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Abstract Hepatocellular carcinoma often recurs even
after curative treatment. In addition to its high frequency of
metastasis, hepatocellular carcinoma recurrence is charac-
terized by multicentric carcinogenesis arising in the liver
damaged by viral infection with the hepatitis B or hepatitis
C virus. This is considered to complicate the initial treat-
ment and recurrence prevention strategy for hepatocellular
carcinoma, and accordingly, there is no established adju-
vant therapy to prevent recurrence. Preventive adjuvant
therapy should be administered to high-risk patients, and
should be optimized based on individual risk factors. This
review will summarize the current status and future pros-
pects of preventive therapy for the recurrence of hepato-
cellular carcinoma after curative treatment. Although
transcatheter arterial embolization/chemoembolization
prior to curative treatment can induce tumor necrosis in
some patients, several studies have failed to show any
improvement in survival. Postoperative interferon therapy
may contribute to prolonging the survival in specific
groups of patients. No established adjuvant therapy against
advanced hepatocellular carcinoma that prevents metasta-
sis has been established so far. Novel treatment strategies
incorporating molecular and immunological mechanisms
are expected in the future.
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Introduction

Hepatocellular carcinoma (HCC) often recurs even after
curative treatment. In addition to its high frequency of
metastasis, HCC recurrence is characterized by multicen-
tric carcinogenesis arising in the liver damaged by infec-
tions with hepatitis B virus (HBV) and hepatitis C virus
(HCV). This is considered to complicate the initial treat-
ment and recurrence prevention strategies for HCC.

According to the Clinical Practice Guidelines for
Hepatocellular Carcinoma—The Japan Society of Hepa-
tology 2009 update, the choice of treatment for HCC is
based on three factors: the degree of liver damage, the
number of tumors and the tumor diameter [1]. Treatments
include liver resection, local ablation therapy, transcatheter
arterial embolization/chemoembolization (TAE/TACE),
hepatic arterial infusion chemotherapy, liver transplanta-
tion and palliative care. Among these treatments, liver
resection, local ablation therapy and liver transplantation
are considered to be curative treatments. However, HCC
frequently recurs even after curative treatment, and there is
no established adjuvant therapy to prevent recurrence. Such
preventive adjuvant therapy should be administered to
high-risk patients, and the administration of such treat-
ments should be optimized based on individual risk factors.
This review will summarize the current status and future
prospects of preventive therapy for HCC recurrence after
curative treatment.

Risk factors for the recurrence of hepatocellular
carcinoma

The risk factors for HCC recurrence after curative treatment

include the tumor stage, vascular invasion, number of tumors,
tumor size, capsular formation and liver function [1, 2].
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Among these factors, the stage, vascular invasion, number of
tumors, tumor size and capsular formation are considered to
be related to metastasis. Liver function, however, is likely to
be primarily related to the multicentric nature of carcino-
genesis. The strategy selected for adjuvant therapy should be
based on an individual’s risk factors; patients at a high risk of
metastasis are good candidates for metastasis-preventing
therapies. In high-risk patients with multicentric carcino-
genesis, such as those with HCV- or HBV-positive HCC,
preventive therapy should include aggressive antiviral
therapy.

The vascular invasion and the degree of tumor differ-
entiation play important roles in tumor recurrence after
liver transplantation in patients with HCC [2]. Liver
transplantation simultaneously treats both the background
liver disease and liver tumors; therefore, factors related to
the background liver disease are not likely to influence
recurrence after transplantation. Cases of early recurrence
after transplantation are often caused by the progression of
pre-existing micro-metastases, or the implantation of tumor
cells circulating in the peripheral blood. Therefore, an
effective preventive strategy should focus on providing
antitumor effects against these remaining cells. In addition,
after liver transplantation, patients must be treated with
immunosuppressive agents. Accordingly, it is important to
take preventive measures against the reactivation of hep-
atitis viruses in hepatitis virus-infected patients.

Adjuvant therapy prior to curative treatment

Transcatheter arterial embolization/chemoembolization
(TAE/TACE) is a procedure wherein embolic material is
introduced into the hepatic artery with or without an antitu-
mor agent. This treatment has been administered to patients
with unresectable HCC. Two randomized controlled trials

(RCT) demonstrated that TAE/TACE improved the antitu-
mor effect and survival rate compared with conservative
treatment in patients with unresectable HCC [3, 4]. TAE/
TACE is recommended for patients with advanced hepato-
cellular carcinoma, which is inoperable, and who are not
candidates for local ablation therapy in the Clinical Practice
Guidelines for Hepatocellular Carcinoma—The Japan
Society of Hepatology 2009 update [1]. TAE/TACE is also
administered as a preoperative chemotherapy for resectable
HCC prior to hepatic resection or local ablative therapy.
More recently, it has been administered prior to liver
transplantation.

TAE/TACE prior to hepatic resection

A number of studies have reported inconsistent results on
the effect of TAE/TACE prior to hepatic resection. Some
reports suggest that TAE/TACE improves the prognosis,
while others do not. To date, three RCTs have been
reported, and none has shown an improvement in the
recurrence-free survival, which was the primary endpoint
(Table 1) [5-7]. Although the trials differed in terms of
their patient inclusion criteria and embolization methods,
the results have been uniformly negative.

TAE/TACE prior to local ablative therapy

The Clinical Practice Guidelines for Hepatocellular
Carcinoma—The Japan Society of Hepatology 2009 update
recommend that good candidates for local ablation therapy
are patients with liver function graded Child—Pugh class A
or B, and three or fewer tumors measuring 3 cm or less in
diameter [1]. Conventionally, percutaneous ethanol injec-
tion (PEI) has been administered; more recently, radiofre-
quency ablation (RFA) has become popular. However, the

Table 1 Randomized clinical trials about TAE/TACE before curative treatment for hepatocellular carcinoma

References Cases Inclusion Regimen Treatment 5-year survival —S-year disease-free  Result
criteria (vs. control) survival (vs. control)

Wu et al. [5] 52 Larger than TACE (EPI) RES 40 vs. 50 % 32 vs. 60 % Not effective
10 cm (3 years) (3 years)

Yamasaki et al. [6] 97 Solitary, TAE RES 62.7 vs. 61.7 % 39.1 vs. 31.1 % Not effective
2to5cm

