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Abstract Our aim was to clarify the significance of

phenotype of circulating CD8 T? cells on the outcome of

ABO-incompatible (ABO-I) living donor liver transplan-

tation (LDLT). Twenty-six recipients undergoing ABO-I

LDLT and 92 undergoing ABO-compatible (ABO-C)

LDLT were classified into three groups according to pre-

operative proportion of CD8 T? cells: naive-dominant

(group I), effector memory-dominant (group II), and

effector-dominant (group III) recipients. The clinical

courses were analyzed. The results showed that in ABO-C

groups I and II and in ABO-I group I, effector cells

remained above the pretransplant levels after tacrolimus

administration. However, in ABO-C group III and ABO-I

groups II and III, effector cells were down-regulated for a

prolonged period, along with markedly decreased perforin

expression and frequent life-threatening complications.

ABO-I group II and group III recipients had higher infec-

tion rates. It was concluded that recipients with preexisting

high effector CD8 T? cells are unfavorable candidates for

ABO-I LDLT.

Keywords ABO-incompatible � CD8? T cell phenotype �
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Abbreviations

ABO-I ABO-incompatible

ABO-C ABO-identical and compatible

ACR Acute cellular rejection

CCR7 Chemokine receptor 7

CM Central/memory T cell subsets,

CD45RO?CCR7?

CTLs Cytotoxic T lymphocytes

EM Effector/memory T cell subsets,

CD45RO?CCR7–

E Effector T cell subsets,

CD45RO–CCR7–

HBV Hepatitis B virus

HCV Hepatitis C virus

HLA Human leukocyte antigen

IFN-c Interferon-gamma

IL-12Rb1 Interleukin-12 receptor beta1

LDLT Living donor liver

transplantation

LTC Life threatening complication

MMF Mycophenolate mofetil

N Naive T cell subsets,

CD45RO-CCR7?

PGE1 Prostaglandin E1

TNF-a Tumor necrosis factor alpha
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% E difference Where ‘‘% difference’’ refers to the

difference in CD45 isoform

proportion between preoperative

and postoperative levels at

different time points

% difference

of IFN-c,

IL-12Rb1? cells,

TNF-a and perforin

Where ‘‘% difference’’ refers to the

difference in their components

between preoperative and

postoperative levels at

different time points

Introduction

ABO-incompatible (ABO-I) living donor liver transplanta-

tion (LDLT) has been often performed in Japan, because

living donors are restricted to relatives or spouses. The rates

of patient and graft survival are lower in ABO-I transplants

than in ABO-compatible (ABO-C) transplants because

of antibody-mediated rejection events, such as vascular

thrombosis and ischemic bile duct complications. Recently,

encouraging results have been achieved with new strategies

to reduce posttransplant-specific hemagglutinin titers,

including reinforced immunosuppression, splenectomy, and

the use of rituximab [1, 2]. At our institution, we have

developed local infusion therapy with methylprednisolone

and prostaglandin E1 (PGE1) to ameliorate endothelial

injury by antibody-mediated reactions. Methylprednisolone

and PGE1 have been infused through the hepatic artery, and

acceptable outcomes have been achieved in adult ABO-I

LDLT with rituximab prophylaxis in 2006 [3].

The proportion of memory phenotype in T cells of

recipients before transplantation can vary greatly according

to exposure to environmental antigens and a decreasing

ability to mediate effective immune responses to newly

encountered antigens with increasing age [4]. In particular,

a preexisting memory pool, produced by a host’s history of

infection, is more likely to affect the course of infection and

be a potential barrier for tolerance induction, a phenomenon

termed heterologous immunity [5, 6]. Accordingly, it is very

important to clarify how preexisting memory T cells affect

the defense against repeated infections and pathogens that

have not been encountered previously and repeat infections.

Our previous studies have shown that the probability of

survival and the frequency of infection after LDLT are

closely related to the effector T cell population of circu-

lating CD8? T cells before LDLT [7] and that CD4? cells

play an important role in CD8? T cell differentiation [8].

To improve the outcome of ABO-I LDLT, high-risk

patients should be avoided, if they can be identified.

