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CHAPTER I

INTRODUCTION

A. Immunosurveillance as the raticnale c¢f tumour immunologi-

cal research

The hypothesis that immune mechanisms are a defense sys-—
tem not merely for the elimination of microbes, parasites and
other foreign material from the body but alsc for the de-
struction of aberrant cells of the organism itself was al-
ready clearly formulated in 1909 by Paul Ehrlich: 'were it
not for the defense mechanism of the organism tumours would
appear "in einer geradezu ungeheuerlicher Frekwenz"'. The
theory of immunosurveillance, first mooted by Thomas (1959%)
was refined and presented in more detail by Burnet (1970;
1971} . He postulated that elimination of malignant cells is
one of the major functions of the immune system and thought
that it may be a very ancient if not the most ancient mecha-
nism. It would have evolved at the time when multicellular
organisms first appeared and the need to deal with insubor-
dinate autonomous cell variants may have been at least as im-
portant as a protection against foreign substances.

Immuncleogical responses to tumour asscociated antigens
{TAA) are now thought to play an important role in modifying
or even controlling human malignant disease. The rationale
for this concept is based on the experience obtained with ex-
perimental animal tumours induced by oncogenic viruses or by
chemical carcincgens. These tumours showed tumour associated
transplantaticon antigens (TATA) which under certain conditi-

ons can provoke a tumour rejection response (Bauer, 1974;
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Baldwin, 1973). These experiments were ¢arried out in highly
inbred strains which ensured that the immune reactions ob-
served were directed against tumour associated antigens rath-
er than histocompatibility antigens. Furthermore, the phenom-
enon of concomitant immunity could be demonstrated in animals
bearing a progressively growing tumour since these animals
were capable of rejecting a "small” subsequent graft with
limited numbers of cells of the same tumour at a site distant
from the progressively growing tumour (Vaage, 1971; 1973}.

These findings strengthened the belief that the immune
response of the host plaved a significant role in the tumour-—
host relaticnship effecting the tumour growth. This concept
of immunosurveillance against neoplastic cells has, however,
also seriously been criticised by several investigators
(Nehlson, 19713 Prehn, 1971}.

The literature on tumour immunclogy has become vast and
this intreduction is not an attempt to review the whole field
since many excellent reviews on various aspects of tumour
immunclogy have been written (Hellstrdm and Hellstrom, 1969;
1974a; Klein, 1973; Baldwin, 1973; 1977; Herberman, 1974;
Prehn, 1976; Bonnard and West, 1877).

This chapter will discuss the rcole of the immune system
in modifying tumour growth and present literature data dis-
cussing the pro's and con's regarding the validity of the
concept of immuncsurveillance and the types, specificity and
immunogenicity of antigens which are associated with tumours
of different etiology. The evidence for cell-mediated mecha-
nisms against tumour associated antigens, the specificity of
these reactions and the characteristics of fhe effector cells

will be dealt with in the following chapters.

B. Virally induced tumours and immunosurveillance.

T. Ginakly induced fumour asscoiated antigens and embhyonic antigens

Tumours induced by the same oncogenic virus have a come
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mon antigenicity irrespective of their tissue or species cof
origin, and within the same host strain different oncogenic
viruses elicit different tumour associated antigens (Habel,
1961; Sidgren, 1%65).

viral antigens that result from lytic infection of cells
with RNA tumour viruses are found on the surfaces of tunour
cells and normal cells {(0ld et al., 1965) and immunity to
these antigens can occur dependently (Sjidgren et al., 1961)
and independently from immunity to the virus particles (Khera
1963), indicating that at least a proportion of these anti-
gens are distinct and different. Furthermore, tumour assccia-
ted antigens may be found on the surface of virus induced
tumour cells which are not tumour-specific and could be pres-
ent on normal cells during certain embryonic stages. These
foetal antigens are found on many tumcur cells and will be
briefly discussed later. They may appear as a conseguence of
transformation. It should be noted that these foetal antigens
can be detected in small quantities in normal adult tissues
(Coggin and Anderson, 1974), and blood levels of these anti-

gens alsc rise during some non-neoplastic diseases.

7. Experimental evidence for swweilfance against Tumowrs induced by own-
cogenic viuses.

The observations of many workers that treatment with an-
tilymphocyte serum ({ALS) cr neonatal thymectomy increased the
frequency of experimental tumours induced by RNA or DNA virus-
as in rodents supports the theory of immunosurveillance (Law,
1%66a; b).

The restoration of the crippled imnune system of neona-
tally thymectomized or ALS treated animals by thymus grafting
or inoculation of syngeneic mature lymphocytes prevented the
majority of tumcurs induced by viruses such as polycma and
SV-40, demonstrating that the increased tumour incidence was
specifically due to a T-cell deficiency (Allison and Taylor,
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1967).

This experiment does not allow the conclusion that the
immune system acted exclusively through killer T-cells but
shows that the immune response is in its essence thymus-
dependent. One could envisage T-cell dependent antibodies as
being responsible for the prevention of tumour growth and
this in turn could be either a complement dependent cytotoxic
mechanism cr a lymphocyte dependent antibedy cytolysis.

Polyoma virus is a widespread natural contaminant and
yet wild mice do not develop polyoma tumours (Huebner et al.,
1962; Huebner, 1963).

Neither did captured animals, when kept in the laborato-
ry for prolonged pericds of time, develop tumours., Antibodies
with specificity for the virus could be detected in the serum
of most of the animals and virus could be isclated from their
tissues.

The lack cf cncegenicity of polyoma virus under natural
conditions and the fact that tumours could only be induced
when the virus was inoculated in newborn mice during their
first 24 - 48 hours of life favoured the view that the onco-
genic properties of the virus were no more than a laboratory
artefact. In fact, the contrary is true. Newborn animals are
protected from the virus during neonatal life by the passive
transmission of antibodies from their infected mothers and
are therefore as resistant toc the oncogenic effect of the vi-
rus as labeoratory mice. Indeed the naturally virus-infected
newborn mice will only develop tumours if the passive trans-
fer of maternal antibodies is prevented (Sjdgren and Ringertz,
1962). The resistance later in life is due to an immediate
recognition of the virus induced tumour specific transplanta-
tion antigens on the surface of the tumcur cells. Furthermore,
congenitally athymic nude mice show an increased susceptibi-
lity to tumour development after infection with polyoma virus
as well (Stutman, 1975a). The fact that immunosuppressed
adult mice develeop polyoma tumcurs after exposure to room

infection (Law and Dawe, 1960) shows the potential oncogeni~
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city of the virus and favours the immunosurveillance to bhe

a real operating mechanism under natural conditions. The po-
lycma induced tumour specific transplantation antigen was the
first virally induced tumour antigen discovered (Sjdgren et
al., 1961).

Another example sustaining the concept of immunosurveil-
lance is that treatment of AXR mice with anti-lymphocyte se-
rum potentiated murine leukaemia virus induced tumcurs and
shortened the latent period of spontanecus leukaemia (Allison
and Law, 1968). Vandeputte et al. (1963) demonstrated that
necnatal thymectemy of rats, infected at birth with polyoma
virus, increased the incidence of tumours and prolonged the
pericd of postnatal susceptibility to oncogenesis., Similar
results were cbtained by Allison and Tayloxr (1967) with Sv-40
infected rats. Moreover, polyoma virus infected adult mice
showed an increase in tumour incidence from 0 to virtually
100 per cent after anti-lymphocyte serum treatment (Allison
and Taylor, 1967; Allison and Law, 1968).

In general, it can be concluded that immunosuppression
leads to an increased susceptibility for tumour induction by
viruses, It may be assumed that the frequent natural exposure
of wild mice to pclyoma virus has selected them for a high
immune respoasiveness both against the virus that lives in
symbiosis with them as well as against potentially neoplastic
c¢ells carrying the tumour specific transplantation antigen
induced by the virus, thereby alerting the appropriate immune
rejection system in time to prevent the malignant outgrowth
of these cells.

Imnune response genes are known to influence virtually
every type of immune response (Munro and Bright, 1976) that
exists on several levels ranging from the antigen recognition
by T~cells (Shevach and Rosenthal, 1975; Rosenthal and She-
vach, 1976; Erb and Feldmann, 1975) through cooperation with
B-~cell antibody formation at the B—cell level (Kindred and
Shreffler, 1972; Katz et al., 1973; Katz et al., 1975) to the
acticn of helper and suppressor T-cells (Rosenthal and She-
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vach, 1976; Pierce et al., 1976). The differences in immune
resistance of different mouse strains against the oncogenic
effect of viruses may be explained by the differences in the
genetic make-up cof the immune response genes. Furthermore,

it is known that the cytolysis of virus infected cells by
immune T-cells reguires at least partial identity of the ma-
jor histoccmpatibility complex between the effector T-cell
and the target cell (Zinkernagel and Oldstone, 1976; Schrdder
and Edelmann, 1976), again emphasizing the importance of ge-—
netics for anti~tumcur immune responses. Genetic make-up in-
fluences the level of immunoresponsiveness to a given antigen,
the ¢lass or type of antibody produced and the timing of the
respeonse. The latter is likely to be of extreme importance

for the immune response against tumour asscciated antigens.

C. Chemically induced tumours

1. Chemically [nduced tumown antigens specific fon the individual Tumour
and embryonic antigens

In contrast to the common antigenicity of virus induced
tumours, tumours induced by the same carcinogen and of the
same histclegy, organ, or animal of origin, often possess in-
dividual distinctive nec-antigens at their cell surface which
are immunogenic in the tumour-bearing host (Prehn and Main,
1957; Klein et al., 1960; Baldwin and Embletcn, 1971). The
immunogenicity as measured by the degree of resistance to the
growth of a challenge inoculum varies from tumour to tumour
and ranges from non=-immunogenic to highly immunogenic (Main
and Prehn, 1957; Prehn, 1960; 014 et al., 1962; Bartlett,
1972).

Prehn (1975) demonstrated in the case 0f 3-methylcholan-
threne {MCA} that there is a direct relation between the
average immunogenicity of the induced tumour and the concen-
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tration of the oncogen i.e., a decrease in the concentration
of chemical carcinogen resulted in a lower tumcur incidence,
a lengthened latency and a decreased immunogenicity. Similar
types of new antigens may also be demonstrated on the surface
of cells transformed 4n witio by exposure to chemical carcino-
gens (Mondal et al., 1970; Embleton and Heidelberger, 1972}.

Besides the individual distinctive neo—antigens almost
all chemically induced tumocurs of diverse histological types
have been found to express and share embryonic antigens as
well. These embryonic antigens are widely expressed in tu-
mours and no relationship to etiology has been demcnstrated,
i.e. they have also shown to be present on tumours induced by
oncogenic viruses and on spontanecus tumours (e.g. arising
without an artificial stimulus) (Baldwin et al., 1974a; Bald-
win et al., 1974b; Coggin and Anderson, 1974).

The individual distinctive antigens are in general the
cell surface components of tumour cells that serve as targets
in the immune tumcur rejection preocess since immunization
with these antigens provides resistance against the immuniz-

ing tumour exclusively (Baldwin and Prige, 1877).

2. Chemically induced tumowrs and the rofe of immunosurvelllance

The potency of the immune system to cope with chemically
induced tumours is, however, less impressive than its inter-
acticon with tumours induced by viruses in their natural hosts.
The influence of immuncsuppression produced by for instance
treatment with ALS or immunosuppressive drugs on chemical
carcinogenesis is equivocal (Baldwin, 1973; Schméhl et al.,
1974) . Several investigators did not find an effect of neona-
tal thymectomy on oncogenesis by 3-methylcholanthrene (Balner
and Dersjant, 1966; Allison and Taylor, 1967).

The data available on the effect of antilymphocyte serum
on tumour induction by 3-methylcholanthrene are conflicting,
some authors reporting a slight increase in tumour incidence
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and shortening of the latency period following ALS treatment
(Balner and Dersjant, 1969; Cerilli and Treat, 196%; Rabbat
and Jeejeebhoy, 1970), others reporting no effect (Fisher
et al., 1970; Haran-Ghera and Lurie, 1971).

Wagner and Haughton (1971) reinvestigated this problem
extensively. They induced prolonged imnmupcsuppression with
ALS in mice and reported that no effect of ALS treatment on
3-methylcholanthrene induced tumour incidence, latency, inci-
dence of metastases or antigenicity was cbserved. The immuno-
suppressieve potency of the ALS was assayed by transplanting
H-2 incompatible tumours and subsequent monitoring of the tu-
mour take in treated and untreated mice. These experiments
certainly do not support the concept of immunosurveillance.
Studies by Stutman (1974; 1%75b), showing that tumour inci=-
dences in congenitally athymic nude mice, following exposure
to either 3-methylcholanthrene or urethan were nct significant-
ly different from those in the normal heterozygous littermates
led to the same conclusion. As already mentioned, there is an
increase in the susceptibility to the development of polyoma
virus induced tumours in this strain of mice (Allison et al.,
1975; Stutman, 19%75a) .

It could be argued that since the chemicals themselves
are immunosuppressive (Malmgren et al., 1952; Prehn, 1963;
Stjernswird, 1967) thereby exerting a dual effect at both the
host and tumour level during oncogenesis it is almost impos=~
sible to dissect the different processes going on. The fact,
however, that there is a direct relationship between the dose
of oncogen and the immunogenicity of the tumour resulting from
it, and its inverse relationship with latency can be explained
within the framework of the immunosurveillance thecry. The
severe immuncdepression that results from a high dose of onco-
gen allows the growth of tumours which are highly antigenic.
At lower doses of the oncogen, however, the immune system is
less affected and can recover more rapidly. Therefore, immuno-—
surveillance would be more effective so that tumours would
appear later and be less immunogenic.
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Bartlett (1972) and Parmiani et al. (1973) provided an
experimental basis for this hypothesis of immuncselection. If
mouse cells, placed in diffusicn chambers, were exposed to 3-
methylcholanthrene and subseguently transplanted subcutane-
ously so that at least during the early process of oncogenesis
immunoselection was excluded, the correlation between oncogen
dose and latency and immunogenicity of the tumour was lost.
Similar results were cbhtained with tumours that arose from
cells spontanecusly transformed in diffusion chambers (Bart-
lett, 1272; Parmiani et al., 1973). The tumours that arose
from cells transformed J{r vifiw by 3-methylcholanthrene were
on the other hand highly immunogenic 4n vwive. Prehn (1971)
tested the immunogenicity of cells spontaneously transformed
in vitre. The tumours resulting from these cells were never
found to be immunogenic .a wive. Therefore, these data might
favour an alternative explanation of the results obtained by
Bartlett (1972} and Parmiani et al. (1973), namely that the im-
munogenicity of tumours arising was a function ¢f the presence
of the oncogen rather than the result of immunoselection. If
otherwise, one would expect the cells transformed spontaneocus-
ly An uitno to result in highly immunogenic tumours as well
since in this system immunoselection plays no rocle. The argu-
ments regarding the immunosurveillance become even more con-
troversial by the observaticons of immunostimulation, 4n witio
as well as 4n vive, of tumour growth (Prehn, 1971; Prehn and
Lappé, 1971; Fidlér, 1973; Medina and Heppner, 1973; Shearer
et al., 1973; Bray and Keast, 1975; Kall and HellstxOm, 1975).

If immunostimulation of tumour growth is real, then its
role in tumour biclogy is of an enormous importance. The nude
mice do not provide an answer +to this guestion. The incidence
of spontaneous tumours is the same as in the heterozygous
littermates (Stutman, 1974; Outzen et al., 1975), with the
exception of lymphoreticular tumours and they are equally
susceptible to the induction of tumours by the use of carci-
nogens. Therefore, neither immunostimulation nor immunosur—

veillance seems to play a role in these two systems. One has

12



to bear in mind, however, that nude mice have z very effi-
cient B~cell system capable of remagkably efficient responses.
Moloney sarcoma virus induced tumours, however, de not re-
gress in nudes as they do in nermal mice. The human analogue
would be the leprosy patient, who has a severely decreased T-
cell activity and yet no increased tumour incidence.
Morecover, it should be considered that T-cell independent,
humoral immunity, rather than cellular immunity may constitu-
te the main defence mechanism against the persistance of small
numbers of malignant cells {van Bekkum, 1975) or that small
numbers of cells evoke a primary humoral immune respeonse,
whereafter T-cells may lyse the malignant cells in an anti-
body (IgM} dependent way (see Discussion, chapter IV).

The mechanisms of immunostimulation are unknown and may
involve a number of effector mechanisms such as antibodies,
T-cells or both and also non-immuncologic mechanisms, depend-

ing on the conditions and systems studied.

D. Escape from immunosurvelllance: Possibkble mechanisms

The host-tumour relationship cconsists ¢f two dynamic
systems, both potentially capable of adapting to selective
pressures from the internal and external environment. The
neoplastic cell has an unlimited preoliferative capacity. When
thig cell becomes subject to restrictive conditions which at
times do not lead to its elimination, it may circumvent the
restriction by producing variants resistant to the selective
pressure, maintaining its unlimited proliferative capacity.
This may lead to a form of coexistence between the host and
the tumour or one may become to deminate and ultimately eli-
minate the other. The immune response of the organism against
the tumour and the escape of the tumour from it are part of
this multifaceted relationship. There are several mechanisms
to be encountered such as:
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1. immunodeficiency of the host,

2. "sneaking-through”,

3. immuncresistance, lack cof recognition and malfunctioning
of the effector cells, and

4. shedding of antigen, antigen-antibody complexes and immu-
nostimulation.

1. Tmmunodeddicdency of the host

Numerous experimental and human tumour systems can be
found in the literature where the development of a tumour is
attributed to a deficiency of the immune mechanism such as
the alresady mentioned ALS trestment and necnatal thymectomy.
Irradiation is another well documented immunosuppressant re-
sulting in a temporarily generalised depression of the lym~
phoid system and marked lymphopenia {(Buckton et al., 1967;
Thomas et al., 1971). The increased incidence of a number of
autoimmune diseases (Good and Yunis, 1974) has been assocci-
ated with an age-related decline of the immune capacity. The
impaired capacity of the ageing immune system may therefore
result in the development of tumours in old age. Makinodan
has made an extensive study of the reactivity against experi-
mentally given antigens as a function of age (Makinodan and
Peterson, 1964; 1966a; 1966b; Albright et al., 1969; Nordin
and Makinodan, 1974). These authors cbserved an age-related
decline in the primary as well as the secondary immune re-—
sponsiveness. Cell transfer experiments demonstrated the de-
cline of the immune capacity to be mainly due to the cells of
the immunclegical system itself rather than to changes in the
environment in which these ¢ells had to function. Brennan and
Jaroslow (1975) showed an age-related reduction of the number
of theta bearing cells as well as the amount of theta antigens
per individual T-cell. The response Lo phytcohaemagglutinin
stimulation of T-cells in mice (Hori et al., 1973; Gerbase-
DeLima et al., 1975), in rats {Kruiskeek, 1976) and in man
{Roberts-Thomson et al., 1974; Weksler and Hitteroth, 1974)
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has been reported to be impaired. Also the ability of spleno-
cytes to lyse tumour cells and the ability to reject skin allo-
grafts is shown to decline with age {Menon et al., 1974).

Prolonged immunosuppression also results in an increased
tumour incidence. Kidney graft recipients which are under pro-
longed immunosuppression show an approximately 80 times high-
er incidence of tumours (Penn and Starzl, 1972; 1973). Lympho-
mas have been prominent and therefore one might argue that
immunosuppressivé agents acted as a carcinogen apart from
their surveillance inhibiting action. The incidence of solid
tumours, however, is also reported to be increased. These tu~-
mours (about 60 % are skin cancers or carcinoma of the cervix
or of the lip) are precisely those who are thought to have a
viral etieclogy (Schwartz, 1974; Melief and Schwartz, 1975).
These authors, however, suggested that immunity against an
infectious oncogenic virus may be a more relevant gquestion
than surveillance against a barely immunogenic stimulation
by the graft. Immunosuppression, adequate to eliminate a
feed-kback regulatory mechanism limiting lymphocytic prolifer-~
ation couid then cause the high incidence of malignant lympho-
mas (Krueger, 1972; Schwartz, 1972). The associaticn of immu-
nocompetence and tumour incidence has been pointed out by
Melief and Schwartz (1975). The overall incidence of malig-
nacies in certain immune deficiency diseases in young chil-
dren is also highly increased. With one exception (Bruton
type agammaglobulinaemia, where all malignancies were leukae-
mias), again epithelial tumours do arise in other immune
deficient states. Again, the preponderance of leukaemias and
iymphoreticularx tumours may be related to the higher sus-
ceptibility to virus infection, if one considers the possi-
bility that these malignancies may be induced by oncogenic
viruses as known for many animal species. Van Bekkum (1975)
provides an alternative explanation. He states that "these
form a high propertion of all malignancies in this age group,
so that the immune deficient state would merely provide a
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more favourable enviromment for carcinogenic factors to which
all children are exposed”.

2. "Sneaking Ethrough"

In numercus experimental systems it has been observed
that transplantakble chemically induced sarcomas did or did
not progressively grow depending on cell dose: very small
doses cf cells growing progressively, relative small doses
were rejected and larger doses again grew progressively (0ld
et al., 1962). Apparently the low dose of tumour cells does
not provide an effective antigenic stimulus and the tumour
reaches an irreversible size before an immune response is
mounted. On the other hand there is some evidence that the
phenomenon is due 0 a specific, partial tolerance, produced
by a small inoculum (Bonmassar et al., 1974). This ocbserva-
tion resembles that of Stillstrdm (1974), who showed that ex-
posure to a small dose of transplantation antigens results
in a low response to that antigen after subseguent stimula-
tion by that antigen, regardless of the dcose. A very small
dose of tumour cells may mimic both, .n 4{tu tumour formation
and the phencmencn described abowve. The "sneaking through"
hypothesis was criginally proposed by 01d et al. (1962}, and
elaborated by Humphreys et al. (1962) and Marchant (1969).

3. Antigen modulation: nesdstance against mmune attack

The changes in the cell surface antigens as a result of
malignant transformation are complex and it may ke that some
neo—antigens, although capable of eliciting an immune res-
ponse that can be measured .4n vitte, do not function as tumour
rejection antigens 4in vivo. Besides, the degree of integration
of these antigens in the cell surface may be important.
Little is known about their molecular organization and their
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asscciation with the membrane lipid bi-layer remains largely
to be investigated (Singer and Nicolson, 1972; Robins and
Micolson, 1975). The relative moblilities of antigens on un-
transformed as compared to transformed fibroblastic cells are
different (Edidin and Weiss, 1974). This process of surface
antigen modulation was first studied by Cld et al. (1968).
The effect that modulation of tumour associated antigens

may have on the susceptibility of tumcur cells tc e.g. com-
plement dependent antibeody cytelysis is clear since the cor-
rect disposition of two IgG molecules is mandatery te fix
complement. This is illustrated by the cbservaticns of Lesley
and Hijman (1974), who showed that removal of about 30 % of
the H2 antigens from the surface of 5§ 194 myeloma cells by
anti-H2 during a 3-hour incubation at 37° ¢ renders 80 % of
the tumour cells refractory to complement lysis. Therefore,
transmembrane control of the dynamics of surface antigens may
play an important role in determining the susceptihility to
immune destruction. Tumour escape may take place by extensive
lateral redistribution of antigens into large patches and
caps, endocytosis or by antigen shedding (see below).

Many tumour associated antigens may be mobile in the
surface of the membrane, capable of cap formation in such a
way as described for membrane-bound immunoglobulins on lym-
phocytes {(Leonard, 1973) The amount of antigens and the form
in which it is presented may then not trigger the right cells
or not trigger them in the right form, resulting in an inef-
fective immune response: immune serum passively transferred
to syngeneic animals grafted with the immunizing tumour fails
to modulate the growth of the chemically induced tumcour, al-
though the antibodies exhibit lymphocyte- and complement-de-
pendent cytotoxigity for this tumour (Baldwin et al., 1%73).
Apparently, a phenotype variant of the tumeour cells has been
selected with antigenic characteristics that makes it resist~

ant against a maybe otherwise effective immune response.
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4. Antigen and antigen-antibody complexes

There is a constant synthesis and degradation of cell
plasma membranes (Warren and Glick, 1968; Wachbar et al.,
1974; Evans and Gurd, 1971) and one of the mechanisms for
this membrane turnover which represents also an important
mechanism for tumcur cells to escape from immune degtruction
is the shedding of tumcur cell associated antigens (Harris
et al., 1973). Kapeller et al. (1973) studied the natural re-
lease of mouse H-2 antigens by kidney cells and Cone et al.,
{1971} found that the shedding of surface proteins from both
normal and neoplastic cells occurred at a high rate and is
dependent on cellular respiration and protein synthesis, This
loss of cell surface structures may result from the release
of pieces of plasma membrane by the process of pinching off
of microvilli or cell surface projections (Nowotny et al.,
1974) and/or by shedding of antigens at the molecular level
(Alexander, 19%74). Neoplastic cells have been characterized
by the presence of increased surface proteolytic activity
which has been implicated as the perpetuzl stimulus to divide
and thus increase thelr invasiveness to surrounding normail
tissue (Burger, 1973; Nachbar et al., 1974). Currie and
Alexander (1974}, studying the release of antigen in tissue
culture media supernatants of a number cf 3-methylcholanthre-
ne induced rat sarcoma cultures concluded that the rate of
antigen shedding may actually determine the capacity of a
tumour to metastasize. Davey et al. (1976). studying a differ-
ent type of tumcur, reached the same conclusion. Their hypo-
thesis is supported by the findings of Doljanski (1973) and
Ben-Sasson et al. (1974) that Rous sarcoma virus transformed
cells in culture release surface molecules, that bind specifi-
cally to lymphocytes of chickens bearing Rous sarcoma virus
induced tumours. Pellis and Kahan (1975) provided more direct
evidence for the retained bioclogical activity of tumour anti-
gen released from cultured tumour cells. They showed that ani-

mals could be immunized with exhausted tumour cell culture
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media, protecting them against a challenge with viable tumour
cells. The effects of tumour associated antigens and antigen-—
antibody complexes on the abrogation of immune destruction of
tumour cells has been reviewed by Price and Baldwin (1975}
and Baldwin and Recbins (19735).

