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Abstract

In the setting of our pediatric living-donor liver transplantation (LDLT), 87 patients (15.0% of all the patients: significantly higher proportion,
compared with those of other transplant centers) achieved complete withdrawal of immunosuppression, which is referred to as “operational tolerance”.
Immunosuppressants were completely discontinued for 54 patients as scheduled, and for 33 because of EBV infection or other complications.

Immunological analyses of the peripheral blood derived from operationally tolerant patients demonstrated that non-deletional tolerance takes place in
which potentially reactive T cells to donor-antigens remain physically in the immune repertoire, but specifically suppressed by certain mechanisms. Not
only CD4*CD25"e" T cells were increased in the proportion in the tolerant patients’ peripheral lymphocytes and suppressed MLR specifically to the
donor antigen, but also FOXP3 expressing cells were present within the tolerant liver. Thus, among several mechanisms accounting for non-deletional
tolerance, Tregs are likely to involve at least in part in our tolerant patients. V&1v5T cells, a subset of ¥8T cells, which otherwise reside mainly in the
intestine, emerge into the peripheral blood during successful pregnancy but not abortive pregnancy. Since V18T cells produce massive IL-10, it is
proposed that V&1y8T cells induce fetomaternal tolerance by promoting Th2 immune deviation. Consistent with pregnancy, 1L-10 producing V&1v8T
cells emerge into the blood of our tolerant patients. This may reflect a common feature between fetomaternal tolerance and transplant tolerance.

We began protocol biopsy in post-LDLT patients who exhibit normal liver function from January 2003. Operationally tolerant patients, albeit
showing normal liver function, exhibited decrease in size and increase in number of the bile duct and the fibrosis to a greater extent, compared
with patients on maintenance immunosuppression. This warrants serial protocol biopsy before and after complete cessation of immunosuppression
even in the presence of normal liver function.
© 2006 Elsevier B.V. All rights reserved.

Keywords: Operational tolerance; Liver transplantation; Regulatory T cells; Protocol biopsy; yoT cells

1. Clinical aspects

1.1. The development of elective protocols has enabled a
substantial number of patients to be weaned off immunosup-

Abbreviations: APCs, Antigen presenting cells; EBV, Bpstein-Baur vivus;  pregsants, but yielded no penalty in terms of immune graft loss
FOXP3, Forkhead box P 3; IEL, Intra-epithelial lymphocyte; IL, Interleukin;

LDLT, Living-donor liver transplantation; MLR, Mixed Lymphocyte Reaction; )
TGF-B, Transforming Growth Factor-beta; Tregs, Regulatory T cells. From June 15th, 1990 to May 20th, 2005, 659 cases of LDLT

* Corresponding author. Tel.: +81 75 751 4328; fax: +81 75 751 4328. (living-donor liver transplantation) were performed for 581
E-mail address: tkoshiba@kuhp.kyoto-w.ac.jp (T. Koshiba). pediatric patients who were younger than 18 years old at Kyoto

0966-3274/% - see front matter © 2006 Elsevier B.V. All rights reserved.
doi: 10.1016/}.trim.2006.10.004
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University Hospital. OQut of them, 87 patients (15.0% of all the
patients) had been completely weaned off immunosuppressants.
This is significantly higher proportion, compared with those of
other transplant centers. Immunosuppressants were completely
discontinued as scheduled for 54 patients. All those patients
fulfilled the following criteria when they began being weaned off
FK506; 1) pediatric patients 2) normal liver function 3) survived
for more than 2 years 4) no single episode of rejection during the
preceding 12 months 5) the presence of parental permission [1].
The other 33 patients had to stop immunosuppressants non-
electively mainly due to EBV infection and other complications.
Eight patients had biopsy-proven acute rejection during the
weaning process, which was counteracted by increasing in the
dosage of the FK506 and/or corticosteroid pulse therapy. Three of
these patients are again being weaned off immunosuppressants;
the other 5 are being treated with FK506 monotherapy and show
normal liver function. In 4 patients, immunosuppression returned
to the previous steps of weaning without histology due to a slight
increase in transamynases. One patient experienced early chronic
rejection during the cessation of immunosuppressants for EBV
infection, which was successfully treated with 3-drug immuno-
suppression therapy. Thus, of note, any immunological penalty
such as graft loss has never been encountered during weaning
process [2].

2. Immuneological aspects

2.1. Regulatory T cells (Tregs) appear to operate in a subset of
operationally tolerant patients

Recently suppressot/regulatory T cells have regained much
interest in non-deletional type of tolerance [3,4]. Naturally
occurring and induced alloantigen-specific Tregs have been
shown to protect from autoimmunity and from rejection [3,4].
Similar to rodent models, it has been proposed that CD4"
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Fig. 1. Analyses for CD4"CD25"€"" cells in age-matched volunteers (Gr-vol),
LDLT patients on IS (Gr-IS) and operationally tolerant patients (Gr-tol). Using
FACS analysis, the percentage of CD4"CD25"8" cells in the peripheral
lymphocyte was determined. Gr-tol demonstrated an increase in the percentage
of CD4*CD25M8M cells (Gr-Tol, Gr-IS and Gr-vol; 2.3+0.6%, 0.9£0.7% and
1.840.6%: Gr-tol vs. Gr-IS; p<0.01: Gr-tol vs. Gr-vol; p<0.05).
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Fig. 2. Functional analysis for CD4"CD25" T cells in operationally tolerant
patients. CD4"CD25" (CD25") T cells and CD47CD25™ (CD257) T cells were
isolated with a cell sorter. CD25™ T cells alone or serially diluted number of
CD25" T cells with an equal number of CD25™ T cells were incubated at an
indicated ratio in the presence of irradiated donor APCs and 3rd party APCs to
perform MLR. The suppressive property of CD25" T cells was proven to be
donor-antigen specific. Similar results were obtained in four tolerant patients.