Therefore, it is of great importance to investigate how the

phenotypic and functional characteristics of circulating

CD8? effector T cells after LDLT may affect clinical

outcomes. On the other hand, hierarchical clustering

algorithms have been used to distinguish recipients so as to

identify clusters of recipients with a similar proportion of

naive, central/memory (CM), effector/memory (EM), and

effector T cells. We studied the impact of phenotypic and

functional analyses of CD8? effector T cells on the clinical

outcomes of ABO-I recipients and ABO-C recipients.

Patients and Methods

Patients and Graft

Our study involved 118 patients who had undergone

standard LDLT from 2002 through 2007 at Kyoto Uni-

versity Hospital. Twenty-six patients underwent ABO-I

LDLT. Their ages ranged from 19 to 67 years. The patients

were followed-up from the time of transplantation until

May 2007 or, if earlier, death. The median follow-up

period was 2.7 years after LDLT (range, 6 months to

4.4 years). Written informed consent was obtained from all

subjects before the start of the study, which was approved

by the ethics committee of Kyoto University Hospital and

was conducted in accordance with the Declaration of

Helsinki of 1975 as revised in 1996.

Immunosuppression

All patients underwent standard LDLT [9]. The initial

immunosuppression regimen after LDLT was tacrolimus with

corticosteroids, using our standard procedure [7]. Methyl-

prednisolone (10 mg/kg) was administered just before the

start of graft reperfusion in all recipients. Afterward, in ABO-

C recipients, 1 mg/kg of intravenous methylprednisolone was

administered for 3 days and 0.5 mg/kg of intravenous meth-

ylprednisolone was administered for a further 3 days. Oral

prednisolone, 0.3 mg/kg, was continued for 3 months.

Tacrolimus was administered from day 1 according to our

standard procedure [7]. If acute graft rejection was confirmed,

recipients received a 3-day course of intravenous corticoste-

roid bolus therapy (10 mg/kg), the tacrolimus dosage was

increased, and mycophenolate mofetil (MMF) was added if

necessary. MMF was also added if patients could not tolerate

calcineurin inhibitors.

Strategy for ABO-I LDLT

Figure 1a shows the scheme of immunosuppression regi-

mens after LDLT for ABO-I recipients. Two types of

local infusion therapy (portal vein infusion [PVI] and

hepatic artery infusion [HAI]) were given for 3 weeks

after LDLT. PVI was introduced in 2000, HAI combined
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with PVI (PVI ? HAI) in 2001, and HAI without PVI in

2003. For HAI, an 18-G catheter designed for a central

venous line was placed in the hepatic arterial branch of

the recipient after hepatic artery anastomosis during the

operation, which was not used for reconstruction. In

addition to the basic immunosuppression, methylprednis-

olone (125 mg/day for the first week and 50 mg/day

for the following 2 weeks) and PGE1 (0.01 lg/kg/min

for 3 weeks) were administered immediately through

the hepatic artery catheter. In PVI, PGE1, methylpred-

nisolone, and mesilates (Ono, Osaka, Japan) were

administered through a catheter into the portal vein [10].

In HAI, PGE1 and corticosteroids were administrated

through a catheter into the hepatic artery [3, 10]. In the

HAI ? PVI protocol, PGE1 and corticosteroids were

administered through a catheter into the hepatic artery and

mesilates were administered through a catheter into the

portal vein.

Intravenous cyclophosphamide was administered for

2 weeks with a dose of 2 mg/kg/day, after which MMF

was administered (500 mg twice/day). MMF was contin-

ued for 1 year after LDLT. Rituximab was administered

once at a dose of 375 mg/m2 as prophylaxis before trans-

plantation [3].

In our current policy for ABO-I, splenectomy is usually

not performed. Our indications for splenectomy are (a)

the future anti-hepatitis C viral treatment of recipients

with thrombocytopenia, (b) thrombocytopenia or severe

splenomegaly affecting quality of life or both, and (c)

portal flow modulation for a small-for-size graft. Plasma

exchange with blood type AB fresh-frozen plasma

(0.5 unit/kg) was performed to achieve an antibody titer 8-

fold or less before transplantation. After transplantation,

plasma exchange was sustained until the antibody titer

increased at least 256-fold.

Figure 1b shows the changes in tacrolimus trough levels

after LDLT in ABO-C and ABO-I recipients. The trough

levels were maintained at appropriate values in both groups

of recipients and did not differ significantly between the

groups.

