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The Fas and Fas ligand pathways in liver allograft tolerance
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SUMMARY

The Fas and Fas ligand (Fas/FasL) pathways may play a central role in cytotoxicity or immuno-
regulation in liver transplantation. Here, in an attempt to examine the role of Fas/FasL on drug-free
tolerance, we measured mRNA levels of Fas/FasL in livers by reverse transcriptase-polymerase chain
reaction (RT-PCR), and also protein levels of Fas/FasL in livers by immunohistochemistry and in serum
by dot blot assay. PVG recipients bearing DA livers showed serious rejection between post-operative
(POD) days 7 and 14, but this rejection was naturally overcome without any immunosuppression. Fas
gene and protein products were expressed on almost every cell in livers taken from naive rats, and at any
time point in both syngeneic and allogeneic orthotopic liver transplantation (OLT) rats. In contrast,
FasL mRNA in DA livers was detectable at POD 2, peaked at POD 14, and declined at POD 63 in
allogeneic OLT (DA-PVG). Although the FasL gene was detectable in isografts at POD 14, its
expression was much lower than in allografts. The time course and localization of FasL expression
indicated that the expression of FasL gradually switched from infiltrating cells to hepatocytes when the
rejection was naturally overcome and tolerance was induced in this OLT model. Soluble Fas could
constitutively be detected at any time point in the serum of the tolerogenic OLT (DA-PVG) rats and was
not diminished during the rejection phase. Soluble FasL peaked at POD 14 in allogeneic OLT, while
sFasL was significantly lower in the serum of normal and syngeneic OLT rats. These findings suggest
that the Fas and FasL pathways, including soluble forms, may contribute to the control of the immune
response in this drug-free tolerance OLT model.
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INTRODUCTION mechanisms as to why rejection is naturally overcome in this

. . . . . lerogenic OLT model [5-10]. Soluble MHC class | antigens,
The immunobiology of liver transplantation has been the subject 0*0 i . . :
9y P ) which can block the action of cytotoxic T cells, are likely

much scrutiny since it was recognized that it was possible to : . Lo e .
y 9 P candidates to be involved in liver-specific immunity because

erform grafts between unrelated individuals and induce donor- . . .
b 9 ese antigens are detectable in serum after OLT and persist for

specific tolerance in the absence of extra immunosu ressiv't%jI ) .
P bp e life of the graft [11]. Soluble MHC class | antigen can not be

treatments. This liver-induced tolerance can be observed in bot . . . :
. - . etected when the donor liver allograft is replaced with a syngeneic
pig and rat orthotopic liver transplantation (OLT) models [1,2]. .
In certain combinations of donor and recipient strains sucfﬁraﬁ’ suggesting that soluble MHC class I molecules are produced
L the transplanted liver [12]. However, the administration of
DA (MHC haplotype RT) and PVG (RTH), the initial > feal .
as (MHC haplotype RT) and G (RTY), the initia purified soluble class | antigens into a heterotopic heart transplan-

rejection reaction against the liver is overcome without anytat'on (HHT) model showed only a temporary delay in rejection
Immunosuppressive treatment [3]. However, other DA Organsratlher than permanent V;laft acc)é tancep[13] yAltern);ttlivel ]tlIDS
transplanted alone into PVG recipients are promptly rejected [4] P 9 P ‘ Y,

