the recognition of MEBEC by effector T-cell-mediated cytotoxic

responses. These findings may be implicated in the pathogenesis of virally induced, immune-mediated

extrahepatic bile duct damage disorders.
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INTRODUCTION

In extrahepatic biliary atresia (EHBA) and primary sclerosing

cholangitis (PSC), it is hypothesized that immunological mechan-

isms initiated by some insults may cause inflammation of

extrahepatic bile ducts. Such an inflammatory process may lead

to progressive narrowing and complete obliteration of the

extrahepatic bile duct lumens, and ultimately liver cirrhosis and

failure [1]. This hypothesis in EHBA has been supported by serial

histological studies of surgical specimens of extrahepatic bile duct

tissue from some infants diagnosed initially as neonatal hepatitis

with patent biliary tree, as shown by cholangiography, and found

later to have EHBA [2]. The histopathological features of EHBA

are similar to that found in PSC in which immune-mediated injury

to extrahepatic biliary epithelium initiated from viral infection has

been proposed as a possible mechanism [3]. The strong

association of HLA haplotype B8, DR3 with PSC as well as with

other autoimmune diseases and an aberrant class II antigen

expression on biliary epithelial cells in PSC suggest that this

disease is immunologically mediated [4,5]. Understanding the

pathogenesis in both EHBA and PSC is important in determining

the therapeutic intervention before end-stage liver disease

develops. However, studies on the pathogenesis of EHBA or

PSC have been difficult due to the lack of a suitable model.

Establishment of a murine extrahepatic biliary epithelial cell

(MEBEC) culture may provide a good in vitro method to study the

pathogenetic mechanism of both diseases.

A recent population-based epidemiological study of EHBA

provides some evidence that this disease may be the result of

significant environmental exposure (possibly viral) during the

perinatal period [6]. In EHBA, reovirus type 3 has been suggested

as a possible viral agent producing initial injury, but there have

been different results and thus no definite conclusion [7±9]. A

recent study suggested a possible relationship between group C
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rotavirus and EHBA [10]. An animal experimental model showed

that infection with rhesus rotavirus or group A human rotavirus

induces in newborn BALB/c mice, a cholestatic picture leading

mainly to complete biliary obstruction [11]. Cytomegalovirus

infection has been considered as a possible cause of biliary atresia

[12] and as a risk factor in disappearing bile ducts in liver allograft

rejection and a possible viral aetiology in primary biliary cirrhosis

[13]. These studies suggested that viral infections may be capable

of inducing either extra- or intrahepatic biliary epithelial injury.

To investigate immunological mechanisms theoretically cap-

able of extrahepatic bile duct cell injury, we established a primary

culture of MEBEC similar to that reported previously by

Schreiber et al. [14]. We studied the expression of class I and

class II major histocompatibility antigens (MHC) and intercellular

adhesion molecules (ICAM)-I on cultured MEBEC, their regula-

tion by cytokines or murine cytomegalovirus (MCMV) infection

and the capacity of MEBEC to induce T-cell proliferation or

induce T-cell-mediated cytotoxicity.

MATERIALS AND METHODS

Cell isolation and culture

In each experiment, 16 6-week-old male BALB/c mice were given

0´15 ml of rabbit serum by alternate day intraperitoneal injections

for a total of seven injections to induce proliferation of

extrahepatic bile duct epithelial cells [15] and were then sacrificed

24 h after the last injection. As described previously [14], murine

common bile ducts were dissected, minced into fine pieces,

digested with 0´0625% trypsin (Gibco, Gaithersburg, MD, USA)

in the presence of 0´005% DNase for 20 min in a 378C shaking

water bath and further digested with 200 units/ml collagenase

(Sigma, St Louis, MD, USA) for 1 h at 378C in an incubator with

humidified CO2. After repeated centrifugation (180 g for 5 min)

and resuspension in HBSS until the last removed supernatant was

clear, the resuspended cells were incubated for 45 minutes on

plastic Petri dishes to remove fibroblasts for a total of three times.

