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ABSTRACT

Natural killer cells are a third population of lymphocytes, distinct
from T and B cells. NK cels make up approximately 5-8% of the
lymphocyte population. NK cels are non-MHC-restricted cytotoxic
effector cells which are effective against intracellular pathogens, virally-
infected cells and tumor cells. 2B4 is a natural killer cell receptor originally
identified in the mouse as a surface molecule involved in non-MHC-
restricted kiling and enhancement of IFN-y secretion. The human and rat
homologues of 2B4 have recenily been cloned in our laboratory.
Interferon gamma (IFN-y) is a cytokine with potent anti-viral and anti-
proliferative effects. In addition, this cytokine qc’rs as a global immune
regulator by regulating gene expression and serving to attract other
immune cells. In this work, we establish the function of human 2B4 in a NK

cell line, YT. We have shown that human 2B4 activation induces cytolytic

function and enhances IFN-y release in YT cells. Additionally we show that

2B4’s regulation of IFN-y occurs at the transcriptional level, both through

mMRNA stability and increased promoter activity. We also demonstrate that
several regions in the IFN-y promoter respond to 2B4 activation through

increased activity. Finally we investigate the importance of 2B4 and IFN-y

both separately and together in the rejection of metastatic tumor cells in






C57BL/6 mice. Our results confirm that both 2B4 and IFN-y are critical in the
rejection of metastatic tumor cells. Through the use of ocﬁx)cﬁng

monoclonal antibodies, our studies indicate that 2B4's anti-tumor activity

is through IFN-y as well as through activation of the cytolytic function of NK

cells.
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CHAPTER ONE
INTRODUCTION AND LITERATURE REVIEW
Immunity

Mammals are protected by two types of immunity — acquired and
innate. Acquired immunity is obtained during life following an encounter
with an antigen that promotes the development of antibodies against
that antigen. Innate immunity is present at birth and is hereditary.
Acquired immunity is very specific and innate immunity is more general.

- Many different cell types play a role in immunity, among them are
lymphocytes. Lymphocytes make up approximately 25% of the leukocyte
(white blood cell) population under normal, healthy circumstances, but
increase in response to infection. Lymphocytes originate in fetal stem cells
and develop in the bone marrow. There are three types of lymphocytes: B
cells, T cells and natural killer (NK) cells. T & B cells are involved in specific
acquired immunity; NK cells are involved in innate immunity (1).

Immature B cells circulate and produce antibodies as a result of
genetic rearrangement and express them on their cell surface. When the
cell encounters an antigen specific for the antibody expressed on its
surface, it becomes activated and differentiates into either a plasma cell

or a memory cell. Plasma cells produce and secrete the antibody.






Memory cells remain and upon a second encounter with the specific
antigen further differentiate into plasma cells.

T cells express cell surface receptors specific for a particular
antigen. These recebtors achieve their specificity through genetic
rearrangement. T cells ccﬁ become activated upon binding of their T cell
receptor (TCR) by the gntigen for which it is specific.

Only recently have NK cells been classified as the third type of
lymphocyte. The lymphoid origin of NK cells was confirmed through FACS
analysis identification of a common lymphoid progenitor, which may give
rise to NK; T or B cells '(2). NK cells are quite different from B and T cells. NK
cells are involved in innate immunity rather than acquired. They are not
specific for a por’ricUIor antigen, but are more generalized effector cells
that do not undergo geneﬁc rearrangement (3, 4). This work is primarily

focussed on the action of NK cells.

Natural Killer Cells

NK cells are large granular lymphocytes making up approximately
5% of the lymphocyte populaﬁon. NK cells are non-adherent, non-
phagocytic, and lack mdrkers specific for either T or B cells (5). These cells
are CD3,, slg-, CD16*, CD56* (6). NK cells are part of our first line of defense

against pathogens that enter the body. They are also important






defenders against transformed or infected cells that sometimes escape
other means of immune surveillance. NK cells have been shown to defend
against virally infected cells, tumor cells and parasites (6-8). Unlike T cells,
NK cells do not express antigen specific receptors (9).

NK cell effector function consists of cytokine production as well as
direct cytotoxicity through perforin and granzyme B (6, 10, 11). NK cells
can be activated to kill with more efficiency and specificity by cytokines
including IL-2, IFNs, IL-12 and IL-15 (12-15). Expression of NKLAM is also
_ossocio’red with cytokine activation of NK cells (16). NK cell cytotoxicity
can involve ADCC (antibody dependent cell-mediated cytotoxicity) via
the FcyRIll receptor (CD16, the low affinity receptor for human IgG) (9).
Early studies of NK cells led us to believe that NK effector functions was
solely through ADCC. However, erk that Dr. Goldfarb did in the 1980’s
failed to confirm that ADCC was solely responsible for NK cell's cytotoxic
activity, and suggested that the effector function could be either through
ADCC or through separate “NK receptors” (5). Since that time, several NK
specific receptors have been identified. Studies of NK cell receptors have
shown that effector function is regulated by signals from these receptors
(8). Some NK cell receptors have been shown to activate effector

function and others to inhibit this function.






In addition to cytotoxic activities, NK cells also contribute to
cytokine production and invasiveness (17-19). Cytokines produced by NK
cells include IFN-y, TGFB, IL-1B, IL-10, GM-CSF. Additionally, NK cells
produce MMPs (17, 20-22). These cytokines have an effect on NK cell
function, but also serve as immune regulators through the recruitment of
other immune system cells. For example, IL-12 is essential for NK cell
productidn of IFN-y during viral infection, while IFN-o and IFN-B are
required for NK cell cytotoxicity (23). Additionally, the release of NKCF
(natural killer cytotoxic factor) by PBMC (peripheral blood mononuclear

cells) is cdrrelcn‘ed with NK activity in vitro.