Koda et al. [8] 52 Smaller than TACE (EPD) PEI 40.4 vs. 37.7 % 19.3 vs. 80.1 %* Effective
3cm (3 years) (recurrence)

Akamatsu et al. [9] 42 Uninodular ~ TAE PEL, RFA 82.4vs. 822 % 33.8vs.343 % Not effective

(3 years) (3 years)
Zhou et al. [7] 108 Larger than TACE (CDDP, MMC, FU) RES 30.7 vs. 21.1 % 128 vs. 8.9 % Not effective

5cm

TAE transcathether arterial embolization, TACE transcathether arterial chemo-embolization, EPI epirubicin, CDDP cisplatin, MMC mitomycin C,
FU fluorouracil, RES resection, PEI percutaneous ethanol injection, RFA radiofrequency ablation
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rate of local recurrence after these procedures is high. The
use of local ablative therapy preceded by TAE/TACE has
been compared to local ablative therapy alone in two RCTs
(Table 1) [8, 9]. One RCT compared combination therapy
with PEI alone, and the other compared combination
therapy with PEI or RFA alone. The results of these studies
showed that combination therapy significantly reduced the
local recurrence compared with PEI alone, but not with the
RFA alone [9]. Neither of the studies found an improve-
ment in the survival rate; therefore, this approach is not
recommended in the various treatment guidelines [1, 2, 10].

TAE/TACE prior to liver transplantation

It is not yet clear whether preoperative preventive therapy
in patients with HCC improves their prognosis after liver
transplantation [11]. Several studies have investigated
whether preoperative TACE reduces the recurrence of
HCC after liver transplantation, but these were retrospec-
tive studies, and no RCT has been reported. Decaens et al.
[12] reported no significant difference in the 5-year sur-
vival rates (59.4 vs. 59.3 %) and 5-year disease-free sur-
vival rates (69.3 vs. 64.1 %) between patients treated with
preoperative TACE (n = 100) and those without adjuvant
therapy (n = 100) in a multicenter case—control study.
Although other studies have shown a favorable prognosis
after transplantation in patients who responded well to
TACE, and have demonstrated the efficacy of preoperative
TACE in reducing the dropout rate while patients were
waiting for liver transplantation, there is no evidence
demonstrating that TACE improves the overall or recur-
rence-free survival [13-15].

Adjuvant therapy after curative treatment

Antiviral therapy in patients with viral hepatitis
after curative treatment

Virus eradication by interferon therapy is effective against
chronic hepatitis C and compensated cirrhosis type C.
Because patients with HCC frequently have viral hepatitis,
interferon therapy is administered after curative treatment
to eradicate the virus and to repress inflammation. Eight
RCTs have investigated the effectiveness of interferon
therapy after curative treatment of HCC (Table 2) [16-23].
Shiratori et al. administered PEI to 74 HCV-positive HCC
patients with three or fewer tumors; 49 of these patients
were subsequently treated with interferon. Interferon ther-
apy did not change the rate of recurrence, but significantly
improved the survival [18]. On the other hand, Mazzaferro
et al. [21] performed hepatic resection in 150 HCV-positive
patients with HCC; 76 of these patients were subsequently
treated with interferon. The 5-year recurrence-free survival
rate in those treated with interferon (24.3 %) was not sig-
nificantly different from those not treated with interferon
(5.8 %). In summary, one of the RCTs found interferon to
be effective in reducing recurrence and improving survival
after the curative treatment for HCC, while the other
showed a limited effect of interferon in a selected sub-
group. However, several meta-analyses of multiple studies
have shown that interferon therapy reduced the recurrence
and prolonged the survival rate [24-29].

Although interferon was used alone in these studies,
the current standard of care for treating chronic hepatitis
C is the use of pegylated-interferon in combination with

Table 2 Randomized clinical trials about adjuvant interferon therapy after curative treatment for hepatocellular carcinoma

References Cases Inclusion IFN Treatment  S-year survival 5-year recurrence Result

criteria (vs. control) rates (vs. control)
Tkeda et al. [16] 20 HCV IEN beta RES, PEI ND 0 vs. 100 % (2 years) Effective (recurrence)
Kubo et al. [17] 30 HCV IEN alpha RES ND ND Effective (survival)
Shiratori et al. [18] 74 HCV IFN alpha PEI 68 vs. 48 % 80 vs. 92 % Effective (survival)
Lin et al. [19] 30 HBV, HCV  IFN alpha PAI ND 47 vs. 90 % (4 years) Effective (recurrence)
Sun et al. [20] 236 HBV IFN alpha RES 63.8 vs. 38.8 m* 31.2vs. 17.7 m® Effective (survival)
Mazzaferro et al. [21] 150 HCV IFN alpha RES 63.6vs. 524 % 243 vs. 5.8 %° Not effective
Lo et al. [22] 80 HBV IFN alpha RES 79 vs. 61 % ND Not effective
Chen et al. [23] 268 HBV, HCV IFN alpha RES 75.4vs. 725 % 427 vs. 45.5 %° Not effective

HCYV hepatitis C virus, HBV hepatitis B virus, /FN interferon, RES resection, PEI percutaneous ethanol injection, PAI percutaneous acetic acid