Definition and Treatment of Rejection

In cases of clinical or laboratory signs of rejection, a liver

biopsy was performed percutaneously. The specimens were

graded according to the Banff criteria [11] as showing

mild, moderate, or severe acute cellular rejection (ACR) or

chronic rejection. Antibody-mediated rejection (AMR) in

ABO-I LDLT was defined clinically and histologically

separately from ACR and chronic rejection [12–14].

Definition of Surgical Complication

Surgical complications, such as vascular complications,

biliary complications, and intestinal complications requiring

radiological or surgical intervention were defined as surgical

complications.

Definition of Infectious Complication

A bacterial, viral, or fungal infection was assumed if clinical

or laboratory signs of acute infection or positive serologic

markers or culture were found, as reported previously [15].

We used the criteria for sepsis defined by Bone [16].
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Fig. 1 The scheme of immunosuppression regimen and the changes in

trough levels of tacrolimus after LDLT in ABO-C and ABO-I

recipients. a For a recipient of ABO-I LDLT, rituximab was admin-

istered once at a dose of 375 mg/m2 as prophylaxis before

transplantation. PEX was performed, aiming for an antibody titer

8-fold less before transplantation. Local infusion therapy was continued

for 3 weeks. Intravenous cyclophosphamide was administered for

2 weeks at a dose of 2 mg/kg/day and then MMF was administered

(500 mg twice/day). MMF was continued for 1 year after transplan-

tation. Basic immunosuppression consisting of tacrolimus and

corticosteroids was the same for ABO-C LDLT. b There was no

significant differences in trough levels of tacrolimus between ABO-C

and ABO-I recipients. LDLT, living donor liver transplantation; HAI,

hepatic artery infusion; PVI, portal vein infusion; PGE1, prostaglandin

E1; PEX, plasmapheresis
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Virology

Serum qualitative HCV-RNA was determined with the

polymerase chain reaction method using a commercially

available assay (Amplicor HCV; Roche Molecular Sys-

tems, Pleasanton, CA).

Tissue Typing

Serologic tissue typing was performed in all recipients for

human leukocyte antigen (HLA)-A, HLA-B (Bw), HLA-C,

HLA-DR, and HLA-DQ for class I and II loci.

Flow Cytometry

Heparinized venous blood samples were obtained 1 h

before surgery, then at 0, 1, 3, 6, 12, 36, and 120 h, and

every week or month following graft reperfusion for up to

15 months. A total of 2,550 samples from 118 recipients

were analyzed.

The monoclonal antibodies used to stain cell-surface

antigens were as previously reported [7]. The expression of

interleukin (IL)-12 receptors was determined with R-phy-

coerythrin-conjugated anti-IL-12Rb1 and IL-12Rb2

antibodies (BD Biosciences, San Diego, CA). We analyzed

the stained cells with a FACS Calibur flow cytometer by

three- and four-color analysis, using CELL Quest software,

version 3.3 (BD Biosciences).

Flow Cytometric Detection of Cytokine Production

and Intracellular Staining for Perforin

Flow cytometric measurement of cytokine production was

performed as described previously [17]. We measured

intracellular perforin in CD8? cells without previous

stimulation.

Statistical Analysis

We performed hierarchical cluster analysis [18] using JMP

5 (SAS Institute Inc., Cary, NC) to identify clusters of

recipients with similar proportions of naive, CM, EM, and

effector T cells, as reported previously [7].

The posttransplant immune status was evaluated

according to the following measure. To quantify changes in

posttransplant alloreactive responses, the proportion of

CD8? T cell subsets (naive, CM, EM, effector) immedi-

ately before LDLT (pretransplant immune status) was

subtracted from the proportion at various times after LDLT

and expressed as % difference. This value reflects current

immune status after LDLT. Similarly, the % difference was

calculated for other variables, such as interferon (IFN)-c,

tumor necrosis factor (TNF)-a, IL-12Rb1? cells, and

perforin. With this assay, posttransplant immune status

could be compared between recipients.

Continuous variables between groups were compared

using Student’s t-test and ANOVA. Proportions between

groups were compared using Fisher’s exact test and the v2

test. All statistical tests were two-sided, with significance

defined as P \ 0.05.

