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ABSTRACT
Tumours are comprised of diverse populations of cells with different metastatic abil
ities. Although this cm be due to alterations of genotype, there is evidence that
metastatic potential may also be affected by transient modulations in the local
environment. Thus pretreatment of colon 26 - an undifferentiated murine colon
carcinoma - with interferon-y (IFN-y) but not interferon-a (IFN-a) leads to a
significant increase in experimental pulmonary metastases in syngeneic BALB/c, and T
cell deficient nude mice. A 1 hour incubation with 1 unit/ml of IFN-y is sufficient to
produce the enhancement, which persists for at least 72 hours following removal of the
cytokine.
IFN-y exerts its effects by increasing the pulmonary retention of cells during the first 6
hours following tumour cell injection. During this period the cells are trapped in pul
monary capillaries. Thereafter the rate of loss of cells pretreated with control diluent,
IFN-a, or IFN-y is similar.
The enhancement is not due to modulations in class IMHC antigen expression since a 1
hour incubation with IFN-y or IFN-a does produce any significant alteration, and a 24
hour incubation with both interferons produces an equal enhancement.
In vivo colon 26 are sensitive to natural killer cell (NK) mediated lysis. Pretreatment of
mice with anti-asialo GM1 serum abrogates splenic NK cell activity leading to increased
pulmonary retention of radiolabelled cells and enhancement of metastases in NK cell
depleted mice compared with immunocompetent controls. It is not possible to determine
whether pretreatment with IFN-y alters the sensitivity of colon 26 to NK cell mediated
lysis since in vitro colon 26 are completely resistant to NK cell mediated lysis.
The enhancement of metastases is not due to alterations in cell size, adhesion to compo
nents of the extracellular matrix, homotypic adhesion, sensitivity to lysis by pulmonary
or activated peritoneal macrophages, osmotic fragility, or enhancement of either surface
Class II MHC antigen expression or ICAM-1.
Pretreatment with TGF-P significantly reduces the metastatic potential of colon 26 and
abrogates the IFN-y-induced enhancement. Interleukin-1, tumour necrosis factor, epi
dermal growth factor, and platelet derived growth factor have no effect on metastatic
potential.
2 dimensional gel electrophoresis has identified two proteins which are induced by
IFN-y and not by IFN-a, TGF-P, or the combination of IFN-y and TGF-p which are
good candidates for further study.
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CHAPTER 1
INTRODUCTION
THE METASTATIC PROCESS
A metastasis may be defined as a lesion that is no longer in continuity with the cancer
from which it has arisen (Poste and Fidler 1980).
Metastases result from a series of linked, sequential steps all of which must be success
fully traversed. Normally, the process is very inefficient with less than 1% of cells en
tering the circulation remaining viable at 24 hours, and less than 0.1% successfully
forming metastases (Fidler et al 1978). To produce a metastasis a tumour cell must
complete a series of potentially lethal interactions with various host factors. At each
stage the less well adapted cells are destroyed and therefore the process leads to sur
vival of groups of cells with specific properties which have enabled them to success
fully complete each step (figure 1.1).
A spontaneous metastasis begins with the local invasion of the surrounding host tissue
by cells from the primary tumour either singly, or in clumps, or as large multicellular
emboli. This process requires a number of activities. Active or passive movements are
important as is the production of various proteases including collagenases, plaminogen
activators, elastases, and cathepsins (Turpeenniemi-Hujanen et al 1985, Liotta and
Stetler-Stevenson 1989).
Commonly, metastasising tumours penetrate and invade the walls of blood vessels
(usually venules) and lymphatics. In tumours these vessels often possess abnormal en
dothelium and thus may be easily penetrated (Warren et al 1974). The metastasising
cells may be either swept away in the circulation or remain at the site of invasion where
they may proliferate and continue to shed emboli. Here they are at a considerable threat
from turbulence and mechanical trauma since they do not usually possess the deformability found in normal circulating cells (Weiss et al 1988). Arrest may be enhanced by
homotypic adhesion (particularly seen in assays of experimental metastases) (Updyke
and Nicolson 1986), or by formation of platelet and fibrin thrombi (Gasic 1984),
although some studies indicate that tumour cell - platelet aggregation occurs after cells
have arrested in capillaries (Crissman et al 1985). Throughout the metastatic process
and particularly whilst in the circulation, tumour cells are subject to attack and destruct
ion by immune and non immune host defence mechanisms, and the majority of cells are
killed within seconds of entering the organ microcirculation (Weiss et al 1988).

F i g u r e 1.1
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On reaching capillary beds, surviving tum our cells may adhere to the endothelium in
places of low blood flow, or may becom e trapped in capillaries. Follow ing adhesion,
the endothelial cells may be stim ulated to slowly retract exposing the underlying base
ment membrane which has been reported to form a better adhesive substrate (Kramer et
al 1980). Several basement membrane components have been indentified as tumour cell
adhesion m olecules, including collagen type IV, lam inin, and fibronectin (Nicolson
1988a). Tum our cells leave the circulation (extravasation) by processes which may be
the reverse of intravasation.
Successful extravasation and limited proliferation produces m icrom etastases surround
ing blood vessels. To grow larger, the m etastasis must obtain nutrients by establishing
an adequate blood supply, inducing the ingrowth o f new vessels by either releasing its
own angiogenic factors or relying on those released by host cells including lym pho
cytes and macrophages (Liotta et al 1982, Folkman and K lagsbum 1987).

THREE STEP THEORY OF INVASION

A three step mechanism has been proposed (Liotta 1982, Liotta et al 1986) to describe
the stages of intra and extravasation. These are
i. Attachment of cells to various components of the extracellular matrix (ECM) via
specific cell surface receptors. These include fibronectin, laminin, type IV collagen,
heparan sulphate proteoglycan, and vitronectin, (Nicolson 1988b) and other ECM
components that are not constituents of the basement membrane including elastin (Yusa
et al 1989) and hyaluronic acid (Turley et al 1984).
ii. Local degradation of the matrix by cell associated proteases.
iii. Migration of the cells into the area modified, possibly in response to chemotactic
stimuli (Hujanen and Terranova 1985, Wewer et al 1987, Zetter 1990).
This process may be repeated over and over for the cells to exit the circulation.
The ECM varies from organ to organ. Cells with higher relative affinity for laminin
over fibronectin tend to metastasise to the lungs whilst those with a lower relative affin
ity for laminin compared with fibronectin tend to metastasise to the liver (Nicolson
1988a).
However, highly disparate data have been reported regarding the role of adhesion and
metastatic capacity. For instance Terranova et al (1981) demonstrated a positive corre
lation between adhesion to laminin and metastatic potential, whilst the opposite was re
ported by Dennis et al (1982). Nicolson (1988b) has summarised the available data as
follows ‘If a generalisation can be made about the adhesion characteristics of highly
metastatic cells it is that they should possess higher binding affinities for one or more
components of the extracellular matrix compared with their non metastatic counterparts,
if this step distinguishes metastatic from non metastatic cells’.
Invasion through the ECM may enable tumour cells to escape lysis by host effector
cells or may allow them to enter sites where the conditions for growth are more
favourable. Many different assays have been described which demonstrate a positive
correlation between invasion in vitro and metastatic potential (Terranova et al 1986,
Hendrix et al 1987, Yagel e ta l 1989).
In vivo studies demonstrate the rate of intravasation to be relatively slow (Kawaguchi
and Nakamura 1986). Jones et al (1971) found that Walker 256 carcinosarcoma cells
did not breach the endothelium of pulmonary capillaries until at least 8 hours after iv
injection. Crissman et al (1985) using B16 melanoma reported that contact of cells with
the basement membrane in pulmonary capillaries was initially seen at 4 hours,

