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ABSTRACT

Division of Organ Transplantation, Department of
Surgery, Alpert Medical School of Brown University,
Providence, RI, USA

Organ transplantation is not only considered as the last resort therapy but also as the treatment
of choice for many patients with end-stage organ damage. Recipient-mediated acute or chronic
immune response is the main challenge after transplant surgery. Nonspecific suppression of
host immune system is currently the only method used to prevent organ rejection. Lifelong im-
munosuppression will cause significant side effects such as infections, malignancies, chronic
kidney disease, hypertension and diabetes. This is more relevant in children who have a longer
life expectancy so may receive longer period of immunosuppressive medications. Efforts to
minimize or complete withdrawal of immunosuppression would improve the quality of life and
long-term outcome of pediatric transplant recipients.
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INTRODUCTION

rgan transplantation is not only con-
O sidered as the last resort therapy but

also as the treatment of choice for
many patients with end-stage organ damage.
Recipient-mediated acute or chronic immune
response is the main challenge after trans-
plant surgery. Nonspecific suppression of host
immune system is currently the only method
used to prevent organ rejection. Lifelong im-
munosuppression will cause significant side ef-
tects such as infections, malignancies, chronic
kidney disease, hypertension, and diabetes [1].
This is more relevant in children who have a
longer life expectancy so may receive longer
period of immunosuppressive medications. Ef-
forts to minimize or complete withdrawal of
immunosuppression would improve the qual-
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ity of life and long-term outcome of pediatric
transplant recipients [2]. The current chal-
lenges for continuous immunosuppression
therapy are its chronic side effects, cost and
non-compliance.

SIDE EFFECTS OF IMMUNOSUPPRESSION

There are various studies estimating the con-
sequences of post-transplantation non-specific
immunosuppression, either by side effect of
immunosuppression or as a complication of a
defect in body’s defense mechanism.

The type and dosage of most immunosuppres-
sive agents after transplantation have been
changed during past decades [5, 6]. For ex-
ample while usages of cyclosporine and aza-
thoprine have decreased from 1995 to 2005,
usage of mycophenolate and tacrolimus have
increased. In 2005, 92% of post-transplant pa-
tients received tacrolimus [5, 6.

Immunosuppressive therapy can be divided
into induction and maintenance therapy. Table
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Table 1: Common side effects of immunosuppressants

Medication

Anti-CD25 receptor antibodies
(basiliximab, daclizumab)

Anti-CD52 monoclonal antibody

(alemtuzumab)

Medication used for
induction therapy

Corticosteroids

Calcineurin inhibitors (CNI)

Medication used for
maintenance therapy

Azathioprine

Mycophenolate

1 shows some of the medications that more
commonly used for post-transplantation im-
munosuppression along with their most com-
mon side effects [3, 7.

Two groups of medications that are well-
known to cause direct side effects but yet
are the backbone of all immunosuppression
therapies, are calcineurin inhibitors (CNI) and
corticosteroids. However, current efforts are
minimizing their adverse effects by close drug
monitoring and multiple drug combination;
we cannot fully inhibit their side effects [77].

Corticosteroids put the patients under the risk
of developing a wide range of medical prob-
lems from poor wound healing, susceptibility
to infections, cardiovascular risk factors such
as hypertension (by up regulating of o, recep-
tors), and hyperlipidemia to growth retarda-

Anti-thymocyte globulin (ATG)

Side Effects

Anaphylaxis, allergic reaction

T-cell depletion, which increases the
risk of infection, in particular CMV
reactivation

Lymphopenia, Serum
sickness, anaphylactic
reaction,shock,bronchospasm

Cushinoid appearance, fluid retention,
diabetes mellitus, hypertension, growth
impairment, hyperlipidemia, osteopenia,
impairment in wound healing, Failure to
thrive

Nephrotoxicity, neurotoxicity,
hypertension, hyperlipidemia and
hyperkalemia, diabetes mellitus,
increased bone resorption, hirsutism,
gingival hyperplasia, hearing impairment
and cholestatic syndrome

Hepatic nodular hyperplasia, Portal
sclerosis, Myelosuppression

GI disturbance, myelosuppression growth
retardation

tion and even changing of appearance (Buffalo
hump, moon face, etc) [87].

