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CHAPTER 1

GENERAL INTRODUCTION

The human defense system against foreign agents or aberrant cells is
comprised of both a humoral and a cellular response. The humoral re-
sponse consists mainly of the production of antibodies (&b), that
specifically recognize foreign antigens. Binding of Ab to antigens
facilitates clearance of the antigen from the body by other cells of
the immune system. These Ab are produced by B lymphocytes upon anti-
genic stimulation (humoral adaptive immnity). The cellular immmne re—
sponse can be divided into a natural and an adaptive component. Natural
immunity is provided by natural killer (NK) cells, granulocytes, and
monocytes/macrophages, which display their function without prior anti-
genic stimulation. NK cells are thought to provide a first line of
defense against malignant or virus infected cells. Adaptive immunity is
provided by T lymphocytes, which are activated by antigen-specific
stimulation. Both NK cells and T lymphocytes can discriminate between
self and non-self (foreign) cells. Cell mediated cytolysis of non-self
cells is a major function of NK cells as well as cytotoxic T lympho-
cytes (CTL). The interaction between NK or CTL cells and non-self cells
(target cells) resulting in target cell lysis, is a multistep process
involving lymphocyte-target cell adhesion and, subsequently, lymphocyte
activation.

In this chapter the characteristics of distinct types of cytotoxic
lymphocytes and the various steps of the cytolytic process will be
discussed.

Classification of cytotoxic lymphocytes

At present three major subsets of cytotoxic lymphocytes can be dis-—
tinguished by phenotypic features as their surface receptor(s) for




target cell recognition, the expression of other cell surface proteins,
so-called cluster designation (CD) determinants, and the type(s) of
cytolytic activity which they mediate (see below). These three subsets
are: 1) T cell receptor (TCR) of" lymphocytes, 2) TCRy8" lymphocytes,
and 3) TCR- NK cells. The relevant distinguishing characteristics are
summarized in Table 1.1.

Table 1.1 Characteristics of cytotoxic lymphocyte subsets.

Immunophenotype Cytolytic activity
Cloned
lymphocyte CD3 cD4 Ccp8 Cpl6 MHC— MHC— ADCC
subsets restricted unrestricted
a
TCRaB™ + + - - + —(+2)) -
+ - + - + —+2)y -
c
TCRys+ + - —(+b)) -/t + + —/+ }
- d
TCR - - -{+ )) + - + +

2) when cultured with a high dose of interleukin 2 (IL2).
®) about 0-40%.

©) when CD16 is expressed.

4) about 30% of TCR™ NK cells.

In this paragraph, the three types of cytotoxic lymphocytes will be
discussed. TCRaB" cells, which represent approximately 60-75% of per-
ipheral blood lymphocytes (PBL), express a disulphide 1linked hetero-
dimeric protein receptor for target cell antigen recognition. This re-
ceptor is composed of an « and a B chain of molecular weight (Mw) 40-45
kDa each (1-3). Like immunoglobulins (Ig) (4), TCRa and B chains are
encoded by genes constructed via rearrangement of multiple variable
(V), joining (J), constant (C) and, in case of the B chain, also diver-
sity (D) region gene segments (5-8). The specificity of the TCRof com—
plex for antigen is determined by the rearrangement patterns of TCR«
and B genes (9). The TCRof is noncovalently associated in a 1:1 ratio
with the CD3 complex (see below).

TCRy8* cells represent approximately 0-10% of PBL (10-13). In mice,
but not in humans, TCRy$" lymphocytes are predominantly found in epi-
thelium of the skin (about 50% of the lymphocytes) (14,15) or intestine
(16,17). The TCRyS is composed of a v and § chain and similar to TCRof"



cells noncovalently associated with the CD3 complex (8,11,12,18-22).

Like TCRe and B chains, TCRy and 8 chains are encoded by Vv, J, C and
D region gene segments. The human TCRy gene locus (21) contains two
constant region genes Cy, of which Cyl, but not Cy2, encodes a highly
conserved cysteine residue involved in the disulphide bridge between
the vy and § chain (23,24). This subdivides the TCRy&" T lymphocytes
into two subsets, based on the expression of a disulphide or a non-
disulphide linked heterodimer.

The third subset of cytotoxic lymphocytes are the NK cells, which
represent about 10% of PBL. NK cells do not express a TCR/CD3 complex
(25,26). Their surface receptor for target cell recognition has not yet
been identified (see below).

The differential expression of other cell surface determinants (CD
antigens) provides a second means to distinguish among the three
subsets of cytotoxic lymphocytes. TCRef"/CD3* lymphocytes either
express CD4 or CD8 and lack cell surface expression of the Fc receptor
(R)III for IgG (CD16). TCRy8*/CD3* lymphocytes do not express CD4 and a
small subset expresses CD8 and/or CD16 (10,11,13,17,28). TCR /CD3~ NK
cells lack cell surface expression of CD4. They do express CD16 and
about 30% of NK cells expresses CD8 (29-32).

