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Cancer vaccines, virotherapy, T-cell
directed immunotherapy
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Dendritic cell therapy, clinical and histological aspects

C.J.A. Punt, University Hospital Nijmegen, Department of Medical
Oncology, Nijmegen, The Netherlands

In the past decade, dendritic cells (DC) have been established as a major
component of the cellular antitumor immune response, and culture tech-
niques have allowed the generation of adequate numbers of DC for clini-
cal studies. Current major problems are the low incidence and the relative
unpredictability of clinical remissions, and with that the difficulty in patient
selection. The availability of validated surrogate biologic markers to monitor
their efficacy would greatly improve the development of DC-based vaccines.
This would also be of great value in the testing of many other aspect of DC
therapy, such as culture methods, schedule, dose, route of administration
etc. Yet to date none are available. This is further hampered by the lack
of T-cell specific antigens on most tumor types. The results of studies on
tumor-specific T cell responses in the peripheral blood of vaccinated pa-
tients have been disappointing. This is not surprising given the fact that a
relevant response, if any, should take place at the site of the tumor. The
sampling of tumor tissue from cancer patients for these purposes imposes
ethical and logistic problems.

We have investigated several variables of peptide-pulsed DC in melanoma
patients. As also shown by others, we found that mature DC, when com-
pared to immature DC, have improved migratory capacities as well as im-
proved DTH reactions in the skin proliferative T cell- and humoral responses
in peripheral blood to KLH which we use as a control epitope. More impor-
tantly, our preliminary results indicate that DTH testing is a promising surro-
gate marker to evaluate the efficacy of our DC vaccine in that tumor-specific
T cell responses were detected in DTH biopsies taken from patients after
vaccination. This was evident from the culture of T cells as well as tetramer
staining on frozen sections of DTH biopsies. In these biopsies we only de-
tected T cells directed against the immunogen which was presented on the
DC used to evoke the DTH. Intriguingly, patients in whom these specific
immune responses were detected had improved clinical outcome. Although
the number of patients are yet too small for definite conclusions, these re-
sults show that DTH may be a promising tool for the immunomonitoring of
DC vaccines.
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Cancer vaccines based on defined tumor antigens:
specificity with an eye on prevention

O.J. Finn, University of Pittsburgh Medical Center, Department of
Immunology, Pittsburgh, PA, USA

Molecular characterization of tumor antigens that are immunogenic in hu-
mans is an important goal of tumor immunologists. The incentive is to cre-
ate effective tumor-specific immunogens and thus increase the immune re-
sponse to a level necessary to reject the tumor. One such antigen is the
MUC1 mucin. Expressed on normal ductal epithelial cells as a highly O-
glycosylated molecule, composed almost exclusively of 20aa tandem re-
peats, MUC1 undergoes profound changes in glycosylation on tumor cells.
This change determines the outcome of its processing and presentation
by APC. MUC1 produced by tumor cells is not processed and presented
by patient’s APC, resulting in the lack of significant MUC1-specific immu-
nity. Synthetic forms of MUC1 that can be introduced through vaccination,
can be processed by DC and elicit MUC1-specific helper T cells, CTL and
multiple antibody isotypes. MUC1 peptide vaccines have been tested in an-
imal models and in cancer patients in phase | clinical trials. Animal stud-
ies have shown what all tumor immunologists have known for decades but
have recently chosen to forget: vaccines work in prevention and not in ther-
apy. MUC1 is expressed aberrantly not only on tumor cells but also on pre-
malignant cells. Normal epithelial cells of the colon do not express MUC1
but polyps do and adenomatous polyps show all the changes in glycosy-
lation and overexpression documented for colon tumor cells. Vaccinating
individuals with MUC1 based vaccines to prevent polyp recurrence thereby
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preventing colon cancer, would be expected to have a larger impact then
vaccinating people who have already developed cancer.

