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Abstract
The privileged liver, due to its immunological status, is referred to as a tolerogenic organ.
However, this alone does not explain the introduction of tolerance after single or combined
liver transplantation (kidney, heart, pancreas, and intestine); other factors, such as
recipient’s age, donor’s hepatic volume, iron metabolism, biomarkers, or imprint of
cytomegalovirus infection, appear to be involved in the identification of patients who are
likely to be tolerant to their graft. All the afore-stated factors appear to favor graft
tolerance. The use of non-specific immunosuppressive drugs during organ transplantation
has reduced the incidence of acute rejection significantly, although it does not protect the
patient from the deleterious effects of chronic immunosuppression. Therefore, different
approaches, such as stem cells infusion, Treg therapy, and immunosuppression conversion,
have been utilized in order to reduce or discontinue the use of immunosuppressive therapy.
The present review of the literature examined the mechanisms of tolerance occurring after
hepatic transplantation (alone or combined), as well as the currently available means for the
early identification of patients who might be the candidates for tolerance.
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1. Introduction
The liver is a tolerogenic organ, owing to its microanatomy, its cellular composition, and the
cytokine environment. It exhibits an easier acceptance of the hepatic graft when compared to
other solid organ transplants. Hepatic transplantation has significantly improved the survival of
patients suffering from end-stage liver disease. However, the transplantation is doomed to failure
in the absence of immunosuppression (IS). The 5-year survival rate among the transplant patients
has increased from 20% to greater than 60% in the 1980s and greater than 70% in recent years.
Non-specific immunosuppressive agents, such as calcineurin inhibitors (CNIs) and mTOR inhibitors,
are considered synonymous with control of rejection and side effects. In long term, the patients
exposed to this treatment are at the risk of dysmetabolic syndromes, cardiovascular
complications, neurotoxicity, de novo cancers, and renal complications [1-4]. One of the
therapeutic approaches in this regard has been to avoid CNIs (dose reduction, conversion, or total
cessation) and minimize the corticosteroid drugs while maintaining function. It is currently
accepted that the conversion of CNIs to mTOR inhibitors in pre-selected patients serves as a good
alternative to minimizing the immunosuppressive treatments. The customization of treatment in
the patients with criteria suggesting a state of tolerance is another strategy that relies on
biomarkers, although it is also dependent on the immunomodulatory effects of cell therapy.
Operational tolerance is a state when the recipients are immunocompetent and tolerate their
grafts without the requirement of any IS. Operational tolerance represents 20% of all the liver
transplants [5]. Since the 1950s, when the proof of concept was established [6, 7], various studies
have demonstrated that several mechanisms are involved in the induction of tolerance. Acting
alone or in concert, these mechanisms converge on a single goal of restoring homeostasis. The
first case of operational tolerance was reported sixty years ago, the case report from Joseph
Murray, in which he presented a case of kidney graft without using immunosuppressive
treatment, and the graft was prepared from his homozygous twin [8]. A few years later, it was the
turn of liver transplantation, with the concept of microchimerism in tolerance [9]. Since those
times, the cases of operational tolerance have been reported more frequently in the recipients of
liver transplant compared to any other organ transplant. Since liver is a "tolerogenic organ", it was
assumed that it exerted a protective influence on the second graft in the combined grafts.
However, the study by Rana demonstrated that recipients receiving two lungs or two kidneys were
less subjected to rejection and exhibited improved survival compared to the recipient receiving
only one graft [10]. In liver-kidney/liver-heart transplantation, rejection rate was observed to be
reduced to almost half compared to the isolated grafts.
The present review of the literature discusses the current state-of-the-art on clinical tolerance