CD25M8 cells represent Tregs in human [5]. Consistent with
the findings of Salama and Louis in the settings of human renal
transplantation [6,7], we demonstrated that operationally
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Fig. 3. Analyses for V&1 and V82 y& T cells in age-matched volunteers (Gr-vol),
LDLT patients on IS (Gr-IS) and operationally tolerant patients (Gr-tol). Using
FACS analysis, the percentage of V&1 and Vo2 vyd T cells was determined
within the peripheral T lymphocyte. (A) In Gr-vol, V52 & T cells predominated
while V51 yd T cells were rare. In quite a contrast, however, V61 rather than
V62 predominated in Gr-tol. (B) Thus, the conversed ratio of V61/ V82y6 T
cells was observed in mostly Gr-tol patients. However, this was less frequently
found in Gr-IS than in Gr-tol (Gr-tol, Gr-IS and Gr-vol; V31/V52+v8 T cells ratio,
1.5, 0.8 and 0.3: Gr-tol vs. Gr-vol; p<0.01: Gr-tol vs. Gr-IS, p<0.05).
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tolerant LDLT patients exhibited significantly higher proportion
of CD4"CD25"E™ cells within peripheral blood lymphocytes,
compared with patients on immunosuppressants and age-
matched healthy volunteers (Fig. 1) [8]. In addition, peripheral
lymphocytes derived from operationally tolerant patients were
divided into CD4"CD25" (CD25") fraction and CD4"CD25~
(CD257) fraction, and serially diluted doses of CD25" cells
were added to a CD25™ fraction to examine MLR to both of
donor and third party alloantigens. As shown in Fig. 2, decrease
of the proportion of CD25" cells to CD25 cells resulted in
increase of MLR to both of the donor and the 3rd party. In a
subset of tolerant patients, this tendency was more remarkable
to the donor than to the 3rd party [9]. These data imply that
potentially reactive T cells to donor-antigens are physically
present in the tolerant recipient immune repertoire — a phe-
nomenon referred to as “non-deletional” tolerance — but spe-
cifically suppressed by Tregs at least in a subset of tolerant
patients. Recently, we demonstrated high expression of FOXP3
in liver grafts derived from tolerant patients, implying the
presence of Tregs within tolerant grafts [10]. To further address
the question as to where and how Tregs exert their suppressive
activity, we are currently determining balance between FOXP3
and innate/adaptive immunities, and linkage between FOXP3
and cytokines/co-stimulatory factors in tolerant graft.

2.2. A common feature exists between transplant tolerance and
Sfetomaternal tolerance

The fetus has paternal antigens which can evoke strong
allogeneic T cell responses. However, in general, unlike any
other mismatched organ and tissue transplantations, the semi-
allogeneic fetus is not usually rejected, which indicates the
existence of active tolerance mechanisms that prevent rejection.
0T cells express one of the three different Vbgene segments,
V61,V62 or V3, representing distinctive functional subsets
[L1]. It has been reported that V51y8T cells, a subset, sharing a
similar phenotype with intra-epithelial lymphocyte (IEL),
which are otherwise rare, become a dominating population in
the peripheral blood lymphocytes during successful, but not
abortive pregnancy [12]. We confirmed that V82y8T cells
predominated, and that V51y8T cells were rare in the peripheral
blood of normal individuals (Fig. 3). Thus, V61/V62v6T cells
ratio was less than 1.0 in most normal individuals. However,
similar to successful pregnancy, VolvydT cells rather than
V62v0T cells, predominated in the peripheral blood of tolerant
patients. This made V61/V52vy0T cells ratio of tolerant patient
more than 1.0, in contrast to normal individuals. The V&1/
V52v0T cells ratio in patients on immunosuppressant was in the
middle of normal individuals and tolerant patients (Fig. 3) [8].
As far as function of V81y9T cells is concerned, Vo1vdT cells
in the deciduas during early pregnancy were reported to produce
IL-10 and TGF-f, which suggests a direct role of V61y0T cells
in maintenance of fetomaternal tolerance by promoting Th2
immune-deviation [13]. Consistent with V51+y0T cells during
successful pregnancy, we demonstrated that Vo1y6T cells in the
peripheral blood of tolerant patients produced massive IL-10
(data not shown).

3. Pathological aspects

3.1. Requirement of protocol biopsy before and after complete
cessation of immunosuppression

It is generally assumed that operational tolerance with
normal graft function is accompanied by normal graft
morphology, but this has not been studied in detail. From
January 2003, we began protocol biopsy in long-term post-
LDLT patients exhibiting normal liver function. Despite normal
liver function, protocol biopsy revealed decrease in size and
increase in the number of the bile duct, and the presence of
fibrosis in patients in whom immunosuppressant had been
completely withdrawn, compared to patients on maintenance
immunosuppression (data not shown). This warrants protocol
biopsies during the weaning process (even in the presence of
normal liver test). Operational tolerance may not be necessarily
protected from morphological changes of the graft [14].
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