The second tumor antigen that is a candidate for preventive cancer vac-
cines is Cyclin B1. Cyclin B1 is a cell cycle regulatory protein that is aber-
rantly expressed in the cytoplasm of tumor cells where it is found in large
amounts that are never encountered in normal cells. Tumors that aberrantly
express Cyclin B1 belong to many different types, solid tumors as well as
lymphomas, and they all have functionally inactive p53. Inactivation of p53
function and resulting overexpression of Cyclin B1 are very early changes
in the transformation process and are characteristic of premalignant lesions
as well as fully developed tumors. This suggest the possibility of vaccinating
patients who have been diagnosed with prenoeplastic changes in hope of
eliminating these lesions and preventing further transformation to cancer.
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Immunotherapy of herpesvirus reactivation

V. Levitsky ', L-Q. Li", Ch. Wei', L.M. Hutt-Fletcher?, A.J. Morgan®,
M.G. Masucci'. ' Karolinska institutet, Microbiology and Tumour Biology
center, Stockholm, Sweden; 2University of Missouri, School of Biological
Sciences, Kansas City, USA; 3University of Bristol, Department of
Phatology and Microbiology, School of Medical Sciences, Bristol, UK

Reactivation of chronic herpes virus infections often occurs on the back-
ground of transient or long-lasting immunosuppression supporting the role
of immunity in anti-viral surveillance. Reactivation of Epstein-Barr virus
(EBV), one of the best-characterized tumor associated human herpes
viruses, serves as a prognostic marker for a number of EBV-associated
malignancies. The frequency of EBV-associated post-transplant lymphopro-
liferative disease (PTLD) depends on the type of transplant and efficiency
of immunosuppression. In bone marrow transplant recipients, PTLD can be
treated or prevented by administration of in vitro expanded donor-derived
EBV-specific cytotoxic lymphocytes (CTLs). Our data suggest that prophy-
lactic administration of EBV specific CTLs of donor origin is the most effi-
cient way to prevent PTLD development and control excessive EBV reacti-
vation. Alternative approaches include the development of vector systems
for transferring EBV specific T-cell receptors (TCR) to peripheral blood T-
cells. In this case, the strategic choice of TCRs should be based on knowl-
edge of TCR’s peptide specificity, allo cross-reactivity and clonal composi-
tion of the specific TCR repertoire.

The mechanisms of EBV reactivation in vivo include proliferation of latently
infected B-cells and lytic virus replication. The latter appears to be associ-
ated with a particularly high tumor risk. EBV infection of monocytes inhibits
their development into dendritic cells and causes their apoptotic death.
These findings suggest a novel mechanism for EBV interference with the
development and maintenance of EBV-specific immune response and in-
dicate that release of EBV virions could be an important factor of tumor
progression.
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DNA vaccines for cancer
T.C. Wu, Dept. of Pathology, Baltimore, USA

More than 99% of cervical cancers have been associated with human
papillomaviruses (HPVs), particularly HPV type 16. Two HPV oncogenic
proteins, E6 and E7, are consistently co-expressed in HPV-expressing
cervical cancers and are important in the induction and maintenance of cel-
lular transformation. Therefore, immunotherapy that targets E7 and/for E6
proteins may provide an opportunity to prevent and treat HPV-associated
cervical malignancies. It has been established that T cell-mediated immu-
nity is one of the most crucial components to defend against HPV infections
and HPV-associated lesions. Therefore, effective therapeutic HPV vac-
cines should generate enhanced E6/E7-specific T cell-mediated immune
responses. It is now clear that dendritic cells (DCs) are the most potent
professional antigen presenting cells (APCs) that prime helper and killer T
cells in vivo. Thus, effective vaccines would most likely require a strategy
that targets tumor antigens to DCs. Intradermal administration of DNA
vaccines via gene gun represents an efficient way to deliver DNA vaccines
into professional APCs in vivo. The gene gun approach enables delivery
of DNA vaccines into epidermal Langerhans cells, which move into the
draining lymph nodes to further activate T cells. Thus, this delivery method
allows for direct targeting of genes of interest into professional APCs in vivo.
We have successfully used this system to test several intracellular targeting
strategies that enhance MHC class | and class |l presentation and have
generated impressive results. One major limitation of DNA vaccines is their
intrinsic inability to amplify and spread in vivo as some replicating viral vac-
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cine vectors are able to do. Therefore, a strategy that facilitates the spread
of antigen to other APCs may significantly enhance the potency of naked
DNA vaccines delivered intradermally. We have recently enhanced the po-
tency of DNA vaccines using herpes simplex virus (HSV-1) VP22, an HSV-1
tegument protein that has demonstrated the remarkable property of inter-
cellular transport and is capable of distributing protein to many surrounding
cells. We showed that HSV-1 VP22 (HVP22) was capable of enhanc-
ing intercellular spreading of linked protein, such as E7. Furthermore, we
demonstrated that mice vaccinated intradermally with HSV-1 VP22/E7 DNA
generated a significantly greater number of E7 specific CD8+ T cell precur-
sors and stronger antitumor effect than mice vaccinated with wild-type E7
DNA. The impressive pre-clinical data based on these strategies have led
to several nucleic acid vaccine trials tentatively scheduled to begin in 2003.
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COX-inhibitors and radiation

