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monitored clinically and biochemically after DC infusion
(Table 2). A larger proportion (12 of 13) of the patients were
complicated with high fever compared to those treated pre-
viously with immature DCs (five of 10) [20], due probably to
the proinflammatory responses induced by OK432-
stimulated DCs. However, there were no grades III or IV
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Natjonal Cancer Institute Common Toxicity Criteria adverse
events, including vomiting, abdominal pain, encephalopa-
thy, myalgia, ascites, gastrointestinal disorders, bleeding,
hepatic abscess or autoimmune diseases associated with DC
infusion and TAE in this study. There was also no clinical or
serological evidence of hepatic failure or autoimmune
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Table 2. Adverse events.

Patient  Fever Abdominal

no. (days) Vomiting pain Encephalopathy Others'
1 2 No No No No
2 2 No No No No
3 1 No No No No
4 3 No No No No
5 3 No No No No
6 4 No No No No
7 10 No No No No
8 No No No No No
9 2 No No No No

10 1 No No No No

11 2 No No No No

12 2 No No No No

13 1 No No No No

*Other adverse events include myalgia, ascites, gastrointestinal dis-
order, bleeding, hepatic abscess and antoimmune diseases.

response in any patients. Thus, concurrent treatment with
OK432-stimulated DC infusions can be performed safely at
the same time as TAE in patients with cirrhosis and HCC.

Recurrence-free survival following DC infusion

A further objective of this study was to determine clinical
response following DC infusion. A group of historical con-
trols treated with TAE without DC administration was
reviewed for this study (Table 3). The clinical characteristics
including tumour burden and hepatic reserve were compa-
rable between patients treated with TAE and OK432-
stimulated DC transfer (1= 13) and those historical controls
with TAE but without DC administration (n = 22). We com-

0K432-DC transfer into HCC during TAE

pared the recurrence-free survival between these patient
groups. Kaplan-Meier analysis indicated that patients
treated with TAE and OK432-stimulated DC transfer had
prolonged recurrence-free survival compared with the his-
torical controls that had been treated with TAE alone (recur-
rence rates 360 days after the treatments; two of 13 and 12 of
22, respectively; P = 0-046, log-rank test) (Fig. 2). The results
demonstrated that OK432-stimulated DC transfer during
TAE therapy reduces tumour recurrence in HCC patients.

NK cell activity and intracellular cytokine responses
in PBMCs

To assess systemic immunomodulatory effects of OK432-
stimulated DC transfer, PBMCs were isolated 1 and 3
months after treatment and NK cell cytotoxicity against
K562 erythroleukaemia target cells measured using the *'Cr-
release assay (Fig. 3). The level of NK cell was unaltered
following treatment. In addition, cytokine production
capacity of lymphocyte subsets was quantitated by measur-
ing intracellular IFN-y and IL-4 using flow cytometry. There
were also no significant changes in terms of cytokine pro-
duction capacity in the CD4*, CD8* and CD56" subsets in the
patients treated with OK432-stimulated DCs.

Immune responses to peptide epitopes derived from
tumour antigens

To assess the effects on T cell responses to tumour antigens,
PBMCs were obtained 4 weeks after DC infusion, pulsed
with peptides derived from AFP, MRP3, SART2, SART3 and
hTERT. IFN-y production was then quantitated in an

Table 3. Clinical characteristics of patients treated with TAE + OK-DC and TAE alone.

TAE +OK-DC TAE P

No. of patients 13 22

Age (years) 68.2x9.1 70.0 £ 7.6 ns'
Gender (M/F) 9/4 13/9 ns.?
White cell count (x10/ul) 34.4*11.6 41.4* 189 ns.
Lymphocytes (X10%/l) 10.4 = 3.6 124*47 ns.'
Platelets (x10%/pl) 11.5+10.2 10358 ns.'
Hepaplastin test (%) 646 116 755+ 24.3 ns'
ALT (IU/) 56.7 £ 389 67.9 * 44.6 ns.'
Total bilirubin (mg/dl) 13+07 1106 ns.t
Albumin (g/dl) 3.4+06 3.6+0.4 ns.'
Non-cancerous liver parenchyma (no.)