Natural Killer Cell Receptors

Several NK cell receptors hoye been identified in the recent
past (8). There are two types of receptors - activating and inhibitory.
Positive signals originate from activating receptors and negative signals
from inhibitory receptors. The balance of these signals determines whether
the NK cell kills its target or is inhibited from doing so (8, 24-26). Activation
of NK cells is independent of MHC expression on the target cell, however
inhibition of killing is typically regulated through recognition of MHC Class |
(8). The NK cell will lyse a target cell if it lacks the MHC-I molecule for

binding of the inhibitory receptor and expresses a specific ligand for an






activating receptor (1). NK receptors belong to one of two gene
superfamilies based on their structural homology and chromosomal
location (8). The two superfamilies are the immunoglobulin superfamily
(IGSF) and the lectin superfamily (LSF) (8). Our lab has identified four novel
NK cell receptors. Two of the receptors belong to the CD2 subset of the
immunoglobulin superfamily, 2B4 (CD244) and CS1(27-29). The other two
receptors belong to the lectin superfamily LLT1 and LLT2 (30).

Activating NK receptors recognize any number of ligands on the
surface of target .cells initiating a signaling cascade which results in
cytolytic dcﬁon by the NK cell. Members of both the lectin superfamily
and the immunoglobulin superfamily participate in the activation of NK
cells.

Lectin superfamily activating receptors inclpde NKR-PTA and NKR-
P1C, NKG2 family members and LY49 family members. Little is known
about the signaling that results from the binding of these receptors. LLT1, a
lectin superfamily member identified in ‘our lab, has been mapped to the
NK gene complex on chromosome12 and its predic'red receptor structure
lacks ITIM (immunoglobulin tyrosine inhibitory motif) mdﬁfs suggesting it
may be involved in NK cell activation (30).

The immunoglobulin superfamily also has several members that

participate in the activation of NK cells including 2B4, CD2, CD16, NKp30,






NKp44 and NKp4é6 (27, 31, 32). CD2 associates with CD58 and may serve
as a co-stimulatory interaction in the activation of NK cells (8). 2B4,
recently designated CD244, associates with CD48 and results in enhanced
cytotoxicity and cytokine secretion (17, 33).

Also contributing to the action of NK cells are inhibitory receptors.
Inhibitory receptors typically recognize self-MHC molecules on the surface
of target cells and ‘inhibi’r kiling (9, 34-44). Collectively known as the
inhibitory receptor superfdmily (IRS), inhibitory receptors fall into three
distinct .families, ly49, CD94/NKG2 and KIR and signal through ITIM
(immunoréceptor tyrosine-based inhibitory motif) sequences (8). Ly49
receptors of the C-type lectin superfamily, recognize H-2 class | MHC
molecules in mice (41, 45-49). No human homologues to LY49 have been
identified (8). KIR receptors of the immunoglobulin superfamily recognize
HLA class | molecules in humans and are located on human chromosome
19 (50-54). Self-MHC molecules are often altered in tumor transformation
and viral infections presumably to evade T cell recognition. This alteration
prevents the recognition by inhibitory receptors allowing the NK signaling
balance to shift toward activation (1, 55, 56). Activated NK cells are then
able to kill the tumor cell or infected cell that may otherwise have gone

undetected. Much remains to be learned about the signaling pathways in

NK cells.






An important distinction between activating and inhibitory
receptors is that of tyrosine motifs in their cytoplasmic regions. Activating
receptors contain ITAM (immunoreceptor tyrosine activating motif)
sequences that associate with a molecule called DAP12 (28, 57, 58).
Additionally, MAPK (mitogen activated protein kinase) has been shown to
be critical in the mobilization of perforin and granzyme B toward the point
of contact with a target cell (59). Inhibitory receptors contain ITIM
(immunoreceptor tyrosine inhibitory motif) sequences that recruit
phosphatases like SHP1 and SHP2 that inhibit NK cell activation through
the dephdsphoryloﬁon of other signaling molecules (8, 60, 61).

While NK cell activity is largely beneficial to the host, there are a few
instances where NK cells contribute to pathogenesis. Of particular
concern are recipients of bone marrow transplants. If tronsplanfed bone
marrow cells do not express all of the host MHC antigens, some subsets of
NK cells could become activated to reject the transplanted cells (44).
Additionally patients with SLE (systemic lupus erythematosus) are deficient
in NK cell activity due to an impaired response to interferon and interferon
inducers (62). It has recently been shown that XLP (X-linked lympho-
proliferative disorder) is associated with mutations in SAP (SLAM
associated protein) which associates with the cytoplasmic tail of

activating receptors 2B4 and SLAM (63, 64). It is believed that defective






signaling through 2B4 and SLAM may contribute to the pathogenesis of

XLP.

2B4 (CD244)
2B4 was originally identified by Dr. Mathew after generating a
panel of monoclonal antibodies against murine NK cells (42). It was found
on all resting and IL-2 activated NK cells and a subset of splenic T cells.
Binding of surface 2B4 with monoclonal antibody was shown to activate
cytolytic activity, IFN-y secretion and granule exocytosis in IL-2 cultured NK
cells. 2B4 was found to contain an lg C-2 domain suggesting that it
belonged to the immunoglobulin superfamily (27). Evidence that 2B4 was
involved in non-MHC-restricted kiling included its expression only on cell
types which participate in this type of kiling and its lack of expression on
cell types that are not involved in this type of kiling (27). Additionally,
binding with monoclonal antibody moduiates this kiling against a voriety/
of FcR+ and FcR- targets (18). Since the discovery of this molecule, our lab
group has been devoted to understanding the role 2B4 in the immune
system of mice, rats and humans.
The encoded 2B4 protein is 66 kDa with 398 amino acids, a leader
sequence of 18 amino acids and an transmembrane domain of 24 amino

acids (27). It is predicted to have eight N-glycosylation sites and high






homology to murine and rat CD48 as well as human LFA-3 (27). Three
transcripts derived from differential splicing are apparent in Northern blot
analysis {27). Southern blot analysis from several mouse strains reveals that
2B4 belongs to a family of closely related genes found on mouse
chromosome 1. Originally it seemed as though 2B4 was only present in
some inbred mouse strains, but recent work in our lab has shown that it is
present in all inbred mouse strains. Murine 2B4 contains polymorphism in
the v-domain which restricts recognition by monoclonal antibodies (65-
68).

