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We have developed an in vitro system to study the 
interactions between biliary epithelium and lympho
cytes using cultured human biliary epithelial cells. No 
class II antigens were detected by immunoperoxidase 
staining of the normal biliary epithelial cells, but 
alloactivated lymphocyte culture supernatants were 
able to induce class II expression. The activity of the 
supernatants was blocked with an anti-y-interferon 
monoclonal antibody. In addition, recombinant human 
y-interferon alone induced the expression of class II 
antigens and increased the intensity of class I staining 
of cultured biliary epithelial cells.· Biliary epithelial 
cell-induced proliferation of alloreactive T lympho
cytes demonstrated that the major histocompatibility 
complex molecules carry functional lymphocyte
activating determinants. The recognition of major 
histocompatibility complex determinants was con
firmed by monoclonal antibody-blocking studies and 
by stimulation of an alloreactive T-cell clone. However, 
the biliary epithelial cells were much less potent 
stimulators than arterial endothelial cells tested in the 
same assay system. (HEPATOLOGY 1991;13:239-246.) 

The biliary epithelium is a major target oflymphocytic 
attack in human liver allograft rejection and in many 
immunologically mediated liver diseases such as PBC 
(1,2). The immune damage in these disorders is thought 
to be mediated primarily by T cells. Major histocompat
ibility complex (MHC) antigens are likely the target of 
lymphocytic attack in rejection (3), and, although the 
target antigens in PBC have not yet been identified, the 
aberrant expression of class II antigens seen on the bile 
ducts in PBC livers has been hypothesized to playa role 
in the disease (4). 

The biliary epithelium in normal livers expresses class 
I but not class II human leukocyte antigens (HLA) (5-7). 
However, all three class II subregion products, namely 

Received January 22, 1990; accepted August 2, 1990. 
This work was supported by Grant Al-23467 from the National Institutes of 

Allergy and Infectious Diseases. 
Address reprint requests to: A. Jake Demetris, M.D., Presbyterian University 

Hospital, Department of Pathology, Desoto at O'Hara Street, Pittsburgh, PA 
15213. 

31/1/26255 

HLA-DR, HLA-DP and HLA-DQ, have been detected on 
bile ducts in transplanted livers during rejection and 
other complications (5, 8), in hepatic graft vs. host 
disease after bone marrow transplantation (9) and in 
PBC (4). It has been hypothesized that this expression is 
induced by soluble inflammatory mediators released 
from the invading mononuclear cells. Although the 
pathogenic role of this aberrant class II expression is 
unclear, we have previously shown that the increased 
destruction of bile duct epithelium during rejection is 
associated with HLA class II-specific lymphocytes in
vading the allograft (10). 

We have established an in vitro model system to study 
the interactions between biliary epithelium and lympho
cytes using cultured normal human biliary epithelial 
cells (BEC). The cultured BEC have been used to 
investigate the cytokines responsible for the up
regulation of class II MHC antigens and whether these 
MHC molecules were functionally active (i.e., capable of 
stimulating T lymphocytes). The results obtained for 
BEC have been compared with arterial endothelial cells 
(AEC), which have already been shown to be potent 
allogeneic stimulators of lymphocyte proliferation. 

MATERIALS AND METHODS 

Isolation and Culture of BEe. BEC cultures were estab
lished using a modification of a technique previously published 
for the isolation of intrahepatic BEC (11). The use of human 
tissues in these studies was approved by the internal review 
board. Because whole donor livers are rarely available for 
research purposes, an unused section of the common bile duct 
from donor livers was the source of cells in this study. Any 
excess connective tissue was removed, and the duct was opened 
longitudinally and washed free of blood with HBSS obtained 
from Gibco (Grand Island, NY). The opened duct was placed 
with the epithelial surface down into a solution of 0.25% 
collagenase IV obtained from Sigma Chemical Co. (St. Louis, 
MO) at room temperature for 10 to 15 min to free up the 
epithelial cells. The duct was then turned over and flushed 
with Williams E (WE) medium (Gibco) containing 10% 
heat-inactivated FBS from Gibco to detach loosely adherent 
BEC. Harvested BEC were pelleted by centrifugation at 1,200 
rpm for 5 min, resuspended in culture medium and examined 
under phase-contrast inverted microscopy. The isolated cells 
were in organoid clusters as previously described (11) and 
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FIG. 1. Immunoperoxidase stain of cultured human BEe showing 
positive stain for cytokeratin (A, original magnification x 560) and 
negative stain for factor VIII-related antigen (B, original magnifi
cation x 350). 

could not be dispersed into a single cell suspension without 
severely compromising viability and successful expansion in 
culture. Therefore the BEC clusters were suspended in culture 
media and plated after estimating the number of cells present. 
Cell identity was confirmed by their typical structure, with 
positive staining for cytokeratin (AEl/AE3) (Fig. 1A) and 
negative staining for factor V1II-related antigen (Fig. 1B) as 
previously described (11). 

