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o Innate and Adaptive Immune System

o Immune Response

o Tolerance

Transplant Immunology



o Innate immune activation at transplant (APC) 
stimulates adaptive immunity (T/B cells) which 
promotes alloreactivity over tolerance

o Histocompatibility genes give rise to MHC
• MHC genes encode alloantigens known as HLAs (cell surface) {Class I and II}
• MHC’s role is to present fragments of foreign antigens as 

complexes {Class II}
• MHC are membrane associated and present to antigen-

specific T Cells 
o Deletion of alloreactive lymphocyte clones is a 

critical step in the development of long term liver 
transplant tolerance

Main Concepts

Good Review: Rosen HR. Gastroenterology May 2008, 134 (6): 1789-1801

Immune Cells
o Innate (first line of 

defense, no memory, 
same response each 
time, non-specific)
• Polys (PMNs, eos, baso)
• Monocyte/Macrophage
• NK (NKT)
• DC

o Adaptive (effector, helper, memory; 
increased response every time, 
specific)
• Lymphocytes

• Cellular Immunity
• CD4+ T helper (class II MHC)
• CD8+ T cytotoxic (class I MHC)

• Humoral Immunity
• B cells
• Plasma Cells



Inflammatory triggers of acute rejection of organ allografts

Immunological Reviews
Volume 258, Issue 1, pages 132-144, 11 FEB 2014 DOI: 10.1111/imr.12146
http://onlinelibrary.wiley.com/doi/10.1111/imr.12146/full#imr12146-fig-0001

Types of Immune Response

• Hyperacute (preformed ABO Abs)

• Acute (T cell-mediated (TCMR); HLA Abs 
may add insult to injury)

• Chronic: fibrosis + vasculopathy – mix of 
TCMR/AMR

http://onlinelibrary.wiley.com/doi/10.1111/imr.2014.258.issue-1/issuetoc
http://onlinelibrary.wiley.com/doi/10.1111/imr.12146/full


Hyperacute
Rejection

Preformed antibodies exist if 
graft is not ABO-matched; 
alloantibodies can be 
generated during previous 
blood transfusions, previous 
transplantation, or pregnancy

Desensitization protocols work 
if needed (PP, IVIG, rituximab 
+/- splenectomy
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Side by Side Comparison
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Demetris et al. Liver Immune Microanatomy AJT 2016
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Kim, Peter; Demetris, Anthony; OLeary, Jacqueline. Current Opinion in Organ Transplantation. 21(2):209-218, April 2016.

Liver allograft antibody-mediated rejection and the role of the 'two-hit hypothesis'

o Immunological Tolerance: Absence of immune 
reactivity toward specific antigens but preservation 
of immunity against foreign antigens, in the 
absence of ongoing IS

o Operational tolerance: clinical circumstance in 
which graft function is stable without rejection in the 
absence of IS 

o Prope (almost) tolerance: Minimal IS with stable 
graft function (“as little as possible without 
rejection”)

Tolerance
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Levitsky J.  Liver Transplantation 2011
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o Naturally produced in the thymus and induced in 
the periphery to control effector responses to auto-
and allo-antigens

o Require TCR interaction and IL-2 for proliferation

o Characteristically express:
• High levels of CD25 (IL2 receptor)
• Low CD127 (IL7 receptor)
• FOXP3
• TSDR (demethylated)

Regulatory T cells (Tregs)



CLINICAL
ü Lower relevance of acute rejection
ü Rare chronic rejection
ü Lower immunosuppression required
ü Regulatory effect of combined liver-other 

organ
ü Less significance of HLA match

IMMUNOLOGIC
ü Large  cellular compartment

• Hematopoietic regulators 
(γδ T, NK/NKT cells, pDC
)

• Dilutional mass effect
ü Regulatory proteins/cytokines
ü Alloantibody dissolution
ü Mixed hematopoietic 

microchimerism 

Why Consider IS Withdrawal in 
Liver vs. Other Organ Recipients?

