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Summary

It is of great interest for cancer therapy to elucidate
and overcome the mechanisms that cancer cells develop to
fight back the defense systems of the organism and anticancer
treatments. The anticancer defense of the organism consists
of four processes: 1. Activity of the cellular immunity,; 2.
Production of cytokines; 3. Activation of tumor-suppressor
genes,; 4. Blocking of the enzyme telomerase.

Several molecular mechanisms that cancer cells
develop for survival are described: 1. Reactivation of the
telomerase; 2. Suppression of apoptosis; 3. Elimination
of effector cells; 4. Shedding of soluble receptors; 5. Neu-
tralization of tumor-suppressor genes; 6. Developing of a
drug efflux pump; 7. Neoangiogenesis, 8. Overcoming and

utilizing hypoxia; 9. Other rescue mutations; 10 Access-
restriction factors.

Some new approaches for overcoming the survival
mechanisms of cancer cells are briefly outlined.
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Introduction

Understanding the mechanisms that allow cancer
cells to defeat the natural defenses of the organism and
to survive anticancer treatments is of crucial importance
for the development of a successful therapy. These
mechanisms can only be uncovered at the molecular
level. We shall discuss the problem of how cancer cells
survive in the light of important data obtained in recent
years and from the point of view of the cellular regula-
tory genetic networks controlling the metabolism and
all cellular functions.

Genes and genetic networks

To understand how the malignant phenotype arises
we have to answer the question whether the changes in-
volved are a problem of genes only, or essentially, of gene
regulation. Many data show that genes alone cannot de-
termine the phenotype: 1) It has been firmly established
that heterologous gene transfer cannot change the phe-
notypic features of the host. Human genes, for instance,
have been transferred to mice, to yeast and to bacterial
cells, where they remain fully active without affecting
the morphological features of these organisms; 2) Genes
controlling basic cellular functions such as cell cycle,
embryonic development, transcription, housekeeping
genes, histone genes, display a high degree of evolu-
tionary conservation [1]; 3) In terms of informational
content, humans and chimpanzees for example are 99%
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identical. It is clear that additional information is needed
to translate a set of genes into a given phenotype.

Several authors have already suggested that the
important factor is the “architecture” of the regulatory
system [2-4]. It is essential to point out the integrat-
ing function of the genome: genes do not function
as separate units but are interconnected in regulatory
circuits — genetic networks —, which have been formed
in evolution to control the metabolic program of the
cell, and all its other functions [1,5]. These networks
are based on specific regulatory genes which code for
proteins (trans factors) that bind to specific DNA se-
quences (cis elements), such as promoters, silencers,
enhancers, upstream activating sequences [6].

The genetic network of a given species has been
established in the evolution as a functionally stable
structure. The intergenic interactions depend on many
parameters which determine the phenotype and the func-
tional state of the cell-such as the equilibrium constants
of reversible interactions between regulatory proteins
and DNA, the permeability of cellular membranes,
cellular configurations, etc. All of these parameters
ultimately depend on DNA sequences. Mathematical
analysis of these DNA/protein interactions - based on
the law of mass action - shows that the genome is a non-
linear system. This means that changing its parameters
within certain limits does not cause any significant
perturbations. However, even very small alterations
of the parameters outside these limits may drastically
alter the properties of the system [1,5,7]. For a cell this
would lead to only three possible outcomes: cellular
death, arrest of cellular proliferation (lucky events) or
the emergence of a new, malignant phenotype.

Anticancer defense systems of the organism

Under the effect of different factors, DNA often
acquires mutations that affect the genetic network. In
most cases this leads to cellular death but some give
rise to malignantly transformed cells. The organism has
developed defense systems to eliminate such cells. These
systems include mainly four processes: 1. Cellular immu-
nity; 2. Production of cytokines; 3. Activation of tumor
suppressor genes; 4. Blocking the enzyme telomerase.

1. Activity of the immune system - cellular immunity

This defense is mounted by special effector cells
which kill, lyse and phagocytose foreign pathogens
and malignantly transformed cells. The effector cells
are represented by several species:

a) Natural killer cells (NK); b) Lymphokine-
activated killer cells (LAK); ¢) Macrophages; d) An-
tigen-presenting cells (AP-cells, also called dendritic
cells-DC); e) CD4+ T-helper lymphocytes; f) CD8+ cy-
totoxic T-lymphocytes; g) Tumor-infiltrating leukocytes
(TIL); h) Polymorphonuclear leukocytes; 1) Antibody-
dependent cytotoxic cells (ADCC); j) Thrombocytes
which can also be stimulated to cytotoxic activity [8].

