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The International Society for the Biological Theyayy Cancer (iSBTc) provides a primer
course each year during the annual meeting to asldhe most important areas of tumor
immunology and immunotherapy. The course has be&mdpy prominent investigators
in the area of interest, covering the core primgplof cancer immunology and
immunotherapy. The target audience for this prograciudes basic and clinical
investigators from academic, regulatory, and bioplageutical venues. The audience
includes clinicians, researchers, students, podtiedal fellows, and allied health
professionals. The program goal is to enable ttendees to learn the current status and
the most recent advances in biologic therapiesudiefj cancer vaccines, vaccine
adjuvants, host-tumor interactions and the roleth& innate and adaptive immune
systems in tumor immunology and therapy.

The immunologic primer course at the 23rd Annualetimg of iISBTc was held on
October 30, 2008 in San Diego, CA. The topics ceden this primer included: (1)
Cytokines in Cancer Immunology; (2) Anti-Angiogefiiberapy; (3) End Stage: Immune
Killing of Tumors; (4) Blocking T cell Checkpoint$5) Approach to Identification and
Therapeutic Exploitation of Tumor Antigens; (6) Edrilatory Cells; (7) Adoptive T cell
Therapy; (8) Immune Monitoring of Cancer Immuno#py; and (9) Immune Adjuvants.

Cytokinesin Cancer Immunology

The development of anti-cancer cytokines is arvadcirea for investigators in the field of
cancer immunotherapy. Dr. Mario Sznol, MD (Yale ity School of Medicine) gave
a comprehensive topic on the application of cytekim cancer immunotherapy. Both
immune or non-immune cells can be the focus ofdgichl rationals for cytokine
therapy, including: 1) T cells: to enhance the dgwaent, proliferation and/or function
of either endogenous or adoptively transferredcédfeT-cells ; 2) NK cells: to enhance
NK activity and improve ADCC; 3) tumor cells: tonggulate Ag and MHC expression,
or induce an anti-proliferative effect 4) DC/AP®@: generate and mature DC/APC in
vitro, and to increase DC/APC number and functiowivo.



Although over 20 cytokines have been developedtertreatment of cancer, only IL-2,
IFN-a and TNFe have been approved in the US and/or Europe forunaiogic anti-
cancer therapy. Multiple issues for clinical deyefent of cytokines have been
highlighted over decades of studies, such as twitext-dependent biological effects,
secondary effects, and differences in responsedagtwndividuals. IL-2 was one of the
first cytokines to be applied to cancer therapy-2llinduces T cell activation and
proliferation and stimulates NK cell cytotoxicitypwever, IL-2 also causes vascular leak
syndrome, which can lead to significant side effetit-2 regimens have been tested in
several types of cancers, with a 15% responseordiein human metastatic renal cell
carcinoma and melanoma. Adoptive cell transferushdr infiltrating lymphocytes to
lymphodepleted patients with melanoma in combimatoth high dose IL-2 has been
shown to achieve clinical responses in the rangg08b. However, minimal activity of
IL-2 in the treatment of other cancers has beeemks. Mechanistic studies involving T
cells activation, T regulatory cells and B7 co-stiatory family members are under
investigation to address how IL-2 works or failstierapy. IL-2, IL-15 and IL-21 all
belong to the common gamma chain receptor famidygéting NK, NKT and memory
CD8+ T cells, IL-15 exerts its functions preferatiyi through trans-presentation. Murine
models demonstrated that IL-15 enhances in vivo-tantor activity of adoptively
transferred T cells, which is further enhancedambination with an anti-IL-2 antibody.
IL-21 may be a promising candidate for cancer imatherapy as it has pleiotropic roles
in immune cells, yet does not support Treg functi@rcombination of IL-15 and IL-21
may be a choice for future therapeutic regimenssuggiested by some mouse studies.
The clinical experience with IL-12 was also summed; local administration is
recommended due to its excessive systemic toxiOtlger cytokines, such as IL-6, IL-7,
Thl7, and TGH were also discussed in this lecture. Future apidins of new
cytokines include in vitro expansion of antigendfe T cells and the support for
adoptively transferred cells; local application asvaccine adjuvant; antibodies to
neutralize selected cytokines to enhance immurgonses; or combination uses, such as
with immune modulating monoclonal antibodies (sastanti-CTLA4).