in combined liver transplantation, and the related survival rate.
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2. Mechanisms
At the micro-environmental scale, the immunological events participating in this state of
tolerance remain unclear. However, each piece of the puzzle appears to be important. Hepatic
tolerance is a part of the benefits of transplantation [11], favoring the persistence of hepatotropic
viruses. One of the evoked tracks, especially in renal transplantation, is the involvement of
passenger leukocytes in the initiation of rejection. Indeed, the rejection of the transplants due to
transient depleted passenger leukocytes may be reversible through the adoptive transfer of donor
antigen-presenting cells [12]. In the liver, these donor-derived cells are mainly represented by
activated T-cells, Natural-Killer cells, as well as the resting T- and B-lymphocytes. In order to
elucidate the functional relevance of microchimerism in allograft tolerance, a study was
conducted on a cardiac allograft model in cyclosporine-treated rats. The depletion of donorderived leukocytes in the recipient was achieved at the time of grafting (Day 0) and at a time point
far from it (Day 18). The ones for whom the depletion was performed at Day 18 did not exhibit any
signs of rejection and exhibited survival similar to a syngeneic control group. On the contrary,
those for whom depletion was performed at Day 0 exhibited signs of severe chronic rejection [13].
Additionally, the absence of viable transient leukocytes in the liver at the time of transplantation
resulted in the rejection of the graft. Surprisingly, spontaneously tolerant transplant model was
observed to exhibit correlation between early passenger leukocyte migration and a transient
increase in the expressions of IL2 and IFNγ. This phenomenon is paradoxically less important
during an acute rejection [14]. Moreover, low concentrations of IL2 and IFNγ appear to be
insufficient for inducing rejection, although it may promote the state of tolerance through the
process of negligent death of the allo-reactive T cells [15]. Although the procedure was considered
safe, the in vitro treatment through kidney perfusion of an antibody solution (monoclonal antiCD45 antibodies specific for passenger leukocytes) into the human recipients prior to
transplantation revealed no evidence of reduced incidence of acute rejection [16]. Another
hypothesis suggested the persistence of a small percentage of graft-derived leukocytes in several
recipient tissues (microchimerism) [17, 18]. However, it was reported that microchimerism alone
was not automatically correlated with long-term allograft survival [19]. As with passenger
leukocytes, the donor hematopoietic stem cells present in the liver also contributed to the
persistent microchimerism [9, 17, 20] because of an abundance of these long-living cells in the
liver transplant donors. The resident cells of liver, which are closely related to the intestinal
microbiome [21, 22], are represented by parenchymal cells (hepatocytes) and non-parenchymal
cells (Kupffer cells, stellate cells, hepatic sinusoidal endothelial cells, and dendritic cells). These
cells have active participation in the tolerogenic effects. One of the properties of hepatocytes is
the presentation of the antigen to naive CD8+ T cells. This successful process results in the deletion
of CD8+ since it is insufficiently activated for the induction of permanent cytotoxic function [23,
24]. Non-parenchymal liver cells have been reported to be influenced by pattern recognition
receptors (PRRs), such as the NOD-like receptors and Toll Like Receptors (TLRs) [22, 25], which
play important roles in the innate immunity. The phenotype of tolerogenic cells derived from the
mononuclear phagocyte systems such as Kupffer cells and the immature dendritic cells is a
moderate expression of MHC (major histocompatibility complex) class II on their surface [26], low
CD80/CD86 co-stimulation [27], and the expression of the immunosuppressive factor PDL-1 [28].
In addition, the medium rich in IL-10 and TGF-β production *29, 30] may lead to the tolerance via
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differentiation of the naive T cells into regulatory phenotypes, as well as through apoptosis of the
CD4+ and CD8+ effector T cells, thereby achieving the induction of donor-specific hypo-reactivity.