Finally, the non-adherent cells were mainly epithelial cells and

were seeded in a six-well culture plate (Falcon) containing

Dulbecco's Modified Eagle Medium (DMEM) (Gibco BRL) with

10% FBS (complete medium) at 378C for 24 h in an incubator

with 5% humidified CO2. It took approximately 6±18 h for the

MEBEC to adhere.

The medium was renewed 24 h after seeding and cultures

were maintained with medium changes every other day. Cells

grown for 3±7 days were fixed for either ultrastructural or

immunohistochemical studies or passaged by digestion with

Dispase II (Boehringer, Mannheim, Germany). The viability of

cells was assessed by trypan blue exclusion. For determination of

doubling time, MEBEC in primary culture were plated in 24-well

culture plates (5 � 105 cells/well). Cells were released by trypsin-

EDTA and cell number was counted at 1, 2, 4, 6, 8 and 10 days

using a Coulter-counter.

Characterization of MEBEC cultures

Immunocytochemical detection of antigens specific for biliary

epithelial cells was performed as described previously [16] with

slight modification. Briefly, acetone-fixed MEBEC were

incubated with 0´3% H2O2 to remove endogenous peroxidase

activity, then incubated with anticytokeratin 19 (CK-19,

Amersham, Oakville, Ontario, Canada) or anticytokeratin AE1/

AE3 (Biogenex, USA) followed by rabbit anti-mouse IgG-biotin

and then streptavidin±peroxidase conjugate, and finally revealed

with 3,3 0-diaminobenzidine tetrahydrochloride. Control slides

were prepared with the use of antivimentin monoclonal antibody

(MoAb) (Serotec, Raleigh, NC, USA) in place of anti-CK19.

Alternatively, cells cultured on chamberslides were incubated

with anti-CK-19 followed by fluorescein isothiocyanate (FITC)-

conjugated F(ab 0)2 fragment of rabbit antimouse IgG (DAKO) and

observed by immunofluorescence microscope. Additionally, cells

released from culture plates were stained with CK-19, linked with

FITC-conjugated anti-mouse IgG fragment and subjected to flow

cytometric analysis for the purity of cultured MEBEC. The

negative control consisted of FITC-conjugated isotype mouse

IgG1 followed by an identical second-layer labelling as above.

Anti-CD45 (Serotec), anti-CD34 (Serotec) and antivimentin (ICN

Biochemicals, Inc. Costa Mesa, CA, USA) were also used to

exclude leucocyte, endothelial cell or fibroblast contamination.

Electron microscopic examination of MEBEC was performed by

using a previously described method [16].

Virus and virus titration

The Smith strain of murine cytomegalovirus (MCMV) was

purchased from the American Type Culture Collection (Rockville,

MD) and passaged in mouse embryonic fibroblasts (MEF)

cultured in Eagle's minimal essential medium (MEM). Virus

pools (3 � 106 pfu/ml) were prepared from the supernatants of

infected cells after clarification by centrifugation and stored in

liquid nitrogen until use. The inoculation for mock-infected

controls was prepared from supernatants of uninfected MEF

culture. MCMV infection of MEF produced a cytopathic effect

(CPE). The virus titre in the supernatant was determined by plaque

assay in confluent monolayers of MEF in 24-well culture plates.

Cytokine stimulation of MEBEC

Freshly isolated MEBEC were cultured (5 � 105 cells/well) in

complete medium for 3 days and then grew in complete medium

alone or in medium supplemented with murine recombinant

INF-g (100 U/ml; Boehringer), murine recombinant tumour

necrosis factor-alpha (TNF-a ) (100 U/ml, Boehringer) for 1, 3

and 5 days and examined for the expression of surface immune

determinants. Three days of cytokine treatment produced optimal

expression of these surface markers and was used in the

subsequent experiments.