Finally, the three cytotoxic lymphocyte subsets differ in types of
cytotoxic activities displayed. The TCRof" CTL specifically recognize
foreign antigen in the context of proteins of the major histocompati-
bility complex (MHC) through the TCRef complex (33,34). TCRef" CTL can
also recognize non-self MHC molecules. The specificity of TCRef" CIL is

‘reflected by their target cell spectrum; only those target cells that

express the relevant combination of MHC determinant and antigen are
recognized and subsequently lysed, a phenomenon referred to as
MHC-restricted lysis. Coexpression of either cell surface CD4 or CD8
correlates with restriction of lysis by MHC Class II or Class I mol-
ecules, respectively (reviewed in 35 and 36). Upon exposure to a high
dose of interleukin 2 (IL2), some cloned TCRefS' CTL may, in addition to
MHC-restricted lysis, also exert MHC-unrestricted lysis (37-39).

Freshly isolated TCRy&" CTL do not exert cytolytic activity. Their
function in man is still unknown. In mice, the local accumulation of
TCRy&8" lymphocytes in epithelial tissue suggests an important barrier
function against microorganisms (40). In humans, however, similar accu-
mulations have not been found.




Cloned TCRy§* CTL display MHC-unrestricted 1lysis (10,11,41,42).
Cloned TCRy8" CTL from both mice and humans may also display antigen
specific and/or MHC-restricted recognition (42-46). It is assumed that
antigen recognition by TCRy8" cells occurs via the TCRy§ complex. The
homology with the rearrangement patterns of TCR« and f chain genes and
Ig gene segments, suggests similar specificity for the TCRy§ receptor.
Thus, cloned TCRy$§* CTL may display both antigen specific/MHC-restric-
ted and MHC-unrestricted cytotoxic activity. This might be explained by
assuming that there are two receptors: the TCRy8 receptor involved in
antigen-specific/MHC-restricted lysis and an wunidentified receptor
involved in MHC-unrestricted lysis. when expressed, CD16 (IgG receptor)
enables cloned TCRy§" CTL to lyse Ab-coated target cells, a phenomenon
known as antibody dependent cellular cytotoxicity (ADCC) (10,11,13).

NK cells do not express a TCR/CD3 complex and their lytic activity
is MHC—unrestricted. In the past years several cell surface structures
have proven to be critical in MHC-unrestricted lysis (38,47,48), but
thus far there is no consensus on a common receptor. Instead, it is
hypothesized that there is not just one receptor, but that multiple
receptors on NK cells are involved in target cell recognition (49,50).
The target cell structure(s) recognized by NK cells have not been
identified (47). However, the expression of so-called tumor associated
antigens (TAA) on a number of tumors suggests that tumor cell recog-
nition occurs via these antigens. NK cells are also characterized by
their ability to exert ADCC through expression of CD16 (29-32).

NK cell or CIL mediated lysis of target cells

NK cell or CTL mediated lysis is a multistep event. This process is
initiated by antigen nonspecific formation of lymphocyte-target cell
conjugates (51-54). Conjugates are stabilized by subsequent lymphocyte
receptor-antigen interaction. Thereafter, the lytic mechanisms become
activated, followed by delivery of the lethal hit and subsequent lysis
of the target cell. Once the 1lethal hit has been delivered, the
lymphocyte dissociates from the target cell and may bind to a new one
(recycling) (55).

There is still controversy about the mechanism of target cell lysis.
Two major models have been proposed (56,57), one of which supposes a
direct lysis of target cells through exocytosis of pore-forming mol-
ecules (perforin or cytolysin) from granules (Figure 1.1) (58,59). The
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undefined receptor
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Figure 1.1 Target cell lysis by pore-forming molecules from NK cells
(A) or CTL (B).

For reasons of simplicity, only the lymphocyte receptors

involved in target cell recognition are depicted here.

Lymphocyte receptor-antigen interaction (a) induces the

release of pore-forming molecules at the interface (b).

Thereafter lymphocyte and target cell dissociate (c) and

the target cell is lysed through binding of pore-forming
molecules (d).




observations that in some cases degradation of the nuclear membrane
(60) and DNA fragmentation (61) preceed destruction of the cytoplasmic
membrane indicate a second lytic mechanism. Compatible with this notion
is that CTL, and possibly NK cells, may kill target cells without re-
lease of perforin (62,63). It was therefore proposed that the effector
cell induces metabolic changes within the target cell which in turn
lead to its lysis (60,61,64) (Figure 1.2). It is likely that a cyto-
toxic cell can activate multiple lytic mechanisms which may collec-
tively lead to target cell destruction.

CTL Target cell

_._>

T T cell receptor with
F= CD3 complex

antigen / MHC

undefined process leading to
selfdestruction

Figure 1.2 CTL induce metabolic changes within the target cell leading
to its lysis.

