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Biology
(ABSTRACT)

In the current study we tested the hypothesis that tumorigénic
transformation of T cells may result from aberrant regulation of autocrine growth
factor production. We describe for the first time characterization of several
normal T cell lines that underwent spontaneous transformation resulting from
constitutive expression of interleukin-2 (IL-2) and interleukin 2 receptor (IL-2R)
genes. Such cell lines could induce tumors in vivo and furthermore, the growth
of such transformed cells both ex vivo and in vivo could be inhibited by
monoclonal antibodies (mAbs) or antisense oligonucleotides specific for IL-2 or
IL-2R. Interestingly, an in vivo originated T cell lymphoma, LSA, was also found
to be dependent on constitutive production of IL-2 and Interleukin-4 (IL-4).
Together, these data demonstrated that dysregulation in the production or
respnsiveness to autocrine T cell growth factors, plays an important role in T cell
transformation and tumorigenicity. Due to their ability to produce T cell growth
factors, such tumor cells were found to be highly immunogenic. Thus it was

surprising that some T cell lymphomas could still grow in an immunocompetent



host and kill the host. To this effect, we investigated additional mechanisms
used by such tumor cell lines to grow in an immunocompetent host. It was noted
that the tumor cells used mechanisms such as failure to express MHC and
production of immunosuppressive cytokines, such as, transforming growth
factor-B (TGF-B) and interleukin-10 (IL-10), to evade the action of the immune
system. In addition, the T cell lymphomas constitutively expressed Fas-ligand
and triggered apoptosis of host T cells that expressed Fas. Together, the
current study suggests that cytokines produced by the tumor cells play an
important role in tumorigenic transformation as well as maintenance of tumor

growth in an immunocompetent host.
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Chapter 1: Background and Specific Aims

Introduction:

Immunity is a term derived from the Latin word immunities, referring to the
exemption from various civic duties and legal prosecution offered to Roman
senators during their tenure in office. The concept of immunity to infectious
agents has existed as long ago as 5000 B. C., (Sigal and Ron, 1993) as
evidenced by the ancient Chinese custom of making children inhale powders
made from the crusts of skin lesions of patients recovering from smallpox. The
first dramatic documentation of this immunologic phenomenon was recorded by
the English physician Edward Jenner in 1798. Jenner noticed that milkmaids
who recovered from cowpox never contracted the more serious smallpox. Based
on this observation, he injected an 8-year old boy with material from a cowpox
pustule and then intentionally infected the boy with smallpox, the boy did not
develop smallpox (Abbas et al., 1994). Pioneer immunologists such as Pasteur,
Koch, Metchnikoff and Ehrlich, followed in Jenner's foot steps where they
focused on the isolation of infectious agents and vaccination against them (Sigal
and Ron, 1993). Since then, the horizons of the science of immunology have
broadened to include: specific aspects of the immune response to self and non-
self, self-tolerance and autoimmunity, tumor immunology, immune response to
tissue transplants as well as the study of congenital and acquired immuno-

deficiencies.



The immune system of healthy individuals can protect them from
microbes in two different ways: innate and acquired immunity. Innate immunity
includes the following: physical barriers, phagocytic cells such as macrophages
and neutrophils, large granular lymphocytes known as natural killer (NK) cells
and several blood-born molecules. Such defenses can distinguish self from
nonself but, they can not discriminate one foreign substance from another.
Thus, they are considered as non-specific defenses. While the innate defenses
do not require prior exposure to the foreign material in order to be activated
against it, the acquired immunity defenses do. Acquired immunity responds to
foreign substances in a specific manner and foreign material that induces
specific responses are called antigens. Specific immune responses are
categorized into two main categories-humoral immunity and cellular immunity.
Humoral immunity include macromolecules called antibodies which are capable
of specifically recognizing a foreign antigen and neutralizing it. Such molecules
are secreted by the terminally differentiated B lymphocytes known as plasma
cells. Cellular immunity is mediated mainly by T lymphocytes (Abbas, et al.,
1994). |