Levitsky J.  Liver Transplantation 2011



Published Immunosuppression Withdrawal Studies

Levitsky, Feng. Human Immunol 2018
Newton, Levitsky. Current Immunol Reports 2016

impacted by donor specific antibodies (DSA) [13–18]. The proposed
mechanisms of LT tolerance are multifaceted and include but not lim-
ited to the following: 1) antigen presentation by non-professional an-
tigen-presenting cells lacking co-stimulatory molecules; 2) production
of regulatory molecules; 3) dissolution of alloantibodies; 4) attenuating
mass effect of its large cellular compartment and vascular beds; 5) low
constitutive expression of class II HLA antigens; 6) increased presence
of hematopoietic cells that have immunoregulatory properties (i.e.
Tregs, immature dendritic cells); 7) deletion of effector clones; 8) mi-
crochimerism [19–21].

3. Clinical reports of operational tolerance in liver
transplantation

Clinical studies over several decades have already demonstrated the
feasibility of IS withdrawal in select adult and pediatric LT recipients
[22–38]. Table 1 displays these studies, divided by whether they were
single vs. multicenter reports. Overall, IS withdrawal has been suc-
cessful for about 20–30% of patients (range 6–63%). This large varia-
tion in success rates is invariably due several factors accounting for
differences in patient populations, clinical approaches and assessments:
age of the population (pediatric vs. young adult vs. older adult), un-
derlying disease (e.g. hepatitis C virus infected vs. uninfected), and
particularly the performance of pre- and post-withdrawal biopsies to
assess initial candidacy and histological tolerance, respectively. With-
drawal success appears to be similar to slightly higher in a pediatric LT
population, speculatively related to the introduction of allo-antigen to
an immature immune system. Another issue is that the vast majority of
studies enrolled deceased donor LT (DDLT) recipients, and while living
donor LT (LDLT) recipients may theoretically have a higher rate of
tolerance, this has not been tested in head-to-head trials as of yet
[6,15,18,33]. In addition, it is not known if tolerance depends on the
maintenance IS regimen being withdrawn as most patients enrolled
were on a CNI-based regimen, although there is budding interest in
more tolerogenic agents (e.g. mTOR-I) to facilitate weaning [39]. What
is fairly consistent is that the percentage of success increases with the
more time after transplantation.

Fortunately, the development of ACR within the highly monitored

clinical trial setting does not appear to negatively affect liver allografts,
as most episodes have been diagnosed early when ACR is histologically
mild and responsive to escalation of baseline IS with or without corti-
costeroids. However, non-tolerant patients have not been rigorously
studied over the long-term to ensure that rapidly diagnosed and treated
ACR is completely benign. That said, the weight of the available lit-
erature suggests that attempted IS withdrawal in appropriately selected
and compliant patients in monitored research studies is reasonably safe.
However, the clinical impact of IS withdrawal on reducing complica-
tions of IS therapy remains unknown. Some trials have shown that IS
withdrawal in patients with chronic hepatitis C may curtail fibrosis
progression, although this is essentially now obsolete given the avail-
ability of curative antiviral therapies [27]. A recent unpublished large
IS withdrawal study performed 1–2 years after LT demonstrated a trend
toward reduced IS complications over the follow-up of the trial [40].
Yet as more patients fail than succeed with IS withdrawal, improved
strategies are needed to promote operational tolerance earlier after LT
to increase the beneficial clinical impact.

4. Strategies to achieve operational tolerance

In considering patients for withdrawal, the question remains whe-
ther attempts to wean should only be limited to patients having a high
(e.g.> 50%) likelihood of success (Fig. 1). Simple weaning success
without immune manipulation increases with selection of recipients
who are older in age, further out from the LT procedure, and with
‘normal’ pre-weaning liver biopsies. This focused approach is currently
being evaluated in two studies in U.S. and Europe, the latter rando-
mizing recipients to the use of the biopsy gene expression signature to
determine withdrawal candidacy [41,42]. However, the data sup-
porting the clinical benefit from IS withdrawal have been limited to
date and this may be due withdrawal occurring too late after transplant.
Earlier withdrawal may lead to a greater clinical benefit, although the
risk of ACR is likely too high without immune manipulation strategies
described below.

