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a . Criteria Adopted in Paul Brousse Hospital for Liver Transplantation in Fulminant Hepatic Failure.

Factor V<30% if age>30yr
or
FactorV<20% if age<30yr
and
Confusion or coma
(encephalopathy stage 3 or 4)

b ¢ Criteria Adopted in King's College Hospital for Liver Transplantation in Fulminant Hepatic Failure.

Acetaminophen
pH<7.30 (irrespective of grade of encephalopathy)
or
Prothrombin time>>100s (INR>7) and serum
creatinine> 300.mol/] in patients with grade Il or IV encephalopathy.
Nonacetaminophen patients
Prothrombin time>100s (INR>7) (irrespective of grade of encephalopathy)
or
Any 3 of the following variables (irrespective of grade of encephalopathy) :
Age<10 or>40yr
Etiology—non A, non B hepatitis, halothane hepatitis, idiosyncratic drug reactions
Duration of jaundice before onset of encephalopathy > 7days
Prothrombin time (INR>3.5) >50s
Serum bilirubin>300xmol/1
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Low Incidence of Acute Rejection after Living-Donor
Liver Transplantation: Immunologic Analyses by
Mixed Lymphocyte Reaction using a
Carboxyfluorescein Diacetate Succinimidyl Ester
Labeling Technique

Yuka Tanaka, Hideki Ohdan, Takashi Onoe, Hiroshi Mitsuta, Hirotaka Tashiro, Toshiyuki Itamoto, and
Toshimasa Asahara

Background. To monitor antidonor alloreactivity for accurate diagnosis of acute rejection after living-donor liver
transplantation (LDLT), we used a mixed lymphocyte reaction (MLR) assay using an intracellular fluorescent dye
carboxyfluorescein diacetate succimidyl ester (CFSE)-labeling technique (CESE-MLR) in 29 consecutive patients who
underwent adult-to-adult LDLT.

Methods. For patients who developed moderate or severe disorders in liver function, CFSE-MLR was performed
together with needle biopsy of the liver allografts immediately after liver dysfunction had occurred. CFSE-labeled
peripheral blood mononuclear cells (PBMC) from recipients and irradiated autologous, donor, or third-party PBMC
were cultured, and then proliferation and CD25 expression in each of the CD4™ and CD8™ T cell subsets were analyzed
by flow cytometry.

Results. Twelve (41.4%) of the 29 patients developed moderate or severe disorders in liver function within 6 months
after LDLT. Eight of the 12 patients (overall incidence of 27.6%) suffering from liver function disorder were diagnosed
on the basis of liver biopsy results as having mild or moderate acute rejection. However, only 4 of the 12 patients (overall
incidence of 13.8%) showed remarkable proliferation of CD8™ T cells in association with CD25 expression on antido-
nor CFSE-MLR. The other eight patients were eventually diagnosed as having recurrence of original hepatitis, drug-
induced hepatotoxicity, or congestion of the anterior segment of the liver allograft by further extensive examinations or
in retrospect.

Conclusions. The results of CFSE-MLR assays, which could be used for rigorously monitoring rejection, provided
evidence of low incidence of acute rejection after LDLT.

Keywords: Living-donor liver transplantation, Flow cytometry, Mixed lymphocyte reaction, Acute rejection, Immune
monitoring.
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he incidence of acute cellular rejection (ACR) after liver ~ therapy. To practice a necessary and sufficient immunosup-

transplantation has been reported to be approximately
30% to 60% (1-3). Such a wide range might be caused by the
difficulty in differential diagnosis from rejection, recurrence
of original disease (such as viral hepatitis), and drug-induced
hepatotoxicity even by pathologic examinations (4). More
accurate diagnosis of ACR would reduce risks of morbidity
and mortality caused by inappropriate immunosuppressive
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pressive therapy in clinical transplantation, the development
of a reliable assay for monitoring immune response is needed.
The mixed lymphocyte reaction (MLR) is a widely used
method for evaluating immune response to alloantigens in
both experimental and clinical transplantation. The MLR as-
say was initially used to determine the proliferation of host
(responder) T cells in response to antigens expressed on leu-
kocytes obtained from the donor (5, 6). Later, it was shown
that host cytotoxic T cells against antigens of the donor could
be generated in MLR (7). In addition to constituting the ma-
jority of the proliferating cells in allogeneic MLR, the CD4™"
T-helper cells secreted cytokines that enabled the killer T cells
to undergo functional maturation to possess killer activity
(ie., collaboration between CD4* T helper cells and CD8™
cytotoxic T cells). However, traditional MLR using tritiated
thymidine incorporation for quantifying cell division does
not enable phenotypic or functional analysis of proliferating
cells in such heterogeneous MLR. Flow cytometric (FCM)
analysis of lymphocyte division by serial halving of the fluo-
rescence intensity of the intracellular fluorescent dye car-
boxyfluorescein diacetate succinimidyl ester (CESE) has re-
cently been used instead of the tritiated thymidine method in
the MLR (8-10). CESE stably stains intracellular proteins
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without toxicity, and the fluorescence of each stained cell seg-
regates equally to daughter cells upon cell division, resulting
in sequential halving of cellular fluorescence intensity with
each successive generation (11). When analyzed by ECM, this
sequential halving of fluorescence is visualized as distinct
peaks or populations of cells and can be used to track cell
division in populations of proliferating cells. This, then, al-
lows phenotypic analysis of proliferating cells in addition to
determining the number of cells produced in each generation
by multicolor FCM analysis. To monitor antidonor alloreac-
tivity for more accurate diagnosis, we have used an MLR assay
using intracellular a CFSE-labeling technique (hereafter re-
ferred to as CFSE-MLR assay) in patients who underwent
adult-to-adult living-donor liver transplantation (LDLT).

PATIENTS AND METHODS

Patient Population

Twenty-nine consecutive patients who underwent adult-
to-adult LDLT at Hiroshima University Hospital were enrolled
in this study, The 29 patients included 17 males and 12 females,
ranging in age from 28 to 68 (mean=*SD 52.3:+7.2) years. Orig-
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inal diseases of the patients are shown in Table 1. The graft do-
nors wete 18 children, 4 siblings, 4 spouses, 2 parents, and 1
other relative, with ages ranging from 18 to 61 (mean 36.3+6.0)
years.