The immune response is usually directed against non-self antigens as
well as transformed or altered self antigens. Non-self antigens are recognized
when the foreign antigen is taken up by a special group of cells known as
antigen presenting cells (APC)s which include mononuclear phagocytes or
macrophages, B lymphocytes, dendritic cells, Langerhans cells in the skin and
endothelial cells (Abbas, et al., 1994). The engulfed invader is then digested
and processed into smaller components consisting of: short peptides, nucleic

acids, polysaccharides and lipids. T-cell mediated immune responses are



induced by protein antigens while humoral immune responses mediated by B
lymphocytes can be induced by both protein as well as non-protein antigens
(Abbas, et al., 1994). Inasmuch as B lymphocytes can respond to soluble
antigens while T cells can not, the activation of T cells requires the recognition
of the foreign antigen in the context of major histocompatibility complex (MHC)
_molecules on the surface of APC.

Both B and T lymphocytes originate in the bone marrow, where B-cells
undergo their early stages of maturation. Immature B lymphocytes are selected
in the bone marrow so that only self tolerant cells can migrate from the bone
marrow to the peripheral lymphoid tissues (Janeway and Travers, 1994). During
this selection, a developing B cell that expresses receptors for self cell surface
antigens such as self MHC is believed to undergo programmed cell death
(apoptosis) (Hardy, et al., 1991). Pre-T cells migrate from the bone marrow and
mature in the thymus where they come into close physical contact with a variety
of non-lymphoid cells. Such interactions are responsible for the selection of T
cells that Ieaq to the elimination of T cells with self-specificities (Janeway and
Travers, 1994). Developing T cells in the thymus go through a series of stages
that can be distinguished by the differential expression of surface molecules
such as: the cluster of differentiation (CD)3, the T cell receptor (TCR) complex
proteins and the co-receptor proteins CD4 and CD8. Mature T cells in the
thymic medulla as well as those in the peripheral lymphoid organs can be
categorized into two structurally and functionally distinct classes: helper T cells
which are CD3+, TCR-ap*, CD4* and CD8" and the cytotoxic T lymphocytes
(CTL)s which are CD3+, TCR-ap*, CD4- and CD8*. The CD4 and CD8

molecules play an important role in the differential recognition of MHC class-lI



and class-l molecules. For, CD4 binds to invariant parts of MHC class-Il
molecules and CD8 binds to invariant parts of MHC class-l molecules. Also,
during antigen recognition, CD4 and CD8 molecules associate on the T cell
surface with components of the TCR, which is why they are called co-receptors
(Abbas, et al., 1994). Because only professional APC express the MHC class-II
‘molecules, while almost all cells express MHC class-I molecules, CD4+ helper T
cells can interact with only professional APC CD8+ CTLs, on the other hand, can
interact with all the cells in the body. Despite the structural similarity between
class-l and class-Il histocompatibility molecules, they bind peptides at different
intracellular locations. MHC Class-I molecules present peptides that are derived
from endogenous proteins , while MHC class-Il molecules can present peptides
from endocytosed (i.e., exogenous) antigens as well as endogenous antigens
(Brodsky and Guagliardi, 1991).

Although antigen induced activation in both T cell subsets stimulates the
same second messenger systems, nevertheless, the outcome of this activation is
- different in the two subsets. In helper T cells, antigen recognition brings about
the production. of a vast array of factors known as cytokines, which act to induce
proliferation and differentiation of other T cells, B cells, macrophages and other
inflammatory leukocytes. Following the TCR-CD3 mediated activation, helper T
cells are induced to synthesize interferon y (IFN-y), IL-2, transforming growth
factor-B (TGF-B), IL-2R, interleukin-3 (IL-3), interleukin-4 (IL-4), interleukin-5 (IL-
5), interleukin-6 (IL-6), transferrin receptor and granulocyte-macrophage colony
stimulating factor (GM-CSF) (Cabtree, 1989 and Kupfer and Singer, 1993). In
addition, it is important to note that helper T cells have two distinct subsets