Table 1
Published immunosuppression withdrawal studies (≥10 subjects enrolled).

Center (# subjects) Adult or
Pediatric

DD or LD
LT

HCV+
included?

Age at LT or study
(years)

Time from LT to
Weaning (years)

Biopsy: Pre-/Post-
Withdrawal

Tolerant* N (%)

Pre Post

Single Center
Pittsburgh (n= 95) [22] Both DD Y – 8.4 ± 4.7 Y N 18 (19%)
London (n=18) [23] Adult DD Y 40.2 ± 12.7 7 (5−1 1) 2 (11%)
Kyoto (n=115) [24] Pediatric LD – – >2 per protocol N N 49 (42%)
Murcia (n= 20) [26,71] Adult DD N 47.7 ± 9.5 3.4 ± 2.2 Y N 8 (40%)
Rome (n= 34) [27,28] Adult DD Y (only) 62 ± 5.9 5.3 ± 1.7 Y Y 7 (20%)
New Orleans (n= 18)

[29]
Adult DD Y – >0.5 per protocol N N 1 (6%)

Winnipeg^ (n=26) [30] Adult DD – 53.7 ± 14.1 4.6 ± 1.8 Y Y 11 (42%)
Miami∞ (n= 104) [32] Adult DD Y 48.7 ± 3.2 4.1 ± 0.3 N N 23 (22%)
Sapporo# (n= 10) [37] Adult LD N 55.2 ± 6.1 > 0.5 per protocol Y Y 7 (70%)
Pamplona (n= 24) [35] Adult DD N 65 (60–70) 9.3 (6–13.3) Y N 15 (63%)
Taipei (n= 16) [36] Pediatric Both Y 4.0 ± 4.8 7.8 ± 5.4 Y Y 5 (31%)
Palo Alto∼ (n= 38) [72] Pediatric Both N 1.8 ± 2.8 2.9 ± 3.5 N N 17 (45%)

Multi-Center
U.S. (n= 20) [33,38] Pediatric LD N 8.5 (IQR 6.4–10.7) 7.9 (IQR 5.9–12) Y Y 12 (60%)
Spain (n= 102) [34,70] Adult DD Y 47 ± 10 8.7 ± 3.9 Y Y 41 (40%)

* Most recent publication data on % tolerant if multiple reports. Patients actively weaning at the time of publication or who died during follow-up were not included as tolerant.
^ Randomized recipients to ursodeoxycholic acid vs. placebo prior to IS withdrawal.
# Splenectomy at LT, cyclophosphamide and regulatory T cell therapy administered early after LT prior to IS withdrawal.
∞ 45 received donor bone marrow infusion.
∼ IS withdrawal performed due to EBV ± PTLD.
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o In very select groups, can achieve tolerance in 
>50% with simple weaning

o Factors associated with IS withdrawal success 
• Late withdrawal in older recipients
• Less inflammation and lower C4d on pre-withdrawal bx

o What can we learn?
• Biopsies are important pre- and post-weaning
• Do this late, but not too late when the impact of IS has 

already occurred

Tolerance in LT



4.1. Recipient selection

The most ideal candidates for IS withdrawal and tolerance studies
may be those at lowest risk of ACR, which can be estimated by certain
patient characteristics. Typically, patients with recent rejection epi-
sodes are excluded from IS withdrawal consideration. The etiology of
liver disease prior to LT may influence the likelihood of operational
tolerance. Patients with autoimmune (autoimmune hepatitis, primary
sclerosing cholangitis, and primary biliary cirrhosis) compared to non-
autoimmune liver diseases have been associated with increased ACR
risk [4,43] and therefore excluded from nearly all IS withdrawal trials.
In a more recent withdrawal study, Benítez et al. demonstrated an in-
dependent association between tolerance and male gender, older age,
and time since transplantation [34]. Time after LT was the dominant
factor in that those who were> 10.6 and 5.7–10.6 years post-trans-
plant had 79% and 38% likelihood of successful IS withdrawal, re-
spectively. In patients 3–5.7 years post-transplant, age at transplant
discriminated between those with low (0% among those<50 years)
versus moderate (30% among those who were> 50 years) likelihood of
successful withdrawal. Time after LT has also emerged as a predictor of
tolerance for pediatric recipients [33].