Chronic hepatitis 0 8

Cirrhosis (Child-Pugh A/B/C) 13 (5/8/0) 14 (6/8/0) ns.?
TNM stages (VII/OI/IV-A/IV-B) 0/4/9/0/0 3/8/11/0/0 ns.t
No. of tumours 25*13 1.9%13 ns.'
Largest tumour (mm) 30294 326 £ 152 ns.t
AFP 204.8 + 404.1 201.8 = 544.2 ns.'

Results are expressed as means * standard deviation. ‘Mann-Whitney U-test. *Fisher’s exact test. TAE, transcatheter arterial embolization; OK-DC,
OK432-stimulated dendritic cells; ALT, alanine transaminase; TNM, tomour—node-metastasis; AFP, alpha-fetoprotein; Child—Pugh, Child—Pugh clas-

sification; n.s., not significant.
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Fig. 2. Recurrence-free survival of patients treated with transcatheter
hepatic arterial embolization (TAE) with [TAE + OK-stimulated
dendritic cells (DC); n = 13] and without (TAE: historical controls;
n = 22) OK432-stimulated DC administration. Time zero is the date
of TAE. All patients underwent ultrasound, computed tomography
(CT) scan or magnetic resonance imaging (MRI) of the abdomen
about 1 month after treatment and at a minimum of once every 3
months thereafter. Kaplan—Meier analysis indicated that

TAE + OK-DC treatment prolonged recurrence-free survival
compared with the TAE-alone group (recurrence rates 360 days after
the treatments; two of 13 and 12 of 22, respectively; P = 0046,
log-rank test).

ELISPOT assay. Cells producing IFN-v in response to stimu-
lation with HLA-A24 [the most common HLA-A antigen
(58-1%) in Japanese populations [35]]-restricted peptide
epitopes derived from tumour antigens MRP3 and hTERT
were induced in three of six HLA-A24-positive patients
(numbers 2, 6 and 11) after treatment with TAE and OK432-
stimulated DCs {Fig. 4). To understand the immunological
and clinical significance of the T lymphocyte responses,
PBMCs obtained from the historical control patients who
had been treated with TAE without DC administration were
also evaluated by ELISPOT. Similarly, positive reactions were
observed in four (numbers t8, t19, 20 and 122) of six HLA-
A24-positive patients. These data indicate that T lymphocyte
responses to HLA-A24 restricted peptide epitopes of tumour
antigens were induced following the TAE therapy, but no
additional responses were observed as a result of OK432-
stimulated DC transfer in the current study.

Serum levels of cytokines, chemokines and

arginase activity

To screen for immunobiological responses induced follow-
ing OK432-stimulated DC transfer, serum levels of cytokines
and chemokines were measured simultaneously using the
Bio-Plex multiplex suspension array system. The results were
compared with the historical control patients treated with
TAE without DC administration. Interestingly, serum con-
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Fig. 3. Natural killer (NK) cell activity and intracellular cytokine
production in peripheral blood mononuclear cells (PBMCs) of
patients treated with OK432-stimulated dendritic cells (DCs) during
transcatheter hepatic arterial embolization (TAE) therapy (n=13).
PBMCs were isolated before and 1 and 3 months after treatment and
used for the analyses. Upper panel: NK cell cytotoxicity against K562
erythroleukaemia target cells was evaluated at the effector/target (E/T)
cell ratios shown. NK cell activities were not changed following
treatment. Middle and lower panels: PBMCs were stimulated with
phorbol 12-myristate 13-acetate (PMA) and ionomycin, stained for
CD4, CD8 and CD56 expression, permeabilized and stained for
intracellular interferon (IFN)-y and interleukin (IL)-4. Percentages of
cytokine-positive cells were quantitated by flow cytometry. There were
no significant changes in terms of cytokine production capacity in the
CD4*, CD8* and CD56" subsets following the treatments. The data are
given as means * standard deviation of the groups.
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centrations of 11-9, IL-15 and TNF-o. were greatly increased
after OK432-stimulated DC infusion, in contrast to their
reduction following TAE treatment alone (Fig. 5a). Further-
more, the chemokines eotaxin (CCL11) and MIP-1j (CCL4)
were induced markedly after DC transfer, although they were
also decreased after TAE alone. These data indicate that
transfer of OK432-stimulated DC during TAE therapy
induced unique immune responses that may be mediated by
the cytokines IL-9, IL-15 and TNF-o. and the chemokines
eotaxin and MIP-1B.