known as helper T cell type 1 (TH1) and helper T cell type 2 (TH2). Upon



stimulation, the former secretes IL-2, IFN-y and tumor necrosis factor- § (TNF-B)
whereas, the latter secretes IL-4, IL-5, IL-6 and interleukin 10 (IL-10) (Mosmann
and Coffman, 1989). Tw1 cells utilize IL-2 while TH2 cells use IL-4 as autocrine
growth factors ex vivo, However, following antigenic stimulation both subsets
respond to both IL-2 and IL-4 (Fernandez-Dotran, et a/., 1988). CD8" CTLs on
the other hand, when activated through the TCR-CD3 complex are induced to
mediate target cell lysis by exocytosing their lytic granules, consisting of pore-
forming protein (perforin) and granzymes. Also, CTLs in response to antigenic
stimulation secrete IFN-y, lymphotoxins (LT) or TNF-$ and to a lesser degree IL-
2 (Salgame, et al., 1991). The secretion of perforin and granzymes by the CTL
in the vicinity of the target cell induces osmotic swelling and lysis (necrosis).
This mode of target cell killing is also shared by NK cells ( Cohen and Duke,
1992). Furthermore, both NK cells and CTLs can kill their target by provoking
programmed cell death or apoptosis (Zychlinsky, et al, 1991). Such a
mechanism of cell death results when a special surface protein unique to T or
NK cell, known as Fas ligand, binds to the Fas antigen present on target cells
(Lowin, et al, 1994). The binding of Fas ligand on CTL or NK cells to the Fas
antigen on the target cell, triggers a series of events, which are still poorly
characterized. Such events lead to the activation of endonucleases and thereby

the digestion of nuclear DNA and eventual cell death (Abbas, et al., 1994).

Cancer is one of the most abhorred diseases of thé century, and it is
among the leading causes of death in United States. This year only, about
554,740 people will die of cancer which comes to over 1,500 people a day

(American Cancer Society, 1996). Cancer usually develops when a cell or a



group of cells proliferate in a way that defies the normal cellular growth controls.
Normal cellular growth and differentiation is thought to be maintained by a
balance between the activity of stimulating genes(proto-oncogenes) and
inhibitory genes (anti-oncogenes) (Chiigira, et al., 1990). Any imbalance in this
regulatory mechanism would lead to uncontrolled cell growth or cell
transformation and neoplasia. Disruption of this balance requires either the
alteration of the proto-oncogenes in a way that hyper activates them (i.e., they
become oncogenes) or the inactivation of the anti-oncogenes (Reddy, et al.,
1988). |

Immortalization of a cell has been shown to occur in at least two steps:
the first one is the initiation stage where a cell is subjected to certain
carcinogenic factors that alter growth and differentiation machinery of the cell.
Such alterations usually remain quiescent in resting cells (at Go). However,
during the next stage, the initiated cells are exposed to a stimulatory signal,
which might not be mutagenic or carcinogenic, such stimulation will prompt the
cells to divide continuously. The second stage is referred to as the promotion
stage after which a cell becomes immortalized. The nature of the initiating or
transforming factors range from chemicals, such as, polycyclic aromatic
hydrocarbons (Miller and Miller, 1981); biological, such as, human papilloma
viruses (HPV) (Howley, 1986) and human T cell lymphotropic viruses (HTLVSs)
(Yoshida and Seiki, 1987) or physical, such as, ultraviolet rays (UV) and ionizing
radiation (Kohn and Fry, 1984). In order for immortalized cells to become
neoplastic and tumorigenic, they have to go through a third stage known as the

progression stage. During this stage the transformed cells will experience



successive cycles of mutations and natural selection that eventually lead to a full
blown tumor (Cotran, 1989).