BEC were grown in a serum-free medium consisting of WE 
supplemented with 4 mmollL L-glutamine obtained from 
B & B/Scott (Fiskeville, RD, 24 mmol/L HEPES buffer (Gibco), 
60 ~g/ml gentamycin sulfate (Gibco) and 70 ~g/ml bovine 
pituitary extract (BPE) prepared as described by Hammond, 
Ham and Stampfer (12). In addition, a commercially supplied 
mixture of growth supplements (1 ml each of SGF-7 and 
SGF-9/100 ml of medium obtained from B & B/Scott) was 
included. Recently, the SGF supplements have become un
available, but we have found that the BEC grow well in KGM 
(Clonetics Corp., San Diego, CAl, which is a medium developed 
for the serum-free culture of human keratinocytes (13). It 
includes many of the same growth factors as the WE media 
described above, including BPE, and results of functional 
assays have been similar using both kinds of medium. 

Cultures for staining were plated on Lab-Tek (Miles Sci
entific, Naperville, IL) tissue-culture chamber slides, and 
1 x 104 irradiated (22,000 rad) cells of the 3T3 mouse 
fibroblast line obtained from the American Type Culture 
Collection (ATCC) (Rockville, MD) were added to each well as 
feeder cells. Cultures for proliferation assays were plated on 
96-well flat-bottom plates (Costar, Cambridge, MA) previously 
coated with Matrigel (Collaborative Research, Inc., Lexington, 
MA). 

AEC Culture. Human AEC were isolated from intact 
segments of the distal aorta or common iliac arteries obtained 
from organ donors. They were harvested and cultured using 
methods previously described (14). After washing with HESS, 
the open ends of the vessel were clamped, infused with a 0.1% 
collagenase V solution (Sigma Chemical Co.) and incubated for 
30 min at 37° C. Mter flushing with HBSS, the detached AEC 
were pelleted by centrifugation and cultured in endothelial cell 
media consisting of M199 (Gibco) supplemented with 10% 
FBS, 10% pooled human serum, 4 mmol/L L-glutamine, 23 
mmol/L HEPES buffer, 56 ~g/m] amphotericin B (Fungizone, 
Gibco), 10 IU/ml heparin and 100 ~g/ml endothelial cell growth 
factor (Collaborative Research, Lexington, MA). Primary 
cultures were established in 25 cm2 tissue culture flasks 
(Costar) incubated at 37° C in a 5% CO 2 humidified atmo
sphere. AEC were detached for subculture using a 0.125% 
trypsin/0.05% EDTA solution (Gibco). 

Induction of MHC Antigen Expression. Supernatants were 
harvested from cu ltures of T lymphocytes expanded from 
biopsy samples of liver allografts undergoing rejection (15). 
Approximately 3 x 105 cultured lymphocytes were stimulated 
with 1 x 106 irradiated (4,000 rad) donor splenocytes in each 
well of a 24-well tissue-culture plate (Costar) in lymphocyte 
culture media (LCM). LCM consisted of RPMI-1640 
(B & B/Scott) supplemented with 10% normal human serum, 
4 mmollL L-glutamine, 24 mmol/L HEPES buffer and 60 ~g/ml 
gentamycin sulfate. Supernatants were collected after 48 hr. 
Supernatants from cultures of irradiated splenocytes alone 
were used as controls. 

Supernatants were diluted 1: 1 with WE and BPE growth 
medium and added to BEC grown on tissue-culture chamber 
slides. B3, a monoclona] antibody specific for -y-interferon 
(-y-IFN) (16) (a gift from Centocor, Malvern, PA), was added to 
some wells at the same time as the supernatants. BEC cultures 
were also treated with human recombinant -y-IFN (a gift from 
Genentech, San Francisco, CAl at the concentrations indi
cated. 

Immunostaining. Expression of MHC antigens was deter
mined using a standard two-step indirect immunoperoxidase 
technique. BEC cultures were incubated with the activated T 
cell supernatants or with recombinant -y-IFN for 3 days and 
then washed with HBSS. The plastic chambers were removed, 
and the slides were air dried, fixed in acetone for 10 min and 
then stained for MHC antigen expression. Slides were frozen 
if they could not be stained immediately. 

Monoclonal antibodies (MoAbs) reactive with monomorphic 
HLA determinants were used as primary antibodies. MoAb 
PA2.6 recognizes an epitope present on all HLA class I 
molecules (17). MoAb PL8 detects a monomorphic epitope 
found on all HLA-DR molecules. MoAb Tu22 is specific for all 
DQw molecules. MoAb PL15 detects an epitope found on 
HLA-DP molecules. These antibodies were purified immuno
globulins available through our laboratory's participation in 
the Tenth International Histocompatibility Workshop (18). 
MoAb Leu10, which recognizes a common polymorphic epitope 
present. on HLA-DQ molecules of cells expressing DQwl and 
DQw3 (19), was purchased from Becton Dickinson & Co. 
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(Mountain View, CAl. Peroxidase-conjugated rabbit anti
mouse antibodies (Dakopatts, Copenhagen, Denmark) were 
used as the secondary reagent. Color development was 
achieved with aminoethyl carbazole, and cells were lightly 
counterstained with Mayer's hematoxylin (Sigma Chemical 
Co.). For negative controls, the primary antibody was omitted. 

