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Transforming growth factor-pl derived 
from biliary epithelial cells may attenuate 
alloantigen-specific immune responses 

Abstract Immune response to liver 
allografts may be different from that 
to other organ transplants since im- 
munological manipulation easily at- 
tenuates immune-response to liver 
allografts. Numerous studies on the 
alloantigen-specific immune re- 
sponse have been carried out, how- 
ever, the precise mechanisms in- 
volved in this attenuation are not 
clear yet. Here we suggest the at- 
tenuation of alloantigen-specific im- 
mune response by TGF-Pl derived 
from biliary epithelial cells. The 
transforming growth factor-Pl 
(TGF-P1) expression in rat liver was 
examined immunohistologically. 
Rat biliary epithelial cells (BEC) 
were purified from the perfused liv- 
er and added to allogeneic mixed 
lymphocyte reaction (allo-MLR) to 
assess their attenuating potential on 

allo-MLR and alloantigen-specific 
cytotoxic T lymphocyte (allo-CTL) 
induction. Immunohistological in- 
vestigation revealed the expression 
of TGF-P1 in biliary epithelial cells. 
Both purified biliary epithelial cells 
and TGF-P1 attenuated allo-MLR 
and allo-CTL induction in a dose- 
dependent manner, and anti-TGF- 
Pl antibody partially relieved this 
attenuation. This study reveals that 
biliary epithelial cells, the major tar- 
get cells of allo-antigen specific im- 
mune response, contain TGF-P1 and 
that they have a capacity to attenu- 
ate allo-MLR and allo-CTL induc- 
tion. 
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Introduction 

Transplantation in the adult is often complicated by re- 
jection episodes, whereas newborn children injected 
with donor cells frequently become immunologically 
tolerant of donors' organs. The immune system of adult 
recipients reacts to transplantation antigens on the al- 
lograft, and this process includes cellular and humoral 

Abbreviations BEC biliary epithelial cells . CTL cytotoxic T lym- 
phocyte . DST donor specific blood transfusion . EDTA ethyl- 
endiaminetetraacetate . GVHD graft-versus-host disease . 'H- 
TdR tritiated thymidine . ZL interleukin . LEW Lewis rat . BN 
Brown-Norway rat .MLR mixed lymphocyte reaction . OLT ortho- 
topic liver transplantation . TGF$ transforming growth factor-/3 

components: T-cells recognize and react to alloantigens, 
and B-cells produce antibodies [6,25].  Indeed, the regu- 
lation of alloantigen-specific cytotoxic T-lymphocyte 
(allo-CTL) generation is under the control of a net of 
regulatory signals and cytokines that modulate the clo- 
nal expansion and differentiation [4,6,20,26]. 

Therefore, the adult immune system needs, in con- 
trast to that of the newborn child, intensive immunosup- 
pressive measures, such as administering FK-506, anti- 
lymphocyte globulins, monoclonal antibodies for T 
cells, and total body irradiation, to accept allografts 
and maintain tolerance. However, the immune response 
of the host to liver allografts may be less intensive than 
that to other organ transplants. Therefore, immunologi- 
cal manipulations such as donor-specific blood transfu- 
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sion (DST) modulate the immunological response to liv- 
er allografts with the result of higher donor-specific tol- 
erance and better acceptance of other organ transplants 
in a donor-specific manner [7,21]. This phenomenon at- 
tracted much attention by immunologists, and immuno- 
modulation of alloantigen-specific immune response 
have been investigated extensively. However, the pre- 
cise mechanisms involved in the attenuated alloanti- 
gen-specific immune response are not clear yet. 

Here, we suggest that TGF-Pl derived from biliary 
epithelial cells (BEC), the major target cells of allo-anti- 
gen specific immune response, have a capacity to atten- 
uate the alloantigen-specific immune response. 

Materials and methods 

Chemicals, proteases, cytokines, antibody, and medium 

Human TGF-Bl, recombinant human IL-2, pronase E, collagena- 
se, and trypsin-ethylendiaminetetraacetate (EDTA) solution were 
purchased from Calbiochem (CA), Takeda Pharmaceutical (Ja- 
pan), Merck (Germany), Wako Pure Chemicals (Japan), and Gib- 
co (NY), respectively. Rabbit anti-TGF-pl antibody, streptoavi- 
din-biotin peroxidase kit (Histofine SAB-PO kit), and L15 medi- 
um were purchased from Promega (WI), Nichirei (Japan), and 
Dainippon Pharmaceutical (Japan). Chemicals were purchased 
from Biochem, Sigma-Aldrich Japan, Wako Pure Chemical (Ja- 
pan), and Nakarai Tesque (Japan). 