Two types of T-lymphocytes, Th1 and Th2, play an
important role in the immune activity. They exert mutual
repression upon each other: Th1 cells produce cytokines
that stimulate cellular immunity and repress Th2 cells,
while the latter activate humoral immunity and repress
Th1 cells (Slide 1). Depending on many external and in-
ternal factors the CD4+ lymphocytes respond to antigens
by developing Th1 or Th2 phenotype. This phenotype
depends also on the balance between interleukin (IL)-12
and IL-4, the former stimulating a Th1, while the latter a
Th2 response. Zn deficiency [9] and poisoning with Pb
[10] shift the response from Th1 to Th2. Prostaglandin
E2 also decreases Thl activity [11].

It should be stressed that Th1 cells possess sev-
eral activities directed towards eliminating tumor cells:
1. Antiproliferative; 2. Tumorocidal; 3. Activation of
cellular immunity; and 4. Modulation of gene expres-
sion. All of them are critical for the anticancer defense,
which is therefore favored by all factors inducing a
Th2 to Thl shift.

1.1. The antiproliferative activity is due to:

a) Inhibition of oncogene expression, e.g. of c-
Myec, of c-erbB-2 etc. [12, 13].

b) Induction by interferon (IFN) y of the enzyme
indolamine-2-3-dioxygenase (IDO) [14], that destroys
tryptophan, thus leading to tryptophan starvation.

¢) Inhibition of transferring receptors expression
[15] causing iron deficiency.

d) Induction of the kinase inhibitor p27, thus
blocking the cell cycle at the end of G1 [16, 17]
(Slide 2).
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Slide 1. Relationship between the two types of thymocytes,
Thl and Th2, responsible for cellular and humoral immunity,
respectively.
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DNA replication.

e) Inhibiting the synthesis of growth factors (for
instance IL-2, which is the growth factor of multiple
myeloma) [18].

f) Stimulation of fibronectin synthesis [19],
which is inversely correlated with cell proliferation.

g) Inhibition of DNA polymerase [20].

h) Induction of calcium/calmodium-dependent
enzymes and death-associated proteins (DAP), leading
to apoptosis [21].

1.2. The tumorocidal activity is dependent on the
antiproliferative activity on one hand, and on the other
on the cytotoxicity of effector cells.

1.3. The immunomodulatory activity consists of:

a) Increasing the synthesis of class [ and inducing
the synthesis of class II antigens of the major histocom-
patibility complex (MHC I: HLA-A,B,C and MHC II:
HLA-DR, DQ, DP).

b) Stimulation of Thl and suppression of Th2
proliferation.

¢) Activation of co-stimulatory molecules in the
cell membrane —ICAM-1 (CD54), LFA-3 (CD58), B7-
1 (CD80), B7-2 (CD86), which ensure the adhesion of
effector cells to the target cells in order to accomplish
the cytotoxic effect.

d) Activation of some components of the comple-
ment (C2, C4, factor B) [22], that increase the anti-
body-dependent cytotoxicity of macrophages.

2. Production of cytokines

These are proteins that fulfill intercellular commu-
nications in the same tissue or among different tissues.
Although structurally different, they all affect cellular
activity. At present the following groups are known:

a) Interferons (IFN-a, IFN-f, IFN-y, IFN-o).

b) Interleukins (IL-1 to IL-18).

¢) Colony-stimulating factors: granulocyte (G-
CSF), macrophage (M-CSF) and granulocyte-
macrophage (GM-CSF).

d) Growth factors.

e) Transforming growth factors (TGF-a and
TGF-p).

f) Fibroblast growth factors - acid and basic (aFGF
and bFGF).

g) Tumor necrosis factors (TNF-o and TNF-p).

h) Chemokines — a family of proteins playing a
key-role in T-helper cells migration.

3. Activation of tumor suppressor genes

During the recent 15 years several genes have
been discovered that can suppress carcinogenesis.
One of the most important tumor suppressor genes is
the gene coding for the protein p53. For many years
it was considered to be an oncogene since more than
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50% of human tumors were found to be associated
with mutations in this gene. However, p53 was shown
subsequently to be involved in protecting the genome
from inheriting damaged DNA and was called “guard-
ian of the genome” [23,24]. This gene is induced by
many factors that damage DNA (Slide 2). The cell cycle
is normally accomplished with the help of a cyclin-de-
pendent kinase (cdk) which hyperphosphorylates the
retinoblastoma protein pRb and thus removes its inhibi-
tory effect on DNA replication. When DNA is damaged,
production of p53 induces the synthesis of the kinase
inhibitor p21, the phosphorylation of pRb is prevented
and DNA replication is blocked. The molecular machin-
ery of the cell is directed towards DNA repair (Slide
2). By arresting the cell cycle until DNA is repaired,
and in some cases inducing apoptosis, p53 fulfills its
most important function —to prevent the damaged DNA
from being inherited by daughter cells, which opens the
possibility of malignant transformation.