CNTI are associated with renal toxicity both in
renal and non-renal transplantation [8-10].
Rate of renal dysfunction in pediatric recipi-
ents of non-renal transplantation is about 55%
[7, 11, 127, 3%—6% of whom may develop end-
stage renal disease (ESRD)_[7, 13]. Neuro-
toxicity, hypertension, hyperlipidemia, diabe-
tes mellitus, and hyperkalemia are other side
effects of CNIs [37.

Half of heart transplant recipients, 30% of liv-
er recipients [7, 18], and 50% of pediatric kid-
ney recipients also have hyperlipidemia [77].
Neurological disorders aftect approximately
20% of liver transplant recipients [7]; risk of
developing de novo malignancies are 3—5 time
higher than normal population [77].
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The risk of developing post-transplant lym-
phoproliferative disorder (PTLD), which has
close relation with Epstein-Barr virus (EBV)
infection, is found to be higher in children
comparing to adults as it is more likely that
they be EBV-seronegative at the time of trans-
plantation [87. Most pediatric patients receive
transplantation at an age when they have naive
Immune system and are seronegative for many
viruses including EBV and herpes simplex vi-
rus (HSV) [147]. CMV infection, BK virus ne-
phropathy and Preumocystis carinii pneumonia
(PCP) are among other complications [15].

In general, infection, as the main cause of hos-
pitalization after kidney transplantation, is
related to immunosuppression [8, 16]. About
85% of liver transplant patients contract infec-
tions (bacterial, viral or fungal), which is the
cause of death in 28.4% of them [77]. One re-
port by SPLIT registry indicates that infants
have the highest risk of developing infections
after liver transplantation among other sub-

groups [1, 4].

Patient dependency on lifelong non-specific
immunosuppression is an unsolved problem
after transplantation [17]. Tolerance elimi-
nates the complications of long-term immuno-
suppression use [87, which is a great challenge
for pediatric transplant. It can also improve
the patient’s compliance which is the main
problem in adolescents with chronic disease
[187]. Adolescents are particularly prone to
non-compliance with their medical regimen as
a result of developing sense of authority and
poor judgment at this age [19].

COSTS

Insurance coverage for long-term immuno-
suppression medication is a considerable prob-
lem. Over 70% of kidney transplant programs
report that their patients have serious prob-
lems paying their medication costs [20]. More
than 68% of all programs report even deaths
and graft loss because of cost-related immu-
nosuppression non-adherence. However, these
problems are more significant in adults than
pediatrics, but even children and their families
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are potentially at risk of facing these problems
[20]. In average, the annual cost of immuno-
suppression is US$ 10,000—15,000.

NON-ADHERENCE

Daily usage of immunosuppression medica-
tions may affect the mental health of patients
particularly adolescents and their families.
Both of these groups are prone to develop-
ing psychiatry problems such as depression,
post-traumatic stress disorders (PTSD) and
other anxiety disorder [197. Adolescents have
the worst outcome of graft survival mainly as
a result of non-compliance [157]. Education
about the potential risk of non-adherence is
challenging in this group. Less complex medi-
cal regimen, medication with less side effects
and cosmetic change can potentially be more
successful [19]. Achieving the state of toler-
ance however seems to be the best possible so-
lution to overcome adolescent non-adherence.

WHAT IS TOLERANCE?

Tolerance is the Holy Grail of transplantation.
The concept of tolerance was first introduced
in 1953 when Billingham, et at, showed that in
utero injection of bone-marrow cells to mice
resulted in acceptance of skin graft from the
same inbred donor while maintaining the abil-
ity to reject grafts from other breeds [19, 207.