Animals 

Male inbred Lewis rats (RTl')(LEW) and male inbred Brown- 
Norway (RT1") (BN) were purchased from Charles River Japan. 
Male inbred ACI rats (RTla) were purchased from Japan SLC. 
All rats were provided with standard laboratory chow and water 
ad libitum and housed in compliance with the Guide for Animal 
Experimentation of Ehime University School of Medicine. 

Immunohistological detection of TGF-P1 on BEC 

Normal livers and liver allografts of ACI rats 2 months after ortho- 
topic liver transplantation (OLT) in DST-treated LEW rats were 
excised and fixed with periodate-lysine-paraformaldehyde. Rabbit 
anti-TGF-pl antibody and streptoavidin-biotin peroxidase kit 
were used for immunohistological examination. 

Donor specific blood transfusion (DST) and liver transplantation 

LEW rats were transfused with 1 ml heparinized ACI donor blood 
through the penile vein. Seven days later, donor surgery of ACI 
rats was performed under ether anesthesia according to the tech- 
nique of Kamada and Calne [ll]. Livers were skeletonized and 
flushed with 4 ml of cold histidine-tryptophane-ketoglutarate 
(HTK) solution through the portal vein. Livers were removed and 
stored at 0 "C-4 "C in HTK solution for 3-4 h. Subsequently, OLT 
was performed without hepatic artery reconstruction. The anhe- 
patic time from cross-clamping to reperfusion of the portal vein 

did not exceed 20min. These surgical procedures followed the 
Guide for Animal Experimentation. 

Preparation of biliary epithelial cells (BEC) 

BEC were isolated from inbred male rats of the three strains, LEW 
(RTl'), BN (RT1") and ACI (RTla), as described previously [23]. 
In brief, after extensive perfusion of the liver in situ with 0.1 Yo 
pronase E and 0.032 % collagenase at 37 "C the liver was removed 
and placed in a Petri dish on ice. Intact bile ductular tissue was ex- 
tensively separated from the dissociated liver parenchyma by incu- 
bating for 10 min in L15 medium supplemented with 0.1 YO collage- 
nase and 0.2 % bovine serum albumin, and by repeated combings, 
washing, and filtration through a nylon screen. Then, bile ductular 
tissue preparation was finely minced in L15 medium supplemented 
with 0.1 YO collagenase and 0.025 % hyaluronidase and incubated 
for 1 h at 37 "C with gentle swirling every 5 min. 

The tissue digest was gently pipetted repeatedly and filtered 
through a nylon mesh having a 100 pm pore diameter. Cells were 
fractionated on a discontinuous Percoll density gradient (30 Yo 
and 50% in L15 medium). Cells in interface were collected and 
washed, and resuspended in RPMI 1640 medium supplemented 
with 20% rat serum. After plating on a collagen-coated plastic 
plate, cells were incubated for 48 hours. After detachment by using 
0.032 YO collagenase and 0.125 YO trypsin-EDTA solution, BEC 
were resuspended at a density of 2 x lo5 cells/ml in RPMI 1640 me- 
dium supplemented with 4 mM L-glutamine, 1 mM sodium pyru- 
vate, 10 mM HEPES buffer, 15 mM NaHCO,, 10 YO rat serum and 
10 pM 2-mercaptoethanol (MLR medium). 

Cultured BEC (5  x lo5 cellslrat) were > 95 % pure as assessed 
by anti-cytokeratin and y-glutamyl transpeptidase (y-GTP) activi- 
tY. 

Preparation of stimulator and responder cells for allogeneic mixed 
lymphocyte reaction (allo-MLR) 

Stimulator spleen cells were y-irradiated (2,000 rads from 137Cs 
source) and resuspended at a density of 4 x lo6 cells/ml in MLR 
medium. For the preparation of responder cells, spleen cells were 
suspended at a density of lo6 celldm1 in RPMI 1640 medium sup- 
plemented with 20% rat serum and applied to  a nylon wool col- 
umn. The column was incubated at 37 "C for 1 h, and non-adherent 
spleen cells were collected to repeat this process in another nylon 
wool column. Twice treated non-adherent spleen cells were resus- 
pended at a density of 4 x 10' celldm1 in MLR medium as respond- 
er cells. 