Immunosuppressive Protocol

The basic immunosuppressive regimen after LDLT
consisted of tacrolimus/cyclosporine and methylpred-
nisolone, with doses gradually being tapered off. In patients
with hepatitis B or C virus (HCV), the dose of methylpred-
nisolone was rapidly tapered off, and administration was
stopped within 1 month after LDLT, which would be benefi-
cial for preventing enhanced viral replication. Instead, basil-
iximab was usually administered (20 mg on days 0 and 4 after
LDLT) to those patients. When patients developed signifi-
cant disorders in liver function as determined by laboratory
tests after LDLT, CFSE-MLR was performed together with
needle biopsy of the liver allografts immediately after liver
dysfunction had occurred. Unless graft liver dysfunction was
progressive, immunosuppressive treatment usually was not
intensified. However, some patients in whom liver function

TABLE 1. Patient characteristics and compatibility
Patient AgeatLTx HLA mismatches, Liver allograft
no. (years) Sex Original diagnosis Viral hepatitis Donor A-B-C-DR dysfunction
1 63 M Liver cirrhosis with HCC HCV Offspring 0-1-0-1 -
2 50 M Liver cirrhosis with HCC HCV Spouse 1-1-1-1 -
3 66 F Liver cirrhosis with HCC HCV Offspring 1-1-0-2 -
4 62 M Liver cirrhosis with HCC HBV Offspring 1-1-0-1 -
5 40 M Fluminant hepatitis — Sibling 0-1-0-0 -~
6 48 F Autoimmune hepatitis — Sibling 2-2-1-1 +
7 52 M Liver cirrhosis HCV Offspring 0-1-0-1 -
8 57 M Liver cirrhosis with HCC HBV Offspring 1-1-0-1 +
9 58 M Liver cirrhosis (Alcoholic) — Offspring 1-1-1-0 +
10 46 F Liver cirrhosis {(Alcoholic) —_ Spouse 2-1-0-2 -
11 66 F Liver cirrhosis with HCC HCV * Offspring 1-0-0-1 -
12 56 M Fluminant hepatitis HBV Offspring 1-1-0-1 -
13 59 F  Liver cirrhosis HCV Offspring 1-1-0-1 +
14 56 F  Liver cirthosis with HCC' HCV Offspring 1-1-1-1 -
15 49 M Liver cirrhosis with HCC HCV Offspring 0-1-1-1 +
16 60 M Liver cirrhosis with HCC HCV Offspring 1-1-0-ND -
17 54 M Liver cirrhosis with HCC HBV Offspring 1-1-1-ND -
18 55 F Liver cirrhosis with HCC HCV Sibling 0-0-0-0 -
19 49 M Liver cirrhosis with HCC HBV Offspring 0-1-0-2 -
20 28 M Liver cirrhosis HCV Parent 1-0-0-ND -
21 47 M Liver cirrhosis with HCC HCV Offspring 1-1-1-1 +
22 51 F Secondary biliary chirosis — Other relative 0-0-0-0 ) +
23 43 M Liver cirrhosis with HCC HBV Spouse 1-1-1-2 +
24 28 M Insulinoma (Liver metastasis) e Parent 0-0-0-1 +
25 57 F Liver cirrhosis HCV Spouse 2-1-1-1 +
26 58 M Liver cirrhosis HBV Offspring 1-1-1-1
27 44 F Autoimmune hepatitis — Sibling 0-0-0-1 +
28 46 F Liver cirrhosis with HCC HBV Offspring 1-1-0-1 -
29 68 F Liver cirrhosis with HCC HCV Offspring 1-1-0-1 +

LTx, liver transplantation; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HBV, hepatitis B virus; ND, not done; HLA, human leukocyte antigen.
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progressively worsened, received low-dose steroid-pulse ther-
apy (125-250 mg/day of methylprednisolone for 2-3 days). Pa-
tients who were eventually diagnosed as having acute rejection
by liver-allograft biopsy and CFSE-MLR assay received addi-
tional steroid-pulse or OKT 3 therapy if necessary. However,
when antidonor MLR revealed a hypo-response, the patient did
not receive further antirejection therapy.

CFSE Labeling

Peripheral blood mononuclear cells (PBMC, 1X107
cells/mL) were resuspended in phosphate-buffered saline
(PBS). 5-(and 6)-CFSE (Molecular Probes, Inc., Eugene, OR)
was added to make a final concentration of 5 uM, and the
cells were gently mixed and incubated for 15 minutes at 37 °C

"in a CO, incubator protected from light. Labeling of cells was

Co

stopped by adding cold PBS with 2% fetal bovine serum
(Sanko, Tokyo, Japan), and the cells were then washed and
resuspended in MLR medium, that is, RPMI culture medium
containing 15% controlled process serum replacement-type 3
(Sigma, St. Louis, MO), 50 uM 2-mercaptoethanol (Katay-
ama, Osaka, Japan), 1% HEPES buffer (Gibco, NY, NY), and
100 IU/mL penicillin-100 pg/mL streptomycin (Gibco, NY
NY).

MILR Assay

The PBMC prepared from recipients (autologous con-
trol), donors, and healthy volunteers (third-party control) as
stimulator cells were irradiated with 30 Gy, and those as re-
sponder cells from recipients were labeled with CFSE, as de-
scribed above. Both the stimulator and responder cells in the
MLR medium were adjusted to 2X10° cells/mL of medium
and cocultured in a total volume of 2 mL of medium in 24-
well flat-bottom plates (BD Labware, Franklin Lakes, NJ) at
37°Cin a 5% CO, incubator in the dark for 5 days. After MLR
culture, nonadherent cells were harvested and stained with
either phycoerythrin-conjugated CD4 or CD8 monoclonal
antibodies (mAbs; BD Farmingen, San Diego, CA) together
with allophycocyanin-conjugated CD25 mAb (BD Farmin-
gen). Four-color FCM was performed on a FACSCalibur du-
al-laser cytometer (Becton Dickinson, Mountain View, CA)
using standard Cell Quest acquisition/analysis, and fluores-
cence compensation was achieved using an appropriate single
fluorochrome-labeled sample. Dead cells were excluded from
the analysis by light-scatter or propidium iodide.

Quantifying Proliferation of CD4* and CD8"
T Cells

Precursor frequency (PF), proliferation index (PI), and
stimulation index (SI) were quantitatively estimated using a
method described previously (10, 12). The CFSE fluorescence
intensity of the peak of cell division, which was divided once,
shows a half value of CFSE-fluorescence intensity of the peak
of nonreactive cell division. Divisions of reactive cells, which
were identified and determined by their CFSE intensities,
were labeled from 0 to # as dividing time. A single cell divid-
ing n times will generate 2" daughter cells. With use of this
mathematical relationship, the number of division precur-
sors was extrapolated from the number of daughter cells of
each division and from proliferation events and PF in CD4"
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and CD8™ T-cell subsets. With use of these values, prolifera-
tion events and PI were calculated. SI was calculated by divid-
ing PI of allogeneic combinations by those of self-control.