In “true tolerance,” the transplant functions
normally for a durable time and the recipi-
ent is also immunosuppression-free [187, and
there is no detectable immune response to the
donor antigens [217. It is defined as a perma-
nent and specific immunological acceptance of
allograft antigens without using immunosup-
pressants [227].

“Operational tolerance” is defined as the ab-
sence of rejection with normally functional
allograft while the patients is immunosup-
pression-free but it does not necessarily mean
lack of immune response towards the graft but
rather the lack of destructive response [22]. In
operational tolerance there may be some im-
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mune response but it has no signiticant clini-
cal presentation [21]. Operational tolerance
usually results from elective or non-elective
immunosuppression withdrawal.

Prope or near tolerance is a term used when
allograft functions normally and has normal
histology but patients receive minimal immu-
nosuppression [227]. Tolerance induction, the-
oretically is a method of modification of host
immune system in a manner that it does not
reject the organ transplanted, but being other-
wise normally functional and competent, can
result in long-term survival of both the organ
and the patient.

Definition of tolerance in animal models dif-
fers as of clinical one. It is defined as accep-
tance of a graft without immunosuppression
use ability to accept subsequent graft from the
same donor while having the ability to reject
an organ from a third party [237.

PRECLINICAL EXPERIENCE FOR
TOLERANCE INDUCTION

Tolerance is in fact a process not a sudden
event [217]. Interestingly, most cases of report-
ed operational tolerance after kidney trans-
plantation are the result of non-compliance.
The usual result of discontinuation is graft
rejection; nonetheless, some patients do not
reject the organ [217.

In 2007 Koyama, et al, also showed that CD8+
memory T cells can prevent mixed chimerism
and tolerance induction in monkeys [15, 247].
While an immunosuppressive regimen had
induced mixed chimerism when kidney trans-
plantation and bone marrow transplantation
had been performed simultaneously, the same
regimen had failed to do so when bone mar-
row was transplanted after kidney transplan-
tation. After finding that a numerous number
of memory T cells remain even after that regi-
men, they added humanized anti-CD8 mono-
clonal antibody and depleting CD8+ memory
T cells and could achieved tolerance in non-
human primates [15, 24-].

In 1995 Kawali, et al, developed a non-mye-
loablative regimen that could produce mixed
chimerism and renal transplant tolerance in
monkeys [15, 257]. Adams, et al, showed that
virally induced alloreactive memory response
in mice, is a barrier to tolerance. They showed
a base threshold of memory T cells is needed
to induce rejection, with CD8+ memory T
cells having the main role [15, 267]. Studies
on animal and human models revealed several
mechanisms that have role in tolerance. Strat-
egies of tolerance induction in general can be
summarized as below:

Using of hematopoietic stem cells (HSC)
for induction of activated T cells apoptosis
T cell activation without sufficient support
(other cytokines, co-stimulatory factors, etc)
leads to T cell anergy or death. Blood trans-
fusion is a well-known use of hematopoietic
cells for tolerance induction [217]. Recipients
of blood transtusions have improved graft sur-
vival [21].

Using of HSC for induction of chimerism

Homer’s Iliad is probably the first literary
that describes Chimera. A monster reared
by Amaisodorus with lion front, snake tail and
a goat in the middle [277]. Full chimerism is
total replacement of recipient bone marrow
with donor’s bone marrow. This process has
a high morbidity and mortality, which can
exceed that of immunosuppression therapy
[217]. Mixed chimerism is defined as making
host immune system in a manner that it com-
posed of both donor and recipient cells [187.
To achieve this, host bone marrow is largely
preserved but partially replaced by that of do-
nor [217]. By preventing the bone marrow re-
jection, the donor’s hematopoietic cells popu-
late in the host bone marrow and thymus and
cause central deletion of alloreactive cells [21].

In new strategies donors are administered
granulocyte stimulating factor and then stem
cells are collected by plasmapheresis and then
injected to host peripheral or portal veins days
before surgery.

There are also some reports that indicate af-
ter stem cell transplantation and development
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of chimerism, not only physicians were able to
discontinue immunosuppression but also the
primary genetic defect, which had caused or-
gan failure, was cured [287].