progressively increased over the next 48 hours and penetration of the basement
membrane was first found at 72 hours.
However, not all cells need to migrate out of the circulation to form metastasis, since
some are able to grow intravascularly at the site of arrest, and burst out of blood vessels
as a consequence of increasing colony size (Kawaguchi and Nakamura 1986).
MOTILITY

Motility is generally considered to be an important part of the metastatic process (Weiss
1990). It is the product of a number of activities including shape adaptation, contact
formation, generation of force and its translation to propulsion, and arrangement of
cytoskeletal products (Strauli and Haemmerli 1984). Motility may be affected by adhe
sion and the particular substrate/matrix to which the cell is attached. A number of
authors have reported a positive - but not absolute - correlation between motility in vitro
and metastatic potential (Varani et al 1978, Mohler et al 1988, Maslow 1989).
MECHANISMS OF THE MODULATION OF METASTASIS

It is not surprising that in such a complex process alteration of any one of a number of
parameters may lead to alterations in metastatic potential. Maslow (1989) reviewed data
on the murine melanoma B16. He found 84 instances where metastatic potential had
had been correlated with modulations of various parameters. In some instances, using
different clones, increases and decreases in the same factor (eg homotypic adhesion,
production of plasminogen activator) both positively correlated with increased
metastatic potential. Table 1.1 lists parameters reported to correlate with alterations in
metastatic potential of colon 26, the tumour cell line used in this study.
O r ig in

o f m e t a s t a t ic c e l l s

Throughout the metastatic process, cells are at risk of destruction from a large number
of immune and non immune host effects. Primary tumours contain a heterogeneous
population of cells, and only the 'fittest' will have the ability to successfully complete
all of the various steps of the metastatic process. For instance, Fidler and Kripke
(1977) demonstrated that tumour cell lines derived from single cell clones of the
parental B16 melanoma varied dramatically in their ability to produce metastases after
intravenous injection into syngeneic mice. The origin of these highly metastatic
subpopulations is unknown, although it is thought that they probably arise during the
progressive growth of tumours subjected to various host pressures. This process,
called 'metastatic evolution' by Nowell (1976) suggests that during tumour progression
clones arise which are subject to selective pressures which favour the survival of
variants with increased malignancy. In vitro, heterogeneity has been demonstrated to
develop rapidly in cultures containing one or a few subpopulations of cells (Poste et al,

1981). Although permanent genetic changes undoubtedly occur during metastatic
progression there is also evidence that metastatic potential may be regulated by
transient, reversible activation or deactivation in gene expression (Frost and Kerbel
1984, Nicolson 1987).

TABLE 1.1 MODULATION OF THE METASTATIC POTENTIAL OF COLON 26

Parameter

References

Cell size

Tsuruo et al 1983

Platelet aggregation

Tsuruo et al 1986
Watanabe et al 1988

In vitro incubation with interferon-y

Ramani and Balkwill 1987

Presence of Mr 44 000 membrane protein

Watanabe et al 1988

Growth response to lung extract

Yamori et al 1988

In vitro incubation with platelet derived growth factor Tsuruo et al 1989
Treatment with insulin and insulin like growth factor

Koenuma et al 1989

Route of injection

Weiss and Ward 1989

Growth in serum free media

Sugimoto et al 1990

SITE OF METASTASES

There are two major hypotheses to explain site specificity of metastasis.
'Seed and soil' hypothesis
This was first proposed by James Paget in 1889 following the observations of results
from numerous autopsies. He postulated that metastasis was a consequence of tumour
cells (seeds) proliferating in a favourable environment (soil), and determined by char
acteristics of both the neoplastic cells and the environment of the host tissues. Hart and
Fidler (1980) reported that although B16 melanoma cells grew in the lungs following
intravenous (iv) injection, metastases were also seen in fragments of lung but not kid
ney implanted in the quadriceps femoris. Thus different organ associated recognition

molecules on the endothelial surfaces may determine the tumour types that recognise
and adhere to them (Nicolson 1988a, 1988b, Sher et al 1988). This is supported by
studies which demonstrate a positive correlation between the adhesion of tumour cells
to tissue fragments, frozen sections, and microvessel endothelial cell monolayers from
particular organs in vitro and their organ specificity in vivo (Alby and Auerbach 1984,
Netland and Zetter 1984, Auerbach et al 1987, Nicolson et al 1988). Although this may
partly explain the preferential metastasis of tumours to different sites, it is likely that in
many cases mechanical trapping of cells in capillaries is at least as important as ad
hesion to site specific antigens (Weiss et al 1988).
Mechanistic hypothesis
The 'Mechanistic* hypothesis (Ewing 1928), proposes that site specificity of metastasis
is a direct result of the anatomical location of the primary tumour, and following libera
tion from the primary tumour cells lodge in the first capillary bed encountered. For in
stance Griffiths and Salisbury (1963) using Walker 256 carcinosarcoma cells reported
that following tail vein injection, metastases were found mainly in the lungs, which was
the first organ encountered.
These two hypotheses are not necessarily exclusive, and in many instances the best
explanation is a combination of the two (Hart 1982, Nicolson 1988).
INVESTIGATION OF METASTASIS