injection, ND not described

# Median survival time

® Median disease-free survival time
¢ Recurrence-free survival rates
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ribavirin. This combination therapy has demonstrated a
higher rate of sustained virological response (SVR) than
interferon monotherapy. Some studies have also evaluated
its effectiveness as an adjuvant therapy after curative
treatment for HCC [30, 31]. Our recent report showed that
postoperative administration of pegylated-interferon plus
ribavirin in patients with HCV-positive HCC resulted in a
5-year survival rate of 91.7 %, which was significantly
higher than that of the historical control group (50.6 %)
[31]. In addition, two recent RCTs have investigated tela-
previr, an HCV genotype 1 protease inhibitor. The
ADVANCE trial investigated the effect of adding telapre-
vir to the pegylated-interferon plus ribavirin combination
therapy (PR group) in 1,088 untreated genotype 1 hepatitis
C patients [32]. Telaprevir was used with the combination
therapy for either 12 weeks (T12PR) or 8 weeks (T8PR).
The SVR was 44 % in the PR group, compared with 75 and
69 % in the T12PR and T8PR groups, respectively. This
demonstrates a significant additive effect of the combina-
tion therapy. The REALIZE trial investigated the effect of
adding telaprevir to pegylated-interferon plus ribavirin
combination therapy (PR group) in 663 treated genotype 1
hepatitis C patients [33]. The telaprevir combination ther-
apy was used either for 12 weeks (T12PR) or for 12 weeks
after an initial 4 weeks of PR and was followed by
32 weeks of PR (lead-in T12PR48). The SVR was 17 % in
the PR group as compared with 64 and 66 % in the T12PR
and lead-in T12PR48 groups, respectively, demonstrating a
significant improvement. Based on these positive out-
comes, telaprevir combination therapy is likely to become
a standard therapy used for HCV genotype 1 hepatitis.
Although telaprevir is not recommended for elderly
patients, patients with thrombocytopenia or with low
hemoglobin, this drug is expected to be useful as an
adjuvant therapy for selected patients after curative treat-
ment for HCC.

Nucleoside analogues are effective against hepatitis B.
The results of an RCT demonstrated that lamivudine sup-
pressed carcinogenesis arising from hepatitis B [34].
Nucleoside analogues suppress the replication of HBV,
repress inflammation and reverse liver fibrosis. Although
nucleoside analogues are expected to be used an adjuvant
therapy in patients with hepatitis B virus, no prospective
randomized studies have demonstrated its efficacy. It may
be difficult to perform an RCT with or without nucleoside
analogues after curative treatment for HCC, because these
drugs are already recommended for patients with HBV,
especially patients with a high viral load.

Adjuvant chemotherapy after curative treatment

HCC is generally insensitive to anti-cancer drugs, and
the response rate to systemic chemotherapy against
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unresectable advanced HCC is less than 20 %. In many
cases, HCC develops on a background of chronic liver
disease; accordingly, worsening liver function can lead to
insufficient dosing or a deteriorated prognosis. Until the
introduction of sorafenib, there was no standard therapy
with proven efficacy for unresectable HCC [35]. Hepatic
arterial infusion chemotherapy is considered to result in a
high local concentration and have fewer adverse systemic
effects, because the systemic concentration of the anti-
cancer drug is reduced. A number of small RCTs have
investigated the use of various adjuvant chemotherapies for
reducing the rates of metastasis and recurrence after cura-
tive treatment of HCC (Table 3) [36—47]. Oral, intravenous
and intrahepatic arterial administration routes have all been
investigated individually or in combination. Although two
previous RCTs have reported that neither 1-hex-
ylcarbamoyl-5-fluorouracil nor uracil-tegafur could reduce
the recurrence of HCC, a recent small RCT reported that
oral administration of capecitabine reduced the recurrence
rate [36-38]. There is currently no evidence that intrave-
nous chemotherapy is effective. The most frequent route of
administration is intrahepatic arterial administration, the
efficacy of which was demonstrated in a meta-analysis
[48]. However, the included studies were single center
experiences, with a small number of patients, and incor-
porated various treatment regimens. As such, there is no
established evidence for a single treatment protocol. Still,
some RCTs showed reduced recurrence of HCC with portal
vein tumors and improved survival in a population with
limited inclusion criteria [39, 45-47]. Because HCC is
considered to progress via the portal vein, and patients with
complicating portal vein tumors have an increased risk of
metastasis and recurrence, hepatic arterial infusion che-
motherapy is considered to be important in these patients.
Therefore, multicenter studies appropriately designed to
target patients with a high risk of metastasis are needed for
further investigations. ,

Sorafenib is a molecule that selectively suppresses
receptor tyrosine kinases, including the VEGF receptor and
PDGF receptor, as well as the serine/threonine kinase Raf
in the MAP kinase cascade [49, 50]. In 2008, the SHARP
trial, a large multicenter trial conducted primarily in the US
and Europe demonstrated that sorafenib significantly pro-
longed the survival in patients with advanced hepatocel-
lular carcinoma [35]. Sorafenib is the first agent proven to
improve the survival in HCC patients in a large phase III
trial. A recent, large clinical trial investigated the efficacy
of sorafenib for preventing recurrence after curative ther-
apy for HCC; the results are forthcoming (STORM trial).

Other studies have investigated various adjuvant thera-
pies. In a randomized study, Takayama et al. [51] dem-
onstrated that adoptive immunotherapy after hepatic
resection significantly reduced the recurrence rate in 150
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Table 3 Randomized clinical trials about postoperative chemotherapy after curative resection for hepatocellular carcinoma

References Cases Inclusion criteria Regimen 5-year survival S-year disease- Result
(vs. control) free survival
(vs. control)

Oral regimens

Yamamoto et al. [36] 76 Stage 11 HCFU vs. observation ND ND Effective
(clinical stage I)
Hasegawa et al. [37] 159 Child A/B, UFT vs. observation 58 vs. 73 % 29 vs. 29 % Not effective
without VI
Xia et al. [38] 60 Child A, within Capecitabine vs. 62.5 vs. 39.8 % 46.7 vs. 23.3 % Effective (DFS)
three number of observation
tumors, without
VI
Intravenous or intra-arterial regimens
Tzumi et al. [39] 50 With VI and/or IM Intra-arterial DXR and 50.3 vs. 28.8 % 25.6 vs. 5.9 % Effective (DFS)
MMC vs. observation (4 years)
Kohno et al. [40] 88 No residual disease Oral UFT and intra- 30 vs. 35 % 17 vs. 14 % Not effective
arterial EPI vs. oral UFT
Ono et al. [41] 57 Child A or B Intra-arterial and 31.5vs. 57.1 % 32.0vs. 225 % Not effective
intravenous EPI and
oral HCFU vs.
observation
Lai et al. [42] 66 No residual disease Intra-arterial CDDP and ND 18 vs. 48 % Worse outcome
intravenous EPI vs.
observation
Kwok et al. [43] 40 Child A or B Intra-arterial CDDP 40 vs. 55 % 40 vs. 44 % Not effective
4 dose vs. 1 dose (3 years) (3 years)
Shuqun et al. [44] 57 No residual disease Intra-arterial CBDCA, 10 vs. 7 vs. 8 m" 7vs.5vs. 4m*  Effective