Patients with primary immunodeficiency dis-
orders usually are not suitable candidates for
solid-organ transplantation as post-transplan-
tation iImmunosuppression can worsen their
immune system condition [29]. These patients

can benefit from chimerism approach using
HSC [297].

Aplastic anemia can be developed in up to 28%
of orthotropic liver recipients [307]. Bone mar-
row transplantation is the treatment of choice
in this situation. In 1991 Kawahara, et al, re-
ported a 6.5-year boy who received cadaveric
liver transplantation after hepatic failure due
to non-A non-B hepatitis. The patient devel-
oped aplastic anemia three weeks post-trans-
plantation. After about two years of treatment
with immunosuppression, he underwent bone-
marrow transplant from his HLA-identical
sister; about three weeks later he developed
full chimerism and ultimately weaned off all
Immunosuppression.

Depletion

In this strategy host lymphocyte depletion
is the goal. However, the ideal situation is to
deplete only graft-activated cells as aggres-
sive lymphocyte depletion is unavoidable [187].
To achieve the best result, depletion should
be done before graft reperfusion to minimize
the number of inflammatory signal producing
cells [187.

Different agents are used for this procedure
either in preclinical or clinical trials. CD3-
dyphteria immunotoxin and deoxy spergualin
either as immunotherapy or combined therapy
and Campath-1H are some examples.

Altering the co-stimulatory signal

T cells normally require two signals to be-
come activated. The first signal (antigen-spe-
cific signal) is provided through interactions
between T cell receptor and MHC molecules
on antigen-presenting cells (APCs). The sec-
ond (co-stimulatory) signal is provided by the

Clinical transplantation and tolerance

interaction between molecules expressed on
the membrane T cell. There are several well-
known co-stimulatory pathways, altering of
which can induce tolerance in animals; CD28-
B7 co-stimulatory pathway, in which ligation
of CD28 on the surface of T cell to the B7 on
the surface of APCs can cause T cell activa-
tion, is one example [187. CTLA4 (CD152)-B7
pathway, which limits T cell activation, and
CD154-CD40 pathway are other examples

[187.

Thymic transplantation

Thymic transplantation is a way to achieve
immunocompetence in children with thymic
agenesis (Digeorge syndrome) [21, 317]. T cell
maturation in donors transplanted thymus,
which presents alloantigen, can result in se-
lective tolerance in rats [21, 32, 33].

[t is important to note that while many immu-
nomodulatory strategies can induce tolerance
in animals, they fail to achieve the same effi-
cacy in clinic [17]. We cannot always extend
preclinical experiments to clinical ones as
most preclinical models are in rodents which
have almost a naive immune system compar-
ing to human. However, studies on non-hu-
man primates seem to be more applicable to
human due to their complex immune system
[187. Ditferent organs have particular toler-
ance mechanism [347. It means that we cannot
extend the mechanism of tolerance in kidney
to that of liver. There is no common transcrip-
tional or blood cell markers between kidney
and liver transplant tolerance [34, 357. In ad-
dition, it seems that mechanism of tolerance
are age-related [84]. However, some blood
gene set have been identified to be common in
adult and pediatric liver transplants [14.

CLINICAL EXPERIENCE IN TOLERANCE
INDUCTION

Tolerance induction has been attempted most-
ly in adult transplant recipients. Studies con-
ducted in Massachusetts General Hospital
(MGH) [86], Stanford University [87], and
Northwestern Memorial Hospital 387, show
the results of tolerance induction in adults.
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Table 2: Biomarkers that have role in tolerance and/or rejections

Tolerance/Rejection

PD-L1/CD86 ratio
pDC/mDC ratio

Increase chance of tolerance
HIA-G

Increasing (ffrequency)

V61/%6 T cell ratio

Decreasing (|frequency)

Vo24+VB11 NKT
TNF-o

CD4+CD25+ FOXP3+

IL-10

Cyclex, CD154+ Tc memory cells

mDC:pDC ratio
11.-23
IL-17

Increase risk of rejection

There are only few studies on tolerance induc-
tion in pediatrics.