5. Antibedy and the shedding of antigens

The possible contribution of antibody in inducing shed-
ding of antigen is not known. There is nevertheless consider-—
able evidence that tumour cells .4n vive are ceoated with immu-
noglobulin (Witz, 1973). This has been shown for a variety
of tumours including carcinogen induced hepatomas and sarco-
mas (Witz et al., 1967; Ran et al., 1876; Robins, 1975), spon-
taneous mammary carcincma {(Ran and Witz, 1970) and polyoma
and §V-40 virus induced tumcours {Ran et al., 1976; Sobczak
and De Vaux Saint Cyr, 1971).

The concept that cell-mediated immunity in the tumour
bearing host may be rendered ineffective by such humoral
factors was supported by the observations of Hellstrdm and
Hellstrom {1974b) showing that in viiro lymphocyte cytotoxici-
ty for tumcur cells can be abrogated by serum of tumour bear-
ing animals. Blocking factors in the sera of tumour hosts
preventing the specific recognition of tumour cells by immune
lymphocytes were shown to be soluble tumour specific immune
complexes. The specific as well as non-specific inhibition of
effector cell reactivity is due to the interaction of the ef~
fector cells with tumour antigen containing moleties (Baldwin
and Robins, 1975; zZdller et al., 1%76&).

E. Conclusiocns

The multiple host immune defenss mechanisms described

and the many rcutes available tc make the escape from them
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possible makes one wonder how these systems cooperate or
counteract one another 4in vive. One has to realize, however,
that many of the different mechanisms described were studied
in a variety of systems. The data are clear in the sense that
there is an overwhelming evidence that an intact immune res-
ponse is effective in modulating and even contrelling the
growth of certain forms of virus induced tumours. The amount
of antigens to which the animals are exposed is large i.e.,
through the expression of these antigens on viral envelopes
or on productively infected cells. Where cells are, however,
the only source of tumour associated transplantation antigens,
as in the case o0f oncogen induced or spontanecus tumours, no
effects of immune suppression on the oncogenesis are detected
although during tumour development immune reactions c<an be
monitored and the immune response to these tumours can be
modified by tumour antigen-antibody complexes either 4n vive
or in vitre.

The lack of detectable immuncgenicity cof spontanecus tu-
mours even in the absence of an immunosurveillance mechanism
raises guestions about the importance of the role of immunity
in cancer. The fact, hcwever, that the majority of spontane-
ous tumours are not found to be immunogenic does not imply
that they lack such antigens. We have seen abundant evidence
for the capability cf the immune apparatus to influence tu-
mour growth ranging from restriction to stimulation of tumour
growth. It may be that in spontaneous tumour systems these
mechanisms are operating at the same time, one balancing the
effects of the cther and thus preventing the detection of
either response (Norbury, 1977). If these two effects can be
separated making dissection of the different immune mecha-
nisms feasible, the balance might be tipped towards immunolo—
gical destruction of the tumour. It will evidently depend
upon the eticlogy of the tumour (spentaneous, chemically in-
duced or virus induced) which 0of the immune mechanisms are
operating. The development of more sensitive immunological

technigues will ultimately lead to a better understanding of
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the role of immunity in cancer and give a better insight in
how the immune response can be made effective in twwnour des-
truction providing the clinician with a hopefully selective
tool for the early detection and treatment cof cancer.

F. Cellular immune reactions against human bladder cancer
cells

Many efforts have been done to show that human tumours
expressed cell surface antigens which werxre characteristic for
that histological type of tumour. This was commonly done by
showing that lymphocytes of an individual with a given type
of tumour were cytotoxic only for tumour cells of that parti-
cular tumour type, i.e., that these lymphocytes did not show
cytotoxic reactions against histelogically unrelated tumour
cells. Furthermore, it was shown that lymphocytes from healthy
donors did not show cytotoxic reactions against the tumour
cells.

Bladder cancer comprises about four per cent of all new
cancers. Three times as many men as women develop bladder
cancer and the incidence for both sexes is slowly rising.

Circumstantial evidence has implicated a chemical etio-
logy in human transitional carcinoma cf the bladder since
certain chemicals such as betha—-naphthylamine, xenylamine and
benzidine, are known to cause bladder cancer.

A host immune response to this type of tumour has been
observed (Bubenik et al., 1970). The most striking correla-
tion with both tumour stage and therapy has been reported by
O'Tooie (1972; 1973a; b; 1974) and can be summarized as fol-
lows: patients with transitional cell carcinoma cf the uri-
nary bladder were shown to have lymphocytes in their peri-
pheral bloocd capable of specifically lysing bladder cancer
cells £n vitno, _

Several bladder cancer cell lines obtained from indivi-

dual patients were shown to be susceptibkle to lysis, whereas
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tumour cells derived from cother types of cancer were not af-
fected. These observaticns led to the conclusion that the
antigen on the surface of the different: bladder cancer c¢ell
iines, s¢ callied tumour associated antigens, were cross-re-
reactive. Moreover, the tumour-specific immune response could
be observed irrespective of histocompatibility differences
hetween the target cells and effector cells.

Radiotherapy initially induced suppression of the cellu-
lar immune response of the patients and could be followed by
1. full restoration suggesting a favourable prognosis; 2. a
waak response that appeared asscciated with early tumour re-
currence; or 3. no restoration of the immune response, indi-
cating continued tumour growth after radiotherapy. Successful
surgical removal of a localized tumour resulted in a rapid
loss of reactivity whereas a positive response was maintained
when residual tumours could be demonstrated. The latter ob-
servation was explained on the basis of the‘continuous pres-
ence ¢f a small tumour burden.

Cell fractionaticn studies indicated that the effector
cells belonged to a non—-T-cell lymphoid cell population.

Similar results were cobtained by other investigators
(Bean et al., 1974; Bloom et al., 1974; Blcom and Seeger,
1976; Hakala et al., 1974), although the relation between the
immune response and tumoux stage and therapy was less pro-—
nounced.

The purpose of our studies was to investigate the cellu-
lar mechanisms of the immune response of bladder cancer pa-
tients against their tumour tissue, the degree of specifici-
ty of the response and the possible clinical significance of
the response. A better understanding of the cytotoxic mecha-
nisms and analysis cof the effector cells involved should ul-
timately lead to an effective modulation of the immune res-—
ponse to cure the tumour bearing individual from his residual
tumour. In the following chapters it will kecome clear that
the patient's reaction against the tumour are complex and

frequently involve several different types of antigens.
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Theraefore, it has become an important task toe analyse the
complexity and to evaluate the significance of the microcyto=-
toxicity assay as a diagnostic or prognostic tool for moni-
toring the course of the disease.

Celli-mediated cytotoxicity 4n vithe reflects the activi-
ties of several different effector cell types and each cell
type may involve different effects on tumcur growth and they
may each operate during different phases cf the disease.

Therefore many studies have been directed towards iden-
tifying the nature of the cells responsibkble for the non-spe-
cific or natural cytotoxicity against human tumour cells.
Varicus cell types have been implicated in this role inclu-
ding: Fe—receptor bearing {(activated T-) cells {(Peter et al.,
1975; Hersey et al., 1975}, mononuclear phagocytic cells
{(Holterman et al., 1974), null (non-T, non-B) lymphoid cells
(Kiuchi and Takasugi, 1976}, T-cells {(Holterman et al., 1974),
and non-T-cells {Bakdcs et al., 1977).

Many technical variations are employed for the fraction-
ation of cell peopulations. In chapter IV the identification
of a new cell population of T-lymphocytes is described. In
Chapters V and VI a number of cell separation procedures are
used for the identification of the cells exerting non-specific
or natural killer cytotoxicity.
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CHAPTER IT

CELLULAR MICROCYTOTOXICITY IN A HUMAN BLADDER
CANCER SYSTEM: ANALYSIS OF IN VITRC LYMPHOCYTE-
MEDIATED CYTOTCXICITY AGAINST CULTURED
TARGET CELLS

A. Introduction

The recent upsurge in interest in the immune responses
to human tumours emphasizes the need for monitoring the spe-
¢ific and nonspecific immune functions. Experimental synge-—
neic animal studies employing An uwifno technigues for measur-
ing cell-mediated cytotoxicity for tumour cells demonstrated
the presence of necantigens on tumour cells with specifici-~
ties identical to those capable of eliciting tumour immune
reactions {n vive (Hellstr&m and Hellstrom, 1969; 1974; Baid-
win, 1973}. These results provided the rationale for measur-
ing the cell-mediated cytotoxicity of human patient lymphocy-
tes against tumour cells. It was assumed that the in vitho cy=-
toteoxic activity of peripheral blocd leukocytes from cancer
patients was a manifestation of a state of immunity to tumour-
associated antigens (TAA). Many investigators, using mostly
the microcytotoxicity test (MCT) (Takasugi and Klein, 1970),
have shown that lymphccytes from individual cancer patients
preferentially destroy tumcur cells of the same histological
type rather than normal cells or tumour cells of a different
type of tumour, regardless of the allogeneic differences
{Hellstr®dm et al., 1971; Hellstrdm and Hellstrdm, 1973;
Bubenik et al., 1270; 1971; 0'Toole et al., 1972; O'Tcole et
al., 1974; de Vries et al., 1972; Fossati et al., 1971;
Fossati et al., 1972; Heppner et al., 1973; Bean et al., 1974).

Bubenik et al. (19%70) reported on the presence of TAA on

certain cell lines derived from a human urinary bladder car-
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cinoma. 0'Toole et al. (1972) extended these studies and
found a inversed relation between the stage of disease and
the cyteotoxicity of lymphocytes. The further reported alter-
ations of the anti-tumcur immune respeonse with different forms
of therapy. Bean et al. (1974) using their modified isotopic
MCT {Bean et al., 1%73), confirmed the work of Bubenik and
O'Toole.

An increasing number of investigators, however, report-—
ed their inability to demonstrate "tumour type specificity”
(Takasugi et al., 1974; Skurzak et al., 1973; Berkelhammer
et al., 1975). However, recently, the ccocurrence of normal or
natural killer cell-mediated cytotoxicity of lymphocytes
against tumour <¢ells has been described in healthy animals
{Nunn et al., 1973; Greenberg and Playfair, 1974; Kiessling
et al., 1975a; RKiessling et al., 1975b; Zarling et al., 1975)
and man (healthy donors, HD) (Takasugi et al., 1973; Takasugi
et al., 1974; de Vries et al., 1974; Kay and Sinkovicgs, 1974;
Rosenberg et al., 1974; Hersey, 1975a; Hersey et al., 1975b;
Heppner et al., 1975; Mukheril et al.,, 1975b). This effector
lymphocyte has been termed the natural killer (NK}-cells.

In the present study, lymphocytes from bladder tumour
(BT) and tumour control (TC)} patients and healthy doncr (HD)
were tested in parallel on bladder tumour cells from a cell
line (T24) reported to carry TAAR {Bubenik et al., 1970; Bube-
nik et al., 1971; O0'"Toole et al., 1972), melanoma cells
(Mel-I and NKI-4), also reported to carry TAA (de Vries et
al., 1972; de Vries and Rimke, 1%76), and normal bladder spi-
thelium (HCV). The influence of the selecticn cof target cells
and the choice of baseline control on the interpretation of
MCT results was analyzed. Disease-related cytotoxicity is de-
fined as statistically significant destruction cf disease-re-
lated tumour cells by the patient's lymphocytes in compariscn
with the baseline control, Non-specific cytotoxicity is defin-
ed as destruction of a proportion (selective) or all {non-se-
lective) of histologically unrelated target cells by effecter

cells, while no destruction of any target cell signifies no
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cytotoxicity. To lnvestigate whether a disease~related acti-
vity of lymphocytes derived from bladder cancer patients,
superimposed on the normal cytotoxic effects of HD could be
demonstrated (De Vries and Rimke, 1976}, the overall effects
of lymphocytes from BT, TC patients and HD (tested in paral-
lel) on the different types of cultured target cells were com-
pared statistically.

Although several baseline controls were utilized during
this study, the medium contrel was used as a commeon baseline
for the purpcse of comparing the coverall cytotoxic effects of
the different groups, and the groups were compared statisti-
cally by the Wilcoxon test. The value of this analysis is that
cne can determine the freguency distributicon of the normal
and/or nonspecific activity of the control donors (HD and TC
patients) versus the medium control. Utilization of multiple
lymphocyte donor controls and this method of calculation elim-—
inates the possibility 0f the inadvertant selection of a
lymphocyte donor with normal cytotoxicity or growth stimulato-
ry activity for target cells as a control which could result
in & conclusicn of an apparent disease-related cytotoxicity.
Furthermore, it allows one to pool the data from the differ-
ent experiments, therefore giving an objective answer to the
question of whether a disease-related response is superimposed
on the normal and/or nonspecific activity of lymphocytes
against various target cells.

B. Materials and Methods
1. Bladdea cancer patients

Blood specimens were obtained through the coeoperation of
the clinical investigators of ocur institutes. A total of 51
patlients were tested before (one time) or after (cne or more

times) therapy. Their ages ranged from 55 - 80 with an aver-
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age of 67 years. The clinical staging of the tumour was based
on the TNM system of the UICC (1963). The patients were dis-
tributed in the wvarious categories as shown in Table I.
Bladder tumour patients were tested before therapy, 1 - 3
weeks after radiotherapy and 8 — 10 weeks after cystectomy to
reduce the influence of immunosuppressive effects of radiation
or surgery. Patients were free of tumour at the time tested

after therapy.

Table I

WUMBER AND CLINICAL DIS‘I‘RIBUTION* OF URIMARY BLADDER CANCER PATIENTS

Classification T-category no. of patients

total male female

1. Non-palpable tumocur or
soft mass

a) tamcur confined to the Tl 17 12 5
nucose membrane

b} tumour with infiltration T2 16 15 1
of superficial muscle

2, Palpable tumour with in- T3 18 i8 0
filtration of deep muscle

* Staging as proposed by the UICC {1963).

2. Conthols

Lymphocytes from 37 TC patients (20 females; 17 males)
were tested, occasionally during but mostly after therapy,
with residual tumocur present. They ranged in age from 31 -~ 35
years with an average of 6L. A total of &7 HD were tested (37
females; 30 males). The age of HD varied from 17 - 61 years
with an average of 31. A summary of control donors of lympho-
cytes is given in Table IT.
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Table II

CONTROL LYMPHOCYTE DONORS

nc. of
diagnosis abbreviation individuals

Bealthy donors HD

@
-l

Rectal ca.
Prostate ca.
Mammary ca.
Cervix ca.
Lung ca.
Larynx ca.
Lingual ca.
Stomach ca.
Cerebral ca.
Uterus ca.
Liposarcoma
Penis ca. J

TC

TR N NSO OD N W

211 biood specimens were coded by others before deliver-
y. After the tests were performed, a clinical form was ob-
tained describing the diagnosis and clinical characteristics
of the patients, the stage and extent of the disease, previ-
cus therapy and the planning for future therapy.

3. Tanget celds

Long-term cell lines were used routinely as target cells.
Table IIT summarizes the cell lines used in this series of
tests. The cells were trypsinized for serial passage once a
week and used in the MCT 6 days after passage, before the
cells reached confluency. The medium used for routine tissue
culture was Parker 199 + 1C % heat inactivated focetal calf
serum {FCS) with 100 IU penicillin and 100 ug streptomycin/
ml and freshly added glutamine (0.3 mg/ml}. All cultures were
checked pericdically for the presence of mycoplasma (Vogelen-
zang and Compeer-Dekker, 1969) and determined to be negative.
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Table IIT

TISSUE CULTURE CELLS USEDR AS TARGETS IN CYTOTOXICITY ASSAYS

CQrigin Cell culture Reference Source

designation

Transitional cell T24 Bubenik et ai., 1973
carcinoma of the
urinary bladder

Metastatic cutaneous MEL-1 O'Toole et al., 1974 C. O'Tocle
melanoma

Nen-malignant HCV-29 J. Fogh (unpublished)
biadder epithelium

Cutaneous melanoma NKI-4 J. de Vries, 1972 J. de Vries
4. Preporation of Lumphocytes

Lymphocytes for a single test were obtained from 20 ml
defibrinated blood from each donor. All blood samples were
processed within 2 hours after cocllecticn. Defibrination was
perfermed in 100 ml bottles containing 1 glass kead per 2 ml
blood. Leukocytes were obtalined by allewing the erythrocytes
to sediment through plasma-gel {1 part of plasma-gel {(Roger
Bellon, Weuilly, France) mixed with 4 parts of blood) in glass
tubes with a length of 11 cm and an inner diameter of 23 mm at
an angle of 45° for 30 minutes at 37° C. The supernatant was
aspirated and centrifuged {10 min, 350 g) and the pellet con-
sisting of erythrocytes, granulccytes and mononuclear cells
was resuspended in 1 - 2 ml of the supernatant and placed on-
to a column of unstained spun nylon with a length of 1 cm and
a diameter of 15 mm, which had been prewashed with 8 ml of
the supernatant. The nylon column was incubated for 30 min at
37° ¢. The lymphocytes were eluted with warm medium RPMI-1640
+ 5 % FC8 to recover the nonadherent cells, The cells were

spun down and resuspended in 20 ml isotonic Tris buffered
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NH4C1, pH 7.2, and incubated for 3 min at 37O C to lyse the ery-
throcytes (Boyle, 1968). After this incubation, 20 ml of cultu-
re medium were added and the lymphocytes were washed 3 times
and checked for viability with ecsin and trypan blue. Although
the cell yield 1s rather lcw (about 30 % yield compared to
whole bleed lymphocytes count), one obtains an almost pure
lymphocyte pepulation containing less than 1 % monocytes or
granulocytes (Bean et al., 19753). In general, the viability

was over 98 2. The preparation of effector cells and target
cells is depicted in figure 1.

EFFECTORS TARGETS

PERIPHERAL BLOOD MOMNOLAYER CULTURE

defibrinate cell suspension prepared
by nypsln treatment

gelstin sedimentation
af red celis

wash %3

seed inta Fclcon 3034
microplate

W
v : 2
=) wosh x 3 m
a i =
o I:emavui of adherent ce]!sJ -
@] an nylon Fibre incubate 3=12 h, -
8 =
I O
NH,CI ysi [}
= S Iysis f
= of residual red cells [w}
c

18
—_ wash x 3 =
o L B m

llolci and differentisl :nuni

NI

add lymphoid cells to micreplate
titrate effector: target ratic

¥
incubate 30-40 h,

o qag:://
Wil f ates

Fix, stain

count rasidual targets

Figure 1. Summary chart of lymphocytes and tumour cell processing.
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Table IV

CHECKERBOARD DESIGN OF THE ASSAY

Target cells

ymphocyte 724 Mel-I HCV
donorsl effector/target cell ratio effector/target cell ratioc effector/target cell ratio
400 : 1 200 : 1 100 : 1 400 : 1 200 : I 100 : 1 400 : 1 200 s 1 100 st
2 " *
] -56* -62 0 18* 16 -5 36 13 13
T™C -7 -3g* 0 as* 25% 16¥ az* 347 16
BT-IT -4 86"~ 44"
BT-III 9g* pe* a5* 100" gs* 95" 36* 24 -2
BT-I -2 -24 26" 14 20" 14

1 HD = healthy donor; TC = tumour control patients;

BT = bladder cancer patients category I, II and III.

2 per cent reduction in relation to medium control (MC).

* significant at p { 0.05



5. Michoeyfotoxiedly Xest

This test was based on the method described by Takasugi
and Klein (1970). The target cells were ccllected from mono-~
layer cultures by treatment with 0.05 % trypsin and 0.02 %
EDTA (w/v}). The cells were washed with medium containing 10 %
foetal calf serum and diluted to a concentration giving 50 -
100 per 20 pl medium: 20 1 samples were then plated into
wells of microtest plates (Falcon Plastics, Los Angeles, Cal-
ifornia, USA, no. 3034) by means of a 20 pl micropipet
{(Hamilton Company, Reno, Nevada, USA). The plates were incu-
bated overnight at 37° C in humidified air + 5 % CO,. Cell
attachment was checked microscepically and, when adeguate,
the medium was removed and 20 pl lymphocyte samples or medium
waere added to the wells. The lymphocytes were tested in ratios
of 100, 200 and 400 per target cell and each lymphocyte con-
centration was tested in 8 replicates. After 48 hours of incu-
bation, the lymphocytes were removed by washing the plates
twice with phosphate-buffered saline. The remaining adherent
cells were fixed and stained with May-Griinwald Giemsa and
counted microscopically. The mean number of target cells left
in 8 replicate wells after incubation with lymphocytes was
caleculated. A checkerboard design of the assay demonstrating
the minimum number of different types of lymphocyte donors
used in each test is given in table IV.

6. Statistical analysis of cyfofoxdoily festing

For the evaluation of the influence of the choice of
baseline control on the interpretation of MCT results, the
average number of cells in the wells with iymphocytes derived
from patients with carcinoma of the bladder was compared with
that found in wells with medium alone (medium ccntrel) and
control effector cells (HD and TC patients with a tumour of
unrelated histoleogy) by the Student t-test. & "p" value of
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less than 0.05 was considered significant. The percentage cy-
totoxicity was calculated by the following formula:

mean number of target cells in control wells -
mean number of target cells with test lymphocytes

% totoxicity =
¥ cytotaxioity mean number of target cells in control wells

x 100

For comparison of the overall effect of different groups of
lymphocyte donors the Wilcoxon test was used., A "p" value

«0.05 was considered significant.

C. Results

T. Influence of the experiimental design of the assay on the interpreta-
Zion of nesulis

Table V represents one of multiple experiments where the
influence of the selection of different types of baselines
for specificity control of the interpretation of MCT results
becomes apparent. The number of cells remaining in the wells
for the different control doneors of lymphocytes used as base-
line contreols (ED (1); TC (2) ) differ significantly for both
cell lines., Moreover, the cytotoxic effect of one singile lym-
phocyte control donor on the survival of the various types of
target cells could be different {HD {2) on T24 and Mel-T
against medium contreol). For instance, patient BT-II shows a
disease-related reaction in relation to donor HD (1} and the
medium control, but this reaction is considered non-specific
if compared with donor HD (2) and donor TC (table V}. It is al-
so c¢lear from these data that, again depending on the baseline
control selected, the effect of lymphocytes from a contrel do-
nor on the different cell lines can be reversed. When the cyto—
toxic effects of the TC patients are calculated with lymphocy—
tes from HD (1) as the baseline, the effects are interpreted as
non-specific cytotexicity against T24 and non-specific stimula-

tion against Mel-I. It is clear, therefore, that no reliable

40



1%

Lymphocyte

donors

B7-4

BT-E

HB(

HD{2}

TC

MC

2z
3
L]

3 CTX: aytotoxleliy: STEM, : growth stimulation; Meg,: no CTX ar STIM,

wo, of
calls/well

In MC

321 + 473

130 + 21

7354 41

187 424

193 +28

270 + 35

ROLE OF BASELINE SELECTION ON THE INTERPRETATION OF CTX

724 {blodder cancer)

per cent CTX in relation to

MC mpm  Ho@  TC
. 5% z S§Freen 20
gzt 3ttt 2 22
H - ~80% <A 22
gaeaas  gpeess pgras
12 g gieas

Table V

Target cails

no. of

cells/well

in MC

103 + 19

1224 24

119+ 25

152+ 29

168 + 27

143 + 21

Mel-1 (malonoma)
per

MC HO{1}
28+ 13

15 -2

17 -

-8 -28**

-7 —41

cent CTX in relation te

Ho@  TC

gzt Jgrree

20 27
2 29
- ]
-10 .

interpretallon of specificity in relotion 1o

MC

non-spec.
cTxs

blodder
tumour

spec.CTX

Neg,

norma{

<X

HD{Y)

Meg,

bladder
tumour
spec. CTX

nermol CTX
and normal

STiM

aon-spes,
CTX
nan-spec,
STEM,

HD {2}

bladder
tumour spoc,
STIM, and
non-spec. CTX

non-spec CTX

normg ! CTX

non-spec.
STih.

ic

ABALPEE .

CTX

non-spec,
CTX {non-
sefective }

notmal CTX

normal
STiMm,

HD = healthy donor; TC = tumowr contiol patient; 3T = bladder concer patienks, cotegory | and 1t

MC = madivm control

numbers are means + 5,0, of surviving cells/well remaining attached to the bottam of wells at the and of the test

par cent raduction at effector cell:tarant cell ratio 100 : 14
" at p€0.01 - £0.65%*% at p (0,005 - §0,01; "™ at p< 0,001 - {0,005 **** a) pg 0,001



conclusion about specificity can be made, due to the unpre-
dictable effects of lymphocytes of clinical control and
healthy donors. Therefore, we used the medium control as the
baseline for the calculation of reductions.

The selection of the types of target cells appears to
have a similar influence on the interpretation of results.
Table VI illustrates the fact that, in this type of assay,
the effect of the same BT doncor (BT-I) would be interpreted
a@s disease-specific if only cell lines T24 and HCV would have
been included in the experiment. When, however, cell lines
T24 and Mel=I or all cell lines are included in the experi-
ment, the activity of test lymphocytes which was concluded *o
be disease-related becomes nonspecific. This confirms the
findings of Mukherji et al. (1975b). This could mean that, if
more effector cell and/or target cell controls are included
in one assay, the probability of finding disease-related cy-
totoxicity would be greatly diminished.