Murine 2B4 contains 4 tyrosine motifs in the cytoplasmic domain (27)
which are also present in SLAM and believed to be involved in SHP-2 (59)
and SLAM-SAP interactions (70). Activation with mAb also results in the up-
regulation of egf-l and c-fos mRNA express.ion (18, 71) as well as an
increase in surface expression of 2B4 as well (72). Our lab has cloned and
sequenced the promoter of m2B4 and found it to contain consensus-
binding sequences for several known transcription factors (72).

Our lab has cloned the rat homologue of 2B4 expressed in rat NK
cells. The rat homologue contains 395 amino acid residues and two Ig
domains in the extracellular region and three tyrosine motifs in the
cytoplasmic region. Additionally, northern blot analysis indicates the

presence of multiple transcripts of rat 2B4 (73). Also, we have cloned
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another rat NK receptor related to 2B4. This related receptor is unique
compared to human and mouse 2B4 in that it lacks tyrosine motifs in the
cytoplasmic tail. Also, this related receptor exists in both soluble and
transmembrane forms (74).

Recently, we cloned the human homologue of 2B4 (28) and found
it to be expressed in NK and T cell lines, spleen lymph nodes, and
peripheral blood leukocytes. Human 2B4 was localized to chromosome 1
and shown to be a new member of the CD2-subfamily along with SLAM,
CD48, CD58, CD84, CS1 and Ly9 (28, 29, 63, 75-79). It is also a member of
the imenoglobulin super family as determined by structural similarities,
chromosomal location and evolutionary relationship with other members
(80).

Human 2B4 contains a 20-aa leader sequence, 201-aa extracellular
domain, 24-aa transmembrane domain, and 120-aa cytoplasmic domain
(63). Human 2B4 also contains 4 tyrosine-based motifs in the cytoplasmic
tail similar to murine 2B4 (63). The molecular weight of h2B4 is ~86 kDa (63).

C1.7 is a monoclonal antibody available through Coulter and
originally markéfed as one that recognized NK cells. It is now known that
C1.7 recognizes human 2B4. C1.7 mAb reacts with all human NK cells and
approximately 50% of CD8+ T cells — cells that mediate non-MHC-

restricted kiling (19). Studies in our lab and others have shown that

10






activation of PBMC with C1.7 mAb result in enhanced cytotoxic activity

-

and increased IFN-y secretion (17, 28).

Recently our lab found that the natural high affinity ligand for 2B4 is
CD48 (81-83). Studies with a CD48 fusion protein show that it can trigger
NK-mediated cytotoxicity and IFN-y secretion, but does not activate T cells
or monocytes (77, 84, 85). This study also shows that the effect varies in
different NK cell clones suggesting that other NK receptors may contribute
to this action. Along these lines, it was proposed that the lack of activation
in T cells is due to their lack of other necessary NK receptors (86).

284'has recently been shown to be associated with two diseases. X-
linked lymphoproliferative syndrome (XLP) has been defined as a genetic
defect in the signaling protein SAP (63). SAP associates with cytoplasmic
tail of SLAM and 2B4 in activated NK cells (63, 87, 88). Patients suffering
from XLP lack the ability to activate NK cells via surface 2B4 (88-91). This
suggests that faulty 2B4 signaling may be instrumental in the pathogenesis
of XLP. Additionally, 2B4 surface expression on CD8+ T cells was recently
shown to be a better predictor of HIV disease progression than the

commonly used CD4+ T cell count (92).

11






CD48

CD48 is a member of the immunoglobulin superfamily expressed on
lymphocytes, dendritic cells and macrophages (93). CD48 was originally
described as a counter-structure for CD2 in mice and rats (93) and shown
to be involved in the activation of lymphocytes (94-97). Results showing
that CD2 knockout mice were phenotypically no‘rmol while CD48
knockout mice were impaired in T cell development and activation,
suggested the possibility that CD48 may bind another structure. Indeed it
was later found that CD48 and 2B4 have high affinity binding which was
subpor’fed by immunoprecipitation, flow cytometry and western blot

analyses (33, 80).

Interferon Gamma

Interferon-gamma (IFN-y) was one of the first cytokines
discovered and was repor’red by Wheelock in a 1965 issue of Science as a
substance with anti-viral properties ‘produced by leukocytes. The
substance reported by Wheelock was originally described as ‘Type |
Interferon’, and then later called ‘Immune Interferon’ and ‘Macrophage-
Activating Factor’ interchangeably before finally being designated
‘Interferon Gamma' by the International Interferon Nomenclature

Committee in 1980 (98). Since its discovery, IFN-y has been the focus of

12






many investigations in biomedical research. Studies of IFN-y, while
extensive, still are expanding today.

IFN-y is a homodimeric protein that is N-glycosylated at two sites in
its biologically active form. Its size has been reported between 20
kilodaltons and 34 kilodaltons, the differences due to variations in
glycosylation. IFN-y is.mode up of six alpha helices and no beta sheet
domains. The two subunits of the protein come ’rége’rher in an antiparallel
configuration (99). IFN-y plays a central role in immune regulation via
interaction with the IFN-y receptor found on the surface of a large variety
of cell | fypes including fibroblasts, monocytes, macrophages,
lymphocytes, epithelial cells, keratinocytes and platelets (100).