EPI and MMC with/
without thymosin ol vs.

observation
Tanaka et al. [45] 15 With VI and/or IM Intra-arterial CDDP and 75 vs. 25 % 19 vs. 12.5 % Effective
FU vs. observation (3 years) (2 years) (survival)
Zhong et al. [46] 115 Stage III A, Child Intra-arterial CBDCA, 22.8 vs. 17.5 % 93 vs. 1.7 % Effective
AorB EPI and MMC vs.
observation
Peng et al. [47] 126 With VI, within Intra-arterial FU and 21.5vs. 85 % ND Effective
three number of DXR vs. observation (survival)
tumors, Child A
or B

VI vascular invasion, /M intrahepatic metastasis, ND not described, MST median survival time, HCFU 1-hexylcarbamoyl-5-fluorouracil, UFT uracil-tegafur, DXR doxorubicin, MM C mitomycin C,
EPI epirubicin, CDDP cisplatin, FU fluorouracil, CBDCA carboplatin

* Median survival time
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patients with HCC. Retinoids are reported to suppress
secondary carcinogenesis; a small RCT showed the effi-
cacy of a retinoid as a postoperative adjuvant therapy [52].
Lau et al. [53] administered '*'I-labeled lipiodol via the
hepatic artery, and reported a significant improvement in
the progression-free survival and overall survival. How-
ever, as these reports were based on single center trials
with a small number of patients, no such treatment is
currently recommended in the guidelines. Vitamin K was
also reported to suppress secondary carcinogenesis; how-
ever, an RCT found it to be ineffective against recurrence
[54].

Adjuvant therapy after liver transplantation

Liver transplantation is the most effective treatment for
early HCC that is unresectable due to deteriorated liver
function, with a 5-year survival rate of 60~80 % [11]. Liver
transplantation can simultaneously achieve both complete
resection of the liver tumor and appropriate treatment of
the background liver disease. However, because of com-
plex factors, such as the need for immunosuppressive
therapy and the recurrence of viral hepatitis, no standard
adjuvant therapy after the liver transplantation in patients
with HCC has been established to date. Recurrence after
liver transplantation for HCC may theoretically occur due
to the growth of occult metastases or to the engraftment of
circulating tumor cells. Therefore, Toso et al. have pro-
posed the following five strategies for improving the out-
come after transplantation: (1) selecting recipients with low
baseline levels of circulating HCC cells before transplan-
tation (further refining the selection criteria), (2) decreasing
the peritransplant release of HCC cells (decreasing the
handling of the liver), (3) preventing the engraftment of
circulating HCC cells in the liver (liver-protecting strate-
gies), (4) using anticancer drugs (killing circulating tumor
cells or early metastases), and (5) tuning immunity toward
HCC clearance (tumor-customized immunosuppression)
[55]. Accordingly, the current studies on adjuvant therapies
for the prevention of recurrence have focused on novel
antitumor agents including molecular targeting agents and
immunotherapy.

Donor liver-derived activated natural killer (NK) cell
therapy for the prevention of recurrence after liver
transplantation in patients with HCC

As noted above, the recurrence of HCC after liver trans-
plantation is thought to be due to the extrahepatic dis-
semination of tumor cells that existed preoperatively or
were disseminated during the surgical procedure. After
liver transplantation, it iS necessary to use immunosup-
pressive drugs, which attenuate the biological defense
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mechanisms and make it difficult to eliminate residual
microscopic cancer cells. These biological defense mech-
anisms consist of the innate immune and adaptive immune
responses. The latter is predominantly associated with
rejection and requires immunosuppressive therapy. There-
fore, we have investigated the potential of using anti-
cancer immunotherapy that selectively enhances the innate
immune response.

NK cells that dominate the innate immune system can
distinguish cancer cells from normal cells during the early
stages of cancer metastasis, and selectively kill them. We
have confirmed that the human liver has abundant NK cells
[56]. Unlike NK cells derived from the peripheral blood,
stimulating liver NK cells by IL-2 could induce the potent
expression of anti-tumor molecules, including tumor
necrosis factor-related apoptosis-inducing ligand (TRAIL),
which selectively targets cancer cells without affecting
normal cells. Moreover, we have found that moderately to
poorly differentiated hepatocellular carcinomas, which are
prone to recur after transplantation, highly express TRAIL
receptors, and are thus susceptible to apoptosis resulting
from TRAIL-mediated signaling. In a mouse model of liver
cancer, the intrahepatic implantation of cancer cells was
suppressed by the adoptive transfer of IL-2-stimulated liver
NK cells [57]. During the liver transplantation procedure,
the liver extracted from the donor is perfused to replace
the intra-hepatic blood with tissue preservatives. We have
developed a novel system to effectively retrieve NK
cells from the perfusate with aseptic manipulation. From
January 2006, with the approval of the Ethics Committee
of Hiroshima University Hospital, we began clinical stud-
ies of this new procedure. Donor liver-derived activated
NK cells were introduced with the aim of preventing
recurrence after liver transplantation in patients with HCC
[58]. To date, 26 patients with cirrhosis complicated with
HCC above stage II have been treated with this therapy,
and have been observed for safety and clinical outcomes.
Although further observation is required, we have observed
a significant reduction in recurrence in the treatment group
(unpublished data). Furthermore, we are currently working
on a cooperative study with researchers at the University of
Miami to expand the applications of this treatment to
deceased donor liver transplantation. This therapy has
gained FDA approval in the United States, and a Phase I
clinical study is ongoing (ClinicalTrials.gov identifier:
NCT01147380).