) — . T cells activated by donor class | antigen may be trapped in the
Numerous investigations have demonstrated a number of p055|b|e S S ) o
Iver and eliminated by receiving a signal to undergo apoptosis in
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Fas (APO-1/CD95) is a 45-kD type | membrane protein and aRNA isolation and reverse transcriptase-polymerase chain reaction
member of the tumour necrosis factor (TNF) receptor family, Samples of livers were frozen quickly in liquid nitrogen and stored
which includes CD40, nerve growth factor (NGF) receptor andat —80°C. Total RNA was extracted using a Tri Reagent isolation kit
lymphotoxin [19]. Fas is widely expressed by many different cell (Molecular Research Center, Inc., Cincinnati, OH), according to the
types with abundant expression in the thymus, liver, heart andnanufacturer’s instructions, and dissolved in diethylpyrocarbonate-
kidney [20]. Conversely, FasL is a 40-kD type Il membrane treated water and quantified by spectrophotometer. Reverse tran-
protein. FasL is expressed not only on immune-privileged organscription of RNA from sample tissues, followed by polymerase
such as the testis and eye [16,17], but also on numerous tumour armtiain reaction (PCR), was used to detect Fas and FasL gene
epithelial cells [21,22]. FasL is expressed on activated cytotoxic Texpression [18]. cDNA was synthesized from total RNA in
lymphocytes (CTL) and natural killer (NK) cells and has an approximately 100ng in 20 of reaction mixture using a first
important role in lymphocyte-mediated cytotoxicity [22]. When strand cDNA kit (Boehringer Mannheim, Mannheim, Germany),
CTL or NK cells recognize target cells, they become activated andncluding 1x PCR buffer, 5mu MgCl,, 1 mm dNTP, 50U RNase
express FasL, which binds to Fas on the surface of the target celishibitor, 20 U AMV reverse transcriptase, and ggboligo(dT)s
and induces apoptosis of the target cells [23,24]. Alternately, whems a primer. The mixture was incubated &i@%or 10 min and then
the target cells express FasL, CTL or NK cells die via apoptosis. lat 42C for 60min, 98C for 5min, and 4C for 5min. Fifty
has been proposed that immune-privileged sites expressing Fashicrolitres of PCR reaction mixture containegllproduct of the
can prevent graft rejection, presumably by inducing apoptoticreverse transcription as templates PCR buffer, 1.5m MgCl,,
cell death in Fas-expressing donor-reactive CTL. However, the-5U Taq polymerase, and @l primers. The sequences of the
involvement of the Fas/FasL pathway in liver-induced toleranceprimers used are as follows: Fas primers: sen&CBATGCTTC
has not been examined, despite the fact that other studies haW&cCTCTGTGACCACTG3, anti-sense 'BCTGTTGTGCTCGATCT
reported activation of Fas and perforin pathways in rat liver CATCG3; FasL primers: sens€é STAGAGCTGTGGCTACCGG
allograft rejection. Therefore, our study was performed in anTG'3, anti-sense ' ETCCAGA GATCAAAGCAGTTCCS; actin
attempt to initially investigate the expression pattern of Fas/Faslprimers: sense’'6CTGGAGA TGATGCTCCAAGAGCTGTG,
genes in donor livers at different time points following tolerogenic anti-sense '©GATCAGCGA TACCTGGG3. $-actin was ampli-
OLT (DA-PVG). Second, we investigated the localization of fied as an internal control to compare relative abundance of PCR
Fas and FasL protein products in liver grafts, together with solubleproducts. The PCR condition consisted of denaturing &€ %ér
Fas/FasL levels in serum. 1 min, annealing at 55-88 (55°C for actin, 58C for Fas and FasL)
for 1 min, and extension at 72 for 1 min. PCR was performed at 30
cycles for Fas and FasL, and 25 cycles for actin. PCR products were
separated by electrophoresis in 2% agarose gels and stained with
Orthotopic liver transplantation ethidium bromide. The target bands were analysed densitometrically
Inbred male rats, DA (RTLand PVG (RTY) weighing 200-250g, by using a GS-700 Imaging Densitome{BioRad, Hercules, CA).
were housed at the specific pathogen-free (SPF) animal facilityAll experiments were repeated more than twice.

Chang Gung Memorial Hospital Kaohsiung, and allowed free

access to water and standard rat chow. OLT was performetmmunohistochemistry

under ether anaesthesia using Kamada’'s method with some modhl tissues examined in this study were obtained from OLT and
fication [4]. The day on which transplantation was performed wasuntransplanted rats, immediately snap-frozen in liquid nitrogen
designated as post-operative day 0 (POD 0). DA livers wereand stored at-80°C until analysed. Detection of Fas and FasL
orthotopically transplanted into PVG recipients (OLT (DA- antigens was performed using rabbit polyclonal 1gG antibodies
PVG)). OLT (DA-PVG) rats overcome rejection without any directed against Fas (M-20)/FasL (C-178) (Santa Cruz, CA). The
immunosuppressive drugs [2—6]. Liver specimens were collecte@pecificity of both antibodies against rat was tested by using rat-
on various POD from OLT (DA-PVG) rats. Liver specimens derived recombinant FasL (amino acid sequences 100-278, cat.
from syngeneic OLT (DA-DA or PVG-PVG) and untransplanted no. sc-4240WB; Santa Cruz) and Fas protein that we purified from
animals were used as controls. serum of PVG rats using an anti-Fas antibody, M-20, affinity