In addition, serum arginase activity was reported to reflect
numbers of myeloid-derived suppressor cells (MDSCs) that
may inhibit T lymphocyte responses in cancer patients [36].
Therefore, serum arginase activity was measured after
OK432-stimulated DC infusion, and it was found that it was
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increased six- or sevenfold in patients treated with TAE.
However, this increase was independent of the presence or
absence of OK432-stimulated DC transfer (Fig. 5b). None
the less, serum arginase activity was decreased again 4 weeks
after treatment with both TAE and OK432-stimulated DC
transfer but tended to be maintained at a high levels in
patients treated with TAE without DC transfer. However,
these differences did not reach statistical significance
(P > 0-05). Because arginase activity is known to be relatively
high in liver and HCC cells [37], the influence of tissue
injury was assessed biochemically by measuring serum levels
of ALT and LDH activities. We did not observe ALT' or LDH
elevation, indicating that the increase of arginase activity was
not due to tissue damage following treatment. Collectively,
these results demonstrate that infusion of OK432-stimulated
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Fig. 5. Cytokine and chemokine profiling and arginase activity in sera
of patients treated with OK432-stimulated dendritic cells (DCs)
during transcatheter hepatic arterial embolization (TAE} therapy
{TAE + OK-DC; n = 13) and the historical controls treated with TAE
without DC transfer (TAE; n= 22). (a) Serum samples were examined
for their content of a validated panel of cytokines and chemokines
using the Bioplex assay. Percentage changes in serum levels 2 weeks
after the treatments were calculated as follows: [(post-treatment level
- pretreatment level)/pretreatment level] x 100. The data are

means * standard error of the mean (s.e.m.) of the groups. *P < 0-05
when compared by the Mann—Whitney U-test. (b) Serum samples
were tested for arginase activity by conversion of L-arginine to
L-ornithine, and for alanine aminotransferase (ALT) and lactic
dehydrogenase (LDH) activities. While there was a trend for the
arginase activity in the TAE + OK-DC group to decrease 4 weeks after
treatment, the difference did not reach statistical significance

(P > 0-05). Percentage changes in serum levels 2 weeks after the
treatments were calculated as follows: [(post-treatment level -
pretreatment level)/pretreatment level] x 100. The data indicate
means * s.e.m. of the groups.
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DCs during TAE treatment may reduce the immunosuppres-
sive activities of MDSCs, and assist in developing a favour-
able environment for the induction of anti-tumour
immunity.

Discussion

Although many novel strategies, including immunothera-
pies, have been developed in an attempt to suppress tumour
recurrence after curative treatments for HCC, recurrence
rates and survival times have not been improved significantly
[38). In the current study, we first established that OK432-
stimulated DC administration during TAE therapy did not
cause critical adverse events in patients with cirrhosis and
HCC. Most importantly, DC transfer resulted in prolonged
recurrence-free survival after combination therapy with TAE
and OK432-stimulated DC administration. In terms of the
immunomodulatory effects of DC transfer, although NK
cell activity, intracellular cytokine production and T
lymphocyte-mediated immune responses were not altered in
PBMC:s from treated patients, serum levels of IL-9, IL-15 and
TNF-o. and the chemokines eotaxin and MIP-1p were
enhanced markedly after DC transfer. In addition, serum
levels of arginase activity were decreased following DC
transfer. Collectively, this study demonstrated the feasibility,
safety and beneficial anti-tumour effects of OK432-
stimulated DC infusion into tumour tissues for patients with
cirrhosis and HCC, suggesting the ability of an active immu-
notherapeutic strategy to reduce tumour recurrence after
locoregional treatment of HCC.