RESULTS

Clinical Characteristics

The target blood levels of calcineurin inhibitors were
achieved in all 29 recipients in this series (i.e., trough whole-
blood levels of tacrolimus were maintained between 8 and 15
ng/mL in the first few postoperative weeks and thereafter be-
tween 5 and 10 ng/mL, and those of cyclosporine were main-
tained between 100 and 200 ng/mL in the first few postoper-
ative weeks and thereafter between 100 and 150 ng/mL).
Twelve (41.4%) of the 29 patients developed significant dis-
orders in liver function (levels of serum bilirubin, aspartate
aminotransferase, alanine aminotransferase, and alkaline
phosphatase were routinely measured as indexes of liver
function) within 6 months after LDLT (Table 2). In 6 of those
12 patients, immunosuppressive treatment was not intensi-
fied because liver dysfunction was not progressive. However,
the other six patients (including 4 patients who were eventu-
ally diagnosed by CFSE-MLR as having ACR) in whom liver
function progressively worsened received low-dose steroid-
pulse therapy (125-250 mg/day of methylprednisolone for
2-3 days) after CFSE-MLR, and needle biopsy had been per-
formed but before their results had been obtained. Eight of
the 12 patients suffering from liver function disorder were
diagnosed as having mild or moderate ACR by liver-allograft
biopsy (overall incidence of 27.6%). The other four patients
in whom ACR was ruled out by results of liver biopsy were
retrospectively diagnosed as having either drug-induced hep-
atotoxicity (in 2 patients) or congestion of the anterior seg-
ment of the liver allograft (in 2 patients). In contrast, only 4 of
the 12 patients suffering from hver function disorder showed
remarkable prohferatlon of CD8™ T cells in association with
CD25 expression on anti-donor CFSE-MLR (overall inci-
dence of 13.8%). In those four patients, antirejection therapy
consisting of steroid pulse (250 mg/day for 3-5 days) with
OKT 3 therapy (in 2 patients) or without OKT?3 therapy (in 2
patients) resulted in remarkable improvement. Four patients
who were diagnosed as having ACR but did not show signif-
icant antidonor responses of CD8 T cells in the CFSE-MLR
were eventually diagnosed as having recurrence of original
hepatitis (i.e.,, HCV in 2 patients and autoimmune hepatitis
[AIH] in 1 patient) or drug-induced hepatotoxicity (in 1 pa-
tient) by results of further extensive examinations (i.e., detec-
tion of elevation of HCV RNA levels or autoantibodies/glob-
ulins in peripheral blood). In the patients diagnosed as having
HCV recurrence, immunosuppressive treatment was not inten-
sified. In contrast, in the patients diagnosed as having ATH re-
currence, mycophenolate mofetil was administered (750~1,500
mg/day) together with tacrolimus and methylprednisolone.

Histology

Discrepancy between liver-biopsy and MLR results is
likely to be caused by the difficulty of differential diagnosis
between ACR and recurrence of original hepatitis (HCV and
AIH) (4). In general, histologic characteristics of ACR are
portal inflammatory infiltrates and nonsuppurative cholan-
gitis with or without endotheliitis (Fig. 1, A and B). In con-
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TABLE 2. Results of liver allograft biopsy and CFSE-MILR
CD25" cells
CFSE-MLR stimulation index among
. s . roliferatin
Paticnt T““;’I‘ugi‘;igfpsy CD4 CD8 CD8* cells (%)
no. (postLTx days) Histopathologic diagnosis Donor Third Domor Third Donor Third
6 12 Acute rejection (mild) 1.4 2.0 1.6 2.4 41.7 69.1
8 170 Acute rejection (mild) 0.4 0.4 1.1 0.9 19.9 17.1
9 68" Focal necrosis and bile stasis 0.6 2.6 0.3 0.4 ND ND
13 59 Acute rejection (mild) 1.2 2.4 3.5° 1.4 69.7 30.1
15 29 Acute rejection (mild) 0.7 1.5 1.2 1.3 27.5 20.2
21 58 Acute rejection (mild) 0.4 1.1 0.9 1.3 9.0 43.6
22 26 Bile stasis 1.8 1.8 1.0 3.8 33.3 85.5
23 15 Acute rejection (mild) 14.5 5.2 68.3% 14.7 76.6 82.8
24 21 Centilobular hepatocellular degeneration 4.4 4.8 1.5 4.0 27.0 64.6
25 14 Acute rejection (mild) 3.3 1.5 3.6° 1.2 67.0 7.6
27 21 Acute rejection (moderate) 5.1 12.8 16.3% 9.3 80.8 82.3
29 30 Focal necrosis and bile stasis 45 2.5 24 2.1 1.4 5.7

“ Data showing significant proliferation of CD8+ T cells in anti-donor MLR.

ND, not done; MLR, mixed lymphocyte reaction; CFSE, carboxyfluorescein diacetate succinimidyl ester; LTx, liver transplantation.

FIGURE 1. Representa-
tive histopathologic find-
ings of liver allograft biop-
sies., (B) (magnification,
X100) and (B) (X200):
portal inflammatory infil-
trates and nonsuppurative
cholangitis with endothe-
liitis were observed, lead-
ing to the histologic diag-
nosis of acute rejection
(patient 23). (C) (X100)
and (D) (X200): mild peri-
portal hepatitis with lym-
phoid aggregates, the
most common biopsy pre-
sentation of recurrent
hepatitis C virus (HCV),
was observed (patient 21).
Because lymphoid cholan-
gitis and endotheliitis
were also found, recurrent
HCV was difficult to distin-
guish from acute rejec-
tion. This patient was
eventually diagnosed as
having HCV recurrence.

trast, mild periportal hepatitis with lymphoid aggregates,
-with or without fatty change, is the most common biopsy
presentation of recurrent HCV. It has been well noticed that
lymphoid cholangitis and endotheliitis also are found, and in
these instances, recurrent HCV is difficult to distinguish from
acute rejection (Fig. 1, C and D). This was true of the two
patients in this series who were diagnosed as having ACR by
liver biopsy but were eventually diagnosed as having HCV

Jiking . Unauthorized

recurrence. Recurrence of AIH is usually defined by the pres-
ence of autoantibodies and elevated globulins in association
with periportal hepatitis in the absence of viral infection or
rejection. The presence of periportal hepatitis with lymphop-
lasmacytic infiltrates, plasma cells, piecemeal necrosis, and
bridging fibrosis in liver-biopsy samples is consistent with
recurrent disease of AIH. However, the features of histopa-
thology at the early phase of AIH recurrence were similar to
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those for ACR in this series, making it difficult to distinguish
between them.

Immune Monitoring by CFSE-MLR Assay
A representative FCM profile in a patient showing hy-
per-response in antidonor MLR is shown in Figure 2A. When
compared with anti~third-party MLR, higher levels of CD4
and CD8 T-cell proliferation were observed. A comparable or
even higher level of CD25 expression on the proliferating
CD8 T cells in antidonor MLR suggested cytotoxicity activity
against donor cells in this patient. A representative FCM pro-
file in a patient showing hypo-response in antidonor MLR is
shown in Figure 2B. When compared with anti-third-party
MLR, limited levels of CD4 and CD8 T-cell proliferation were
_observed. Absence of CD25 expression on the proliferating
CD8 T cells in antidonor MLR but the presence of that in
anti-third-party MLR suggested a lack of cytotoxicity against
donor cells in this patient (we have confirmed that only
CD25" proliferating CD8" T cells have cytotoxic activity
against donor cells in our preliminary studies). The SIs in
each alloreactive CD4" and CD8™ T cells in response to an-

A Gated on
CD8* gells
3 2 &8
Donor © o O
= 0 9
Third- O 8 g
party
B Gated on
B} CD8* cells
wy
3 a S
Donor © o &)
o s, 1“
3 a § &
Third- © © o T
party k .%?
. IR - &
CFSE CFSE
FIGURE 2. (B) Flow cytometry (FCM) profiles in the pa-

tient whose histologic appearance of liver allograit biopsy
is shown in Figure 1, A and B (patient 23). When compared
with anti-third-party mixed lymphocyte reaction (MLR),
high levels of CD4 and CD8 T-cell proliferation were ob-
served. A comparable or even higher level of CD25 ex-
pression on early proliferating CD8 T cells in both anti-
donor MLRs was observed. (B) FCM profiles in the patient
whose histologic appearance of liver allograft biopsy is
shown in Figure 1, C and D (patient 21). When compared
with anti~third-party MLR, limited levels of CD4 and CD8
T-cell proliferation were observed. CD28 expression on
proliferating CD8 T cells was undetectable in the anti-do-
nor MLR. CFSE, carboxyfluorescein diacetate succinimidyl
ester.
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tidonor and anti-third-party MLR are shown in Table 2.
CESE-MLR could be a useful tool for precise diagnosis even
when differential diagnosis between rejection and recurrence
of viral hepatitis is difficult by pathologic examinations. The
higher SI in both CD4 and CD8 T cells in antidonor MLR
than those in anti-third-party MLR reflects strong antidonor
reactivity, confirming the accuracy of diagnosis of ACR.

