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ancer, Metastasis and the
iImmune system

The treatment of tumors, especially
of metastasis by chemotherapy or
irradiation often fails. A variety of
biological treatments aimed at inhibition
of cell growth or angiogenesis, or at
induction of apoptosis are being
developed. Additional approaches seek
to activate the immune system to
destroy tumor cells. One of these
approaches, aimed at activation of T
cells, is based on the notion that
qualitative and quantitative differences
in the antigenic repertoire between
tumor cells and normal cells can be
recognized by the T cell repertoire that
contains anti-self clones and can be
efficiently activated. This antigenic
repertoire also named Tumor Associated
Antigens (TAA) consists of mutated
proteins, embryonic re-expressed
proteins, normal overexpressed
proteins, tissue specific proteins or in
rare cases of virally induced tumors, of
viral proteins. The peptides derived
from processing of these proteins are
presented by MHC class I to Cytotoxic T
Lymphocytes (CTL) or by MHC class II
to T helper cells (TH cells). Using
reverse immunology and a screening
system based on  Db-/-Xbeta2
Microglobulin double knockout mice,
transgenic for a single-chain HLA-A2/
Db-beta2 Microglobulin molecule (HHD
mice), we have identified novel
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Fig. 1 Fold relative expression of the
human 1-8D gene in tumor versus normal
colon, determined by real time PCR: The
relative expression of human 1-8D gene
in tumor and normal colon tissue was
determined using real time PCR. Expression
level of B actin was considered to be equal
in both normal and tumor samples and was
used for normalization while calculating
the expression levels of the tested genes.
Standard deviation is presented.