TCR-antigen interaction (a) induces metabolic changes
within the target cells (b). Thereafter, the CTL dis—
sociates from the target cell (c), while the target cell is
lysed (4d).



Adhesion and/or signal transducing molecules

Inhibition of conjugate formation with monoclonal antibodies (mab)
directed against cell surface molecules on CTL and/or target cells have
demonstrated the existence of various accessory molecules (65). Access-—
ory molecules are operationally defined here as cell surface struc-
tures which mediate adhesion, transduce regulatory signals or both
(listed in Table 1.2). Cell surface molecules that transduce signals

Table 1.2 Accessory molecules on lymphocytes involved in cytotox—

icity.
Lymphocyte subset

Accessory TCRaB" TCRy&* TCR™
molecules CTL CTL NK
CD2 + + +
CD3 + -
CDh4 + - -
CD8 + unknown unknown
CD11a/CD18 + + +
CD16 - 42! +
CD28 + + -
CDb45 + unknown +
Tpl03 + + -

@) when expressed.

across the membrane are defined as activation molecules. Multivalent
Ab-accessory molecule interactions generally activate lymphocytes,
whereas mono— or bivalent interactions usually inhibit lymphocyte func-—
tions. The valency of Ab-antigen interactions is increased by cross-
linking mAb by their IgG-Fc to F¢yR expressed on target cells (Fig-
ure 1.3A). This interaction may activate the lytic mechanisms of the
lymphocyte, resulting in target cell lysis (66-70).

The functional involvement of the major accessory molecules in
lymphocyte mediated lysis is detailed below. Successively, the bio-



chemical features of the accessory molecules, their role in lymphocyte
adhesion and finally their function in signal transduction, are de-
scribed.

FcyR
Eff. —— Target

Eff. Target

C
I} Gget
Fc

Figure 1.3 Induction of cytotoxic activity with antibodies.

Cytolysis of target cells by cytotoxic effector cells
(Eff.) can be induced by A) single mAb directed against an
activation site, crosslinked via 1its Fc to FcyR expressed
on the target cell, B) chemically coupled bispecific ab-
heteroconjugate, comprising a mAb directed against an acti-
vation site and a mAb against a target cell determinant,
and C) bispecific quadroma derived mAb, obtained by somatic
fusion of two hybridomas producing a mAb against an acti-
vation site and a target cell determinant, respectively.



CD3 complex

The CD3 complex consists of five nonpolymorphic proteins vy, 8, ¢,
and a homodimer ¢ (71-73). The CD3 complex is noncovalently associated
in a 1:1 ratio with either the TCRoB or the TCRyS8. TCR-antigen inter-
actions induce local accumulation of TCR molecules, and hence CD3, at
the interaction site between lymphocyte and antigen presenting cell
(74). It is thought that this accumilation induces signal transduction
by CD3 (75). Crosslinking of anti-CD3 mAb mimics TCR-antigen inter-—
actions by inducing accumulation of TCR/CD3 complexes, leading to
T cell activation. In contrast, soluble (noncrosslinked) anti-TCR or
anti-CD3 mAb restrict this accumulation which decreases the TCR-antigen
interaction, and subsequently MHC-restricted lysis. However, soluble
anti-CD3 mAb also block lysis induced via other activation sites such
as CD2 (see below). Thus, soluble anti-CD3 maAb may deliver a negative
signal, which nonspecifically blocks transmembrane signaling via a
number of other activation sites.

Co2

CD2 is a transmembrane protein of 50 kba. It is expressed on vir-
tually all thymocytes and mature TCR* T and TCR™ NK cells (35,76,77).
Three distinct epitopes, T11l.1, T11.2 and T11.3, have been identified
on the CD2 molecule (78). The Tl1l.1 epitope is associated with the
sheep red blood cell binding site, whereas the T11.2 and T11.3 epitopes
are not.

CD2 mediates cell-cell adhesion through interaction with its natural
ligand leucocyte function associated antigen-3 (LFA-3) (CD58) (79-82),
which is expressed on all leucocytes and various other cells (77). The
CD2/LFA-3 interaction participates in adhesion of cytotoxic lymphocytes
and target cells, thymocytes to thymic epithelium (83) and rosetting of
human T lymphocytes with human or sheep erythrocytes (80,84-87). 1In
addition to its adhesion function, CD2 acts as an activation site
through which cytotoxicity can be induced by NK cells or CTL using
anti-CD2 mAb (78,88-90).

Although CD2 is expressed on all cytotoxic lymphocytes, the require-
ments for activation via CD2 are different for the three distinct
lymphocyte subsets. A combination of two stimuli, provided by mab
against T11.1 + T11.3, or T11.2 + TI11.3 (78,89,90), or by anti-T11.3




mAb plus phorbol myristate acetate (PMA) (91) induces proliferation or
cytotoxicity in all three subsets. 1In addition, cloned TCRy&', but not
TCRof", lymphocytes can be activated via a single anti-CD2 (anti-T11.1)
mAb (88,92). In some, but not all, lymphocyte-target cell combinations,
cytotoxicity by TCR™ NK cell clones can also be induced by a single
anti-CD2 mAb (88,92,93).