DISCUSSION

Antidonor alloreactivity, defined as the number and
phenotype of alloreactive precursors in the recipient, can be
used to monitor rejection or reduction/withdrawal of immu-
nosuppression. Monitoring such alloreactivity using PBMCs
in recipients of transplants does not necessarily mirror what
will occur in the allograft tissue because allografts are regu-
lated by infiltrating lymphocytes. However, it has been re-
ported that the frequencies of donor-reactive T cells in PB-
MCs are closely linked with those in lymphocytes infiltrating
allografts (13), indicating the validity of evaluation of T-cell
responses to allogeneic stimulation using PBMCs for moni-
toring alloreactivity in transplant recipients. MLR using PB-
MCs is a widely used method for evaluating T-cell responses
to allogeneic stimulation in both experimental and clinical
transplantation. However, in conventional forms using triti-
ated thymidine incorporation, proliferative MLR bulk cul-
tures have very little predictive value because of its low level of
reproducibility in the context of transplantation (14). The
low level of reproducibility of conventional MLR might be
caused at least in part by the presence of nonviable cells
(which might include unexpectedly surviving stimulator
cells) that still have the ability to incorporate tritiated thymi-
dine. By apglying a CFSE-based method, the proliferation of
viable CD4" and CD8™ responder T cells in response to allo-
stimulation could be separately quantified using multipa-
rameter FCM. The lack of proliferation of both CD4™ and
CD8" T cells in antidonor MLR would reflect suppression of
antidonor response. When remarkable proliferation was ob-
served in CD4™ T cells but not in CD8" T cells, we did not
observe cytotoxic activity against donor cells in the subse-
quent CML assay in our preliminary studies (data not
shown). In contrast, remarkable proliferation of CD8™ T cells
would reflect strong antidonor response. We further exam-
ined CD25 expression on the proliferating CD8" T cells by
multicolor FCM. The remarkable elevation of CD25 expres-
sion on proliferating CD8" T cells might reflect their cyto-
toxic activity toward donor cells. In our preliminary studies,
the proliferative activity levels of CD4™ and CD8" T cells
were generally higher in MLRs using PBMCs from the spouse
than in MLRs using PBMCs from offspring or parents, even
before transplantation. This may reflect the greater suscepti-
bility to ACR in recipients of liver allografts from unrelated
donors than in recipients of liver allografts from related do-
nors. Consistent with this speculations, MLR-proven ACR
occurred in 2 (50%) of the 4 patients receiving LDLT from
their spouse but in only 2 (4%) of the 25 patients receiving
LDLT from their offspring or parents in the present study.
Although the usefulness of CESE-MLR for the prediction of
ACR remains to be elucidated, the results obtained by using
this method provided evidence of low incidence of ACR after
LDLT compared with previously reported resulis.
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Possible alternative methodologies to diagnose ACR
using laboratory-based immunologic modalities might in-
clude limiting dilution assay (LDA) and enzyme-linked im-
munospot (ELISPOT). LDAs provide precise quantification
of immunity to a given stimulus and allow the estimation of
frequencies of antigen-specific cells participating in an im-
mune response (15). Although LDAs have been shown to be
specific and reproducible as a measurement of alloreactivity
(16), conflicting data regarding the usefulness of measure-
ment of cytotoxic T-cell precursors for diagnosis/prediction
of rejection in the context of solid-organ transplantation have
been reported (17, 18). The ELISPOT assay is based on the
detection of a cytokine produced by single cells after stimula-
tion with mitogens or antigens (19). It has been used to iden-
tify the presence of donor-specific T cells in patients before
surgery (20). However, data indicating the usefulness of this
method for diagnosing ACR are less abundant at present.

One of the most difficult challenges in the care of HCV-
positive liver-transplant recipients is the differentiation be-
tween ACR and HCV recurrence, which can have consider-
able histologic overlap (4). Although polymerase chain
reaction allows identification of HCV RNA in biopsy tissue in
such difficult cases (21), this method could not distinguish
between HCV infection alone versus HCV infection compli-
cated by ACR. Attempts to distinguish between these at the
intrahepatic gene response level have been made in two stud-
ies. The first study analyzed ACR and HCV infection versus
HCV infection alone by using gene array analysis (22). It has
been found that ACR and recurrence of HCV are associated
with distinct mRNA expression pattern (i.e., ACR is most
notably associated with the relative over-expression of im-
mune activation genes such as major histocompatibility com-
plex classes I and II, tumor necrosis factor [TNF]-a, gran-
zyme B, and complement components). Zekry et al. (23)
concentrated on Thl versus Th2-like gene expression and
found that ACR in the setting of HCV infection was more like
ACR in non-HCV-infected patients and was associated with
increase in interleukin (IL)-10 and IL-4 gene expression
rather than the IL-2/interferon-y/TNF-a response seen more
in chronic HCV alone. Higher average daily steroid dose and
use of OKT 3 have both been associated with more severe
recurrence of HCV, presumably through enhancing viral rep-
lication or attenuating viral clearance (24—26). Minimizing
exposure to immunosuppressants for HCV-infected liver-
transplant recipients thus requires accurate distinction of re-
currence of HCV from ACR. Diagnosis of ACR is based on the
detection of biochemical evidence of graft dysfunction and the
presence of suggestive allograft histology, including distinct lym-
phocytic infiltrate patterns. The presence of a modest cellular
infiltrate and biochemical abnormalities, however, are not spe-
cificto ACR. In addition to the above-described methods, CESE-
MLR also has potential as a tool for diagnosing ACR in HCV-
reinfected patients. Additional studies with larger sample sizes
are required to confirm this possibility.
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Difference in Cytotoxicity Against Hepatocellular

Carcinoma Between Liver and Periphery Natural Killer

Cells in Humans

Kohei Ishiyama,' Hideki Ohdan,' Masahiro Ohira,! Hiroshi Mitsuta, Koji Arihiro,? and Toshimasa Asahara!