2. Nonspeeifdie cyfofoxielty of Luymphocyfes grom Lumowr conthol patients
and natural killen (NK) cell cytotoxicity of healihy donons

The data in tables VII and VIII clearly show that a pro-
porticn of HD and TC patients exert non-specific significant
activity against the different target cell lines. We tested
67 HD and 37 TC patients and the results are summarized in
Tables VII and VIII. The pattern of reactivity as shown in
the tables is representative of the pattern that results from
the evaluation of all data. Although some of the lymphocyte
preparations of HD and TC patients gave nonselective killing,
the majority showed selective reduction of the different
target cell lines used in this study. From the HD, 20 per
cent showed cytotexicity against ncne, 45 per cent against 1,
23 per cent against 2 and 2 per cent against all three target
cell lines. For the TC patients, these percentages were re-

spectively 32, 34, 16 and 18 per cent. The normal reactivity,

42



44

Table VI

INFLUENCE OF TARGET CELL CONTROL SELECTION ON THE INTERPRETATION OF CTX

Target ceils
Interpretation of results in relation to

Fapt Iymphocyt T24 Mal-I HCYV target cells

Xpt. ymphocyte

no. donors! 100 : 12 100 : 1 100 : 1 T24 + Mel T24 + HCV

Frirdci 3 ok

23 BT-1 90 50 2 non-specific CTX bladder tumozr
- 20 15 specific CTX
TC aqa™ 14

16 BT-11 9™ 0 32" bladder tumour non-specific CTX
HD 17 3 2g™* speci.fic CTX
TC 0 n* 21"

11 BE-TII g7 ™" 7 T 5 non-specific CTX bladder tumour
ap 14 6 43" specific CTX
TC -13 13 0

1 HD = heaithy donor; TC = tumour contrcl patient; BT = bladder cancer patients, category I, IX and III
effector cell : target cell ratio
per cent reduction in relation to MC.

#+kx significant at p < 0.0C1; #»x significant at p ( 0.005; = significant at p < 0.01;
%= significant at p < 0.05,

4 CTX = cytotoxicity
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Table VII

SELECTIVITY OF NORMAL CYTOTOXIC ACTIVITY OF HEALTHY DONORS

Target cells

T24 Mel HCY
2 ot 19/t iy/te 1y/te
no. code no 200:1 i00:1 200:1 100:1 200:1 100:1
b (1) 13 12% 7 wr? 10 52" e
8 17 37 0", -21 18 0 0
21 47 60 -2 20 o 0
9 23 0 0 [V NT 50" 22%
21 a1 -10 25 34% o 22" 17,
82 3 57 -75 -25 2 35
* -
15 159 bl wr 65 W 68 wT
38 176 -88%  -s0* 2 -7 11 -9
a7 (1) 14 -6 -8 ~23 29% 8
€3] 0.9 -4 -2 ~17 21 21,
(3 50* q1* -2 -2 -15 -30
48 1) -18 -18 -5 -6 -5 -1
%3] -4 2 RS 37 ag*
3 -5, -4 4, 5, 49 5
(4) -39 -33" -28 -24 -21 -4
43 (1) -9 -6 2 0 50 30*
(2) 11 8 -22 -7, 55" 3t
(3 -14 -3 ~14 -23 43* 257
{4) ~12 4 o 5 10 18
1 BHBD = healthy doncr
2 effector cell : target cell ratio
3 per cent reduction in relation to MC. = Significant at p \< ¢.05
% NT = not tested



Table VIII

SELECTIVITY OF NON-SPECIFIC CYTOQTOXICITY OF TUMCUR CONTROL PATIENTS

Target cells

T24 Mel "oy

Exp. lymphocyte diagnosis
fae- donor 200 : 1 100 : 1 200 : 160 : 100 :
7 15 cervix ca. 242 Er ~33 i0 86" 40
15 52 cervix ca. NT® 16 NT -2 - 28
25 108 cerebral ca. —33* 15 3B * 37 * .'36‘,‘r 48
26 114 stomach ca. 107 16" 2 NE 22 26
31 139 tung ca. 1% 21 50 40" 40” 28
37 171 larynx ca. -39* -10 -20 -5 8 5
a2 195 lung ca. 74* 36" 40 33 2 -4
43 202 mamma ca. 16 % -1¢ 12 10 9 -22
204 lung ca. 39 23" 9 7 69 18
206 liposarcoma 7 2 3 -29 4 -4

effector cell : target cell ratio

per cent reduction in relation to MC. # significant at » { 0.05.

NT: not tested



defined as natural killer (NK)=-cell activity of lymphocytes,
of HD did not appear to be sex- or age-related nor did donors
from the ilaboratory show an increased reactivity over donors
from outside the laboratory.

3. Comparison of the overall oyfofoxdic effects of Lumphocytes grom blad-
dex tumowr, Tumouwr contreld patients and healthy donon groups on T24,
HCV, Mel-I and NKI-4 cufiured Zarget cells

As shown by cur data (Tables V and VI}, the number and
type of control donors as well as the number of target cell
controls greatly influences the chance of determining disease-
related tumour reactions, due to the normal reactivity of lym-
phocytes from HD and the either normal or nonspecific cyto-—
toxicity of PC patients (Tables VII and VIII). Conseguently,
an impractically large checkerboard design would have to be
utilized to clearly demonstrate disease-related cytotoxicity
in a single assay. Therefore, we have compared the different
groups of lymphccyte donors statistically to investigate
whether putative disease-related responses being superimposed
on the non-specific or normal cytotoxic responses could be de-
tected, indicating that tumour associated antigens (TAA) are
present on cultured tumour cells.

The frequency distribution scatter diagrams illustrate
the cytotoxic effects of peripheral blceod lymphocytes from
the different groups of patients and HD against disease-rela-
ted target cells and appropriate target cells (figs. 2, 3 and
4). These figures show that there is a wide range in the
level of reactivities of lympheceytes f£xom the individuals of
each lymphocyte donor group. Before and after therapy, BT
patients showed reactivity towards all three target cells
used in parallel in each assay; this reactivity was stronger
at higher lymphocyte concentrations. The overall cytotoxic
effects of lymphocytes from TC patients selected as controls
for the determination of specificity cof the effector cell
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level did not differ significantly from those of HD (table
IX). It should be emphasized that these patients were tested
during or after therapy. When tested within 8 weeks after
therapy, the overall cytotoxic effects of lymphocvites from
BT patients of all three categories were similar, as was to
be expected on the basis of the results shown in table IX
(BD versus TC) and hence not significantly different from
those of HD and TC patients during or after therapy (Tables
IX and X). The overall cytotoxic effects of lymphocytes
derived from BT patients of different categories differed
from those of HD and TC patients, if the MCT was carried out

Table IX
MEAN PERCENTAGE CTX (+ $.D.) OF LYMPHOCYTES FROM BT PATIENTS

AFTER THERAPY, TC PATIENTS AND HD ON T24, MEL AND BECV
CULTURED CELLS IN RELATICN TO THAT OF HD

400 lymphocytes/target cell
T24 p* MEL p* HCY p*

BT stage | -1+ 8 +30 20 + 18
BT stage || 2312\3” 13i213} 291]9%
HD 9+ 38 7128

] O uind
TC all stages 18+ 31 22 +30 14 + 33

200 lymphocytes/target cell

8T stage | 13 +18 1'Ii16 22i18
BT stage il 0:23& 3+27£ 23:17&
HD 1530 242 14 +25
TC all steges -3:411 12 + 20:1 10 t27:|

100 lymphocytes/farget cell

BT stage | -% 4+ 21 —5i'|5 pa +

8T stage H 10;21% 9127% + 0}'
HO 81-_27] -4+ 7:] +2 ]
TC all stages 0+ 34 21 V26

Only p values {0.05 are indicated
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Table X

MEAN PERCENTAGE CT% (4 S.D.) OF LYMPHOCYTES FROM BT PATIENTS
AFTER THERAPY, TC PATIENTS AND HD ON T24, MEL AND HCV
CULTURED CELLS IN RELATION TO THAT OF TC PATIENTS

400 lymphocytes/taorget cell

T24 p* FAEL p* HCY p*

BT stage | -1 +21 84+30 20 +18
BT stage I} 23+ 21 13 + 21 29 +19
BT stage | + 1l 16 + 23 12+ 23 25+ 18
TC all stages 18:31 22 + 30 14 + 33
200 fymphocytes/target cell

BT stage | 13 +18 11 +16 22 418
87 stage Il 0+ 23 8+ 27 23 + V7
BT stage 1+ (I 5+22 G+ 22 22 +117
TC all stages -3 + 41 12 + 20 10 + 27
100 lymphocytes/target cell

BT stage | -2+ 21 -5+ 15 23 +32
BT stage [{ 10:2] 9+ 27 7 + 30
BY stage | + Il 2+23 3+ 24 10 +30
TC oll stages G +34 6+ 21 1+26

only p values ¢ 0.05 are indicated

pefore therapy (tables XI and XII). However, these reactivi-

ties were not disease~specific. For example, the lymphocytes

of stage-I BT patients were significantly cytotoxic to T24

target cells only in comparison with TC patients, if tested

at concentration of 4060 : 1. When compared with HD, this

apparent specificity is lost,

since they are found to be sig-

nificantly cytotoxic against Mel-I and HCV target cells as
well (tables XI and XII).

In general, lymphocytes of BT patients when tested befcre
therapy appeared to be more cytotoxic against the non-disease
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Table XI

MEAN PERCENTAGE CTX (+ S.D.) OF LYMPHOCYTES FROM BT PATIENTS
BEFORE THERAPY, TC PATIENTS AND HD ON T24, MEL AND HCV
CULTURED CELLE IN RELATION TO THAT OF HDP

400 lymphocytes/ target cell

724 p* MEL p* HCY p*
BT stage | 40 + 28 36 + 39 40 + 15

see = s T 025 70T 025
BT stage 11 28 + 26 36 + 24 o005 &1 £ 26 0005
8T stoge 111 27 1 43 27 + 44 30 + 37 ’
HD 9 + 38 7 +28 27 + 26
TC all stoges 8 = 31 22 + 30-] 14 % 33-]

200 lymphocytes/ target cell

BT stage ! 3

x38 o025 22231 .ogos 28 %13 028
BT stage !} 11 + 24 13 +19 31 + 2%
BT stage ii} 22 + 40 025 28 + 40 .gizs 3+ 3 'ggj
HD -1 +30 ' -2 + 26 ' 14 4 25 ’
TC all stoges 314 12 + 20 10 27-]
100 Iymphocyres/target cell
8T stoge | z4 + 35 26 + 30 12 + 18
8T stage I 15 + 35 23 + 23 0005 o0 1 05
BT stage i 22135 23 + 33 0003 51 L 3 <0003
HD 8 +27 47 0085 o 25 <0003
TC all stages 0+ 34 6 2] 1% 26

Cnly p values ¢ 0.05 are indicated

related target cell lines (tables XI and XII) and hence the
cytotoxic reactions are concluded not to be dissase-related.
This contrasts with the conclusion reached by de Vries et al.
(1976) on comparing the cytctoxic effects of lymphocytes from
melanoma patients with those of HD, using NKI-4 melancma
cells and T24 bladder tumour cells as target cells. We there-
fore studied the effects of BT patients on these cell lines
before therapy. The data are pyesented in table XTII. Al-
though some patients (BT-i (a and b} and BY-III (b); table
XIII) show strong cytotoxic effects against T24 and Mel-I
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Table XII

MEAN PERCENTAGE CTX (+ 5.D.) OF LYMPHQCYTES FROM BT PATIENTS
RBEFORE THERAFPY, TC PATIENTS AND HD ON T24, MEL AND HCV
CULTURED CELLS IN RELATION TO THAT OF TC PATIENTS

400 lymphocytes/ target cell

724 p* PMEL p* HCY p*
BT stage | ) 40 + 28 gy 3 40 + 15
BT stage I 28 + 26 : 36 + 24 61 + 26 005
BT stage ill 27 + 43 27 + 44 30 + 37
BT stage | + 1l + I 31 + 32%< 33 + 34 46 + 31 05
TC afl stages 18+ 3 22 + 30 14 + 33
200 |ymphocytes/target cell
BT stage ! 31 + 36 o5 28 +31 26 + 13 05
BT stage il 1+ 24 13 + 9 31 + 21 005
BT stage 1] 22 + 40 28+ 40 o5 3 o1
BT stage | + Il + 1l 19 + 34 22 % 31 30 + 23
TC all stoges 3 x4 95 42420 10 + 27 001
100 |ymphocytes/ target cell
aT stage | 24 + 35 26 + 30 12 +18
BT stage Il 5% 35% 23 % 23]%2; 37 + 25 01
8T stage I 22 +35 23 + 33 21 + 30
BT stoge | + il + 1l 21 + 36 25 + 29 05 94ty

- .05 - .005 T 001
TC ail stages 0+ 34 6 + 21 1+ 26

Only p values ¢ 0.05 are indicated

cells, these effects appear to be even stronger against NKI-
4. The percentage CTX of the lymphccytes from the remaining
three patients (BT-I (c¢) and BT-III (a and c}; table XIII) is
also the highest on NXI-4, From these data, it is clear that
NEI-4 melancma cells are even more susceptible to the cyto-
toxic effects of lymphocytes from BT patients than T24 and
Mel-T., This indicates that the cytotoxic effects of lymphocy-
tes from BT patients are significantly different f£rom the
effects of lymphocytes from HD, also when NKI-4 cells are used
as target cells.
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Table XIII

CYTOTOXICITY OF LYMPHGCYTES FROM BT PATIENTS ON T24, MEL-I AND NKI-4 CELLS

mean number of cells per well per cent reduction

Patient  ly/te 124 Mel.| INK1-4 T24 Mel-i NKI-4

BT’ 200:17 2.3+13.4% 23,5+ 4.9 2,3+ 1,7 6t+ 500 g2 ger 93+ rrer
100 ; 1 47.5% 5.3 25.5% 7.3 8.3F 2.8 207 5 26F 3" FE T e
M8 59.1% 15,1 34.5F 8.5 3437 5.0 - - -

87-1(6) 20011 33,1+ 6.8 12,5+ 1,9 LA+ 16 88+ 3+ s6+ 10 95 + 10 ex
100 £ 1 71,37 23,8 23,3% 4.7 13,97 9.6 31 F ¢ 37F 27 78T 42
MC w03 *17 36,8% 5.5 64.53 12,4 - - -

BT-lc)  200:1 29,0+ 6,4 13,1+ 2,9 17,9+ 5.1 1+ 3 23+ 2 58 + 2*
1001 31,6F 8.9 18,1 % 5.6 28,3F 5.7 -8T 4 -8% 2 BT
MC 29.4% 5.0 17.1% 4.0 43.1F 4.0 - - -

8T-Hl (@) 20011 45,4+ 12,1 32,3+ 9.5 6,0+ 2,5 23+ 7° 2+ 4 83 +yrere
10011 48,55 15,0 33.0F 4,2 14,8 11,9 187 8 0% 32 57 F 4v0n
MC 58,6% 18,3 33,0% 8.2 34,6F 5.3 . - -

BT-HI(b) 2001 4.4+ 5.4 25,1+ 6.7 8.1+ 5.0 42+ 4t 24+ 3* TT + 2r
100 = 1 49.8 F 14,1 28.4% 8.8 16.4F 6.4 5E 7 4% 4 33%2
MC 5.8 ¥ 18, 32.07 8,2 34.6F 5.3 -

BT-1{e)  200: 1 153 +18g 54.1418,5 35,0+ 5.1 -+ 2+ 8 30 + 3
1001 149 F23 49.1% 8,0 15,6 11,6 -8%12 ni & wFs
MC 138 ¥22 55.1 % 15.4 50,0 % 11.8 - - -

¥ BT: bladder cancer patients, categories | and HI, tested before therapy. a, b and c represent 3 Individual patients

for each category

2 gffactor cell : torget cell ratio
3 numbers are means + 5,0, of surviving cells/well remaining atioched to the battom of wells at the end of the test,
% per cent reduction in relation to MC, **** significant at p {0.001; *** significant ot p £0,005;
** significant at p {0,01; * significont at p { 0,05,
3 MC: medium cantrol,



These results again indicate that determination of speci-
ficity is totally dependent on the number of controls at both
the effector cell and target cell level.

D. Conclusions

In contrast to the well standardized serclogical methods
used routinely in experimental tumcur biology, the variables
which influence cellular MCT results are only poorly under-
stood, despite the efforts made to analyse the reasons for
the discrepant results obtained by different researchers
(Baldwin, 1975; Herberman and Qldham, 1973).

Variables greatly influencing the MCT results are the
number and the selection of the various types of target cells
(table VI, Mukherji et al., 1975a, b; Oldham et al., 1975).
In this study only long-term cultured target cells were used
to determine whether disease~related cytotoxic reactions by
lymphocytes from bladder cancer patients ccould be detected.
The use of established cell lines as a source of target cells
is subject to a number of criticisms: 1. they 4o not resemble
the original heterogeneous population of tumour cells in sdfu
due to the selection of specific cells which are rapidly di-
viding; 2. the observation that only a fraction of the at-
tempts to establish cell lines are successful suggests a
selection for those types of cells that adapt more readily
to {n vifro culturing. This may lead to changes in the expres-
sicn of antigens on the membrane cf these cells; 3. there are
a number of reports demonstrating a greater susceptibility of
long-term cultured target cells to destructicn by lymphoid
cells resulting in an increase in the normal or natural kil-
ler gell reactivity of lymphocytes from control donors, al-
though others did not f£ind such differences (Mukheriji et al.,
1%75a, b; Heppner et al., 1975; de Vries et al., 1974; Oldham
et al., 1975%; Takasugi et al., 1%73; Takasugi et al., 1974).
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It has been argued, therefore, that the use of establis-
hed cell lines is one of the factors explaining the inability
of several investigators to detect disease-related antitumour
reactions (0ldham et al., 1973; de Vries et al., 1974; de
Vries et al., 1975;:; Heppner et al., 1975; Takasugi et al.,
1973; Takasugi et al., 1974). Short-term cultured target
cells would be less subject to the above criticism and are
reported to be less vulnerable to the killing effects of the
lymphoid effector cells of HD (Mukheriji et al., 1275b;
Heppner et al., 1975); in addition, a number of investigators
have demonstrated disease-related cell-mediated cytotoxicity
in human tumour systems employing short-term cultured target
cells (Hellstrdm et al., 1971l; Bubenik et al., 1970a; Bubenik
et al., 1970b; Fossati et al., 1971; Fossati et al., 1972;
Baldwin et al., 1973). However, other investigators found
long- and short-term target cells of different histologic
origin to be equally affected by normal lymphoid effector
cells from HD (Oldham et al.,, 1975; Takasugi et al., 1%73;
1974} . The use of short-term target cells invelves several
problems: 1) they are composed of malignant and nonmalignant
cells. This greatly complicates the discrimination between
nonspecific, normal and disease-related cytotoxicity, since
both malignant and nonmalignant cells may serve as target
cells, while they cannot always be distinguished morphologi-
cally; 2) they are not readily available for cytotoxicity
testing, which is a prerequisite for large scale testing of
lymphocytes for clinical investigations. For these reasonsand
on the basis of the observations mentioned above, long-term
cultured target cells were used as target cells in this study.

A second factor which proved to ke a crucial wvariable in
the determination of the level of cytetexicity and the speci-
ficity of the antitumour reactions is the choice of the type
of baseline control for the calculations. Unpredictable ef-
fecte of control lymphocytes from HD and TC patients can be
seen (tables VII and VIII). Similar cbservations have been

reported by other researchers {Mukherji et al., 1975a; 1975b;

56



Cldham et al.,, 31975; Takasugi et al., 1973). Oldham et al.,
{1975) used the "least active normal donor" in a single assay
as the baseline control; however, as has been shown (table V),
one individual donor may exert opposite effects on different
types of cell lines (Mukherji et al., 1975b) and this would
mean that, for each cell line, a different "least active nor-
mal donor”™ should be selected. Moreover, the selection of the
"least active normal donor" in one particular assay is depen-—
dent on the number of normal donors inciuded in that test and
hence makes it incumbent on the investigator to include a
large number of normal donors in each test. Repeated use of
the same lymphocyte donor whose lymphocytes are proven tc be
unreactive at one occasion is unreliable, since there is a
large fluctuation in the cytotoxic effects of the lymphocytes
of one individual donor if tested repeatedly at different
time interwvals (chapter II, Heppner et al., 1975; Pierce and
Devald, 1975; Oldham et al., 1973; Oldham et al., 1975). The
repeated use o0f cryopreserved unreactive lymphocytes is aliso
unreliable {chapter III). Therefore, the medium control was
used as a common baseline in this study. Although this type
of baseline does not control for the growth stimulating or
cytotoxic effects of control lymphocytes from HD and/or TC
patients, it is this feature that allows an objective compari-
son of the overall cytotoxic effects of lymphocytes from the
different donor groups in order to investigate whether di-
sease-specific effects of lymphocytes from BT patients are
superimposed on the chserved normal and nonspecific reactivi-
ties. For this purpose, the lymphocytes were always tested on
the same set of target cells to reduce the influence of fluc-
tuations in susceptibility to cell lysis by lymphoid effector
cells for one particular target cell throughout prolonged cul-
turing (chapter III}. Since the patients themselves represent
a major variable, the BT patients were divided into three
categories on the basis of tumour stage (table I} to maintain
each group as homogenecus as possible.

The results obtained indicate that lymphocytes of BT pa-
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tients tested bhefore therapy are significantly more reactive
against the different types of target cells as compared to
those of HD and TC patients (tested during or shortly after
therapy) at variocus lymphecyte : target cell ratios {tables
XT and ¥XII). When, however, the same BT patients were tested
after therapy, their overall cytotoxic effects against the
same set of target cells were similar to those of HD or TC
patients {tables IX and X). From these data, it can be con-
cluded that the stronger reactivity is not tumour—specific.
This is in contrast te the conclusion drawn by de Vries and
Riimke (3976). These authors compared the overall cytotoxic ef-
fects of lymphocytes from HD and melanoma patients using T24
bladder and NKI-4 melancma cells as target cells and found the
cytotoxic effect of lymphocytes from melanoma patients to be
significantliy stronger in comparison to that of HD. Such a
difference in cytotoxic effect was not detected on T24 target
cells. Therefore, it was concluded that a tumour-related res—
ponse was superimposed on the nonspecific cytotoxic effects
of lymphocytes from melancma patients if the effects were
compared with those of lymphocytes from HD, Table XI shows
the frequency of cytotoxic reactions of BT patients against
T24 target cells to be smaller as compared to that on Mel-I
cells; moreover, the NKI~4 cells appeared to be even more
susceptible to the cytolytic activity of lymphocytes from BT
patients when their lymphocytes were tested before therapy
(table XIII).

It is noteworthy that the three cell lines used through-
out this study showed no statistically significant difference
in susceptibility to cell lysis by lymphocytes from HD (data
not shown).

/This latter observation confirms the conclusion that the
cytotoxic effects of lymphocytes from BT patients, and possi-
bly of other groups of cancer patients tested before therapy,
are significantly stronger against tumour cells, if compared
with HD and TC patients during or shortly after therapy. The

cytolytic effects were also observed on HCV cultured cells
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which are of nonmalignant origin. This susceptibility to cell
lysis was alsc observed by de Vries (personal communicatioconj.

It is unlikely that the lack of specificity must be at-
tributed to the lytic activity of monocytes which are repor-—
ted to give nonspecific cytotoxic effects {(0'Toole et al.,
1273; Riethmuller et al., 1975), since these cells are present
only in low numbers in ocur lymphocyte preparations. Moreover,
the procedure by which effector lymphocytes are isolated
seems not to account for the nonspecific reaction cbhserved,
gince the isolation procedures yield reversed effects on the
different types of target cells (Mukherji et al., 1975b;
Oldham et al., 1975}). Several studies have indicated wvarious
subpopulations of lymphoid cells to be responsible for the
non—-specific and NER-cell reactivity of lymphocytes of HD and
TC patients, including C3/Fc-receptor carrying cells, Fc-
positive (T-}cells (chapters V and VI; Hersey et al., 1975b;
Jondal and Pross, 1975; C'Toole et al., 1873; 0O'Toole et al.,
1974). These dififerent candidates for the cytotoxic effects
observed might be present in different concentrations in the
peripheral blood of individual donors or in general in dif-
ferent donor groups. The cytotoxicity observed for a single
cancer patient may therefore be the result of a combkination
of disease~related, non-specific and normal or natural
killer cell reactivities of the effector cell subpopulations.
Since cytotoxicity is merely defined as stronger cytolytic
reactivity by test lymphocytes over control, e.g. control lym-
phocytes or medium control, this complicates the evaluaticn
of disease-related cytotoxic reactions. The observation of in-
creased overall non-specific cytotoxicity of lymphocytes
from BT patients before therapy might be due to the presence
of cross~reactive embryonic antigens present on tumour cells
as described in well-defined animal tumour models (Baldwin
et al., 1973; Baldwin and Embleton, 1974).

The discrimination among the different cytotoxic effects
will depend on the possibkbility of separating normal, non-spe-

cific or NE- and disease-related reactive effector cells
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from each other, assuming there is no overlap in these react-
ivities. This, however, does not mean only the develcopment

of refined cell separation techniques but also modification
and more rigorous standardization of the MCT and molecular
characterization of the cell surface antigens. We have found
that effector cells of the same individual donor have differ-~
ent effects on long term cultured target cells from a parti-
cular cell line if these target cells are from different pas-
sages, The effector cells used were obtained from one hatch
of frozen cells and tested in the same experiment on target
cells from different passage numbers {chapter III}. The fluc-
tuations in the results are probably due to the complexities
inherent in the present methodology.