The induction of systemic tolerance by the antigen-presenting cells (APC) of liver has been
attributed to both peripheral suppression and the induction of antigen-specific Treg cells. Recent
data have demonstrated that hepatic stellate cells also induce the expansion of regulatory T cells
(Treg) [31]. A recent study demonstrated the involvement of novel machinery in liver
transplantation tolerance, which comprises stellate and endothelial cells, through a mechanism
referred to as mesenchyme-mediated immune control (IMMC). The action of IMMC is induced
through the production of IFNγ by effector T cells, which leads to the expression of PD-L1 in the
stellate cells, and by endothelial cells, which leads to apoptosis of the effector T cells. In addition,
both stellate and endothelial cells produce soluble factors, such as retinoic acid and iC3b, in order
to promote myeloid-derived suppressor cells (MDSCs) and Tregs [32]. This highlights the fact that
the survival of Tregs appears to be under continuous influence of the donor antigen [33]. The
infusion of donor-specific Treg-enriched T cells from the liver to the recipient after liver
transplantation exhibited the presence of donor-derived Tregs in the recipient's circulation one
week after the transplantation. The author suggested that a few of the donor's Tregs come off the
graft during the infusion and migrate into the general circulation. In addition, the in vitro tests
confirmed their suppressive abilities [34]. An increase in CD4 + CD25+ FoxP3+ CTLA4+ Treg has also
been observed in the mouse model of tolerogenic liver transplantation, whereas the depletion of
this population by the action of anti-CD25 antibody results in acute rejection, which indicates an
important role of Tregs in maintaining tolerance during allogeneic liver transplantation [35].
However, the role of Treg in liver transplantation remains controversial, because according to the
study conducted by Joffre et al., Treg with direct allo-specificity alone does not provide protection
against chronic rejection [36], which supports the idea that Tregs require direct and indirect allorecognition in order to control allograft rejection [37]. Another track reported a close relationship
between the graft surface and antigenic charge. Prolonged exposure to a high antigen load
appeared to contribute to lymphocytic senescence through a dilution phenomenon as well as to a
state of operational tolerance [38, 39]. In case of combined grafts (liver-kidney and heart-kidney),
a reduction in the renal graft rejection rate was observed compared to kidney transplant (KT)
alone [40], and the hypothesis suggested that there was an obvious relationship between the
grafted surface and antigenic charge. Both experimental and clinical studies have demonstrated
the role of soluble MHC in tolerance, and the different mechanisms explaining the manner in
which the MHC class I presents have been suggested, such as (i) a direct interaction between MHC
class I and the CD8 allo-reactive lymphocyte in the absence of co-stimulation signaling, which
leads to their apoptosis, (ii) presentation of the antigen via tolerogenic presenting cells, which
allows differentiation from Th1 response to Th2 regulatory phenotype, and finally (iii) the ability of
the soluble MHC molecules to neutralize the lymphocytotoxic allo-antibodies. Pathogen
recognition involves both classical and non-classical MHC class I soluble molecules. In case of the
non-classical MHC class I soluble molecules, it has been observed that HLA-G (Human Leucocyte
Antigen) molecules possess multiple regulatory and tolerogenic immune properties. Indeed, the
recipients of a combined liver-kidney transplant exhibit a higher concentration of serum HLA-G,
compared to those with kidney grafts alone, which has been associated with lower allograft
rejection frequencies [41]. In liver transplants, the patients with operational tolerability exhibit
strong HLA-G expression on the surface of circulating monocytic dendritic cells which also
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promotes the Foxp3 gene expression [42]. Another interesting fact involves iron homeostasis.
Bohne et al. [39] observed the overexpression of the gene encoding hepcidin in the patients with
operational tolerance, as well as an increase in the serum levels of ferritin and hepcidin. The
author concluded that iron metabolism has a role to play in the intrahepatic allogeneic response
(Figure 1).