In a study by Kawai, et al, at MGH, tive pa-
tients (22—46 years old) with ESRD received
combined kidney and bone-marrow trans-
plantation from their relatives after receiving
a non-myeloablative perioperative regimen.
While rejection happened in one of them, the
other four patients could be withdrawn from
all immunosuppression [367].

Patients with multiple myeloma who develop
ESRD are usually not eligible for routine
treatment for either of these two diseases [89].
Stem cell transplant which is the main treat-
ment for multiple myeloma rarely indicated
for ESRD patients; on the other hand, their
malignancy does not let them to be a good
candidate for transplantation [397. Spitzer, et
al, from MGH reported a trial on seven pa-
tients with concomitant multiple myeloma
and ESRD who underwent combined HLA-
matched kidney and bone-marrow transplan-
tation after being prepared with conditioning
regimen. All seven patients developed mixed
chimerism. Three patients gained normal or
near-normal renal function while being oft-
immunosuppression, two other patients also
had normal renal function but immunosup-
pression therapy restarted because of chronic
GVHD. Two patients died—one because of
progressive multiple myeloma and another be-
cause of developing therapy-related acute my-
eloid leukemia.

In another report from Stanford University,

16 adult patients enrolled into a study between
2005 and 2011. All of them received kidney
transplant after being conditioned with to-
tal lymphoid irradiation and antithymocyte
globulin. There was a previous study in 2002
where despite achieving chimerism in three
out of four combined kidney and bone-mar-
row transplant patients, none of them could be
withdrawn from immunosuppression. In their
latter study, however, eight patients could be
withdrawn for 1-3 years, three patients were
just withdrawn, and one patient was at the
midst of withdrawal. Four patients could not
be withdrawn due to return of their underly-
ing disease and failure to achieve chimerism or
due to rejection [377.

Finally, in a report from Northwestern Me-
morial Hospital, five out of eight HLA-mis-
matched kidney and hematopoietic stem cell
recipients developed durable chimerism and
could be weaned off all immunosuppression
one year after transplantation [387].

TOLERANCE BIOMARKERS

During past decade, many efforts have been
made to identify tolerant-related biomarkers.
For example, to detect biomarkers for identify-
ing pediatric patients who have more chance
to benefit from immunosuppression minimi-
zation or withdrawal (tolerance) Li, et al, con-
ducted a study. A set of 18 genes were identi-
tied to exist in all of their operational tolerant
patients, suggesting a method to more specifi-
cally select patients for operational tolerance.
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In their study, approximately 60% of stable
pediatric liver transplant patients had high
possibility for tolerance. This in turn suggests
that in almost the same percentage of these
patients immunosuppression can be mini-
mized or withdrawn [14]

Currently identified or under investigation
biomarkers are mostly related to dendritic cell,
Treg cells and gene polymorphism [40, 41].
A list of tolerance-related biomarkers that are
suggested to have a role in withdrawal and/or
rejection are listed in Table 2 [40-43].

Mechanism of tolerance seems to be different
in various organs. For example, while natural
killer-related transcripts have the main role in
operational tolerance of the liver, B cell-relat-
ed ones have importance in operational toler-
ance after kidney transplants [4<27].

WHAT IS THE FUTURE OF TOLERANCE?

With increasing the number of transplanta-
tions and improvement in both surgical tech-
nologies and tolerance induction regimens,
transplantation is entering a new promising
era. Improvements in the efficiency of the do-
nation process, public awareness and live do-
nation, development of standardized operation
and post-operation protocols, have made do-
nation and organ transplantation more wide-
spread.

Attempts must be made to achieve several
goals, one of which is to recognize tolerance-
vulnerable patients. There has been some
progress in this regard and some potential
biomarkers have been identified [417]. Patients
should be selected carefully and those who ful-
till the primary criteria must be enrolled.