Finally, few studies have been performed on the necessi-
ty of histocompatibility between effector cells and target
cells as suggested by Doherty et al, (1976) in virus studies.
This would make testing of autologous lymphocytes on tumour
cells mandatory. The .k viti¢ sensitization of lymphocytes
from HLA identical sibs are from HLA-matched donors might
offer an alternative approach,.
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CHAPTER IXII

CRITICAL EVALUATION OF THE MICROCYTOTOXICITY
TEST {(MCT): ATTEMPTS TO STANDARDIZE THE MCT

A. Introduction

In the previous chapter it was shown that lymphocytes
from healthy donors may exert strong normal or natural cyte-
toxic effects against tumour cells and that the level of the
cytotoxic effect was donor dependent. It was for that parti-
cular reascn that the medium-control was used as the base-
line for the calculation of the per cent cytotoxieity. To
further study the nature of the NK-c¢ells (see Chapters V and
VI} it is of importance to establish whether a standardized
MCT measures the cytotoxic capacity of the NK-cells in a re-
producible and guantitative fashion. It already has been
shown that fresh lymphocytes from the same individual, taken
at time intervals and tested in the MCT in separate experi-
ments, show fluctuations in their cytotoxic effect and also
that with serial passage of cell lines the target cells
change in their susceptibility to lysis by lymphocytes (Levy,
1973; Oldham et al., 1973; Heppner et al., 1975). The observ-
ed day-tc-day variations seriously compromised the monitor-
ing of the cytotoxic capacity of donor lymphocytes in longi-
tudinal studies. These variations might be reduced by using
cryopreserved lymphocytes and target cells, This would aillow
for the collection of lymphocyte samples from one individual
over a long time pericd followed by testing of these samples
or of samples of a number of donors in a single experiment.
The variation in this single experiment would then result
only from variations in the patients' material together with

those due to the freezing procedure of these individual sam-
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ples. Furthermore, the cryopreserving technique would then

allow to repeat the testing of:

a) aligquots of a large sample of lymphocytes from cone indiwvi-
dual, providing a standard base-line for evaluation of
the level cof cytotoxiecity of patients' lymphocytes in ine-
dependent experiments, and

k) lymphocytes isolated from blood taken at time intervals of
individual donors on a pool of target cells with known sus-
ceptibility to lysis and antigenic ceontent, which then
both could be used in different experiments.

The use of a standard base-line and aliquots of one pocl
of target cells would also allow cne to compute the assay va-
riation and the variation in the cytotoxic capacity of the
various subpopulations of lymphoid cells.

The successful cryopreservation of a number of functio-
nal properties cf lymphocytes such as mitogenic stimulation,
for histo-compatibility testing and the preservation of a num-
ber of cell surface markers (Weiner et al., 1973; Eysvoogel
et al., 1973; Strong et al., 1275; Birkeland, 1975) provided
the basis for testing the effect of cryopreservation on the
cytolytic capacity of lymphocytes. We have asked ourselves
the following guestions:

1. Is there an effect cf the freezing procedure on the cyto-
toxic capacity of lymphocytes and on target cell lysibili-
ty?

2. Is there an effect of serial subculturing of the target
cells on the lysibility of these cells by lymphocytes?

3. Does a maximally standardized MCT i.e., using cryopreser-—
ved effector and target cells, yield reproducible results
when several microcytotoxicity exXperiments are performed
with time intervals.
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B. Materials and methods

1. The microcytotoxioity tesd

The lymphocyte preparations were tested for their cyto-
toxic capacity in the MCT as described before (chapter II).
Target gells were plated 3 hours before additicn of the ef-
fector cells since pilot studies had shown that this procedure

considerably reduced the variation in plating efficiency.

2, Testing of the influence of the cryopredervation procedure on the cyto-
Lytic effect of Lymphocytes and on the Lysibility of tarnget cells and
Zhe effect of seniok passage of tarnget cells on their Lysibility.

The Experimental design is shown in table I.

Plating of the effector cells in the micrnofesit plate,

Target cells: T24, a bladder cancer cell line (see chapter II)
and Colon~1l, were used as target cells. Culturing and harvest-
ing of the cells was performed as described in chapter II

(Materials and methods). Cryopreserved target cells were cul-
tured for 1 week before they were used as targets in the MCT.

Lymphocyte {sofation

Lymphocytes from peripheral blood, anticoagulated with EDTA,
(Merck, Darmstadt, Germany) were obtained by gradient centri-
fugation using the Isopaque-Ficoll technigue (Bdyum, 1968).
Blood was diluted 1 ; 1 with Hanks' Balanced Salt Solution
(BSS), layered over the gradient and centrifuged for 13 min
at 1400 g. Cells at the interface were aspirated and washed
twice with RPMI-1640 medium supplehented with 5 % foetal calf
serum.
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Table I

EXPERIMENTAL DESIGN

target colls { T 24 and colon-1)
fresh frazen / stored frozen / stored frozen / stored frozen / stared frozen / storad
target cells targat celis target cells target cells target celis target cefls

4 } 4
| |
|
fresh l I
lymphocytes -~ | |
| |
frozen / stoped -l————uumme— !
lymphocyles exp. | | t
| k
£

frozen / stored
lymphocytes exp,2 | !
I |
frozen / stared | !
lymphocytes exp.3 | l
| |
frozen / stored — — —— ¢
lymphocytes exp. 4 !
frozen /stored o . o e e —

lymphecytes exp.5



3. Proghammed fheezing of Lymphocytes

) Cells were suspended in RPMI-1640 medium supplemented
with 20 % foetal calf serum and 10 % dimethylsulfoxide (BME0)
in freezing tubes (2 ml ampoules Greiner 238 §). The DMSO was
added within 15 min before freezing of the cells. The lympho-
cyte samples were frozen at present cocling rates by use of a
Cryson BV-4 liquid nitrogen controclled freezer. The cell sus-—
pensions were cocled at a rate of -1° C/min to -20° ¢ and
then rapidly cooled to -120°% ¢ by rapid addition of liquid
nitrogen (freezing rate 6° C/min). Vials were then trans-
ferred to a liguid nitrogen storage tank where they were kept
in the vapour phase until use. Cell suspensions were thawed
by rapidly transferring individual tubes from the liguid ni-
trogen tank into a stream of warm water (approkimately 40° [o}]
and agitating the tubes until no ice was présent. Subsequent-
ly, RPMI~164C with 20 % foetal calf serum was added stepwise
up to 10-fold dilution of the frozen suspension and the cells
were washed twice with the medium with 10 % foetal calf se-
rum.

4, Medium

Parker 199 medium supplemented with 10 % foetal calf se-
rum was used, For this study one iarge batch of medium was
prepared, aligquoted and used throughout the experiments so
that variatiocns in the results could not be ascribked to varia-
tions in the reagents.

5, Statistical analysis of the micnocytotoxicity fest data
The experiments describked in this chapter were designed

in a factorial fashion. The data were treated pertaining to
as for a completely randomized block design, although with
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the effector/target cell ratico variakle a split level was in-
troduced. This may have led to an underestimate cf the effec-
tor/target cell ratic effect because the residual error vari-
ance, used as the denominator for the calculaticn ¢f the

Fischer F-value, is characteristically larger than the error

variance, associated with the within donor effect.

C. Results

1. Effects of greezing and thawing on the RIELIng capacity of effecton
Lymphocytes and on Lhe susceptibility forn Lysis of the target cells

The analysis of variance of the data presented in II and
III are given in Table IV.

The fresh and cryopreserved lymphocytes were tested in
fresh and cryopreserved target cells in a reciprocally way
(Materials and methods, table I}. The data of the MCT are
given in tables II and III and the analysis of variance of
these data are presented in table IV.

a) the lymphocytes of the various individual donors tested in
this experiment display a significantly different lytic ef-
fect against the target cells, confirming the data discussed
. in chapter II. The donor effect interacts significantly with
the other variables studied, viz. D x R; D x L; D x T and

D x Q interactions (table IV) and hence the factors are sta-
tistically not independent.

b) The effector/target cell ratio, being significant pen se,
yields a significant interaction with the type of target
cell (R x Q; table IV) besides the D x R interaction mention-
ed earlier.

c¢) The mean lytic capacity of fresh lymphocytes is signifi-
cantly larger than that of cryopreserved lymphocytes. Inter-
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TABLE II

INFLUENCE OF THE CRYOPRESERVATION OF LYMPHOCYTES AND TARGET CELLS
ON THE CYTOTOXIC CAPACITY OF LYMPHOCYTES AND THE LYSIBILITY CF
TARGET CELLS

per cent reduction of T24 target cells”™

effector/ frash frozen
donor target cell lymph?cytes
numbexr ratio fresh frozen fresh frozen
250 200 : 1 53 23 73 338
100 @ 1 29 18 50 39
251 200 : % 10 -17 2 0
100 = 1 19 8 21 -3
253 200 = 1 4 10 -15 - 8
100 : 1 3 6 4 0
259 200 : 1 0 ~16 11 -13
100 : 1 0 -3 20 g
260 200 : 1 [ -9 4 0
100 : 1 0 5 -i9 -3
261 200 : 1 9 -2 1 ' 1
100 : 1 2 -~ 9 10 -11

* passage number of T24: 88.

estingly no interaction of the cryopreservation of lymphocy-
tes with that of the target cells were cbserved, indicating

that these effects represent two independent variables (L x T
interaction; table IV).

d) %¥he susceptibility to lysis of the two target cells in-
creases as a result of cryopreservation (T effect).

e} The most significant wvariable in this experiment appeared
to be the type of cell used as a target in the MCT. Therefore,
the reproducibility of the MCT was separately analysed for
each cell line (see below).
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Table III

INFLUENCE OF THE CRYOPRESERVATION OF LYMPHOCYTES AND TARGET CELLS
ON THE CYTOTOXIC CAPACITY OF LYMPHCOCYTES AND LYSIBILITY OF
TARGET CELLS

per cent reduction of Colon-1 target celis”

effector/ fresh . , frozen
donor target cell lymphocytes
" s ratio fresh frozen fresh frozen
250 200 = 1 33 25 60 28
100 : 1 20 15 46 21
251 200 : 1 47 15 79 47
100 : 1 38 12 75 47
258 200 : 1 43 72 61 79
100 : 1 39 51 33 40
258 200 = 1 10 39 40 53
100 = 1 19 34 31 44
260 200 : 1 33 22 61 47
100 : 1 21 8 41 26
261 200 1 - 4 29 34 39
100 : 1 7 29 12 21

passage number of Colen-1: 19

7. Effect of subculiuning of fargel cells on the Lysibility of the cells

It was of interest to investigate whether the suscepti-
bility to lysis of target cells varied with subculturing of
these target cells. Therefore, aliguots of cryopreserved lym-
phocytes from individual denors were tested on serially pas-—
saged target cells in order to minimize variations in the as-
say due to variations at the level of the effector cells. The
results are presented in tables V and VI, and they show that
the per cent cytotoxicify fluctuates considerably. The analy-
sis of variance reveals a significant effect of passage num—

ber. The effect of passage number of the target cells proba-
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TABLE IV

ANATYSIS OF VARIANCE OF THE INFLUENCE OF THE CRYOPRESERVATION OF LYMPHO-
CYTES AND TARGET CELLS ON THE CYTOTOXIC CAPACITY OF LYMPHCCYTES AND
LYSIBILITY OF TARGET CELLS

Effect Degrees of Sum of squares Variancge r-value
freedom estimate
D 5 61732.3 12246.5 30.54::
R 1 5073.8 id. 12,55
£ 1 6780.6 id. 16,777
T 1 15859.5 ia. 39.24
o 1 170885.3 id. 422,76
DxR s 10287.7 2057.5 5.09™
DxL 5 23521.5 4704.3 11.64™
DxQ 5 83130.5 16626.1 41.13%
DxT 5 15640.7 3128.1 7.74™*
RxL 1 140.1 id. 0.35
RxT 1 1150.5 id. 2.85
RxQ 1 6176.7 id. 15.28%
L=xT 1 75.0 id. 0.19
Lxg 1 1604.3 id. 3.97%
TxQ 1 6521.7 id. 16,13
Error 672 271632.0 404.2

#: denotes a probability between 1 and 5 % that the H0 is valid
+x: probability of less than 1 %.

D: donor effect

R: effector/target cell ratio effect

L: fresh or cryopreservation effect of lymphocytes

T: fresh or cryopreservation effect of target cells

Q: target cell type effect

bly account for the significant interaction with the effector/
target cell ratic (R x P interacticn; table VI). However, an
alternative explanation cannot be excluded i.e., that the

fluctuations are the result of the lack of repreoducibility of
the MCT.
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Table V

EFFECT OF SERIAL PASSAGE IN VITRC OF TARGET CELLS ON THE LYSIBILITY OF
THE TARGET CELLS

per cent reduction of fresh T24 target cells

donor effaector/
number target cell passage number
e
Tatio 88 89 50 91 a2
250 200 : 1 23 3 -7 13
100 : 1 18 15 =21 2
251 200 : 1 ~17 1 5
100 = 1 8 17 -1
258 200 : 1 10 8 -29 -19 -1
100 : 1 [ 21 -20 -12 2
259 200 : 1 -16 -7 5 -10 2
100 : 1 -3 -3 5 -15 0
260 200 : 1 -9 3 -22 -12 9
100 : 1 5 -0 -5 12 7
261 200 : % - 2 -i5 -13 =27 18
100 : % -9 1 -10 -8 6
* frozen-stored lymphocytes
ANALYSIS OF VARIANCE **
Effect Degrees of Sum of squares Variancer F-value
freedom estimate
D 3 1106 368.7 0.90
R 1 3852.8 3852.8 9,40
E 3 8150.1 2716.7 6.63™
D xR 3 771.3 257.1 .63
DxE 9 19805.1 2200.6 5,63
Rx E 3 1117.4 372.5 0.91
DxRxE 9 27077.4 3008.6 7.34 ™
Error 224 91812.9 409.8

ok

D: donor effect
R: ratio effect
E: experiment effect

s=wx: probability of less than 1 %

Only the complete data from donecrs 258 through 261 were used.



Table VI

EFFECT OF SERIAL PASSAGE IN VITRO OF TARGET CELLS ON THE LYSIBILITY OF
THE TARGET CELLS

effector*/ per cent reduction of Colon-l target cells
donerx target cell passage number
numbex ratio 18 19 20 21 22
250 200 : 1 -5 25 14 25
100 : 1 37 15 ] 15
251 200 : 1 -67 15 ] 17
300 = 1 -58 19 16 2]
258 200 : 1 32 72 7 0 58
i00 : 1 31 51 48 & 33
259 200 : 1 22 39 15 =73 38
100 : 1 iz 34 35 26 26
260 200 : 1 12 22 34 6 28
100 : 1 12 8 44 -9 39
261 200 : 1 33 29 16 1 33
106 : & 13 29 21 25 26

frozen~stored lymphocytes

ANALYSIS OF VARIANCE

Effect Degrees of Sum of squares Variance F-value
freedom estimate

D 3 10207.4 3402.5 1.88

R 1 3227.7 3227.7 1.79

P E] 59256.1 19752.0 10.93 ™

D xR 3 8270.8 2756.9 1.53

Dx P 9 26253.5 2917.1 1.61

Rx P 3 19772.5 6590.8 3.64°

DxRxP 9 28267.5 3140.8 1.74

Error 224 406565.5 1807.0

** Only the complete data from donors 258 through 261 were used.
denor effect

ratio effect

passage effect

denotes a probability between 1 and 5 % that the H
probability of less than 1 %,

is valig

i L -

0
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3. Analysds of The reproducdbility of the microcytofoxicity test

For this purpose two types of experiments were perform=-
ed. a) Aliguots of frozen—stored target cells from different
passage numbers were tested in a single experiment (table
VII). b) Target cells with the same passage number were tested
at weekly time intervals using aliguots of frozen-stored lym-
phocytes of individual donors as effector cells in order to e-

liminate the variables at the level of the effector cells. The

Table VII

INFLUENCE OF PASSAGE NUMBER OF THE TARGET CELL ON THE LYSIBILITY OF
THE TARGET CELLS AND THE REFPRODUCIBILITY OF THE MCT

per cent reduction of T24 target cells

Experiment number

donor effector*/ 1 2 3 4 5
number target cell passage numbery
ratio &1 84 88 88 88 88 88
250 200 : 1 -26 7 -11 39 -18 -13
100 = 1 -30 0 -8 39 - 2 -16
251 200 1 -35 -17 -52 -17
100 = 1 -26 8 =23 -9
258 200 : 1 16 10 -8B 8 Q -23 -10
100 : 1 1 15 2 o] -2 -17 ~ B
259 200 s 1 -21 -6 2 -13 -41 ~-16 -18
100 = 1 -28 -14 8] S -12 -12 - 4
260 200 : 1 -14 -24 1 0 -40 -5 9
100 : 1 =27 -6 9 -3 2 5 9
261 200 : 1 2 -9 -8 i 13 -30 -15
100 : 1 -6 -1 2 -11 -1 w 3 7

* frozen-stored lymphocytes

analysis of variance is presented in table VIII A
analysis of variance is presented in table VIII B
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data for T24 and Colon~l cells are presented in tables VII and
IX, respectively, and the analysis of variance of the data
given in tables VII and IX are presented in tables VIIT A, B
and IX, respectively. Moreover, the donor and ratio effects
described earlier were again significant (D, R effects; table
VIIL A). It should be mentioned that the significance of the
second order interacticn complicates the interpretation.

Unfeortunately, it must be concluded that there are a num-
ber of intrinsic variables of the MCT that cannot bhe controle~
led, resuylting in large fluctuations ranging from reduction
to enhancement of target cell growth and hence influencing
the level of cytotoxicity, although always the same combina-—
tions of frozen-stored effector and target cells were tested.
Table VIII A shows also that the susceptibility of the T-24
target cells with different passage numbers, when tested in &
single experiment, does fluctuate significantly (P effect).
This can also be seen from the datz presented in table VI,
and hence indicates that the fluctuations in the lysibility
of target cells with different passage numbers tested in dif-
ferent experiments indeed is likely to be due to the subcul-
turing of these target cells and can also be ascribed to the
lack of reproducibility of the MCT because, when target cells
of the same passage are tested in different experiments, sig-
nificant fluctuations are observed (see above). Aligquots of
target cells of the same passage were tested at weekly inter-
vals tc monitor the reproducibility of the MCT. From the ana-
lysis of variance (table VIII B} it may be concluded that the
MCT is not reproducible since the effect of cytotoxicity test-
ing from week to week is significant (E effect).

D. Conclusions

The aim of this study was a systematic analysis of the
effect of cryopreservation on human lymphocytes and target
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Effect Degrees of Sum of sguares
freedom
D 3 3575.6
R 1 2737.9
P 2 2047.5
DxR 3 2146.9
DxP 6 14530.5
RxP 2 627.5
DxRxP 6 4455.4
Error 162 48071.5

Table VIIL A

BNALYSIS OF VARIANCE**OF THE INFLUENCE OF PASSAGE NUMBER OF
OF THE TARGET CELL ON THE LYSIBILITY OF THE TARGET CELL

Table VIII B

Variance F-value
estimate
1191.8 4,197
7300.3 25.66’;x
£023.7 3,60
715.6 2,52
2421.7 8.51%%
3t3.8 1.10
742.6 2.61%
284.4

ANALYSIS OF VARIANCE**OF THE INFLUENCE OF REPEATED TESTING OF THE SAME
PASSAGE NUMBER OF THE TARGET CELL ON THE REPRODUCIBILITY OF THE MCT

Effect Degrees of Sum of squares Variance F-value
freedom estimate

D 3 3128.3 1042.8 1.94 -

R 1 8590.5 8590.5 16.00"

E 4 14093.3 3523.3 6.56""

D xR 3 915.9 305.3 0.57

DR E 12 8478.2 706.5 1.32

RxE 4 5866.9 1466.7 2.73"

DxRxE 12 7264.6 605.4 1.12

Errox 280 150339.3 536.9

** only the data from donors 258 through 261 were used.

D : donor effect

R : ratic effect

E : experiment effect

x :denotes a probability between 1 and 5 % that the HO is wvalid

#x: probability of less than 1 %.



Table IX

REPRODUCIBILITY OF THE MCT

per cent reduction of Colon-1 target cells

effector*/ experiment number
donor target cell 1 2 3 4
number ratio passage number
19 19 19 19
250 200 : 1 28 31 9
100 : 1 21 28 9
251 200 : 1 46 35 28
100 : 1 47 30 44
258 200 : 1 79 0 32 -7
100 : 1 40 33 16 -7
25% 200 : 1 53 -3 8 20
100 : 1 44 16 30 13
260 200 : 1 47 31 4 15
100 : 1 26 24 18 3
261 200 : 1 3¢ i4 10 23
100 : 1 21 11 27 i3

* frozen-stored lymphocytes

ANALYSIS OF VARIANCE

Effect Degrees of Sum of squares Variance F-value
freedom estimate

D 3 1719.0 573.0 .39

R 1 125.2 125.2 0.08***

E 3 34577.3 11525.8 7.79

D xR 3 1454.3 484.8 0.33

Dx E 9 21302.3 2366.9 1.60

R x E 3 7931.1 2643.7 1.79

PxRXE 9 8539.9 948.9 0.64

Error 224 331629.7 1480.5

b Only the data from denors 250 through 261 were used.

¢ denor effect
R : ratio effect
: experiment effect
: probability of less than 1 %.



cells and the reproducibility of the MCT. Under the optimal-
ly standardized conditions i.e., using cryopreserved effect-
or and target cells, the level of cytotoxXicity observed might
not be influenced by day to day variations (see later). Sev-
eral authors have reported that cryopreserved lymphocytes and
target cells gave similar results in a long term cytotoxicity
assay as compared to fresh cells. This was demonstrated in a
rat model system (Crtaldo et al., 1976) and in a human model
system (Jeejeebhoy and Lawler, 1976). In the rat system, how-
ever, the target cell tumcur associated antigens are well de-
fined and hence the specificity of the reactions are well de-
fined likewise. In the human system, mentioned above, the
fresh and cryopreserved lymphocytes and target cells were
never tested simultaneously and only a limited number of ex-
periments was performed. This study indicates that cryopre-
served lymphocytes are less cytotoxic than fresh lymphocytes,
extending and confirming previous observations by others
(Pavie-Fischexr et al., 1973).

Cryopreserved target cells are more susceptible to lysis
than fresh target cells, although the cryopreserved cells
after thawing were cultured for 1 week before they were used
as target cells in the MCT, viz. an irreversible damage of
the target cells is not a plausible explanation since these
cells would have died off before testing. The factor dis-~
playing the most significant effect is the type of tumour
cell used as the target, i.e., a large difference in target
cell lysibility is noted (table IV; Q effect). The same is
true for the passage numbers of a particular target cells
i.e., the susceptibility to lysis of target cells fluctuates
with subculturing.

When the cytotoxic effects of different doncrs are com-
pared by testing them in a single experiment a significant
donor effect is observed (table IV and VIII A). Such a donor
effect, however, is lost when the doncrs are repeatedly test-
ed in independent experiments (table VIII B and IX). This

confirms our previocus cconclusion, already mentioned in chap-
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ter II, that lymphocytes of normal donors do not provide a
proper base—line for the calculation of the cytotoxic capa-
city of cancer patients lymphocytes due to the fact that in a
single experiment different doncors appear to exert signifi-
cantly different cytotoxic effects.

Furthermore, this observation implicates that in order
to compare the cytotoxic effects of lymphocyte samples taken
from one individual at different times or to compare the cy-
totoxic capacity of lymphocyte samples taken from different
individuals, it is mandatory to test these samples in a
single experiment since neither crycpreserved lymphocytes,
when tested at different occasions, provide a standard bhase-~
line nor do aliguots of target cells of the same passage
tested at different occasions show comparable lysibility to
the lytic effects of the effector cells.

The mcst crucial finding is that the MCT cannoct be used
for longitudinal monitering of cell mediated cytotoxic capa-
city of patients in experiments performed at different times
(table VIII and 1X). Technically, the MCT is complex and
there are variables such as experimentator errcrs, cell count-
ing, pipetting, incubator temperature, humidity and CO2 con-
centration {Jewett et al., 1976} and these variations are
not due to biological phencmena. One of the major drawbacks in
the MCT is the long incubation time reguired, allowing a num-
ber of factors to influence the results, factors that appa-
rently cannot be contrclled. The develcpment cof an assay that
measures the cytotoxic effects of lymphocytes in a much short-
er time period, limiting the variances in the test, is reguir-

5lCr--release cytotoxicity assay.

ed. One approach may be the
This test allows the monitoring ©f target cell lysis by lympho~

cytes after 18 h incubation of effector and target cells.
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CHAPTER IV

THE IDENTIFICATION OF A NEW SUBPOPULATICN OF
T-LYMPHOCYTES

A, Introductiocon

In the study aiming at the testing of the efficacy of
lymphocyte subpopulation iscolation procedures in order to
test the various subpopulations for WK- and K-cell activity,
one of the cell surface markers i.e., the complement receptor,
was used for fractionation of lymphocytes. Rosettes were made
by using IgM coated sheep red blcocd cells (Esh) plus comple-
ment. No IgG was used for sensitization of the Eﬂlto prevent
rosette formation by complexing of the IgG-Fc receptor (IgG-
FcR) with IgG antibody coated E,- As controls for the roset-
tes formed with the Esh—IgM—complement complex in order to
show that rosettes were formed via the complement receptor on
the surface of the lymphocytes: a. Esh,lm ESh coated with IgM,
and c. En plus IgM and inactivated complement were each add-
ed to lymphocytes in separate tubkes. The observation was made
that rosettes were formed in the tubes containing lymphocytes
and TgM coated Esh‘

Receptors for agyregated IgG and antigen—-IgG type anti-
body complexes have been detected on human T-cells (Yoshida
and Anderson, 1972). Moretta et al. (1975) recently demon-
strated a new receptor on T-cells which is capable of binding
antigen-IgM type antibody complexes after culturing the lym-
phocytes. Our studies indicate that no culturing of fresh-
ly drawn peripheral blood lymphocytes is necessary for the
expression of this receptor. Furthermore, we have studied the
effect of foetal calf serum concentraticn of the incubation
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mediuvm as well as the effect of contrelled freezing and thaw-
ing of lymphocytes on the capacity of lymphocytes to form
rosettes with EA-IgM.

B. Materials and methods

T. Lymphocyte {sofation and culiunre

Lymphocytes from peripheral blood were obtained by gra-
dient centrifugation using the Isopaque Ficoll technigue
(BSyum, 1968) as described before (chapter TIII, Materials
and methods).

Overnight incubation of purified lymphocytes: cells were
stored at 37° C for 18 h at a concentration of 2 x los/ml by
placing the tubes with 2 ml cell suspension in a heorizental
position in a 37° ¢ incubator.