DCs were stimulated with OK432 prior to infusion into
tumour tissues through an arterial catheter. OK432 was
reported to activate DCs through its binding to TLR-2 and -4
[16,39] that can be used for cancer therapy [33]. The current
results indicate that OK432 stimulation of immature DCs
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from HCC patients promoted their maturation processes
while preserving antigen uptake capacity and enhancing
tumoricidal activity, consistent with previous observations
[16,19] and supporting the current strategy in which
OK432-stimulated DCs were infused directly into tumour
tissues. Because the tumoricidal activity of unstimulated
DCs was not observed in in vitro experiments, OK432 stimu-
lation obviously altered the cytotoxic properties of DCs. One
of the mechanisms of DC killing was reported to be CD40/
CD40 ligand interaction [19]. Further studies are needed to
determine the killing mechanisms of DCs derived from HCC
patients in a direct [TNF, TNF-related apoptosis inducing
ligand (TRAILY), Fas ligand, nitric oxide (NO) and perforin/
granzyme)] and indirect (MHC-restricted) manner [40-43].
Although the main mechanism by which OK432-stimulated
DCs prolonged the recurrence-free survival was not eluci-
dated, the tumoricidal activity of mature DCs was implicated
in in vivo enhancement of antigen presentation,
co-stimulation and inflammatory cytokine production.

Very recent reports document injection of OK432-
stimulated DCs into patients with cancer of the gastrointes-
tinal tract or pancreas [44,45], but their anti-tumour effects
were not defined clearly. The current study shows for the first
time that OK432-stimulated DCs induce beneficial anti-
tumour responses when transferred into tumour tissues
during TAE therapy. The anti-tumour responses may have
been enhanced as a result of optimal activation of the DCs
with OK432 or combining infusion of stimulated DCs with
TAE therapy. Inappropriately activated DCs may be unable
to generate sufficient numbers of properly activated effector
T lymphocytes [46]. As shown in Fig. 1, all these alterations
could contribute to the further enhancement of anti-tumour
effects compared to those in our previous study with imma-
ture DCs [20]. Furthermore, the tumour cell death-
promoting therapies, e.g. chemotherapy [47] and TAE [48],
can be expected to enhance the effects of therapeutic cancer
vaccines by redressing the immunosuppressive tumour
environment.

NK cell activity and intracellular cytokine responses in
CD4* and CD8* T lymphocytes and CD56* NK cell subsets
in PBMCs were not changed significantly in patients
treated with OK432-stimulated DCs. Furthermore, we
did not observe tumour antigen-specific T lymphocyte
responses associated clearly with DC administration. The
data suggest therefore that the immune responses induced
by the therapy applied here were not detectable systemi-
cally. ‘Because cytotoxic T lymphocyte responses were
enhanced in patients receiving >3 % 107 cells [49,50], the
numbers of transferred OK432-stimulated DCs were
apparently not sufficient to induce responses detectable in
the peripheral blood, but were enough to exert beneficial
anti-tumour effects. In addition, many studies have con-
cluded that cytotoxic T lymphocyte responses rarely predict
clinical outcomes of DC-based immunotherapies [51,52]
and that in many cases, also including our own studies
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[28,30], tumour-specific effector T lymphocytes co-exist
with the tumours. Consistent with these observations, the
current results suggest that cytotoxic T lymphocyte
responses in PBMCs are not reliable predictors of beneficial
anti-tumour effects in patients treated with the current
OK432-stimulated DC strategy.

Serum levels of the cytokines IL-9, IL-15 and TNF-o. and
the chemokines eotaxin and MIP-18 were increased following
OK432-stimulated DC transfer, but decreased after TAE
therapy without DC administration. IL-9and IL-15 belong to
the cytokine receptor common gamma chain (y; CD132)
family, a member of the type I cytokine receptor family
expressed on most lymphocyte populations [53]. JL-9 exerts
pleiotropic activities on T and B lymphocytes, mast cells,
monocytes and haematopoietic progenitors [54,55]. IL-15
and TNF-o are known to prime T lymphocytes and NK cells
when secreted by DCs [56] and to induce anti-tumour
immune responses [57]. Eotaxin is known to selectively
recruit eosinophils also contributing to anti-tumour effects
[58,59],and MIP-1B is a chemoattractant for NK cells, mono-
cytes and a variety of other immune cells [60]. In addition,
serum levels of arginase tended to decrease after DC transfer.
Because serum arginase activity reflects the numbers of
MDSCs that inhibit T lymphocyte responses in cancer
patients [36], the patients treated with OK432-stimulated
DCs might have developed lower levels of suppressor cells.
Collectively, the results suggest that infusion of OK432-
stimulated DCs may orchestrate the immune environment in
the whole body that could enhance beneficial anti-tumour
effects, although the precise molecular and cellular mecha-
nisms associated with the actions of these cytokines and
chemokines were not defined dearly in the current analysis.
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