Conclusion
HCC recurrence is characterized by metastasis, as well as

multicentric carcinogenesis. Postoperative antiviral adju-
vant therapy, especially interferon therapy, may contribute
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to prolonging the survival in specific groups of patients.
However, no effective therapy against advanced HCC that
prevents metastasis has been established. Novel treatment
strategies incorporating molecular and immunological
mechanisms are expected in the future.
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Living donor liver transplantation (LDLT) has developed as
an alternative to deceased donor liver transplantation
(DDLT) in order to overcome the critical shortage of
deceased organ donations. Particularly in regions with low
deceased donation rates, like Asian, LDLT for end stage liver
disease significantly reduces the risk of death or drop off the
wait list without compromising post-transplant survival. A
preference for LDLT to DDLT may depend on the original
disease representing the indication for liver transplantation
(LT). LDLT offers a timely alternative to DDLT for patients
with hepatocellular carcinoma (HCC). However, the higher
recurrence rate of HCC after LDLT and the indication crite-
ria remain controversial. One of the recent quantitative
meta-analyses revealed the comparable patient survival rates
and no significant differences in the recurrence rates
between LDLT and DDLT recipients [1]. Another meta-
analysis provided evidence of lower disease-free survival
(DES) after LDLT compared with DDLT for HCC [2].
Hence, LDLT likely represents an acceptable option that

778
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does not compromise patient survival or increase HCC
recurrence in comparison with DDLT at this moment.

Early data suggested that patients with Hepatitis C virus
(HCV) that received a LDLT had worse outcomes, includ-
ing increased rates of cholestatic HCV than did recipients
of DDLT [3,4]. This is currently thought to be because of
an increased rate of biliary complications or other problems
seen during the learning curve of early LDLT experience.
More recent data demonstrated that there is no difference
in recurrent HCV between recipients of DDLT and LDLT
[5,6]. The latest meta-analysis demonstrated that LDLT
was equivalent to DDLT in terms of long-term patient or
graft survival, HCV recurrence, and acute rejection with a
potential lower short-term graft survival [7].

There are limited convincing data comparing outcomes
of LDLT and DDLT for autoimmune hepatitis (ATH) and
cholestatic liver diseases. It has been previously reported
that the overall survival outcomes of LDLT were similar to
DDLT in patients with ATH and primary biliary cirrhosis
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(8]. In contrast, patients with primary sclerosing cholan-
gitis undergoing LDLT, especially with biologically related
donors, are thought to have a higher risk to develop
recurrent disease compared with the DDLT setting, prob-
ably because of sharing antigens targeted by autoimmunity
between recipients and the related donors [9]. Further
prospective studies at transplant centers performing both
LDLT and DDLT might be needed to confirm these issues.

Regardless of such original disease, LDLT offers several
advantages over DDLT, which include the reduction in
waiting time mortality, the reduction in cold ischemic time
(CIT) and the feasibility of various preoperative interven-
tions, such as nutritional treatment for both the donor and
recipient [10]. However, it remains unclear whether those
advantages offset disadvantages peculiar to LDLT, such as
the smaller graft volume than DDLT and the highly techni-
cal procedure, which may be associated with higher com-
plication rates. This seems to be caused by a fact that direct
comparison of the results between LDLT and DDLT inevi-
tably involves various biases in nature.

Reichman et al. [11] have performed a retrospective
matched-cohort study to compare postoperative complica-
tion rate and patient survival in the two groups of patients
submitted to LDLT and to DDLT. Six clinical variables for
recipients: age, Meld, date of transplant, gender, primary
diagnosis, and recipient surgeon were matched in each
group (n = 145 in each group). They found that the overall
complication rate was similar between two groups. In fur-
ther detail, biliary complications were higher in LDLT
although the complications that occurred in the DDLT
were strongly associated with graft loss. Graft and patient
survival outcomes for LDLT versus DDLT were similar.
From those findings, they concluded that LDLT offers an
excellent alternative to DDLT in areas of deceased donor
organ shortages. This study defined surgical complications
that are more frequent in LDLT, i.e., biliary complications
(34% and 17% in LDLT and DDLT cohorts, respectively).
Despite a higher rate of complications among LDLT recipi-
ents, complications leading to death were not significantly
higher in LDLT in the experienced center. These findings,
in concert with the current common consent that the inci-
dence of complications, even biliary complications, can
decline with center experience to levels comparable with
DDLT [12], underscore the impact of the learning curve on
this highly technical procedure. Potential recipients need to
hear about both the rates of complications after LDLT and
DDLT, and this study with control for recipient variables
will help to define those rates. As pointed out by the
authors, this study left control for donor variables out of
consideration, despite a well known fact that donor age/
gender and donor-recipient human leukocyte antigen
matching correlate with either the incidence of certain
complications or the severity of original disease recurrence.

© 2013 Steunstichting ESOT. Published by John Wiley & Sons Ltd 26 (2013) 778-779
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Nevertheless, this case control comparison of the outcome
of LDLT and DDLT convincingly reported that these pro-
cedures had different complication profiles but the overall
outcomes were similar with expert management, suggesting
that the biological advantage in LDLT could compensate
for a higher rate of surgical complications caused by greater
technical complexity.
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ABSTRACT

Liver transplantation (LT) is a life-saving treatment for liver cirrhosis patients with hepato-
cellular carcinoma (HCC). However, 10%-20% HCC recurrence rate after LT is due to the
immunosuppression inducing tumor growth. We recently reported a novel immunotherapy
with donor liver natural killer (NK) cells to prevent HCC and hepatitis C virus (HCV)
recurrence after LT. In this cell processing procedure, Muromonab-CD3 (Orthoclone OKT3,
an anti-CD3 antibody) was added to the culture medium to deplete CD3™ T cells to prevent
graft-versus-host disease. However, the manufacture of OKT3 was discontinued in 2010, when
other treatments with similar efficacy and fewer side effects became available. In this study, we
examined alternative reagents for T-cell depletion-MACS GMP CD3 pure (GMP CD3),
antithymocyte globulin, and alemtuzumab-for NK cell immunotherapy in the allogeneic
setting. We observed that GMP CD3 showed exactly the same effects on liver mononuclear
cells as OKTS3, including activation of NK cells and depletion of T cells. Interestingly, binding
of T-cell depletion antibodies to NK cells led to an anti-HCV effect via interferon-y
production. These results with the use of in vitro culture systems suggested that antibodies

which produce T-cell depletion affected NK cell function.

Liver failure and hepatocellular carcinoma (HCC)
caused by chronic hepatitis C virus (HCV) infection
are the most common indications for liver transplantation
(LT). The incidences of both conditions have been pro-
jected to increase further. On the one hand, the rate of
HCC recurrence after LT is 10%-20%.* On the other
hand, recurrent HCV infection in the allograft, which is
universal, occurs immediately after LT and is associated
with accelerated progression to liver cirrhosis, graft loss,
and death.>* These recurrences remains the most serious
issue with LT. The use of postoperative immunosuppres-
sants poses an additional risk for recurrences and hinders
the use of chemotherapeutic or interferon (IFN) agents.™*
However, no definitive treatment or prevention for HCC
recurrence after LT is known.