MATERIALS AND METHODS

Table 1. Time course of FasL expression in hepatocytes or infiltrating cells of tolerogenic liver allografts

Immunohistochemistry

Post-operative day FasL (hepatocytes) FasL (infiltrating cells) H-E staining

0 — - Normal

2 + + Almost normal

7 ++ +++ Leucocyte infiltration

14 ++ +++++ Hepatocyte necrosis/apoptosis and leucocyte infiltration
26 +4++ ++ Mild changes

63 +4+4++ + Significantly resolved

Score for FasL expressior:, no expressions-, sporadic expression in few cells+, up to 25% positive cells+-++, 26—50% positive cells;
++++, 51-75% positive cells}++++, 76—100% positive cells.
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Fig. 1.Fas mRNA expression in liver allografts (DA-PVG), isografts and normal livers. Reverse transcriptase-polymerase chain reaction (RT-
PCR) products of Fas are shown. The relative expressigaatctin is shown at the bottom. D, post-operation day; N, normal liver; Syn1l,
syngeneic OLT (DA-DA) POD7; Syn2, syngeneic OLT (PVG-PVG) POD14.

column. Cryosections (6—8n thick) were fixed in ice-cold subsequently incubated for 45min in anti-rabbit IgG alkaline
acetone at 4C for 10 min. After fixation, the specimens were phosphatase conjugate (1:3000 dilution; Sigma, St Louis, MO),
washed three times with PBS and were blocked by blockingfollowed by development with substrate (Sigma) for 10 min in the
buffer (10% fetal calf serum (FCS) in PBS) for 30min at dark. The slides were then counterstained with eosin and mounted.
room temperature. After discarding the blocking buffer, sections  Immunofluorescence assays were performed on cryosections as
were incubated at room temperature for 60 min with polyclonaldescribed above. Blocked sections were incubated for 1 h with
antibody to Fas and FasL diluted 4@/ml in blocking buffer.  rabbit antibody against either Fas or FasL, washed with three 5-min
Sections were then rinsed in three changes of PBS for 5min andhanges of PBS and then incubated for 1 h with FITC-conjugated

D2 D7 D14 D83 N Syn1 Syn2

FASL

296 DD s

Actin

1200 bp  we—

Ratio 075 2-20 281 157 0-05 0-45 0-25

Fig. 2. Fas ligand (FasL) mRNA expression in liver allografts, isografts and normal livers. Reverse transcriptase-polymerase chain reaction
(RT-PCR) products of FasL are shown. The relative expressi@aactin is shown at the bottom. D, post-operation day; N, normal liver;
Synl, syngeneic OLT (DA-DA) POD7; Syn2, syngeneic OLT (PVG-PVG) POD14.
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goat anti-rabbit IgG (1:500 dilution). The sections were thenrespectively. A rhodamine-conjugated goat anti-mouse (1:500
subjected to a further three 5-min washes in PBS before mountindilution) was used to detect binding of the MoAbs. Sections were
in a solution of 90% glycerol/PBS supplemented with 25 mg/ml 1,4then examined using an Olympus BX50 fluorescence microscope
diazabicyclo(2,2,2) octane (DABCO). In the case of dual labelling(Tokyo, Japan). The liver tissues were graded with respect to Fas/
experiments MoAbs against either CD3 (Serotec, Oxford, UK) orFasL expression as follows:, no expressiont 1, sporadic expression
ATP7B (a gift from Dr Nagano, Kumamoto University, Japan) in a few cells4 2, up to 25% positive cells: 3, 26—50% positive
were also used to detect infiltrating leucocytes and hepatocytegells;+ 4, 51-75% positive cells; 5, 76—100% positive cells.