Anti-angiogenic Therapy

Dr. David Cheresh (University of California, SaneBo) updated studies on targeting
tumor angiogenesis by blocking the VEGF/VEGFR pathwGrowth factors of the
VEGF and PDGF families function primarily in a pemiae manner to promote
angiogenesis (the sprouting of new blood vessetsn frpre-existing ones) and
vasculogenesis (the generation of new blood vesgle¢ése no blood vessels previously
exist). Both angiogenesis and vasculogenesis plag in the formation and maintenance
of tumor vasculature and the progression of can¥®GF and PDGF bind their
corresponding receptors to trigger receptor autgphorylation and the initiation of
downstream signaling processes. The ligation of ¥BR& by the majority of VEGF
isoforms triggers the proliferation, migration aswrvival of endothelial cells, which in
tumors form the framework of immature new neoptaséissels. The PDGFs play a role
in the regulation of cell proliferation, and furarti as growth signals for pericytes and
Vessel-Smooth-Muscle-Cells (VSMC) that line andsize the nascent vessels formed
by endothelial cells.



VEGF, through its receptor, attenuates PDGF-mediigtericyte/VSMC coverage of
blood vessels. The VEGF receptor interacts with RREGF receptor to inhibit PDGF
signaling. VEGF-R2 blockade (Avastin) increasesiqyee coverage and normalizes
tumor vessels. Besides vascular cells and tumds, aglyeloid cells can also produce
VEGF. In a myeloid-specific VEGF knock out mouseripytic coverage was improved.
Furthermore, Avastin treatment achieved better tucoatrol in myeloid-specific VEGF
knock out mice compared to wild-type mice. Togetliee data provides a mechanism to
explain how VEGF/VEGFR blockade increases pericgieerage, and also challenges us
to utilize these agents to effectively treat tumor.

End Stage: ImmuneKilling of Tumors

The ultimate goal of cancer immunotherapy is toelysimor cells with immune
mechanisms. Dr. William Murphy (U.C. Davis Schodl Medicine) described the
pathways towards immune-mediated tumor lysis. Tagidosteps for immune effector
cells to kill tumors include target recognition aswhjugate formation, followed by tumor
lysis or growth arrest. Immune effector elementsluding T cells, NK cells,
monocyte/macrophages, and antibodies can diredtlyuknors through lytic/cytostatic
mechanisms by secreting perforin /granzymes, ardimg) tumor cytostatis or apoptosis;
or indirectly mediate tumor inhibition via attacgiiumor supportive elements such as
endothelial or stromal cells. Tumor cells escapenime Killing by blunting the basic
requirements of immune effector cell function amdiucing an immuno-suppressive
environment. Thus, means to improve target recmgnénd conjugation, enhance lysis
potential, and overcome tumor evasion, will lea@ffective tumor killing. Based on the
principles of immune killing of tumors, strategies augment anti-tumor immunity are
under investigation or already used for the treatnoé cancer, such as cytokine therapy
to activate effector cells (Interferon, IL-2, et@hemoimmunotherapy (Doxorubicin),
molecular targeting (proteasome inhibition, HDAGQilitors), blocking anti-apoptotic
machinery (antisense to bcl-2), blocking immune psagsion by tumor (COX2
inhibitors, blockade of TGP), augmenting effector cell capacities (genetically
engineered immune cells that survive and functictte in immunosuppressive
environments). Dr. Murphy also discussed the measent of tumor killing. As
demonstrated, Bortezomib can sensitize tumor dellsleath by inhibiting NF-kB,
reducing c-FLIP and stabilizing p53. Bortezomiboaénhances the killing through NK
cells, as was supported byvitro andin vivo long term tumorigenesis assays. The design
of assays to reflect and validate in vivo tumolitkig) mechanisms is challenging. The in
vitro assay may be used for the initial screen, andtiple tumor cells, doses and
mechanisms of action with long-term assays shoeldested for better evaluation of
killing efficacy potential. For in vivo models, sp@aneous tumors or slower growing
orthotopic tumors were suggested in order to mihmécnatural tumor microenvironment.