4. Blocking the enzyme telomerase [25,26]

The ends of chromosomes contain hundreds of
copies of repeated nucleotide sequences called telo-
meres whose main function is to prevent chromosome
fusion and to protect the chromosomes from exonu-
cleolytic attack. Telomeres cannot be fully replicated
by the same enzymes that replicate DNA. To achieve
this process a special enzyme is employed, called
telomerase — a RNA-protein complex functioning as
a reverse transcriptase. Telomerase RNA is comple-
mentary to the 3’single-stranded overhanging G-rich
telomeric strand at the end of the chromosome. During
DNA replication the telomerase binds to this end and
a complementary telomeric sequence is synthesized.
The second strand is synthesized by a cell polymerase.
As a result the telomeric DNA is complementary to
the RNA component of the telomerase.

Telomerase is normally active during embry-
onic development, while in the adult organism it is
inactivated. Therefore, during each cell division the
chromosomal ends are shortened until important genes
are affected and the cell dies. In this way a normal
adult cell is programmed to undergo a limited number
of cell divisions only.

Mechanisms of cancer cells overcoming the anti-
cancer defense. The role of rescue-mutations

As discussed above, malignant cells have a
destabilized genetic network leading to a disturbed
regulatory system and altered gene interrelations,

with some active genes repressed and some silent
genes activated. Due to the emergence of an unstable
genetic network further changes take place mani-
fested as tumor progression. The various mutations
that occur affect different cellular targets including
membrane receptors, metabolic pathways and the
nucleus. They make the cellular population very het-
erogencous and subject to selection pressure under
the effect of internal and external factors including
chemotherapeutics. In this way some malignant cells
survive and emerge as resistant to anticancer therapy.
The following self-rescuing properties of malignant
cells are well known:

1. Reactivation of telomerase

In cancer cells telomerase is reactivated ensur-
ing unlimited number of cell divisions [27-29]. The
mechanism of this reactivation is not known, neither is
the mechanism of its inhibition. It seems that telomer-
ase-independent mechanisms also exist since in some
human cell lines telomere maintenance is observed in
the absence of telomerase activity [25].

2. Suppression of apoptosis

Apoptosis is sort of programmed cell death.
Preventing apoptosis is a powerful mechanism open-
ing the way to carcinogenesis. There is an essential
difference between the passive process of necrosis
and that of apoptosis [30-32]. The latter is an active
process starting with the synthesis of cell-cycle specific
proteins, but ending with cellular death and showing
specific morphological features. It is considered as an
abortive cell cycle [33-38].

Apoptosis is particularly important for cancer
therapy [39,40]. Anticancer factors kill cancer cells
by apoptosis. This process is initiated by the interaction
between specific cellular receptors and their ligands
(e.g. FasL] or under the effect of various physical and
chemical agents (ionizing radiations, antimetabolites
etc.). At the same time there is a family of transcrip-
tion factors in the cytoplasm, known as nuclear factors
kappa B (NFkB), which enter the nucleus and induce
proteins inhibiting the apoptotic process [41-43]. Also
found in the cytoplasm is an inhibitor [xB [44-46]
which binds and partially traps NFkB, as shown in
Slide 3. As aresult, the cell is at the boundary between
life and death [47]. Depending on the strength of in-
teraction between NFkB and [kB, the cell may survive
or may enter the apoptotic pathway.

Thus NF«B is a survival factor for cancer cells
and, therefore, a target for cancer therapy. Breast cancer
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Slide 3. Induction and blocking of apoptosis.

cells are a good example of survival due to constitutive
expression of NFkB, which prevents their apoptotic
death, unlike normal mammary epithelial cells which,
under the same conditions, die of apoptosis [48,49].
During tumor progression the sensitivity of cancer cells
to the apoptotic ligand decreases [50].

3. Elimination of effector cells

This defeats cellular immunity and is achieved
by cancer cells in several ways:

a) By the expression of ligands which induce apop-
tosis in effector cells. For example, the expression of
FasL on the membrane of tumor cells. This ligand binds
to the Fas receptor, normally expressed on the surface of
TILs, and induces their apoptotic death [51,52].

b) By secreting factors suppressing the locomo-
tion of effector cells and their penetration through
the extracellular matrix, preventing their migration
towards the target cells [53].

c) By expression proteins that suppress the lysis
of cancer cells by LAK [54].

4. Shedding of soluble receptors

In some cancer cells proteases are expressed
which cleave off the extracellular domain of recep-
tors or other surface antigens (e.g. SIFNYR, sSICAM-1,
sFas etc.), releasing them into the surrounding medium
where they are able to bind the corresponding cyto-

kines or ligands, thus blocking the immune reaction
or apoptosis [55-57].

5. Neutralization of tumor suppressor genes

Many virus-induced tumors owe their emergence
and survival to products that bind and neutralize p53.
Such are the large T antigen of SV-40, the 55kD pro-
tein of the E1B adenoviral gene, the IE84 protein of
CMYV, the protein X of hepatitis B virus, and also the
products of some eukaryotic genes such as the heat
shock protein 70 and the MDM?2 gene [24].