Infection of MEBEC by MCMV

Freshly harvested MEBEC cultured in six-well culture plates

(5´0 � 105 cells/well) for 3 days were infected with 3´0 � 105 pfu

of MCMV at a MOI of 2 pfu per well. Mock-infected cells were

exposed to a virus-free supernatant from non-infected MEF

culture. After incubation in complete medium containing MCMV

for additional 1, 3 or 5 days, the cells were used for assay of

surface immune marker expression or T-cell proliferation to

MEBEC. Three days of MCMV infection was finally chosen for

subsequent experiments for the better expression. For observation

of CPE of MEBEC, cultured cells were observed for 7±14 days

after infection.

Infection of mice by MCMV

Six-week-old BALB/c mice were intraperitoneally inoculated

with 1 � 106 pfu MCMV. Virus-free supernatant from non-

infected MEF was used as a control for mock infection. The mice

were sacrificed 2 weeks after MCMV inoculation, either for
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isolation or spleen removal for preparation of MCMV-primed T

lymphocytes.

PCR amplification and detection of MCMV DNA in MEBEC

Cells released from culture plates were extracted for cellular

DNA, treated with RNase (20 mg/ml) and extracted again. The

extracted DNA was subjected to PCR using two oligonucleotide

primers selected from the MCMV immediate-early gene 1 from

published sequence data (primer A[1701±1730] and primer

B[2400±2371] [antisense]) [17]. MCMV-infected MEF were used

as positive controls. To avoid contamination of cellular DNA by

extracellular MCMV particles, MCMV-infected MEBEC were

washed thoroughly with DMEM and the last wash of DMEM was

included in the DNA extraction and PCR procedure. The PCR was

performed in a DNA thermal cycler 480 (Perkin-Elmer Cetus,

Norwalk, CT, USA), the product was electrophoresed on 1%

agarose gel and the expected band was visualized after ethidium

bromide staining.

Flow cytometric analysis of cell surface antigen (ICAM-1, class I

and class II antigens, B7 molecules and MCMV antigens)

MEBEC cells, 2� 105 (resting, cytokine stimulated or MCMV

infected MEBEC), were suspended in 100 m l PBS and incubated

with 20 m l FITC-labelled H-2Kd MoAb (class II, Pharmingen, San

Diego, CA, USA), I-Ad MoAb (class I, Pharmingen) or anti-

mouse CD54 (ICAM-1) MoAb (Pharmingen) in the dark at 48C
for 30 min. After centrifugation, the pelleted cells were

resuspended in 0´5 ml FACScan buffer and analysed by flow

cytometry (FACScan, Becton Dickinson, Mountain View, CA,

USA). For each analysis, 10 000 epithelial cells were evaluated

and FITC-conjugated irrelevant isotype mouse IgG1 was used as

negative control antibody. Cell numbers were calculated by the

software CellQuest (Becton Dickinson) which allowed a compar-

ison of the reactivity with specific MoAb.

Anti-CD80 (B7±1) (Pharmingen) and anti-CD86 (B7±2)

(Pharmingen) were used to assess the expression of the B-7

molecules on MEBEC. Because a high homology of viral DNA

nucleotide sequences existed between murine CMV and human

CMV and there was no commercially available MoAb against

murine CMV antigens, we used anti-human CMV early antigen

MoAb and anti-human CMV late antigen MoAb (Chemicon

International, Inc., CA, USA) to assess the proportion of cells that

are actually infected and express MCMV antigens.

Isolation and preparation of primed or unprimed murine T cells

The spleens were removed from MCMV-infected or non-infected

BALB/c mice and minced. After centrifugation and lysis of RBC,

the leucocyte pellet was subjected to Mouse T cell Enrich Column

(R&D Systems Inc, Minneapolis, MN, USA) to obtain murine

purified T cells. More than 85% of the isolated cells were

identified as T cells by ab TCR MoAb (Pharmingen) staining

followed by flow cytometric analysis.