[t might be interesting to point that in con-
trast to other solid organs, acute rejection at-
ter liver transplantation does not cause any
long-term sequela [147]. Patients who develop
graft rejection after immunosuppression with-
drawal can turn back to normal graft function
with immunosuppression reinitiating [16, 44].
Tolerance after liver transplantation is more

Clinical transplantation and tolerance

frequent than other organs [147]. This can be
related to its characteristic venous endothe-
lium and vascular architecture and dual blood
supply [23, 457]. Some articles report a toler-
ance rate of about 20% in adult liver trans-
plantations [14, 46-49], and even higher rate
in children 14, 42, 507.

Combination of the above-mentioned facts can
suggest that liver can be the best organ for
study of tolerance induction in pediatrics. In
selected cases, immunosuppression withdraw-
al or minimization after liver transplantation
can be achieved more frequently than other
organs [14].

Since the earliest days of solid organ trans-
plantation, weaning or minimizing immuno-
suppression has been desirable. Identification
of suitable patients who can enroll in this pro-
cess is still a challenge. Identification of toler-
ance biomarker is a goal. However, there are
still no reliable immunologic parameters to
assess the feasibility of immunosuppression
weaning. Better understanding of the factors
involving in immune system activation and
tolerance would allow us to develop tailored
immunosuppression treatments in which the
medication dosage would be reduced and
tolerogenic mechanism promoted. Increasing
the frequency of reported successful opera-
tional tolerance or tolerance induction works
like a driving force for development of new
weaning protocols. Further studies must focus
on development of gene expression profiling
as a mean to detect candidates for immuno-
suppression weaning. Additionally, safer and
less toxic protocols with more success rate
must be designed.

REFERENCES

1. Feng S. Long-term management of immunosup-
pression after pediatric liver transplantation: is
minimization or withdrawal desirable or possible
or both? Curr Opin Organ Transplant 2008;13:506-
12.

2. Londofio M-C, Danger R, Giral M, et al. A need
for biomarkers of operational tolerance in liver
and kidney transplantation. Am J Transplant
2012;12:1370-7.

3. Saidi RF. Current status of liver transplantation.

www.ijotm.com

Int ] Org Transplant Med 2014; Vol. 5 (4)

143



R. F. Saidi, S. K. Hejazii Kenari

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Arch Iran Med 2012;15:772-6.

Saidi RF, Markmann JF, Jabbour N, et al. The fal-
tering solid organ donor pool in the United States
(2001-2010). World J Surg 2012;36:2909-13.

Bucuvalas JC, Alonso E, Magee JC, et al. Improving
long-term outcomes after liver transplantation in
children. Am J Transplant 2008;8:2506-13.

Horslen S, Barr ML, Christensen LL, et al. Pediatric
transplantation in the United States, 1996-2005.
Am J Transplant 2007;7:1339-58.

Tredger JM, Brown NW, Dhawan A. Immunosup-
pression in pediatric solid organ transplantation:
opportunities, risks, and management. Pediatr
Transplant 2006;10:879-92.

Traum AZ, Kawai T, Vacanti JP, et al. The need for
tolerance in pediatric organ transplantation. Pedi-
atrics 2008;121:1258-60.

Solez K, Vincenti F, Filo RS. Histopathologic find-
ings from 2-year protocol biopsies from a U.S. mul-
ticenter kidney transplant trial comparing taro-
limus versus cyclosporine: a report of the FK506
Kidney Transplant Study Group. Transplantation
1998;66:1736-40.

Ojo AO, Held PJ, Port FK, et al. Chronic renal failure
after transplantation of a nonrenal organ. N Engl J
Med 2003;349:931-40.

Arora-Gupta N, Davies P, McKiernan P, Kelly DA.
The effect of long-term calcineurin inhibitor ther-
apy on renal function in children after liver trans-
plantation. Pediatr Transplant 2004;8:145-50.

Fine RN. Renal function following liver transplanta-
tion in children. Pediatr Transplant 2005;9:680-4.