IFN-y has been shown to induce the enzyme indoleamine-2,3-
dioxygenase (IDO) which catalyzes the oxidative cleavage of the pyrrole
ring in tryptophan resulting in tryptophan depletion (99). Tryptophan
metabolism is speculated to Con’rribufe to the anti-proliferative and anti-
viral effecfs of IFN-y through the hampering of protein synthesis. IFN-y is also
known to potentiate respiratory burst and synthesis of nitrogen monoxide
(NO) which is important in the defense against bacterial pathogens,
molds or protozoa. Additional benefits of this induced NO synthesis moy'
include anti-tumoral activity in that cells that are induced to synthesize NO

often undergo apoptosis or arrest of DNA synthesis (99).

13






The gene coding for IFN-y is a single copy gene located on human
chromosome 12 (101, 102). The gene consists of four exons and three
introns that are highly conserved among species with known IFN-y genes.
The gene for IFN-y has been identified in all mammalian species as well as
in chickens. The majority of studies have involved human and murine IFN-y
(103).

Interferon-gamma stimulates signaling cascades resulting in the
activation of gene transcription. MHC class | and class I molecule
expression is up-regulated in professional antigen presenting cells as well
as in ofhér cell types, increasing their ability fo present antigen. Also up-
regulated is the expression of Fc receptors on neutrophils and
mononuclear phagocytes increasing their ability to recognize antibody
coated targets (104, 105). Expression of ICAM-1 and B7, the ligand for
CD28, is augmented in response to IFN-y. These molecules serve as co-
activators of lymphocytes (106, 107). Tumor associated antigen expression
is also modulated by IFN-y, rendering tumor cells more susceptible to

cytotoxic T and NK cells. IFN-y can also assist in the activation of
macrophages, promote T cell differentiation, and promote expression of

certain immunoglobulin (Ig) isotypes in B cells.
Interferon-gamma is produced only by activated lymphocytes,

particularly T cells and NK cells. It's production is regulated by a variety of

14






cytokines as well as through the binding of cell surface molecules. IL-2 is a

classic stimulator of IFN-y production. Additionally IL-12 and IL-18 have
been shown to enhance the production of IFN-y both synergiéﬂcolly and
independently. Binding of several cell surface molecules has been shown
to be followed by increased secretion of IFN-y including 2B4 (CD244),
CD28, CD2 and beta 1 integrins (8, 108, 109). Several other cytokines have
been shown to inhibit the production of IFN-y including IL-10, IL-4, IFN-a,
IFN-B and TGF-B1 (99, 110-112). Vitamin A and its derivatives (retinoic acid)
have also been shown to down regulate the transcription of IFN-y (113).
Adéquofe function of IFN-y is essential for acquired resistance to
infections and cancer. Malfunction of IFN-y is associated with
inflammatory complications and autoimmune disease. Overall the effects
of IFN-y are crucial in anti-viral, anti-tumoral, anti-proliferative and
immunomodulatory processes, however the regulation of its production
must be tightly controlled.
The regulatory mechanisms controlling the production of IFN-y
in NK cells is not well understood. T cell production has been heavily

studied and provides clues to deciphering the mechanisms in NK cells.

Regulation of IFN-y in activated T cells has been shown to occur at the

1rcnscn’pﬁondl level (114). It remains clear that the regulation of IFN-y is

15






complex and varies due to cell type as well as the particular stimuli
involved in activation.

Only recently has an important pathway in IFN-y regulation been
delineated. In activated T cells stimulated with IL-12, the p38 MAPK
pathway is involved in the induction of IFN-y mRNA and secretion (115).
Trotta et al. demonstrated that the p38 MAPK pathway is also invdved in
the appearance NK cell IFN-y mRNA following incubation with target cells
(116). Recently our lab demonstrated that 2B4 induced secretion of IFN-y
was also through the p38 MAPK pathway (117).

The human IFN-y gene promoter contains several binding sites for
several franscription factors. Each of these transcription factors have been
shown to interact with the promoter under some circumstances and not
to interact in other circumstances. Many cytokine signals are mediated
through STAT transcription factors (118). In activated T cells, STAT4 has
been shown to be essential to the transcription of IFN-y (115). Jun-ATF2
complexes have been shown to increase in level, phosphorylation and
promoter binding in IL-12 stimulated T cells (115, 119, l20j. CREB-ATF1
proteins compete for binding with Jun-ATF2 complexes and have a
negative impact on IFN-y promoter activity (120).

NFAT and NFxB have several binding sites in the IFN-y promoter and

cooperation between these two factors is necessary for maximal
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promoter activity in activated T cells, although both factors do not

appear under all stimulators (121, 122). The transcription factor YY-1 has

been shown to have both enhancing and silencing effects on IFN-y
expression (122-124). While another study has shown that AP-1 and NKkB
play a role in NK cell production of IFN-y under IL-2 stimulation (125). All
things considered, thé regulation of IFN-y in lymphocytes is at least in part
at the transcriptional level and involves promoter regions that participate

both positively and negatively following lymphocyte activation.

Anti-tumor Activity

Several studies have shown that NK cells mediate anti-tumor activities
(126-128). These studies are supported by the finding that spleenocytes
isolated from NK deficient mice have reduced cytotoxicity against YAC-1,
RMA-S and B16 tumor cells in vitro (129). Additionally NK deficient mice

show an impaired ability to reject tumor cells in an induced metastatic

tumor model (129).

Evidence that IFN-y plays a role in the antitumor effect of NK cells
~ comes from several studies. IL-12, an inducer of IFN-y, has been shown to
elicit an antitumor affect against a variety of tumor cells including colon,

kidney and lung carcinomas as well as B16F10 melanoma cells (130-138).

These effects of IL-12 were believed to be through IFN-y which is supported
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by a finding that IFN-y and perforin are required for IL-12 mediated anti-
tumor immunity (139). In vivo IL-12 was found to be produced following
injection with an anti-CD40 antibody which was correlated with increased
NK cytolytic activity among PBL and significant antimetastatic effects
(140).