Two models are generally used to examine metastatic potential.
Spontaneous metastasis
Here the tumour is implanted locally, usually intramuscularly (im), or subcutaneously
(sc), and the animal monitored for the progression of metastases. Cells are liberated
into the circulation day by day (Liotta et al, 1976). The tumour may be excised to pro
long the survival of the host and increase the chance of metastasis, although this pro
cess may liberate clumps of circulating neoplastic cells which are more likely to form
secondary deposits than similar numbers of individual cells (Liotta et al 1976).
Immunogenic tumours growing locally may sensitize the host by inducing a specific
cytotoxic T lymphocyte (CTL) response which may lead to the CTL-mediated destruc
tion of cells entering the circulation.
Experimental metastasis
In this assay tumour cells are injected directly into the circulation usually via the tail
vein. There are a number of advantages of this assay; it is highly reproducible; a single
fixed number of cells can be introduced at a known time point; and the host has not
been 'sensitized' as would be the case with spontaneous metastases. Also, one can ex

amine the effects of manipulation of various parameters affecting either the host or
tumour cells before and after injection. However, the assay is more ’artificial' than the
above because not all steps of the metastatic cascade have to be traversed. There is a
risk that non invasive cells could produce metastases when injected intravenously (iv),
but not when implanted im or sc (Poste and Nicolson 1983). However, from an analy
sis of 21 clones of the UV2237 fibrosarcoma, Kripke et al, (1978), found an excellent
correlation between the potential for spontaneous metastases following sc inoculation
and experimental metastases after iv injection.

CYTOKINES
The cytokines are a group of low molecular weight (<80KDa) polypeptides with a wide
variety of immunoregulatory activities. They are often glycosylated, and interact with
high affinity cell surface receptors specific for a particular cytokine or cytokine group.
They are short range molecules and usually act via paracrine or autocrine mechanisms.
Following receptor binding, signals are transmitted to the nucleus which in turn leads to
an increase in or de novo transcription of some genes and inhibition of others by path
ways which at present are generally poorly understood.
Individual cytokines may be considered as members of an elaborate signalling network
with at least 20 and possibly up to 100 members (Kawade 1990). Although most were
originally discovered and named according to a specific physiological activity, it has
become apparent that they have pleiotropic, overlapping, and sometimes contradictory
effects on a wide range of target cells, which depend on such parameters as cell type,
state of differentiation, and other cytokines to which the cell is concurrently exposed. A
cell may produce a number of cytokines during different stages of activation. For in
stance Andersson et al (1988) reported that following stimulation of T cells with anti
CD-3, the maximum production of interieukin-2 (IL-2), interleukin-6 (IL-6), and
tumour necrosis factor-a (TNF-a) occurred at 6 hours, whilst the peak production of
interferon-y (IFN-y), tumour necrosis factor-[3 (TNF-p), and a second wave of TNF-a
was seen 24 hours later.
It has been suggested that the existence of so many cytokines enables fine tuning of
immunological and other activities. Roberts and Spom (1988a), have likened individual
cytokines to characters that form a complex signalling language, whilst Kawade (1990)
suggests that they may be considered as words or phrases; although each has some
meaning there is far more comprehension when they are arranged to form sentences.

A cytokine may demonstrate opposing effects on the same cell type depending on the
context in which it is placed (physiological state and the presence of other cytokines).
In vitro the effect of addition of a single cytokine to cells growing in medium supple
mented by serum will be affected by other cytokines already present. For instance
Espevick et al (1989) reported that transforming growth factor-P (TGF-P) inhibited - in
a dose dependent manner - the generation of lymphokine activated killer cells by IL-2,
and that this inhibition could be reversed by the addition of TNF-a. Tsujimoto et al
(1986) found that IFN-y stimulated TNF receptor expression in human bladder carcin
oma cell line HT29, but this activity was antagonised by interferon-ot/p (IFN-a/P). In
addition, TGF-P stimulated the anchorage independent growth of myc transformed
Fischer rat 3T3 fibroblasts in the presence of platelet derived growth factor (PDGF),
but inhibited their growth in the presence of epidermal growth factor (EGF) (Roberts et
al 1985). TGF-p can also stimulate the growth of osteoblasts and this can be reversed
by other cytokines including EGF, PDGF, and TNF-a.

T a b l e 1.2 C y t o k in e s

u s e d in t h is th e sis

Cytokine

Molecular
weight

Species
specific

Major
source

Interferon-a

17-23KDa

generally

leucocytes

Interferon-y

20KDa

yes

T, NK cells

17KDa monomer
(active as trimer)

depends
on activity

monocytes
and other cells

Interleukin-1

17.5KDa

no

many cells

Interleukin-2

17.2KDa

no

T cells

12.5KDa monomer
(active as dimer)

no

many cells

6KDa

no

platelets

5.4 - 6.3KDa

no

platelets

Tumour necrosis factor

Transforming growth factor-P 1

Epidermal growth factor
Platelet derived growth factor

Effects which may be advantageous in one situation may be harmful in another. For
instance enhancement of invasion may aid the movement of effector cells in inflammat
ory reactions, but may also aid invasion and organ colonisation by metastatic cells.
Although a particular effect may have been demonstrated in vitro it does not necessarily
follow that the same effect will occur in vivo (Balkwill and Burke 1989). In vivo con
ditions are unlikely to be reproducible in vitro. For instance, cells are probably not
exposed to the same sudden changes in cytokine concentration in vivo as produced in
vitro (di Giovine and Duff 1990). The dose used may not be achievable in vivo, or the
environment may be such that a particular effect does not occur. Therefore, considering
the effects of addition or removal of a single cytokine may be simplistic, since in vivo at
any one time a cell will be exposed to a great number. In addition, in vitro results must
be interpreted in the context of other cytokines which may be present in the culture
media particularly if supplemented by serum.

INTERFERONS
Interferons (IFNs) were first described by Isaacs and Lindenman in 1957 as substances
that could transfer antiviral resistance to otherwise viral susceptible cells. They were
initially defined as proteins that exert virus non specific antiviral activity in at least ho
mologous cells through cellular metabolic processes involving the synthesis of both
RNA and protein (Stewart et al 1980).
Three major types of interferons have been described, IFN-a, (3 and y, classified ac
cording to their antigenicity, physiochemical properties and amino acid sequence. They
are present in all mammals studied. The distinguishing characteristics of murine IFN
subtypes are summarised in table 1.3.
IFN-a and (3 are produced by a wide variety of cells in response to viral infection.
IFN-a is mainly produced by leucocytes and IFN-(3 by fibroblasts and epithelial cells.
IFN-y is produced mainly by antigen stimulated T cells (but also by IL-2 stimulated NK
cells) and plays an important role in the cascade of cytokines produced during an im
mune response (Trinchieri and Perussia 1985, Balkwill 1989a). IFNs may also be in
duced by other cytokines including TNF, IL-1, IL-2, and colony stimulating factors.
The murine IFN-a and P demonstrate 20% homology in their primary sequence. Some
IFN-a subtypes show a degree of cross reactivity, but IFN-y is highly species specific
(Shearer and Taylor-Papadimitriou 1986, Pestka et al 1987).