Sections of normal livers or livers affected by PBC were 
frozen in OCT compound (Miles Scientific) and used as 
biological controls. The biliary epithelium in normal liver 
tissue did not stain with any of the class II MoAbs tested, 
whereas it stained strongly in the PBC livers with all four 
antibodies. 

Preparation of Alloreactive Lymphocyte Lines. Human 
lymphocytes were isolated from peripheral blood or donor 
spleens by Ficoll-Paque (Pharmacia AB, Uppsula, Sweden) 
gradient separation. Two different types of alloantigen-primed 
lymphocyte lines were used as responder cells in the prolifer
ation assays. The first consisted of polyspecific primed lym
phocytes (PPL T), which were prepared by stimulating normal 
lymphocytes with a pool of 10 different irradiated (2,000 rad) 
panel lymphocytes carrying as many HLA antigens as possible. 
Mixed lymphocyte cultures (MLC) were set up in upright 25 
cm2 flasks using equal quantities (1 x 107 cells in 7 ml ofLCM) 
of stimulator and responder cells. After 10 days of culture, the 
lymphocytes were aliquoted and frozen. 

The alloreactive lymphocyte clone DB29 was generated from 
3-day MLC-activated lymphocytes in the two-layer soft agar 
culture method as previously described (20). The resultant 
clone was determined to be specific for HLA-DR2-associated 
DQwl cells. 

Proliferation Assays. The ability of the cultured BEC to 
stimulate in secondary proliferation assays was determined 
using the primed lymphocyte test (PL T). BEC were grown to 
confluence (9 to 14 days) in 96-well flat-bottom tissue culture 
wells coated with Matrigel. Some wells were treated for 3 days 
with 100 IU/ml of"(-IFN. The entire plate was irradiated (2,000 
rad), and each well was washed with RPMI-1640, 3 x 10' 
alloantigen-primed lymphocytes in LCM were added to the 
cultured BEC or to 1 x 105 irradiated (2,000 rad) splenocytes 
isolated from the same donor as the BEC. Background 
proliferation was measured in wells containing BEC with LCM 
alone and in Matrigel-coated wells containing only the primed 
lymphocytes. Final volume in each well was 200 ILl. Plates were 
cultured for 3 days and, during the final 18 to 20 hr of 
incubation, each culture was pulsed with 1 ILCi of 3H_ 
thymidine (specific activity 20 mCi/mmole, New England 
Nuclear Products, Boston, MA). The cultures were harvested 
with a multiple sample harvester (Skatron, Sterling, VA), after 
which wells were treated with trypsin/EDTA to detach any 
remaining adherent cells. The plates were harvested a second 
time, and 3H-thymidine uptake was determined by counting 
filter papers from both harvestings in the same vial using a 
liquid scintillation counter (LKB Instruments, Gaithersburg, 
MD). Results were calculated from the mean cpm in two to 
four replicate wells ± S.D. Test wells with cpm > 4X back
ground are considered positive. 

AEC were tested for their ability to stimulate primed 
lymphocytes in a similar assay system; 2 x 10' cultured AEC 
were placed in each well of a 96-well flat-bottom tissue-culture 
plate coated with Matrigel. Cells were incubated with or 
without 50 IV/ml "(-IFN, which was the highest concentration 
able to induce MHC class II expression without cytotoxicity 
(data not shown). After 3 days, the weBs were confluent, and 
the PL T was done using the method described above for BEC. 

MoAb Studies. In blocking studies, anti-HLA MoAhs were 
tested for their ability to inhibit the PL T responses. Recog-

FIG. 2. Immunoperoxidase stain of cultured BEC using a mono
clonal antibody to HLA-DR (PL8). Cultures grown in serum-free 
medium demonstrate only the occasional HLA-DR-positive cell (A, 
original magnification x 350). Cultures treated for 3 days with 
supernatants from stimulated alloreactive T-lymphocyte cultures 
show strong staining for HLA-DR antigens (E, original magnification 
x 350). 

nition of class I HLA antigens was blocked using MoAb W6/32 
(21) (PelFreez, Rogers, AR). Class II recognition was blocked 
using a pool of three MoAbs specific for monomorphic 
determinants found on class II molecules (IVA12 [22]; L243 
and L227 [23]). Hybridomas producing these MoAbs were 
purchased from the ATCC. The antibodies were added to the 
wells at optimal concentrations determined previously. Cell 
numbers and final volume in each well were as described above 
for proliferation assays. 

Statistics. Statistical analysis was performed using the two 
sample t test or the Mann-Whitney test on an IBM computer 
with the "Statistix" software package (NH Analytical 
Software, Roseville, MN). 