2. Preparation of anti—Eéh-anziAeﬂum and the TgM antibody containing
graction

Rabbits were immunized with stroma of sheep red blood
cells (Esh) to raise an antiserum rich in IgM type antibodies
as described by Kabat and Mayer (1961). IgM was isolated by
DEAE chromatography, starting buffer 0.1 M phosphate, pH 7.5.
The linear gradient was made by admixing 0.3 M phosphate buf-
fer to the starting buffer. IgM fractions were tested, pool-
ed, concentrated and subjected tc Sephadex G-200 gel filtra-
tion. The elution buffer was phosphate buffered saline plus
0.15 M NaCl, pH 7.5. The IgM containing fractions were col-
lected and tested for complement dependent haemolytic activi-
ty of Esh' Fractions not containing IgG as determined by im-
muno-electrophoresis were pooled. Partial cleavage products
of IgM pentamers were induced by treating the IgM antibedy
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fraction with dithicerythritol (DTE) (final concentration
0.1 M) (Chapuis and Koshland, 1974).

3. Technigues {on EA-TgM nosetife foumation

Blood of sheep was mixed 1 : 1 with Alsever's fluid and
kept at 49 C until use. Esh were washed 4 times with phos-
phate buffered saline (PBS) and resuspended at a concentra=-
tion of 1 x 108/ml in RPMI-1640. The Esh were sensitized with
a diluted IgM containing antiserum fraction {1 step beyvond
the agglutinaticn titre) by incubating the mixture at 37° ¢
on a reller bank. The complex formed willi be abbreviated as
EA-TgM. For the rosette formation egual volumes (250 pl} of
EA-IgM and purified lymphocytes (2 x 105/m1) suspended in
RPMI~1640 supplemented with 5 % foetal calf serum (unless in-
dicated otherwise} were mixed and spun down for 5 min at
250 g, resuspended and incubated at 37° ¢ for 5 min to disrupt
possible Esh—ceil rosettes. The percentage RFC was determined
in a haemocytometer after supravital staining of the lympho-
cytes with brilliant cresyl blue (0.1 per cent in PRS).

To investigate whether non-complexed IgM-type antibodies
could bind to the IgM-receptor on lymphocytes, lymphocyte
suspensions {2 x lOG/ml) were incubated at 370 C with the
IgM containing fraction of the antiserum and subsequently
washed twice with RPMI-1640 supplemented with 2.5 % foetal
calf serum to remove free IgM. The complex formed will be
abbreviated as Lv-IgM. Ly-IgM was then incubated at 37° ¢ or
4° ¢ with an equal volume (250 upl) of a 1 % B, ®olution.

For iphibition studies we used purified IgM isolated
from sera of patients with macroglcobulinaemia. The IgM was a
gift from Dr. F,W. Putnam (University of Indiana, Blcomington,
Indiana, U.S.A.), who alsc isclated Fc fragments from IgM.
These preparations were made available to us by DPr. F. Gmelig-
Meyling f{University Hospital, University of Utrecht, The
Netherlands). A 0.5 ml wvelume of purified lymphocytes
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{1 x lDG/ml) were incubated for 2 h at 0% ¢ (on melting ice)
with 0.125 mg of the inhibitor followed by incubation with EA-
IgM and the percentage of rosettes formed was counted.

4. Lymphocyte markesr Lests

The simubianeous £ and EA-IgM roseife fonmation

In order toc study the nature of the cell binding the EA-
IgM complex double marker experiments were performed. Thus,
gsince binding of B to lymphocytes is an accepted T-cell
marker the ability of lymphocytes to form double rosettes
was examined (Wybran et al., 1972).

Esh—rosettes and mixed EsﬂﬂﬂbIgM rosettes were formed by
incubating the lymphocytes at 22° C for 20 min with a mixture
of Esh and IgM sensitized fluorescein isothiocyanate-labelled
Esh (Mdller, 1974) abbreviated as EAFITC*IgM. Uncoated ESh
and/or Esh treated with necrmal rabbit serum were used as gon-
trels throughout this study. The double rosette were counted
using a Litz-Dialux microscope.

5. Dinect Ammuncfifuonescence for the ddentification of T-cells

The technique used has been described previously (Knapp
et al., 1973}. Anti-T-cell antiserum was prepared from a
horse anti-human-thymecyte IgG fraction {Upjohn Comp., Kala-
mazoQ, Michigan, U.5.A.) and made specific for human T-cells
by exhaustive absorpticon with insolubilized normal human se-
rum, ABO erythrocytes, B-cells from chronic lymphatic leu—
kaemia cells and cells of the myeloid lines. It was prepared
and supplied to us by Dr. Gré Asma from the Institute for
Experimental Gerontclogy TNO, Rijswijk, The Netherlands
(Asma et al., 1977a, b)}.
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C. Results

1. EA-IgM nesettes: frequency, properties and the effects of different
Lypes of theatment of Lymphocytes on the percentage of EA-TgM-RFC

As can be seen in fig. 1, a ccnsiderable number of blocd
lymphocytes are capable of rosette formaticn with EA-IgM anti-

body complexes. However, a wide range of reactivities is ob-

served. This confirms the finding of Gmelig-Meyling et al.

(1876) .

Table 1 shows the results of two representative experi-

ments where the effect of pre-incubation of lymphocytes for
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18 h at 37° ¢ and programmed freezing and thawing of lympho-
cytes on theilr rosette forming capacity of fresh lymphocytes
with EA-IgM conmplexes was studied. Although a decrease or in-
crease iIn the percentage BA-IgM-RFC after incubation of the
lymphocoytes for 18 h at 37° ¢ (donors 2, 5 and 7, respective—
1y} and programmed freezing and thawing (donor 1) is seen,
the mean percentages of EA-TgM-KFC are approximately the same,
regardless of the type of pretreatment {(table 1, fig. 1). It
was found, howevér, that pronounced fluctuations in the per-
centage of rosettes are observed more freguently after 18 h
preincubation of lymphocytes at 37° ¢ prior to EA~IgM rosette
formation in comparison with fresh lymphocytes than after
freezing and thawing of lymphocytes; e.g. after freezing/
thawing, the percentage of EA-IgM-RFC was always equal to
that of fresh lymphocytes or slightly lower, whereas the per-
centage of EA-TIgM-RFC of lymphocytes after pre-incubation at
37° ¢ was mostly either increased or decreased in comparison
to fresh lymphocytes. As can be seen in table I, there is a
ceonsistent drop (50 % or more) in the percentage of EA-IgM-
RFC after 18 h of incubation of preogrammed frozen-thawed lym-
phocytes at 37% ¢. We have no explanation for the latter
phenomenon at present.

It should be emphasized that prolonged incubation of lym-—
phocytes at either 4 ox 37° ¢ should be done by placing the
tube containing the lymphocyte suspension in a horizontal
position (Zeylemaker, personal communication). This results
in a 100 % recovery of over 98 % viable lymphocytes ({(data not
shown) . Investigation of the effect of different temperatures
of incubation and incubation times of lymphocytes with EA-IgM
complexes in order to determine the optimal conditions for
rosette formation (i.e., 22, 37° ¢ and different incubation
times: 0 - 30 min} showed that the procedure described in
Materials and methods (this chapter} yieided stable rosettes
and reproducible data. No significant difference was found
if rosette formation was induced by centrifuging the incuba-

tion mixture, supplemented with either 2.5 % or 20 % foetal
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Table I

PERCENTAGE OF EA-JgM"-RFC**OF LYMPHOCYTES WITH AND WITHOUT DIFFERENT TYPES OF TREATMENT

Parcentage of EA—EgM:R FC™"

Experiment 1 Experiment 2

donor number 1 2 3 4 5 6 7 8 9
fresh lymphocytes 24 40 27 i8 20 37 23 41 21
frozen/thawed 12 44 29 16 22 39 20 38 18
lymphoeytes
lymphocytes pre- 14 18 23 17 35 29 35 25 NT
incubated at 37°C,
18 k
frozen/thowed NT NT NT NT 6 13 9 14 0

lymphocytes; incu-
bated at 37°C, 18 h

+ EA-IgM = complex of sheep red blood cells with IgM caontaining antiserum fraction
*+ RFC = rosette forming cells

NT = not tested



calf serum, at 250 g followed by resuspension and incubation
at 37° C for 5 min and incubation of the pellet (20 % foetal
calf serum) at 22° ¢ for 20 min prior to resuspension and in-
cubation at 37° ¢ for 5 min {table TI). The latter procedure
was necessary when double marker experiments were performed
for the simultaneous detection of EA?ITC—IgM-RFC and Esh—RFC
{rosettes of T-cells with Esh) to facilitate Es ~rosette

h
formation.

2. Tempernatune dependence c¢f EA-TgM-nosettes

Prclonged incukation of EA-IgM-rosettes at 37° ¢ results
in a decrease in the percentage of rosettes. After incubation
of the rosettes at 37° ¢ for 18 h virtually no rosettes are
observed (table XII}. In order to investigate whether the
rosette~forming cell looses its capacity to form EA-IgM roset~
tes, we repeated the rosetting procedure after incubation of
the rosettes for 18 h at 37° C. As can be seen (table III,
donors C, D, E and F), the cells are no longer capable of
forming rosettes with the EA~-IgM. In pilot studies, the ratio
of Esh to lymphocytes (50 : 1) used in this test was found to
be optimal. Thus a proportion of the EA-IgM might no longer
be available for combining with the IgM receptors on the sur-
face of the lymphocytes because the antibody of the EA-IgM
has formed a complex with the IgM receptor after dissociation
cf the (EA~IgM)-lyvmphocyte complexes or because IgM receptors
shed from the surface of the lymphccytes are bound to EA-IgM.
Addition of fresh EA-IgM to the rosettes incubdted at 37° ¢
for 18 h, however, does not result in rosette formation.

Therefore, saturation of the IgM on the Es by IgM-receptors

of lymphocytes seems not a likely explanatﬁon for the lack of
rosette-formation. When frozen-stored lymphocytes from the
same donor were added to the overnight incubated rosettes,
rosettes were formed. This indicates that indeed there were

5till EA-IgM complexes present after incubation for 18 h at
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Table II

THE INFLUENCE OF SERUM CONCENTRATION AND TYPE OF INCUBATION FOR ROSETTE FORMATION-

OM THE PERCENTAGE OF EA-igM*-RFC**

Percentage of EA-IgM-RFC

Rosetting precedure

Exp. donor 5 min, 250 g; resuspend 5 min, 250 y; intubated 5 min, 250 g; resuspend
no. number 2.5 % foetal calf serum 20 min, 22° C; resuspend 20 % foetal ealf serum
2.5 % foetal calf serum
1 4 3¢ 36 38
5 41 44 42
[ 45 45 4z
2 12 24 28 27
13 34 A4 40
3 26 75 78 74
27 &2 75 45
28 52 57 53

* EA-IgM = complex of sheep red blood celis with igM containing antiserum fraction

*# RFC =rosette forming cells
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donor 0 min
number
A 39
B 57
C 30
> 17
E 35
F 20

10 min

30

33

Percentage of EA-IgM-RFC™" at different times after incubation of the roseHes at 37° ¢

rable 11

TEMPERATURE SENSITIVITY OF EA-1gM* ROSETTES AT Yol

i8 h, cddition of
seme number frozen

20 min 35 min 2 hovr 18 hour lgh, re-rosetting lymphocytes of same
doner, re-rosetting
26 21 18 11 -
24 1% - 5 -
23 24 17 i 16
- - - ) @
- " - 3 17
- - - 1 10

* EA-IgM = complex af sheep red bicod cells with IgM conicining antiserum fraction
»« RFC = rosette forming cells

wus ra=rosetting = repect of the FA-1gM roseste procedure (see Materiols ond methods)



37° ¢ capable of combining with the IgM receptor on lymphocy-
tes and hence IgM receptors were no longer present on the
surface of the lymphocytes forming rosettes and incubated for
18 h at 37° C. If one corrects for the fact that twice as ma-
ny lymphocytes are present after addition of frozen lymphocy-
tes of which 50 % do not form rosettes (table III, donors C;
D, E and F), the corrected percentages of EA-IgM-R¥C after
addition of frozen-stored lymphocytes are the same as before
incubation. This cculd be expected on the basis of data pres-—
ented in table I which show that programmed freezing of lym-
phocytes does not significantly alter the percentage of cells
capable of forming EA-IgM rosettes.

3. Inkibition ¢f EA-Tgh nosette formation

To show that indeed the IgM coat of ESh was responsible
for the rosette formaticn, we studied the inhibkition of roset-
te formation by adding human IgM and its Fe-fragments and rab-
bit IgG as described in Materials and methods (this chapter).

The data shown in table IV indicate that the rosette form—
ation can be inhibited only by IgM or its Fe-fragments. The
latter cohservation indicates that the binding of the receptor
to IgM needs only the presence of the Fe¢ part of the IgM mole=-
cule.

We therefore investigated whether the IgM antibody of the
Igk antiserum fraction could bind to the IgM receptor of lym-
phocytes, by pre-incubation of lymphocytes with the antiserum
and subsequent washing of the incubated lymphocytes to remove
excess of free IgM, since free IgG antibodies do not bind to
the IgG~FcR 4in vitre (data not shown). The complex to be form-
ed is designated as Ly-IgM. The resulis are shown in table V
and demonstrate that no prior antigen—antibody complex form-
ation is reguired for binding of IgM type antibodies to the
IgM receptor on the lymphocyvtes. When this experiment was

carried out at 370 C the percentage RFC for the lymphocytes
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Table IV

ROSETTE FORMATION OF LYMPHOC YTES WITH EA-IgM” AND Ly-Igh™™ WITH E

223

Percentage EA«IgM-RFC

donors EA-IgM + Ly-1gM E, " RFG****
lymphocytes + Esh
KE 27 18 0
RB 18 13 0
PO 17 12 0
can
LD 13 0
EG 16 1o *Fxer 0

«

EA-lgM = complex of sheep red blood cells with IgM centaining
antiserum froction

= IgM = gomplex of lymphocytes with igM containing antiserum
fraction
**x RFC = rosette forming cells

wkmw Esh - RFC = cells forming rosettes with sheep red bicod ceils

sewxx Ly-igh + Esh were incubated at 4° C

from doncrs KE and RB that results from mixing EA-IgM and lym-—
phocytes is much higher compared to that after mixing Ly-IgM

and Esh'

However, as menticned earlier, EA-IgM-RFC dissociate
slowly at 379 ¢ (table III). The same seems to be true for
the Ly-IgM complex. The incubaticon of Ly-IgM with Esh was
performed at 4O C for 30 min, since the rosettes were found
to be stable at that temperature for a prolonged time (data
not shown). Indeed, the percentage of EA~IgM + lymphocytes
are similar to that of Ly~IgM + ESh (table V, doncrs PBD, LD,
EG)Y.

To determine which subpopulation of lymphocytes formed
the EA-IgM rosette, we carried out double marker experiments
by incubating lymphocytes with a mixture of flucrescein iso-
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Table V

INHIBITION OF EA-igM* ROSETTE FORMATION BY 1gG, IgM AND IgM-Fe FRAGMENTS

Percentage EA-1gM-RFC**

percentage inhibition of rosette formation between braockets

pre-incubation pre~incubation pre-incubation pre-incubation

denors of lymphocytes of fymphocytes of lymphocytes of Fe-fragment
with medivm with 1gG with IgM of Ight
ER 35 {9 8 (77) g (74)
Wi 35 31 {11} 19 (49) 14 (50)
RE 27 24 (11) 16 (40) 16 (60}
KE 33 0N 11 (78) 12 (64}

* EA-IgM = complex of sheep red blood cells with |gh
centaining antiserum fraction

* *REC = rosette forming cells

thiocyanate (FITC)-labelled Esh’ sensitized with IgM contain-

ing antiserum and E__. After centrifugation, the mixture was

incubated for 20 mi;hat 22° ¢ and the medium was supplemented
with 20 % foetal calf serum in order to facilitate E-rosette
formation, which is used here as a T-cell marker. As shown in
table II, there is no influence of the serum percentage and
time of incubation used on the percentage of EA-IgM-RFC., Table
VI shows the results cf the mixed rosetting assay and it can
be concluded from these data that the majority of the EA-IgM-
RFC (87 = 96 %) are T-cells. One obijection that can be made
is that the high percentage of mixed rosettes (Esh—rosettes

and EA-IgM-rosettes) is due to cross-linkage of IgM bound to
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Table VI

SIMULTANEOUS EXPOSURE OF MEMBRANE RECEPTORS FOR IgM AND Er.h* BY LYMPHOCYTES

"
absolute number of RFC

.

FITC

donor €AF TS M k) RFC eaf'TCigm-RFe £ -REC percentage EA-Ighi-RFC
number § showing Esh binding
i 90 4 1 96
2 45 3 12 94
3 58 9 14 87
4 35 3 27 @z
vk = sheep red blood celis
% RFC  =rosette forming celis
Rk EAFITC-lgM = complex of fluorescein isothiocyanate-labelled sheep erythrocytes with |gM

containing antiserim fraction



Esh—FITC and Esh. Indeed, it was occasionally observed that
the mixed rosettes were not totally disrupted after 5 min in-
cubation at 37° C, a temperature at which the Esh—rosettes
are known to dissociate; whereas the EA-IgM rosettes are still
stabile {table III). Therefore, we incubated the lymphocytes
with a tetramethylrhodamine (TRITC) conjugated anti-human-T-
cell antiserum. After washing the lymphocytes to remove ex-—
cess antiserum, they were mixed with EA-IgM and rosette for-
mation was induced as described. The results shown in table
VII lead to the same conclusion: the FA-IgM~RFC belong tc the
T-cell population of lymphocytes.

4. The dependence ¢f EA-IgM rosetfe {ormation on tfhe presence of IgM
pentamesns

We have mixed the IgM containing fraction of the anti-
serum with a solution of dithicerythritol (DTE) (final con-
centration 0.1 mM DTE) to reduce intersubunit disulfides.
This results in reduction products, leaving approximately 60
% of the IgM in its pentameric structure (Chapuis and Kosh~
land, 1974). ESh were subsequently coated with the partially
DTE cleaved and the noncleaved IgM containing antiserum frac—
tion as described in Materials and methods (this chapter).
Thus the percentage of EA-TgM-RFC formed with Esh coated with
partially cleaved IgM (with 60 % of the IgM left in a penta-
meric form) is expected to be approximately the same as the
percentage formed with a twofold further dilution of uncleav-
ed IgM antiserum fraction if: a) the dilution of the antise-
rum is so chosen that the percentage of rosettes formed is
dependent upon the antiserum dilution; b} the rosette forma-
tion is dependent upon the presence of IgM pentamers.

Therefore, the dilution of the antiserum for the sensi-
tization of ESh was sO0 chosen that the percentage of BA~IgM-
RFC decreased about 50 % upon a twofold further dilution of

the antiserum.
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Table VII

THE $DENTIFICATION OF EA-1gM*-RFC™" AS T CELLS WITH ANTI-HUMAN-T-CELL ANTISERUM

percentage membrene positive lym- percenfage membrans pesitive percentage EA-1gM-RFC,
phocytas with anti-T cell antiserum EA-1gM-RFC and anti-Tt T as per cent of total
Doners + cells as per cent of total lymphocyte number
percentage T-cells as per cent of lymphocyte number

total lymphecyte number

7" and EA=IgM-RFC
as o per cent of total
EA-1gM-RFC number

KR 1 82 41 3
RD 2 78 29 o
AM 3 86 24 2
D4 70 1707 o
LD 5 84 13 (13) 1
EG & &7 16 (21} 0

94

100

92

100

100

*  EA-IgM = complex of sheep red blood cells with IgM contairing antiserum fraction
¥+ RFC = rosette forming cells

*** nercentage of EA-1gM~RFC of lymphocytes without prior enti-human T-cell antiserum incubation
is indicated between brackets



From the results (table VIII}) it can be concluded that
the percentage of EA-IgM-RFC indeed decreases 40 % which is
expected on the basis of the fact that 40 % of the pentamers
are cleaved., This experiment does not entirely exclude the
possibility of EA-IgM rosette formation with E coated with
cleavage products of IgM pentamers, but if such rosettes are

formed they are not stable under the conditions employed.

D, Conclusions

The present studies have shown that receptors for IgM
and antigen-IgM antibody complexes can be detected on human
T-cells. The possibility of a double recognition reaction be-

tween receptors for E, and IgM-~Fc is an attractive one but

h
unlikely, however, since the procedure for EA-IgM rosette

formation does not favour the ES -rosette formation (see

Materials and methods, this chapier)- In fact, in the control
tubes incubated in all tests (mixture of lymphocytes and non-
sensitized Esh) we have never found rosettes. This binding
seems to be mediated by the Fc portion of the IgM antibody
ag indicated by the inhibition studies with IgM and the Fc
fragments of IgM. Our finding that no prior .{n vwifie incuba-
tion of lymphocytes is necessary for the expression of IgM-Fc
receptor disagrees with the results obtained by Meretta et
al. (192753} and McConnell and Hurd (1976), but confirm those
of Gmelig~Meyling et al. (1976). The difference in results
may be due to the fact that we wash the purified lymphocytes
at rcecom temperature, which might permit the release of cyto-
philic Tgk antiboedy that blocked the IgM-FcR. The results

of the contrclled freezing/thawing experiments indicate that
there is no significant change in the percentage of Ea~IgM-
RFC. This is not true for lymphocytes incubated at 37° ¢ for
18 h, where we have observed either an increase or decrease

in the percentage of RFC. Furthermore, neither the serum con-
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Table VIII

DEPENDENCE OF EA~IgM* ROSETTE FORMATION OMN THE PRESENCE OF
PENTAMERIC IgM TYPE ANTIBOQDIES

EA~lgM-RFC ™ as percentege of tota| iymphecytes number

Exp. denar standard rosefting
no. numbear procedure
17 24 7

25 22
26 19
27 34
28 40
2? 36 27
37 40
38 32
kT 28
40 43

pretreurr!*'hznt of IgM-antiserum
with DTE" and rosette formatian
in the presence $.1 mM pigd

14

24

EA-IgM = complex of sheep red bloed cells with IgM contoining antiserum fraction

RFC = rosette forming cells
DTE = dithiserythritol
Lymphecytes have been frozenw=stored

Fresh lymphocytes

Pretreatment with DTE of lymphacytes and E hod ao effect on the percentoge EA-lgM-RFC



centration of the supporting medium nor the procedures des-
cribed for incubation of lymphocytes with EA-IgM are found
to influence the percentage of rosettes formed.

However, incubation of the BA-IgM rosettes at 317° ¢
leads tc disscceiation of the rosettes. This is shown to be
due to loss of the receptors on the surface of the lymphocy-
tes rather than saturation of Fc portions of the IgM on the
EA-IgM complexes by Fc receptors shed from the surface of
lymphocytes, as shown by the experiments where rosettes are
obtained after addition of frozen-stored lymphocytes from the
same denor to the rosettes incubated at 37° ¢ for 18 h. It is
shown that the receptors for IgM can be blocked after pre-—
incubation of the lymphocyte with human IgM or its Fc frag-
ments, indicating that binding occurs wvia the Fc portion of
the IgM. This is also suggested by the experiments that show
rosette formation upon incubaticon of Ly-IgM (IgM fraction of
anti*Esh) with non-sensitized Esh’ demcnstrating that the
receptor for IgM on lymphocytes can bind to non-complexed
IgM. Antigen binding through passively adsorbed cytophilic
IgM antibody has been reported in chickens (Webbh and Cooper,
1973) and mice ({(Lamon et al., 1975)}.

The formation of a high percentage of "double rosettes"
by lymphocytes upon incubation of lymphocytes with a mixture
of Esh“ and EAFITC—IgM complexes have demonstrated that the
IgM~receptor carrying cells belong to the T-cell subset. This
was further illustrated by the immuncfiuorescence studies
which revealed that wvirtually all cells forming an EA-~IgM
rosette are also membrane positive after incubation with TRITC-
labelled anti-human-T-cell antiserum, Finally, we have demon-
strated that the pentameric structure of the IgM-molecule
needs to be preserved for binding of the EA-IgM complex to the
T-cell IgM receptor.

The exact role cf the IgM receptor and of the IgM cyto-
phylic antibodies remains tc be established. Recently, Lamon
et al. (1975) described an IgM antibody-dependent cell;mediat—

ed cytotoxicity against cells of Moloney sarcoma virus infect-
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ed mice. They showed that the IgM fraction of antisera could
induce normal lymphocytes to kill MSV-infected cells by normal
lymphocytes. In an experimental situation, using rabbit IgM
sensitized mouse mastocytoma cells, ne TgM antibody dependent
cytotoxicity was cobserved (Van Oers et al,, submitted for
publication).

The IgM antibody induced target cell lysis by lymphocy-
tes may play an important role in tumcur immunclegy. In the
sera from congenitally athymic (nu/nu) mice and from normal
mice, natural antibodies with specificity for spontanecus and
carcinogen~-induced tumours have been detected. The antibodies
are predominantly of the IgM class (Martin and Martin, 1974;
1975). This suggests a possible tumour rejection mechanism
which is thymus independent in terms of antitumour-antibody
production and can induce ncn-sensitized T-cells to become
killer cells. Moreover, the natural killer cell activity ob-
served may be IgM and IgG antibody dependent. The verification
whether such mechanisms are indeed operaticnal during tumour
development may have important bearing for cancer immunology
and immunctherapy.
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CHAPTER V

CHARACTERIZATION OF NATURAL KILLER (NK)-CELLS
AND KILLER (K)-CELLS IN HUMAN BLOOD: DISCRI-
MINATION BETWEEN NK- AND K-CELL ACTIVITIES

A. Introduction

As we discussed in chapter II, many repcrts have appeared
in the literature demonstrating disease-related anti-tumour
cytotoxic activity of lymphocytes of tumour patients (Hell-
strom et al., 1971; Bubenik et al., 1970; 0'Toole et al.,
1974; Fossati et al., 1972), Documentation of NK cytotoxicity
of lymphocytes derived from both normal donors and cancer
patients against a wide variety of cell lines seriously
guestioned the validity of determination of cytotoxicity of
tumcur patients' lymphocytes (Takasugl et al., 1973; Oldham
et al., 1975; Bolhuis, 1977). It is, therefore, evident that
in the field of tumour immunology characterization of the na-~
ture and specificity of the NK-cell is of paramcunt importan-
ce. Subsequent removal of these cells may improve the chance
of detection of disease-related cellular anti-tumour immune
reactions in cancer patients.