T a b l e 1.3

c h a r a c t e r is t ic s o f th e m u r in e in t e r f e r o n s u b t y p e s

IFN-a

IFN-P

IFN-y

leucocyte

fibroblast

lymphocyte

type 1

type 1

type 2

4

4

10

Subtypes

>15

1

1

Number of amino acids

166

161

133

some

yes

yes

16

16

10

Main site of production
Old name
Chromosomal location

Glycosylation
Chromosomal location of receptor

Although first discovered due to their antiviral activity, it soon became apparent that
IFNs modified a large number of biochemical and immunological properties of both
normal and tumour cells. Some of these are summarised in table 1.4. From this it can
be seen that although both IFN-a/p and y have many effects in common, the latter has a
number of additional activities associated with its immunomodulating effects.
Initially IFNs were assayed regarding their antiviral activity; 1 antiviral unit being the
amount of IFN necessary to reduce by 50% the Newcastle disease virus mediated de
struction of 106 fibroblasts). Unfortunately, activity differs with cell type and virus
studied, and does not necessarily correlate with other effects (Webb and Gerrard 1990).
For instance the ratio of antiproliferative/antiviral activity varies over a wide range
which suggests that different molecular mechanisms may be involved.
Interferons exert their biological effects via specific high affinity plasma membrane re
ceptors present in low numbers on nearly all cells (Pestka et al 1987, Langer and Pestka
1988). IFN-a and IFN-p share a common receptor based on studies such as competi
tive binding assays and genetic mapping. This differs from that of IFN-y (Auget et al
1984, Merlin et al 1985).

T A B L E 1.4 CELL REGULATORY EFFECTS OF IFNS

EFFECTS COMMON TO IFN-cc/p and IFN-y
Induction of cellular antiviral state

Isaacs and Lindenman 1957

Suppression of cellular proliferation

Balkwill 1988

Modification of cellular differentiation

Taylor-Papadimitriou and Rosengurt 1985

Suppression of tumour cell proliferation

Clemens and McNurlan 1985

Increased cytotoxicity of
Natural killer cells

Gidlund et al 1978

Increased resistance to
NK cell cytotoxicity

Trinchieri and Santoli 1978

LAK cell cytotoxicity

DeFries and Golub 1988a

Increased (or de novo) expression and sometimes shedding of
MHC class I antigens
p2 microglobulin

Lindahl et al 1973
Wallach et al 1982

Tumour associated antigens

Maio et al 1989

Stimulation of B cell proliferation

Morikawa et al 1987

Stimulation of B cell differentiation

Nakaguwa et al 1985
De Mayer and De Mayer-Guignard 1988

EFFECTS USUALLY SPECIFIC TO IFN-y
Mitogenic effects on various cells

Brinkemoff and Guyere 1985

Increased cytotoxicity of
Lymphokine activated killer cells

Sone et al 1988

Macrophages

Dinarello and Meir 1987

T cells

Siegal 1988

Increased expression of
MHC class II antigens

Maio et al 1989

ICAM-1

Dustin et al 1988

Inhibition of B cell activation

Reynolds et al 1987

Activation of endothelial cells

Pober 1988

Induction of acute phase proteins

Morimato 1987

Adapted from Balkwill and Burke (1989)

The human IFN-a/p receptor (Uz6 et al 1990), and IFN-y receptors (Auget et al 1988)
have now been cloned, as has the murine IFN-y receptor whose structure shows no
similarities to known proteins or nucleic acid sequences in the data bases (Kumar et al

1989). This receptor has intra and extra cellular domains and a second putative transact
ing element is required for activity. Both these two factors are responsible for the
species specificity.
A complex series of events occur following binding of IFN to its receptor. A number of
interferon stimulated genes (ISGs) have been demonstrated in both mouse and human
cells. These genes which are rapidly induced by IFN are characterised by the presence
of a common cis-acting regulatory element - the interferon stimulated response element
stimulation of which is both necessary and sufficient for IFN response (Israel et al
1986). Following binding of IFN-a, interferon stimulated growth factor 3 (ISGF 3) is
found activated in the cytoplasm within 1 minute. This is then rapidly translocated to
the nucleus, where an increase in transcription of ISGs is seen within 5 minutes,
reaching a peak at approximately 2 hours and falling back to baseline levels at 8-12
hours. The addition of cyclohexamide does not alter the rate of increase in transcription
or ISGF 3 but reduces the rate of decline, indicating that the induction process does not
require protein synthesis (Levy et al 1990).
IFNs induce a number of specific cellular genes and the synthesis of specific proteins
including enzymes, surface markers and oncogenes. The kinetics of induction are very
varied and depend on cell type, IFN subtype, and the mRNA or protein studied.
However the pleiotropic effects are usually mediated via increases in transcription of
mRNA, although post transcriptional modifications also occur (Freidman e ta l 1894,
Rosa and Fellous 1988). Induction of mRNA by IFN-y tends to be slower than IFNa/p (Kelly et al 1985), and often requires the synthesis of new RNA and proteins
(Caplen & Gupta 1988, Gupta et al 1989).
In human fibroblasts Gupta et al (1989) reported that the C l3 gene was transcription
ally activated by IFN-y and IFN-0 C2 without the requirement for protein synthesis.
HLA-DRa gene transcription was stimulated by IFN-y (but not IFN-0 C2 ) but the accu
mulation of transcripts was inhibited when protein synthesis was blocked indicating the
need for newly synthesised protein factors) which act at the post transcriptional level
and may be IFN-y-induced. Activation of the HLA-B gene appeared to be due to a
combination of both of the above mechanisms as IFN-y induced transcription, but in
the presence of inhibitors of protein synthesis the RNA accumulated but its level
plateaued sooner suggesting some requirement for synthesis of protein factor(s).
Many methods have been used to identify IFN-induced proteins including 1 and 2 di
mensional gel electrophoresis of cell lysates, and in vitro translation of products of in
duced mRMAs. Antibodies have been produced against some, several have been
cloned, and others purified. Table 1.5 lists some IFN induced proteins. However, par