Blocking T cell Checkpoints

The T cell response requires two signals: the $igghal is the recognition and binding of
the T cell receptor (TCR) to antigen bound withie major histocompatibility complex



(MHC) presented by APCs; the second is the bindingpstimulatory ligands, expressed
on APC, to receptors on the T cells. The discowdrgnultiple costimulatory molecules
that influence the course of T cell activation hasreased our appreciation of the
complexity of the T cell response. CD28 and cytadx lymphocyte antigen 4 (CTLA-
4) are the critical costimulatory receptors thaedmaine the early outcome of stimulation
through TCR. CTLA-4 plays a critical role in thevdwo-regulation of T cell responses. Its
inhibition may restrict T cell activation during thothe initiation and progression of the
antitumor response. Thus, blockade of CTLA-4 intoityi signals during T cell-APC
interactions can result in enhanced tumor immuridty. Jim Allison (Memorial Sloan
Kettering) reviewed the studies on the anti-CTLAwbnoclonal Ab to negate this
“brake” function. He first presented work usingia@TLA-4 Ab alone or in combination
with other modalities to treat murine tumors. Aatien of vasculature in tumors,
extravasation and proliferation of T cells, and@ased ratios of Teff/Treg and IFNL-

10 were discovered to be the mechanisms of antotweffects of CTLA-4 blockade in
mouse models. It was shown that Teff cells arentlagor population accountable for the
anti-tumor effects of anti-CTLA-4; CTLA-4 blockaden Tregs alone does not
significantly contribute to tumor control; whiledadking CTLA-4 in both populations is
necessary for an optimal anti-tumor response. Hen theviewed the studies of
Ipilimumab, a human CTLA-4 monoclonal Ab, utilizedclinical trials. More than 3700
patients were treated with Ipilimumab; clinical peases have been seen in melanoma,
renal, prostate, ovarian and Hodgkins lymphoma20% of response can be seen in
melanoma as monotherapy, and this seems to bagedevhen combined with vaccines.
The adverse effects of Ipilimumab are managealtle mbnthly administration, and can
be alleviated by spacing out treatments. The alitiguestions for further clinical
development of anti-CTLA-4 to be answered are:rtfezhanisms involved in the anti-
tumor effects; how to distinguish responders framn-nesponders; the best combinations
with conventional therapies or vaccines. Dr. Allisiso updated data of other targets for
checkpoint blockade and possible candidates foceraimmunotherapy, such as PD-1,
B7-H3 and B7x. In summary, the data indicates thmaickpoint blockade is a potential
strategy to unleash the immune system to maximizellTresponses to multiple targets
for cancer immunotherapy.

Approach to Identification and Therapeutic Exploitation of Tumor Antigens

Dr. Walter Urba (Earle A. Chiles Research Institutssiewed the approaches to identify
and therapeutically utilize tumor antigens. Tumotigens can elicit immune responses,
which lead to tumor elimination. In most cases anaer, tumor cells transform and
mutate frequently, resulting in immune equilibriuand finally escape immune
surveillance. A rational way of fighting cancertesidentify tumor antigens and utilize
them in vaccines to boost anti-tumor immunity. Maayproaches have been used to
discover tumor antigens, including: 1. direct immawapproach, starting with T-cells or
antibodies that recognize tumors and identifying thntigens by cDNA cloning
techniques 2. reverse immune approaches, starithgcandidate antigens that are over-
expressed by tumors and determining whether T-a&ls recognize these antigens.
Numerous human tumor antigens have been discowssid) the above approaches,
covering shared tumor-specific antigens (MAGE, NS&E1, etc), antigens resulting



from mutations (MUM-1, CDK4, etc.), differentiatioantigens (MART-1, gpl100),
overexpressed antigens (p53, HER2-neu), and unteyens (EBV, HPV16). Ideally, a
tumor antigen should be specific and immunogeniith wnultiple epitopes and high
levels of expression. Ideally, the antigen shdaddcritical for oncogenicity. Finally, the
tumor antigen has to be clinically proven to becaffious in vaccine trials. For example,
the cancer/testis antigens (CT Ag) are a groupromment Ags, such as NY-ESO-1,
MAGE, whose expression is restricted in tumorgjdeand /or placenta, but not in more
than two non-germline normal tissues; CT antigeesimmunogenic in cancer patients;
their expression may be associated with tumor gssgon and with tumors of high
metastatic potential. Active immunization of canpatients targeting tumor antigens can
be conducted using different strategies, such &igeamc peptides, whole proteins or
virus-like particles; recombinant viruses/bact@®idA encoding tumor Ag genes; or cells
expressing tumor Ags. So far, tumor Ag vaccination clinical trials has had
disappointing results. Several issues have bednitided, such as loss of Ag expression
or MHC on tumor cells post treatment, and lack offisient immune adjuvants or
trafficking of T-cells to the tumor. However, bettantigen selection and methods to
overcome tumor escape should improve active canmsaunotherapy in the future.