A. Dicker, Thomas Jefferson University, Department of Radiation
Oncology, Philadelphia, USA

Cyclooxygenase-2 (COX-2), the enzyme that converts arachidonic acid to
prostaglandins, overexpressed in a variety of different tumors, including
colon, pancreatic, prostate, lung and head and neck cancers. COX-2 is also
observed within human tumor neovasculature, suggesting that COX-2 de-
rived prostaglandins contribute to tumor growth by inducing formation of
new blood vessels

Angiogenesis is the process by which new capillaries are formed from pre-
existing vessel networks. Angiogenesis into a newly growing tumor provides
a pathway for escape and systemic dissemination via the blood or lymph
system and represents an important therapeutic target. Tumors that demon-
strate intense immunostaining for COX-2 also demonstrate co-localization
for cytokines involved in angiogenesis.

Angiogenesis has been considered as a potential target for the treatment of
cancer, either by the inhibition of endothelial cell proliferation and migration
or by inhibition of the production of angiogenic factors by tumors. In con-
trast to tumor cells, endothelial cells, derived from the host, are genetically
stable and have a low mutation rate. Kerbel has suggested that antiangio-
genic therapy may be a strategy to bypass drug resistance. Celecoxib and
rofecoxib, have been shown to posses potent inhibitor of angiogenesis and
tumor growth.

A growing tumor requires a blood supply; and, thus, it secretes numerous
angiogenic compounds that induce host endothelial cells to proliferate, mi-
grate, and differentiate into patent vessels. It is proposed that by inhibiting
the angiogenic processes of endothelial cells, tumor growth and metastasis
will be inhibited as well. It is unclear at the point whether the target for selec-
tive inhibitors of COX-2 is tumor, tumor associated neovasculature or both.
Clinical trials will help elucidate the role of this interesting class of agents
in combination with cytotoxic therapy for the treatment of cancer. The use
of COX-2 inhibitors in cancer therapy may complement current strategies
while potentially minimizing the impact on quality of life.
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Combination therapy with anti-angiogenic agents and
radiotherapy

K. Camphausen, National Cancer Institute, Imaging and Molecular
Therapeutics Section,Radiat, Bethesda, USA

Radiation therapy has been used for over 100 years in the treatment of
cancer. The conventional explanation for the mechanism of the -radiation
effect- against tumor cells is that DNA damage caused by ionizing radiation
results in reproductive cell death. However, what if, damage to the DNA of
tumor cells is not the primary target? What if the primary target is actually
the supporting endothelial cell?

The oxygen effect on the radio-resistance of hypoxic tumor cells has been
well demonstrated. It may be counterintuitive to some that the use of anti-
angiogenic therapy may augment local control with radiotherapy. Classic
dogma teaches that if the tumor bed is rendered more hypoxic with anti-
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angiogenic therapy, then the tumor cells must be less radiosensitive. Gen-
erating hypoxia with anti-angiogenic therapies may also select cancer cells
that have acquired hypoxia-resistance and have a higher metastatic and in-
vasive potential. Fortunately, three pre-clinical studies have shown that the
treatment of tumors with anti-angiogenic drugs actually increases the tumor
pO2. In 1992, Teicher published the first paper using a combination of anti-
angiogenic therapy and radiotherapy against a primary tumor. She demon-
strated, in a tumor growth delay study, that the combination of minocycline
(a weak metalloproteinase inhibitor), TNP-470 and radiotherapy was syner-
gistic against Lewis lung carcinoma cells in mice. These results triggered
a paradigm shift in the rationale for combining anti-angiogenic therapy with
radiotherapy.

