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Phase 1I Trial of Combination Therapy of Tumor Lysate-pulsed
Dendritic Cells and Adoptive Transfer of Anti-CD3 Activated T
Cells (ATVAC) to Lower Postsurgical Recurrence Rates of
Cholangiocellular Carcinoma (CCC)

Koichi Shimizu'>*, Nobuhiro Takeshita®, Yoshihito Kotera®, Kenii
Yoshitoshi®, Syunichi Ariizumi?, Satoshi Katagiri®, Yoshihito Otsubo®,
Keishi Tanigawa™, Ken Takasaki®®, Masakazu Yamamoto®,
Atsushi Aruga™. 'Chemoimmumnotherapy Center, Shin-Itabashi Clinic;
“Department of Gastroenterology, Tokvo Wemen's Medical University
(TWMU); J. B. Therapeutics Inc, Tokyo, Japan.

Background: Postsurgical recurrence of cholangiocellular carcinoma
(CCC) is frequent and latal. Patients with CCC who underwent curative
resection revealed the median overall survival (OS) of 21 months [95%
confidence interval (CI), 11.6-30.4]. This phase IT study investigated the
efficacy and safety of adoptive transfer of anti-CD3 activated T cells
(ATVAC) in patients who underwent curative resection for CCC to
lower postsurgical recurrence rates.

Methods: Patients with CCC who underwent curative resection received
ATVAC. ATVAC consisted of dendritic cells with autologous lympho-
cytes activated with interleukin-2 and antibody to CD3 at 7-day or
14-day intervals for 3 months. The immune responses to tumor antigens
(Tgs) were monitored by delayed-type hypersensitivity (DTH). The
primary end point was relapse-free survival. Secondary end points were
OS, the monitoring of immune responses to Tgs. and toxicity.

Results: Between September 2000 and August 2005, 38 patients were
included, with a median age of 63.2 years (39 to 81), a median tumor size
of 5.7¢m. Thirty-eight patients (100%) underwent segmentectomy. On
the pathologic findings, vascular invasions, intrahepatic metastases, and
lymph node involvements were 81.1%, 29%, and 55.3%. respectively.
The median relapse-free survival was 14 months (95% CI, 3-25). The
median OS was 26 months (95% CI, 6-46). 20 patients showed positive
DTH responses to Tgs. Among these patients, the median OS was 72
months. In contrast, in the group of patients with a negative DTH, the
median OS was 13 months (95% CIL, 9-17).

Conclusions: This result suggests that ATVAC is very effective in patients
with positive DTH responses to Tgs who underwent curative resection
for CCC to lower postsurgical recurrence rates.

A Phase I/1I Trial of Combination Therapy of Tumor Lysate-
pulsed Dendritic Cells and Adoptive Transfer of Anti-CD3
Activated T Cells (ATVAC) in Patients With Advanced Gastro-
intestinal (GI) Cancers

Koichi  Shimizu'*®, Keishi Tanigawa™’, Nobuhiro Takeshita?,
Toshimi i—'ujisawa:. Ken Takasaki®®, Masakazu Yamamoto,
Atsuhi Aruga®. !Chemoimmunotherapy Center, Shin-Ttabashi Clinic;
“Department of Gastroenterological Surgery, Tokyo Women's Medical
University (TWMU ); *J. B. Therapeutics Inc, Tokyo, Japan.