In rodents, liver natural killer (NK) cells have been shown to mediate higher cytotoxic activity
against tumor cells than do peripheral blood (PB) NK cells. However, such differences between
liver and PB NK cells have not been extensively investigated in humans. The phenotypical and
functional properties of NK cells extracted from liver perfusates at the time of living donor liver
transplantation were investigated. The tumor necrosis factor—related apoptosis-inducing ligand
(TRAIL), a critical molecule for NK cell-mediated anti-tumor cell killing, was not expressed by
freshly isolated PB NK cells or by liver NK cells. Stimulation with interleukin (IL)-2, significantly
up-regulated the expression of TRAIL on liver NK cells, but this effect was barely observed on PB
NK cells. Donor liver NK cells showed the most vigorous cytotoxicity against HepG2, a hepato-
cellular carcinoma (HCC) cell line, after IL-2 stimulation (90.5% =% 2.2% at E: T = 10:1),
compared with donor and recipient PB NK cells and recipient liver NK cells (64.8% =* 8.2%,
56.1% =* 8.9%, and 34.6% =% 7.5%, respectively). IL-2 stimulation resulted in an increased
expression of killing inhibitory receptors on liver NK cells in parallel with TRAIL expression.
Consistently, the cytotoxicities of IL-2—stimulated donor liver NK cells against self and recipient
Iymphoblasts were negligible. In conclusion, adoptive transfer of IL-2—stimulated NK cells ex-
tracted from doneor liver graft perfusate could mount an anti-tumor response without causing
toxicity against 1-haplotype identical recipient intact tissues. These findings present a concept to

prevent recurrence of HCC after liver transplantation. (HePATOLOGY 2006;43:362-372.)

atural killer (NK) cells are thought to provide
a first line of defense against invading infec-
tious microbes and neoplastic cells by exert-
ing an effector function without the necessity for
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priming.!-2 Given the efficacy of NK cells in selectively
killing abnormal cells, a variety of approaches have
been taken to try and selectively augment NK cell re-
sponse to tumors.># Several therapeutic ¢ytokines pri-
marily act via NK cells [such as interleukin (IL})-2,
IL-12, IL-15, and interferons (IFNs)] and many stud-
ies have shown that activation of NK cell differentia-
tion and function leads to a more efficient elimination
of tumor growth.>? Despite these promising advances,
the systemic administration of cytokines such as IL-2,
that nonspecifically activate a broad range of different
immune cell types, is associated with significant toxic-
ity.>10 The adoptive transfer of NK cells further dem-
onstrates the ability of NK cells to mount a therapeutic
anti-tumor response and suggests that NK cells can be
used in controlling human malignancy.':1? In these
studies, autologous or even haploidentical lympho-
kine-activated killer cells obtained from peripheral
blood mononuclear cells (PBMCs) have been adminis-
tered to patients, although their comprehensive role in
the treatment of selected malignancies remains to be
elucidated.

NK cells are quite abundant in the liver of mice, in
contrast to a relatively small percentage in the periph-
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Table 1 Clinlcal Characteristles of Living-Related Liver Transplant Donors and Gorresponding Reclplents With Clrrhosls

Donor Reclplent
LMNC HLA LMNC HLA
Case Age(y)/ Graft Graft (x105/ Age(y)/ Child Orlginal Liver (Xx105/

No. Sex Liver Wi(g) g) A B C Relatlon Sex Pugh MELD Disease HCC Wi(g) B) A B c
1 21/F  left 262 3.7 2,26 51,54 1,~ Offspring 59/F B 13.4 HCV - 800 4.4 11,26 54— 1,
2 29/F  Lleft 460 7.8 2,26 56,61 1,8 Offspring 56/F C 13.6 HCV - 776 2.7 26~ 61— 8-
3 21/M  Right 550 6.4 224 735 3,7 Offsping 49/M C 18.9 HCV + 718 0.4 224 1335 3~
4 24/M  Right 564 1.2 24,26 62,- 3,4 Offspring 60/M B 10.4 HCV + 846 0.6 24— 6062 34
5 20/M  Right 896 1.9 2,33 37,46 1,3 Offspring 54/M B 133 HBY + 665 0.2 31,33 3761 34
6 20/M  Right 632 3.2 24,26 52,62 3,12 Offspting 47/M A 10.6 HCV + 1150 3.1 24~ 52— 12—
7 57/F Right 678 9.2 224 5254 1,11 Spouse 43/M C 352 HBV + 810 7.0 24~ 752 7,12
8 59/M  left 398 4.2 11,3t 3961 7,8 Spouse 57/F C 18.9 HCV - 684 95 2426 3539 3,7
9 30/M  Right 550 3.7 26,33 44,62 3,14 Offspring 58/M C 29.4 HBV - 820 0.4 2,26 51,62 3,15
10 49/F Right 660 7.4 224 161 7,8 Sibling 44/F C 18.1 AH 753 1.2 224 1861 78
11 44/F Right 576 4.0 26,- 3562 3~ Spouse 48/M C 375 HCV - 410 13.4 24—~ b2~ 12~
12 29/M  Right 900 4.4 2,24 51,54 1,14 Offspring 58/M C 16.9 HCV + 714 4.2 24~ bB4,—- 18
13 43/M  Lleft 350 10.6 24~ 7,46 1,7 Sibling 46/F C 17.6 HBY - 425 14 24— 746 1,7
14 18/M  Right 630 3.2 2,31 54,61 1,3 Offspring 57/F A 3.1 HBV + 932 8.2 2431 54,61 13

Abbreviations: F; female, M; male, Graft wt; graft weight, LMNG; liver mononuciear cell, HLA; human leukocyte antigens, MELD; Model for End-Stage Liver Disease,
HCV; hepatitis C virus, HBV; hepatitis B virus, AlH; autoimmune hepatitis, HCC; hepatoceilular carcinoma.

eral lymphatics.!315 The underlying reason for this an-
atomically biased distribution has not been fully
elucidated. In addition, liver NK cells have been shown
to mediate higher cytotoxic activity against tumor cells
than spleen or peripheral blood (PB) NK cells in ro-
dents.3-16 However, such differences between liver and
PB NK cells have not been extensively investigated in
human because of the limited availability of appropri-
ate human samples.

In the current study, we have determined phenotypical
and functional properties of liver NK cells extracted from
donor and recipient liver perfusates in clinical living do-
nor liver transplantation (LDLT). Donor liver NK cells
showed the most vigorous cytotoxicity against a hepato-
cellular carcinoma (HCC) cell line after 17 vitro IL-2 stim-
ulation, compared with donor and recipient PB NK cells
and recipient liver NK cells. IL-2 stimulation led to an
increased expression of tumor necrosis factor (TNF)-re-
lated apoptosis-inducing ligand (TRAIL) on liver NK
cells, which has been shown to be critical for NK cell-
mediated anti-tumor cell killing without affecting normal
cells.!7-1? In addition, we have confirmed that HCC ex-
pressed the death-inducing TRAIL receptors (TRAIL-
Rs), TRAIL-R1/death receptor (DR) 4, and TRAIL-R2/
DRS5 that contain cytoplasmic death domains and signal
apoptosis.20-2! These findings raise 2 novel concept to pre-
vent recurrence of HCC after liver transplantation, in
other words, adoptive transfer of IL-2-stimulated NK
cells extracted from donor liver graft into 1-haplotype
identical recipients.