Since this landmark study, radiotherapy has been used in combination with
numerous anti-angiogenic agents including angiostatin, endostatin, anti-
VEGF therapy, thalidomide, as well as numerous other agents, in pre-
clinical models. Numerous clinical trials are also ongoing with many newer
combinations in the planning phase.

It is the objective of this session to review the data concerning anti-angio-
genic therapy and its effects on tumor vasculature and to describe the po-
tential use of anti-angiogenic therapy from the point of view of the radiation
oncologist. We will then explore the promising evidence and rationale for
combining anti-angiogenic drugs and radiotherapy to enhance local control.
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Protein expression and tumor hypoxia

B.G. Wouters', M. Koritzinsky ', C. Koumenis?, N. Sonenberg®.

! University of Maastricht, Radiotherapy, Maastricht, The Netheriands;
2Wake Forest University, Radiation Oncology, Winston Salem, USA;
3McGill University, Biochemistry, Montreal, Canada

There is strong evidence that poor oxygenation (hypoxia) influences impor-
tant physiological and pathological conditions. This includes development,
ischemia, stroke and cancer. In cancer, hypoxia is a negative prognostic
factor and is implicated in carcinogenesis, metastasis, angiogenesis and
therapy resistance. The influence of hypoxia is due in large part to changes
in gene expression. We are investigating the both the mechanisms of gene
regulation during hypoxic stress and attempting to identify hypoxia respon-
sive genes. Most of the known hypoxia-induced genes are regulated at the
level of transcription through HIF-1. We have found that a second impor-
tant mode of gene regulation during hypoxic stress occurs through inhi-
bition of mMRNA translation. The eukaryotic initiation factor 2-alpha (elF2-
alpha) becomes phosphorylated at Ser51 within 1 hr of hypoxia, resulting
in a rapid decrease in protein synthesis. At higher oxygen concentrations
(0.05% - 1%), the phosphorylation occurs later, and is less pronounced.
This effect is specific to hypoxia and is independent of HIF-1alpha. Pro-
longed hypoxia causes further inhibition of translation through inhibition of
the mRNA cap binding protein elF4E. The elF4E binding proteins (4E-BPs)
become dephosphorylated, resulting in increased binding to elF4E. Con-
comitantly there is loss of association of elF4E with the scaffolding protein
elF4G, which brings elF4E, the mRNA and the ribosomal subunit together.
Finally, the elF4E transporter (4E-T) also becomes dephosphorylated and
both proteins relocalise to the cell nucleus. These changes demonstrate
that cells respond to hypoxia by a rapid, co-ordinated and persistent down
regulation of protein synthesis that has important implications for under-
standing protein expression in hypoxic tumors.
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P53 differential radiosensitizing mechanism of a
PKC-inhibitor (PKC412)

M. Pruschy, D. Zingg, O. Riesterer, D. Fabbro, A. Tenzer, S. Bodis.
University Hospital Zurich, CH-8091 Zurich, Switzeriand

The cellular response to ionising radiation (IR) is complex and includes a
great number of intra- and extracellular targets. Increasing the tumor spe-
cific cell kill of IR with pharmacological sensitizers is an attractive goal. But
so far only few genes, growth receptors and signaling proteins are known to
have a key function for tumor selective radiosensitization. Based on recent
data it seems unlikely that single target radiosensitizers will have a major
impact for radiocurability in advanced solid human tumors. However, target-
ing entire survival signaling pathways with known molecular aberrations in
tumor cells is an attractive concept. P53 mutations are common in locally
advanced solid human tumors and might confer a radioresistant phenotype
in some tumors. Growth stimulatory protein kinase C (PKC) antagonizes
IR-induced cell death. Likewise activation of the phosphatidylinositol 3-
kinase/Akt survival pathway suppresses pro-apoptotic signals. Compounds