Recent studies have shown that target cell LFA-3 costimulates TCRaf*
lymphocytes activated with antigen, phytohemagglutinin (PHA), or
anti-CD2 mAb (85,94-97). Activation of TCRef" lymphocytes via CD2 is
functionally linked to CD3, since removal of the TCR/CD3 complex from
the surface by anti-CD3 mdb (a process referred to as modulation) ren-
ders these lymphocytes refractory to activation via CD2 (78,98), and
CD2 activation of TCRyS§' clones is blocked by anti-CD3 mab (92). More-
over, stimulation of TCRof" lymphocytes with anti-T11.2 + anti-T11.3
mAb causes phosphorylation of CD3 chains (99). Recently, it has been
found that CD2 is not only fiunctionally, but also physically, associ-
ated with CD3 (100). 1In CD3” NK cells, the CD2 activation pathway is
functionally linked to that of CD16 (93, A. Moretta, personal communi-
cation).

LFA-1 (CD11la/CD18)

LFA-1 is a member of a subgroup of the leucccyte integrin family,
which includes several proteins with adhesion-like functions (101,102).
This subgroup contains three members which share a common B chain
(CD18) noncovalently associated with one of the three « chains, CDlla
(LFA-1), CD1lb (CR3 or Mac-l1l) or CDllc (pl50,95) (Table 1.3). LFA-1l is
expressed on all leucocytes.

Table 1.3 Members of the leucocyte integrin LFA-1 (B2) subgroup.

Subunit Mw (kDa) CD Known ligands

o B
LFA-1 180 95 CDh1la,/CD18 ICAM-1,ICAM-2
CR3 or Macl 165 95 CD11b/CD18 C3bi receptor
p150,95 150 95 CD11lc/CD18 C3bi receptor

10



Natural ligands for LFA-1 are the intercellular adhesion molecules
ICAM-1 (CD54) and ICAM-2 (103-106). ICAM-1 is a 90 kbDa, monomeric,
membrane glycoprotein with homology to neural cell adhesion molecule
(NCaM) and myelin-associated glycoprotein (MAG) (105,107,108). ICaM-1
is also the receptor for the major Rhinovirus (109,110).

The LFA-1/ICAM-1 interaction is involved in homotypic adhesion of B
cells, T cells and myeloid cells (111), and adhesion of TCRog"
lymphocytes to a variety of cell types, including endothelial cells
(112-114). The latter interaction is thought to play a role in the
normal process of lymphocyte homing (115,116) and in T cell infil-
tration into areas of inflammation (117). Inflammation results in the
producton of cytokines such as tumor necrosis factor (INF), inter—
leukin-1 (IL-1) and interferon—y (IFNy) (reviewed by Beutler (118)).
Although ICAM-1 is normally present at only low levels on endothelial
cells (112,119), these factors induce its expression and subsequently
increase adhesion of lymphocytes to the endothelial tissue
(112,119-121).

Recent evidence suggests that the LFA-1/1CAM~1 interaction is also
involved in regulation of T cell function. Aanti-CDlla mAb enhances,
whereas anti-CD18 mAb decreases, adhesion—independent T cell prolifer—
ation (induced by anti-CD3 mab) (122,123). In mice, anti-CDlla mab
enhance proliferation of preactivated T or B lymphocytes (124,125).
Moreover, the LFA-1/ICAM-1 interaction coactivates: a) lysis triggered
via the TCR/CD3 complex of both TCReg" and TCRy8" CTL (126,127,Chap-
ter 5), b) MHC-unrestricted 1lysis by TCR™ NK cells or TCRy8" CTL
(126,128,Chapter 6), c) lysis triggered via the CD16 activation antigen
expressed on TCR™ NK cells (128,Chapter 6).

nl6

At present, three types of receptors for immmoglobulin IgG (FcyR)
have been identified: FcyRI, FcyRII, and FcyRIII (129-131) (Table 1.4).
CD16 (FcyRIII) is expressed on TCR NK cells, a small proportion of
‘TCRy8" lymphocytes, neutrophils, eosinophils, tissue macrophages, and
cultured monocytes (29,31,32,132,133). CD16 is a monomeric transmem-
brane protein of 50-70 kDa (129). NK cells and TCRy§',/CD16* CTL lyse
IgG-coated target cells through interaction with CD16 (ADCC) (29,31).
Alternatively, anti-CD16 mAb can induce lysis of FcyR" target cells
(68). (D16 on NK cells is functionally linked to LFA-1 and CD2

11



(88,93,128,134). (D16 on TCRy3" cells is functionally linked to LFA-1
and CD3, but not to CD2 (126,128). Moreover, crosslinked anti-CD16 mab
induce lymphokine production (TNF,IFN-v,etc.) by NK cells (135,136).