Perforin is a molecule produced exclusi\./ely by NK cells and CTLs and
has been shown to be an important molecule‘in the elimination of tumor
cells (102, 132, 141, 142). Perforin deficient mice display increased tumor
growth and metastasis than wild-type mice (143-146). Depletion of NK
cells resulted in more metastases than in perforin deficient mice,
suggesting that other factors play a role in NK cell protection from tumor
metastases (146).

Interferon-gamma has been shown to up-regulate the expression of

Fas and FasL by B16 melanoma cells, which led to apoptosis of these cells

(147). IFN-y knockout mice were as susceptible as NK cell depleted mice
to lung metastases, although not as susceptible as IFN-y - Perforin double
knockout mice (145). Several in vivo metastases models demonstrated
that the role of IFN-y is distinct from that of perforin (145, 148).

CD48, the .counfer-recepior for 2B4 has resulted in tyrosine
phosphorylation upon binding suggesting that it is involved in lymphocyte

'dcﬁvoﬁon (149). Binding of CD48 with mAb has shown a strong in vivo
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antitumor effect (150, 151). Additionally transfection of CD48 into two
poorly immunogenic tumor cell lines enhances their immunogenicity (152).
These data originally suggested a role for CD2, the low affinity ligand for
CD48. Now that 2B4 has been identified as the high affinity ligand, a role
for 2B4 is likely.

The focus of this work involves the elucidation of the relationship
between 2B4 and IFN-y and the functional role of said relationship against
tumor metastases. Chapter two herein establishes the function of 2B4 in

human cell line, YT. In this cell line, 2B4 activation results in enhanced

secretion of IFN-y. Chapter three establishes the regulation of IFN-y by 2B4
at the ftranscriptional level. We found that IFN-y mRNA stability is
enhanced in addition to enhanced IFN-y promoter activity in response to
2B4 activation. Chapter four identifies the regions of the IFN-y promoter
that respond to 2B4 activation. We have identified 7 of 10 regions of the

promoter as responsive to 2B4 activation. Chapter five examines the role

of 2B4 and IFN-y in a murine tumor metastasis model. We found that both

2B4 and IFN-y are vital in the rejection of metastatic tumor cells.

Addiﬁonally, we were able to show that 2B4’'s anti-tumor mechanism is

through not only IFN-y, but other mechanism(s) as well.
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CHAPTER TWO
FUNCTIONAL ROLE OF h2B4: 2B4 ACTIVATION OF YT CELLS INDUCES

NATURAL KILLER CELL CYTOLYTIC FUNCTION AND IFN-y RELEASE

SUMMARY

2B4is a sun‘a-ce molecule found on all human NK cells, a subset of
CD8* T cells, monocytes and basophils. It was originally identified on
mouse NK cells and the subset of T cells that mediate non-MHC-restricted
kiling (18). Recently our lab cloned the human homologue of 2B4 (h2B4)
(28) and found h2B4 to also mediate non-MHC-restricted cytotoxicity. In
this study, we examine h2B4 in regulating vdrious functions of NK cells
using a human NK cell line YT, with mAb CI1.7, an antibody that
specifically recognizes h2B4. Binding of surface 2B4 with mAb C1.7
increases YT's ability to destroy tumor cells in addition to increased

production of IFN~y. The significance of this data is discussed in chapter

SiX.
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INTRODUCTION

NK cells have the ability to recognize and kill certain tumor and
virally infected cells in the absence of prior stimulation and without MHC-
restriction (3, 7, 8). NK cells provide important mechanisms of primary
defense against virus-infected cells and tumor metastases through
cytotoxic activities and the production of various cytokines such as IFN-y,
TNF-a, and GM-CSF (21, 153). NK cells express several surface molecules
that regulate NK cell function both positively and nege’rively. It is the sum
of these signals that ultimately determines NK cell function and activation
(8, 154). Thus it is important that these surface molecules on NK cells are
identified . and that their roles in regulating NK cell functions are
characterized in order to gain a better understanding of the role of NK
cells in the immune response.

We have previously identified a surface molecuIe designated 2B4,
which is expressed on all murine NK cells and a subset of T cells that
mediate NK-like kiling (18, 27). In addition to defining cells capable of
non-MHC-restricted killing, the 2B4 molecule is also involved in modulating
their function. The lytic activity of cultured NK cells and non-MHC-

restricted T cells is greatly enhanced in the presence of a monoclonal
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onﬁbody (mAb) against 2B4. We have also characterized the human
homologue of 2B4, h2B4 (28). In both mice and humans, 2B4 is the
counter-receptor for CD48 (33, 80). It has been reported that mAb C1.7,
inifially characterized by its ability to activate human cytotoxic
lymphocytes, is able to recognize h284 (63). In addition to NK cell
cytolytic functions, we have also investigated other NK cell activities such
as secretion of degradative enzymes including matrix metalloproteinases
(MMPs) through collaborative efforts with Dr. Goldfarb's laboratory. NK
cells also produce various proteolytic enzymes including MMPs.

Heré we have examined h2B4 with mAb C1.7 and its ability to affect
NK cell functions including its influence on MMP expression. In this study,
we used YT cells as a human NK cell model. The YT cells have a surface
phenotype similar» to human NK cells and have NK-like kiling activity (155).
YT cells have a high expression of h2B4 and show increased cytolytic
activity upon stimulation with mAb C1.7. Stimulation of YT cells by mADb
C1.7 increases production of IFN-y and modulates the expression of h2B4.
We also reported that h2B4 stimulation up regulates the expression of
MMP-2. In sum, our résulfs suggest that the NK cell receptor 2B4

participates in many regulatory functions.
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MATERIALS AND METHODS

Media

4+RPMI: A one liter package of powdered RPMI media (Life Technologies,
Rockville, Maryland, Catalog #31800-022) is combined with 2.0 grams
sodium bicarbonate (Life Technologies, Catalog #11810-025) and
dissolved in 800 ml. deionized, distilled water. pH is adjusted to 7.4 with HCI
and volume adjusted to one liter. Media is then supplemented with 10%
standard fetal bovine serum (HyClone Lab, Logan, Utah, Catalog
#SH30088.03). Media is further supplemented with Sodium Pyruvate — 1X
final concentration, non-essential amino acids — 1X final concentration,
antibiotic/antimycotic - 1X final concentration and buffered with HEPES
buffer (all Life Technologies, Catalog # 11360-070, 11140-050, 15240-062

and 15630-080 respectively).