6. Development of a detoxicating efflux pump [58]

Some tumors show an initial response to therapy,
but nevertheless subsequent relapses occur frequently.
The recurrent tumors and their metastases are refrac-
tory to further treatment even to protocols involving
multiple drugs aimed at different cellular targets. This
multidrug resistance (MDR) is a widely studied cel-
lular transport-mediated resistance. The classical MDR
is characterized by:

a) Cross-resistance to chemically-unrelated
drugs.

b) Decreased intracellular drug accumulation.

c¢) Overproduction of plasma membrane glycopro-
teins due to overexpression of the mdr gene.

d) Reversal to drug sensitivity by MDR modula-
tors.
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The most widely studied glycoproteins involved
in MDR are the P-glycoprotein (Pgp), the MDR resis-
tance-associated protein (MRP1) and the lung-resis-
tance-related protein (LRP).

All these glycoproteins are localized in the cell
membrane and contain binding sites for the toxic
agents. Using the energy of ATP they expel the toxic
substances out of the cell. MDR modulators block
the drug efflux by a competitive or non-competitive
way, i.e. by binding the modulators either to the same
drug-binding sites, or to other sites causing alosteric
changes inhibiting drug binding.

7. Neoangiogenesis

The formation of new blood vessels is necessary for
tumor growth and for the permanent tissue reorganization
that takes place in the tumor. This depends on the release
of the vascular endothelium growth factor (VEGF) [59]
which ensures the tumor survival. Some authors identify
the enzyme thymidine phosphorylase with VEGF [60].
The life or death of the tumor cells is determined by the
balance between the angiogenic factors and the anti-an-
giogenic chemokine IP-10 [61, 62].

8. Overcoming and utilizing hypoxia

In 1970 Folkman put forward the idea of elimi-
nating cancer cells by inhibiting angiogenesis, thus
causing hypoxia [63]. Clinical data, however, did not
confirm this prediction. Recently it was elucidated

how cancer cells counteract hypoxia [64-68]. It was
found that hypoxia induced proteins - hypoxia-in-
duced factors (HIF) — that led to induction of VEGF
and activated the transcription of the protooncogene
met which increased the synthesis of the membrane
receptor c-Met, a tyrosine kinase. The latter binds the
hepatocyte growth factor (HGF) produced by the nor-
mal cells of the neighboring stroma and enhances the
invasiveness and metastatic properties of the malignant
cells (Slide 4). HGF also stimulates neoangiogenesis,
an effect mediated by a platelet-activating factor (PAF)
synthesized by macrophages [69].

Hypoxia also induces heat-shock proteins, sup-
presses apoptosis by activating NFkB and increases
the radio resistance of malignant cells. It makes these
cells resistant to the antiproliferative activity of inter-
ferons [70].

As a result, instead of killing the malignant
cells, hypoxia makes them more aggressive, more me-
tastatic and more resistant to anticancer treatments.
This weakens the hope of eradicating tumor cells by
anti-angiogenesis, although such an approach is under
clinical trial.

9. Other rescue mutations

a) In hematological malignancies great quantita-
tive variations are observed in the expression of [FNy
receptors. Of 77 different malignant types studied, 6
lymphoid leukemia types did not express these recep-
tors that made them insensitive to this cytokine [71].
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b) The metabolic chain inducing IDO by IFNy
is interrupted in some cancer cells, tryptophan can not
be degraded, and the cells survive [72].

¢) A metabolic pathway is interrupted by muta-
tions in the tyrosine kinase JAK-1, that makes the ma-
lignant cells insensitive to all three types of IFN [73].

10. Access-restriction factors

These are either natural barriers or restrictions
induced by cancer cells.

a) A typical case of natural barrier is the blood/
lung barrier — the inability of parenterally applied im-
mune interferon to penetrate lung alveoli [74-76].

b) Most of the cells within a large tumor mass are
also inaccessible to the cellular immune system.

c¢) Inhibited expression of ICAM-1 prevents
the contact between cytotoxic leukocytes and target
malignant cells.

d) Inhibiting TILs locomotion and their penetra-
tion through the extracellular matrix also prevents their
contact with malignant cells [53].

e) Disturbance in the signaling pathways of
kinases KKI and CK2 increases their level, leading
to elevated NFkB seen in primary human mammary
tumors [77].

f) Mutations in the kinase inhibitor p27 disturb
its relations with cdk2 and eliminate the block of the
entry into S phase [16, 17].

g) Mutations in the metabolic pathway of IL-2
prevent the induction of LAK activity [78].

Overcoming the survival mechanisms of can-
cer cells

For cancer therapy it is important on one hand
to suppress the mechanisms rescuing cancer cells,
and on the other to make cellular immunity more
effective in killing the heterogeneous malignant cell
population.