Proliferation assays

Freshly isolated MEBEC cultured in 96-well flat-bottomed plates

(1 � 105 cells/well) for 3 days were then incubated with complete

medium containing murine TNF-a (100 U/ml), INF-g (100 U/

ml), or MCMV (1´5 � 105 pfu/well) for another 3 days. Purified

T cells from untreated or MCMV-infected mice were then added

to each well and incubated with untreated or treated MEBEC in a

cell ratio (MEBEC : T cells) of 1 : 1 and 1 : 4 with a total volume

of each well finally adjusted to 200 m l by the addition of complete

medium alone. After culture for 3 days, each well was pulsed with

1 mCi of [3H]-thymidine (NEN, Boston, MA, USA) during the

final 18 h of incubation. The cells were harvested onto glass fibre

paper (Matrix 9600, Packard) and the radioactivities were counted

on a scintillation counter (Matrix 9600, Packard). Results were

calculated from the mean cpm in triplicate wells from each of the

two separate experiments. Test wells with cpm . 3� background

control (T cells co-cultured with resting MEBEC) were considered

as positive.

For each experiment, positive controls included a mixture of

BALB/c T cells and C57BL/6 mice T cells, and BALB/c T cells

stimulated with concanavalin A at a dose of 10 mg/ml. Negative

controls were measured in wells containing T cells alone.

Cellular cytotoxicity assays

To determine the cytotoxic effect of murine T cells on MEBEC,

a MTT-based colourimetric assay (Cell Proliferation Kit I,

Boehringer Mannheim GmbH, Germany) was used. The assay is

useful for the quantification of viable cells because the yellow

tetrazolium salt MTT is cleaved to formazan dye only by

metabolic active cells. Briefly, freshly isolated MEBEC were

seeded onto 96-well, flat-bottomed culture plates (1 � 105 cells/

well) and cultured for 3 days. Cells in each well were then

incubated with 100 m l complete medium containing murine

TNF-a (100 U/ml), INF-g (100 U/ml) or MCMV (1´5 � 104 pfu)

for another 3 days. Then purified T cells from MCMV-infected

mice at a concentration of 5 � 105 cells/100 m l/well was added

and incubated for 3 days. Each well then was reacted with MTT

labelling reagent followed by solubilization solution (10% SDS in

0´01 m HCL) and allowed to stand overnight at 378C. The

absorbance of the samples was measured by an ELISA reader at

O.D. 550 nm.

Cytotoxicity of MEBEC was determined by reduction of

absorbance in MTT assay. Since the absorbance revealed strongly

correlates to the viable cell numbers, the magnitude of T cell-

mediated cytotoxicity was expressed as ratio (%) of residual

viable cells � ODt/ODu, in which ODt was the O.D. value of

residual viable epithelial cells from treated MEBEC co-cultured

with allogeneic murine T cells; ODu was the O.D. value of

residual viable epithelial cells from untreated MEBEC co-cultured

with allogeneic murine T cells and were used as background

control (100%). Thus, a lower ratio of residual viable epithelial

cells indicated a higher T cell-mediated cytotoxicity to MEBEC.

Considering the cytotoxic effect of MCMV itself on MEBEC,

MCMV-infected MEBEC alone without addition of T cells was

also used for comparison in MTT assay.

Statistics

All results are expressed as mean ^ s.e.m. Statistical comparison

was performed by using Student's t-test.

RESULTS

Characterization of MEBEC

MEBEC cultures were routinely observed by phase contrast

microscopy. Primary cell clusters usually attached to the culture

plate within 24 h of plating and proliferated outward. Cells

usually became confluent monolayers with an uniform epithelial

morphology 6±7 days after plating. The confluent cells were

polygon-shaped and contained a round- or oval-shaped, pale
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nucleus with one or more nucleoli and dense granules. Cells

showed contact inhibition after confluency. Positive staining for

cytokeratin 19 (Fig. 1) and cytokeratin AE-1/AE-3 confirmed that

these were biliary epithelial cells. Electron microscopic examina-

tion showed that these cultured MEBEC exhibited microvilli and

an apical tight intercellular junction.