Cell lines

The cell lines used in the completion of this project are listed in Table 2.1.
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Table 2.1

Cell Origin Media

YT Human leukemic NK cell line 4+RPMI
K562 Human erythroleukemia cell line 4+RPMI
BW Murine B cellline 4+RPMI
P815 Murine lymphoma cell line 4+RPMI
RMA Murine lymphoma cell line 4+RPMI
DB Human B cell ine 4+RPMI
Jurkat Human T cell leukemic cell line 4+RPMI
722.221 | Human MHC class | deficient B cell line 4+RPMI

Cell Culture
All mammalian cell lines were maintained in sterile condi’rioné in Nunc
EasYFlasks with canted necks and filtered tops. Cell growth media was 4+

RPMI. Media was completely replaced every 48 hours. Cells were

maintained at 37°C with 5% \COz saturation.

Antibodies
C1.7 antibody which recognizes h2B4 (63) was purchased from Coulter

(Orlando, FL). Isotype mAb control was kindly donated by Dr. V. Kumar, UT

Southwestern, Dallas, TX.
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Flow Cytometric analysis

YT, DB and Jurkat cells resuspended at 5 X 105 cells/100 pl in blocking
buffer (PBS, 1 % BSA) were incubated with 2 pg/ml of C1.7 mAb for 40 min
on ice. Cells were then washed and resuspended in blocking buffer.
Secondary goat F(ab')2 FITC-amigG (Coulter, Miami, FL) was added at a
final dilution of 1/200 (v/v). After 30 min incubation on ice in the dark, the
cells were washed two times in blocking buffer and resuspended in 1 ml.
blocking buffer. Routine analysis was performed using a Coulter EPICS XL

flow cytometer.

Cell-mediated cytotoxicity assay
Target cells were labeled by incubating 1 X 10¢ cells with 2 MBq of
Na25'CrO4 (NEN Research Products, Boston, MA) for 20 min at 37°C under

5 % COs in air. The target cells were then washed three times in culture

media. 1 X 104 labeled target cells (100 ul) were incubated with effector
YT cell suspension (100 pl) under various conditions ofA|L-2 (20 U/ml conc.),
mAb C1.7 (200 ng/ml cbnc.) and/or isotype mAb control (200 ng/mi
conc.). Effector YT cells were resuspended at 1, 2, 5, 10 and 20 times the

number of labeled target cells. After incubation for 4 h at 37 °C under 5 %

CO, in air, the cells were pelleted at 250 X g for 5 min, 100 ul of the
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supernatants were removed and their radioactivity was measured. The
percentage of specific lysis was calculated by the following equation: (a -
b/c - b) X 100, where a is the radioactivity of the supernatant of target
cells mixed with effector cells, b is that in the supernatant of target cells
incubated alone, and c is that in the supernatant after lysis of target cells

with 1 % Nonidet P-40.

Interferon-y Release Assay

YT cells were incubated in the presence of K562 cells in 1 ml. culture
media and in various conditions including IL-2, C1.7 mAb and isotype mAb
control for 16 hours at 37°C under 5 % COz in air. Where indicated, IL-2,
mAb C1.7 and isotype mAb control, was added to final concentrations of

20 U/ml, 200 ng/ml and 200 ng/ml, respectively. The cells were then spun

down at 250 X g for 5 min at 4°C. 100 pl of the supernatant was then
extracted and tested for the presence of IFN-y. IFN-y protein secretion was

quantitated immunologically by IFN-y human ELISA system (Amersham), as

per manufacturer’s instructions.

Interferon-y ELISA
BIOTRAK ELISA system from Amersham-Pharmacia-Biotech was used to

quantitate IFNy in cell free supernatant. Supplied directions were followed.
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50 ul of biotinylated antibody reagent was added to each well followed
by 50 ul of cell free supernatant or standard. Wells were covered with a
clear adhesive and incubated at room temperature for 2 hours. Wells
were emptied and washed three times with wash buffer. Wells were
aspirated after final wash to ensure removal of all wash buffer. 100 pl of
streptavidin-HRP conjugate reagent was added to eoch well. Wells were
covered with an adhesive strip and incubated at room temperature for 30
minutes. Wells were again washed three times with wash buffer and then
aspirated to remove all liquid. 100 pl of TMB substrate solution (provided
with kit) wés added to each well and the plate was incubated uncovered

in the dark for 30 minutes. 100 pl stop solution was added to each well

and the plate was read at 450 nm within 30 minutes.
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RESULTS

Expression of h2B4 is found on YT cells but not DB and Jurkat cells

C1.7 is an antibody shown to recognize h2B4 on NK cells (63). Prior to using
the YT cell line to examine the function of h2B4 in NK cell function, we
needed to show that the YT cell line expresses h2B4 on its surface and that
C1.7 antibody recognizes it. Figure 2.1 is a flow cytometry histogram that
shows neither DB (a human B cell line) nor Jurkat (a human T cell line) cells
express 2B4, but YT cells do express 2B4 as detected with C1.7 mAb. These
results indicate that YT cells are a suitable model for examining the
function of NK cell activation through 2B4 and that mAb C1.7 may be

used to study 2B4 activation.