Midtvedt K, Hjelmesaeth J, Hartmann A, et al. In-
sulin resistance after renal transplantation: the
effect of steroid dose reduction and withdrawal. J
Am Soc Nephrol 2004;15:3233-9.

Li L, Wozniak LJ, Rodder S, et al. A common periph-
eral blood gene set for diagnosis of operational
tolerance in pediatric and adult liver transplanta-
tion. Am J Transplant 2012;12:1218-28.

Traum AZ, Ko DS, Kawai T. The potential for toler-
ance in pediatric renal transplantation. Curr Opin
Organ Transplant 2008;13:489-94.

Koshiba T, Li Y, Takemura M, et al. Clinical, immu-
nological, and pathological aspects of operational
tolerance after pediatric living-donor liver trans-
plantation. Transp/ Immunol 2007;17:94-7.

Ohe H, Waki K, Yoshitomi M, et al. Factors affect-
ing operational tolerance after pediatric living-
donor liver transplantation: impact of early post-
transplant events and HLA match. Transpl Int
2012;25:97-106.

Pearl JP, Preston E, Kirk AD. Tolerance: is it achiev-
able in pediatric solid organ transplantation? Pedi-
atr Clin North Am. 2003;50:1261-81

Stuber ML. Psychiatric issues in pediatric organ
transplantation. Child Adolesc Psychiatr Clin N Am

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

2010;19:285-300.

Evans RW, Applegate WH, Briscoe DM, et al. Cost-
related immunosuppressive medication nonad-
herence among kidney transplant recipients. Clin
JAm Soc Nephrol 2010;5:2323-8.

Girlanda R, Kirk AD. Frontiers in nephrology: im-
mune tolerance to allografts in humans. J Am Soc
Nephrol 2007;18:2242-51.

Wieérs G, Gras J, Bourdeaux C, et al. Monitor-
ing tolerance after human liver transplantation.
Transpl Immunol 2007;17:83-93.

Alex Bishop G, Bertolino PD, Bowen DG, Mc-
Caughan GW. Tolerance in liver transplantation.
Best Pract Res Clin Gastroenterol 2012;26:73-84.

Koyama I, Nadazdin O, Boskovic S, et al. Depletion
of CD8 memory T cells for induction of tolerance
of a previously transplanted kidney allograft. Am J
Transplant 2007;7:1055-61.

Kawai T, Cosimi AB, Colvin RB, et al. Mixed alloge-
neic chimerism and renal allograft tolerance in cy-
nomolgus monkeys. Transplantation 1995;59:256-
62.

Adams AB, Williams MA, Jones TR, et al. Heterolo-
gous immunity provides a potent barrier to trans-
plantation tolerance. J Clin Invest 2003;111:1887-
95.

Chimera (mythology). Wikipedia, the free en-
cyclopedia. 2012. Available from: http://
en.wikipedia.org/w/index.php?title=Chimera_
(mythology)&oldid=525368151. (Accessed Janu-
ary 3, 2013).

Matthes-Martin S, Peters C, Konigsrainer A, et
al. Successful stem cell transplantation follow-
ing orthotopic liver transplantation from the
same haploidentical family donor in a girl with
hemophagocytic  lymphohistiocytosis.  Blood
2000;96:3997-9.

Hadzi¢ N, Pagliuca A, Rela M, et al. Correction of
the hyper-lgM syndrome after liver and bone mar-
row transplantation. N Engl J Med 2000;342:320—
4,

Kawahara K, Storb R, Sanders J, Petersen FB. Suc-
cessful allogeneic bone marrow transplantation
in a 6.5-year-old male for severe aplastic ane-
mia complicating orthotopic liver transplanta-
tion for fulminant non-A-non-B hepatitis. Blood
1991,;78:1140-3.

Rice HE, Skinner MA, Mahaffey SM, et al. Thymic
transplantation for complete DiGeorge syndrome:
medical and surgical considerations. J Pediatr Surg
2004;39:1607-15.

Posselt AM, Barker CF, Tomaszewski JE, et al.
Induction of donor-specific unresponsiveness
by intrathymic islet transplantation. Science
1990;249:1293-5.