Natural killer (NK) cells are innate immune lymphocytes
that are identified by their expression of the CD56 surface
antigen and the absence of CD3 markers.”® NK cells can
directly kill targets through the release of granzymes, which
are granules containing perforin and serine proteases,
and/or by surface-expressed ligands that engage and acti-
vate death receptors expressed on target cells. Unlike T
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cells, NK cells do not require the presence of a specific
antigen to kill cancer cells, modified cells, or invading
infectious microbes. NK cells are abundant in the liver, in
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contrast to their relatively small distribution in peripheral
lymph and lymphatic organs in rodents’'' and hu-
mans.'*>*? In addition, hepatic NK cells in humans have
been shown to mediate cytotoxic activity against HCC'? and
to display anti-HCV effects'* compared with their periph-
eral blood counterparts. We have successfully applied adop-
tive immunotherapy with liver NK cells to LT recipients
with HCC in Japan and the United States.'*™® In this
regimen, LT recipients are injected intravenously with
interleukin (IL) 2-activated NK cells derived from the
donor liver allograft. After treatment with IL-2 and OKT3
(Orthoclone OKT3, an anti-CD3 monoclonal antibody
[mAb]; Ortho Biotech, Raritan, NJ), liver NK cells ex-
pressed significantly elevated levels of the tumor necrosis
factor—related apoptosis-inducing ligand (TRAIL), a cru-
cial molecule for killing of tumor cells. Furthermore, these
cells showed great cytotoxicity against HCC without any
effect on normal cells.’?

OKT3, a potent immunosuppressant, has been shown to
reverse renal allograft rejection episodes.'”*® It has also
been widely used for immunotherapy, as well as to expand
cytotoxic T cells'® and enhance the activity of lymphokine-
activated killer (LAK) cells,>*~*° and prevent graft-versus-
host disease (GVHD).?*=2° In the latter setting, adminis-
tration of OKT3-coated T cells in vivo opsonizes for the
reticuloendothelial system to subsequently trap or lyses
cells.”®? This method has been used for clinical NK
therapy in Japan, achieving protection against GVHD.**
However, because of its numerous side effects, the avail-
ability of better-tolerated alternatives, and its declining use,
OKTS3 has been recently removed from the market. There-
fore, alternative reagents need to be evaluated for this
immunotherapy. In the present study, we evaluated the
effect of alternative reagents-GMP CD3 (MACS GMP CD3
pure; Miltenyi Biotec, Bergisch Gladbach, Germany), anti-
thymocyte globulin (Thymoglobulin; Genzyme, Cambridge,
MA), and alemtuzumab (Campath; Genzyme) using culture
systems with NK and T cells for subsequent application in
clinical trials.

MATERIALS AND METHODS
Isolation of Liver Mononuclear Cells

Liver mononuclear cells (LMNCs) from liver perfusates were
isolated by gradient centrifugation with Ficoll-Hypaque (GE
Healthcare, Pittsburgh, PA) before suspension in X-Vivo 15 me-
dium (Lonza, Walkersville, MD) supplemented with 100 pg/mL
gentamicin (APP Pharmaceuticals, Schaumburg, IL), 10% human
AB serum (Valley Biomedical, Winchester, VA), and 10 U/mL
sodium heparin (APP Pharmaceuticals), as previously described.'®
Our Institutional Review Board (IRB) approved this study.

Cell Culture

LMNCs were cultured with 1,000 U/mL human recombinant IL-2
(Proleukin; Novartis, Emeryville, CA) in culture medium at 37°Cin
an atmosphere supplemented with 5% CO,. LMNCs were exposed
to a OKT3 (1 pg/mL), GMP CD3 (1 pg/mL), antithymocyte
globulin (100 ug/mL), or alemtuzumab (100 ug/mL) at 1 day
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before cell harvest. After 4 days of culture, cells were subjected to
further analyses.

Flow Cytometry

All flow cytometry (FCM) analyses were performed on an LSR II
Flow Cytometer (BD Biosciences, San Jose, CA). The following
mAbs were used for surface staining of the lymphocytes: fluores-
cein isothiocyanate—conjugated anti-CD3 (HIT3a; BD Pharmin-
gen, San Diego, CA) or anti-CD56 (B159; BD Pharmingen);
phycoerythrin (PE)-conjugated anti-TRAIL (RIK-2; BD Pharmin-
gen), anti-NKp44 (P44-8.1; BD Pharmingen), or anti-CD158b
(CH-L; BD Pharmingen); allophycocyanin (APC)-conjugated an-
ti-CD56 (B159; BD Pharmingen), anti-CD25 (M-A251; BD
Pharmingen), or anti-NKG2A (Z199; Beckman Coulter, Fullerton,
CA); APC-eFluor780-conjugated anti-CD3 (UCHTI; eBiosci-
ence, San Diego, CA); PE-Cy7-conjugated anti-CD69 (FN50;
Biolegend, San Diego, CA), or anti-NKG2D (1D11; Biolegend);
eFluor 605NC-conjugated anti-CD16 (eBioCB16; eBioscience);
Alexa Fluor 647-conjugated anti-NKp30 (P30-15; Biolegend);
peridinin chlorophyll protein complex (PerCP)-Cy5.5-conjugated
anti-CD158a (HP-MA4; eBioscience); and biotin-conjugated anti-
CD122 (Mik-b3; BD Pharmingen), anti-NKp46 (9EZ2; Biolegend),
or CD132 (TuGh4; BD Pharmingen). The biotinylated mAbs were
visualized with the use of PerCP-Cy5.5-streptavidin (eBioscience)
or PE-Cy7-streptavidin (Biolegend). Dead cells were excluded by
light scatter and 4’,6-diamidino-2-phenylindole staining (DAPI;
Invitrogen, Carlsbad, CA). FCM analyses were performed with
Flowjo software (Tree Star, Ashland, OR).