ticularly from the analysis of 1 and 2D gels, where induced proteins are seen as spots,
the function of many IFN induced proteins is unknown (table 1.6).
The family of IFN-activated genes and proteins may number at least 50-100 (Balkwill
1989b). Some proteins eg 2’,5' oligoadenylate synthetase (Rysiecki et al 1989) and
(ds) protein kinase which confer antiviral resistance are induced by both IFNs. Others
are specific to either IFN-a/p or y. In general IFN-y induces more proteins than IFNa/p which may be expected due to its immunomodulating activities. However as
demonstrated in table 1.5, some proteins eg Mx protein (which confers resistance to
influenza virus infected cells in Mx+ mice) are only induced by IFNcx/p (Staeheli et al
1986), whilst platelet factor 4 is specifically induced by IFN-y (Farber 1990). In other
instances, although both IFNs induce the same protein the kinetics of production may
differ. For instance in B16 melanoma IFN-P induced low levels of class IMHC anti
gens at doses several orders of magnitude higher than IFN-y (Taniguchi et al 1987).
The number of proteins induced varies between different cell lines, for instance
Veomett (1988) reported that following exposure to IFN-p only 4 of 6 cell lines were
stimulated to secrete new or additional proteins, and only 1 protein (mol wt 90KDa)
was secreted by all 4 in common.
ICAM-1
One protein up regulated by IFN-y (and also IL-1 and TNF-a) but not IFN-cc/p is the
inter-cellular adhesion molecule-1 (ICAM-1) (Matsui et al 1987, Maio et al 1989). This
is found on a wide range of cells including haematopoietic cells, vascular endothelial
cells, tissue macrophages, germinal centre dendritic cells, and mucosal epithelial cells
(Springer et al 1987). It is a ligand for leucocyte function antigen-1 (LFA-1), present
on most leucocytes (except some macrophages) and is important for T cell mediated
killing; T helper and B lymphocyte responses; natural killing mediated by monocytes
and granulocytes; and the adhesion of leukocytes to endothelial cells, fibroblasts, and
epithelial cells (Springer 1990).
Of interest to this thesis is the finding that ICAM-1 expression is markedly higher in
metastatic melanoma than in benign naevi and correlates with the both thickness of pri
mary melanoma lesions and prognosis (Johnson et al 1989). The mechanism of this is
unknown but cells with high ICAM-1 expression may be better able to traverse the
steps of the metastatic process. For instance heterotypic adhesion between ICAM-1
bearing cells and LFA-1 +ve leucocytes may allow dissemination of cells from the
primary tumour (Johnson et al 1989). Alternatively ICAM-1 may be induced by
cytokines secreted by infiltrating host effector cells. In addition Gregory et al (1988)

reported that down regulation of ICAM-1 in Burkitt’s lymphoma cells led to escape
from T cell surveillance.

T a b l e 1.5 In t e r f e r o n

Enzymes
PI/eIF-2(X protein kinase
2’5' oligo adenylate synthetase

in d u c e d p r o t e in s

Samuel and Kintson 1982
a/P>y

Baglioni and Maroney 1980

Polyamine dependent protein kinase

Chapekar and Glazer 1984

Platelet protein kinase

Knust et al 1983

Xanthine oxidase
Indolamine-2,3-deoxygenase

Ghezzi et al 1984
Feng et al 1989

y>cx/(3

Phosphodiesterase

Schmidt et al 1979

Tissue transglutaminase

Metha et al 1985

Guanylate cyclase

Vesely and Cantell 1980

Collagenase type IV

Siegal et al 1982

Cell surface proteins
MHC class I

y>a/p

P2 microglobulin

y>oc/p

Wallach et al 1982, Freidman et al 1984
Revel and Chebath 1986
Wallach et al 1982

Tumour associated antigens
MHC class n

y»cx/p

Greiner et al 1986
Rosa and Fellous 1984
Maio et al 1990

Fc receptor

y>oc/p

Yoshie et al 1985

ICAM-1

y>ot/p

Maio et al 1989

IL-2 receptor

yonly

Rambaldi et al 1987

TNF receptor

yonly

Tsujimoto et al 1986

Other proteins
Fibronectin

y > a /p

Cofano et al 1984

Serum amyloid A
Mx protein

Maury et al 1983
oc/ponly Staeheli et al 1986

Metallothionen II

y>oc/p

Kelly eta l 1985

Natali et al (1990) also reported that some colon and hepatic tumours were able to syn
thesise or express ICAM-1 following incubation with IFN-y or TNF-a.

TABLE 1.6 INDUCTION OF PROTEINS BY IFNoc/p AND/OR IFN-y.

Author

Cell line

Proteins induced by
IFN-a/p
IFN-y
IFN-a/p+y

Weil et al 1983

Human fibroblasts

0

12

12

Kelly et al 1985

HeLa

1

0

7

Beresini eta l 1988

Human fibroblasts

0

2

11

Higgins eta l 1989

HeLa S3

—

—

18

Samuels et al 1987

Hairy cell leukaemia

3

1

5

IFNS AS ANTITUMOUR AGENTS

In man, IFN-a has been demonstrated to have significant activity against a wide range
of tumours in both animal models and in clinical trials (Goldstein and Laszlo 1986,
Kelly et al 1990). The mechanism(s) of antitumour activity is poorly understood
(Gresser 1985) and may vary with different tumour types. However they may be
broadly defined as follows (Balkwill 1990).
i.

Direct action against the tumour

ii.

Stimulation of host antitumour responses

iii. Modulation of other host/tumour relationships
IFN-a is most effective in the treatment of slow growing haematological neoplasms,
with remission rates (complete + partial remission) of greater than 80% reported in
patients with hairy cell leukaemia (Queseda et al 1984, 1987), and chronic myeloid
leukaemia (Talpaz et al 1987). In the latter Talpaz has demonstrated the complete disap
pearance of the Philadelphia chromosome from a number of patients in complete re
mission - something that is not seen with conventional chemotherapy. Although these
diseases have a long natural history, and follow up times are relatively short, it is likely

that IFN treatment increases survival and may even lead to the cure of some of these
patients
IFN-a has much less activity against solid tumours but has some effect in subsets of
patients with renal cell carcinoma (Krown 1987), melanoma (Creagan et al 1987), and
carcinoid tumours (Oberg et al 1983). However in general, remission rates are less than
30% and of short duration.
In view of its greater immunomodulating capacity IFN-y was initially thought to have
considerable potential as an antitumour agent. Early in vitro studies demonstrated a
greater cytostatic effect compared with IFN-a/p, but this may have been due to contam
ination of the impure product with other cytokines (Balkwill 1989a). In addition, the ef
fects on certain cell surface antigens, and on the function and differentiation of B-cells
and macrophages suggested possible benefit (Krown 1986). However early studies
showed that whilst IFN-y had some antitumour activity it was considerably less active
than IFN-a (Balkwill 1989a).
INTERACTION OF IFNS WITH OTHER CYTOKINES

IFNs and other cytokines show additive, synergistic or inhibitory effects at the mRNA,
protein, and functional levels. The next sections will briefly examine the effects of other
cytokines paying particular attention to possible interactions with IFNs and potential ef
fects on invasion and metastases.