1. Suppressing mechanisms

a) Inhibition of the survival factor NFkB would
be a potential way for improving cancer therapy [79].
A mutant of kB (a super-repressor) has been found,
which strongly binds NFkB and irreversibly leads to
apoptosis [46].

b) In various tumors apoptosis was induced by
vector-dependent over-expression of the CID gene
that codes for a DNA-binding protein activating p53
[80].
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¢) The detoxicating function of cancer cells can be
eliminated by a number of MDR modulators [58].

d) The receptor profile of malignant cells can
be also modified. Doxorubicin for example enhances
the expression of both Fas and FasL so that the malig-
nant cells mutually kill themselves by apoptosis [52].
Methotrexate also induces the expression of FasL in the
membrane of leukemia cells and, due to the presence
of Fas, the malignant cells die of apoptosis [81].

e) It would also be rational to use factors that shift
the thymocyte profile from Th2 to Th1 phenotype in
order to strengthen the immune reaction.

) An approach to the problem of hypoxia would
be to combine anti-angiogenesis with suppression of
genes responsible for the synthesis of VEGF and pro-
teins such as Met.

2. Effective cellular immunity. Anticancer vaccines

The most difficult problem in cancer therapy
arises from the numerous mutations creating a het-
erogeneous cell population of malignant cells. In order
to obtain effector cells able to attack all these differ-
ent cells the attention recently has been focused on
elaborating anticancer vaccines [82, 83]. To this end
antigen-presenting (AP) cells (called dendritic cells,
DC) are loaded ex vivo with all different tumor antigens
which they present to the effector cells, thus creating
tumor-specific toxic T-lymphocytes. The latter are in-
troduced into the lymphoid organs of the individual of
their source. Several antigen-loading procedures have
been developed. An excellent source of all various tu-
mor antigens are apoptotic cancer cells [84-86]. This
approach has proved to be efficient in mice [87] and
such vaccines are already under clinical trials [88].

References

1. Tsanev R. Evolution and genetic networks — the role of non-
linearity. Evol Cognit 1996; 2: 59-64.

2. Kauffman SA. Developmental logic and its evolution. BioEs-
says 1987; 6: 82-87.

3. Maclntyre RJ. Regulatory genes and adaptation: past, present
and future. Evol Biol 1982; 15: 247-285.

4. Dickinson WJ. On the architecture of regulatory systems:
evolutionary insights and implications. BioEssays 1988; 6:
204-208.

5. Tsanev R, Sendov BIl. Possible molecular mechanisms for
cell differentiation in multicellular organisms. J Theoret Biol
1971; 30: 337-393.

6. Ptashne M. Gene regulation by proteins acting nearby and
at distance. Nature 1986; 322: 697-701.

7. Tsanev R, Sendov Bl. A model of the regulatory mecha-
nisms of cellular multiplication. J Theoret Biol 1969; 23:
124-134.



316

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Pancré V, Joseph M, Mazingue C et al. Induction of platelet
cytotoxic functions by lymphokines: role of interferon-y. J
Immunol 1987; 138: 4490-4495.

Sprietsma JE. Zink-controlled Th1/Th2 switch significantly
determines development of diseases. Med Hypothesis 1997;
49: 1-14.

Heo Y, Lee WT, Lawrence DA. Differential effect of lead
and cAMP on development and activities of Th1- and Th2-
lymphocytes. Toxicol Sci 1998; 43: 172-185.

Uotila P. The role of cyclic AMP and oxygen intermediates
in the inhibition of cellular immunity in cancer. Cancer Im-
munol Immunother 1996; 43: 1-9.

Clemens MJ, McNurlan MA. Regulation of cell prolifera-
tion and differentiation by interferons. Biochem J 1985; 226:
345-360.

Marth C, Muller-Holzner E, Greiter E et al. Gamma interferon
reduces expression of the protooncogene c-erbB-2 in human
ovarian carcinoma cells. Cancer Res 1990; 50: 7037-7041.
Werner-Felmayer ER, Werner ER, Fuchs D et al. Charac-
teristics of interferon induced tryptophan metabolism in
human cells in vitro. Biochim Biophys Acta 1989; 1012:
140-147.

Bourgeade MF, Silbermann F, Kuhn L et al. Posttranscrip-
tional regulation of transferrin receptor mRNA by IFN-y.
Nucleic Acids Res 1992; 20: 2997-3003.

Kwon TK, Nagel JE, Buchholz MA, Nordin AA. Charac-
terization of the murine cyclin-dependent kinase inhibitor
p27%P!. Gene 1996; 180 : 113-120.

Harvat BL, Seth P, Jetten AM. The role of p27%?! in gamma
interferon-mediated growth arrest of mammary epithelial
cells and related defects in mammary carcinoma cells. On-
cogene 1997; 14: 2111-2122.