Cytotoxic Assay

The cytotoxicity assay was performed by FCM as previously de-
scribed.’® Briefly, target cells labeled with 0.1 umol/L carboxyfluores-
cein diacetate succinimidyl ester Cell Tracer Kit (Invitrogen) for 5
minutes at 37°C in 5% CO, were washed twice in phosphate-buffered
saline solution, resuspended in complete medium, and counted with
the use of trypan blue staining. The effector and target cells were
coincubated at various ratios for 1 hour at 37°C in 5% CO,. As a
control, target cells or effector cells were incubated alone in complete
medium to measure spontaneous cell death after DAPI was added to
each tube. The data were analyzed with the use of Flowjo software.
Cytotoxic activity was calculated as a percentage with the following
formula: % cytotoxicity = [(% experimental DAPI™ dead targets) —
(% spontaneous DAPI* dead targets)[/[(100 — (% spontaneous
DAPI* dead targets)] X 100.

ELISA

IFN-vy production of LMNCs during the culture was measured by
enzyme-linked immunosorbent assay (ELISA) (Biolegend). Super-
nates collected after the incubation were stored at —80°C until
further use. IFN-y ELISA was performed according to the manu-
facturer’s instructions.

Coculture with HCV Replicon Cells

The Huh7/Rep-Feo cell line (HCV replicon cells) was kindly
provided by Dr N Sakamoto (Department of Gastroenterology and
Hepatology, Tokyo Medical and Dental University, Tokyo, Japan).
The HCV subgenomic replicon plasmid, pRep-Feo, was derived
from pRep-Neo (originally pHCVIbneo-delS).** pRep-Feo carries
a fusion gene comprising firefly luciferase and neomycin phospho-
transferase, as described elsewhere.?*?> After culture in the pres-
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ence of G418 (Invitrogen), Huh7/Rep-Feo cell lines showed stable
expression of the replicons. We used transwell tissue culture plates
(pore size 1 um; Costar, Cambridge, MA) for coculture experi-
ments. HCV replicon cells (10° cells) were incubated in the lower
compartment with various numbers of lymphocytes in the upper
compartment. The HCV replicon cells in the lower compartments
were collected at 48 hours after the coculture for luciferase assays
in duplicate with the use of a luminometer (TriStar LB 941;
Berthold Technologies, Oak Ridge, TN) with the Bright-Glo
Luciferase Assay System (Promega, Madison, WI).

Statistical Analysis

Data are presented as mean = SEM. The statistical difference
between results were analyzed by Student ¢ test (2 tailed), using the
Statistical Package for the Social Sciences (SPSS) software version
19 for Windows (IBM Corp, Armonk, NY). P values of <.05 were
considered to be statistically significant.

RESULTS
Effect on the Surface Phenotype of LMNCs

In 5 LMNC preparations, the addition of OKT3 GMP CD3 to
IL-2-stimulated LMNGCs decreased CD37CD56™ T cells to

IL-2 + OKT3 IL-2 + GMP (D3

IL-2 only

IL-2 + ATG
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0.2% * 0.1% and 0.2% = 0.1%, respectively, from the IL-2-only
control value of 28.1% = 12.3%. In contrast, CD3"CD56~ T
cells were retained among LMNC:s with the addition of antithy-
mocyte globulin or alemtuzumab: 3.3% = 2.0% and 17.2% =
7.3%, respectively. The proportion of CD37CD356™ NK cells
increased by ~10% in all groups (Fig 1A).

Addition of OKT3 or GMP CD3 to IL-2-stimulated
LMNCs maintained both activation and inhibitory markers
on NK cells. Interestingly, the expressions of TRAIL, CD25
(IL-2aR), and CD132 (IL-2yR) were increased in the
antithymocyte globulin group. Furthermore, both antithy-
mocyte globulin and alemtuzumab completely blocked the
expression of CD16 on NK cells (Fig 1B).

Cytotoxic Capacity

Cytotoxicity assays were performed with the use of freshly
isolated cultured LMNCs as effectors and K562 cells as
targets. Fig 2 shows freshly isolated LMNCs barely medi-
ated cell death, whereas IL-2—stimulated LMNCs produced
significant cytotoxicity. Although the ratios of CD3~CD56™
to CD3*CD56™ cells varied after treatment with various

-2+ AL

Fig 1. Effect of the T-cell deple-

tion antibodies on the phenotypic
characteristics of liver mononu-
clear cells (LMNCs). LMNCs ob-

tained from cadaveric donors

AL were stimulated with IL-2 (1000
ATG | U/mL) for 4 days. Anti-CD3 mAb
GMP CD3 (OKT3; 1 pg/mb), MACS GMP
OKT3 CD3 pure (GMP CD3; 1 ug/mL),
IL-2 only — _ - antithymocyte globulin (ATG; 100
Isotype 25 W e e w0 @ o o o ug/mb), or alemtuzumab (AL; 100
S s e rg/mL) was added to the culture

NKp46 medium 1 day before cell har-

P vesting. (A) The LMNCs were

AL R - stained with monoclonal antibod-
ATG I ies against CD3 and CD56. The
GMP CD3 — numbers indicate the mean per-
OKT3 ‘:_“:r ﬁ t centages of the population. (B) His-
IL-2 only F g 7 — s tograms show the logarithmic fluo-
lsotype TR T T e e R e e W oW @ W o« w % @ o« W  rescence intensities obtained on
SreTmerA ST e ST e s e staining for each surface marker

NKG2A CD158a CD158b after gating on the CD3"CD56™

NK cells. Dotted lines indicate neg-

AL ative control samples with isotype-
ATG matched mAbs. The flow cytom-
GMPCD3 | etry dot plot and histogram
OKT3 profiles represent 5 independent
1L-2 only experiments. TRAIL, tumor ne-
Isotype crosis factor-related apoptosis-