RESULTS 
Induction of MHC Antigen Expression on Cultured 

BEC. BEe cultured in serum-free medium showed 
constitutive expression of HLA class I, whereas only 
an occasional cell expressed HLA-DR, HLA-DP or 
HLA-DQ (class II) (Fig. 2A). However, a 3-day treat-
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TABLE 1. Induction of MHC antigen expression on cultured 
human biliary epithelial cells 

Monoclonal HLA 
Degree of cultured BEC staining" 

antibody specificity Untreated y-IFN treated" 

PA2.6 Class 1 +++ + + +C 
PL8 DR + +++ 
Leu10 DQ + 
Tu22 DQ + ++ 
PL15 DP + + 

aStaining of cultured BEC was graded as - (negative); + « 5% 
positive cells); + (20% to 50% positive cells); + + (50% to 80% positive 
cells); + + + (80% to 100% positive cells). 

bCells were cultured in the presence of 100 IV/ml recombinant 
'Y-IFN for 3 days. 

cStaining was more intense than that of untreated cells. 

ment with supernatants from stimulated alloreactive 
T-Iymphocyte cultures induced HLA-DR expression on 
most cells (Fig. 2B). A MoAb to 'Y-IFN inhibited DR 
expression, with staining similar to untreated BEC 
cultures. 

MHC expression was also determined on BEC cul
tures in WE medium containing 10% FBS. However, 
these cultures showed a higher baseline level of class II 
expression; therefore all subsequent assays were per
formed on BEC cultured in serum-free medium. 

Treatment of cultured BEC with recombinant 'Y-IFN 
resulted in an increased intensity of staining for 
class I antigens and induced expression of HLA-DR, 
HLA-DP and HLA-DQ (Table 1). However, fewer cells 
stained with HLA-DP- and HLA-DQ-specific anti
bodies, whereas more than 80% of the cells stained 
strongly for HLA-DR. A concentration of 'Y-IFN as low 
as 10 IV/ml was able to induce some class II antigen 
expression, although 3 days of treatment with at least 
50 IV/ml was needed to induce maximal expression. BEC 
cultures started to show evidence of toxicity (cell death 
and detachment) after more than 3 days of treatment 
with 'Y-IFN or at levels higher than 2,000 IU/ml. 

BEC grown on Matrigel showed the same staining 
characteristics and induction ofMHC as those grown on 
the 3T3 cells. However, Matrigel is derived from mouse 
tissue and thus binds the peroxidase-conjugated anti
mouse antibody, resulting in intense nonspecific 
staining of the matrix behind the adherent BEC. 

Stimulation of Alloreactive T Lymphocytes by Cul
tured BEC. Cultured BEC were able to stimulate 
lymphocytes primed against multiple HLA antigens 
(Table 2). However, responses to BEC were much lower 
than responses to splenocytes from the same donor, and 
'Y-IFN treatment of the BEC made little difference in 
their ability to stimulate the primed lymphocytes. 

To confirm that it was the MHC antigens on the BEC 
that were inducing the proliferative responses, mono
clonal blocking studies were performed (Table 3). The 
class II MoAbs were able to block the response of the 
PPLT line to both untreated BEC and splenocytes by 
more than 50%. A combination of class I and class II 

MoAbs was required to significantly block the 'Y-IFN
treated BEC. 

A T-cell clone specific for an epitope on the DQwl 
molecule was able to proliferate in response to cultured 
BEC from a donor who was HLA typed as DQwl positive 
(Table 3). These cultured BEC were able to stimulate 
even before 'Y-IFN treatment. The response to untreated 
BEC and splenocytes could be blocked to background 
levels by the class II-specific MoAbs, whereas the class 
I-specific MoAb produced no significant inhibition. The 
anti-class II MoAbs were also able to inhibit the response 
of the clone to 'Y-IFN-treated BEC by more than 70%. 

Comparison of Stimulation by BEC with Stimulation 
by Cultured ABC. The proliferative response of the 
alloreactive T cell lines to cultured BEC was compared 
with their response to cultured AEC tested in the same 
assay system. BEC and AEC from the same donor were 
not available, so the average responses of multiple assays 
with each cell type were compared. Figure 3 demon
strates that untreated AEC were much stronger stim
ulators than untreated BEC (24,795 cpm vs. 3,274 cpm; 
p < 0.0001). 'Y-IFN treatment of the cultured stimu
lators gave similar results (28,553 cpm vs. 3,083 cpm; 
p < 0.0001). However, splenocytes from AEC donors 
stimulated at a level similar to splenocytes from the BEC 
donors (38,238 cpm vs. 43,771 cpm; p = 0.6), indicating 
that the difference in stimulation by the two cell types 
was not due to a difference in the response to the 
different HLA types of the donors. 

DISCUSSION 

Although we and others have published methods for 
the isolation and culture of human biliary epithelium 
(11, 24), this study is the first step in a natural line of 
investigation using BEC in functional assays. We have 
demonstrated that the MHC molecules on the cultured 
BEC carry functional lymphocyte-activating determi
nants (i.e., they can be recognized by alloprimed T 
lymphocytes in a secondary proliferation assay). The 
blocking of the proliferation by class II-specific MoAbs 
and the response of an alloreactive T-cell clone confirm 
that the stimulation is triggered by recognition ofMHC 
determinants. We have also demonstrated that class I 
MHC antigen expression on cultured human BEC can be 
enhanced, and class II antigen expression can be induced 
in response to alloactivated lymphocyte supernatants. 
The active constituent of these supernatants is most 
likely the 'Y-IFN produced by T cells invading the liver 
allograft. Levels of recombinant 'Y-IFN as low as 10 
IU /ml were able to induce class II expression, although 
maximal expression was reached at concentrations of 50 
to 100 IU/ml. All three class II subregion products 
(HLA-DR, HLA-DP and HLA-DQ) were expressed on 
the 'Y-IFN-treated BEC. 