Antibody dependent and/or antibody independent cell-me-
diated cytotoxicity may operate in cahcer patients. The for-
mer effector cells, which are inveolved in IgG antibody depend-
ent cell-mediated cytotoxicity against IgG-coated mouse masto-
cytoma cells (K-cell cytoteoxicity), bear surface receptors
for the Fc portion of IgG (IgG-FcR). Granulocytes and monocy-
tes have also been shown to bear these Fo receptors. A number
of cell types have been determined to exert the "spontaneous"”

cytotoxicity in man, such as IgG~FcR bearing cells (Peter et

99



al., 1975; Kiuchi and Takasugi, 1976), complement receptor
bearing cells (De Vries et al., 1974) or cells carrying koth
Fc receptors as well as complement receptors {(Jondal and
Pross, 19753), and activated T-cells (Hersey et al., 1975).

Hence, there are indications in the literature that
1. IgG-FcR are present on both NK~cells cytotoxic against mo-
nolayer target cells (Peter et al., 1%75; Hersey et al., 1975)
or K-562 cells (West et al., 1976) and K-cells (Peter et al.,
1975; MacLennan, 1972; Perlmann et al., 1972; Dickler, 1974;
Pape et al., 1977), 2. that soluble factors cr antibodies
(5aal et al., 1%77; akira and Takasugi, 1977) are inveclved in
NK cytotoxicity and 3. that at least a proporticn of these
cells belong to the T-cell subpopulation of lymphocytes {(West
et al., 1976, Saal et al., 1977, Biberfield et al.,1975%; Kay
et al., 1977). The involvement of antibodies, suggested some
of these authors, would indicate that the NK cytotoxic cell
mechanism is of an ADCC type.

The present study was initiated to answer the following
questions:
1) are the cells exerting NK cytotoxicity against the K-562
nmyeleid cell line, growing in suspension (as measured in a
short term 51Chromium release assay), the same as thocse
active against human tumour derived cell lines growing in
monolayers {(as measured in a longterm cytotoxic assay)?;
2) do the cells derived from different individuals, showing
NE~- and/or E-cell activity bear the same cell surface charact-
eristics (T-cell markexrs, FcR, surface immuncglcbulins (SIg))}?

B. Materials and methods

1. Tarnget cells

P-815-X2, a mouse mastocytoma line, was originally ob-
tained from Dr. R.H. MacDenald, Swiss Institute for Experi-
mental Cancer Research, Lausanne, and supplied to us by Dr.
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W. Zeyvlemaker, Central Laboratocry cf the Netherlands Red
Cross Blood transfusion Service, Amsterdam, and K~562, the
myeloid cell line, was obtained from Dr. Grace Cannon, Litton
Biconetics, EKensington, Md., USA. The cell lines were main-
tained in suspension culture in modified MEM supplemented
with 10 % foetal calf serum and 0.3 mg/ml glutamine and in
RMPI-1640 supplemented with 20 % foetal calf serum and 0.3
mg/ml glutamine without antibiotics.

Ccleon carcinoma cells and two melanoma lines (Mel-T and
NEI-4) were cultured as monclayers. These cells were grown in
modified MEM supplemented with 16 % foetal calf serum and
0.3 mg/ml glutamine, trypsinized for serial passage once a
week and used in the MCT 6 days after culturing, before the
cells reached confluency.

For labelling, 2 x 106 target cells in 0.2 ml medium were
incubated with 100 pCi of Na., 51CrO4 soluticn, specific acti-
vity 30 - 400 mCi/mgCr (The Radiochemical Center, Amersham,
UK}, for 1 h at 370 C and during the last 15 minutes antisera
were added tc the target cells for ADCC (i.e., P-815 mouse
mastocytoma cells). Target cells were washed three times there-
after, the last wash being performed immediately before use

in order to minimize the extent of spontanecus 51Cr release.

7. Micnoeyfotoxdieily Lest

The NK-cell cytotoxic capacity was tested using the mi-
crocytotoxicity test and was performed as described in chap-
ters II and III. The NK-cell active against moncolayer tumour
target cells in this system will be designated as NKlt.

3. NK-cytotoxicity and K-cytotoxicity [ADCC)

One tenth ml of 5lCr-labelled IgG sensitized P-815-masto~
cytoma cells (104) and K-562 myeloid cells in Parker 199 +
10 % foetal calf serum buffered with NaECO; were added to
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round-bottomed small culture tubes (Falcon 2058) together
with 0.1 ml of a lymphocyte suspension in RPMI-1640 + 10 %
foetal calf serum (0.5 x 106). The tubes were incubated for

4 hours at 370 C in an atmosphere of 5 % C02 in air. Each
combination was tested in triplicate. Control incubations, in
the absence of effecter cells always gave less than 15 %
spontaneous 51Cr—release. Maximal release in the presence of
5 % saponine was, =95 %. After the 4 h incubation the tubes
were cgentrifuged at 400 g for 5 min and 100 {1 of the super-
natant was transferred to a'counting vial and the radicacti-
vity measured in a Packard gamma spectrometer. The percentage
of specific SlCr—release was calculated as R = (E-5)/(MS) x 100,
where E = counts per minute in the experimental tube,

3 = spontaneous release and M = maximal release in the pres-
ence of saponin.

It has been shown that only lymphocytes exert X-cell
activity in the ADCC system when IgG-coated mastocytoma cells
are used as target cells {(McDonald et al., 1975; Zeylemaker
et al., 1975). Monccytes have no lytic effect in this system.
The NX-cell active in the 5lCr—release assay against K-564
cells will be designated as NKst’

4. Lymphocyte purnificaticn

Mononuclear cells were obtained from healthy donors by
Ficoll-Isopagque centrifugal sedimentation of heparinized
blood. Contaminating phagocytic cells in the isolated lympho-
id cells were removed by treating the cells with carbonyl

iron plus magnetism. Table I shows the percentage cell vield of
the cell separations.

5. Purifdleation of Lymphocyte subpepulations

a. Separation of T- and non-T-cells by E-rosette sedimentation

T-lymphocytes possess receptors for Esh and this was
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used tc separate these cells. Therefore 5 ml of lymphocytes
(4 x 106/ml) in RPMI-1640 were mixed with 10 ml of foetal
calf serum and 10 m] of Esh at 1 x 108/ml in RPMI-1640 in
dispcsable Falcon 2070 tubes. The cell suspensions were cen-
trifuged for 30 min at 150 g, and incubated for at least 1 h
at 4° C. Three ml of the supernatant was left on the pellet
and the cell pellet was carefully resuspended, 8 ml of cold
medium was added, and the cell suspension was lavered onto
10 ml of Ficoll-Isopague and centrifuged at 400 x g for 40
min at 22° c. After centrifugation the cells from the E-RFC
enriched pellet fraction and E-RFC depleted interface frac-
tion were collected and tested for NK~ and K-cell activity,
and for the presence of cell surface markers. No ammonium
chloride buffer was used for lysis of the red bloocd cells
since this abrogates the NK-cell activity as measured in short-
term cytotoxicity assays (Kay et al., 1977).

b. Separation of cells lacking FcR

The technique described by Xedar et al. (1874) with scme
modifications {Van Oers et al., 1977) was used. Culture
flasks {25 =sg. cm, Falccon 3013) were treated with 5 ml of a
solution of 0.05 mg/ml poly-L-lysine (mol. weight 853,000,
Sigma Chemical Co., St. Louis, Mo., USA), for 45 min at 22,
After repeated washing (2x) with PBS 2 ml of a suspension of
Esh (2 x lOB/ml) was added to the culture flasks and was
allowed to adhere for 30 min at 22° ¢. after removal of non-
adherent cells by repeated washing with PBS (2x) the then
confluent monolayer of Esh was lysed with E,C, and washed
three times with PBS. The erythrocyte ghost monolayer was
now incubated with 5 ml of a 1 : 64 dilution of rabbit anti-
Esh serum (IgG fraction) for 30 min at 37° € and washed with
RPMI-1640 5 times thereafter. Four ml of a lymphocyte suspen-
sion {10 x 10%/ml) in RPMI-1640 + 10 % foetal calf serum was
then added to the culture flasks and incubated at 37° C for
10 min. The flasks were centrifuged horizontally in a swing-
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TABLE I

CELL YIELD EXPRESSED AS PERCENTAGE OF THE INITTIAL LYMPHOCYTE NUMBER
(% total yield) + SE AND PERCENTAGE OF THE LYMPHROCYTE NUMBER USED FOR
2 PARTICULAR SEPARATION STEP (% step-wise yileld) + SE

ILymphocyte fractions* % total yield % step-wise yield number of
+ SE + 5E experiments

Ficoll-Isopagque purified 100 100 7

lymphocytes

Lymphocytes plus iron B8O + 3.1 80 + 3.1 10

and magnetism treatment

T-cell fraction (E-RFC 55 £ 7.0 68 + 4.8 &

enriched fraction)

Mon T-cell fraction 7o+ 1.3 B+ 1.4 &

{E~RFC depleted fraction)

EA-RFC deplected fraction 63 + 6.3 64 + 9.3 12

EA-RFC recovered fraction 21 + 4.3 23 + 6.8 11

Unfractionated iympho- 60 + 1.9 62 + 4.5 3

cytes cultured for 1 week

EA-RFC depleted fraction 43 + 4.8 60 + 5.8 g

cultured for I week

* Lymphocyte isolation and fraction separations were performed as des-—
cribed in Materials and methods.
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out bucket at 400 g for 5 min and incubated for a further 10
min at 22°C. Subseguently, the nonadherent cells were recover-
ed by ccllecting the medium covering the monolayer and gently
washing the flasks 3 times with medium. For preparation of
the EA-RFC depleted fraction this procedure was repeated. The
procedure is depicted in figure 1.

6. Preparation of pwie Lymphocyles

Ficoll-Iscpaque separated lymphocytes were further puri-
fied by passing the cells over a nylon column. The procedure
used has been described {Bolhuis, 1977). In short, the cells
were placed cnte a column of unstained spun nylon with a
length cf 5 cm and a diameter of 15 mm, which had been pre-
washed with medium supplemented with 5 % foetal calf serum.
The column was then incubated for 30 min at 37 C. The lympho-
cytes were eluted with RPMI~1640 plus 5 % foetal calf serum,
and the eluted cells were washed in medium.

7. Preparation of monocyte emniched fraction

Monccytes were prepared from Ficcoll-Isopagque purified
mononuclear cells. One milliliter leukocyte suspension (30 x
lOG/ml) in RPMI-1640 plus 20 % foetal calf serum was added to
a Falcon petri dish (60 x 15 mm} and cells were allowed to ad-
here to the surface by incubating the cells for 1 h at 37%.
After washing the plates thoroughly to remove non—adherent
cells, the adherent cells were collected by gently scraping
the plates with a rubber policeman. The percentage monocytes
present in this recovered fraction was 50 — 60 % as judged by
morphologic criteria and size of the cells, as determined

electronically.
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ASSAY SYSTEM FOR
CYTOTOXIC
ACTIVITY TARGET CELL CYTOTOXICITY
MONITORING
EA-RFC K cell —u IgG -cooted P-815 e 4h-5!Cr—re|ease
depleted fraction: ,
NK“ — monolayer tumour cells — 48h - microcytotoxicity
assay
non-EA-RFC
depleted fraction
R2% @)
incvbate
18h., 37°C
51
K wegn 1gG - coated P-B15 —= 4h-" Cr-release
EA-RFC 51
recovered fraction : NKst —= K-5§62 —=  4h-" Cr-release
NE o monalayer tumour cefls —o 48h ~microcytotoxicity
assay

Figure 1. Schematic picture of the separation of EA-RFC depleted
and recovered fractions and their cytotoxic activity, their
target cell and the cytotoxicity assay used to monitor
the cytotoxic activity of the cell populations.



§. E-noseffes (E-RFC)

Esh were stored at 4° ¢ in Alsever's solution and used
between 1 and 3 weeks after collecticon. Esh were treated with
® E_/ml PBS and 2 units/ml

of neuraminidase for 30 min at 37° C on a rollerbank (Behring—-

neuraminidase by incubating 1 x 10

werke AG, Marburg, Germany). For the test 0.1 ml c¢f a lympho-
cyte suspension {2 x 106/ml) was mixed with 0.1 ml of Esh
suspension in foetal calf serum (1 = 108 cells/ml). After
centrifugation for 5 min at 200 g and incubation for 1 h at
4% ¢ the cell pellet was gently resuspended and the percenta-
ge E-RFC sceored by counting 200 cells in a haemocytometer af-
ter staining the lymphocytes with 1 % brilliant cresyl blue.

Cells binding 3 or more Esh were counted as rosettes.

9, EA-nosettes (EA-RFC)

8

B suspension of washed Esh (1 x 167 cells/ml) was incu-

bated with an egqual volume of 1 : 32 diluted rabbit antinsh
serum for 30 min at 37° C on a roller bank. The EA-complexes
were washed twice with cold PBS and resuspended in RPMI-1640
{1 x 108/ml) and 0.1 ml of the suspension was mixed with an
equal volume of a lymphocyte suspension {2 x los/ml}, the
mixture was then centrifuged at 200 g for 5 min and incubated
for 20 min at 22° C. After careful resuspension of the cell
pellet the cell mixture was incubated at 37° ¢ for 5 min to
disrupt possible E-RFC. The percentage of EA-RFC was deter-

mined as described above.

10. Membrane Lmmuncflfuonescence

This was done as described before (Knapp et al., 1873;
Asma et al., 1977). In short, isolated lymphocytes were fixed
for 10 minutes in 9.04 % formol solution in PBS and washed
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with PBS plus 1 % bovine serum albumin (BSA). Fixed cells
were vitally stained by mixing egual volumes of cell sus-
pension (20 pl, 2 x 10° cells) and the appropriate dilution
of TRITC-conjugated anti~T-cell antiserum (T) and incubat-
ion for 30 minutes at 22° C, gently shaking the mixture ever-
¥ 10 minutes. The preparation and specificity testing of the
T serum is published elsewhere (ARsma et al., 1977}. After
washing with PBS plus 1 % BSA, the cells were then stained
with FITC-labelled gcat anti~human Fak (GaHu/Fab, HNordic,
Tilburg, The Netherlands). After washing the cells, 20 ul of
the stained cells were mixed with 20 pl of buffered glycercl
(L part PBS, pH 7.8, plus 9 parts of redistilled glycerol
{Merck)), placed on a cover glass (24 x 32 mm) and ccovered
with an objective glass. The cover glass is then sealed with
paraffin,

Two hundred mononuclear cells were identified in phase-
contrast and examined for the possession of T-cell specific
antigen and SIg empleoying the two wave-length method (Faulk
and Hijmans, 1972). The Leitz-Dialux microscope with phase-
contrast (transmitted-light) was egquiped with a Ploem illumi-
nator with the following filter combination a) 2 xz KP 490,

1 mm GG 455 or 475, 4 mm BG 38 and K 515, KP 560 for FITC
excitation and emission respectively, b) K 515, KP 560, 1 mm
BG 36 and K 580 for TRITC excitation and emission, respective=-

ly.

11. Culturning of Lymphocyfes

Lymphocytes were cultured for 7 days in RPMI-1640 + 20 %
foetal calf serum by placing the culture tubes (Falcon 2058§)
containing 2 ml lymphocyte suspension (2 =z lGG/ml) in a hori-
zental position at 370 C in an atmosphere of 5 % C02 in air
in an incubator (Bolhuis and Nooyen, 1977).



12. Proghammed freezing of Luymphocytes

The optimal appreoach for the characterization of the ef-
fector cells in experimental models is a combination of cell
separation techniques with simultaneocus assessment of cell
surface markers and reactivity in varxious assays (Bonnard et
al,, 1977). This requires large numbers (500 x 106) cf pu-
rified lymphocytes. In order to perform all assays described
simultanecusly, cryopreserved lymphocytes were used through-
out this study.

The cryopreservation was performed as described before
(Bolhuis and Nooyen, 1977 and chapter III).

C. Results

1. Presence of FeR on NK- and K-cells

The myeloid cell line K-562 has been shown to be extreme-
ly susceptible to natural (or "spontanecus") cytotoxicity
(Jondal and Pross, 1975) in a 4 h 51Chromium release assay
and indeed unfractionated lymphocytes (fractions A, table II,
column NKstJ of all normal doneors tested in cur study exhibit~
ed NK-cytotoxicity against this cell line. Furthermore, we
employed cells from established cell lines as targets to mo-
nitor NK-cell cytotoxicity in an MCT, yielding similar re-
sults (fractions A, table II, column NKlt). P-815 coated with
IgG was used for monitoring the K-cell activity. It should be
noted that all fractions of lymphocytes shown in tables II
and III of one individual donor were examined simultaneously
in the same experiment for NK-, K-cell activity and the pres-
ence of cell surface markers. This ensures optimal informat-
ion regarding the composition of subpopulations of lymphocy-
tes present in the variocus effector cell preparations, and
the results cobtained by simultaneous testing are not subject
to the criticism of possible experiment to experiment variat-

ions.
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TABLE II

PER CENT CYTOTOXICITY OF VARIOUS LYMPHOCYTE FRACTIONS

par cent reduction of target cells

1 2 3
T R x

lymphocyte donor NKI-4 Mel-I  colon K-562 P-815

Donor 313

A) unfractionated lymphocytes 37: 25* 20" 14"

B} T-cell fracticn: E-RFC 18 -5, 3a”

C) E-RFC depleted fraction 43: 38 32"

D) EA-RFC depleted fraction 33 11 4 o

Denor 314

B) unfractionated lymphocytes 64" 44" 35: 397

B} T-cell fraction: E-RFC 15 g, 46 25:

C) E-RFC depleted fraction 55 33 35" 19

D} EA-RFC depleted fraction 18 28 4 5

Donar 316

%) unfractionated lymphocytes 22" 14" 24t

B) T-cell fraction: E-RFC 20 19% 137

C) E-RFC depleted fraction R 13 40" 24

D) EA-RFC gdepleted fracticn 19 2 0

Doner 317

A) unfractiocnated lymphocytes 35% n* 47"

B) T-cell fraction: E-RFC 17 40* 2™

C) E-RFC deplete@ fraction -9 38™ 34"

D) EA-RFC depleted fraction 35* 0 0

Donor 320

A) unfractionated lymphocytes 15 48™ 14" 23%

D) FA-RFC depleted fraction -~ 3 4 4 8]

1 NKl.t : NK cell cytotoxicity against monolayer cultures (48 h MCT)
z Nl(st : NK cell gytotoxicity against K-562 (4 h SlCr—release assay}
s
2 K 1 K cell cytotoxicity against IgG-ceated P-815 (4 h lC:t:—re].ease assay)

* p value SO.C‘S



TABLE III

COMPOSITION OF THE MONONUCLEAR CELL POPULATIONS PRESENT IN THE ISOLATED FRACTIONS

immuncflusrescence
—

+ + +,_ - -
lymphocyte donor % E~RFC % T 3 Ig 2T /Ig % T /Iy % BA-RFC
Donoy 313
A) unfracticnpated lymphocytes 71 73 B I 18 12
B} T-cell fraction: E-RFC g 93 H o [3 7
€) E-RFC depleted fraction 5 16 kY 1 54 38
D) ER-RFC depleted fraction 76 89 1 5 5 I
Donor 314
A) unfractionated lymphocytes B2 22
B} T-ecell fraction: E-RFC &5 90 1 0 9 13
C} E-RFC depleted fraction 3 ] 30 2 62 61
D} EA-RFC depleted fracticon 87 93 1 o] [ 0
boper 31§

A) unfracticnated lymphocytes 76 20
B) T-cell fraction: E-RFC 85 96 Q 0 4 3
C) E-RFC depleted fraction 3 19 45 1 36 50
D) EA-RFC depleted fraction 93 3
Boner 317

) unfractionated lymphocytes 74 80 8 2 10 17
B} T-cell fraction: E-RFC 84 97 2 ¢ 1 3
C) E-RFC depleted fraction 3 17 36 o] 47 73
D) EA-RFC depleted fraction 77 98 i o] 1 s}
Donor 320

®) unfractionated lymphocytes 20 ar [ 1 [ 20
D) EA-RFC depleted fraction 21 96 o 0 4 o]

Lymphocytes were not treated. The average yield of B 55 % of A
C 7% ofA
D 43 % of A



As shown in tablie IT {fractions D, column NKst} depletion
for EA~RFC resulted in a complete loss of cytotoxicity against
the K-562, That the depletion procedure used for EA-RFC was
indeed efficient is shown in table III (fractions D, column
% EA-~RF(C). Furthermore, these EA-RFC depleted fractiong showed
no longer K-cell activity in a c¢ytotoxic test (table II,
fractions D, column IgG sensitized P-815). This suggests that
the cytotoxic cells bear FeR on their surface (NKst cells).
The same fraction of lymphocytes were simultanecusly tested
for NKlt activity on the established cell lines (NEI-4, Mel-1,
Colon), and varying results were obtained. For instance, the
EA~RFC depleted lymphocytes from donor 313 (table II, fraction
D) were still cytotoxic against NKI-4 melanoma but not against
Mel-1 melanoma target cellis. The identical fractions of donors
314 and 320 showed no cytotoxicity when tested against NKI-4
and Colon-1 target cells, and the same fraction of donor 317
was cytotoxic against Cclon-1. These results uggest that in
this long~term MTC assay, with established cell lines as tar-—
get cells, another subpopulaticn of cells i.e., cells without
FcR on their surface, are alsc involved in the NK-¢ell lytic
process (NKlt-ceils). These cbservations imply that the NK
cytotoxic mechanism of a proportion of the effector cells, is
net likely to be of an antibody-dependent type of reactien,
since this fraction is virtuwally devoid of EA-RFC (table III,
fractions D, column % EA-RFC), and since the ADCC against IgG-
coated P-815% is negative (table II, fractions D, column K-cell
cytotoxicity). That FcR bearing cells are alsc cytotoxic a-
gainst the monclayer cell lines can be ceoncluded from the ob-
servations that the EA-RFC depleted fractions are not cyto-
toxic, whereas the unfractionated lymphocytes of that donor
show cytotoxicity {table II, fractions A and D). That the cell
population in fractions A are the most heterogeneous can be
concluded from the analysis of cell surface markers (table
IIXI, fractions A). From these data it can be concluded that at
least two cell populations are showing NK-activity in the 4if-
ferent cytotoxic assay systems employed i.e., both IgG-FcR ne-
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gative and IgG-FcR bearing cells are cytotoxic against esta-
blished cell lines as tested in a long-term cytotoxicity as-
say (NKlt cells), but only FcR bearing cells are g¢ytotoxic
against K~562 myeloid leukaemia cells as tested in a short-
term cytotoxicity assay (NKSt cells).

7. NK- and K-celd activity of T- and non-T-cell fractions

West et al. (1976) recently reported that human E-RFC
fractions, obtained under optimal experimental conditions
i.e., containing both high-avidity and low-avidity E-RFC
{(West et al., 1977), showed NK cytotoxicity against the K-
562 cell line. The E-RFC depleted fractions, however, were
never deveoid of NK-cell activity.

We repeated these experiments using both the X-562 cell
line and the NKI-4, Mel-l1l and colon monclayer cell lines as
target cells. Therefore, T-c¢ell fractions (E-RFC cells) and
non—-T~cell fractions (E-RFC-depleted cells), obtained by
rosette formation and separation under optimal conditions
were tested for NK cytotoxicity. Both T- and non-T-cell frac-
tions are shown to be almost equally cytotoxic against K-562
target cells, and the extent of reactivity is hore or less
comparable to the unfracticnated lymphocytes (table II, frac-
tions B and C, columns NKlt and NKst)‘ From the cell surface
marker analysis of the T-cell fractien (table III fractions
B, columns % E-RFC and % T) it can be concluded that the T-
cell fractions are extremely pure, i.e. pure lymphocytes con-—
taining less than 1 % $Ig positive cells, and virtually no
cells lacking T-cell specific antigen. Furthermore, it can
be concluded that a proportion of T-cells bear FcR (table
III, fractions B, coclumn % EA-R¥C) and show K-cell activity
against IgG sensitized P-815 cells (table II, fractions B,
cCclumn NKst)' The results from the cytotoxicity experiments
with the NKI-4, Mel-1 and cclon cells as targets are compara-
ble to those with the K-562 cells. Attention should be given

113



to the fact that T-cells, fractionated by E-rosette formation
and subsequent separation of the Esh—RFC on Ficoll-TIsopaque

are less capable of re-rosetting with Es The percentage -

cells indicates, however, that this fraciion contained pure
T-cells. The importance of the latter observation became even
more appatrent when the non-T-cell fractions were examined.
The interpretation of cytotoxicity data obtained with the
non-T-cell fractions (Fraction C) is even more complex.

As can be seen from our data (table II, fractions C,
column NK cytotoxicity) this fractieon is also cytotoxic a-
gainst zll types of target cells used. The efficiency of E-
RFC depletion is checked by E-rosette formation of the non-T-
cell fraction and this fraction appears tc contain virtually
no T-cells, i.e. 3 -~ 5 % (table III, fractions C, column %
E-RFC). Analysis of the T-cell markers by means of the anti-
T-cell serum, however, indicates that 6 - 17 % of the cells
in the non~-T-cell fraction can be identified as T-cells. The
SIg bearing cells are not likely to contribute to the cyto-
toxic effects, since the increase of 5Ig bearing cells from
+ 8 % in population A to + 40 % in the interface (table III,
fractions C, column % SIg) did not increase the percentage
cytotoxicity (table II, fractions C, column NX cytotoxicity).
Recent experiments showed that lymphocyte fractions, after
depletion of E~RFC and EA~RFC, thereby increasing the percent-
age of SIg bearing cells up to 80 %, yvielded no significant
cytotoxicity against K-562 (data not shown).