CompAPC-A; RHGZA

inducing ligand.
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Fig2. Antitumor eflect of the A )v Target only Untreatment IL-2
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T-cell depletion reagents for 4 days in culture, all cultured was strongly enhanced by OKT3 treatment.** GMP CD3 treat-
LMNCs exhibited vigorous cytotoxicity against K562. ment showed ~80% decreased HCV replication, which was
LMNCs treated with antithymocyte globulin showed almost the same effect as that caused by OKT3. Surprisingly,
slightly decreased cytotoxicity compared with the other antithymocyte globulin and alemtuzumab treatment also elicited
groups, but the difference was not significant. This tendency robust anti-HCV effects on LMNCs. We previously reported that
was similar to that reported in an earlier study.>® The IFN-vy secreted from LMNC:s activated by IL-2 and OKT3 was
cultured LMNCs did not show cytotoxicity against self- responsible for the anti-HCV activity of these cells.'* Cultured
lymphoblasts (data not shown). LMNC:s also actively produced large amounts of IFN-y (Fig 3B),
which probably played a pivotal role in their anti-HCV activity.
Anti-HCV Activity

IL-2-cultured LMNCs inhibited 40% luciferase reporter activiy ~ D' oCUSSION
compared with freshly isolated LMNCs (Fig 3A). As we have In this study, we discovered GMP CD3 to be an alternative
reported before, the anti-HCV effect of IL-2-activated LMNCs reagent to OKT3 for immunotherapy using liver NK cells.

A B
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Fig 3. Anti-hepatitis C virus (HCV) effect of the T-cell depletion antibodies on IL-2-stimulated liver mononuclear cells (LMNCs). The
LMNCs cultured for 4 days in the presence of IL-2 and various reagents were incubated with HCV replicon-containing cells for 48
hours in transwell tissue culture plates (effector-to-target ratio, 10:1). (A) Luciferase activity of HCV replicon-containing cells in the
presence of effectors, normalized to luciferase activity in the absence of effectors. The difference in anti-HCV effect between the
reagent-treated LMNCs and the freshly isolated LMNCs was statistically significant (5 LMNCs; *P < .01; *P < .05 vs untreated group,
t test). (B) IFN-y production during the culture, as measured by ELISA [mean = SEM (5 samples; *P < .01; *P < .05 vs untreated group,
t test)].
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We compared the phenotypes and functions of LMNCs
after treatment with various T-cell depletion regents, show-
ing that GMP CD3 displayed same results as OKT3.
Treatment with other T-cell depletion reagents, such as
antithymocyte globulin and alemtuzumab, revealed unex-
pectedly strong cytotoxicity and anti-HCV effects on liver
NK cells. Although antithymocyte globulin and alemtu-
zumab are difficult to use in immunotherapy because they
completely bind the CD16 ligand on NK cells, these anti-
bodies might affect NK cell function in in vitro culture
systems.

This in vitro study showed that after treatment with GMP
CD3 the degree of T-cell contamination and the NK cell
phenotype and function, were similar to those after OKT3
treatment. T-Cell contamination was significantly de-
creased by either GMP CD3 or OKT3 treatment (Fig 1A).
The 0.2% CD3" T-cell persistence in the final product
represents an acceptable level for allogeneic transplanta-
tion.'® Residual OKT3-coated T cells were dysfunctional.
The NK cell percentage was the same in both groups. GMP
CD3 treatment did not affect NK cell phenotype, including
activation receptors, inhibitory receptors, and TRAIL.
CD37CD56" NK cells expressed CD16, CD69, NKG2D,
NKp30, NKp40, NKp46, TRAIL, and killer cell immuno-
globulin-like receptors (KIRs), such as CD158a and
CD158b (Fig 1B). Functional assays revealed that cytotox-
icity and anti-HCV activity were maintained after GMP
CD3 treatment. These results were reasonable, because
both OKT3 and GMP CD3 are mouse IgG2as, whose Fc R
receptor binds poorly to CD16. No animal- or human-
derived components were used for the manufacture of this
antibody. GMP CD3 is a reagent for research use and ex
vivo cell culture processing only. It is not intended for in
vivo human applications. GMP CD3 is manufactured and
tested under a certificated ISO 9001 quality system in
compliance with relevant GMP guidelines. It was designed
following the recommendations of USP 1043 on ancillary
materials.*® GMP CD3 has been applied to expand cyto-
kine-induced killer cells.?’

In this study, we chose to examine the effects of other
T-cell depletion antibodies. Currently, a wide variety of
both polyclonal antibodies (antithymocyte globulin) and
mADbs (alemtuzumab) are routinely used to deplete T cells
in organ transplantation. Antithymocyte globulin contains a
wide variety of antibody specificities directed toward im-
mune response antigens, adhesion and cell trafficking mol-
ecules, and markers of heterogeneous pathways, including
CD2, CD3, CD4, CDS, CD11a, CD16, CD25, CD44, CD45,
HLA-DR, and HLA class 1.3® Alemtuzumab is the human-
ized form of a murine anti-CD52 mAb, a membrane
glycoprotein with unknown function that is expressed on
lymphocytes, macrophages, monocytes, and eosinophils. It
is especially highly expressed on lymphocytes (up to 5% of
surface antigens), explaining its powerful immunodeple-
tion. Interestingly, antithymocyte globulin enhances the
expression of IL-2 receptors (CD25 and CD132) and alem-
tuzumab of the activation receptor (NKp44) on NK cells
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(Fig 1B). Under IL-2 stimulation, either antithymocyte
globulin— or alemtuzumab-treated liver NK cells showed
strong cytotoxicity and anti-HCV activity (Fig 2 and 3). Our
results clearly support the conclusion of other authors that
binding of antithymocyte globulin to NK cells leads to cell
activation and IFN-y production.*®*® The possible mecha-
nism is that the binding of antithymocyte globulin or
alemtuzumab to CD16 produces NK cell activation and
degranulation.*® However, antithymocyte globulin and
alemtuzumab have also been reported to be potent to
induce NK cell death and impair cytotoxicity.*"*> When
used for immunotherapy, antithymocyte globulin— or alem-
tuzumab-binding NK cells are destroyed through immuno-
logic mechanisms such as complement-mediated and/or
antibody-dependent cytotoxicity.*®

In summary, we have shown the effects of GMP CD3
antibody to be similar to those of OKT3, namely, depletion
of T cells and induction of NK cell phenotype and function.
We have already applied this method to clinical immuno-
therapy using liver NK cells for liver transplant patients
with HCC (ClinicalTrial.gov identifier: NCT01147380) af-
ter IRB and Food and Drug Administration approval in the
United States. Our findings also support the hypothesis that
T-cell depletion antibodies affect NK cell function with the
use of in vitro culture systems.
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