Figure 1 Mechanisms contributing to the tolerance in hepatic transplantation.
3. Biomarkers
Whatever the approach, classical techniques have their limits. The development of the "omic"
methods of analysis (genomics, transcriptomics, proteomics, and metabolomics) combined with
currently available clinical and biological data, allows the recognition of patients for whom
immunosuppressive therapy may be terminated. Biomarkers, which generally have a role of
prediction, have a role of prevention as well. The molecular signature of rejection or tolerance
may vary between organs within the same individual. Indeed, in liver transplantation, the
expression of the genes related to Natural Killer cells (NK cells) and Tγδ lymphocytes has been
associated with tolerance; whereas, in renal transplantation, approximately 70% of the identified
genes have been associated with B-lymphocytes. Two major consortia enabled the discovery and
validation of certain biomarkers: the ITN (Immune Tolerance Network) in United State and the IOT
(Indice Of Tolerance) in Europe. However, it was observed in a previous study that simple clinical
criteria such as the age of the recipient and the timing of weaning after the transplantation could
predict a state of tolerance in up to 40% of the transplant patients; this study (elective weaning
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protocol) demonstrated that the patients who were 50 years of age could start giving up their IS in
a shorter period of time in comparison to those who were over 60 years of age [43]. Moreover,
the Hepatitis C Virus (HCV) negative and non-autoimmune patients were more likely to shed the IS
treatment. Immunophenotypic studies have mainly identified an increase in the frequency of
Tregs and a predominance of the Tγδ Vδ1+ subpopulation of lymphocytes [44, 45]. However,
alteration in the Tγδ Vδ lymphocytes has been observed during viral infections, in which there is
an increase in the Vδ1/Vδ2 ratio. This finding was obtained in a prospective, non-randomized,
phase II, uncontrolled trial in which stable adult liver transplant HCV+ patients underwent IS
withdrawal. Contrary to the findings of a previous study concerning the barrier represented by
inflammation in a state of tolerance [28], Bohne et al. described for the first time, the weaning of
IS in HCV-positive patients despite a pronounced systemic expression of the pro-inflammatory
gene; the author suggested that the intrahepatic expression of ISG (Interferon Stimulated Gene)
could be an indicator of operational tolerance [38]. A similar phenomenon was observed in
cytomegalovirus (CMV) infections, in which a primary infection allowed for the long-term
expansion of the circulating Vδ1+ γδ T cells associated with the hyporeactivity of the donor-specific
CD8+ T cells in the tolerant patients after a liver transplant [46]. Among the resident liver
tolerogenic cells, plasmacytoid dendritic cells specialized in the production of type I interferons
(IFN) were increased in number in stable adult and pediatric liver transplant recipients with arrest
and withdrawal from IS [47]. Predicting rejection is another goal of biomarkers; therefore, an
increase in IFNγ and IL2 in stable patients grafted with the IS withdrawal liver, or before
transplantation, represents a risk of rejection [48]. In renal transplantation, anti-HLA-specific
donor antibodies (DSA) were reported to exert a negative impact on graft survival [49, 50],
although their correlation in liver transplantation is not completely understood so far. In a study,
high mean fluorescence intensity (MFI) of DSA was observed in 92% of the patients in chronic
rejection in contrast to 61% of the non-rejection patients, after liver transplantation [51]. The
same study demonstrated that the patients in chronic rejection exhibited a combination of 3
subtypes of immunoglobulin (Ig) G (1, 2, 3), as opposed to the predominance of IgG3 in the
patients with graft loss [52]. There has been a loss of interest in the C4d labeling since chronic
negativity suggesting the lack of complement activation in this situation has been observed. A
European multicenter study—planned to determine the predictive biomarkers and pathogenesis
of operational tolerance—identified two genes (HAMP and TFRC) coding for hepcidin (a peptide,
secreted mainly by the hepatocytes and regulates plasma concentration of iron) and responsible
for the increase in the plasma concentration of ferritin. Bohne et al. [39] also suggested a
protective impact of iron metabolism on the cytotoxic effects of allo-immune response as well as
the prognostic role of biomarkers in the identification of operatively tolerant recipients prior to IS
arrest (Table 1).
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Table 1 Non-exhaustive list of biomarkers and clinical features found in the patients tolerant to liver transplantation: LT: Liver
transplantation, IFN: Interferon, HVC: Hepatitis C virus, IS: Immunosuppression, CMV: Cytomegalovirus, HAMP: Hepcidin antimicrobial
protein, TRFC: Transferrin receptor, Gr-Tol: Tolerant patients, Gr-Non-Tol: Non-Tolerant patients, Gr-Vol: Volunteers, Gr-IS: Patients on IS,
Gr-A: Patients off immunosuppression, Gr-B: Patients undergoing prospective weaning, Gr-C: Patients on maintenance
immunosuppression, Gr-D: Normal control, Gr-AR: Patients with acute allograft rejection, Gr-SF: Patients with stable allograft liver
function, pDC1: Precursors of monocytoid DC, pDC2: Precursors of plasmacytoid DC.