% Difference as the Measure for Evaluation

of Posttransplant Immune Status

There are remarkable differences in the phenotype and

function of T cells before and after LDLT among many

heterogeneous recipients. From the analysis of our vast

data bank, we have noticed that the posttransplant changes

in phenotypic and functional properties of CD8? T cells

can be almost restored to pretransplant patterns. Therefore,

the pretransplant value can be chosen as baseline. In order

to compare posttransplant immune status in many recipi-

ents, it is particularly useful to estimate the magnitude of

the additional immunologic load burden by liver trans-

plantation in comparison with pretransplant immune status.

As a measure, the proportion of the variables immediately

before LDLT was subtracted from the proportion at various

times after LDLT, and is expressed as % difference [19].

Similarly, the % difference was calculated for CD8? T cell

subsets and other variables such as IFN-c, TNF-a, IL-

12Rb1?cells, perforin, and CD8?CD27-CD28- T cells.

Results

CD8? T cell Subsets Before LDLT are Heterogeneous

in Phenotype, Function, and Protective Capacity

Hierarchical Clustering by Preoperative CD8?CD45

Isoform Profiles

Table 1 shows the classification of recipients according to

the hierarchical clustering of circulating CD8? T cell-

subpopulations before LDLT in the recipients undergoing

ABO-I or ABO-C LDLT. Patients in group I were slightly

but not significantly younger than those in groups II and III.

There were significant differences in CD45 isoforms

between the three groups. In ABO-I recipients, the pre-

transplantation mean proportion of naive T cells was 58.3%

in group I (naive-dominant), 10.0% in group II, and 21.4%

in group III. The CD8? T cells in group II included the

greatest numbers of EM T cells (EM dominant), and in

group III they included the greatest number of effector T

cells (effector-dominant). The proportion of CD8? T cell

subsets was not significantly different between ABO-I and

ABO-C recipients. Also, the proportion or absolute number
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of effector T cells after LDLT was similar in ABO-I and

ABO-C recipients (data not shown).

On the other hand, we analyzed these differentiation

steps by extensively phenotyping CD8? T cells with the

differentiation markers CD28, CD27 [20], and CCR7 and

by determining CD45RA versus CD45RO expression. In

addition, IL-12Rb1? cells were measured because IL-12

plays an important role in promoting Th1-type immune

responses and cell-mediated immunity [21]. The proportion

of CD27-CD28- subsets, and IFN-c, TNF-a, IL-12Rb1,

and perforin expression in ABO-I recipients were similar to

those in ABO-C recipients.

Table 2 shows pretransplant characteristics in groups I,

II, and III recipients undergoing ABO-I or ABO-C LDLT.

There was no difference in the primary diseases or the

number of recipients with a model for end-stage liver

disease (MELD) score [22] greater than 20 between ABO-I

and ABO-C recipients. There was no significant difference

in frequency of HLA mismatch loci greater than 3 between

ABO-I and ABO-C. The length of follow-up period for

surviving recipients was similar in each subgroup.

Changes in Effector T Cells After ABO-I and ABO-C

LDLT

Figure 2 shows changes in the proportion (top) and %

difference (bottom) of CD8? effector T cells after ABO-C

and ABO-I LDLT in the three groups. After both types of

LDLT, the proportion and % difference of CD8? effector T

cells (% effector difference) in the three groups promptly

increased within 6 h following graft reperfusion and then

down-regulated similarly to near or below preoperative

levels after tacrolimus administration. The levels of up-

regulation of effector T cells at 6 h decreased progressively

from the highest in group I recipients to the lowest in group

III recipients. After tacrolimus administration, in ABO-I

and ABO-C recipients the proportion of CD8? effector T

cells remained at the lowest levels of approximately 20%

throughout the posttransplant period. On the other hand,

the % effector difference following tacrolimus adminis-

tration was markedly different in group II between ABO-I

and ABO-C LDLT. In both ABO-I and ABO-C recipients,

the % effector difference in group I remained at baseline

until day 12 and then increased to approximately 10%

higher than baseline throughout the posttransplant period in

response to posttransplant infection (data not shown). In

ABO-C recipients, the % effector difference in group II

remained at near or slightly higher than baseline until day

15 and then increased to approximately 5% by day 40. In

ABO-I recipients, in contrast, the % effector difference in

group II was significantly decreased by day 30 and then

returned to baseline level. In group III recipients of either

ABO-I or ABO-C, the % effector difference was similarly

decreased to -15% for a prolonged period during the

posttransplant period.