Although many immunohistochemical studies on 
MHC expression in the transplanted liver exist, the 
significance of the detected alterations has not been 
clear. In normal livers MHC class I antigens are 
expressed on the sinusoidal cells, large vessel and 
sinusoidal endothelia, biliary epithelium, dendritic cells 
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TABLE 2. Response of alloreactive polyspecific primed lymphocytes to cultured biliary epithelial cells as measured in 3-day 
proliferation assays 

Proliferative response (cpm ± S.D.) 

Stimulators 

Responders MatrigelG alone BECb (untreated) BECb (y-IFN treated) Splenocyte&" 

Experiment 1 
Media alone 55 ± 13 451 ± 87 
PPL'fd 1 100 ± 12 2,584 ± 228 

65 ± 14 
28,880 ± 642 
42,835 ± 2,081 PPLT2 79 ± 17 1,821 ± 587 

Experiment 2 
Media alone 49 ± 6 574 ± 111 270 ± 78 

3,042 ± 1,152 
5,707 ± 139 

49 ± 3 
32,403 ± 3,345 
46,413 ± 3,980 

PPLT 1 258 ± 204 4,283 ± 418 
PPLT3 69 ± 20 5,655 ± 1533 

aMatrigel = matrix coated on wells for BEC culture. 
bBEC treated with or without 100 IU/ml recombinant ",/-IFN for 3 days. 
cSplenocytes from the same donor as the BEC. 
dPPLT = polyspecific primed lymphocyte line. 

TABLE 3. Monoclonal blocking studies of BEC-induced stimulation of polyspecific primed lymphocytes and a DQwl-specific 
T-cell clone 

Proliferative response (cpm ± S.D) 

Stimulators 

Responders MoAb" treatment Matrigelb alone BEC" (untreated) BEC" (y-IFN treated) Splenocytell" 

Experiment 1 
Media alone 52 ± 32 493 ± 129 311 ± 129 86 ± 34 
PPLT" None 93 ± 25 3,930 ± 1,305 4,017 ± 1,521 4,366 ± 2,734 
PPLT Class I 93 ± 25 4,326 ± 2,874 3,657 ± 2,755 2,874 ± 228 
PPLT Class II 118 ± 32 1,674 ± 194' 2,358 ± 735 857 ± 183R 
PPLT Class I + II 109 ± 43 1,325 ± 583R 1,358 ± 630S" 998 ± 479B' 

Experiment 2 
Media alone 587 ± 456 180 ± 48 107 ± 71 
Anti-DQwl clone None 51 ± 18 2,326 ± 795 5,005 ± 2,350 47,124 ± 427 
Anti-DQwl clone Class I 1,799 ± 563 5,565 ± 3,246 31,870 ± 3,380 
Anti-DQwl clone Class II 268 ± 59B' 1,596 ± 155" 128 ± 348 

aMonoclonal antibody to either class I or class II antigens or a mixture of both antibodies was added to wells at initiation of proliferation 
assay. 

bMatrigel = matrix coated on wells for BEC culture. 
cBEC treated with or without 100 IU/ml recombinant ",/-IFN for 3 days. 
dSplenocytes from the same donor as the BEC. 
'PPLT = polyspecific primed lymphocyte line. 
flndicates > 50% inhibition; statistical analysis demonstrates marginal significance (p = 0.067) because only duplicate wells were tested. 
81ndicates wells in which monoclonal antibody treatment blocked the response (> 50% inhibition) and that significantly differed from 

untreated wells with p s 0.05 by the Mann-Whitney test. 

and weakly, if at all, on hepatocytes. Class II antigens are 
found only on the sinusoidal cells, capillary endothelium 
and dendritic cells found in the portal connective tissue 
and in the connective tissue immediately subjacent to 
the terminal hepatic venules (5-7, 25). Mter liver 
transplantation, alterations occur in the distribution of 
these antigens. Class I expression is increased on 
hepatocytes and bile ducts, and class II antigens can be 
detected on the biliary epithelium and large vessel 
endothelium (5, 8). How these alterations fit into an 
overall pathogenic scheme in liver allograft rejection has 
yet to be determined, but a hypothesis is expressed 
below. 

The earliest histological evidence of acute cellular 
rejection of both the rat and human liver is focal 
collections of mononuclear cells in the interstitium of 
the portal tracts (1). Sludging of mitotically active 
lymphoid and monocytoid cells in the interstitial portal 
capillaries as early as 2 to 3 days after transplantation 
suggests that some degree of sensitization occurs within 
the graft. It is likely that mononuclear cells are activated 
by antigens on the portal capillaries and dendritic cells. 
The activated lymphocytes would release cytokines such 
as 'Y-IFN that are able to enhance class I and induce class 
II expression on the vascular endothelium and biliary 
epithelium. This induced MHC expression would make 
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FIG. 3. Comparison of the proliferative response of alloreactive T -cell lines (PPL T) to cultured BEC and AEC. Results are the mean of multiple 
assays using five BEC lines, three AEC lines and splenocytes from their respective donors as stimulator cells. n = number of 
stimulator/responder combinations tested. Values shown are net cpm (after subtracting background proliferation) ± S.D. Statistical comparison 
by t test: BEC vs. AEC (untreated), p < 0.000l. BEC vs. AEC ('Y-1FN treated), p < 0.000l. Splenocytes from BEC vs. AEC donors, p = 0.6. 

these structures more susceptible to immune recog
nition and destruction through direct T cell cytotoxicity 
and indirectly by way of delayed-type hypersensitivity 
responses (3, 26). It is also possible that 'Y-IFN or other 
cytokines released locally may directly i~ure the biliary 
epithelium, as shown by our results. 