Table 1.4 - Characteristics of human FcyR.

Type of FcyR cb Mw (kDa) Cell distribution

FcyRI - 70 monocytes, macrophages,
neutrophils, myeloid cells

FcyRIL — CDw 32 40 B cells, monocytes, macro-
: phages, eosinophils,
neutrophils, myeloid cells

FcyRIII CD16 55-70 monocytes, macrophages,
neutrophils, eosinophils,
NK cells, TCRy8* CTL

CD4/CD8

Both (D4 and CD8, which are generally expressed on mutually exclus-—
ive TCRef* blood Ilymphocyte subsets, are involved in antigen non—
specific conjugate formation, because anti-CD4 or anti-CD8 mAb block
lymphocyte-~target cell adhesion (36). The target cell ligands for CD4
or CD8 molecules on the CTL are monomorphic determinants of MHC Class
II or Class I molecules, respectively (137,138). These interactions
increase the overall avidity between lymphocyte and target cells,
thereby compensating a low affinity TCR-antigen interaction or lowering
the requirement for high antigen density on target cells.

In addition to their adhesion function, CD4 and CD8 are also in-
volved in CTL activation after the formation of lymphocyte-target cell
conjugates (139,140). Interaction of the TCR with its relevant MHC/
antigen induces the accumulation of both TCR/CD3 and CD4 (or CD8) at
the interaction site (74,141). This physical association might alter
the conformation of the TCR/CD3 complex. The formation of a quarternary
complex consisting of MHC and antigen on the target cell, and TCR/CD3
and CD4 (or CD8) on the lymphocyte is required for optimal lymphocyte
activation (142,143). whether CD4 (or (D8) initially associates with
the TCR or the CD3 is presently unknown. The precise conformational
changes in the TCR that lead to its association with CD4 (or CD8) is

12



also unknown. Soluble anti-CD4 or anti-CD8 mdb inhibit T lymphocyte
activation possibly because they block coclustering of CD4 (or CD8)
with the CD3/TCR (141,144,145). ‘

Other accessory molecules

Physiologic lymphocyte receptor-ligand interactions which lead to
proliferation and/or lymphokine production or induction of target cell
lysis can be mimicked by mdb. Thus the role of particular cell surface
structures in these processes can be studied without knowing their
natural ligand. This has revealed the existence of additional accessory
molecules involved in the lytic cycle, such as CD28, Tpl03 and CD45.

CD28 (Tpd4) is a disulphide-linked homodimer. It is expressed on the
majority of TCRaft lymphocytes as well as TCRy8" lymphocytes and
thymocytes (146-148). Anti—CD28 mAb have been shown to augment cyto-
lytic activity or proliferation triggered via either TCR/CD3 or (D2,
indicating a functional 1linkage (147,149,150). However, modulation
experiments using anti-CD3 or anti-CD2 mAb demonstrated that CD28 is
not physically linked to either the TCR/CD3 complex or CD2 (151).

Tpl03 is expressed on in vitro cultured NK cells and CTL (152,153).
Anti-Tpl03 mAb induced lysis by CTL clones, but not by NK cell clones
(153, our unpublished observations). Modulation of the TCR/CD3 complex
rendered cloned CTL refractory to activation by anti~Tpl03 mab. These
data demonstrate that a functional TCR/CD3 complex is required for
activation wvia Tpl03 (153), probably because the Tpl03 and CD3 sig-
naling pathways intracellularly converge to a common pathway.

The CD45 antigen family consists of a series of high Mw proteins
ranging in weight from 160-220 kDa expressed on all hemopoietic cells.
Anti-CD45 mdb block lysis by NK or CTL cells (154,155).

New mAb functionally reactive with structures on the lymphocyte
membrane will undoubtedly reveal other accessory molecules involved in
lymphocyte activation. However, the physiologic role of these acti-
vation signals largely remains to be defined.

Induction of cytolysis by bispecific mab

Cytotoxic lymphocytes can be triggered to 1lyse IgG-FcR' target
cells, which are normally resistant to lysis, by using mab which cross-

13



link activation sites on the effector cell to FcyR on the target cell
(Figure 1.3A). The use of bispecific mAb which can recognize two dis-—
tinct antigens circumvents the requirement of FcyR on the target cell.
Two types of bispecific Ab are currently used to crosslink lymphocytes
and target cells. First, chemically coupled Ab-heteroconjugates, which
comprise a mAb directed against an activation site on the effector cell
crosslinked to a mAb directed against a target cell determinant
(75,92,156,157) (Figure 1.3B). Crosslinked Fab or Fab, fragments of mab
also produce functionally active Ab-heteroconjugates (126,128,156,158).
Secondly, the so-called quadroma derived bispecific mAb, which are
obtained by somatic fusion of two hybridomas producing mAb against
lymphocyte activation sites and target cell structures, respectively
(159-162). (Figure 1.3C). Bispecific maAb, comprising tumor cellspecific
or virus-specific mAb may provide useful tools to enhance the elimin-
ation of tumor cells or virus infected cells in vivo (35,158,163,164).