Figure 3a shows changes in the % perforin difference of

CD81 effector T cells after LDLT in three groups of ABO-

C and ABO-I recipients. The % perforin difference was

similarly increased at 6 h in the three groups of ABO-C

recipients, whereas in ABO-I recipients the increase at 6 h

Table 1 Characteristics in ABO-I or ABO-C recipients: phenotypic and functional characteristics of CD8? T cell subsets before LDLT in three

groups of ABO-I or ABO-C recipients

Characteristic Group I Group II Group III

ABO-I ABO-C P* ABO-I ABO-C P ABO-I ABO-I P

n 7 31 4 33 15 28

Age (y) 46 ± 12 47 ± 11 0.8591 56 ± 8 53 ± 9 0.5536 53 ± 11 53 ± 12 0.9509

% Naı̈ve T cells 58.34 ± 14.38 53.44 ± 10.42 0.3010 9.99 ± 4.26 20.80 ± 11.99 0.0855 21.38 ± 10.97 21.22 ± 10.52 0.9641

% CM T cells 6.08 ± 3.30 7.56 ± 4.19 0.3885 9.82 ± 5.20 11.88 ± 6.04 0.5194 3.48 ± 2.43 5.88 ± 3.43 0.0207

% EM T cells 5.39 ± 3.07 7.01 ± 5.53 0.4610 25.61 ± 15.47 20.24 ± 7.21 0.2273 8.82 ± 4.49 7.13 ± 4.79 0.2660

% Effector T cells 17.51 ± 7.76 18.49 ± 11.98 0.7869 30.14 ± 12.86 24.25 ± 11.66 0.3509 47.19 ± 12.86 48.36 ± 12.77 0.7765

% CD27-CD28-

subsets

13.04 ± 9.59 16.78 ± 8.90 0.4106 14.09 42.84 ± 17.40 48.65 ± 18.88 40.83 ± 18.34 0.3614

% IFN-c 13.10 ± 8.58 9.09 ± 3.76 0.1956 17.45 13.21 ± 8.00 25.44 ± 16.35 20.29 ± 16.36 0.6318

% TNF-a 11.82 ± 9.62 7.98 ± 2.72 0.2711 10.62 13.33 ± 7.73 25.86 ± 13.07 21.08 ± 19.53 0.6981

% IL-12Rb1 41.65 ± 15.25 45.72 ± 11.65 0.6280 74.85 ± 0.83 71.02 ± 13.53 0.7121 71.53 ± 9.61 73.05 ± 13.08 0.8303

% Perforin 19.36 ± 10.43 13.93 ± 7.49 0.2109 14.82 ± 0.21 23.66 ± 11.82 0.3414 35.88 ± 17.24 26.79 ± 8.16 0.1713

LDLT, living donor liver transplantation; ABO-I, ABO-incompatible; ABO-C, ABO-identical and compatible; CM T cells, central/memory T

cell subsets, CD45RO?CCR7?; EM T cells, effector/memory T cell subsets, CD45RO?CCR7–; IFN-c, interferon-gamma; TNF-a, tumor

necrosis factor alpha; IL-12Rb1, interleukin-12 receptor beta1

Values expressed are mean ± SD

* P values based on ANOVA
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was the highest in group I, intermediate in group III, and

the lowest in group II. After tacrolimus administration in

ABO-C recipients, the % perforin difference in groups I

and II remained near baseline until day 19, but had

increased to approximately 10% greater than pretransplant

value by day 33 in group I. In contrast, in group III

recipients, the % perforin difference was transiently

decreased from day 5 and then returned to pretransplant

values by day 12. On the other hand, in ABO-I group I

recipients, the % perforin difference remained at baseline

from day 5 to day 12 after tacrolimus administration and

then increased to greater than 20%, which corresponded to

an increase in % effector difference in response to infec-

tion. In ABO-I group II recipients, the perforin difference

remained near baseline throughout the posttransplant per-

iod. However, in ABO-I group III recipients, the %

perforin difference was greatly decreased to approximately

-20% by day 33. These results indicate that cytotoxic T

lymphocyte (CTL) cytotoxicity in ABO-C group III

recipients decreased transiently and then recovered by day

12, whereas in ABO-I group III recipients, CTL cytotox-

icity decreased considerably throughout the posttransplant

period. Figure 3b shows the results of flow cytometry in

representative ABO-C and ABO-I group III recipients,

specifically, an ABO-C recipient (a 54-year-old man) with

hepatitis B-related liver cirrhosis and hepatocellular

carcinoma undergoing LDLT and an ABO-I recipient

(a 60-year-old man) with hepatitis B-related liver cirrhosis

and hepatocellular carcinoma undergoing LDLT.