Age

Study

Cohort (N)

Source

Follow up

Indicator

Tolerance

Comment

Reference

Prospective
Multicenter
clinical trial

41/98

56 y± 11
(Means ± SD)

> 3 years

>50 years



Caucasian
men

[43]



Time from
transplant
to
minimizatio
n start: 130
months

[43]



Gr-Tol vs GrIS
(p<0.01)
Gr-Tol vs GrVol (p<0.01)

[44]



Maintain
stable graft
liver

[45]

Weaning

Prospective
Multicenter
clinical trial

Tregs

Pediatric Living
Donor Liver
Gr-Tol: 12
Transplantatio Gr-Vol: 24
n (Elective
Gr-IS: 19
protocol)

41/98

Tγδ Vδ1 +
Adult liver
Gr-SF: 37
lymphocyte transplantation Gr-AR: 26

Clinical
Parameters,
blood, biopsy

Blood

Blood

> 3 years

Male gender,
older recipient,
absence of CNI

> 1 year

CD4+CD25+ cells

6 months

The numbers of
IL-10-producing

OBM Transplantation 2019; 3(3), doi:10.21926/obm.transplant.1903084

Vδ1+ cells were
higher in Gr-SF
patients than in
Gr-AR patients.

ISG
expression

Prospective
study

Plasmacytoi
Prospective
d dendritic
study
cells

Gr-Tol: 17
Intrahepatic
Gr-Non-Tol: 15

IFN-stimulated
gene (ISG)
transcript levels
were similar
12 months
before and 12
months after
complete IS
withdrawal

Gr-A: 6
Gr-B: 23
Gr-C: 11
Gr-D: 13

pDC2:pDC1
ratio was
1 month – significantly
9 years
higher in
(time
patients Gr-A
weaning) and B compared
with patients on
Gr-C.

Blood

function



High
intrahepatic
IFN-I
signaling
induced by
HCV
infection

[38]



Withdrawal
from IS

[47]
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4. Tolerance in Combined Hepatic Transplantation (Figure 2).