Clinical relevance and future prospects

The wultimate objective of immunotherapy of cancer is eradication of
tumor. This requires detailed knowledge of the immune network mechan-
isms. Despite the extensive information available on accessory mol-
ecules expressed on distinct lymphocyte subsets, as outlined in this
general introduction, much is there to be learned. New accessory mol-
ecules on effector Ilymphocytes and ligands on target cells will be
identified in the near future. Of particular interest will be to un-
ravel the complexity and nature of interactions between these accessory
molecules on the one hand and their ligands on the other. Also, the
effect of biological response modifiers such as interleukins, inter-
ferons etc. on the expression and function of accessory molecules needs
to be further explored. The various signal transducing pathways and
their relations to accessory molecules will further clarify their
physiological role at the molecular level.

Modulation of cytolytic activity by lymphocytes, in vitro as well as
in vivo, will enable us to control and improve lymphocyte activation
and eradicate tumor cells or viral infected cells.

Thus, immunologic studies as reported in this thesis will contribute
to the understanding of diseases caused by immunological defects as
well as for the development of new immunotherapy strategies for the
treatment of these diseases.

14



Objective of this study

NK cells and subsets of CTL normally lyse target cells after signal
transduction via particular surface receptor(s) for target cell recog-
nition. The cytotoxic activity of NK or CTL cells can be manipulated
using mAb (either mono- or bispecific) directed against such lymphocyte
receptors or against lymphocyte accessory molecules.

The present study was initiated to determine 1) the requirements for
selective in vitro generation and expansion of distinct cytotoxic
lymphocyte subsets; 2) their proportions and cytotoxic capacities in
tumor patieﬁts; 3) the requirements for activation of NK cells and CTL
subsets via CD2, CD3 and CD16; and 4) the role of LFA-1/ICAM-1 inter-
actions in the cytolytic process. These in vitro studies provide infor-—
mation relevant to the application of such cytotoxic lymphocytes and
bispecific maAb in immunotherapy of cancer.

In Chapter 2 culture conditions are described for selective in vitro
generation and expansion of TCReB8", TCRy$8" or TCR™ NK cells. This al-
lowed to determine the proportions and cytolytic capacities of NK cells
and CTL subsets derived from PBL and tumor infiltrating lymphocytes
(TIL) (Chapter 3). It was found that the proportions of NK cells and
CTL subsets with proliferative capacity in TIL was low as compared to
PBL from either the same patients or from healthy donors. Those TIL
with proliferative capacity in vitro, displayed cytotoxic activity
comparable to that of PBL.

The requirements for activation of NK cells or CTL via the acti-
tion sites CD2, 3 or 16 are described in Chapters 4, 5 and 6. 1In Chap-
ter 4 it is shown that in TCRy8" CTL the requirements for activation
via CD2 qualitatively differ from those in TCRof" CTL and TCR™ NK
cells.

The role of accessory molecules and their 1ligands, in particular
LFA-1/ICAM-1 interactions, was also studied (Chapters 5 and 6). The
experiments described in Chapter 5 demonstrate that the LFA-1/1CaM-1
interaction promotes CD3/TCR mediated lysis by CTL through: a) an
enhanced CTL-target cell binding, and b) the delivery of postconjugate
formation costimulatory signals.

The functional importance of LFA-1/ICAM-1 interactions in lymphocyte
activation, in particular their role in MHC-unrestricted lysis, are
described in Chapter 6. It was found that LFA-1/ICAM-1 interactions
also enhance MHC-unrestricted 1lysis by TCR™ NK cells as well as by
TCRy$8* CTL.
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Finally, the relevance of these in vitro studies for immunotherapy

protocols is discussed (Chapter 7).
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CHAPTER 2

LEUCOAGGLUTININ INDUCES DIFFERENTIAL PROLIFERATION OF LYMPHOCYTE
SUBSETS

Introduction

Functional, phenotypical and especially biochemical studies on
lymphocyte subsets require large numbers of relatively pure cells.
Lectin, antigen, monoclonal antibodies (mAb) and interleukin 2 (IL2) or
combinations thereof, have proven to be efficient inducers of in vitro
proliferation of lymphocytes (1-8). Study on the heterogeneity of
lymphocytes requires nonselective expansion of distinct lymphocyte
subsets. Nonselective culture systems for T cells using anti-CD3 mab
(2,4) or phytohemagglutinin (PHA) (5) have been described. In addition
culture conditions have been described for the cloning of natural
killer (NK) cells, using PHA plus IL2 (6,9,10), or irradiated Epstein
Barr virus (EBV) transformed lymphoblastoid B cell lines (B-LCL) plus
L2 (6,7,10).