Frequencies of Infection, Rejection, Life-Threatening

Complications, and Mortality After ABO-I and ABO-C

LDLT

Figure 4 shows the comparison of posttransplant compli-

cation rates in ABO-I and ABO-C recipients. Most

of bacterial infections were caused by Staphylococcus,

Enterococccus, or Pseudomonas species, fungal infections

by Candida and Aspergillus, and viral infection by cyto-

megalovirus. Overall, the incidence of infection, life-

threatening complications (LTCs), and hospital mortality

were significantly greater in ABO-I recipients than in ABO-

C recipients. Interestingly, the ACR rates were similarly

low in group I after both types of LDLT but were lower

(0%) in ABO-I group II recipients than in ABO-C group II

recipients. Three patients developed pathology-defined

AMR and one patient developed clinical and fatal AMR

after ABO-I transplantation without rituximab prophylaxis.

No patients with rituximab prophylaxis developed AMR. In

ABO-I recipients, the incidence of infection was signifi-

cantly higher in group II (P = 0.0207), and the incidence of

LTCs was significantly higher in group II (P = 0.0049) andT
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group III (P = 0.0192). The hospital death rate was highest

in group III of ABO-I recipients.

Table 3 shows the treatments for the ABO barrier, and the

frequencies of rejection, LTCs, and hospital deaths for each

patient of the three groups of ABO-I recipients. Three

recipients underwent PVI, one underwent PVI ? HAI, and

the other 22 underwent HAI as a local infusion treatment.

Ten recipients were given rituximab as prophylaxis. Sple-

nectomy was performed in three recipients. Four of seven

patients (57%) of group I, four of 4 (100%) in group II, and 13

of 15 (87%) of group III recipients had infectious compli-

cations. Septic shock was the most common LTC in ABO-I

recipients. One recipient with pneumonia and two recipients

with respiratory distress required respiratory support in the

intensive care unit. There was no hospital deaths in group II,

but one-third of group III recipients died in the hospital.

Discussion

Phenotypic and Functional Changes of CD8? Effector

T Cells Before and After LDLT

Pre-LDLT

The preexisting effector T cell proportion was lowest in

ABO-I and ABO-C group I recipients but was significantly

increased in groups II and III. In groups II and III, the

up-regulation of effector T cells correlated positively with

an increase in CD27-CD28-subsets, and in IFN-c, TNF-a,

IL-12Rb1, and perforin expression, indicating that the

circulating CD8? effector cells were already functioning

before LDLT.

After Tacrolimus Administration

The up-regulated effector T cells immediately after graft

reperfusion were down-regulated to pretransplant levels by

tacrolimus administered after 24 h in ABO-C group I and

II recipients and in ABO-I group I recipients. In contrast,

effector T cell levels decreased significantly to lower than

those before transplant in ABO-C group III recipients and

in ABO-I group II and III recipients. CD8? effector T cells

express perforin and granzyme and display extensively

high levels of cytotoxic activity. Accordingly, the down-

regulation of perforin expression associated with the

depletion of effector T cells indicates cytotoxicity-

deficiency, resulting in an acceleration of posttransplant

infection.

After tacrolimus administration in the ABO-I or ABO-

C group I recipients, the capacities of CD8? effector T

cells in response to infections were maintained as fully

functional populations capable of immediate synthesis of

perforin. Upon encountering an antigen, these CD8? T

cells were highly cytolytic, even after immunosuppres-

sion. In contrast, in ABO-C group III and ABO-I groups
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II and III recipients, the cytotoxic ability of CD8?