We have previously shown that tumor lysate-pulsed dendritic cell
vaccination (TP-DC) elicited therapeutic rejection of established tumor
in animal models. In addition, combination of TP-DC with administra-
tion of activated T cells elicited more significant therapeutic rejection of
established tumor than the single therapy alone in animal models. We,
therefore sought to examine the therapeutic potency of TP-DC with
administration of anti-CD3 activated T cells (CAT) against gastro-
intestinal cancers: 3 patients were diagnosed with pancreatic cancer, 7
patients with HCC. 3 patients with intrahepatic cholangiocarcinoma, 2
patients with esophageal sarcoma, 12 patients with colorectal cancer.
Monocyte-derived DCs were generated in serum-free medium containing
granulocyte macrophage-colony stimulating factor (100ng/mL) and
interleukin-4 (50 ng/mL). Patients received TP-DC intradermally 4 times
every 3 weeks with CAT activated with interleukin-2 and antibody to
CD3: 4 patients received 1 x 10° DC. 7 received 2 x 107, 16 received
1 x 10%, The safety as well as the biologic and the clinical effects of
adoptive transfer of anti-CD3 activated T cells (ATVAC) were studied.
Twenty-seven patients were included. Ten of these patients had
cvaluable unresected tumor resistant to conventional chemotherapy.
ATVAC was well tolerated; the major adverse events being fever and
skin erythema of low grade (grade 1 and grade 2). No grade 3 and 4
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adverse events were noted. None of the 10 patients achieved partia]
remission; 4 patients achieved stable disease. Thirteen of the 16 patients
receiving | x 10¥ DC developed a strong positive skin reaction to tumor
lysates. In 6 patients, positive skin reaction to tumor lysates was shown
to be maintained in 6 months after the development of the positive skin
reaction to tumor lysates. The correlation of DTH responses to tumor
lysates in vivo with immune responses to lysates in vitro and clinica]
responses was evaluated. Patients with a positive DTH to tumor lysates
revealed the increase in the number of peripheral blood lymphocyies
(PBL) compared to those with a negative DTH. The increase in the
number of the T cells in PBL was observed in patients with a positive
DTH. Furthermore, patients with a posiive DTH revealed the
significant interferon-y production by T cells stimulated with TP-DC,
The duration of the positive DTH was within 6 months after the final
treatment correlated with the decrease in the number of PBL in vivo and
the decrease of the production of interferon-y in vitro by T cells. The
results of this phase 1 trial appear promising for further development in
patients with advanced gastrointestinal cancers.

Intratumoral Injection of Immature Dendritic Cells (DCI) Against
Gastrointestinal (GI) Cancers: A Phase I Study in Patients With
Metastatic GI Cancers

Keishi  Tanigawa'?,  Koichi  Shimizu'?®,  Toshimi  Fujisawa',
Nobuhiro Takeshita'. Ken Takasaki'?, Masakazu Yamamoto!,
Atsushi Aruga'. ‘Department of Surgery, Institute of Gastroenterology,
Tokyo Women's Medical University; °J. B. Therapeutics Inc; S Chemo-
immunotherapy Center, Shin-Itabashi Clinic, Tokvo, Japan.

We have previously shown that direct injection of immature dendritic
cells (DCI) into tumor nodules could result in significant remission of
established subcutaneous tumor. We therefore sought to determine DCI
tor cancer treatment. Monocyte-derived DCs were generated in serum-
free medium containing granulocyte macrophage-colony stimulating
factor (100ng/mL) and interleukin-4 (50 ng/mL). Immature, unpulsed
DCs were resuspended in 1mL of saline. Patients received DCI into
tumor nodules 4 times, 14 days apart. In some cases, patients underwent
systemic administration of interleukin 2 intravenously at 350,000 [U

body daily for 4 days consecutively after each DCI. The safety as well
as the biological and the clinical effects of DCI were evaluated in a phase
I clinical trial in patients with metastatic gastrointestinal cancers. Sixteen
patients have been included, which had evaluable metastatic or
unresecled tumor resistant to the conventional chemotherapy/radio-
therapy. DCI was well tolerated, the major adverse events being fever
were low grade (grade | and grade 2) with no grade 3 and 4 adverse
events. The number of DCs administered ranged from 1 to 20 x 107 cells
originally generated {rom 4 cycles of leukapheresis products. One of the
16 patients achieved partial remission (6 mo), 12 achieved stable disease.
All of these 13 patients developed strong positive skin reaction to
keyhole limpet hemocyanin. Considering the late stage and progression
of gastrointestinal cancers, the results of this phase 1 trial are
encouraging and promising clinical benefit in patients with chemother-
apy/radiation-resistant tumors.

The CD19 Chimeric Antigen Receptor Re-directs CMV Specific T
Cells Derived From Central Memory T Cells (Bi-specific T Cells)
Against Human Acute Lymphoid Leukemia (ALL)

Xiuli Wang, Winnie Wong, Wen-Chung Chang, Julie R. Ostberg,
David DiGiusto, Michael C. Jensen. Cancer Immunotherapeutics and
Tumor Immunology, BRI, City of Hope National Medical Center, Duarte,
CA.