Figure 2 Survival rate in combined liver transplantation and liver transplant alone. Y: years.
4.1 Liver-Kidney Transplant
The indication leading to a combined kidney-liver transplantation was established as a
treatment modality for the patients suffering from end-stage liver disease (MELD), which was a
scoring system for liver transplantation, with highly elevated serum creatinine levels (risk factor)
[53]. In a recent study, combined kidney-liver transplant patients with acute renal rejection
exhibited a post-transplantation reduction in renal function compared to those without renal
rejection [54]. The survival rate at one year for the patients and grafts currently exceeds 80%,
although with a decline in the survival rate at ten years (56%-64% for kidney-liver), which has
prompted the researchers to focus their attention on improving the survival beyond one year.
Although tolerance may change after the transplantation, the risk of minimizing IS is associated
with decreased graft survival. Immunosuppression protocols vary between the transplantation
centers, usually according to the CNIs used, such as tacrolimus. This immunosuppressive strategy
tends to be closer to the adapted protocol in liver transplantation. Despite the short-term benefit
of using CNIs in reducing the acute rejection episodes, CNIs are nephrotoxic in the long term,
leading to the poor long-term survival of the transplant [55]. Besides the fact that the
simultaneous graft has a lower rejection rate in comparison to the liver or kidney transplant alone,
it was observed that the patients transplanted with either liver or kidney, and not the ones
transplanted with both simultaneously, did not present any differences even after having been
selected on the basis of their HLA compatibilities [10]. HCV-infected recipients with double liverkidney transplant and receiving no anti-viral treatment exhibited poor survival at three years as
well as at five years [56]. Although the preliminary results demonstrated a novel approach to the
treatment of HCV-infected patients, direct-acting anti-virals appeared to eradicate the hepatitis C
virus with a sustained virological response up to 94%, in addition to exhibiting far fewer side
effects (reproached to interferons and ribavirin) [57]. A retrospective study conducted by an
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American research team revealed that approximately 20% of the combined liver-kidney
transplantations resulted in renal rejection (6.4% acute rejections and 11.4% borderline rejections
(biopsies)), while 11.4% resulted in acute hepatic rejection [54]. In comparison to the renal
transplantation alone, the effects of T-cell mediated rejection and anti-HLA antibody were
relatively lower after simultaneous kidney transplantation [58]. Recently, a clinical study revealed
the unique phenotypic and functional characteristics of the recipients of a dual simultaneous liverkidney transplant (SLKT) associated with a donor-specific hypo-allo-allergenic response. The SLKT
patients had, from a phenotypic perspective, a central memory type profile, while the patients
with renal transplant alone exhibited a regulatory type profile [59]. The gene expression profiles
(mRNA and miRNA) in SLKT in comparison to the profiles of the liver and kidney transplant
patients with stable transplant function clearly suggested that the SLKT patients had a profile
closer to the liver transplant patients rather than the kidney transplant patients, associated with
limited influence of IS [60]. As a continuation of the research work on the protective effects of
liver, Taner et al. analyzed the molecular signatures of renal biopsies after a renal transplantation
alone as well as after a renal transplantation in combination with liver; the cohort consisted of 28
patients divided into the following four groups on the basis of their crossmatch (XM): (+XM SLKT, XM SLKT, +XM KT, and -XM KT). Despite the small number of patients included in the study, the
author defended the hypothesis that liver contributes to the absorption of DSA through the
endothelial surface, a phenomenon referred to as the “high dose effect”. This protective effect of
the liver is reflected through the differential expression of genes associated with inflammation and
tissue repair. For instance, it has been observed that at one year, there was a lower expression of
inflammatory, endothelial, and DSA-selective transcript set in the kidney allografts (+XM SLKT)
compared to the +XM KT grafts [61]. The Kidney Donor Profile Index (KDPI) summarizes the
probability of transplant failure after deceased-donor kidney transplantation. In KDPI, lower scores
are associated with a longer estimated renal function, while higher scores are associated with a
shorter duration of estimated renal function. The KDPI score for the kidneys transplanted in SLKT
was 36%, while that for the kidney alone transplants was 46%, in a study with the objective of
improving survival in early hepatic transplantation with renal insufficiency [62].
4.2 Heart-Liver Transplant
In regard to liver transplantation, Starzl is the pioneer in the field, with the first heart-liver
combined transplant conducted on a six-year-old girl back in 1984. Despite the lack of comparative
studies, the available data suggest that the incidence of rejection after a combined liver-heart
transplant is lower than that after the liver transplantation alone. Cardiac rejection observed after
combined liver-heart transplantation was 13%, compared to the 60% rejected observed after
isolated heart transplantation [63]. The survival of the graft after heart-liver combined graft (80%
at one year and greater than 70% at ten years) was similar to that observed in case of isolated
heart and isolated liver grafts [64]. The indications of the combined heart-liver transplant were
heterogeneous. In genetic diseases with cardiac damage as the main damage caused, such as
amyloid neuropathy, classic cardiac transplantation indications were observed to be associated
with hepatopathy, while classic indications of liver transplantation were observed to be associated
with severe heart disease. In a large single-center series of studies, a lower-than-expected
rejection rate in the combined liver-heart transplants could be attributed to the protective effect
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provided by the hepatic allograft to the cardiac allograft [65]. A retrospective study conducted by