Effect of mAb C 177 on YT Cells Increases Cytotoxic Activity

Our lab has shown that binding of h2B4 by a monoclonal antibody
increase cytolytic activity in human pochlonal NK cells (28). C1.7
monoclonal antibody was originally characterized by its ability to increase
cytolytic activity of polyclonal NK cells (19). Based on the expression of
h2B4 which is recognized by C1.7 on YT cells in conjunction with previous
studies in our lab and others, we were interested in determining if C1.7

binding of h2B4 on the surface of YT cells can elicit functional response,
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specifically cytolytic activity. Using a chromium release assay, we studied
the cytolytic activity of activated YT cells against 5'Cr-labeled K562 and
P815 target cells. The monoclonal antibody bound both to the FcyR
receptor on the target cells and to 2B4 on the NK cells, imitating the
receptor-ligand binding. The NK cells lysed the target cells, measured by
the release of 31Cr, through redirected lysis. Figures 2.2 and 2.3 show the
lysis against these targets. Binding of 2B4 through C1.7 failed to increase
cytolytic activity against FcyR- target cells 721.221, RMA and Jurkat cells
(data not shown). Additionally, lysis of K562 and P815 targets by C1.7
treated YT cells does not require IL-2, but is enhanced by IL-2 (data not

shown).

H2B4 up-regulates IFN-y production.

IFN-y is a cytokine shown to stimulate signaling cascades resulting in
activation of gene transcription. This activity is important in anti-viral, anti-
proliferative, and immunomodulatory procesées (158). We wanted to test
the effect of h2B4 stimulation on IFN-y production by YT cells. One million
cells were incubated under varying conditions: (a) media alone, (b) IL-2,

(c) IL-2 plus mAb C1.7 or (d) isotype om‘ibod'y control for 16 h and then

tested for IFN-y production by IFN-y ELISA. While the presence of IL-2

29






increased the production of IFN-y by YT cells, IFN-y release was significantly
augmented by the additional presence of mAb C1.7 (Fig. 2.4). The

addition of isotype antibody control to IL-2-stimulated cells failed to show

any significant change in IFN-y production. The addition of mAb C1.7 to YT
cells qlone caused IFN-y secretion at levels similar to YT cell secretion of

IFN-y when stimulated by IL-2 alone (data not shown).

Stimulation of YT cells through h2B4 increases expression of MMP-2

Additionally, through collaboration with Myoung Kim in Dr. Goldfarb's
laboratory, we observed that h'284 stimulation increased the migration of
YT cells through Matrigel invasion chamber (unpublished observation). Dr.
Kim found that 2B4 stimulation increased the expression of MMP-2 by 4-5
fold over control level, while the expression of membrane-type (MT)-M.MP-
1 was not changed significantly. These results suggested that stimulation
of 2B4 could lead to other functions of NK cells different from cytolytic
activity. Such functions include exiracellular matrix degrcdoﬁon by

induction of MMP expression. Because this work was done by Dr. Kim, it is

not shown here.
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Figure 2.1
C1.7 mAb detects expression of 2B4 on YT cells but not DB or Jurkat cells.

Expression of h2B4 on YT, DB and Jurkat cells. Cells were incubated with
mAb C1.7 (open curve), or isotype control (closed curve) as described in
“Materials and Methods”. A secondary FITC-anti mouse IgG Ab was then
used to detect C1.7 staining.
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Figure 2.2
2B4-activation results in enhanced killing of K562 target cells through
direct cytotoxicity.

mAb C1.7-induced, NK cell-mediated cytotoxicity. YT cells were
used as effector cells in standard 4-hr 5'Cr release assays against 5'Cr-
labeled FcyR- K562 target cells. Assays were performed in the presence
of culture media alone or with stimulation as indicated. All data points
represent the mean of a minimum of 3 independent trials. Vertical bars
represent the standard deviation.
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Figure 2.3

2B4-activation results in enhanced killing of P815 target cells through
reverse antibody dependent cellular cytotoxicity (rADCC).

MADb C1.7-induced, NK cell-mediated cytotoxicity. YT cells were used as
effector cells in standard 4-hr S'Cr release assays against S1Cr-labeled
FcyR+ P815 target cells. Assays were performed in the presence of culture
media alone or with stimulation as indicated. All data points represent the
mean of a minimum of 3 independent trials. Vertical bars represent the

standard deviation.
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Figure 2.4

2B4-activation results in enhanced secretion of IFN-y.

YT cells (1 X 10¢) were incubated in the presence of target cells (K562) at a
10:1 ratio. Cells were incubated in culture media alone or with stimulation
as indicated. The cells were then spun down and 100 ul of supernatant
was assayed for the presence of IFN-y by ELISA.
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CHAPTER THREE

ANALYSIS OF IFN-y PRODUCTION FOLLOWING 2B4 ACTIVATION IN HUMAN

NATURAL KILLER CELLS

SUMMARY

IFN-y is a cytokine that regulates various functions of the immune system.
The major producers of IFN-y are T cells and NK cells. 2B4 is a novel
activating receptor expressed on all human NK cells, a subset of CD8+ T

cells, monocytes and basophils. Activation of human NK cells through

surface 2B4 enhances NK cell cytolytic function and secretion of IFN-y. We
have examined the regulation of IFN-y production by the human NK cell
line YT upon activation through surface 2B4. Our data indicate that

binding of surface 2B4 by mAb CI1.7, that specifically recognizes 2B4,

induces transcriptional activation of IFN-y. Partial inhibition of transcription
did not prevent the transcriptional up-regulation of IFN-y. S1 nuclease

protection analysis indicated that transcriptional activation as well as

mRNA stability may account for the increased production of IFN-y by
human NK cells following 2B4 stimulation. The significance of this data is

discussed in chapter six.
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INTRODUCTION
Natural killer cells play a major role in early defense against viruses,
intfracellular bacteria and tumor cells by direct cell mediated cytotoxicity
as well as by producing various cytokines (5, 6, 159). Among the cytokines
produced by NK cells, IFN-y may be particularly important as it controls
viral replication, activates macrophages, enhances MHC class | and class

Il antigen presentation, and directs antigen specific immune responses

(160). IFN-y also promotes Thl immune responses (160). IFN-y acts via
interaction with the IFN-y receptor, found on most cell types (161). Studies
of the IFN-y protein have determined the receptor binding sites to be
located in both the amino and carboxy ends, however macrophage
activation is only dependent on the carboxy terminal domain (162).