Patients and Methods

Patients. Fourteen patients who underwent adult-to-
adult LDLT at The Hiroshima University Hospital (Hi-
roshima, Japan) were involved in this study. The 14
patients with hepatic cirrhosis included 8 men and 6
women, ranging in age from 43 to G0 years [mean age (in
years) £ SD, 52.6 * 5.5]. Original diseases of the pa-
tients are shown in Table 1. Nine of the graft donors were
offspring, two were siblings, and three were spouses, with
ages ranging from 18 to 59 years (33.6 * 12.0).

Isolation of Liver and Peripheral Blood Lympho-
cytes. Donor hepatectomy and the recipient transplanta-
tion procedure were performed as described previously.??
In brief, the right or left lobe was harvested from the
donor. After hepatectomy, ex vivo perfusion of the liver
graft was performed through the portal vein. The initial
perfusate consisted of saline solution (500 mL) followed
by University of Wisconsin solution (1,000 mL). For the
recipient, the implantation was performed after total hep-
atectomy. Ex vivo perfusion of the removed recipient liver
was also performed through the portal vein by using the
same perfusates. Liver mononuclear cells (LMNCs) were
obtained from those perfusate effluents from healthy do-
nor liver grafts and recipient livers with cirrhosis as fol-
lows. The effluents were condensed by centrifuging and
LMNCs were isolated by gradient centrifugation with
Separate-L (Muto Pure Chemicals Co., Ltd, Tokyo, Ja-
pan). PBMCs were also isolated by gradient centrifuga-
tion with Separate-L from 40 mL heparinized peripheral
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blood from donors and recipients. LMNCs and PBMCs
were suspended in RPMI 1640 medium that was supple-
mented with 10% heat-inactivated fetal calf serum
(Sanko Chemical Co., Ltd., Tokyo, Japan), 25 mmol/L
HEPES Buffer (Gibco, Grand Island, NY), 50 umol/L 2
mercaptoethano! (Katayama Chemical Co., Osaka, Ja-
pan), 50 U/mL penicillin, and 50 pg/mL streptomycin
(Gibco) (from hereon we refer to this medium as 10%
RPMI). Ethical approval for this study was obtained from
the Ethics Committee at The Hiroshima University Hos-
pital.

Flow Cytometric Analyses. All flow cytometric
(FCM) analyses were performed on a FACS Calibur dual-
laser cytometer (BD Biosciences, Mountain View, CA).
For phenotyping of NK cells, LMNCs and PBMCs were
stained with fluorescein isothiocyanate—conjugated anti-
CD3 (BD Pharmingen, San Diego, CA), phycoerythrin-
conjugated anti-CD56 (B159) (BD Pharmingen), and
biotin-conjugated anti-TRAIL monoclonal antibodies
(MAbs) (RIK-2) {e Bioscience, Oxford, U.K.). For ana-
lyzing inhibitory receptors on NK cells, LMNCs and PB-
MCs were stained with peridin chlorophyll protein—
conjugated ant-CD3 (SP34-2) (BD Pharmingen),
phycoerythrin-conjugated anti-CD56, biotin-conjugated
anti-TRAIL and fluorescein isothiocyanate—conjugated
anti-CD-158a (HP-3E4) (BD Pharmingen), anti-CD-
158b (CH-L) (BD Pharmingen), or anti-CD94 MAbs
(HP-3D9) (BD Pharmingen). For analyzing TRAIL re-
ceptors on the HCC cell line, HepG2 cells were stained
with biotin-conjugated anti-TRAIL-R1/DR4 (DJR1),
anti-TRAIL-R2/DR5 (DJR2-4), anti-TRAIL-R3/decoy
receptor (DcR) 1 (DJR3), or anti-TRAIL-R4/DcR2
(DJR4-1) MAbs (all MAbs from eBioscience). All the
biotinylated MAbs were visualized with allophycocyanin-
streptavidin (BD Pharmingen). Dead cells were excluded
from the analysis by light-scatter and propidium iodide
staining.

Cell Culture. LMNCs and PBMCs were cultured
with or without human recombinant IL-2 (100 U/mL)
(Takeda, Tokyo, Japan) in 10% RPMI at37°Cina 5 %
CO; incubator. After 4 days in culture, cells were har-
vested for further analyses.

Cytotoxicity Assay. HepG2 cells established from
HCC tissue from a hepatitis B virus— and hepatitis C
virus—negative HCC patient (HLA; human leukocyte an-
tigens: —A02,24, —B35,51 —CO,4) were purchased
from The Japanese Cancer Research Resources Bank and
were maintained in 10% RPMIL.23 HepG2 were labeled
with 100 wCi Na2 (°'Cr) O4 for 60 minutes at 37°C in
5% CO, in 10% RPMI, washed 3 times with medium,
and then subjected to the cytotoxicity assay. The labeled
HepG2 cells were adjusted to 1 X 10° cells in 10 mL
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volumes (1 X 10%well) and were incubated in a total
volume of 200 uL with effector cells in 10% RPMI in
round-bottomed 96-well microtiter plates (Nunclon; In-
ter Med, Denmark). LMNCs or PBMCs from healthy
donors or recipients with cirrhosis were used as effectors at
effector-target (E:T) ratios of 2.5:1 to 40:1. When indi-
cated, LMNCs and PBMCs were cultured iz vitro with
IL-2 for 4 days before using as effectors. As a control, the
target cells were incubated either in culture medium alone
to determine spontaneous release, or in a mixture of 2%
Nonidet P-40 (Nacalai Tesque, Inc., Kyoto, Japan) to
define the maximum 3!Cr release. The plates were centri-
fuged at 1,000 rpm for 3 minutes to pack the cell layer at
the end of the reaction, after which the cell-free superna-
tants were carefully harvested, and its radioactivity was
measured with a gamma counter. The percentage of spe-
cific >!Cr release was calculated by the following formula:
% cytotoxicity = [(cpm of expetimental release — cpm of
spontaneous release)]/[(cpm of maximum release — cpm
of spontaneous release)] X 100. The spontaneous release
was less than 20% of the maximum release. All assays were
performed in triplicate.

Isolation of NK Cells. LMNCs and PBMCs were
separated into 2 CD37CD56% NK cell fraction and a
non-NK cell fraction (T cells, NKT cells, B cells, and
monocytes/macrophages) by magnetic cell sorting (Milte-
nyi Biotec, Bergisch Gladbach, Germany) using the hu-
man NK cell isolation Kit II (Miltenyi Biotec) according
to the manufacturer’s instructions. The purity of isolated
fractions was assessed by FCM, and only preparations
whose purities were greater than 95% were used for func-
tional studies. Using a similar method as described, NK
and non-NK cells isolated from IL-2—stimulated donor
LMNCs and PBMCs were subjected to the cytotoxicity
assay against HepG2 cells. When indicated, the isolated
NK cells were pre-incubated for 30 minutes at 4°C with
neutralizing Abs against TRAIL (purified anti-TRAIL
MAbs; eBioscience) (final concentration 20 ug/mL) or
with isotype-matched non-reactive Abs before the cyto-
toxicity assay. In addition, a similar cytotoxicity assay
with those donor NK cells was petformed against autolo-
gous and allogenic lymphoblasts, which had been pre-
pared from PBMCs of donors and corresponding
recipients by cultivating with 5 ug/mL PHA (Sigma,
Poole, UK) for 4 days.