Pre-withdrawal liver biopsy is now emerging as a critical assessment
to identify suitable candidates for IS withdrawal because liver chem-
istry tests have poor sensitivity for graft inflammation and fibrosis [44].
The Banff Working Group on Liver Allograft Pathology has published a
detailed report on biopsy monitoring and histological criteria for drug
withdrawal consideration [45]. These guidelines stress the importance
of pre-weaning biopsy to exclude histological evidence of subclinical
acute or chronic rejection or other findings (significant inflammation
and/or fibrosis). Several studies have shown an association between
weaning success and lower portal inflammation (lymphoplasmacytic)
and C4d staining scores on pre-weaning biopsies [33,46]. The avail-
ability of a pre-weaning biopsy also enables comparison to future
biopsies if drug withdrawal proceeds. Detailed comparison of key
parameters over time off of IS are now routine in clinical trials of IS
withdrawal for not only adjudication of tolerance (Table 1) but also to
evaluate the safety and impact of IS withdrawal. Depending on the trial
and patient population, some studies have shown progressive fibrosis
over years while others have shown stability and lack of significant
changes [27,28,33,34,38,47,48].

4.2. Donor selection

Although less well defined, characteristics of the donor allograft

may also help predict outcomes of IS withdrawal. As there have been no
trials directly comparing withdrawal success in DDLT and LDLT, the
ability to achieve a tolerance state based on donor type can be some-
what inferred from the ACR risk. One prior study found no difference in
rates of ACR between DDLT and LDLT [2], while others have found
lower early post-transplant ACR rates in LDLT [49–52]. In particular,
ACR was significantly less common in biologically related LDLT [4,50],
suggesting that genetic similarities may be associated with a lower risk
of ACR. In support of this, higher graft failure and ACR rates have been
associated with DSA mainly in DDLT recipients [53]. However, whether
the ‘protective’ effect of LDLT applies to late rejection during IS with-
drawal is not known. Data from current studies are needed to assess
rates of operational tolerance in DDLT vs. LDLT and mechanistically
analyze differences in immune responses based on donor type [41].

4.3. Induction therapy

Administration of lymphodepletional therapies such as anti-thy-
mocyte globulin (ATG) and anti-CD52 monoclonal antibodies (alem-
tuzumab) to eliminate effector T cells have been tested as independent
tolerance-inducing strategies without success [54,55]. In fact, ACR
episodes that occurred during early (< 1 year post-LT) IS minimization
or withdrawal in recipients who received ATG may stem from pre-
ferential recovery of CD8+ T cells with a memory phenotype[54,56].
This imbalance correlated with increased CD8+ lymphocytes and IL-
17+ cells in biopsies and increased IFN-γ and IL-17 levels in mixed
lymphocyte reactions. Thus, although elimination of effector T cells
may indeed be beneficial as a component of a tolerance induction
strategy, other modalities such as regulatory T cell or hematopoietic
stem cell therapy, are likely needed achieve safe and successful IS
withdrawal early after LT. Such strategies must also consider the po-
tential toxicity and infectious risk of lymphodepletion [57].

4.4. Maintenance immunosuppression

Calcineurin inhibitors in general and TAC in particular have been
the mainstay IS drugs after LT for several decades. Although CNIs are
highly efficacious in preventing ACR, they may ironically hinder the
development of tolerance by reducing the number and function of
regulatory T cells (Tregs). Alternative IS drugs, such as mTOR-I, inhibit
T effector cells but spare Tregs and may favor successful IS withdrawal
[58]. Prior studies have shown that peripheral blood Tregs were re-
duced in LT recipients on TAC compared to sirolimus monotherapy and
increased, along with regulatory dendritic cells, with conversion from

Fig. 1. Recommended algorithm for achieving operational
tolerance after liver transplantation.
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Algorithm for achieving tolerance after LT

Levitsky, Feng. Human Immunol 2018
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