Palumbo A, Bruno B, Boccadoro M, Pileri A. Interferon
gamma in multiple myeloma. Leuk Lymphoma 1995; 18:
215-219.

Varani J, Mitra RS, McClenic BJ et al. Modulation of
fibronectin production in normal human melanocytes and
malignant melanoma cells by interferon-y and tumor necrosis
factor-a. Am J Pathol 1989; 134: 827-836.

Tanaka M, Kimura K, Yoshida S. Inhibition of mammalian
DNA polymerases by recombinant a-interferon and y-inter-
feron. Cancer Res 1987; 47: 5971-5974.

Levy-Strumpf N, Deiss LP, Berissi H, Kimchi A. DAP-5, a
novel homolog of eukaryotic translation initiation factor 4G
isolated as a putative modulator of gamma interferon-induced
programmed cell death. Mol Cell Biol 1997; 17: 1615-1625.
Watanabe I, Horiuchi T, Fujita S. Role of protein kinase C
activation in synthesis of complement components C2 and
factor B in interferon-gamma-stimulated human fibroblasts,
glioblastoma cell line A172 and monocytes. Biochem J 1995;
305: 425-431.

Vogelstein B, Kinzler KW. p53 function and disfunction. Cell
1992; 70: 523-525.

Tsanev R. p-53 —the magic protein. Eur School Oncol, Thes-
saloniki, 1998: 59-70.

Zakian VA. Telomeres: Beginning to understand the end.
Science 1995; 270: 1601-1607.

Melek M, Shippen DE. Chromosome healing: spontaneous
and programmed de novo telomere formation by telomerase.
BioEssays 1996; 18:301-307.

Counter ChM, Avilion AA, LeFeuvre E et al. Telomere short-
ening associated with chromosome instability is arrested in

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

immortal cells which express telomerase activity. EMBO J
1992; 11: 1921-1929.

Kim NW, Piatyszek MA, Prowse KR et al. Specific asso-
ciation of human telomerase activity with immortal cells in
cancer. Science 1994; 266: 2011-2015.

Soder Al, Hoare SF, Muir S et al. Amplification, increased
dosage and in situ expression of the telomerase RNA gene
in human cancer. Oncogene 1997; 14: 1013-1021.
Darzynkiewicz Z. Apoptosis in antitumor strategies: Modula-
tion of cell cycle or differentiation. J Cell Biochem 1995; 58:
151-159.

Baker STJ, Reddy EP. Transducers of life and death. TNF
receptors superfamily and associated proteins. Oncogenes
1996; 12: 1-9.

Jacobson MD, Weil M, Raff MC. Programmed cell death in
animal development. Cell 1997; 88: 347-354.

White E. Death-defying acts: a meeting review on apoptosis.
Gens & Dev 1993; 7: 2277-2284.

Symonds H, Krall L, Remington L et al. p-53-dependent
apoptosis suppresses tumor growth and progression in vivo.
Cell 1994; 78: 703-711.

Lieberman DA, Hoffman B, Steinman RA. Molecular controls
of growth arrest and apoptosis: p5S3-dependent and indepen-
dent pathways. Oncogene 1995; 11: 199-210.

Columbano A. Cell death: Current difficulties in discriminat-
ing apoptosis from necrosis in the context of pathological
processes in vivo. J Cell Biochem 1995; 58: 181-190.
Meikrantz W, Schlegel R. Apoptosis and the cell cycle. J Cell
Biochem 1995; 58: 160-174.

King KL, Cidlowski JA. Cell cycle and apoptosis. J Cell
Biochem 1995; 58: 175-180.

Fisher DE. Apoptosis in cancer therapy. Cell 1994; 78:539-542.
Baringa M. Forging a path to cell death. Science 1996; 273:
735-737.

Beg AA, Baltimore D. An essential role for NF-kappaB in
preventing TNF-alpha-induced cell death. Science 1996;
274: 782-784.

Van Antwerp DJ, Martin SJ, Kafri T et al. Suppression of
TNF-alpha-induced apoptosis by NF-kappaB. Science 1996;
274: 787-789.

WuM, Lee H, Bellas RE et al. Inhibition of NF-kappaB/Rel
induces apoptosis of murine B cells. EMBO J 1996; 15:
4682-4690.

Myamoto S, Maki M, Schmitt MJ et al. Tumor necrosis factor
alpha-induced phosphorylation of I kappa B alpha is a signal
for its degradation but not dissociation from NF-kappa B.
Proc Natl Acad Sci USA 1994; 91: 12740-12744.