According to flow cytometric analysis, over 90% of the

cells stained positively for CK-19. Contaminated, fibroblast-like

cells were always less than 5% of total cell populations in each

analysis of MEBEC preparation. Cells were positive for CK-19

throughout the primary culture periods. In addition, there was no

significant contamination by cells expressing CD45 or CD34.

Doubling time calculated from the slope of the line for a plot of

cell number versus time in mid-log phase of primary culture was

42´7 h.

Viral inoculation, cytopathic effect and MCMV antigen expression

in MCMV-infected MEBEC

Morphological changes characteristic of MCMV infection were

observed by phase contrast microscopy. MEBEC in culture with

MCMV demonstrated progressive cellular rounding and smooth

contours and formed large multi-nucleated giant cells (Fig. 2a).

These changes were initiated mainly from the periphery of

confluent cells. By day 7 of culture, approximately 30% of cells

manifested CPE. Mock-infected MEBEC did not have altered

morphology over the same period (Fig. 2b). After co-culture with

MCMV, MEBEC were washed thoroughly with DMEM and DNA

was extracted and subjected to amplification of the sequence of

MCMV major immediate-early gene by PCR. MCMV DNA was

not detectable in the last wash with DMEM, but was detectable in

the MEBEC, confirming the inoculation of MCMV into the

MEBEC (Fig. 3). Following MCMV infection, the percentage of

MEBEC that expressed immediate early antigen was 29´0%

(control [mock-infected MEBEC] 0´8%) at 6 h but decreased to

7´1% (control 0´1%) by 24 h; that which expressed the late

antigen was 0´4% (control 0´5%) at 24 h and increased to 31´1%

(control 0´1%) by 72 h. Because anti-human CMV monoclonal

antibodies were used for assessment of murine CMV antigen

expression, the results that 31% of infected MEBEC expressing

late antigen might have been underestimated.

Expression of class 1 and class II antigen, ICAM-1 and B7

molecules on MEBEC

As shown in Figs 4 and 5, MEBEC constitutively expressed

ICAM-1, class I and class II MHC antigens at a low level.

ICAM-1 level was significantly increased by IFN-g and TNF-a ,

but not altered by MCMV infection. INF-g or MCMV strongly

provoked class I antigen expression. INF-g stimulation or MCMV

infection significantly increased the expression of class II antigen.

The percentage expression of CD80 on cultured MEBEC, TNF-a

Fig. 1. Seven-day-old confluent murine extrahepatic biliary epithelial

cells were immunostained with an antibody against cytokeratin 19. Note

some fibroblasts at right lower corner were negative for CK-19 (�200).

Fig. 2. Appearance of murine extrahepatic biliary epithelial cells infected by murine cytomegalovirus in vitro and grown for 4 days. Note

the large, multi-nucleated, giant cells with smooth contours (arrow, 2a) (�100). Mock-infected MEBEC did not have similar changes over

the same period (2b) (�100).
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stimulated MEBEC, INF-g stimulated MEBEC and MCMV-

infected MEBEC were similarly low (20´8%, 20´0%, 21´2% and

18´3%, respectively), while the expression of CD86 on the above

cells were slightly higher (41´1%, 45´7%, 54´6% and 23´9%,

respectively).