T Regulatory Cells

The scientist who first described Treg, Dr. Shingakaguchi (Kyoto University, Japan),
updated Treg research in relation to the immunaiheof cancer. Ever since classical T
regulatory cells were discovered utilizing CD@D25 T cell depletion experiments,
tumor immunity has been closely examined in redardregs. Induction of anti-tumor
immunity by CD4 CD25 Treg depletion was first proved in mouse modelsti-N_-2
treatment reduced CD29reg, and mice developed autoimmune disease.i$le2ucial
for self-tolerance maintenance. Foxp3 is a magtmstription factor in Tregs and
Foxp3 Treg have constitutive expression of CTLA-4. CTéMlockade abrogates Treg
suppression. Further effective tumor immunity wesvpked in Treg-restricted-CTLA-4

" mice. Through microarray analysis, folate recepgt¢FR4) was discovered to have high
expression on activated Treg cells. Functional y@malindicated that FR4 differentiate
activated Teff into Treg, and its blockade leadsTreg depletionin vivo, in turn
improving tumor rejection. GITR is another molecpleferentially expressed by Treg.
DTA-1, an antibody for GITR, can abrogate Treg seppion while not depleting Treg,
can reverse Teff/Treg ratio and increase CD4 T icdiltration into tumors, and can
synergize with CTLA-4 blockade to enhance anti-tumn@munity. In summary, several
molecules associated with Treg function and maariea can be targeted for cancer
immunotherapy.

Adoptive T cell Therapy

Dr. Philip Greenberg (Fred Hutchinson Cancer Retedenter & University of

Washington) discussed three major obstacles oftadopell therapy and strategies to
overcome them for better cancer immunotherapyt,FSedect optimal tumor antigens for
targeting. Active immunization of characterized Agss been explored for many years
and success remains limited. Adoptive cell therespgn alternative way to isolate and



expand antigen specific T cells for potent tumomiamity for the treatment of cancer.
Although infused T cells infiltrate tumors and exhitumor control in some patients,
tumor antigen evasion still remains a major probl&imus, targeted antigen selection is
important for treatment. The solution is to sel@atr-expressed oncogenes indispensable
for the tumor phenotype. An effective isolationastgy by enrichment of CD137+
reactive T cells is especially helpful for ideniifg rare responding T cells. As an
example, a novel WTL1 epitope restricted by a claatele was discovered in >40% of
leukemia patients. A phase-I clinical trial with WEpecific T cells has demonstrated T
cell persistence and reduced tumor burden in soatiens. Second, it is difficult to
generate large numbers of high avidity tumor-re@c@D8+ T cells in individual patients
in time and maintain their survival in vivo. Thelwon is gene therapy, by engineering
T cells with high avidity through insertion of cled TCRs of known specificity and
affinity. T cell avidity can be further improved lgutating low affinity TCRs prior to
insertion into host T cells. To improve the survViea transferred T cells in vivo, pro-
survival molecules/signals or receptor genes aggnerred into T cells that inherently
survive better in vivo. A novel strategy to improve cell recognition of poorly
processed/presented tumor antigens or MHC classsl tumors, is to create chimeric
receptors that take advantage of Ab-recognitioncsires, which have higher affinities
than TCRs and don’t require MHC. Chimeric TCR dtnoes can be further modified
with costimulatory and/or signal transducing molesuo improve signaling and promote
survival. The third obstacle is how to maintaineetive T cell response in the hostile
micro- and macro-environment created by a progressimor. A dual TCR model has
been established to address this question. Thégesdow that in vivo stimulation of T
cells with dual TCR via the non-tolerized TCR caansiently rescue the anti-tumor
activity mediated through the tumor-reactive TCRinally, molecular disruption of T
cell regulatory checkpoints would help transferfectells resist the tumor inhibitory
microenvironment. For example, Cbl-b can be knocttedn by siRNA, thus allowing
better T cell activation and effective anti-tumantiaty. CTLA-4 blockade is another
potential strategy to be combined with adoptivé tahsfer for effective host responses
against tumor.