Others in the field of organ transplantation have 
presented similar hypotheses concerning MHC antigen 
induction and allograft rejection (27). After studying 
HLA antigen expression in serial liver graft biopsy 
specimens, Gouw et al. (28) have also hypothesized that 
the induction of MHC antigens on bile duct epithelium 
accelerates the alloresponse leading to rejection. 

In vivo, induced expression ofMHC antigens has been 
reported for a number of other inflammatory sites, 
including transplanted kidneys (27), biliary epithelium 
in PBC (4), thyroid epithelium in Graves' disease, 13 cells 
in the diabetic pancreas and salivary ducts in Sjogren's 
syndrome (29). The presence of 'Y-IFN has been demon
strated at the site of inflammation (30). In vitro, 'Y-IFN 
has been shown to induce de novo class II antigen 
expression on a variety of human cell types, including 
vascular endothelial cells and fibroblasts (31, 32), AEC 
(33), glomerular mesangial cells (34) and thyrocytes 
(35). The class II antigens induced on endothelial cells 
are functional and can be recognized by cytotoxic T cells 
(31). They also are able to act as antigen-presenting 
cells (36). 

We were surprised to find that 'Y-IFN treatment of the 
cultured BEC or AEC does little to increase lymphocyte 
stimulation. Similar work with endothelial cells also 
showed no reproducible difference in the lymphocyte 
response to those cells that expressed class II antigens or 

those that did not at the start of coculture (31). However, 
class II antigens may still have played a role in the T-cell 
stimulation because many of the endothelial cells were 
induced to express class II antigens within 24 hr of 
coculture with lymphocytes, probably because of the 
'Y-IFN released by the T cells. It is likely that a similar 
situation existed in our assays. This is further supported 
by our data showing that untreated BEe, which nor
mally express very little or no HLA-DQ by immunohis
tochemistry, were capable of stimulating the HLA-DQ
specific T-cell clone. 

It is also possible that the very low level of class II 
expression on the untreated BEC was sufficient to 
stimulate the primed lymphocytes. Whereas many cell 
types are considered to be "class II negative," in 
actuality low levels of expression have been demon
strated in vivo and in vitro. Studies have shown that 
occasional BEC in normal livers do express HLA-DR (7). 
Geppert and Lipsky (32) found a small number of 
DR-positive endothelial cells in their untreated popula
tions that appeared capable of stimulating allogeneic T4 
cells. 

The proliferative response to cultured BEC, with or 
without 'Y-IFN treatment, or to splenocytes was not 
blocked by the class I MoAb. This is likely due to the 
nature of the responding cell populations. The PPLT 
lines respond most strongly to class II MHC antigens, 
and the T-cell clone tested was specific for an epitope 
found only on class II molecules. Although the response 
of the PPLT line to 'Y-IFN-treated BEC also was not 
significantly blocked by the class II MoAbs, some 
blocking was seen. A combination of both class I and 
class II MoAbs did result in significant blocking. The 
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broad reactivity of the PPLT line, along with the low 
levels of proliferation and the high standard deviations 
inherent with the assay system, likely contributed to 
these discrepancies. 

Studies using endothelial cells have shown that they 
can stimulate a primary lymphocyte response, whereas 
fibroblasts can only stimulate primed alloreactive T-cell 
lines in a secondary proliferation assay (32). Our 
cultured BEC were also not able to activate fresh T 
lymphocytes in a primary response (data not shown). 
However, the responses of the primed T -cell lines were 
relatively low. Because a primary response is usually 
much lower than a secondary response, our negative 
results were not unexpected. 

Despite the fact that we have shown that BEC are 
able to stimulate primed allogeneic lymphocytes and 
therefore probably contribute to their own destruction 
during rejection, they were much less potent stimulators 
than AEC. These results might demonstrate an inherent 
difference in the immunogenicity of the two cell types, 
although it is also possible that the BEC are more 
sensitive to culture conditions that may affect their 
stimulatory capability. 

It is widely recognized that endothelial cells are not 
only potent stimulators of alloresponses but that they 
also can function as accessory cells. A similar hypothesis 
has been forwarded to explain the pathogenesis of the 
vanishing bile duct syndrome, where DR-compatible 
BEC could present incompatible class I MHC or viral 
antigens to the host immune system (37). Although this 
hypothesis is tenable, the less potent stimulatory ca
pacity of BEC also suggests that other factors may be 
important in making bile ducts susceptible to de
struction. Although speculative at this point, ischemic 
injury as a result of arterial damage may be of equal or 
greater importance in the ducts' destruction (38). 