Proliferative response of T cells to cultured MEBEC

Figure 6 shows that, compared to T cell culture alone (negative

control, 316 ^ 84 cpm) or T cells co-cultured with resting

MEBEC (background control, 541 ^ 83 cpm), a significant

proliferation (. 3� of background control) was observed when

INF-g activated MEBEC or MCMV-infected MEBEC were

co-cultured with MCMV-primed allogeneic T cells (2011 ^ 169

cpm, and 1784 ^ 138 cpm, respectively), while TNF-a activated

MEBEC did not induce a significant lymphoproliferation

(1578 ^ 179 cpm). Both congenic mixed lymphocyte cultures

(5408 ^ 218 cpm) and ConA stimulated T lymphocytes

(16723 ^ 1942 cpm) revealed a significant proliferative response.

In another separate experiment, MEBEC culture isolated from

uninfected mice also did not provoke a significant proliferation of

allogeneic virally primed T cells from MCMV-infected mice

(stimulation index 1´12, compared to the cpm of MEBEC from

uninfected mice co-cultured with allogeneic T cells from mice

untreated by rabbit serum injection).

Cytotoxicity assay using T cells from MCMV-infected mice as

effectors and MEBEC as targets

Cytotoxic effect mediated by T cells was measured as absorbance

at O.D. 550 nm in MTT assay. When the absorbance of each

measurement of residual viable epithelial cells from T cells in culture

with untreated MEBEC [0´5543 ^ 0´00631 (mean ^ s.e.m.),

N � 6, range 0´4180±0´6680] was regarded as background

(1´00), the average absorbance of residual viable MEBEC in

different experimental conditions were the following: T cells in

culture with TNF-a stimulated MEBEC was 0´84 ^ 0´03

(P , 0´05); T cells in culture with INF-g stimulated MEBEC was

0´65 ^ 0´04 (P , 0´01); T cells in culture with MCMV-infected

MEBEC was 0´31 ^ 0´03 (P , 0´01); and MCMV-infected

Fig. 3. Detection of the major immediate-early gene sequence of murine

cytomegalovirus by PCR in various samples. Products run on 1´0%

agarose gel. Extrahepatic bile duct tissue (lane 1) and liver tissue (lane 2)

removed at 14 days after intraperitoneal injection of MCMV; lane 3: pure

water; lane 4: last wash of DMEM used for washing MCMV-infected

biliary epithelial cells; lane 5: uninfected murine embryonic fibroblasts;

lane 6: cultured biliary epithelial cells infected with MCMV in vitro; lane

7: MCMV-infected murine embryonic fibroblasts; lane 8: uninfected

cultured biliary epithelial cells; M: ladder of DNA size markers; bp: base

pairs.
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Fig. 4. Expression of class I antigen (a) and class II antigen (b) by

cultured biliary epithelial cells with different culture characteristics by

using flow cytometric analysis. MEBEC: cells cultured in growth medium

(GM) only; MEBEC 1 TNF-a : GM supplemented with 100 U/ml TNF-a ;

MEBEC 1 INF-g : GM supplemented with 100 U/ml INF-g ; mock: GM

supplemented with supernatant from non-infected mouse embryonic

fibroblast cultures; MEBEC 1 CMV in vitro: cultured biliary epithelial

cells in each well exposed to 1´5 � 105 pfu murine cytomegalovirus in

GM for 3 days; MEBEC 1 CMV in vivo: cultured biliary epithelial cells

isolated from mice inoculated with 1 � 106 pfu murine cytomegalovirus;

spleen: splenocytes from untreated BALB/c mice; spleen 1 CMV:

splenocytes from BALB/c mice inoculated with 1 � 106 pfu murine

cytomegalovirus 2 weeks before sacrifice. *P , 0´05; **P , 0´01, when

compared with control (cultured in GM only). Results were the average of

six separate experiments, error bars represent standard error.
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MEBEC alone was 0´71 ^ 0´02 (P , 0´01). Thus MCMV

infection did significantly increase the susceptibility of MEBEC

to T cell mediated cytotoxic injury (Fig. 7).

