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ABSTRACT
Operational tolerance after liver transplantation has been described in around 20% of the recipients. These patients are able to maintain a normal graft function in the absence of immunosuppressive drugs, thus
being free of adverse effects that are common and frequently severe. Here we present a well-documented
case of operational tolerance after liver transplantation and discuss current concepts on this topic with
emphasis on recent findings that will potentially allow for identifying graft-tolerant patients.
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INTRODUCTION

CASE REPORT

Attention in improving long-term survival after
liver transplantation (LT)1 has shifted to later complications that limit survival expectancy and are
frequently related to the chronic use of immunosuppressive agents (ISA). The most common complications are arterial hypertension, renal failure,
diabetes mellitus, increased cardiovascular risk,
various types of neoplasias, dyslipidemia, severe
infections and neurotoxicity.2 Since these conditions
may impact on patient survival, it would be ideal to
achieve an ISA-free state after LT. Over the last
twenty years, it has become evident that a significant proportion of LT recipients (20%) develop operational tolerance (OT), defined as normal graft
function in complete absence of ISA. 3,5 Here we
report a case of OT after LT and discuss relevant
concepts on this emerging topic.

A 28-year-old man developed acute liver failure secondary to a hepatitis A virus infection in November 1996. He underwent an urgent LT and received
a cadaveric liver graft from a donor with the same
blood group (0 Rh positive). Cold ischemia time was
8 h and 40 min. The patient had an uneventful postsurgical evolution and treatment with ISA was started, including steroids, mycophenolate mofetil and
cyclosporine. Ten days after LT, a moderate cholestasis was detected. Liver function tests revealed:
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• Total bilirubin (TB) 14.1 mg/dL (0-1 mg/dL).
• Direct bilirubin (DB) 7-04 mg/dL (0-0.2 mg/dL).
• Gamma-glutamyl transpeptidase (GGT) 272 mg/
dL (4-50 mg/dL).
• Alkaline phosphatase (AP) 167 mg/dL (45-126
mg/dL).
• Aspartate aminotransferase (AST) 490 mg/dL
(10-40 mg/dL).
• Alanine aminotransferase (ALT) 1,480 mg/dL
(10-55 mg/dL)
• INR 1.2.
An endoscopic cholangiography revealed a normal
biliary tree, and a liver biopsy showed mild cellular
rejection that was treated with methyprednisolone
250 mg iv q.d. for three days with good biochemical
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response. At day 24 the patient was discharged
using prednisone 20 mg q.d. and cyclosporine 200
mg twice a day. Afterwards, the recipient’s evolution was uneventful. By the end of the first year after LT, he was receiving cyclosporine monotherapy
with mean trough levels of 180 ng/mL. For the next
four years he remained asymptomatic and his liver
tests were normal. We lost track of the patient in
2000, but regained contact with him in April 2010.
The patient was completely asymptomatic and declared that after 2000 he gradually reduced his use of
cyclosporine, from 100 mg twice a day to a complete
withdrawal in 2008. During this period he remained
asymptomatic.
The results of liver function tests in 2010 were as
follows:
•
•
•
•
•
•
•

TB 0.4 mg/dL (0-1 mg/dL).
DB 0.1 mg/dL (0-0.2 mg/dL).
AP 146 mg/dL (45-126 mg/dL).
GGT 28 mg/dL (4-50 mg/dL)
AST 32 mg/dL (10-40 mg/dL).
ALT 32 mg/dL (10-55 mg/dL)
INR 1.1.

Suspecting that the patient had developed OT, we
decided to perform a liver biopsy to be sure that there was no evidence of alloimmnunity in the graft.
Apart from a 10% steatosis, the liver biopsy was
completely normal, showing no evidence of rejection,
fibrosis or biliary duct loss. On that basis, we
concluded that the patient indeed had developed OT.
Therefore we recommended not adding ISA to his
current therapy, with a clinical and biochemical follow-up every 4 to 6 months.