We previously described a culture system that allows large scale and
long-term expansion of major histocompatibility complex (MHC)-restric-
ted T cell receptor (TCR) of'/CD3*16” clones (8); MHC-unrestricted
TCR™ /CD3"16* NK clones (7) and the recently described TCRy&"/CD3*16%
clones (11,12). This culture system is based on the use of a combi-
nation of two types of allogeneic irradiated feeder cells, i.e. periph-
eral blood lymphocytes (PBL) and EBV transformed B-LCL, plus leucoag-
glutinin. Here, we describe modifications of this culture system, i.e.
at various concentrations of leucoagglutinin (range 0-1.0 ug/ml) selec-—
tive expansion of TCR /CD3~ NK cells, (subsets of) T cells or unselec-
tive expansion occurs. Selective expansion of particular subsets of
lymphocytes may be important for laboratory controlled cellular immu—
notherapy. Moreover, the availability of such culture systems allows
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quantitative and qualitative analysis of lymphoid cell subsets derived
from different (organ) sites.

Materials and Methods

Isolation of PBL

PBL were isolated from healthy donors by centrifugation on Ficoll-
Isopaque (d=1.077 g/cm?®) (Pharmacia Fine Chemicals, Uppsala, Sweden).
The number of lymphocytes was determined by May-Grinwald-Giemsa stain-
ing of cytospin preparations. PBL were either directly used, or cryo-
preserved into liquid nitrogen.

Culture conditions

PBL were cultured in round-bottomed 96 well microtiter plates
(Greiner Labor Technik, Phidelsheim, FRG) in the presence of irradiated
feeder cells (20 Gy). Two x 10* irradiated allogeneic PBL and 10% ir-
radiated EBV transformed lymphoblastoid B cell lines (B-LCL) were added
to each well (8,13). RPMI 1640 (Flow Laboratories, UK) culture medium
was buffered with 20 mM Hepes, supplemented with 10% pooled human
serum, 4 mM glutamine, 1 ug/ml indomethacin, 100 IU/ml penicillin/
streptomycin and 5% v/ of IL2 containing supernatant from con-
canavalin-A activated PBL. The lectin leucoagglutinin (purified phyto—
hemagglutinin (PHA), HA-15 Pharmacia, Uppsala, Sweden) was added to the
cultures at various concentrations (range 0-1.0 ug/ml). Plates were
incubated at 37°C in 5% atmosphere of CO,. Lymphocytes were harvested
and replated with new feeder cells in fresh medium at weekly intervals.

Cloning and expansion of lymphocyte subsets

Lymphocyte clones were generated by limiting dilution: PBL were
plated at 1, 3, 10, 30, 100, 300, 1000 and 3000 cells per well to de-
termine the fraction of negative wells. The frequency of proliferating
lymphocytes (plating eficiency) was calculated by the minimum X2 method
from a Poisson distribution relationship between the logarithm of the
percentage of negative wells and the cell number (14). Wells were
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microscopically screened fcr the presence of proliferating lymphocytes.
Between day 12 and 14 proliferating lymphocytes were transferred into
8-24 wells. Fresh medium plus feeder cells were added as described
above. Lymphocytes were replated weekly. Proliferation of cloned and
bulk cultured lymphocytes was analysed by cell counting and calculation
of the multiplication factor. The multiplication per week of PBL cul-
tures was calculated by dividing the 7-day cell yield by the cell num-
ber at day 0.

Calculation of the doubling time and cumilative cell yield of cultured
rer'/cp3t4t and TeRY/cp3*8Y 1ymphocytes

The plating efficiency of a suvbpopulation of lymphocytes within
bulkcultured PBL (here CD4 or CD8), was calculated using the Poisson
formula and the plating eficiency of PBL from limiting dilution experi-
ments. The plating efficiency of CD4* or CD8" lymphocytes was used to
calculate the doubling time of these lymphocyte subsets in bulk cultu-
res, using the formulas:

$dx¢C
M = —
d
PE;, x N,
N T
M, =2°,G=—
b b
in which M, = Multiplication factor of a single lymphocyte in bulk
culture.
C = Cumulative cell yield.
%d = Percentage of a lymphocyte subset d (= TCR'/CD3*4* or
TCR* /CD3*8" ).
N = Total number of lymphocytes plated.
PE, = Plating efficiency of subset d.
b = Number of cell divisions.
T = Number of hours to obtain C.
G = Doubling time in hours.