It is unlikely that monocytes are involwved in the NK
cytotoxic process against K-562 since a) purified lymphocyte
fractions (see Materials and methods, this chapter) are equal-
ly or more cytotoxic as cdmpared to ﬁhe unfractionated cells
(Ficoll~Izsopague isolated, without iron treatment of the
cells), excluding a direct NK cytotoxic capacity of monocytes;
b) fractions of lymphoid cells enriched for monocytes (table
IV) show significantly decreased cytotoxicity; c) adding mono-
cytes to the pure lymphocyte fraction does not influence the
per cent NK cytotoxicity, suggesting that monocytes do not
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TARBLE 1V

PER CENT NE-CELL ACTIVITY OF PURE LYMPHOCYTES WITH AND WITHOUT THE ADDITION OF MONOCYTES, AND/OR A
MONOCYTE ENRICHED FRACTION AGAINST NKI-4, Mel-I, K-562 AND THE CCMPOSITION OF THE MONONUCLEAR CELL

PCPULATIONS OF THE ISOLATED FRACTICONS

Target cells

Cell surface markers

+ + - -
effectar celis wki-a'  mer-t! K-562 2 % E~RFC T 3 Ig % T /Ig % EA-RFC
. * * *
Nyion purified 39 83 a7
lympheocytes
* " *
Nylon purified 4% 78 50
lymphocytes + 1 %
monogytes
. * * *
Nylen purified 58 a3 48
lymphocytes + 5 %
menecytes
. 3 * * *
monocytes enriched 27 69 19 29 24 9 67 76
fraction

i m(lt: NX cell cytotoxicity against monolayer cultures (48 h MCT)
A 51

2 Nl(st: NK cell cytotoxicity against K-562 (4 h Cr-release assay)

3 the monocyte enriched fraction contained 60 % monocytes

* p value { 0.05



play an indirect {(helper) effect in NK cell killing; d) all
lymphocyte fractions were tested in an ADCC against IgG-
coated Esh (a monocyte dependent antibedy cytelysis assay)
and no cyteteoxicity was observed. A representative experiment
is shown in table IV.

D. Conclusions

In various experiments, using frozen-stored lymphocytes
cof normal deonors, these cells exhibited NK- activity against
monclayer cell lines and K-562 cells growing in suspension,
and showed K-cell activity (ADCC) activity against IgG sensi-
tized P-815 cells, A proportion of the NK-cells i.e., those
showing cytotoxicity against K-562 (NKst—cells), have similar
cell surface characteristics as K-cells. One of the character-
istics is the presence of IgG-FcR on a proportion of the NK-
and on all K-cells as demonstrated by the abrogaticon of NK-cell
and K-cell activity against K-562 and IgG sensitized P-815
cells, respectively, after EA~RFC depletion of the purified
lymphocytes by adsorpticn ¢f the EA-RFC onto IgG--Esh ghost
monolayers. This conclusion is confirming other studies in-
volving the characterization of NK- and/or K-cells (Peter et
al., 1975; Kiuchi and Takasugi, 1%76; Jondal and Pross, 1975;
Pape et al., 1977; Pross and Baines, 1976; Kay et al., 1977).
Recently, Bakics et al. (1977) showed, that removal of IgG-
FcR bearing cells did ncot result in a complete loss of NK-cell
activity. These investigators, however, employed monolayer
cell lines as target cells in a longterm cytotoxicity assay.
Our cytotoxicity experiments, including both monolayer cultu=~
res (NKst-assay) and suspension cultures (NKstMSlCr—release
assay) alsc showed, that still another, IgG-FcR negative, lym-—
phocyte exexted NK-cell activity against exclusively the mono-
layer cultures (table III, column NKlt cytotoxicity). Cur data
also show that this NK-cell activity was selective i.e., kill-
ed only a proportion of the cell lines, and that both FcR po-
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sitive (NKst)— and negative (NKlt)—cells may have different
targets, since the removal of FcR bearing cells sometimes
resulted in the loss of cytotoxicity against one, but not
against the other type of monolayer target cells. The fracti-
onation cof lymphocytes into T- and non-T-subpopulation by
means of E-rosette formation and separation, yielding T-
cells in the pellet fraction and "non-T-cells" in the inter-—
face fraction provided some interesting results. Both T- and
non-T cell fractions appeared to be cytctoxic against both
monolayer cell lines as well as K-562 cells {our data, West
et al., 1976). Analysis of the lymphocyte subpopulations by
means of E-rcsette formation indicated that the T-cell f£rac-
tion was highly enriched in T-cells and the non-T cell frac-
tion c¢ontained virtually nc T-cells. When, however, an a/T-
cell serum {Asma et al., 1977a, b} was used for the identi-
fication of T-cellis the following results were cbtained:

1) the T-cell fraction contained pure T-cells; 2) the so-
called non-T-cell fraction contained a significant percentage
of T-cells as shown by the anti T-cell antiserum. That this
is not due to non-specific binding of TRITC labelled a/T-cell
sexrum to the cells is jllustrated by the two wavelength ana-
lysis of SIg bearing cells and T-cell specific antigen bear-
ing cells. The twe wavelength method allows the detection of
both markers on the membrane of individual Iymphocytes. Such
analysis revealed that in the unfracticnated lymphocytes, con-
taining T-cells and B-~cells (SIg bearing cells) and the non—
T~-cell fraction, containing a high percentage of B-cells,
virtually no double staining is observed (table III, column
% T+/Ig+, fractiocns A and C). Furthermore, we have not observ-
ed positive staining of monocytes, bearing FcR, indicating
that the membrane fluorescence is not due tec binding of the
labelled antisera to IgG-FcR. This argues against the fact
that the detection of T-cells with serum is due to nonspecific
membrane staining and indicates our observation that T-cells,
after rosette formation and separation, dc not form E-rosettes

as readily as before the E-RFC depletion. This conclusion
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is supported by the good correlation between % T-cells as
determined by E-rosette formation and by antiserum, when per-
formed before fractionation of these cells on Ficoll. The
implications of this finding are important and may explain a
number of the apparent contradicting results in the litera-
ture. West et al. (1976; 1977) concluded that the T-cells showing
the WK-cell activity belong to a subpopulation of T-cells
bearing low affinity receptors for Esh‘ Apparently the opti-
mal conditions empleyed for E-rosette formation and separation
do not completely prevent the dissociation of low-avidity
E-RF(C, resulting in the appearance of T-cells with low affini-
ty receptors for Esh after this separation procedure in the
interface. Since these low-affinity E-RFC have been shown to
exhibit the strongest NK-cell activity (West et al., 1976}
this would explain the fact that lymphocytes in the non-T-cell
fraction, containing only 6 - 17 % T-cells, show a similar
level of NK~cell activity as the T-cell fracticn {(centaining
190 % T-cells, see above) at the same lymphocyte target cell
ratio, since the latter is relatively depleted and the former
relatively enriched for T-cells bearing low-affinity receptors
with Esh'

Hersey et al. {1975) showed T-cells, bearing FcR, to be
cytotoxic. Kiuchi and Takasugil (1976) defined the NK-cell as
a nuil cell, i.,e. without T- and/or B-cell characteristics
except the presence of IgG~Fe-receptors. These authors used
E-rosette formation and separation and subsequently checked
the purity of the separated fractions by E-rosette formation.
Our data clearly demonstrate that for testing of the purity of
the cell fraction after purification other assays for the
characterization of a cell subpopulation should be employed
than the one used for the separation of the cell subpopula=-
tion i.e., it was demonstrated that not all T-cells form E-
rosettes after E-RFC-separaticn on Ficell.

Most likely, a proportion of the E-rosettes, apparently
the low-avidity E~RFC (West et al., 1977), dissociate during
the E~RFC fractionation procedure on Ficoll, and will be found
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in the interface i.e., the so-cailed non-T-cell fraction, and

a proportion ¢of these T-cells may bear FcR {Samarut et al.,
1976) . Thus, the cells from the interface, showing NE-cell
activity would be characterized as non-T, non-B, IgG-FcR bear-
ing cells on the basis of their -, EA~ and SIg markers. Ana-
lysis of the cells is the interface fraction with the a/T-~cell
antiserum, however, indeed showed the presence of T-cells.
West et al. {(1976) reported that the E-RFC depleted fractions
were seldomly depleted of NK-cell reactivity. Our data are in
accordance and the simultaneous analysis of cell surface mar—
kers performed strongly suggest that indeed T-cells are pres-
ent in this E-RFC depleted fraction. The analysis of cell sur-
face markers alsc showed that pure T-cells (E-RFC, anti-T-
cell serum positive) can form EA~rosettes and exert K-cell
activity (ADCC) confirming other data {Van Qers et al., 1977;
Samarut et al., 1976; Dickler et al., 1974).

Bakics et al. (1977) state on the basis of their experi-
ments that non-T-cells are responsible for NK-cell activity
against monolayer cultures, They, however, found that the
E-RFC enriched (T~cell enriched) fraction was always cyto-
toxic, unless passed over a nylon column before cytotoxicity
testing. Saksela et al. {1977) recently showed that cells
showing "spontaneous" activity were retained on nyleon and
this may explain the loss of NK-cell activity, which Bakidcs
et al., (1977) observed. Our ocbservations and those of others
that B-cell enriched fractions (West et al., 1976; Bakdcs et
al., 1977) and monocyte enriched fractions (cur data) had no
direct NK-cell activity strengthens the conclusion that the
"contaminating" T-cells in the E-RFC depleted (i.e., "non-T-
cell" fraction) are responsible for NXK-cell cytotoxicity.
From the data discussed so far it can be concluded that at
least two populations of NK celis exist:

1} NK-cells showing NK cytotoxicity against all types of

target cells tested in long—-term and short—term cyto-
toxicity experiments and with IgG~FcR on their cell

surface (NKlt and NKst' 1gG-FcR positive);
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2) NK-cells showing NK cytotoxicity against monolayer
cultured target cells tested in MCT, with no demon-—
strable IgG-FcR on their cell surface as demcnstrated
with EA~RFC and ADCC.

Recently, the generation ¢f Fe receptors and hence NKst_ and K-
cell activity after prolonged culturing cf FA-RFC depleted
cell]ls has been demonstrated (Chapter VI, Ortaldo et al., in
the press). One might argue that these cells are generated
during the 48-hour incubation period required for the MCT and
hence the same type of effector cells was responsible for the
NX~cell killing as in the short-term 5:{Cr release assay using
K~562 as target cells. Our observations that EA~RFC depleted
cell fractions, cultured for 48 hours did not show any cyto-
toxicity against T-24 cells in a 4 hour 51Cr"cytctoxicity
test, whereas the cells showed cytoteoxicity in a 48 h MCT ar-
gues against this possibility (data not shown).

K-cell c¢ytotoxicity is known to be antibody-dependent,
and the presence of IgG-FcR on NK-~cells of antibodies may in=-
dicate that the NK cytotoxicity could be of an ADCC type for
the fcllowing reasons:

1} lymphocytes already have Ig with specificity for cer-
tain target cells bound to their surface {n vive (Akira
and Takasugi, 1977; Kay et al., 1977; Pross and Jon-
dal, 1975};

2} antibody is released by lymphocytes and binds to FcR
bearing cells during the cytotoxic assay (Blair and
Lane, 1975; Pape et al., 1977).

The first possibility would then explain our observation that
EA-RFC negative cells showed NE cytotoxicity against mono=-
layer cultures, since theiy IgG-FcR were already saturated
with IgG. The second type of reacticon would reguire function-
ally intact FcR on the membrane of lymphocytes.

The guestion whether the FeR is functionally invelved in
the WK cytotoxic mechanism will be the subject of chapter VI.
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CHAPTER VI

ANALYSIS OF THE INVOLVEMENT OF THE IgG-Fc
RECEPTORS ON LYMPHOCYTES IN THE NK-CELL
CYTOTOXICITY

A. Introduction

In the previous chapter it was shown that there exist at
least three populations NE-cells: 1. a NKlt—cell kelonging to
a subset of lymphocytes with an IgG-FcR, e.g., exerting NK-
cell activity against monolayer target cells, as monitored in
a 48 h MCT, and showing antibody dependent lysis of P-815
cells; 2) a NKlt—cell without detectable IgG-FcR, e.g. exert-
ing NE-cell activity against monolayer target cells, as moni-
tored in a 48 h MCT, but not showing antibody dependent lysis
of P-815 cells; and 3) a Nxst-cellgfjh an IgG-FcR, e.g.,
exerting NK-cell activity against Chromium labelled K-562
cells as monitored in a 4 h isctope release cytotoxicity as-
say and showing antibody dependent lysis of P-815 cells.

For the NKltucell without an F¢R on itg surface, it is
clear that its cytotoxic mechanism is not antibody dependent.

The author contends that the characterization and puri-
fication of the effector cells, particularly in human systems,
is of c¢rucial importance for a better analysis of their cyto-
toxic mechanism, the immunologic specificity of their acticon
and their possible role as an immunosurveillance mechanism.

The analysis of cytotoxicity in various combinations of
effector cells and target cells has presented evidence that
target cells may be lysed not only by lymphocytes, but by a
number of cell types {see Introduction, chapter V). Further-
more, it can be concluded from the data presented in chapter
V that target cells can be killed by more than one type of
lymphocyte. In the past much attention was devoted to the
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lysibility of various target cells (chapters II, III and
Herberman and Oldham, 1975). With the identification of so
many types of effector cells and new subsets of lymphoeytes
(chapters IV and V} attention should now be given to the phe-
nomenon of discrete "selective susceptibility to lysis"
(chapter V} i.e., the lysibility of a particular cell will
depend on the number of types of potential effector cells for
which it may serve as a target. In the previous chapter it
was shown that the various types of NK-cells, FcR positive
and negative, are likely tec belong to the T-cell subset which
also bear low-affinity receptors for B (West et al., 1977).

West reported that this low-affinity Esh_RFC are proba-
bly pre-T-cells., On the basis of our cell surface marker ana-
lysis of the lympheid cells in each fraction (chapter V) it
was concluded that these cells most likely accounted for non-
T-, non-B-cells, as defined earlier by Takasugi as null cells
{see discussion chapter V). The important question remains
whether the FcR for IgG present on the surface of the other
two types of NX-cells is functicnally involved in the lytic
process. The experiments described in this chapter will focus
on this guestion.

B. Materials and methods

The cell isolation, cryopreservation, separation, type
classification, isotope labelling technigues and the cyto-
toxicity assays for monitoring the NK and K-cell activities

are described in chapters IT, III and V (Materials and meth-
ods}.

1. Tsolation of the FeR bearing celfs
All procedures for the separation of ¢ells lacking FcR
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were performed as described in Materials and methods in
chapter V. The adherent cell fraction was ccllected by incu-
bating the monclayers plus the adherent cells for 18 h at
37° € and then collecting the medium with the cells that had
detached spontaneously.

7. Culituning of Lymphooytes

Lymphocytes were cultured for 7 days in RPMI-1640 + 20 %
foetal calf serum by placing culture flasks (Costar 3075)
containing 10 ml lymphocyte suspension (2 x 106/ml) in a hori-
zontal position at 37° ¢ in an atmosphere of 5 % 002 in air
in an incubator.

C. Results

I. The egfect o4 prolonged cultwiing of Lymphecytes on NK- and K-cell
aotivity

We designed an experiment to study whether the various
fractions showing N~ cell activity and containing FcR bearing
cells needed the presence and/cr functional activity of these
FcR.

From table I A it can be seen that prolonged culturing of
population A lymphocytes increased the NK-cell activity
against the monelayer cell lines tested (table I A, fractions
A and A_, cclumn NKlt cytotoxicity). The NK cell cytotoxicity
against K-562 of the cultured fractions (A) from donocr 321
was decreased, but there was also a drastic decrease in the
percentage EA-RFC (table II A, donor 321, column EA-RFC).

In order toc see whether the cytoxicity observed was me-
diated through the IgG-FcR, the EA-RFC depleted lymphocyte
fraction was cultured. As shown earlier, EA-RFC depleted

cells, although occasionally remaining cytotoxic against tar-—
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Table I &

PER CENT CYTOTOXCCITY OF VARIOUS LYMPEOCYTE FRACTIONS AFTER SEPARATION
ER-RFC DEPLETED FRACTICHS, EAR-RFC RECOVERED FRACTION AND THE EFFECT OF
PROLONGED CULTURING ON NK CELL CYTOTOXICITY

target cells

let m{st K
1 1 1 2 2
lymphocyte donox NKI-4 Mel-I colen K-562 P-815
Donozr 313 . * * P
) unfracticnated lymphocytes 33 21 20 14
a_)unfracticnated lymphocytes™*
cultured for 1 week .
D) EA-RFC depleted fraction 21 16 4 Is}
nc)m-m“c depleted fraction
cultured for ! week .
E} EA-RFC recovered fraction 47 a8
Deper 314 . . . .
A} unfractionated lymphocytes 64 44* 35 N 39‘
Ac)unfractionated lymphocytes 14 59 21 49
cultured for ! week .
D} EA-RFC depleted fraction 18* 28* 4 5
D_)}EA-RFC depleted fraction 48 41 9% 48"
cultured for 1 week
E} EA-RFC recovered fraction 99" 20% s3* 10%
Donor 316
k) unfractionated lymphocytes 23 22* aq* 9" 9*
Ac)unfractionated lymphocytas 777 ag* 22*
cultured for 1 week
D) ER-RFC depleted fraction 19 2 4]
D }EA-RFC depleted fraction 56" 23* 5
cultured for 1 week
E} EAR-RFC recovered fracticn £l 197 4]
1 lymphocyte target cell ratio: 200 : 1;
2 lymphocyte target cell ratio: 50 : I; P-815 is sensitized with IgG

(see Materials and methods!).

= P-value gD.OS

+ lymphocytes fraction were EA-RFC depleted after culturing for 1 week
immediately before cytotoxicity testing.

Fractions A, Rc, D, Dc and E were isolated and described in Materials
and methods.
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get cells growing in monolayers (i.e., NKI-4, Mel-I and/or
Colon-1), lost their NK~cell activity against K-562. When
these cells (fraction D} were cultured for 1 week (fraction
Dc) they became extremely cytotoxi¢ against K-562 and the
cytotoxicity against the monolayer cultures was increased as
well:; against NKI-4 (donors 214, 316 and 320), against Colon
(donors 314 and 320) and against X-562 (donors 316 and 321)
as can be seen in tables 1 & and I B, fractions D and DC, co—
lumn NEK cytotoxicity. The K-cell activity against IgG-sensi-—
tized P-815, however, was very low, and so was the number of
BA-RFC. Since these two assays require functionally intact FcR
the latter two observations again support the conclusion that
IgG~FcR, although they may be present on a proporticn of the
NX-cells, are not invclved in the NK-cell cytotoxic mechanism.

Lymphocytes of donor 314 (table I A), however, showed the
opposite effect and lymphocytes of donor 320 showed an in-
creased cytotoxic activity as monitored in both the NXK- and K-
cell assays.

Whether the NK-cell activity of these EA-RFC depleted
and cultured cells {takle II B, fractions Dc), which showed
ne NX cytotoxicity before culturing {table II B, fractions D)
represent the induction of new subpopulation of NK-cells,
which so far remained undetected has to be elucidated. The
per cent EA-RFC was always increased slightly after culturing
of the EA-RFC depleted cell population. These results do not
clearly demonstrate that the IgG-FcR is not involved in the
NK-cell iytic mechanism, although it is clear that the in-
crease in NK-cell activity upon prolonged culturing of the
lymphocytes does not necessarily coincide with an increase in
antibody dependent K-cell killing and vice versa. Moreover,
the effect of culturing of lymphocytes on NK- and K-cell kill-

ing seems donor dependent.
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TABLE I B

PER CENT CYTCTOXOCITY CF VARICUS LYMPEQCYTE FRACTIONS AFTER SEPARATION
EA-RFC DEPLETED FRACTICNS, EA-RFC RECOVERED FRACTION AND THE EFFECT OF
PROLONGED CULTURING ON NK CELL CYTOTOXICITY

target cells

NKlt m(st
1 1 1 2
iymphocyte donor NKI-4 Mel-I colen X-562
genor 320 R .
A) unfractionated Lymphocytes** 15 48 14
A Junfracticnated lymphocytes
cultured for 1 week
D} ER-RFC depleted fraction - 3* Al‘t 4*
D_}EA-RFC depleted fraction 45 5B 18
cultured fox 1| week .
E} BAR~RFC recovered fraction 30 37 12
gopmor 321 N
) unfractionated lymphocytes 39" 83 557
A )unfractionated lymphocytes 18"
cultured for 1 week
A _Junfractionated lymphocytes 17
cultured for i week, ER-RFC
depleted .
D} EA-RFC depleted fraction 22
cultured for 1 week
D _)JEA-RFC depleted fraction 16"
¢ cultured for 1 week,
EA-RFC depleted " . N
E} EA-RFC recovered fraction 63 91 31

P-815 2

237

*
57

ek
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lymphocyte target cell ratio: 200 : 1;

lymphocyte target cell ratic: 50 : i; P-815 is sensitized with IgG
(see Materials and methods).

P-value {©.05

lymphocytes fraction were EA-RFC depleted after culturing for 1 week,
immediately before cytctoxicity testing.

Fractions A, & , D, D and E wers isolated as described in Materials
[ c
and methods.
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Table II A

COMPOSITION OF THE MONONUCLEATED CELL POPULATICNS OF THE DIFFERENT FRACTIONS

lymphocyte donor

Doner 313

£} unfractionated lymphocytes
A ) unfractionated lymphocytes
cultured for i week

D) EA-RFC depleted fraction
D } EA-RFC depleted fraction
cultured for 1 week

E} EA-RFC recovered fraction

Deger 314
A} unfracticnated lymphocytes
A ) unfractionated lymphocytes
cultured for | week

D} EA-RFC depleted Erxaction
D ) EA~RFC depleted fraction

© cultured for 1 week

E)} EA-RFC recovered fraction

Dopor 316

A) unfractionated lymphocytes
A ] unfractionated lymphccytes
cultured for 1 week

D) EA-RFC depleted fraction
D } EA-RFC depleted fraction
cultured for 1 week

E) BA-RFC recovered fracticen

OF THE ISOLATED FRACTIONS

immnofluorescence

+

s E-RFC 3TN % IgT % T/ 4 T /Ig° & BA-RFC
71 73 8 18 12
76 89 2 s 1
77 99 0 o
22 4
a2 22
80 7
a1 94 0 6 1
79 )
35 12
76 18
65 9
93 1
80 ?
54 7

Fractions A, Ac, b, Dc and E Were isclated as described in Materials and methods.
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Table It B

COMPOSITION OF THE MONONUCLEATED CELL POPULATIONS OF THE DIFFERENT FRACTIONS
OF THE ISOLATED FRACTIONS

immu.nof}\uorescence
+ + +,_+ -~
lymphocyte donor % E-RFC 3 T % Ig % T /Ig $ T /Ig % EA-RFC
donor 320
A)~ unfractionated lymphocytes 80 87 6 1 3 20
Ac) unfractionated lymphocytes 83 7
cultured for i week
D) EBA-RFC depleted Eraction 96 26 [v] 4] 4 1]
DC) EA-RFC depleted fraction 78 3
ciltured for 1 week
E} EA-RFC recovered fraction a0 95 3 0 2 1
Bonor 321
A) unfracticnated lymphocytes a8 95 Q 1 4 33
Ac) unfractionated lymphocytes 5
cultured for 1 week
D) EA-RFC depleted fraction 2
E) EA-RFC recovered fraction 8% 83 B 1] ] 5

Fractions A, Ac, D, Dc and E were isolated as described in Materials and methods,



Z. The NK- and K-celd activity of CA-RFC necoverned Lymphocyfes:
gunctional involvement of the FeR?

We already have shown that EA-RFC when incubated on EA-
monclayers, remain attached to the IgGé coated Esh ghost mono-
layer. These cells, overlayered with medium, were incubated
for 18 h at 37° C. After incubation the cells that had spon-—
tanecusly detached from the monclayers were recovered (total
yield 21 %, table I, chapter V) and tested for their NK- and
K-cell activity against K-562, NXI-4, Cclon-1 and against IgG-
sensitized P-815 (tables I A and T B, fractions E}. Cell sur-
face marker meoniteoring revealed that, although theoretically
100 % of these cells are expected to bear FcR, only a very
small percentage (4 - 12 %} of these "F¢R bearing” cells still
bear IgG-Fc receptcrs capable of binding to IgG sensitized Esh
and fresh EA-monclayers (table I B and II B, fractions E, co-
lumn % EA-RFC). If one compares the NK-and X-cell activity
(ADCC) against K-562 and IgG sensitized P-3815 of the BA~RFC
recovered fraction to that of the unfracticnated cells, one
can see that the lymphocytes of 3 out of 5 donors {donor 313,
314, 316, tables I A and I B, fractions A and E, column NKlt
and K} showed an increased NX- but a decreased K-cell activity.

For 2 out of 5 donors the level of NK- and K-cell activi-
ty remained the same as before EA-RFC recovery (donors 320
and 321, takles I A and I B, fractions A and E, columns NKst
and K}. The NK-cells of all donors showed an increased lytic
activity against the monolayer target cells (tables I A and
I B, column NKlt). When the EA-RFC recovered fractions were de-
pleted for residual EA-RFC directly before cytotoxicity test-
ing, the results became more clear. As can be seen in fig. 1,
the levels of cytotoxicity against K-562 and P-815 before
fractionation were egual and the influence of the effector
target cell ratic was monitored.