DISCUSSION

The biliary epithelial origin of our primary cultures of MEBEC

was documented by positive staining for cytokeratin-19 and the

presence of microvilli and tight junctions. Only a few previous

studies have characterized tissue cultures from either human or

mouse extrahepatic biliary duct structures [18±20]. A major

advantage of our method is that we can harvest sufficient cells

within a limited time for various experiments. The use of serum

injection pretreatment to increase the cell yield inevitably raises

doubts as to the extent to which the cells elicited are representative

of the native state. This approach is certainly, however, more

`physiological' than alternative approaches which have required

biliary epithelial cell immortalization.

Our resting cultured MEBEC constitutively expressed low

levels of class I, class II and ICAM-1. The basal expression of

class I and ICAM-1 was greatly enhanced by INF-g and that of

class II was moderately enhanced. This is different from

immortalized murine intrahepatic biliary epithelial cells in which

the basal expression of class I antigen is very high and class II

antigen very low, and INF-g induces a significantly increased

class II but slightly increased class I antigen [21]. The different
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different culture characteristics by using flow cytometric analysis: GM:

cells cultured in growth medium only; TNF-a : growth medium

supplemented with 100 U/ml TNF-a ; INF-g : growth medium supple-

mented with 100 U/ml INF-g ; CMV: cultured cells in each well incubated

with 1´5 � 105 pfu murine cytomegalovirus for 3 days in growth medium.

*P , 0´05; **P , 0´01, when compared with control (GM only). Results

were the average of six replicates, error bars represent standard error.
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Fig. 6. Proliferative response of allogeneic murine T cells from MCMV-

infected mice to resting or treated biliary epithelial cells at cell ratio

(biliary epithelial cells: T cells � 1 : 4). N: negative control (T cells

alone); B: background control (T cells incubated with untreated biliary

epithelial cells); INF-g : T cells incubated with INF-g-stimulated biliary

epithelial cells; CMV: T cells incubated with murine cytomegalovirus-

infected biliary epithelial cells (cultured cells in each well of 6-well culture

plates incubated with 1´5 � 105 pfu murine cytomegalovirus for 3 days in

growth medium); P: positive control (mixed BALB/c T cells and C57BL/6

T cells); ConA: BALB/c T cells stimulated with concanavalin A at 10 mg/

ml. *P , 0´05; **P , 0´01, when compared with negative control (T

cells alone). Each value represents the mean of six replicates; error bars

represent SEM.
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Fig. 7. Cytotoxic activity of murine cytomegalovirus-primed murine T

lymphocyte on cultured biliary epithelial cells with different culture

characteristics. GM: growth medium (control); TNF-a : GM supplemented

with TNF-a (100 U/ml); INF-g : GM supplemented with INF-g (100 U/

ml); CMV: cultured cells exposed to 1´5 � 104 pfu murine cytomegalo-

virus/well (96-well culture plate) for 3 days in GM without further

coculture of T cells. CMV: cultured biliary epithelial cells exposed to

1´5 � 104 pfu murine cytomegalovirus/well in GM for 3 days, with further

addition of T cells. *P , 0´05; **P , 0´01, when compared with control.

Each value (expressed as the ratio of absorbance of residual viable cells in

specific condition over that of control) were the average of six replicates,

error bars represent s.e.
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basal expression and different susceptibility to cytokine induction

between extra- and intrahepatic biliary epithelial cells may imply

why certain hepatobiliary diseases affect biliary tree at different

anatomical levels.

In the normal human liver, intrahepatic biliary epithelial cells

can express HLA class I but only weakly express HLA class II and

ICAM-1 [22]. In putative immune-mediated bile duct damage

disorders such as PBC, PSC or following allograft rejection,

ICAM-1 and HLA class II expression are up-regulated [23,24]. An

expression of HLA-DR antigens as well as a strong expression of

ICAM-1 on bile duct epithelium in patients with biliary atresia has

also been reported [25,26]. In an experimental transplantation

model, a rejection injury to murine extrahepatic bile ducts is

characterized by fibrosclerosing lesion in that the level of MHC

antigen expression in bile duct epithelium influences the

susceptibility to this sclerosing lesion [27]. These and our

studies suggest that cell surface immune determinant expression

modified by cytokines secreted in inflammatory microenviron-

ment may regulate the interaction between lymphocytes and

biliary epithelial cells which mediates extrahepatic biliary

epithelial injury.