The abnormal growth behavior of cancer cells results from the expression
of mutated or viral genes and/or dysregulated expression of normal genes.
Such cells will express proteins that can appear as foreign to the tumor host,
‘because they were never expressed in the host prior to tumor development or
were expressed at such low levels that they did not induce tolerance (Abbas, et
al., 1994). Therefore, it is reasonable to assume that the immune system cells
which screen normal tissues looking for the abnormal and the foreign, can mount
a response against the transformed cells. However, it is obvious that in cancer
patients the transformed cells escape this immune surveillance.

The evading of the immune system of healthy individuals by cancer cells
may involve many factors. Such factors include the absence of certain surface
molecules on the tumor cell which are essential for evoking an immune
response against it. Also, cancer cells can evade the immune system if they
produce immunosuppressive molecules or are capable of inducing a suppressor
population of T cells that counteracts the effector T cells stimulated against it
(Abbas, et al., 1994). The different factors that may allow cancer cells to

overcome the immune system will be discussed in more details in the coming

chapters.



Cancer and Neoplastic Transformation:

As mentioned earlier, carcinogenic agents fall into the following
categories: 1) chemical carcinogens, 2) radiation and 3) oncogenic viruses.
Carcinogens generally initiate cancer and promote it by inducing genetic
. changes that increase cell proliferation. Such an increase in cell proliferation
could be mediated by decreasing the dependence of cells on external growth
factors, preventing cellular senescence or by inhibiting programmed cell death
(Murry and Hunt, 1993). The induction of normal cellular proliferation starts by
an external signal, such as the binding of a growth factor to its receptor. The
receptor would then transfer the message through the membrane into the
cytoplasm and ultimately to the nucleus. Proto-oncogenes have been found to
function at each step of the mitotic cascade (Cotran, et al, 1989). Upon
activation, by either mutation or increased expression, the proto-oncogenes are
converted to oncogenes that drive the cell to excessive or inappropriate
proliferation. About 20% of known human tumors have been associated with
activated oncogenes (Bishop, 1987 and Cotran, et a/, 1989). Alternatively,
some cancers have been shown to arise due to the activation of genes that
normally suppress cell proliferation ( Friend, et al., 1988). Thus, mutations that
affect the normal functions of these genes would lead to the neoplastic

transformation of cells.



Immune Response Against Tumor Cells:

Neoplastic transformation of normal cells results in significant phenotypic
changes (Klein and Klein, 1985). Such changes may render them susceptible to
be rejected by a healthy (competent) immune system. However, in many
instances, transformed cells can escape the immune surveillance. In order for a
transformed cell to instigate an immune response against it, has to fuffill the
following conditions. First, it should express appropriate levels pf the MHC class
| molecules, as well as be able to process and present tumor specific antigens in
the cleft of MHC molecules (Tonaka, et a/, 1988 and Urban, 1992). Also, the
expression of molecules such as B7-1 or B7-2 on the tumor cells, which are
ligands for CD28 and CTLA-4 on effector T cells, have been shown to be
essential for the induction of immunity against the tumor (Chen, et al., 1992;
Matulonis, et al., 1996; Townsend and Allison, 1993 and Zitvogel, et al., 1996).
Moreover, many tumors have been reported to secrete immunosuppressive
cytokines (Janeway and Travers, 1994), some of which were reported to play an
important role in the suppression of the immune response of the host against the
tumor cells. Such cytokines include, TGF-B (Harada, et a/, 1995 and Torre-
Amione, et al.,1990) and IL-10 (Suzuki, et al., 1995). Furthermore, tumor cells
that do not express molecules such as Fas have been reported to be more
resistant to be killed by NK or CTLs ( Gruss and Dower, 1995 and Rensing, et
al, 1995). Finally, some tumors may be inducing an immune response against

transformed or foreign antigens on their surface, yet they evade the immune

































































































