Taner [66] identified that despite similar IS, the incidence of T-cell-mediated rejection was lower in
the liver-heart combined grafts (31.8%) in comparison to that in the liver transplantation alone
(84%); however, no significant difference was observed in the antibody-mediated rejection (4.5%
versus 14.8%; p = 0.33). While humoral rejection has become a rarity in cardiac transplants, it
nevertheless represents a problem of clinical management owing to the diagnostic difficulty and
low predictive evidence associated with it. It has been demonstrated that when hepatic
transplantation precedes a cardiac transplant, there is a reduction in DSA and the positive crossmatch becomes negative again [67]. Moreover, a few authors have suggested a correlation
between the protective effect of the liver and the decrease in the IS treatment.
4.3 Lung-Liver Transplantation
This type of intervention is performed only in the transplant centers, which have double
expertise in thoracic and abdominal transplantation. Owing to its complexity, this procedure is
rare and requires coordination between several teams. The "liver first" approach introduced in
2014 by Ceulemans et al. was aimed at reducing the cold ischemic time of the liver, in order to
minimize the rate of biliary stenosis after the liver transplantation, while it prevented the other
complications as well [68]. The 5-year survival of these patients was 80% compared to the 20%
observed in the standard procedure [69]. A retrospective study conducted by Yi et al.
demonstrated a decrease in the acute rejection episode, although it did not conclude the
protective effect of the liver. However, it was interesting to note a reduction in the
immunosuppression in the first year [70].
4.4 Pancreatic-Liver Transplantation
According to United Organ Network Sharing, a total of 28 patients received a combined
pancreatic cystic fibrosis transplant between the years 1984 and 2014. The study conducted by
Mekeel on a small cohort of patients demonstrated that survival could reach 100% in five years in
the liver-pancreas transplantation when compared to the 83% observed for the hepatic
transplantation alone; all the patients with combined hepatic-pancreas transplantation were
deprived of insulin and did not require supplementation with pancreatic enzymes [71]. It has been
demonstrated in preclinical studies that hepatic graft plays a protective role and reverses the
continuous rejection of the pancreatic graft, producing subsequent pancreatic tolerance [72].
Similarly, in a multicenter clinical study, it was speculated that pancreas-liver combined graft
exhibited long-term superior pancreatic graft survival compared to the pancreas graft alone,
although no confirmation regarding this speculation was established [73].
4.5 Intestinal-Liver Transplantation
Infections and surgical complications are a hindrance to the beneficial effects obtained in liver
transplantation [74, 75]. Indeed, prolonged anhepatic phase and ischemia-reperfusion injury
appear to be responsible for early death in the cases of combined liver and intestinal grafts.
However, although the short-term survival appears to have improved, owing to IS treatment and
advanced care, the fact remains that the 5-year survival does not exceed 60% in the isolated
intestinal transplants [76]. A retrospective study conducted in a center compared children who
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had undergone a small bowel transplant (whether associated with liver transplantation or not) to
15 child controls in the time period between 1994 and 1998. First, it was suggested that the early
events occurring during the ischemia-reperfusion phase could be participating in the protective
effect of the liver on the intestinal grafts, and these events correspond to the significant
differences observed in the NF-κB expression in the intestinal biopsies obtained at Day 0
immediately after reperfusion. Indeed, a decrease in the induction of NF-kB during the early phase
of transplantation, therefore, plays a protective role against the allo-immune response [77].
Another more recent study highlighted the protective effect of liver on the severity of the acute
episode of cell rejection, on the incidence of chronic rejection, as well as on the acute rejection
induced by antibodies, while the infection was the leading cause of graft loss, suggesting that the
reduction in IS may be considered for reducing the increased risk of infection [78].
5. Conclusion
Apart from the indispensable position of immunosuppression and the innovative aspects of
certain therapeutic approaches (such as cell therapy) for obtaining tolerance, different studies
have demonstrated that liver has a protective property for facilitating the engraftment of other
organs. However, no cases of operational tolerance in combined liver transplantation have been
reported so far. It is obvious that the correlation between the protective effect and the occurrence
of tolerance is not proof of causality. The mechanisms involved in the induction of tolerance as
well as its maintenance are closely intertwined and complex. For instance, the study conducted by
Rana revealed that the combined grafts other than those of the liver are less prone to rejection,
and the most probable mechanism underlying this would be the exposure of the antigenic charge
in correlation with graft surface. In the long term (ten years), this mechanism could reduce or even
wean the patient from immunosuppression. Is it possible to discuss operational tolerance? Further
studies are required to be conducted with this category of patients who receive more than one
graft. In this context, biomarkers would play a role in the detection of rejection, prediction of
favorable outcomes in the recipients, and the identification of the pre-selected patients likely to
be tolerant, in addition to allowing the decision of withdrawal of the immunosuppression. The
problem associated with combined liver transplant is, essentially, the severity of the pathology for
which the patient is grafted, the attribution and the shortage of organ, and also the preservation
of the organs prior to the transplantation. However, recent studies have produced promising
results in terms of organ function and patient survival.
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