Immune Monitoring of Cancer |mmunotherapy

Dr. Michael Kalos (City of Hope) emphasized the artpnce of correlative studies and
approaches to achieve comprehensive immune maorgtoCorrelative studies are a
primary mechanism through which meaningful insigtitout clinical trials can be
obtained. How we perform correlative studies isical for effective evaluation of years
of effort and cost, and patient time and commitménis critical to design correlative
studies that are as broadly comprehensive as pessabd ensure specimens are
appropriately processed and archived for futurduaien. Validation and quality are
principles of scientific soundness for correlatiessays. Assays should provide
meaningful data under specific conditions (quadifion), and be established to assure it
is working properly and consistently (validatioRpr translational research, the ability to
perform efficient and rational clinical trials isitecal for the development of ultimately
successful treatments. For cancer immunotherapytipteuparameters (phenotype and
/or function) should be measured simultaneouslyctomprehensive correlative studies.



Several platforms have been developed for perfayrthiese studies. For example, at the
single cell level, multi-parameter flow cytometnarc perform immunophenotyping
(subsets, cell status, spectratyping), as wellfiester assays (cytolysis, degranulation,
proliferation and cytokine production); at the ptgtion based level, Q-PCR, Q-RT-PCR
are broadly used for gene expression assays anddyrassays can measure not only
dozens of cytokines, chemokines, but also the piwgfation levels of proteins. In
summary, correlative studies are critical to guige development of effective therapies.
Studies need to be designed as comprehensivelgssibfe, and to be performed to the
highest possible scientific standards to achieeeyttal. There is “significant rational and
justification” for the support of a qualified faityl to perform correlative studies.

Immune Adjuvants

Dr. Karolina Palucka (Baylor Institute for Immunglpo Research) discussed the natural
immune adjuvant, dendritic cells, to help tumorngen presentation. Multiple signals can
mature DC, such as microbial products, tissue demagd innate/adaptive immune
components. DC can be induced into mature stathsreas tolerogenic (bf-catenin,
NO, IL-10) or immunogenic (by type | IFN, IL-12).r€at attention has to be paid on the
selection of DC as immune adjuvants for vaccinatisecause different types of DCs
have distinct functions, such as pDC, mDC (langesHaC, interstitial DC). As a perfect
example, skin DC can be CD14+, DC-SIGN+ (IntDC),G1a+, Langerin+ (LC-DC).
LC-DC are more efficient in CD8+ T cell priming apdbliferation than IntDC, thus, LC-
DC are better for cross priming/presentation. HaveintDC prime follicular CD4+ T
cells more efficiently to induce B cell antibodyspenses. To design tumor vaccines,
peptides (tumor associated Ags) or killed allogeraacer cells were pulsed onto DCs.
Different protocols of DC generation and maturatave been utilized, including CD34-
DC pulsed with KLH and GM-CSF and IL-4 generatednoayte derived DC matured
with LPS. Cytoxan, which eliminates Treg and redulte10 production, has also been
tested in combination with DC vaccines. The futafeptimized DC vaccine strategies
will be to optimize CTL induction while selectinge proper methods to load DCs in
vitro or in vivo with antigens and simultaneouslgdking immunosuppressive elements.

Summary

In summary, this primer covered many conceptual@adtical challenges to understand
tumor immunology and leverage this knowledge towanehproving the biological
therapy of cancer. The expected outcomes aftecdhgletion of this program were to
enable the participants to 1.discuss immunology applies to cancer etiology, biology
and therapy; 2.review cellular immunology and hostor-immune system interactions,
3.present in depth concepts of humorally-based inemtnerapies; 4.assess cytokine
biology and the role of cytokines in cancer theraguyd 5.evaluate the foundation and
methods for clinical trials of biologic /immunolagiherapies.