effector T cells was significantly decreased and, thus,

ensured an uncontrollable infection. In particular, such

excessive down-regulation of cytotoxicity was associated

with a markedly impaired ability of the recipient to

eradicate the infection and an increased vulnerability to

additional invading pathogens in group III. When the

down-regulation of effector T cells continues for a pro-

longed period after LDLT, as shown in ABO-I group III

recipients, with time the effector T cells seem to be dri-

ven to an ‘‘exhausted’’ phenotypic and functional state,

culminating in the deletion of responding cells. Lastly,
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full exhaustion, indicating the complete loss of effector

function, occurred in the terminal stage of recipients with

life-threatening infection. This mechanism could operate

to silence antiviral or bacterial T cell responses. Con-

versely, high bacterial and viral loads were associated

with the ablation of CD8? effector T cell responses and

with impaired cytokine production, as proposed by

Wherry et al. [23]. Thus, a marked down-regulation of

effector T cells and perforin expression plays a greater

role in determining survival probability. Furthermore,

such functions of CD8? effector T cells were determined

by the preexisting CD81 T cell differentiation phenotype

before LDLT. These findings are consistent with the

greater frequencies of donor-specific memory T cells in

the peripheral blood at the time of transplantation being

associated with poor allograft outcome [24].

Table 3 Characteristics and postoperative courses of patients undergoing ABO-I transplantation

Patient Age

(gender)

Diseases Treatments for

ABO barrier

Infection Rejection Life-threatening

complications

Hospital death

(days

posttransplant)

Group I

1 41 F PBC HAI – AMR(C4d?) – –

2 38 F FHF HAI CMV mod ACR – –

3 33 F HBV-LC, PVT HAI – AMR(C4d?) – –

4 65 F HCV-LC HAI, Rit – – – –

5 61 F HCV-LC, HCC HAI, Rit Bacteremia CMV – – –

6 43 F PBC HAI, Rit Peritonitis – Hypovolemic shock at splenic

vein rapture

123

7 42 M HBV-LC HAI, Rit,

splenectomy

Aspiration

pneumonitis

– DIC aspiration pnemonitis ARDS –

Group II

8 67 M HCV-LC, HCC PVI Tuberculosis – Septic shock –

9 52 M Alcoholic, LC PVI & HAI Peritonitis CMV – Septic shock –

10 56 F HCV-LC, HCC HAI, Rit,

splenectomy

CMV – – –

11 49 M Retransplantation HAI,

splenectomy

Bacteremia – DIC pneumonia encephalopathy –

Group III

12 60 M HCV-LC, HCC PVI CMV – – –

13 51M HCV-LC HAI Bacteremia – – –

14 24 F Wilson’s disease HAI Bacteremia CMV Mild ACR Septic shock –

15 60M HBV-LC, HCC PVI Cholangitis CMV – PVT biliary leakage septic shock –

16 56 F HCV-LC, HCC HAI Peritonitis

bacteremia

Mild ACR Septic shock 218

17 58 F HBV-LC HAI Peritonitis – – 185

18 38 F HBV-LC HAI, Rit Pneumonia

peritonitis

– HAT septic shock 63

19 67 F HCV-LC, HCC HAI Pneumonia CMV – ARDS –

20 51 F Policystic liver HAI Sepsis CMV AMR

(C4d?)

Septic shock 67

21 56 F PBC HAI, Rit – – – –

22 47M PSC HAI Peritonitis CMV – – –

23 57 F HCV-LC, HCC HAI Peritonitis CMV AMR (fatal) Hepatic necrosis 49

24 64 F PBC HAI, Rit Peritonitis CMV – – –

25 42M HBVLC HAI, Rit Peritonitis – – –

26 59M HBVLC HAI, Rit CMV tuberculosis – – –

HBV-LC, HBV liver cirrhosis; HCV-LC, HCV liver cirrhosis; HCC, hepatocellular carcinoma; PBC, primary biliary cirrhosis; PSC, primary

sclerosing cholangitis; HAI, hepatic artery infusion; PVI, portal vein infusion; Rit, rituximab prophylaxis; CMV, cytomegalovirus; ACR, acute

cellular rejection; AMR, antibody-mediated rejection; PVT, portal vein thrombus; HAT, hepatic artery thrombus; DIC, disseminated intra-