The role of CMV in immune-mediated biliary epithelial cell

injury is unclear. In transplant patients, CMV DNA was

persistently detectable in hepatocytes but was undetectable in

bile duct cells of those with vanishing bile duct syndrome [28].

Newborn mice inoculated with reovirus type 3 often showed an

inflammatory reaction of bile ducts and also extrahepatic biliary

tissue free of virus [29]. In our viral model, MCMV was

detectable by PCR in cultured MEBEC infected with MCMV

in vitro and MHC antigen expression was higher in infected

MEBEC than uninfected MEBEC.

Because MEBEC and T cells were from the same strain in the

proliferation experiment, data reported here is indeed a mixed

lymphocye reaction reflecting the different MHC expression

levels. Also, one could argue that proliferation of MEBEC may be

induced by intraperitoneal inoculation of normal rabbit serum

resulting in increased rate of cell division. However, using `resting

untreated MEBEC incubated with T cells' as control, we found

that INF-g activated or MCMV infected MEBEC did stimulate a

significant lymphoproliferative response (. 3 � cpm of control).

It is possible that these treated MEBEC may produce neoantigen

on the cell surface, increase the expression of MHC class II

molecules or other adhesion molecules, and thus can enhance T

cell-epithelial cell communication triggering T cell proliferation

[30]. A recent study showed a lack of co-stimulatory molecules

resulting in the absence of immunogenicity in cytokine-treated

human intrahepatic bile duct epithelial cells [31]. However, we

found a detectable B7 molecule expression on our MEBEC, which

is required for an efficient antigen-specific helper T cell-APC

binding that initiate the cell-mediated immune responses [32].

Cytotoxic T cell effector cell mechanisms would require direct

contact between biliary epithelial cells and cytotoxic lymphocytes.

From our results, MCMV-primed T-cell-mediated cytolysis could

be observed in INF-g treated or MCMV-infected MEBEC with

enhanced class I MHC antigen expression, or even in TNF-a
activated MEBEC with increased ICAM-1 expression. Although

one could argue that INF-g , TNF-g or MCMV itself would induce

cytotoxicity of MEBEC, we could demonstrate in MTT assays the

net cytotoxic effect induced by primed T cells on MCMV-infected

MEBEC. This indicates that MCMV-infected MEBEC may

express both viral specific antigens and class I antigen at their

cell surface and can function sufficiently as target cells for

effector T cell-mediated cytotoxic responses. The possibility of

autoimmune cytolysis that virally primed T lymphocytes may

recognize epitopes cross reactive between CMV and biliary

epithelial cells was not confirmed in this murine model because no

significant proliferation or cytotoxicity was found in allogeneic

MCMV-primed T cells co-cultured with untreated MEBEC.

In contrast to previous studies, we demonstrated that MCMV

is able to infect cultured MEBEC resulting in an up-regulated

expression of MHC class I and class II antigens, as well as

ICAM-1 and B7 molecules. These virally infected MEBEC can

function as antigen-presenting cells initiating T cell proliferation

and as target cells during T cell-mediated cytotoxic response.

Further assessment of biliary epithelial surface immune determi-

nant expression in vivo in mice, the effect of other viruses or

cytokines on MEBEC and the determination of cytokine or virally

induced bile duct epithelial antigens recognized by T cells may

extend our understanding on the possible contribution of viral

infections to the pathogenesis of extrahepatic cholangiopathy such

as biliary atresia and help in developing a significant treatment for

immune-mediated biliary epithelial cell injury diseases in the

future.
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