One strategy lo enhance the efficacy of antitumor adoptive T-cell
therapy is to generate bi-specific T cells. which co-express viral-specific
and tumor-specific antigen receptors. The hypothesis is that these
bi-specific T cells will have enhanced antitumor function in a patient
through the coordinate stimulation by viral antigens that are presented
in the context of endogenous professional antigen presenting cells.
Central memory T cells (Tcm) have a unique ability to self-renew.
proliferate, and differentiate into effector Tem, which suggests that this
T-cell subset will be most effective and persistent upon adoptive transfer.
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Thus, we first selected Tem using the Dreg56 (anti-CID62L) biotinylated
antibody and CliniMacs selection. The purified Tem were then
stimulated twice with cytomegalovirus (CMV) pp65 protein. resulting
in 40% enrichment of CMYV pp65 tetramer+ cells. The CMV-specific
T cells were expanded more than 1000-fold following a single
restimulation in rapid expansion medium, and then genetically
redirected to target CD19 on acute lymphoid leukemia through lentiviral
transduction with a CD19-specific chimeric antigen receptor, CD19R.
Upon further stimulation and expansion of these T cells, expression of
both the CDI9R transgene and the endogenous CMV-specific T-cell
receptor were stable as detected by flow cytometry and/or Western.
Cytotoxicity assays revealed that the bi-specific T cells could efficiently
and specifically kill CMV + targets as well as the acute lymphoid
leukemia cell line SupB135. Together, these results suggest that the
generation of bi-specific T cells is a feasible strategy with the potential to
enhance the overall antitumor potential of adoptively transferred T cells.

Isolating High-affinity T-cell Receptors for Adoptive Therapy of
Tumors

Susanne Wilde', Bernhard Frankenberger', Daniel Sommermeyer”,
Waolfgang Uckert’,  Slavoljub  Milosevic', ~Stefani  Spranger',
Heike Pohla™*. Matthias  Schiemann®, Dirk H.  Busch®,
Dolores J. Schendel'. ‘Institute of Molecular Immunology: °Max-
Delbrueck-Center for Molecular Medicine, Berlin, Germany; “Institute of
Molecular Imnumnelogy and Clinical Cooperation Group Immune Mon-
itoring, Helmholiz Zentrum Mimchen, German Research Center for
Environmental Health; ? Laboratory of Tumor Immunology, LIFE-Center,
Ludwig-Maximilians-University; > Institute of Microbiology, Immunology
and Hygiene, Technical University Munich, Munich, Germany.

If one wants to obtain high-avidity T cells specific for tumor-associated
antigens (TAA). one has to deal with the problem that such TAA often
represent self-peptides derived from overexpressed proteins presented by
sel-MHC molecules. T cells with high-aflinity T-cell receptors (TCR)
specific for such ligands have been eliminated through the process of
negative selection during lymphocyte development to prevent auto-
immunity. Therefore, TCR aflinity of remaining lymphocytes for such
self-peptides is low. To efficiently generate peptide-specific T cells bearing
high-affinity TCR one can tap a nonselected T-cell repertoire when the
TAA peptides are presented by allogeneic MHC molecules. Several
approaches have been used to obtain such allo-restricted, peptide-specific
T-cell clones. We concentrated on dendritic cell (DC) priming and
developed a method using RNA-loaded DC as antigen-presenting cells to
tap unselected T-cell repertoires. For proof of principle, we compared
self-restricted and allo-restricted priming using tyrosinase as a model TAA.
Self-restricted, peptide-specific T-cell clones from healthy HLA-A2+
donors were derived using autologous tyrosinase-RNA pulsed DC
whereas allo-restricted T-cell clones from healthy HLA-A2- donors were
obtained using autologous DC loaded with RNA encoding tyrosinase
and allo-HLA-A2 molecules. We demonstrated that allo-restricted T cells
showed functional superiority and higher functional avidities. We extended
these findings by generating allo-restricted. high-avidity T cells specific for
a Mart-1 peptide and a survivin peptide to show universal application.
Since adoptive transfer of TCR-transduced peripheral blood lymphocytes
(PBL) provides a new therapeutic treatment our aim was to generate TCR-
transgenic PBL using cloned TCR sequences. To this end, we transduced
PBL of healthy donors with self-restricted and allo-restricted sequences of
tyrosinase-specific T-cell clones with highest functional avidity and best
capacity to kill tumors. The allo-restricted TCR-transduced PBL
recognized lower peptide concentrations and therefore showed higher
functional avidity compared with the self-restricted TCR-transduced PBL,
demonstrating the superiority of the allo-restricted TCR.

CANCER STEM CELLS AND THE
HOST RESPONSE

Characterization of the Immune Profile of Cancer Stem Cells
Isolated From Human Glioblastoma

v e 4] ~ . 2
Cristina Maccalli', Stefania Mazzoleni®, Samantha Scaramuzza',
¥ - .2 . . « .
Gloria Sovena', Soldano Ferrone®, Rossella Galli®, Parmiani Giorgio'.