Fig. 3. (See next page for caption)
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Quantification of soluble Fas/FasL in serum used as standards. The target dots were analysed and quantified
OLT serum was analysed by dot blot assay for the presence of sFaensitometrically using an GS-700 Imaging Densitometer
and sFasL. Serum samplesy{l were applied to nitrocellulose (BioRad). All experiments were repeated more than twice.

(NC) paper and blocked using blocking buffer (5% non-fatty milk

in TBST (10 mu Tris—HCI pH8:0, 0-15m NaCl, 0-05% Tween

RESULTS

20) for 1 h at room temperature. The NC paper was then incubated

with primary antibody (Fas or FasL) for 1 h at room temperature.Analysis of Fas and FasL mRNA levels in tolerogenic rat liver
After three washes in TBST buffer, the NC paper was transferred t&We analysed the RT-PCR of Fas/FasL in liver allografts
a secondary antibody (anti-rabbit IgG alkaline phosphatase conDA-PVG), isografts (DA-DA or PVG-PVG), and normal livers
jugate) for 1 h at room temperature. After three washes in PBS, théFigs 1 and 2). Fas was constitutively expressed by normal livers,
NC paper was developed with an alkaline phosphatase substralieer isografts and allografts (Fig. 1). In contrast, FasL expression
(Sigma) for 10min in the dark. Several concentrations of ratappeared to reflect immunological events caused by the allograft
recombinant FasL and our purified Fas as described above wel€ig. 2). In the OLT (DA-PVG) model, FasL in DA livers was

Fig. 3. (See previous page) Expression of Fas and FasL in hepatocytes and infiltrating leucocytes in the tolerogenic rat orthotopic liver
transplantation (OLT) (DA-PVG) model. (a) At day 14 when the most serious rejection was observed in this tolerogenic OLT (DA-PVG)
model, there was dense cell infiltration and scattered focal necrosis of liver cells with mononuclear cells through the sinuseid2Q@nag.

(b) By 63 days when the rejection was overcome and tolerance was induced, the above histological appearance of liver grafts returned to
normal (magx 120). (c) Fas was expressed strongly on infiltrating lymphocytes and weakly on hepatocytes at day ¥2@0add) Fas

was expressed on both hepatocytes and endothelium at day 63X2%¥@). (e) FasL was expressed on both infiltrating lymphocytes and
hepatocytes at day 14 (magr40). (f) FasL was expressed on hepatocytes at day 63 ¢n24@). (g) CD3 cells were detected by a
rhodamine-conjugated goat anti-mouse antibody and cells expressing FasL by a FITC-conjugated goat anti-rabbit antibody. Cells which
appear yellow in colour (i.e. infiltrating lymphocytes) are positive for both CD3 and FasL markerX@24@). (h) Single-positive cells
expressing CD3 appeared red in colour by labelling rhodamine (&f). (i) FasL cells were detected by a FITC-conjugated goat anti-

rabbit antibody and cells expressing ATP7B by a rhodamine-conjugated goat anti-mouse antibody. Cells which appear yellow in colour (i.e.
hepatocytes) are positive for both FasL and ATP7B markers (v24D). (j) Single-positive cells expressing ATP7B appeared red in colour

by labelling rhodamine (mag.240).
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detectable at POD 2, peaked at POD 14 when the most seriodkis model. We confirmed these findings by double-staining
rejection is observed in this tolerogenic OLT model. This levelimmunofluorescence using CD3 for infiltrating cells and ATP7B
declined at POD 63 when tolerance had been established in thier hepatocytes to differentiate the cell types expressing FasL. The
model. Although the FasL was slightly detectable in isografts atmumber of CD3 and FasL double-positive cells peaked at day 14
POD 14, its expression was much lower than in allografts, while(Fig. 3g) and declined at day 63, while a number of ATP7B and
FasL in normal livers remained undetectable. In an acute rejectadfasL double-positive cells could be observed at day 63 (Fig. 3i).
OLT (DA-LEW) model, an increased level of FasL expression in

liver allografts was observed at POD 7 (data not shown). Soluble Fas and FasL in serum
Soluble Fas (sFas) was consistently detected in the serum of
Fas and FasL expression in tolerogenic liver normal, syngeneic and allogeneic OLT rats (Fig. 4). However,