Finally, the results of this study demonstrate that 
cultured human BEC are very useful in the study of 
immunological diseases of the human biliary tree. 
Another logical area of investigation is PBC, where it has 
been hypothesized that the aberrant expression of class 
II antigens seen on the bile ducts in PBC livers plays an 
important role in disease pathogenesis (4). Preliminary 
work with lymphocytes isolated from livers affected by 
PBC has shown that they are able to recognize autol
ogous BEC in vitro. The use of isolated BEC targets in 
conjunction with MoAb blocking studies may permit a 
more precise identification of target antigen(s) in this 
perplexing disease. 

Acknowledgments: We thank our colleagues in the 
Departments of Surgery and Pathology and the Pitts
burgh Transplant Foundation for their invaluable work 
procuring the tissue required for this study. We also 
thank Dr. Yolonda Colson for supplying some of the AEC 
cultures used and Ms. Allison Primorich for her ex
cellent technical assistance. The generous gifts of re
combinant -y-IFN from Genentech, San Francisco, CA, 
and anti--y-IFN MoAb from Centocor, Malvern, PA, are 
gratefully acknowledged. 

REFERENCES 

1. Demetris AJ, Qian S, Sun H, Fung JJ. Liver allograft rejection: an 
overview of morphologic findings. Am J Surg Patho11990; 14(suppl 
1):49-63. 

2. Thomas HC. Immunologic aspects of liver disease. In: Schiff L, 
Schiff ER, eds. Diseases of the liver. 6th ed. Philadelphia: JB 
Lippincott, 1987: 163-185. 

3. Bach FH, Sachs DH. Transplantation immunology. N Engl J Med 
1987;317:489-492. 

4. Ballardini G, Bianchi FB, Doniach D, Mirakian G, Pisi FB, 
Bottazzo GF. Aberrant expression of HLA-DR antigens on bile 
duct epithelium in primary biliary cirrhosis: relevance to patho
genesis. Lancet 1984;2:1009-1013. 

5. Demetris AJ, Lasky S, Van Thiel DH, Starzl TE, Whiteside T. 
Induction of DRlla antigens in human liver allografts: an 
immunocytochemical and clinicopathologic analysis of twenty 
failed grafts. Transplantation 1985;40:504-509. 

6. Daar AS, Fuggle SV, Fabre JW, Ting A, Morris PJ. The detailed 
distribution of HLA-A, B, C antigens in normal human organs. 
Transplantation 1984;38:287-292. 

7. Daar AS, Fuggle SV, Fabre JW, Ting A, Morris PJ. The detailed 
distribution of MHC class II antigens in normal human organs. 
Transplantation 1984;38:293-298. 

8. Steinhoff G, Wonigeit K, Pichlmayr R. Analysis of sequential 
changes in major histocompatibility complex expression in human 
liver grafts after transplantation. Transplantation 1988;45: 
394-401. 

9. Miglio F, Pignatelli M, Mazzeo V, Baraldini M, Stefanini GF, 
Guardigli G, Bandini G, et al. Expression of major histocompati
bility complex class II antigens on bile duct epithelium in patients 
with hepatic graft-versus-host disease after bone marrow trans
plantation. J Hepatol 1987;5:182-189. 

10. Markus BH, Demetris AJ, Saidman S, Fung JJ, Zeevi A, Starzl TE, 
Duquesnoy RJ. Alloreactive T lymphocytes cultured from liver 
transplant biopsies: associations of HLA specificity with clinico
pathological findings. Clin Transplantation 1988;2:70-75. 

11. Demetris AJ, Markus BH, Saidman S, Fung JJ, Makowka L, 
Graner S, Duquesnoy R, et al. Isolation and primary cultures of 
human intrahepatic bile ductular epithelium. In Vitro Cell Dev 
Bioi 1988;24:464-470. 

12. Hammond SL, Ham RG, Stampfer MR. Serum-free growth of 
human mammary epithelial cells: rapid clonal growth in defined 
medium and extended serial passage with pituitary extract. Proc 
Natl Acad Sci USA 1984;81:5435-5439. 

13. Boyce ST, Ham RG. Calcium-regulated differentiation of normal 
human epidermal keratinocytes in chemically defined clonal 
culture and serum-free serial culture. J Invest Dermatol 1983; 
81 (suppl):33s-40s. 

14. Colson YL, Markus BH, Zeevi A, Duquesnoy RJ. Adherence of 
alloreactive lymphocytes in human arterial endothelial cell mono
layers. Clin Exp Immunol 1989;2:206-210. 

15. Saidman SL, Demetris AJ, Zeevi A, Duquesnoy RJ. Growth 
of lymphocytes infiltrating liver allografts: correlation with his
tologic diagnosis of rejection. Transplantation 1990;49:107-
112. 

16. Chang TW, McKinney S, Liu V, Kung V, Vilcek PC, Lej J. Use of 
monoclonal antibodies as sensitive and specific probes for biolog
ically active human 'Y-interferon. Proc Nat! Acad Sci USA 
1984;81:5219-5222. 