immunogenic and antigenic TAAs from
prostate, breast, colon and bladder
carcinomas. Specific CTL were derived
by immunization of HHD mice with
tumor peptide extracts or with synthetic
nonapeptides loaded on antigen
presenting cells or with HHD transfected
human tumor cell lines. These CTL
reacted with series of peptides derived
from overexpressed candidate proteins,
identified by differential display methods
(SAGE, Microarrays, SSH). Comparison
of CTL derived from HHD mice to CTL
induced from patient’'s PBMC showed
overlapping recognition of many
candidate peptides. Peptide vaccines,
derived from the prostate antigens PAP
and STEAP induced CTL that retarded
growth of human tumors xenografts in
adoptive transfer experiments. A novel
HHD tumor model for carcinomas was
used in active immunization
experiments. Preventive immunization
and therapeutic vaccination prolonged
mouse survival. Similarly, CTL to
peptides derived from lactadherin
(BA46-1) retarded xenografts of breast
carcinoma. Peptides and glycopeptides
derived from MUC1, highly
overexpressed in breast carcinomas,
showed overlapping activities in HHD
mice. Yet, in HHDXMUC1 compound
mice, only one highly immunogenic
peptide (D6) retained the ability to
activate effectively CTL. Novel Bladder
Carcinoma (TCC) TAA peptides were
defined from the overexpressed
proteins MAGE-A8 and Cripto-1 and
from transitional cell tissue specific
proteins, the Uroplakins. Analysis of
colon carcinoma differentially expressed
genes by SAGE, followed by screening
for HLA-A2 binding peptides resulted in
500 candidate peptides for
immunogenicity screening. We have
identified 22 antigenic peptides of
which 7 peptides were found to be
immunogenic in HHD mice and human
PBMC. Interestingly 3 of these peptides
are derived from the same protein, the
1-8D interferon (IFN) inducible protein,
which belongs to the 1-8 interferon-
inducible gene family. Three members
of the family 1-8D, 1-8U and 9-27 are
linked on an 18Kb fragment of
chromosome 11 and are highly
homologous. The relative expression of
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the human 1-8D gene in normal and
tumor colon tissues, derived from colon
cancer patients, using real time PCR,
demonstrated that the 1-8D gene is
overexpressed 4-16 fold, in 9/13 tumor
samples compared to paired normal
tissue. Sequence comparison of the
human 1- 8D in pairs of tumor/normal
colon samples revealed 6 different
alleles containing single nucleotides
polymorphisms (including insertion) in
the 1-8D gene. We have constructed
variant human 1-8D cDNAs fused to HA
tag or to GFP protein for further
analysis. Cell cycle analysis of NIH 3T3,
CT26 colon carcinoma, HelLa, HCT116/
TP53+/+, HCT116/TP53-/- and H1299
cells transfected with 1-8D showed
elevation in the G1 fraction of the cells,
24hr  following transfection, and
elevation in the sub G1 phase of the
transfected cells 48 and 72hr following
transfection. Annexin V binding assays
and TUNEL assays showed increased
populations of apoptotic cells in cells
transfected with 1-8D compared to cells
transfected with empty vector or
without  DNA, 48hr  following
transfection. Apoptosis is mediated by
caspase 3 and 9 intrinsic or mitochondrial
mediated pathway. Althought 1-8D
induces apoptosis independent of TP53,
TP53 expression downregulates 1-8D
expression on the protein level.
Transformation assays revealed a
possible role of 1-8D gene as a
transformation  inhibitor.  Another
interferon inducible gene, the ISG12
was found to be highly overexpressed
in a series of immortalized breast
carcinoma lines  compared to
immortalized normal breast epithelium
lines by SSH and by microarray analyses.
ISG12 is a member of a family of small
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intracellular  non-secreted proteins
(10-20 kDa), and has high homology to
the 6-16 protein, to which there are
indications of a direct role in growth
inhibition. Like the 1-8D, we found that
ISG12, overexpressed in 60% of breast
carcinoma lines, shows proapoptotic
effects in transiently transfected cells.
The significance of overexpression of
proapoptotic genes in tumors is under
investigation. Immunotherapy, -either
by active vaccination or by adoptive
transfer of immune cells, often reduces
the growth rate of established tumors
and prolongs survival, yet complete
elimination of tumors is rare. A number
of hypotheses were suggested to
explain this failure: A. The speed of
tumor proliferation versus a limited
number of specific T cells. B. Immune
editing-creation of antigen loss variants
or MHC/TAP loss variants. C. Inactivation
of immunocytes by products of the
tumor. D. Failure of immunocytes to
reach the tumor. To investigate the
dominant factors that reduce anti-
tumor immunity we used the most
extreme model available: The OT-I
transgenic mouse has a CTL population
which is essentially monoclonally
specific for the high affinity MHC class
I-KP binding, Ovalbumin (Ova) derived
peptide SIINFEKL. The B16- MO5
melanoma is stably transfected with
the Ova gene and is therefore efficiently
recognized and lysed by OT-I CTL. A
further advantage of this system is the
xenograft nature of the Ova antigen,
which is not tolerized against. By using
the OT-I/MO5 model we show that even
when ~100% of T cells recognize the
tumor it continues to grow. We also
show that the tumor utilizes an “antigen
loss” escape mechanism by down
regulating expression of the Ova gene.
We  further demonstrated the
importance of a polyclonal CD8 T cell
repertoire in tumor rejection. Yet, the
tumor itself has a suppressive effect on
T cells. In collaboration with Prof. Irun
Cohen, we investigated the possibility
of inducing autoimmunity to tissue
specific antigens as a mean to attack
tumors of the same tissue, using
melanoma, glioma and astrocytoma
models. Breaking tolerance was shown
to be possible by lymphoabalative

treatments  followed by active
immunization with tissue specific
proteins or their derived peptides or by
passive transfer of CD4 T cell lines
specific to tissue restricted proteins. In
another project we have shown a
phenomenon we term ‘split immunity’
in which a live tumor challenge in one
site (especially an immune privileged
site) is lethal, while it's placement in
another site, generates immunity. This
immunity could spread to the original
site in which the tumor is lethal,
increasing animal survival and in some
cases causing complete tumor
regression. We have shown this
phenomenon both in protection assays,
immunizing the animals before
challenge, and inimmunotherapy tumor
rejection assays. While immunotherapy
through active defined peptide vaccines,
T cell transfer or manipulation of
tolerance are single  modality,
approaches a combined approach of
cryosurgery and immunotherapy was
tested in metastatic tumor models.
Insitu administration of immature
Dendritic  Cells (DC), following
cryotherapy of primary tumors was
shown to induce systemic CTL and TH1
responses and eradicate metastasis.
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