Odorico JS, Barker CF, Posselt AM, Naji A. Induc-
tion of donor-specific tolerance to rat cardiac al-
lografts by intrathymic inoculation of bone mar-

144

Int ] Org Transplant Med 2014; Vol. 5 (4)

www.ijotm.com



34,

35.

36.

37.

38.

39.

40.

41.

row. Surgery 1992;112:370-7.

Roedder S, Gao X, Sarwal MM. The pits and pearls
in translating operational tolerance biomarkers
into clinical practice. Curr Opin Organ Transplant
2012;17:655-62.

Lozano JJ, Pallier A, Martinez-Llordella M, et al.
Comparison of transcriptional and blood cell-
phenotypic markers between operationally toler-
ant liver and kidney recipients. Am J Transplant
2011;11:1916-26.

Kawai T, Cosimi AB, Spitzer TR, et al. HLA-mis-
matched renal transplantation without main-
tenance immunosuppression. N Engl J Med
2008;358:353-61.

Scandling JD, Busque S, Dejbakhsh-Jones S, et al.
Tolerance and withdrawal of immunosuppressive
drugs in patients given kidney and hematopoietic
cell transplants. Am J Transplant 2012;12:1133-45.

Leventhal J, Abecassis M, Miller J, et al. Chimerism
and tolerance without GVHD or engraftment syn-
drome in HLA-mismatched combined kidney and
hematopoietic stem cell transplantation. Sci Transl
Med 2012;4:124-8.

Spitzer TR, Sykes M, Tolkoff-Rubin N, et al. Long-
term follow-up of recipients of combined hu-
man leukocyte antigen-matched bone marrow
and kidney transplantation for multiple myeloma
with end-stage renal disease. Transplantation
2011;91:672-76.

Castellaneta A, Thomson AW, Nayyar N, et al. Mon-
itoring the operationally tolerant liver allograft re-
cipient. Curr Opin Organ Transplant 2010;15:28-
34,

Mazariegos GV. Immunosuppression withdraw-
al after liver transplantation: what are the next

42.

43.

44,

45.

46.

47.

48.

49.

50.

Clinical transplantation and tolerance

steps? Transplantation 2011;91:697-9.

Talisetti A, Hurwitz M, Sarwal M, et al. Analysis of
clinical variables associated with tolerance in pedi-
atric liver transplant recipients. Pediatr Transplant
2010;14:976-9.

Sanchez-Fueyo A. Identification of tolerant recipi-
ents following liver transplantation. Int Immuno-
pharmacol 2010;10:1501-4.

Feng S, Ekong UD, Lobritto SJ, et al. Complete im-
munosuppression withdrawal and subsequent
allograft function among pediatric recipients
of parental living donor liver transplants. JAMA
2012;307:283-93.

Gao Z, McAlister VC, Williams GM. Repopulation of
liver endothelium by bone-marrow-derived cells.
Lancet 2001;357:932-3.

Devlin J, Doherty D, Thomson L, et al. Defining the
outcome of immunosuppression withdrawal after
liver transplantation. Hepatology 1998;27:926-33.

Mazariegos GV, Sindhi R, Thomson AW, Marcos A.
Clinical tolerance following liver transplantation:
long term results and future prospects. Transpl
Immunol 2007;17:114-19.

Girlanda R, Rela M, Williams R, et al. Long-term
outcome of immunosuppression withdraw-
al after liver transplantation. Transplant Proc
2005;37:1708-9.

Koshiba T, Ito A, Li Y, et al. [Regulatory T cell based
transplant tolerance--freedom from immunosup-
pression]. Nippon Rinsho 2007;65:557-67. [in Jap-
anese]

Mazariegos GV, Reyes J, Marino IR, et al. Weaning
of immunosuppression in liver transplant recipi-
ents. Transplantation 1997;63:243-9.

www.ijotm.com

Int ] Org Transplant Med 2014; Vol. 5 (4)

145