The histology reflected the immunological events following OLT the levels of soluble Fas were not significantly suppressed at the
(DA-PVG). At day 14 when the most serious rejection wasrejection phase following tolerogenic OLT (DA-PVG). Soluble
observed in this tolerogenic OLT (DA-PVG) model, there was FasL (sFasL) was undetectable or significantly lower in the serum
dense cell infiltration and scattered focal necrosis of liver cells withof normal and syngeneic OLT rats compared with sFasL, which
mononuclear cells through the sinusoids (Fig. 3a). By 63 daygeaked at POD 14 in allogeneic OLT (DA-PVG) (Fig. 4).

when the rejection was overcome and tolerance was induced,
the histological appearance of liver grafts had returned to normal
(Fig. 3b). Fas was expressed on almost every cell in livers taken
from naive rats, at any time point in syngeneic and allogeneic OLTWe have demonstrated here that FasL is highly expressed on donor
rats. During the rejection phase of OLT (DA-PVG), Fas waslivers, predominantly on infiltrating cells, during the serious
expressed predominantly in infiltrating lymphocytes and hepato+ejection phase in tolerogenic OLT (DA-PVG) rats. In an acute
cytes at POD 14 in OLT (DA-PVG) livers (Fig. 3c). In the rejector OLT (DA-LEW) model, increased levels of FasL were
maintenance phase of tolerance in OLT (DA-PVG), Fas wasobserved on infiltrating donor-reactive T cells, which may increase
detected in some hepatocytes and vascular endothelium at PO&ytotoxicity against the liver grafts and rapidly turnover by indu-
63 (Fig. 3d). FasL expression was predominantly expressed oning Fas/FasL-mediated apoptosis (data not shown). This scenario
infiltrating lymphocytes at POD 14 (Fig. 3e), while Fas L expres-also may be applicable to the initial phase when the rejection
sion decreased on infiltrating lymphocytes but increased on hepaeaction is observed in tolerogenic OLT (DA-PVG) rats. However,
tocytes in livers taken at POD 63 (Fig. 3f). The expression siteghe cells expressing FasL gradually switched from infiltrating cells
appeared to be different for Fas and FasL. As shown in Fig. 3, Fa® donor hepatocytes in the late phase of OLT when the rejection
was expressed on the cell surface of hepatocytes (Fig. 3d) and Faseaction was naturally overcome and tolerance was induced in this
was expressed in the cytoplasmic area of hepatocytes (Fig. 3f). lnombination of OLT. FasL expression was moderately detectable,
normal livers and syngeneic OLT liver sections, Fas was constipredominantly in the donor hepatocytes of OLT (DA-PVG) rats,
tutively expressed in the hepatocytes while FasL was not expressexhd this reverse expression of FasL from infiltrating cells to
in any of our sections (data not shown). The time course andepatocytes may induce an apoptotic signal from the graft to
pattern of FasL expression are summarized in Table 1, indicatin@€TL, resulting in allograft tolerance. The replaced Fas/FasL
that the expression of FasL on infiltrating cells gradually decreasethteraction between target cells and CTL has been reported to be
after the rejection phase of OLT (DA-PVG) and more hepatocytesmportant in tumour cells for their immunological evasion [22] or
subsequently expressed FasL after tolerance was established imthe eyes and testis for maintaining immune privilege [16,17].

DISCUSSION

40—

35 {,

25—

0 H =

DA PVG Syn POD 2 POD7 POD14 POD36 PODG®63

Fig. 4. Changes in sFad1) and sFasL W) levels in serum samples from tolerogenic orthotopic liver transplantation (OLT) (DA-PVG)
models. Each sample taken from these individual animals was analysed in triplicate for sFas and sFasL by dot blot assay. These data were
analysed statistically, by one-wayova and Bonferroni, and found to be significant in POD 14 serir @-05 versuscontrols). Syn,

Syngenic OLT (PVG-PVG) POD 14.
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