Antiviral activity requires both carboxy and amino terminal domains (163).

IFN-y is the only interferon that is also a cytokine, and as such has a
global effect on immune system regulation (5). IFN-y enhances function of
antigen presenting cells (164, 165), is involved in recruitment of
| lymphocytes through augmentation of ICAMs (106) and other cytokines
(166), activates T cells (167, 168), inhibits proliferation for most cells, and

can induce apoptosis (169, 170). Additionally, IFN-y is associated with’

inflammation and consequently is tightly regulated (99). While most of IFN-
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y's actions are beneficial to the host, in some circumstances, particularly
autoimmune diseases, IFN-y can contribute to disease (171-173). Because
IFN-y is produced only in instances of trauma or infection, the lymphocytes
must be activated to produce the protein (174). NK cells are capable of
producing IFN-y following a single soluble signal, typically IL-2, IL-12 or IL-18
(175, 176). However, combinations of two of these cytokines are potent
inducers of IFN-y production by human NK cells (176). NK cells also
produce IFN-y following contact with target cells (1 ;SO). T cells produce IFN-
y following interaction of the T cell receptor with its ligand in the context of
MHC. For both NK and T cells, optimal production of IFN-y occurs following
a combination of three types of signals; ligand/receptor interaction,
cytokine stimulation, and contact with other cells via cell adhesion
molecules (172).

We have previously identified a surface molecule designated 2B4,
which is expressed on all murine NK cells and a subset of T cells and
monocytes (18, 177). Structural characterization identified 2B4 as a novel
member of the immunoglobulin superfamily belonging to the CD2
subgroup (27). We have also characterized the human homologue of 2B4
(28). In both mice and humans, 2B4 is the counter-receptor for CD48 (33).
Ligation of surface 2B4 by a-2B4 mAb enhanced cytolytic activity of NK

cells against various targets (18). Human 2B4 is expressed on all NK cells,
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about 50% of CD8+ T cells, monocytes and basophils (77). Recently we
have shown that activation of 2B4 with anti-2B4 monoclonal antibody

results in enhanced proliferation, enhanced cytotoxicity and elevated

/

secretion of IFN-y by human NK cell line, YT (17). However, the regulatory
mechanism controling the NK cell IFN-y production is poorly understood.
In the present study, we have examined the regulation of IFN-y following
activation of human NK cells via surface 2B4. We used the human NK cell
line, YT that expresses 2B4, as our model system. Our data indicate that

activation of human NK cells via surface 2B4 induces transcriptional
activation of IFN-y. Moreover, mRNA stability may also contribute to the

enhanced production of IFN-y by human NK cells following 2B4 activation.
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MATERIALS AND METHODS

Media

4+RPMI: A one liter package of powdered RPMI media (Life Technologies,
Rockville, Maryland, Catalog #31800-022) is combined with 2.0 grams
sodium bicarbonate (lLife Technologies, Catalog #11810-025) and
dissolved in 800 ml. deionized, distilled water. pH is adjusted to 7.4 with HCI
and volume adjusted to one liter. Media is then supplemented with 10%
standard 'fe’rol bovine serum (HyClone Lab, Logan, Utah, Catalog
#SH30088.03). Media is further supplemented with Sodium Pyruvate — 1X
final concentration, non-essential amino acids — 1X finoi concentration,
antibiotic/antimycotic — 1X final concentration and buffered with HEPES
buffer (all Life Technologies, Catalog # 11360-070, 11140-050, 15240-062

and 15630-080 respectively).

Cell lines

The cell lines used in the completion of this study are listed in Table 3.1.
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Table 3.1

Cell Line | Origin Media

YT Human leukemic NK cell line 4+RPMI
K562 Human erythroleukemia cell line 4+RPMI
Cell Culture

All mammalian cell lines were maintained in sterile conditions in Nunc
EasYFlasks with canted necks and filtered tops. Cell growth media was 4+

RPMI. Media was completely replaced every 48 hours. Cells were

maintained at 37°C with 5% CO2 saturation.

Antibodies
C1.7 antibody which recognizes h2B4 (63) was purchased from Coulter
(Orlando, FL). Isotype mAb control was kindly donated by Dr. V. Kumar, UT

Southwestern, Dallas, TX.

Reagents and chemicals

Tissue culture media and fetal bovine serum were purchased from Gibco
BRL (Goiihersburg,. MD). C1.7 (anti-2B4 mAb) was purchased from Coulter
(Pittsburgh, PA). Actinomycin D was purchased from Sigma Chemical (St.

Louis, MO) in dehydrated form and was resuspended in DMSO to a

concentration of 1 mg/ml.
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Interferon-y Release Assay

YT cells were incubated in the presence of K562 cells in 2 ml. culture
media and in various conditions including IL-2, C1.7 mAb and isotype
control mAb for 16 hours at 37°C under 5 % CO2 in air. Where indicated, IL-
2, mAb C1.7 and isotype mAb control was added to final concentrations
of 20 U/ml, 200 ng/ml and 200 ng/ml, respectively. Also where indicated,
Actinomycin D (ActD) was added at various time points to a final
concentration of 10mg/ml to inhibit new transcription. The cells were then
spun down at 250 X g fo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>