17. Brodsky FM, Parham P. Monomorphic anti-HLA-A,B,C, mono
clonal antibodies detecting molecular subunits and combinatorial 
determinants. J Immunol 1982;128:129-135. 

18. Knowles RW, Adluri V, Kilaru S, Sirotina A, Small TN. Binding 
patterns of the monoclonal antibodies in the 10th Workshop 2-D 
gel analysis of class II antigens. In: Dupont B, ed. Immunobiology 
of HLA. Vol 1. New York: Springer-Verlag, 1989:420-425. 

19. Brodsky FM. A matrix approach to human class II histocompat
ibility antigens: reactions of four monoclonal antibodies with 
the products of nine haplotypes. Immunogenetics 1984;19:179-
194. 

20. Zeevi A, Cascino I, Divecchia L, Marrari L, Duquesnoy RJ, Trucco 
M. Alloreactive T-cell recognition of two DQB allelic specificities 
associated with DQwl. Hum Immunol 1987;18:225-234. 



246 SAIDMAN ET AL. HEPATOLOGY 

21. Parham P, Barnstable CJ, Bodmer WF. Use of a monoclonal 
antibody (W6/32) in structural studies of HLA-A,B,C antigens. 
J ImmunoI1979;123:342-349. 

22. Shaw S, Ziegler A, DeMars R. Specificity of monoclonal antibodies 
directed against human and murine class II histocompatibility 
antigens as analyzed by binding to HLA-deletion mutants. Hum 
Immunol 1985;12:191-211. 

23. Lampson LA, Levy R. Two populations of la-like molecules on a 
human B cell line. J ImmunoI1980;125:293-299. 

24. Schier C, Schier F, Voss B, Von Bassewitz, Pfautsch M. Charac
terization of human extrahepatic biliary duct epithelial cells in 
culture. Exp Mol Pathol 1988;48:301-310. 

25. Prickett TC, McKenzie JL, Hart DN. Characterization of inter
stitial dendritic cells in human liver. Transplantation 1988;46: 
754-761. 

26. Burakoff SJ, Weinberger 0, Krensky AM, Reiss CS. A molecular 
analysis of the cytolytic T-lymphocyte response. Adv Immunol 
1984;36:45-85. 

27. Hall BM, Duggin GG, Philips J, Horvath JS, Tiller DJ. Increased 
expression of HLA-DR antigens on renal tubular cells in renal 
transplants: relevance to the rejection response. Lancet 1984;2: 
247-251. 

28. Gouw ASH, Huitema S, Grond J, SlooffMJ, Klompmaker IJ, Gips 
CH, Poppema S. Early induction of MHC antigens in human liver 
grafts: an immunohistologic study. Am J PathoI1988;133:82-94. 

29. Bottazzo GF, Todd I, Mirakian R, Belfiroe A, Tujol-Borrel R. 
Organ-specific autoimmunity: a 1986 overview. Immunol Rev 
1986;94:137-169. 

30. Degre M, Mellbye OJ, Clarke-Jenssen O. Immune interferon in 
serum and synovial fluid in rheumatoid arthritis and related 
disorders. Ann Rheum Dis 1983;42:672-676. 

31. Pober JS, Collins T, Gimbrone MA, Cotran RS, Gitlin JD, 
Fiers W, Clayberger C, et al. Lymphocytes recognize human 
vascular endothelial and dermal fibroblast Ia antigens induced 
by recombinant immune interferon. Nature 1983;305:726-
729. 

32. Geppert TD, Lipsky PE. Antigen presentation by interferon-'Y
treated endothelial cells and fibroblasts: differential ability to 
function as antigen presenting cells despite comparable Ia ex
pression. J ImmunoI1985;135:3750-3762. 

33. Markus BH, Colson YL, Fung JJ, Zeevi A, Duquesnoy RJ. HLA 
antigen expression on cultured human arterial endothelial cells. 
Tissue Antigens 1988;32:241-253. 

34. Martin M, Schwinzer R, Schellekens H, Resch K. Glomerular 
mesangial cells in local inflammation: induction of the expression 
of MHC class II antigens by IFN-'Y. J Immunol 1989;142:1887-
1894. 

35. Weetman AP, Volkman DJ, Burman KD, Gerrard L, Fauci AS. 
The in vitro regulation of human thyrocyte HLA-DR antigen 
expression. J Clin Endocrinol Metab 1985;61:817-824. 

36. Hirschberg H, Braathen LR, Thorsby E. Antigen presentation by 
vascular endothelial cells and epidermal Langerhans cells: the role 
ofHLA-DR. Immunol Rev 1982;66:57-77. 

37. Donaldson PT, 0 'Grady J, Portmann B, Alexander GJ, Neuberger 
J, Thick M, Davis H, et al. Evidence for an immune response to 
HLA Class I antigens in the vanishing-bile duct syndrome after 
liver transplantation. Lancet 1987;1:945-951. 

38. Oguma S, Belle S, Starzl TE, Demetris AJ. A histometric analysis 
of chronically rejected human liver allografts: insights into the 
mechanisms of bile duct loss: direct immunologic and ischemic 
factors. HEPATOLOGY 1989;9:204-209. 