DISCUSSION
Immunologic tolerance (or operational tolerance
in clinical practice) has been an unfulfilled goal of
immunologists and transplant physicians. Since the
liver has been considered an immunologically privileged organ, the possibility of acceptance of allogenic livers without ISA is theoretically more likely.
In fact, since the early 1990s, several prospective cohorts of elective ISA withdrawal from Europe and
USA have been published6-15 and, from this data, the
prevalence of OT has been estimated in around 20%
of liver recipients and, probably, it is more frequent
on children and late after liver transplantation.16,17
Besides, ISA withdrawal seems to be a safe procedure, in fact, graft loss is a very infrequent side
effect.6-15 To perform a liver biopsy on those reci-
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pients that seems to be operationally tolerant contributes to properly establish this condition. Liver
biopsy can show a subclinical rejection which can be
present even with stable liver function.18 Besides, it
has been shown that in some liver recipients considered as tolerant, protocolized liver biopsies on the
follow up are able to identify a group of recipients
that develop fibrosis that can be reversed after the
reintroduction of the IS drugs.19 Although the mechanism of this phenomenon is unknown, it seems
to be antigen related. Thus, the recipients that develop fibrosis after IS withdrawal may not be not truly
tolerant recipients.
An important lesson from the previous studies is
that OT does not seem to be related to an immunesuppressed state, but rather to immune regulation.20
Tanaka, et al. have shown that potentially reactive
T cells remain in the immune repertoire but seem to
be specifically suppressed by a mechanism that is
not yet well understood.21 It must be considered,
however, that these findings do not exclude the role
of other factors that could also participate in tolerance development, such as the presence in the graft
of natural killer cells (NK), NKT cells and regulatory T (Treg) cells, the ability of Kupffer cells to
produce the anti-inflammatory cytokine, interleukin-10 after its exposure to lipopolysaccharide, the
release of soluble HLA molecules by the liver,
the presence of fenestrated sinusoidal endothelium
that allows direct contact of hepatocytes with the
blood and chimerism.22 Non-immune-mediated liver
disease, fewer donor-recipient HLA mismatches and
the absence of previous acute rejection seem to be
related to a successful ISA withdrawal.23 However,
it is notable that the previous history of acute cellular rejection was not an important obstacle to the
development of OT in our patient.
Since tolerant recipients present reduced ISA related morbidity, require fewer medications and have
a better quality of life,10 attempting an ISA
withdrawal is attractive, but not an easy decision
considering an 80% chance of failure. For that reason, there are intensive research efforts devoted to
identifying biomarkers able to predict successful ISA
withdrawal. Li, et al., for instance, compared pediatric operational tolerant liver recipients (OTLR)
with age-matched liver recipients and non-transplanted volunteers. The study found that the frequency of CD4+ CD25 high Treg cells, B cells and
Vδ1/Vδ2 (Vdelta1/Vdelta2) γδ (gamma delta) T cells
ratio was higher among operationally tolerant liver
recipients, but the NK cells frequency was lower in
those patients.24
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In a recent study, Martínez-Llordella, et al., also
found a higher frequency of CD4+ CD25+ Treg
cells, as well as Vδ1+ T cells, among OTLR compared to healthy individuals and transplant recipients
on ISA.25 Yet more recently, another study from Li
showed that Foxp3 mRNA expression was higher in
the graft of OTLR than in the graft of liver recipients on ISA, although this tendency was not significant. However, the number of Foxp3+ cells was
significantly higher among OTLR compared to recipients on ISA. The authors conclude that a prospective study is necessary to validate these findings.26
Among the different strategies used to dissect the
immune system of OTLR, one of the most frequently
used is gene expression profiling of peripheral blood
samples. Two studies of renal transplant recipients
have demonstrated that gene expression evaluation
by microarrays can accurately discriminate among
tolerant recipients, chronic rejecters and healthy volunteers. 27,28 This strategy has also been used to
characterize OTLR.
The first study using microarray technology on
this set of patients was published in 2007 by Martínez-Llordella, et al. In this study, peripheral blood
mononuclear cell (PBMC) samples were taken from
OTLR and from recipients who previously failed an
ISA withdrawal attempt because of rejection (NonTol). A whole genome expression array was performed. The comparison of the two groups of patients
showed 628 differentially expressed genes. A selected
group of 22 genes was validated using qPCR. Among
the most informative of the identified genes were γδ
T cells specific transcripts and several NK related
genes.25
Subsequently, Kawasaki, et al. published a second report comparing the expression profiles of
PBMC samples from OTLR and healthy volunteers
(HV), using a cDNA array for 12,814 probes. The
authors found 717 differentially expressed genes,
many of them involved in immune responses.29
In a second report from Martínez-Llordella, whole
genome Affymetrix microarrays were conducted on
PBMC samples from 17 OTLR and 21 non-TOL patients, showing that 1,932 genes were differentially
expressed. The authors selected a group of 74 genes
to be validated using qPCR, demonstrating that 33
of these genes were differentially expressed between
OTLR and Non-TOL patients. Three predictors
(using 2, 6 and 7 genes) were generated that accurately discriminated between OTLR and Non-TOL patients from an independent cohort of patients.30 At
present, the same team is completing a prospective
study involving a similar transcriptional evaluation
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before gradually discontinuing ISA. The aim of the
study is to prospectively validate the predictors generated in the previous study, to evaluate their ability to predict successful withdrawal of ISA, hence
generating new knowledge about clinical variables
associated with the development of tolerance.
Until now, no intervention has proven useful in
inducing OT. Interestingly, simultaneous bone marrow and liver transplantation appears as a potentially useful alternative, at least in isolated
reports.31,32 The same holds true for the infusion of
donor stem cells. In fact, Tryphonopoulos, et al. published a study were an attempt at ISA withdrawal
was made with two groups of liver recipients, with
bone marrow cell infusion, performed perioperatively on the intervention group. The rate of successful
ISA withdrawal was the same in both groups, so the
authors defined their results as negative.13 Although
several attempts have been made to induce OT with
the administration of agents such as lymphocyte depleting antibodies, no pharmacologic strategy has as
yet been proven effective.5-20 There has been only
one randomized trial that evaluated the rate of successful IS withdrawal during the first year post-LT,
employing standard IS (tacrolimus monotherapy
plus steroids) vs. ATG-fressenius, plus low-dose tacrolimus and no steroids. 33 In this study, no patients in the intervention group were able to
complete the IS withdrawal without developing rejection. Although this trial only evaluated a specific
strategy, it made evident that OT is not easy to induce, at least during the first year after LT, and
new strategies must also be prospectively evaluated.
Indeed, the accurate identification of operationally
tolerant liver recipients is particularly important if
we consider that currently there is no strategy (either pharmacologic or cellular-based) that can be
considered consistently successful in inducing OT.
However, promising data has been found through
diagnostic yield of transcriptional biomarkers
among prospective ISA withdrawal cohorts.16 Considering this, it is possible that within a few years we
will be able to properly recognize operationally tolerant patients in order to wean them off ISA with minimum risk and long-term benefits.
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