Optimization of allo-MLR 

Stimulator cells (2 x lo5) and responder cells (2 x lo5) were coin- 
cubated in 0.2 ml MLR medium on a 96-well tissue culture plate 
(Iwaki Glass, Japan) at 37 "C in 5 %  C 0 2  and 95% air for 
24-120 h. Eighteen hours before harvest, 0.5 pCi of 3H-thymidine 
(,H-TdR) (Amersham) was added to each well. The results were 
calculated for uptake of 3H-TdR and expressed as mean 2 SD in 
pentaplicate. 
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Fig. 1 Immunohistological 
identification of TGF-Pl in 
BEC. TGF-P1 was detected on 
BEC in normal ACI liver A and 
liver allografts of ACI rat in 
DST-treated LEW rat 2 months 
after OLT B. BEC in liver allo- 
grafts were surrounded with 
mononuclear cells. Nuclei were 
counterstained. (Original mag- 
nification x 350) 

Suppression of allo-MLR by BEC or TGF-Dl 

To assess the suppression of allo-MLR by adding BEC or TGF-P1, 
responder cells were incubated with stimulator cells for 3 days in 
the presence of BEC derived from either responder, stimulator, or 
third-party (BN) (0, 2 x lo3, 6 x lo3, or lo4 BEC/well; i.e., 0, 1, 3, 
or 5 '3'0 of responder cells in number) or TGF-P1 (final concentra- 
tion at 0,0.6,2.5, or 10 ng/ml) in 0.2 ml of MLR medium. To assess 
the rescue of allo-MLR from BEC-mediated suppression, cells 
were incubated for 3 days with/without rabbit anti-TGF-Pl anti- 
body at a concentration of 50 pg/ml in 0.2 ml of MLR medium in 
the presence of BEC derived from either responder, stimulator, or 
third-party (BN). 

Specific YO cytotoxicity 

x 100 - experimental release (cpm) - spontaneous release (cprn) 

In all experiments, spontaneous release was < 10% of the maxi- 
mum release. 

- 
maximum release (cpm) -spontaneous release (cpm) 

Statistical analysis 

The student's t-test was used for analysis of mean values. 

Allo-CTL induction 

Allo-CTL were generated in optimized allo-MLR in the presence/ 
absence of TGF-P1 (10 ng/ml) or lo4 BEC/well derived from either 
responder, stimulator, or third-party (BN) (5 % of responder cells 
in number). 

Cytotoxicity assay 

Target cells were prepared by incubating spleen cells for 2 days at a 
density of lo6 cells/ml in MLR medium in the presence of PHA-P 
(1 pglml) and recombinant IL-2 (10 IUlml). Two million cells 
were incubated with 400 yCi of Na;'CrO, (Amersham) for 
40 min and washed to be prepared as target cells. Effector cells 
(2 x lo5), prepared from allo-MLR described above, were incubat- 
ed with 51Cr-labelled target cells (2 x lo4) for 4 h at 37 "C in penta- 
plicate. Specific cytotoxicity was calculated as:# 

Results 

Immunohistological identification of TGF-P1 on BEC 

Preferential expression of TGF-P1 in BEC in normal 
livers and liver allografts of ACI rats in DST-treated 
LEW rats was immunohistologically proven by using 
rabbit anti-TGF-/3l antibody. 