Immunohistochemistry. Surgically resected
specimens were obtained from patient with HCC who
had undergone potentially curative tumor resection at
The Hiroshima University Hospital. All HCC tissues
were pathologically confirmed. Normal liver samples ob-
tained from patients with metastatic liver tumors were
used as control. Informed consent was obtained from all

liver
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patients. To localize TRAIL receptors in situ in the liver,
immunohistochemistry was performed on frozen tissue
sections of normal liver tissues and carcinoma cases as
described previously.? For protein detection by immu-
nohistochemistry, 4-pum frozen sections from representa-
tive tumor tissue of at least 1 cm? were fixed in acetone for
15 minutes. Sections were incubated for 60 minutes with
the following MAbs: biotin-conjugated anti-TRAIL-
DR4, anti-TRAIL-DRS, anti-TRAIL-DcR1, and anti-
TRAIL-DcR2 at appropriate concentrations in
phosphate-buffered saline. Binding sites of primary anti-
bodies were visualized using the Dako EnVision kit
(Dako, Copenhagen, Denmark) according to the manu-
facturer’s instructions. Finally, sections were faintly coun-
terstained with Harris’ hematoxylin and mounted with
glycerol gelatin. Negative controls were performed by
omission of the primary antibody.

Statistical Analyses. Dara are presented as mean *
SEM. The statistical differences of the results were ana-
lyzed by ANOVA analysis with the Scheffe F test using
the Stat View program. A P value of .05 or less was ac-
cepted as statistically significant.

Resuits

LMNCs Contained a Large Population of NK Cells.
The liver contains significant numbers of resident mono-
nuclear cells (MCs) in human. These cells include a large
number of T cells, B cells, NK cells, and NKT cells, many
of which differ phenotypically and functionally from cir-
culating lymphocytes.2526 Characterization of liver NK
cells requires the isolation of viable LMINC:s that can be
analyzed by FCM and in functional assays. The tech-
niques used to isolate LMNCs usually involve mechanical
and enzymatic dissociation of liver tissue.?>27 However,
the difficulties in getting liver samples and processing liver
biopsy have been obstacles to such studies. In the current
study, instead of dispersal of liver tissue, ex vivo perfusion
of the liver through the portal vein, which was inevitably
done to flush blood from the liver graft before implanta-
tion in LDLT, provided LMNCs by extraction from liver
perfusates. In our preliminary experiments, the propor-
tions of CD3~CD56" NK and CD3*CD56* NKT cells
in LMNCs extracted from liver perfusates (38.1% * 4.5
% and 14.0% == 3.0 %, respectively) were almost identi-
cal to those in LMNCs collected by method using enzy-
matic dissociation (33.7% * 1.3 % and 14.8% * 0.7 %,
respectively, n = 3). These data were consistent with data
in previous reports that used the enzymatic dissociation
method.?>26 Although this nondestructive method might
allow contamination with circulating MCs to some ex-
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Fig. 1. Human liver mononuclear cell extracted from liver perfusates
contain a large population of NK cells. (A) Flow cytometric (FCM) analysis
of freshly isolated LMNCs obtained from liver perfusates and PBMCs from
same donor after staining with MAbs against CD3 and CD56 were
analyzed. Lymphocytes were gated by forward scatter and side scatter.
FCM profiles shown are representative of 14 independent experiments.
Percentages of CD3*CD56 (T), CD3CD56* (NK) and CD3*CD56"
{NKT) cells are indicated at each quadrant (mean = SEM, n = 14 each).
(B) The numbers represent the means * SEM of the CD3~CD56* NK
cell populations in total LMNCs or PBMCs obtained from 14 adult healthy
donors and 14 corresponding recipients with liver cirrhosis. Statistical
analyses were performed using ANOVA {*P < .05). (C) Expression of
CD56 on electronically gated CD3~ cells were analyzed by FCM. Histo-
gram profiles shown are representative of 14 independent experiments.
The data shown were obtained from donor LMNCs and PBMCs (similar
results were obtained from recipient LMNCs and PBMCs). The numbers
indicate the mean = SEM of the mean fluorescence intensity (MFI) of
CD56 expression on CD3~ LMNCs and PBMCs cells (n = 14 each). NK,
natural killer; LMNC, liver mononuclear cell; PBMC, peripheral blood
mononuclear cell; MAb, monoclonal antibody; FCM, flow cytometric.

tent, the possibility of enzyme-induced alteration/distup-
tion of specific epitopes could be disregarded.

The number of LMNCs extracted from donor normal
livers and recipient livers with cirrhosis were 0.5 % 0.1
and 0.4 % 0.1 X 10 cells/g, respectively, and were not
statistically different (Table 1). FCM profiles of LMNC:s
and PBMC:s from donor are shown in Fig. 1A. Propor-
tions of CD3~CD56% NK and CD3+tCD56* NKT cells
in LMNCs were significantly higher than in PBMCs from
same donors (Fig. 1B). Such a difference in NK cell pro-
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Fig. 2. Liver NK cells inductively express remarkable levels of TRAIL,
but PB NK cells do not. Freshly isolated or cultivated with or without IL-2
LMNCs and PBMCs obtained from healthy donors and corresponding
recipients were stained with CD3 and CD56 MAbs together with TRAIL
MAD. (A} Histograms represent the log fluorescence intensities obtained
on staining for TRAIL after gating on the CD3-CD56* NK cells subsets
obtained from healthy donors. Dotted lines represent negative control
staining with isotype-matched MAbs. The numbers {mean =+ SEM)
indicate the percentages of cells in each group that were positive for
TRAIL expression (n = 7 each). Histogram profiles shown are represen-
tative of 7 independent experiments. (B) The numbers indicate the mean
fluorescence intensity (MFI) of cells in each group that were staining
positively for TRAIL on freshly isolated, or cultivated with/without IL-2 NK
cells (LMNC; open column, PBMC; closed column). The data represent
mean £ SEM (n = 7). Statistical analyses were performed using ANOVA
(*P < 0.05). NK, natural killer; TRAIL, TNF-related apoptosis-inducing
ligand; LMNC, liver mononuclear cell; PBMC, peripheral blood mononu-
clear cell; MAb, monocional antibody.

portion between LMNCs and PBMCs was not conspicu-
ous in recipients with cirrhosis, because of a relatively
reduced proportion of NK cells in LMNCs from livers
with citrhosis. In LMNCs from donors and recipients,
the CD3~CD56Me¢" NK cell subpopulation, which is
known to produce preferentially large amounts of cyto-
kines,282% was easily detectable, whereas it was undetect-
able in PBMC:s (Fig. 1C).

Liver NK Cells Inductively Expressed TRAIL.
TRAIL is a type IT transmembrane protein that belongs to
the TNF family, which preferentially induces apoptotic
cell death in a wide variety of tumor cells but not in most
normal cells.17-1® We and othets have previously reported
that a subpopulation of NK cells in adult mouse liver,
unlike other tissues, constitutively express TRAIL, and
these liver NK cells were partially responsible for the nat-
ural anti-tumor function against TRAIL-sensitive tumor
cells.®1617 As shown in Fig. 2, freshly isolated liver NK
cells from normal liver and liver with cirrhosis barely ex-

pressed TRAIL, whereas freshly isolated PB NK cells
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completely lacked TRAIL-expression. Iz vitro stimula-
tion with IL-2 significantly up-regulated the expression of
TRAIL on liver NK cells (the expression of TRAIL on
liver NK cells from donor normal livers was somewhat
higher than that on liver NK cells from recipient livers
with cirrhosis). Conversely, even after IL-2 stimulation,
PB NK cells expressed little TRAIL. Thus, liver NK cells
inductively expressed remarkable levels of TRAIL, but PB
NK cells did not.