Cell surface marker analysis

Fresh, bulk cultured and cloned PBL were immunophenotyped using
monoclonal antibodies (mAb): anti-CD3, WI32 (Dr. W. Tax, Nijmegen, The
Netherlands), OKT4 and OKT8 (Ortho Pharmaceutical, Raritan, NJ, USA),
anti-CD25, Tac (Dr. T. Uchiyama, Kyoto, Japan), and anti-CD16 VD2
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(CLB-FcR granl) (Dr. P.A.T. Tetteroo, Central Laboratory of The Nether—
lands Red Cross Blood Transfusion Service, Amsterdam, The Netherlands)
and B73.1 (15) (Dr. G. Trinchieri, Wistar Institute, Philadelphia,
Ush). The fluorescein isothiocyanate-conjugated goat anti-mouse IgG Ab
was obtained from Nordic, Tilburg, The Netherlands. Lymphocytes were
labeled with mAb as described elsewhere (8) and analysed with a fluor-—
escence activated cell sorter (FACS II) (Becton Dickinsen, Sunnyvale,
California, UsAa).

Results

Leucoagglutinin increases the multiplication factor of PBL cultured in
bulk

PBL obtained from healthy donors were cultured for 3-4 weeks with
1.0 pyg/ml and without leucoagglutinin. High concentrations of leucoag-
glutinin (> 2 pg/ml) impaired optimal lymphocyte proliferation (data
not shown). Without leucoagglutinin, the multiplication factor varied
from 6 to 13 in the first week of culture among 4 donors tested
(Table 2.1).

However, in the presence of 1 wg/ml leucoagglutinin the number of
PBL multiplied > 53 times. In both culture conditions the multipli-
cation factor obtained in the second week was significantly higher than
in the first week of culture since 1) the number of responder lympho-
cytes was increased at the start of the second week and 2) there was a
lag period preceding proliferation at the start of the first week of
culture. Nevertheless, the cell yield obtained in leucoagglutinin
stimulated cultures always exceeded that of non-leucoagglutinin stimu-—
lated cultures by a factor 1.5-11.

Leucoagglutinin in bulk cultures promotes the expansion of TCR+/CD3+16—
T cells over TCR /CD3 167 NK cells

The proliferation enhancing effects of different doses of leucoag-
glutinin (range 0.1-1.0 ug/ml) on the lymphocyte subset composition of
PBL was studied longitudinally. When PBL were cultured without leuco-
agglutinin, selective expansion of TCR /CD3"16* NK cells occurred in
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Table 2.1 Leucoagglutinin increases the multiplication factor per
week of bulk cultured PBL.

Multiplication factor

Experiment?®’ Donor Day 6 Day 12

Leucoagglutinin (ug/ml)

0 1 0 1
1 HD1646 13 63 29 104
HD1647 8 53 27 101
HD1648 6 66 79 107
2 HD1649 9 75 149 324

2) Lymphocytes were directly cultured after isolation (3x10° PBL per
well in experiment 1) or frozen and thawed (1x10°® PBL per well in
experiment 2).

the first 2 weeks. Among 10 healthy donors, the initial percentage of
CD16* lymphocytes mean 16% (range 8-21%) increased to on average 49%
(range 30-65%) at day 14. Consequently, the percentage CD3* lymphocytes
decreased from 65% (range 53-79%) to 45% (range 35-70%). A representa-
tive example is shown in Figure 2.1. The increase of the percentage
TCR™ /CD3"16* NK cells during the second week resulted in a significant
increase of the CD16*/CD3* lymphocyte ratio from 0.30 to 2.0. There-
after the proportion of TCR /CD3"16* NK cells gradually decreased to
less than 10% of the total lymphocyte population.

In contrast, when 1 yg/ml leucoagglutinin was added to the cultures
there was no percentual increase in TCR /CD3"16* NK cells. Instead, the
proportion of TCR'/CD3*16~ T cells rapidly increased to 95-100%, indi-
cating an almost complete overgrowth by TCR'/CD3*16~ lymphocytes.
Intermediate concentrations of leucoagglutinin induced proliferation of
both subsets, until day 14. Thereafter, the proportion of (D3*
lymphocytes rapidly increased.

When absolute numbers of TCR™/CD3” 16" lymphocytes were determined in
cultures with and without leucoagglutinin higher numbers of
TCR™ /CD3"16* NK cells were found in cultures with leucoagglutinin.
Without leucocagglutinin on average a 1000+200-fold increase in
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Figure 2.1 Rapid expansion of TCR'/CD3*16” T lymphocytes in PBL bulk
cultures in the presence of leucoagglutinin.
PBL were cultured for 3 to 4 weeks with feeder cells and
various concentrations leucoagglutinin as described in
Materials and Methods. Lymphocytes were harvested at weekly
intervals, and the percentage of CD3* and CD16" lymphocytes
was determined by indirect immunofluorescence (flow cyto—
metry). A =0 yg/ml; @= 0.1 pgg/ml; V= 0.3 pug/ml; B=
1.0 yg/ml leucoagglutinin.
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TCR /CD3"16* NK cells was obtained, resulting in an approximately 70%
pure NK cell population at day 14. 1In contrast, with 1 ug/ml leucoag-
glutinin, a > 2000+500-fold increase in TCR /CD3"16* NK cells was
obtained at day 14, but the percentage NK cells was only < 6%.

The preferential outgrowth of TCR+/