When the EA~RFC recovered fraction was depleted for resi-
dual EA-RFC directly before the cytotoxicity testing, one can
see that the level of NK-cell activity remained unchanged or

129



lymphocyte lymphocyte
donor 323 donor 332
1004 -
K ! 1
-l
B
=
o E 4
a
§ 1 a
< ——— e ST N1
E] p 4
-
Z B m———— . N K
= 54 ° & — L oK
o 8 NK -
a e -
- . a e =0 K ] - wNK
® o= NK
2 ”
1 Ui —aa K l
‘/d/ P o -
/” -
L ot
{1 o - ——OK
it —_,n'-
R;—__..-.A- tl--"'"-n.-
0~ y T t s - T v T T
3 ) 12 25 50 3 & 12 25
effector / target cell ratic
K -582 @ MNX cell cytotoxicity of unfractionated Jymphocytes { EA - RFC denor 323 : 23 %)
(NK-cell) ° K celi re o . | EA ~ REC domor 332 : 20 % )
target cells 4 NK cell cytoroxicity of EA - RFC recovered fymphocytes { EA - RFC donor 323 ¢ 5 %)
4 K ogell . o e e {EA - RFC doner 332: 0 %)
1gG ~ coated
P- 815 8 NEK ceil cytaraxicity of EA ~ RFC recovered lymphocytes
{ K-cell } deplered for possible EA - RFC { EA - RFC donor 323: 0 %)
target cells a K cell cytotoxicity of EA -~ RFC recovered Tymphocytes
deplered for posiible EA ~ RFC { EA - RFC donor 332: 0 %)

Figure 1. Separation of NK-
regovery followed

was even somewhat higher

lymphocytes, whereas the
creased. Furthermore, at

and K-cell activity by means of EA-RFC
by BA-RFC depletion.

as compared to the unfractionated
level of K~cell activity was de-—
an effector target cell ratio of

3 : 1 the NK~-cell per cent cytotoxicity against X-562 is still
significant whereas the XK-cell activity is completely abolis-

hed. Moreover, the decrease in K-cell activity coincided with
a decrease in the per cent EA-RFC.
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3. The .ingfuence of solubfe complexes on the NK- and K-cell activities

Complexes were expected tc reduce the lytic activity of

E-cells by "plugging"” of the IgG-FcR on the surface of the

effector lymphocytes. That this is indeed the case can be

seen in fig.

2. The maximally per cent reduction of K-cell

cytotoxicity was 100 % for lymphocytes of two of the three
doncrs and 60 % for 1 donor, depending on the effector/target

cell ratic. The reducticn in per cent NEK-cell cytotoxicity,

however,

is much less, ranging from 40 tc 65 per cent,

sug=~

gesting that at least a subset of the NKst—cells do not need

the functional involvement

¥~-562 target cells.

of the IgG-FcR for MK killing of

iymphocyte lymphocyte lymphocyte
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Figure 2. Per cent reduction by immune-complexes of

the cytotoxic
capacity of NK- and K-cells.
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This stronger inhibition of K-cell cytotoxicity is illu-
strated by a complete inhibition of EA-RFC formation (fig. 2}.
Figures 3 and 4 show the data obtained from an experiment com-—
bining the monitoring of the NK=- and K-cell activity of EA-
RFC recovered, EA-RFC depleted fraction (described earlier)
with inhibition of the NK- and K-cell cytotoxicity by immune
complexas. Since the total level of NK-cell cytotoxicity of
unfractionated lymphocytes is reduced by the immune complexes,
this experiment allows the interesting conclusicon that the
cytotoxic capacity of a proportion cf the NKst—cells can be
inhibited by complexes. These NKst—cells thus probably bear
FcR on their surface.

The X~cell activity, however, is reduced even stronger.
Again, from figs. 3 and 4 it can be seen that addition of
immune complexes completely inhibit EA-RFC formation and that
no EA~RFC are present in the EA-RFC recovered fraction after
IgG—Esh short monolayer incubaticn. When the influence of the
additicon of immune complexes on the NK- and K-cell activity
of the EA-RPC recovered cell population, after depletion of
residual EA-RFC, is monitored one can see that the NK-cell
activity is only slightly reduced. This observation allcws
the conclusion that two subsets of NKst—cells exist: L. NKst—
cells bearing IgG-FcR on the ¢ell surface since this NK-acti-
vity can be blocked by immune complexes and hence may require
the functicnal involvement of FcR for its lytic activity; and
2. NKEt—cells of which the lytic activity cannot be blocked by
immune complexes. The latter cell population expressed IgG~FcR
on its surface before fractionation. Thus this IgG-FcR seems
not to ke functionally involved in the lytic NK process.

An alternative explanation is that the inhibition of NE-
cell cytotoxicity by immune complexes was caused by steric
hindrence rather than by blocking of a functionally reguired
FeR.
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D. Conclusions

As stated in the previocus chapter NK-cell killing may
require FcR and hence display an antibody dependency for its
lytic activity. The antibody may already be present on the
cell surface of the purified lymphocytes (4n vive coating of
lymphocytes by antibodies) or be produced during the 4 h
period regquired for cytotoxicity testing.

Jondal and Pross (1975) showed that the NK-cells sepa-—
rated with the complement receptor bearing cells and not with
E-RFC and stated that these effector cells were non-T-cells.
Earlier work of these researchers suggested these non-T-, com—
plement receptor bearing cells to bear FcR on their surface
(Jondal, 1974). When, however, complement receptor bearing
cells were isolated with pure IgM antibodies the NK activity
did not separate with the complement bearing cells. Use cf
75 IgG, however, yielded similar data as reported by Jondal
(West et al., 1977). Most likely the separation of NK-cell
activity was mediated through the IgG-FcR. Other investigators
confirmed the presence of IgG-FcR on the surface of NE-cells
{Peter et al., 1975; West et al., 1977; Kay et al., in the
press). Both, NK cells as well as K-cells are reported to
bear FcR. The data presented in the previous chapter suggest
that another, FcR negative, cell population shows NK-cell ac-
tivity, but exclusively against monolayer tumour target cells.

It was shown in this chapter that prolonged cuituring of
lymphocytes, without IgG-FcR, induces IgG-FcR formation or ex-
pression and induces NK-cell activity. These observations are
in accordance with the data of Ortaldo et al. (submitted for
publication}. 'These investigators also showed that this NEK-
activity is only induced when the culture medium is supple-
mented with foetal calf serum. Human serum has no such an
effect. The MCT, using monolayer cells as target cells, re-
quires 48 h, Thus one may argue that NK-cells are generated
during the cytotoxicity assay. Lymphocytes, cultured for 48 h
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and subseguently tested for NK-cell activity against monolayer

target cells in a 4 h 31

Chromium-release assay of monolayer
target cells have, however, nc lytic effect {unpublished
data) . Thus, the cytotoxicity observed seems indeed to be
effected by a newly detected subset of IgG-FcR negative lym-—
phocytes. Stejskal et al. (1973) reported on induced cytotoxi-
city after culturing of lymphocytes in fcoetal bovine serum
and others confirmed their observation (Zielske and Golub,
1976; Levin et al., 1976; Bolhuis et al., submitted for pu-
blication; Ortaldo et al., submitted for publicaticon; this
chapter}. The susceptibility of K-562 and P-815 c¢ells to ly-
sis as a result of the induced cytotoxicity after culturing
in medium supplemented with foetal calf serum make it proba-
ble that their observations represent the induction of NEK-
activity.

One cf the main efforts in the field of tumour immuno-
logy has been the direct cytotoxicity testing of lymphoid
cells of cancer patients. The aim was to demonstrate that the
isolated cells were educated {n wive to mediate tumour speci-
fic cytotoxic reactions (chapter I).

That this expectation was not satisfied is discussed
earlier {chapters I and II). Recently, much attention is given
to the indirect cytetoxicity testing. This invelves the cul-
turing of lymphocytes with (allogeneic) tumour cells with sub-
sequent monotoring of cell medizted cytolysis of the tumcur
cells. If one chooses such an .approach it has to be realized
that foetal calf serum in the culture medium rather than the
tumour cells would induce the cytotoxicity obsexrved later
during the cell mediated cytotoxicity phase of the experiment
and thus foetal calf serum is not recommended for this type
of experiment.

The issue remains whether the NK-cells with IgG-~FecR on
their surface can be functionally equated with the IgG-FcR
bearing K-cells. This weould implicate the functional involve-
ment of the IgG-FcR in the NK lytic process. The results ob-
tained from the cytotoxicity testing of fractionated lympho-
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cytes cultured for 1 week already indicated that the NE-cell
activity did usuvally not separate with the X-cell activity.
The EA-RFC recovered lymphocyte populaticn of 3 out of 5 do-
ners showed increased NK-cell activity without a concomitant
increase in X-cell activity. Ne trypsin was used for the re-
covery of the EA~RFC cells since this might lead to inactiv-
ation of NK-cells (Jondal and Press, 1975; Faulk and Hijmans,
1972) . Moreover, these cells beared IgG-FcR on their surface
before fractionation, since they were repeated on the basis
of that gquality. After 18 h incubating, however, low numbers
of FcR bearing cells were detected, probably because the
cells had shed off their FcR. Again this observation suggests
that NE- and X-cells are distinct cell types or when there is
an overlap between these cell types (K-cells and NKlt— or
NKst—cells, FoR positive) the NE- and X-cell lytic capacity
are distinect functions of the individual lymphocyte.

The immune complex inhibition experiments of NEK- and K-
cell cytotoxicity and the combination of NXK or K cytotoxic
tests of EA-RFC recovered cells with immune complex inhibkition
provides experimental basis for the hypothesis presented here
i.e., that several types of NK-cells exist. Whether the lytic
mechanism of & subset of these NK-~cells is antibody dependent
as suggested by others (Saal et al., 1977; Akira and Takasugi,
1%77;: Blair and Lane, 1975) needs further experimentation.
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GENERAL DISCUSSION

The importance of the immune system as a defense mecha-
nism against the proliferation of cancer cells has been con-
sidered during the past 20 years ranging from having no rcle
at all to it is the major defense mechanism. Others now say
that it might be a mechanism of guesticnable importance. Many
clinicians and researchers took the newly formulated theory of
immuncosurveillance on the status of a dogma and numerous ex-
amples could be found in the literature where the unigue anti-
genicity of tumour cells was demonstrated in experimental ani-
mal systems. The enthusiasm about these reports, however, ob-
scured the boundaries between expectations and facts once the
search for such tumcur asscciated antigens was initiated in
human tumour systems. Transformation from normal to necoplastic
cells involves a number of changes such as alterations of the
composition and arrangement of cell surface components and
any such variations were thought to lead to the appearance of
new antigenic structures at the surface of these cells.

We have been able to demonstrate that there is no clear
evidence at present for the existence of tumour associated an-
tigens in the sense that these are specific for tumours of a
certain histologic crigin. The inability to demonstrate the
presence cf tumour associated antigens was due to hetercgene-
ity of the material ({chapter II), the fact that the inter-
pretation of results was compromised by the selecticn of lym-
phocyte control and/or target cell control, the changes in
susceptibility to lysis of the target cells as a result of
subculturing and the lack of reprocducibility of the assay.
Furthermore, the NK-cell activity may obscure the detection
of tumour-specific reactions. Hence, our findings do not-

implicate that there are no such antigens or that there is
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no role for the immune response in modulating malignant di-
sease in a profitable sense for the tumour bearing individual.

Many if not all naturally cccurring immuncgenic tumocurs
of animals may turn out to have a viral etiology resulting in
the neo—antigenicity of the malignant cells. There are indi-
cations that alsc viruses play a role in a variety of sponta-
neous cancers in man {Nooter et al., 1975). However, the
tumours of laboratory animals naturally infected with onco-
genic viruses express antigens of which the antigenicity is
several orders of magnitude higher than those found on human
tumours with a suspected viral etiology. Hence human tumocurs
may have only a marginal expression of these antigens which
are below the threshold of active immuncgenicity.

The partial development of specific immunological toler-
ance to viral associated tumour antigens in a long infected
host must be considered as ancther possibility.

Little is known about the antigenicity of spontaneous
tumours in wild mice and rats which probably have a viral e-
tiology. It would be of great importance to study the anti-
genicity of these tumours. In the Introduction the assumption
has already been discussed that fregquent natural exposure of
animals to viruses has selected the host for high immune re-
sponsiveness and therefore one could envisage in the human
situation that there may be an imperfect genetic selection
for resistance against tumcurs developing early at life due
to the fact that the infrequent occurrence does not result in
such a selective pressure. For the majority of spontaheous
tumours in adult man it is known that they appear late in or
after the reproductive periocd. Therefore, a selective evolu-
tionary pressure for the development ©f high responsive tu-
mour specific immune recognition systems seem unlikely.

Clear evidence was given in chapters V and VI for the
presence in human peripheral blood of natural killer cells a-
gainst monolayer cultures. Preliminary experiments suggest
that this natural activity exhibits immunologic selectivity.
It was further shown that the natural killer cytetoxicity is
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exerted by wvariocus cell populaticns, i.e., T-cells with or
without IgG-Fc receptors and furthermore that T-cells without
IgG-Fc receptors exhibited their cytoteoxic effect against
monclayer target cells but not against myelogenous leukaemia
cells growing in suspension. Although this natural killer
cell phencmencn has cobscured the detection of tumour specific
immune respconses in human systems we have to recognize the
possible important J{n vive surveillance function of these cells.

The main guestion is whether it will be possible to modu-
late the immune response in such a way that it can effect
spontaneously arising tumours in man, tumours which only
slightly differ from analogous normal cells in antigenic sur—
face structure and which are only weakly immunogenic in the
tumour bearing individual. This question may prudently answer-
ed positively and although highly speculative, without firm
experimental evidence, there are several approaches to tumour
prophylaxis and immunotherapy which are open for experiment—
ation.

T, Nonspecifdle dmmuncihenapy

Immunctherapy c¢f human cancer has become an important
modality in clinical oncology. A wide variety of microbial
substances has been investigated for their capacity to affect
immunological respeonsiveness at various stages. They can ele-
vate the immune response against ctherwise very weak antigens
by combining with the antigen or altering its antigenicity.
Weiss (1972; 19%76) has studied in detail the behaviour of
such an adjuvant or better immune modulator, the methanol ex-
traction residu fraction of tubercle bacilli. This study in-
dicated the multifaceted applicability of such reagents to the
prevention and treatment of malignant disease. It was shown
that this immunomcdulator enables an organism to respond to
otherwise non-immunogenic substances or even prevent or break
a state of specific immunological tolerance. If one takes in-
to account the lack of strong immunogenic antigens on the
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surface of tumour cells and the possibility of tolerance for
tumour associated antigens it is obvicus that these immune
modulators can be of crucial importance in developing resistance
of the tumour host against progressive neoplasia. The import-
ance for chemical and physical characterization of immunomo-
dulators and the association of the immunoleogical activity
with structure and physical state cannot be emphasized enough.

7. Stauctunal medifications of weak antigens

There are a number of ways in which immunogenic modifi-
cations of antigen can be brought about, for instance, by che-
mical and enzymatic treatment or by cellfusion technigues.
Such modifications have been shown to provoke new immuncgenic
gqualities or immunogenicity and to break states of specific
immunological unresponsiveness {Prager, 1973). It will be
cf great interest to investigate whether animals immunized
with tumour cells with new or altered antigenic structures
induced either by chemical compounds, viruses or cell fusion
can then recegnize the non-immunogenic structures present on
the surface of the unmodified tumour cells. Previous exXperi-
ments have shown that {n viftro education of human lymphocytes
on monolavers of tumour cells results in the generation of
nonspecific killer cells. This may be explained by the induc-
tion of natural killer cells after culturing the cells as des-
cribed in chapter VI. If tumocur cells with an altered anti-
genic structure as described above may become immunogenic cne
could envisage the possibility of 4{n wvitno education of auto-
gencus and allogeneic effector cells for passive adoptive

immunization.
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SUMMARY

In chapter I the pro's and con's regarding immuncsur=
veillance were discussed and it is clear that no conclusive
evidence can be given to either approve or disapprove the
validity of the concept.

Each tumour-host system will have to be analysed on its
own merit, and the impoertance of the immune system as a de-
fense mechanism against cancer will depend on the eticlogy of
the various forms cf malignancies.

The core question of tumour-immunologists today is
whether the hope can be entertained for a successful immuno-
logic approach in the contrcl or cure of cancer in man, espec-
ially since these tumour cells seem to differ only slightly
in antigenic surface structure from analogous normal counter
parts.

The author contends that this guestion can prudently
answered in the affirmative when in spite of all the justi-
fied hurry, serious assessment will be allowed for the mole-
cular characterization of tumour antigens and a precfound in-~
vestigation of the host capacity to respond to these antigens,
so that more than faith alone will be the basis of future at-
tempts at immunotherapy.

In chapter II the use of the microcytotoxicity test is
described to determine the cytotoxic effect of purified peri-
pheral blood lymphocytes from patients with carcinoma of the
urinary bladder, tumocur ceontrol patients and healthy donors
against cultured bladder cancer, melanoma and "normal" blad-
der epithelial cells. Disease specific cytotoxicity is de-
fined as statistically significant and selective destruction
of disease-related tumour target cells. Within the different
donor groups, an enormous variation in non-specific cyto-

toxic effects of the lymphocytes against the various cell

143



lines was seen. It appeared that the selecticon ©f the base-
line control and of type of target cell control influences
the level of cytotoxicity and interpretation regarding the
specificity of the reactions observed. In order to determine
whether a tumour-specific reaction was superimposed on the
non-specific natural Xiller cell activity, the overall cyto-
toxic effects from the three lymphocyte donor groups were com-
pared statistically. The analysis of results revealed that
effector cells from bladder cancer patients and tumour control
patients, when tested after therapy showed the same pattern
of reactivity of healthy donors. The cytotoxicity of lympho-—
cytes from bladder cancer patients, when tested before the
initiation of therapy, was stronger in comparison with the
other twe groups of donors, but this stronger cytoteoxic re-
activity against tumcour cells was not tumour-specific.

In chapter IIT the statistical analysis of the reprodu-
cibility of the microcytotoxicity test is described. It was
concluded that the experiment-to-experiment variation, using
the szame cryopreserved effector and target cells repeatedly,
is large and hence does not allew longitudinal monitoring of
the ¢ytotoxic capacity of patients lymphocytes in iIndependent
experiments. Moreover, it was concluded that cryopreservation
in general decreases the lytic capacity of lymphocytes and
increases the lysibility of target cells.

In chapter IV the identification of a new subpopulation
of human T-cells, carrying a receptor for the Fc-portion of
IgM type antibodies is described. It was shown that either
free IgM antibodies or IgM-antibody-antigens complexes can
be bound to the receptor con the surface of the lymphocytes.

The specificity of the binding was demonstrated by the
fact that either IgM or Feo-fragments cf IgM antibodies could
block the binding capacity of the receptor, but not IgG.

Moreover, the pentameric structure of IgM needs to be
preserved for binding, since cleavége products do not bind
to the receptor.
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In chapter V the nature of the natural killer cells was
investigated. Analysis of cell surface markers resulted in
the following conclusions: 1, NEK-cell belong to the T-cell
subset of lymphocytes; 2. B-cells are not involved in the NX
cytotoxic mechanisms as studied in the assays described;

3. monocytes are not involved in the cytolytic process of
NE~cells.

In chapter VI the analysis of the functional invclvement
¢f the IgG-Fc receptor was explored. When IgG-FcR bearing
cells, absorbed onte plastic surfaces covered with IgG coated
Ep membranes, were recovered from these monclayers by 18 h
incubation at 37° C, almost no FcR could be detected by means
of rosetting techniques. Furthermore, these cells showed a
significantly reduced K—cell activity (ADCC). On the contrary,
the level of NK activity remained equal or was increased.
These results indicate that although both NEK~cells and K-cells
bear FcR, FcR are not functionally active in NK-cell killing
as opposed to the antibody~dependent-cellular cytolysis, il-
lustrating that ADCC and NK-cell killing most likely involve
distinct mechanisms. The conclusion was confirmed by the
results of another experiment, showing that immune complexes
inhibited X-cell activity to a significantly larger extend
than NK-cell activity. The NK-cell activity of EA-RFC recover-
ed cells were not inhibited by immune complexes, whereas the
K-cell activity was decreased.
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SAMENVATTING

In hoofdstuk I zijn de argumenten voor en tegen de im—
muunsurveillance theorie besproken en het is duidelijk ge-
worden dat er tot op heden geen sluitend bewijs geleverd is,
hetwelk de waarde van het concept kan bevestigen of ontkennen.

Ieder tumor-—gastheer-systeem zal afzonderlijk op zijn
merites als experimenteel medel vocr kankeronderzoek ge-
toetst moeten worden en het belang van het Immuunsysteem als
een afweermechanisme tegen kanker zal mede afhangen van de
etiolegie van de verschillende vormen van maligniteiten.

Voor de tumcr-immuncloog is momenteel de belangrijkste
vraag of er wel een basis is voor een gerechtvaardigde hoop
voor een succesvolle immunclogische benadering teneinde con-—-
trole over cof zelfs genezing van het kankerproces bi] mensen
te bewerkstelligen, juist omdat de antigene structuur van de-
ze tumorcellen slechts in geringe mate verschilt met die van
de analoge normale cellen.

De auteur is wvan mening dat deze vraag voorzichtig be-
vestigend beantwoord kan worden wanneer, ondanks alle gerecht-
vaardigde haast, een serieus onderzoek naar de moleculaire ka-
rakterisering van tumor—antigenen en een grondig onderzoek
van de immuuncapaciteit van de patiént om tegen die antigenen
een respons te geven mogelijk zal worden gemaakt. Dan zullen
veeleer resultaten dan geloof de basis vormen voor toekomst-

ige pecgingen tot immuuntherapie.

In hoofdstuk II is de toepassing beschreven van de mi~
crocytotoxiciteitstest voor het bepalen van de lytische capa—
citeit van gezuiverde lymfocyten uit het perifere bloed van
pati&nten met blaaskanker, pati&nten met andere vormen wvan
kanker en gezonde donoren op gekweekte blaaskanker-, mela-

noom~ en "normale" blaasepitheel-gellen. Tumorspecifieke cy-
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totoxiciteit is gedefinieerd als een statistisch signifikante
en selectieve lyseren van de betreffende tumcrcellen. Binnen
de verschillende groepen donoren werd een enorme spreiding in
de non-specifieke cytotoxische effecten van de lymfocyten te-
gen de verschillende cellijnen waargenomen. Het bleek dat de
selectie van de achtergrondcontrole en van het type tumorcel-
controle zowel het niveau van de cytoxiciteit als de inter-
pretatie betreffende de specificiteit van de immuunrespons be-
invlecedt.

Teneinde te bepalen of een tumorspecifieke reactie gesu-
perponeerd was op de non-specifieke "natuurlijke killer" cel-
aktiviteit werden de totale cytctoxische effecten van de drie
groepen donoren statistisch met elkaar vergeleken. Analyse van
de resultaten onthulde dat de effector cellen van blaaskanker
pati&nten en tumorcontrole patiénten eenzelfde patroon van re-
activiteit hadden, wanneer deze getest werden na behandeling.
Het cytotoxische effect van lymfocyten wvan blaaskankerpati&nten,
indien getest v44r de aanvang van therapie, was groter in ver-
gelijking met de twee andere greoepen van doncren, maar deze
grotere cytoctoxische reactiviteit tegen tumcrcellen was niet
tumorspecifiek.

In hoofdstuk IIT is de statistische analyse van de re-
produceerbaarheid van de microcytotoxiciteitstest beschreven.
De experiment-tot-experiment variatie bleek groot, ondanks
het feit dat dezelfde cryogepreserveerde effector en tumor
cellen werden gebruikt. Een regelmatig meten van de cytotoxi-
citeitcapaciteit, in onafhankelijk experimenten, van lymfo-
cyten van patiénten is dus niet mogelijk. Bovendien werd ge-

on ludeerd dat cryopreservering in het algemeen de lytische
capaciteit van lymfocyten doet verminderen en de lyseerbaarheid

van tumorcellen doet toenemen.

In hoofdstuk IV is de identificatie van een nieuwe sub=
populatie van humane T-cellen met een membraan—gebonden

receptor voor het Fco-gedeelte van IgM antilichamen beschreven.
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Er werd aangetoond dat zowel vrije IgM antilichamen, als Igk-
antilichaam—antigeen complexen kunnen binden aan de receptor
op de lymfocytmembraan.

De specificiteit van deze binding werd geillustreerd door
het feit dat zowel IgM als Fc fragmenten van IgM, maar niet IgG,
binding wvan de IgM-antigeen complexen aan de Fc receptor kon-
den remmen. Bovendien bleek het intakt zijn van de pentamere
struktuur van het IgM een voorwaarde voor binding aan de re-

ceptor.

In hoofdstuk V werd de aard van de "natuurlijke killexr"
cellen onderzocht. Analyse van membraanstrukturen gaven aan-—
leiding tot de volgende conclusies: 1. NK-cellen behoren tot
de T-cel subpopulatie van lymfocyten; 2., B-cellen zijn niet
betrokken bij het NX-cytotoxicische mechanisme, bestudserd
in de bheschreven experimenten; 3. meonocyten zijn niet be-
trokken bij het cytolytische proces van NEK-~cellen: 4. Een
deel van de NK cellen heeft een IgG-Fc receptor cp de mem-
braan.

In hoofdstuk VI is de analyse van het functioneel be-
trokken zijn van de IgG-Fc receptor bestudeerd. Wanneer cel-
len met IgG-F¢ receptor op de membraan, na adscrptie aan IgG
bedekte plastic petrischalen, werden teruggewonnen door deze
schalen met cellen 18 uur te incuberen bij 37° ¢ kon de vrij-
wel geen Fc receptoren meer gedecteerd worden op de membraan
van deze cellen. Bovendien bleken deze cellen een signifikant
lagere K-cel aktiviteit te vertonen. Het niveau van NK-cel
aktiviteit daarentegen bleef gelijk of nam toe. Deze resulta-
ten geven aan dat alhoewel NE- zowel als K-cellen een Fc re-
ceptor hebben, deze FPc receptoren niet functioneel betrckken
zijn bij het WK-cel lytische proces, dit in tegenstelling
tot de betrokkenheid van de F¢ receptor bij het antilichaam-
afhankelijke cellulazire cytolytische proces (K-celaktiviteit]).

Dit illustreert dat antilichaamafhankelijke cellulaire
cytolytische proces en het NK-cel cytotoxische proces ver=-
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schillende mechanismen vertegenwoordigen, Deze conclusie
werd bevestigd door de resultaten van een ander type experi-
ment hetwelk aanteoonde dat immuuncomplexen de K-cel reactivi-
teit signifikant sterker remmen dan de NEK~cel aktiviteit. De
NK-cel aktiviteit van EA-Fc receptor-geisoleerde cellen werd
niet geremd door immuuncomplexen, terwiljl de K-cel aktiviteit

verminderde.
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natural killer
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