We have recently demonstrated that most murine
TRAIL-expressing liver NK cells lack expression of Ly-49
inhibitory receptors, which recognize self-MHC class 1.16
To address whether the same is true in humans, we have
analyzed inhibitory receptors on human liver NK cells.
Inhibitory receptors on human NK cells can be subdi-
vided into 2 groups: killer cell immunoglobulin-like re-
ceptors (KIRs) (belonging to the immunoglobulin
superfamily) including CD158a and CD158b; and C-
type lectin-like receptors, CD94/NKG2. KIRs are major
histocompatibility class (MHC) class I-restricted mole-
cules that recognize HLA-A, -B, -C, and -G molecules,
whereas CD94 recognizes the nonclassical MHC class Ib
molecule HLA-E. CD94 is expressed essentially on all
NK cells, and uses HLA-E expression as a sensor for the
overall MHC class I level of a cells.3®3! In contrast, indi-
vidual KIR family members express on certain NK cell
subsets, exhibit finer specificity for HLA class I allotypes,
and can distinguish between groups of HLA-A, -B, and
-C allotypes. Ligation of such KIRs/CD94 to HLA class I
molecules on self cells results in inhibition of NK cyto-
toxic activity, as originally predicted by the “missing-self”
hypothesis.3233 This regulation ensures that cells express-
ing none, altered, or reduced MHC-I molecules, such as
malignant or virus-infected cells, can be killed by NK
cells. All freshly isolated liver NK cells expressed CD94
and subpopulations of those cells expressed CD158a/
CD158b (Fig. 3A). Cultivation of liver NK cells with no
stimulants resulted in reduced expressions of CD158a,
CD158b and CD94 (Fig. 3B). However, IL-2 stimula-
tion led to the maintenance of those expressions even on
TRAIL expressing liver NK cells (Fig. 3A-B). Thus, as
opposed to TRAIL-expressing NK cells in mice, those
cells in humans equip a compensatory mechanism to pro-
tect the self-MHC class I-expressing cells from NK cell-
mediated cell killing.

HCCs Express the Death-Inducing TRAIL-DR4
and -DR5. The susceptibility to TRAIL-induced apo-
ptosis may be related to the expression levels of multiple
receptors on target cells. Recent molecular cloning of the
TRAIL-receptors elucidated that TRAIL binds to at least
four receptors, two of these death-inducing receptors

(TRAIL-R1/DR4 and TRAIL-R2/DRS) contain cyto-
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Fig. 3. 1L-2 stimulation leads to maintenance of CD158a, CD158b, and CD94 expressions even on TRAIL expressing fiver NK cells. Expression of
various inhibitory receptors on the NK cells subsets among LMNCs or PBMCs freshly isolated or cultivated with or without IL-2 was analyzed. The
LMNCs and PBMCs obtained from healthy donors were stained with CD3, CD56, and TRAIL MAbs together with CD-158a, CD-158b, or CD94 MAbs.
(A) Expression of CD158a, CD158b, CD94, and TRAIL on electronically gated CD3~CD56* NK cells were analyzed by FCM. Representative dot plots
from freshly isolated NK cells (top panel) or IL-2-stimulated NK cells (second panel) obtained by FCM analysis. Percentages of TRAIL* NK and TRAIL™
NK cells expressing killing inhibitory receptors are shown in the right upper and lower quadrants, respectively (mean = SEM, n = 4 each). The results
shown are representative of 4 independent experiments. (B) The percentages of cells staining positively for CD158a, CD158b, and CD94 on
CD3-CD56™* NK cells are shown (LMNC; open column, PBMC; closed column). Data represent mean = SEM of 4 cases per group. Statistical analyses
were performed using ANOVA (*P <.05). IL-2, interleukin-2; NK, natural killer; TRAIL, TNF-related apoptosis-inducing ligand; LMNC, liver mononuclear
cell; PBMC, peripheral blood mononuclear cell; MAb, monoclonal antibody; FCM, flow cytometric.

plasmic death domains and signal apoptosis, whereas two
other death-inhibitory receptors (TRAIL-R3/DcR1 and
TRAIL-R4/DcR2) lack a functional death domain and
do not mediate apoptosis, all have similar affinities, and
the latter may act as decoys.?%2! Many cancer cell lines
preferentially express TRAIL-DR4 and -DRS5, suggesting
differential regulation of the death and decoy receptors.2*
The preferential expression of these decoy receptors in
normal tissue suggests that TRAIL may be useful as an
anti-cancer agent that induces apoptosis in cancer cells
while sparing normal cells. Recent studies have demon-
strated that NK cells can destroy many solid tissue-de-
rived malignant cells, such as melanoma, breast cancer,
lung cancer, gastric cancer, colon cancer, renal cancer,
and ovarian cancer cell lines, and that this process is me-
diated primarily by death recepror/ligand interactions.34
We investigated the expression patterns of TRAIL-DR
and -DcR on or in both normal liver tissues and HCC
samples. As shown in Fig. 4A, the endothelial cells in
normal liver tissues expressed TRAIL-DR4 and -DRS to-
gether with TRAIL-DcR1 and -DcR2, but hepatocytes
did not. Well-differentiated HCCs weakly expressed
TRAIL-DR4, -DRS, -DcR1, and -DcR2. Moderately
differentiated HCCs showed a higher expression of

TRAIL-DR4 and -DR5 than well-differentiated HCCs
but little TRAIL-DcR1 and DcR2. In particularly, poorly
differentiated HCCs expressed remarkable levels of
TRAIL-DR4 and -DR5 but did not express TRAIL-
DcR1 and -DcR2, suggesting a susceptibility to TRAIL-
expressing NK cell-mediated cell killing. To address this
possibility, HepG2, an HCC cell line, could be used as
target cells for natural killing activity of LMNCs, because
HepG2 expressed high TRAIL-DR4 and -DRS5 but no
TRAIL-DcR1 and -DcR2, most tesembling pootly differ-
entiated HCCs (Fig. 4B).

IL-2-Stimulated Donor Liver NK Cells Showed the
Vigorous Cytotoxicity Against HepG2. NK cell cyto-
toxicity assays using LMNCs and PBMC:s isolated from
same donors and recipients with liver cirrhosis as effectors
and HepG2 as targets were performed. As shown in Fig.
SA, the freshly isolated donor LMNCs were able to me-
diate potent cytotoxicity against HepG2, whereas the re-
cipient LMNCs and both donor and recipient PBMCs
were not able to mediate cytotoxicity without stimula-
tion. After IL-2 stimulation, the donor LMNCs showed
the most vigorous natural cytotoxicity against Hep(G2
(90.5% = 2.2% at E:T = 10:1), when compared with the
donor and recipient PBMCs and the recipient LMNCs
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