C 2008 Lippincott Williams & Wilkins

!Oncology, Unit of Immuno-Biotherapy of Solid Tumors; >Stem Cell
Research Institute, San Raffacle Foundation Scientific Institute, Milan,
ltaly; 2 Hillman Cancer Center, University of Pittsburgh Cancer Institute,
Pittsburgh, PA.

Cancer Stem cells (CSCs) represent the most aggressive component of
tumors and have been proposed as elective cellular target in the context
of biological therapies such as immunotherapy. The main objectives of
our project are represented by the identification of markers with
immunological relevance expressed by CSCs and the validation of their
role as target molecule to design immunotherapeutic protocols for
glioblastoma (GBM).

We carried out a set of experiments using IF and cytofluorimetric or
confocal microscopy analysis aimed al the immunological characteriza-
tion of CSCs isolated from human GBM and in vitro cultured either in
the presence or absence of mitogens. We found that GBM CSCs were
negative or weakly positive for the expression of MHC class 1 or class II
molecules, with only 1 out of 8 GBM CSC lines expressing high level of
HLA molecules. Along this line, NKG2D ligands (MICA/B or ULBPs)
were weakly or not expressed by most GBM CSCs with only 1 cell line
being positive for all these molecules while significant expression of these
molecules was detected on GBM tumor cell lines [grown in vitro under
standard culture conditions (FBS)]. Moreover, defective expression of
MHC antigen processing machinery (APM) by GBM CSC lines was
observed. Up-regulation of MHC class I and of most of APM molecules
was achieved after interferon (IFN)-y treatment of CSCs. while weak or
no modulation of MHC class 1 molecules was observed. Heterogeneous
expression of MHC molecules or NKG2D ligands was also observed in
tumors generated by intracranial or subcutaneous transplantation of
GBM CSCs in immunodeficient mice. Notably, cancer-testis TAAs, such
as NY-ESO or MAGE was weakly or not expressed by GBM CSC lines
while survivin and COA-1 were detected in all these cell lines (N = 8).
We carried out in vitro stimulation of peripheral blood mononuclear
cells isolated from 2 GBM patients with autologous CSCs and the
specific reactivity of T lymphocytes against GBM CSCs was evaluated
by TFN-y release (enzyme-linked immunosorbent spot) or cytotoxic
activity (CD107a mobilization). We found that GBM CSCs, following
IFN-v treatment, can elicit an efficient CSC-specific T-cell-mediated
immune response.

Taken together, these results indicate that MHC molecules and NKG2D
ligands are expressed heterogeneously by both in vitro established CSC
lines and in tumors transplanted in immunodeficient mice. In addition,
though the expression of APM is defective in these cells, we found that
GBM CSCs can be exploited to generate T-cell-mediated immune
responses in at least some GBM patients.

Upregulation of Stem Cell-related Genes in Hypoxic Mammo-
sphere Cultures

Norazizah Shafee'. Shu-Yuan Liao”, Eric I. Stanbridgez. "Department of
Microbiology, Faculty of Biotechnology and Biomolecular Sciences,
Universiti Putra Malaysia, Serdang, Malaysia; *Department of Micro-
hiology and Molecular Genetics, University of California, frvine, CA.
Nonadherent mammosphere cultures have been used as a method for
expansion and maintenance of mammary gland stem cells in vitro. We
have observed that mammospheres cultured in hypoxic condition
survived better and could be maintained at higher passage numbers
compared to normoxic conditions. We sought to examine the possible
involvement of stem cell regulatory genes in the maintenance of these
mammospheres under hypoxic conditions. We dissociated cells from
normal as well as breast cancer samples, and cultured them in suspension
conditions either under normoxia or hypoxia (0.5% 0O,). At 20,000 cells/
ml concentration, only 6 out of 8 samples tested formed mammospheres
after 7 to 10 days of culture. The number of these primary mammo-
spheres varies from sample to sample. There was no difference in the
numbers when cells from the same sample were incubated under hypoxic
or normoxic conditions. Following formation of the primary mammo-
spheres, we dissociated and subcultured them at similar cell concentra-
tions. These mammospheres survived variable passage numbers, ranging
from 2 to 10 passages. Mammospheres from sample number 9 showed
the highest passage number. To investigate the level of stem cells
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