Optimization of allo-MLR 

Allo-MLR between ACI and LEW rats were evaluated 
after incubation for 24-120 h. 3H-TdR uptake in both al- 
logeneic MLR was highest when cells were incubated 
for 3 days (*: P < 0.001) and the optimal incubation 
time period was defined as 3 days. 
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Fig.2 Proliferative responses of responder cells stimulated with y-  
irradiated allogeneic spleen cells. ACI or LEW non-adherent 
spleen cells were incubated for indicated time periods with irradi- 
ated allogeneic spleen cells, and 3H-TdR incorporation was evalu- 
ated. Representative of three independent experiments was shown 
as mean SD. 'H-TdR uptake in both allogeneic MLR was high- 
est when cells were incubated for 3 days (* P < 0.001) 

Modulation of optimized allo-MLR by BEC 
and TGF-Bl 

TGF-Dl at a concentration of 2.5 or 10 ng/rnl exerted 
suppressive effects on optimized allo-MLR (*: 
P < 0.001). BEC derived from either responder, stimula- 
tor, or third-party (BN) showed suppressive effects on 
optimized allo-MLR between ACI- and LEW rats 
when the number of BEC added to the allo-MLR was 
increased to 3 or 5 % of responder cells (*: P < 0.001) ir- 
respective of its origin. The suppressive effects of BEC 
were partially abrogated by addition of rabbit anti- 
TGF-Pl antibody at a concentration of 50pgirnl (#: 
P < 0.001, ##: P < 0.01, ###: P < 0.02). 

Modulation of allo-CTL generation by BEC or TGF-Pl 

TGF-01 efficiently suppressed allo-CTL generation in 
comparison to medium control (*: P < 0.001). lo4 BEC/ 
well derived from either responder, stimulator, or third- 
party (BN) (5  % of responder cells in number) also ex- 
erted significant suppression on CTL generation and 

Fig.3 Modulation of optimized allogeneic MLR by BEC or TGF- 
Pl. Allogeneic MLR was suppressed significantly by adding TGF- 
pl  or BEC derived from responder, stimulator, or third-party 
(BN) (3 Yo or 5 YO of responder cells in number) (* P < 0.001). 
Anti-TGF-bl antibody partially recovered suppressed allogeneic 
MLR (# P < 0.001, ## P < 0.01, ### P < 0.02) 

the suppressive effects of BEC were partially abrogated 
by addition of rabbit anti-TGF-pl antibody at a concen- 
tration of SO pg/ml (#: P < 0.01). 

Discussion 

Numerous studies suggest that CTL differentiation and 
proliferation are dependent on the activation of CTL 
precursors induced by MHC class I difference and on 
the availability of regulatory signals provided by 
CD4 + helper T-cells [3].  Similarly, allograft rejection is 
dependent on CTL generation under the network con- 
trol of regulatory signals provided by cytokines with 
overlapping biological activities [4, 6, 20, 251. The pre- 
dominant allograft-infiltrating mononuclear cells in the 
early period of posttransplantation are CD4 + T cells 
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Fig.4 Modulation of allogeneic CTL induction by BEC or TGF- 
/3l. Allogeneic CTL of LEW was induced in optimized allogeneic 
MLR against ACI in the presence/absence of TGF-/31 (10 ng/ml) 
or BEC derived from responder, stimulator, or third-party (BN) 
(5  % of responder cells in number). TGF-/31 (10 nglml) or BEC ef- 
ficiently suppressed allogeneic CTL induction (*: P < 0.001) and 
anti-TGF-pl antibody partially recovered suppressed allogeneic 
CTL induction (# P < 0.01) 

and CD8 + T cells. These cells exhibit donor-specific 
CTL activity and the allograft is vigorously rejected 
within 2 weeks in most cases [4, 6, 20, 251. However, 
amazingly, liver allografts are accepted spontaneously 
in some allogeneic strain combinations [6, 121 and 
DST-treated rats accept liver allografts in a donor-spe- 
cific manner [7,21]. In addition, liver allografts in DST- 
treated rats can prevent or overcome the rejection of 
newly transplanted skin-, kidney-, or heart grafts in a 
donor-specific manner, suggesting that some liver-relat- 
ed factors are involved in facilitating the acceptance of 
allografts [ l l ,  121. 