TRANSFORMING GROWTH FACTOR-p
Transforming growth factor-p (TGF-p) is one of a family of highly conserved
polypeptides which includes inhibins, activins, and mullerian inhibitory substance.
TGF-pi was first described by DeLarco and Todaro (1978) as one of a number of
polypeptides produced by moloney sarcoma virus transformed 3T3 cells that induced
phenotypic transformation of rat NRK 49F fibroblasts.
Three types of TGF-p have been described in mammals, TGF-Pi which is the most
abundant (approximately 87%) was sequenced by Derynk in 1985. It is found in high
concentrations in bone and in the a granules of platelets. It consists of a 25KDa
homodimer, the 112 amino acid carboxyterminal portion of a 390 amino acid precursor.
This peptide is highly conserved. The human and murine sequences differ only in one
amino acid (at position 75 .the alanine in human TGF-P 1 is replaced by serine in the
murine). TGF-P2 (a homodimer sharing 71% homology with TGF-p 1), TGF-P 1.2 (a
heterodimer containing 1 polypeptide of each) and TGF-P3 have subsequently been de
scribed (Cheifitz et al 1987, Dijke et al 1988).

Three types of high affinity receptors are present on nearly all cells (Wakefield et al
1987). Types I (65KDa) and II (85-110KDa) bind mainly TGF-Pi, whilst type III
(280-330KDa) binds TGF-pi and p2 (Cheifitz eta l 1988).
TGF-P is secreted in an inactive form which is neither able to bind to receptors nor
recognised by anti TGF-p antibodies. Only the non reduced non dimeric form of the
peptide has biological activity. Activation iv vitro can be achieved by acidification to
pH3 followed by neutralisation (Lawrence et al 1984); in vivo it is thought that activ
ation may also be due to proteases including plasmin and cathepsin B (Lawrence et al
1985, Keski-Oja et al 1987).
In vitro TGF-p has multiple actions which depend on many factors including cell type,
whether cells are grown as monolayers or in suspension, other cytokines which may be
present, and the developmental stage of the cells under investigation. In fibroblasts
TGF-p is a growth stimulator, acting via an indirect mechanism (Goustin et al 1987),
whilst in many epithelial and tumour cell lines studied it is a potent - reversible - growth
inhibitor. In addition, TGF-p has numerous other activities which do not appear to fit
into any particular pattern (Barnard et al 1990). In many situations these activities are
related to the regulation of specialised, critical functions of the individual cell type
(Roberts and Spom 1988b). These include embryonic development, tumorigenesis, cell
differentiation, wound healing and fibrosis, modulation of the synthesis of collagen,
fibronectin, proteoglycans and other ECM components immunoregulation, and control
of the synthesis and release of secreted products including cortisol and oestrogen. In
epithelial cells TGF-p has been demonstrated to enhance c-sis, P-actin, EGF receptor,
plasminogen activator, and TGF-P, and to decrease c-myc (Barnard et al 1988).
E f fe c t s

a n t a g o n is t ic t o i f n s

A number of reports have demonstrated that TGF-p modulates various IFN-induced
effects. For instance, Rook et al (1986) showed that incubation of peripheral blood
lymphocytes with TGF-p significantly reduced NK cell activity and led to a marked re
duction in the stimulatory effect of IFN-a. Czamieki e ta l (1988) demonstrated that
TGF-pi reduced the IFN-y-induced class II MHC antigen expression of the human
melanoma cell line Hs 294T.
E f fe c t s

o n in v a s io n a n d m e t a s t a s is

There are two reports from the same laboratory suggesting that TGF-P can potentially
increase metastatic potential. Mukai et al (1989) reported that culture of rat ascites hepa
toma cells in vitro with TGF-p increased invasion in vitro and caused peritoneal in
vasion following intraperitoneal injection (Akedo et al 1989). Torre-Amione et al

(1990) produced evidence to suggest that TGF-P produced by tumours may promote
escape from immune surveillance. They showed that following transfection with
TGF-Pif the highly immunogenic UV fibrosarcoma 1591 cells failed to stimulate CTLs
both in vitro or in vivo although they expressed class I MHC antigens indicating that
the failure was due to effects of TGF-p on the responder cells.

TUMOUR NECROSIS FACTOR
Tumour necrosis factor (TNF) was first characterised by Carswell et al (1975) as an
activity in the serum of mice which appeared after injection with bacterial products.
Although TNF and IFNs possess little if any homology, and bind to distinct surface re
ceptors, these cytokines have a number of common functions depending on the cell
type under investigation (Balkwill and Burke 1989). These include cytotoxicity and
cytostasis, induction of the cellular antiviral state (Mestan et al 1986), enhancement of
class I and II MHC, p2 microglobulin, and ICAM-1 surface antigens (Collins et al
1986 Natali et al 1990), and modulation of oncogenes including myc (Balkwill 1989).
Ef fe c t s

in c o m m o n w it h

IFN -y

These two cytokines may have additive or synergistic effects at both the protein and the
functional level depending in part on the cell type under investigation. IFN-y may up
regulate the TNF receptor (Tsujimoto et al 1986). Some proteins are induced in
common by IFNs and TNF although the pathways of induction may be different. Thus
Rubin et al (1988) reported that proteins of molecular weight 80, 67, and 56 KDa were
induced in GM 2767 fibroblasts by IFN-a, IFN-y and TNF. The 80KDa protein was
induced by TNF via an IFN-P related intermediate whilst the two other proteins were
induced by IFN independent mechanisms. Beresini et al (1988) using 2D gel electro
phoresis of lysates from cytokine stimulated human fibroblasts reported that 2 proteins
were induced by IFN-y and TNF, and an additional 2 proteins were induced by IFN-a,
IFN-y, and TNF.
At the functional level, Dealtry et al (1987) demonstrated that IFN-y synergised with
TNF to enhance DNA fragmentation in 3 out of 4 cell lines. Takemura et al (1989) re
ported that IFN-y and TNF had a synergistic effect on the enhancement of class I MHC
surface antigen expression on K562 cells whilst each cytokine alone had minimal activ
ity. Pettersson et al (1989) reported that that TNF - which alone had little effect - syn
ergised with IFN-y in enhancing class I MHC expression and reducing the sensitivity to
lysis by natural killer and lymphokine activated killer cells. Mori et al (1989), reported
that IFN-y increased TNF binding sites on 2 of 6 gynaecological carcinoma cell lines
and the two cytokines had a synergistic antiproliferative effect in 3 of 6.