Arsura M, Wu M, Sonenshein GE. TGF beta 1 inhibits NF-
kappaB/Rel activity inducing apoptosis of B cells: Transcrip-
tional activation of I kappa B. Immunity 1996; 5: 31-40.
Batra RK, Guttridge DC, Brenner DA et al. I kappa B alpha
gene transfer is cytotoxic to squamous-cell lung cancer cells
and sensitizes them to tumor necrosis factor-alpha-mediated
cell death. Am J Resp Cell Mol Biol 1999; 21: 238-245.
Nagata Sh, Golstein P. The Fas death factor. Sciencel995;
267: 1449-1456.

Sovak MA, Bellas RE, Kim DW et al. Aberrant nuclear fac-
tor-kappaB/Rel expression and the pathogenesis of breast
cancer. Clin Invest 1997; 100: 2952-2960.

Kim DW, Sovak MA, Zanieski G et al. Activation of NF-
kappaB/Rel occurs early during neoplastic transformation of
mammary cells. Carcinogenesis 2000; 21: 871-879.



50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Meterissian S, Angelo L, Owen-Schaub LO. Expression of
Fas/APOI1 antigen on human melanoma cells. Proc Annu
Meet Am Assoc Cancer Res 1994; 35: A40.

Hahne M, Rimoldi D, Schroter M et al. Melanoma cell ex-
pression of Fas (Apo1/CD95) ligand: Implication for tumor
immune escape. Science 1996; 274: 1363-1366.

Williams N. Tumor cells fight back to beat immune system.
Science 1996; 274: 1302.

Applgate KG, Balch CM, Pellis NR. In vitro migration of
lymphocytes through collagen matrix: Arrested locomotion
in tumor-infiltrating lymphocytes. Cancer Res 1990; 50:
7153-7158.

Guillou PJ, Sedman PC, Ramsden CW. Inhibition of lym-
phokine-activated killer cell generation by cultured cell lines
in vitro. Cancer Immunol Immunother 1989; 28: 43-53.
Dummer R, Sigg-Zemann S, Kalthof K et al. Various cyto-
kines modulate ICAM-1 shedding on melanoma- and CTCL-
derived cell lines: inverse regulation of ICAM-1 shedding in
a Sezary cell line by interferon-gamma. Dermatology 1994;
189: 120-124.

Angelo LS, Meterissian SH, Owen-Schlaub LB. Soluble
Fas/APO-1 antigen may provide partial protection from
ant-Fas mediated apoptosis in human metastatic melanoma.
Proc Annu Meet Am Assoc Cancer Res 1994; 35: A41.
Kooy AJ, Tank B, Vuzevski VD et al. Expression of in-
terferon-gamma receptors and interferon-gamma-induced
up-regulation of intercellular adhesion molecule-1 in basal
cell carcinoma; decreased expression of IFN-gamma R and
shedding of ICAM-1 as a means to escape immune surveil-
lance. J Pathol 1998; 184: 169-176.

Tsanev R, Sergieva S. Immunity- and drug-resistance of ma-
lignant cells: implications to anticancer drug design strategy.
Eur School Oncol, Thessaloniki, 2001, 9-22.

Ferrara N. Role of vascular endothelial growth factor in physi-
ologic and pathologic angiogenesis: therapeutic implications.
Semin Oncol 2002; 29: 10-14.

Takebayashi Y, Akiyama SI, Haraguchi M et al. Angiogenesis
and thymidine phosphorylase. Biotherapy (Japan) 1996; 10:
993-1000.

Arenberg DA, Kunkel SL, Polverini PJ et al. Interferon-
gamma-inducible protein 10 (IP-10) is an angiostatic factor
that inhibits human non-small cell lung cancer (NSCLC)
tumorigenesis and spontaneous metastases. J Exp Med 1996;
184: 981-992.

Angiolillo AL, Sgadari C, Tosato G. Inhibition of angiogen-
esis by interleukin 12 is mediated by the interferon-inducible
protein 10. Blood 1996; 87: 3877-3882.

Folkman J. Angiogenesis in cancer, vascular, rheumatoid and
other diseases. Nature Med 1995; 1: 27-31.

Graeber TG, Osmanian C, Jacks T et al. Hypoxia-mediated
selection of cells with diminished apoptotic potential in solid
tumors. Nature 1996; 379: 88-91.

Graham CH, Forsdike J, Fitzgerald CJ, Macdonald-Good-
fellow S. Hypoxia-mediated stimulation of carcinoma cell
invasiveness via upregulation of urokinase receptor expres-
sion. Int J Cancer 1999; 80: 617-623.

66 Semenza GL. Hypoxia, clonal selection and the role of
HIF-1 in tumor progression. Crit Rev Biochem Mol Biol
2000; 35: 71-103.

Hockel M, Vaupel P. Biological consequences of tumor
hypoxia. Semin Oncol 2001; 28: 36-41.

Pennacchietti S, Michieli P, Galluzzo M et al. Hypoxia pro-

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

317

motes invasive growth by transcriptional activation of the
met protooncogene. Cancer Cell 2003; 3: 347-361.
Camussi G, Montrucchio G, Lupia E et al. Angiogenesis
induced in vivo by hepatocyte growth factor is mediated by
platelet-activating factor synthesized from macrophages. J
Immunol 1997; 158: 1302-1309.