An immediate immunological change in peripheral 
blood after liver transplantation is the transient increase 
of interleukin-10 (IL-10) possibly due to ischemia-re- 
perfusion of the grafted liver [18, 281. This increase of 
IL-10 in the early step of alloantigen-specific immune 
response could suppress inflammatory response and 
negatively affect allo-CTL generation, because allo- 
CTL generation depends crucially on the responsive- 
ness of alloantigen-activated CTL precursors to inflam- 
matory soluble mediators such als IL-2, IL-12, and inter- 
feron-y produced during allogeneic stimulation [4, 20, 
261. Another suggested immunomodulating way of 
maintaining unresponsiveness to liver allografts is by 
stable chimerism of lymphocytes populations and sero- 
logic allogeneic chimerism [5, 10, 15, 241. The other is 
the induction of suppressor cells, because CTL precur- 
sor cells are inactivated by suppressor cells when CTL 
precursor cells recognize supressor cells [17]. Such a 
mechanism is in agreement with a recent report that ra- 
diosensitive cells in the donor liver play an important 
role into inhibiting Thl response (IL-2 production) in 
liver transplantation [26]. Here we suggest that a TGF- 
Bl-mediated mechanism is involved in the attentuation 
of alloantigen-specific immune response in liver trans- 
plantation. 

Bone-marrow derived veto cells suppress CTL gener- 
ation efficiently to accept kidney allografts [22, 271. 
TGF-P1 has been suggested to play an essential role in 
this process, as TGF-P1 is known to inhibit cell prolifer- 
ation by delaying or arresting the cell cycle in the pre- 
replicative late G1 phase which prohibits their progres- 
sion into the S phase of the cell cycle through the abro- 
gation of certain cyclin-dependent kinase and retino- 
blastoma protein phosphorylation [S, 13, 141. However, 
it has no effect on CTL activity if added directly to the 
short-term cytotoxic assay once the effecters were gen- 
erated [22, 271. TGF-P1 blocks T-cell responsiveness to 
IL-2 and suppresses CTL differentiation from the onset 
by providing negative signals to CTL precursor cells 
[19]. Indeed, several properties of TGF-Pl are shared 
by veto cells. 

Bone-marrow and fetal liver are two rich sources of 
veto cells, and the sites with high TGF-P expression 
[16, 191. These facts suggest that allo-CTL precursors 
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accumulated in liver allograft may be partially attenuat- 
ed by TGF-P1, and such a process may result in de- 
pressed allo-CTL generation, since there are many cells 
producing TGF-/3 in the liver. Kupffer- and endothelial 
cells secrets TGF-/3 in active form at relatively high lev- 
els, apparently on a constitutive basis [ l ,  2, 161. Diffu- 
sion of TGF-P however, may be constrained by extracel- 
lular factors including soluble inhibitors, extracellular 
matrix, and blood flow rate, since these cells are located 
in hepatic sinusoids. This prompted us to investigate 
TGF-P expression on other cells in the liver. 

Immunohistological examination using a polyclonal 
antibody to TGF-Pl in this study revealed that BEC 
contain TGF-P1, and liver allografts in DST-treated 
rats 2months after OLT show mild proliferation of 
TGF-P1 containing BEC surrounded with a small num- 
ber of T-cells (Fig. 1). This suggests that allo-reactive 
cells are attenuated in DST, while some cells still accu- 
mulate around BEC, the major target cells of graft-ver- 
sus-host disease (GVHD) [9]. In such a situation, TGF- 
P l  and TGF-P2 derived from BEC may further attenu- 
ate this process, as proliferating BEC are known to ex- 
press TGF-P2 [16], and BEC are in a intimate contact 
with these infiltrating cells. 

To prove this hypothesis, we assessed the inhibitory 
effects of isolated rat-BEC, or TGF-P1 on allo-MLR- 
and allo-CTL generation in vitro, as allo-MLR has 
been used frequently as a model to analyze immunolog- 
ical responses to alloantigens. BEC, irrespective of their 
origin, (stimulator, responder, or third party) attenuated 
allo-MLR- and allo-CTL generation in a dose-depen- 
dent fashion as well as TGF-P1, and addition of anti- 
TGF-P1 antibody partially but significantly relieved 
this BEC-mediated attenuating effect in these assays 
(Figs. 3, 4). Therefore, TGF-Dl may function as a para- 
crine immunosuppressive agent at the site of allo-CTL 
induction. Although the mechanism involved in the in- 
duction of immunological tolerance is complex and 
there, unfortunately, is no commercially available neu- 
tralizing antibody to TGF-P2, we cannot estimate the 
contribution of TGF-P2 at this time. Our findings, how- 
ever, may explain in part why a variety of immunosup- 
pression or antigen-specific immunomodulations could 
promote the acceptance of liver allografts more effi- 
ciently than that of other organs. 
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