E f fe c t s

o n in v a s io n a n d m e t a s t a s is

Malik et al (1990) reported that ip treatment of nude mice bearing human ovarian cancer
xenografts with TNF led to invasion of the peritoneum and decreased survival. In
addition, Chinese hamster ovary (CHO) cells transfected with the TNF gene produced
significantly more lung and liver metastases following ip injection than CHO cells
transfected with the control gene.

IN TER LEU K IN -1
Interleukin-1 (IL-1) was first described by Gery et al in 1972 as a factor that promoted
murine thymocyte proliferation in culture supernatants of human leukocytes.There are
two subtypes of IL-1, a and p which are produced by nearly all cell types. Although
they demonstrate only 26% homology, they bind to the same cell surface receptors and
promote the same cellular responses (di Giovine and Duff 1990). IL-1 has a number of
actions in common with or antagonistic to IFN-y. Thus Beresini et al (1988) reported
that IFN-y and IL-1 a commonly enhance 2 proteins in human fibroblasts. Both
cytokines enhance ICAM-1 expression (Natali e ta l 1990). In addition, there are a
number of reports that IL-1 inhibits a number of IFN-y-mediated activities. Leszczynski
(1990) reported that IL-1 inhibited the IFN-y-induced enhancement of Class II MHC
expression in rat endothelial cells, and Johnson et al (1989a), reported that IL -la or p,
but not IFN-a/p, IL-2, or TNF were able to reduce IFN-y induced class II MHC ex
pression of rat synovial fibroblasts.

EPIDERMAL GROWTH FACTOR
Epidermal growth factor (EGF) is a 53 amino acid polypeptide isolated from the mouse
submandibular gland. It was initially discovered as a factor able to accelerate the erup
tion of teeth and the opening of eyelids of newborn mice (Cohen 1962).
A number of reports have suggested a role for EGF in the implantation and growth of
tumours. For instance Masui et al (1986) reported that treatment of nude mice with an
anti-EGF receptor antibody had significant antitumour activity against the A431 human
epidermoid carcinoma. Tsutsumi et al (1987) found that abrogation of circulating EGF
(following removal of submandibular glands or administration of anti EGF antibodies)
significantly reduced the rate of successful transplantation of a spontaneous mammary
tumour into nude mice. In addition, Breillout et al (1989) reported that EGF had a
positive effect on the in vitro growth rate of the rat rhabdomyosarcoma cell line 9-4/0,
and pretreatment with EGF led to a significant increase in the number of experimental
pulmonary metastases.

PLATELET DERIVED GROWTH FACTOR
Tsuruo et al (1989) reported that the experimental metastatic ability of two highly
metastatic clones of colon 26 positively correlated with their in vitro growth in the
presence of platelet derived growth factor (PDGF) but not in the presence of other
platelet secreted cytokines - EGF or TGF-p. The growth of a number of poorly
metastatic clones was only marginally modulated by PDGF. Since these highly
metastatic cell line have also been demonstrated able to induce platelet aggregation
(Tsuruo et al 1986, Watanabe et al 1988), it was suggested that arrest in the pulmonary
circulation and platelet aggregation may lead to the local secretion of PDGF which has a
positive effect on cell growth in vivo.

NATURAL KILLER CELLS
Natural killer (NK) cells are CD3-ve, T cell receptor-ve large granular lymphocytes.
Most murine NK cells express NK1.1, NK2.1, and asialo GM1, surface markers but
these are not specific for NK cells. They are null cells (non T, non B, non macrophage,
neutrophils or granulocytes) that are able to lyse target cells in a non MHC restricted
manner in the absence of prior sensitisation (Hercend and Schmidt 1988; Lotzova and
Ades 1989). Some CD3+T lymphocytes also demonstrate an antigen independent
MHC unrestricted cytotoxicity similar to NK cells, these should not be classed as NK
cells, but as T lymphocytes with NK like activity (Lanier et al 1986) although others
have questioned this definition (Reynolds and Ortaldo 1987). NK cells are ideally
suited for immune surveillance as they are rapidly activated without the need for clonal
proliferation. They are important in the regulation of haematopoiesis; rejection of
marrow transplantation; mediation of in vivo resistance against tumour growth; and
surveillance against neoplasia, metastasis, and some viral infections (Ortaldo 1987,
Welsh RM et al 1990).
The exact mechanism of target cell recognition and lysis has not been clearly defined.
Bonavida and Wright (1987) have suggested that it requires a number of discrete steps.
The first stage is the binding of a receptor on the NK cell to an NK target structure on
the target cell membrane. Various adhesion molecules have been found on NK cells
which may be important. These include laminin, fibronectin, and lymphocyte function
antigens (Lotzovd and Ades 1989). Target cell expression of MHC class I antigens is
also important (see later). The NK cell then receives a signal from the target cell
(Greenberg 1984, Karre 1985) - distinct from the initial binding event, which leads to
the activation of the lytic mechanism. The effector cell may release soluble natural killer
cytotoxic factors (NKCFs), perforins, and serum proteases which may bind to specific

binding sites. These may be processed/internalised leading to irreversible target cell
death.
NK cells are efficient at lysing tumour cells both in vitro (Trinchieri and Pemssia 1979,
Herberman and Ortaldo 1981) and in vivo (Gorelike ta l 1979, 1982a). In the former,
NK activity is usually assessed by measuring the release of Cr51 from radiolabelled tar
get cells incubated for 4 hours with NK effectors (isolated splenocytes in the mouse,
separated peripheral blood mononuclear cells (PBMCs) in man). In vivo, the loss of
radiolabelled tumour cells from the host in the first 24 hours following iv injection has
been demonstrated by many authors to correlate highly with NK activity with minimal
involvement of macrophages and T cells (Riccardi et al 1979, Pucetti et al 1980, Hanna
and Burton 1981, Barlozzari et al 1983).
In general lymphoid and myeloid cells are highly sensitive to natural killer cell mediated
lysis (NKCML) compared with cells from solid tumours. However a high level of cy
totoxicity against fibrosarcomas, carcinomas and melanomas can be demonstrated both
in vivo and in vitro (Hanna and Fidler 1980, Talmadge et al 1980).
In vivo NK cells are effective only against small numbers of cells, and it has been
demonstrated in models of experimental metastases that the system can easily be
swamped.(Karre et al 1986).
E v id e n c e

f o r t h e a n t im e t a s t a t ic e f f e c t o f

NK c e l l s

NK cells have significant activity against both primary tumours and metastases. Most
cancer cells entering the circulation are rapidly destroyed, (Fidler et al 1978, Weiss et al
1988) and most of this destruction occurs in the lungs (Basse et al 1988, Weiss et al
1988). Here cells are highly accessible and vulnerable to destruction by immune and
non immune defence mechanisms which may have little activity against extravascular
tumours. There is considerable evidence that NK cells play a critical role in this elimi
nation thus controlling metastases in both normal and experimental animals. Some of
this is presented below:NK cell sensitivity of primary and secondary tumours
3LL cells from (spontaneous) pulmonary metastases were more resistant to NKCML
by normal spleen cells compared with cells from the primary tumour (Gorelik et al
1979a). This however is not a universal finding (Hanna and Fidler 1981a). In addition,
cells selected in vitro and in vivo by a number of different methods for resistance to NK
cell mediated lysis were found to have increased metastatic potential compared with
cells from the parental cell line (Gorelik et al 1982b). Hanna and Fidler (1981b), pro
duced NK resistant clones less able to bind NK cells than the parental cell line.