Naldini A, Carraro F, Bocci V et al. Effect of hypoxia on the
antiproliferative activity of human interferons. J Interferon
Cytokine Res 1995; 15: 137-142.

Tsanev R, Ivanov I. Immune Interferon. Properties and clini-
cal applications. CRC Press, F1, USA 2002, p 302.

Feng GS, Dai W, Gupta SL et al. Analysis of interferon-
gamma resistant mutants that are possibly defective in their
signaling mechanism. Mol Gen Genet 1991; 230: 91-96.
Loh JE, Schindler C, Ziemiecki A et al. Mutant cell lines
unresponsive to alpha/beta and gamma interferon are defec-
tive in tyrosine phosphorylation of ISGF-3 alpha components.
Mol Cell Biol 1994; 14: 2170-2179.

Jaffe HA, Buhl R, Mastrangeli A et al. Organ specific cyto-
kine therapy. Local activation of mononuclear phagocytes
by delivery of recombinant interferon- gamma to the human
lung. J Clin Invest 1991; 88: 297-302.

Douillard JY, Mourem M, Fety R et al. Comparative phar-
macokinetics of recombinant human gamma interferon (rh
gamma IFN) after subcutaneous (sc) or intrapleural (ip) in-
jection in malignant pleural effusion. Annu Meet Am Assoc
Cancer Res 1992; 33: A3154.

Halme M, Maasilta P, Repo H et al. Inhaled recombinant
interferon gamma in patients with lung cancer: Pharma-
cokinetics and effects on chemiluminiscence responses of
alveolar macrophages and peripheral blood neutrophils and
monocytes. Int J Radiat Oncol Biol Phys 1995; 31: 93-101.
Romieu-Mourez R, Lamdesman-Boullag E, Seldin DC et al.
Role of IKK kinases and protein kinase CK2 in activation
of nuclear factor-kappaB in breast cancer. Cancer Res 2001;
61: 3810-3818.

Shiiba K, Suzuki R, Kawakami K et al. Interleukin 2 acti-
vated killer cells: Generation in collaboration with interferon
gamma and its suppression in cancer patients. Cancer Im-
munol Immunother 1986; 21: 119-128.

Wang CY, Mayo MW, Baldwin AS Jr. TNF- and cancer
therapy-induced apoptosis: Potentiation by inhibition of
NF-kappa B. Science 1996; 274: 784-787.

Rothbart K, Spiess E, Juodka B et al. Induction of apoptosis
by overexpression of the DNA-binding and DNA-PK-activat-
ing protein C1D. J Cell Sci 1999; 112: 2223-2232.

Friesen C, Herr I, Krammer PH, Debatin KM. Involvement of
the CD95 (APO-1/Fas) receptor/ligand system in drug-induced
apoptosis in leukemia cells. Nature Med 1996; 2: 574-577.
Tatsumi T, Storkus WJ. Dendritic cell-based vaccines and thera-
pies for cancer. Expert Opin Biol Ther 2002; 2: 919-928.
Wysocki P, Grabarczyk P, Mackiewicz-Wysocka M et al.
Genetically modified dendritic cells: a new promising cancer
treatment strategy? Expert Opin Biol Ther 2002; 2: 835-845.
Zhou'Y, Bosch ML, Salgaller ML. Current methods for load-
ing dendritic cells with tumor antigen for the induction of
antitumor immunity. J Immunother 2002; 25: 289-303.
Akiyama K, Ebihara S, Yada A et al. Targeting apoptotic
tumor cells to Fc-gammaR provides efficient and versatile
vaccination against tumors by dendritic cells. J Immunol
2003; 170: 1641-1648.

Gregoire M, Ligeza-Poisson C, Juge-Morineau N, Spisek



318

87.

88.

R. Anti-cancer therapy using dendritic cells and apoptotic
tumor cells: preclinical data in human mesothelioma and
acute myeloid leukaemia. Vaccine 2003; 21: 791-794.
Zitvogel L, Mayordomo JI, Tjandrawan T et al. Therapy of
murine tumors with tumor peptide-pulsed dendritic cells:
Dependence on the T cells, B7 costimulation , and T helper
cell 1-associated cytokines. ] Exp Med 1996; 183: 87-97.
Knutson KL. Technology evaluation: DCVax, Northwest
Biotherapeutics. Curr Opin Mol Ther 2002; 4: 403-407.

Correspondence to:

Roumen Tsanev, MD

Institute of Molecular Biology
Bulgarian Academy of Sciences
92, Oborishte street

1505 Sofia

Bulgaria

Tel: +359 2 9447726

E-mail: roumentsanev@yahoo.com