vascular coagulation; ARDS, adult respiratory distress syndrome

Dig Dis Sci (2009) 54:2253–2263 2261

123



The Relationship Between Infection and Rejection

Related to Tacrolimus Immunosuppression

The frequencies of posttransplant infection, LTCs, and

hospital mortality were significantly higher in ABO-I

recipients than in ABO-C recipients. ABO-I recipients

were more likely to develop life-threatening complications,

mainly sepsis, after surgical complications. Once this

occurs in ABO-I recipients, the outcome of surgical com-

plications would be seriously compromised by a high rate

of severe infection. Over immunosuppression, especially

use of large amounts of corticosteroids, may also be one of

the factors inducing severe infectious complication. Inter-

estingly, in ABO-I group II and III recipients the

frequencies of posttransplant infection were higher than in

ABO-C group II and III recipients. However, the ACR

rates tended to be suppressed in ABO-I group II and III

recipients. These decreased ACR rates are due to tacroli-

mus administration inducing greater inhibition of both

effector cell generation and CTL cytotoxicity in ABO-I

group II and III recipients than in ABO-C recipients. In

ABO-I group II and III recipients, the tacrolimus immu-

nosuppression, although suppressing ACR development,

contributes to a catastrophic effect on the development of

infection. Accordingly, to avoid a prolonged down-regu-

lation of effector T cells, tacrolimus should be adjusted to

tailor the immunosuppression for each recipient.

Impact of Immunosuppression on Immune Status

of ABO-I Group II

Based on our current experience, AMR can often be pre-

vented by hepatic artery infusion therapy and rituximab

prophylaxis. However, higher frequencies of effector T

cells in the peripheral blood at the time of the transplan-

tation, possibly with an extensive history of environmental

exposure, were associated with poor allograft outcome.

The reduction of posttransplant infection is a key to

improve the outcome of ABO-I LDLT. Accordingly, it is

of very high importance to prevent the marked down-reg-

ulation of effector T cells by a promising device to adjust

immunosuppression.

Despite appropriate tacrolimus trough levels, differences

in the down-regulation of effector T cells occurred between

ABO-C and ABO-I recipients. This may provide important

insights that the marked down-regulation of effector T cells

is due to the highest negative sensitivity to tacrolimus

administration. In this regard, there were marked differ-

ences in group II between ABO-C and ABO-I recipients.

The effector T cells were not down-regulated after tacrol-

imus administration in ABO-C group II but were decreased

significantly in ABO-I group II, indicating higher negative

sensitivity to tacrolimus in this group. In ABO-I group II,

the posttransplant course was more often compromised

by LTCs, although there were no hospital mortalities.

Immunosuppressive agents differ in their ability to con-

trol the generation and function of CD8? memory T

cells; for this purpose, calcineurin inhibitors are the most

efficacious. However, the mechanism of the high nega-

tive sensitivity to tacrolimus in the recipients with

preexisting effector T cells is unclear. On the other hand,

the marked down-regulation of effector T cells was

associated with a decrease in IFN-c expression (data not

shown). Experimental studies have found that in mice

with high IFN-c production, calcineurin-inhibitor therapy

effectively induces long-term graft survival after cardiac

allografting, whereas in IFN-c-deficient mice the same

therapy only marginally prolongs graft survival and

induces a resistance to calcineurin inhibitors [25, 26].

Accordingly, it seems likely that CTL cytotoxicity can-

not effectively respond to tacrolimus therapy during

down-regulation of IFN-c production in effector-enriched

recipients. This indicates the importance of tailoring

immunosuppressants for transplant recipients, particularly

those with very high levels of preexisting immunological

memory. However, there is no reliable approach to

prevent the impairment of CTL cytotoxicity in trans-

plantation. A promising strategy may be to meticulously

adjust the minimum immunosuppression for each reci-

pient. Because % effector difference was decreased by

day 2, when reaching appropriate trough levels of

tacrolimus, more accurate assessment of the recipient’s

immune status may help to tailor immunosuppression for

high-risk recipients and may prevent graft failure in

selected patients.

Conclusions

In group I of both ABO-C and ABO-I recipients, the CD8?

T cells were characterized by preexisting lowest effector T

cells and highest naive T cells. Our previous study showed

that the CTL cytotoxity was promptly up-regulated in

response to infection in group I, compared with those in

groups II and III, indicating the ability to rapidly clear

pathogens after LDLT, and that these activities may be

dependent on the preexisting highest naive T cells [8].

Furthermore, group I of ABO-I or ABO-C recipients could

successfully undergo LDLT without severe posttransplant

complications. Accordingly, group III recipients may be

unfavorable candidates for ABO-I LDLT under current

immunosuppression regimens.
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