Following iv injection, they showed a greater survival in lung capillary bed and an
increased incidence of experimental metastases. Only NK resistant cells were able to
grow in adult nude mice with high NK activity.
Effect of depletion ofN K cells
Various mechanisms have been used to deplete, inactivate or abrogate murine NK cell
activity (Hanna 1985). These include treatment with cyclophosphamide (Mantovani
1978, Hanna and Burton 1981), anti-asialo GM1 (Kasai et al 1981, Gorelik 1982b),
chlorozoticin (Nobil6 and Poupon 1986), and diethylstilboestrol (Kalland 1983). In
mice NK activity is controlled genetically, and is age dependent. It is very low in mice
less than 3 weeks of age, peaks at 6-10 weeks and then gradually declines (Hanna and
Fidler 1980). Beige mice also have constitutively low numbers of NK cells (Talmadge
et al 1980). In mice with decreased NK cell activity there was a decreased pulmonary
clearance of iv injected radiolabelled tumour cells and an increased incidence of experi
mental pulmonary metastases of a wide variety of tumours including lymphomas and
melanomas compared with immunocompetent controls.
A number of authors have reported a partial restoration of anti metastatic activity in NK
cell depleted mice following the adoptive transfer of large numbers of splenocytes
(Hanna and Fidler 1980), NK1.2+ve splenocytes (Hanna and Burton 1981), asialo
GM l+ve splenocytes (Gorelik e ta l 1982b, Barlozzari e ta l 1985), large granular
lymphocytes purified from splenocytes (Riccardi et al 1981), cultured cell lines with
NK like activity, (Werner and Dennert 1980) and NK cells from lung capillaries
(Nolib6 and Poupon 1986).
The enhancement of metastatic potential was only seen when NK cells were depleted
prior to the injection of tumour cells. In addition the restoration of antimetastatic activity
using adoptively transferred cells was most effective when the cells were injected 4-24
hours prior to or at the same time as the tumour cells, and of no benefit when adminis
tered 24 hours after (Hanna and Fidler 1980, Yokoyama et al 1986). For instance,
Barlozzari et al (1983) reported that reconstitution of rats with asialo G M l+ve
splenocytes 2 hours prior to the injection of tumour cells produced fewer experimental
metastases than when splenocytes were injected either 24 hours before or after. This
demonstrates that NK cells are effective against experimental metastases mainly in the
early phases following tumour cell injection.
In beige mice and mice chronically depleted of NK cells by 17-P-oestradiol (Hanna and
Schneider 1983), or by repeated injections of anti-asialo GM1 (Gorelik et al 1982a)
there have been reports of increased local tumour growth (Habu et al 1981), although

this is not a universal finding, and an increased incidence of both experimental and
spontaneous metastases.
Enhancement ofNK activity
In animals with relatively high NK activity eg older mice, nude mice (Gorelik 1982b),
or following immunostimulation with bacterial adjuvants, (Hanna 1982) IFN or IFN
inducers (Hanna and Fidler 1981) there was an enhanced resistance to the development
of metastases, increased destruction of circulating tumour cells, and decreased lung
colonisation. In most cases the anti metastatic activity was most marked when cytokines
or cytokine inducers were injected before rather than after tumour cell inoculation, sup
porting previous suggestions that NK cells are important, although there are exceptions
to this (Ramani and Balkwill 1988).
The origin of the NK cells having an antimetastatic effect is not known. They may be
already present in the lungs (Stein-Streilein eta l 1983, Wiltrout et al 1985) or capillaries
(Puccetti et al 1980) or recruited from the circulation. For instance Stein-Streilein et al
isolated >107 mononuclear cells with NK activity comparable to that found in spleno
cytes from the lungs of unstimulated mice. The number of NK cells in the circulation is
small (approximately 2xl05/ml) and thus there is little possibility of NK cells coming
into contact with and killing circulating tumour cells (Basse et al 1988), but once arrest
ed in capillaries tumour cells are much more accessible.
INTERFERON MEDIATED RESISTANCE TO NKCML

Trinchieri and Santoli (1978) were the first to demonstrate that treatment of target cells
with IFNs decreased their resistance to NKCML. This is paradoxical since exposure of
NK cells to IFN in vivo and in vitro produces significant increases in their lytic activity
(Brunda et al 1984).
The resistance is induced by both IFN subtypes, although IFN-y appears to be more ef
fective than IFN-oc/p (Wallach 1983). All cells - normal and malignant - expressing
IFN receptors were protected (Welsh et al 1981, Greenberg et al 1984). F9 teratocarcinoma cells lacking IFN receptors could not be protected unless first differentiated
with retinoic acid (Welsh et al 1981). The protection was dose dependant and prevented
by inhibitors of RNA (Actinomycin D) and protein synthesis (cyclohexamide) (Welsh
et al 1981). Although IFN-cc/p induced resistance to NKCML at the same concentration
which induced resistance of HeLa cells to vesicular stomatitis virus infection, IFN-y in
duced resistance to NKCML at concentrations which had no antiviral effect (Wallach
1983). In addition, the increase in protection produced by IFN-y was more rapid than
that induced by IFN-a (Gronberg et al 1988).

Kinetics of activation
IFN treatment leads to numerous changes in the target cell membrane which may inter
fere with the triggering mechanism of bound NK cells as well as lytic activity of gran
ule released cytolysins.
IFN induced protection occurs quickly. For instance, Trinchieri et al (1981) reported
that an increased resistance of human fibroblasts was seen after one hour incubation
with IFNs and reached maximum levels at 8 hours. However after a 5 minute exposure
there was increased resistance to NKCML when assayed at 8 or 24 hours, but not
when assayed immediately. IFN induced resistance to NKCML lasted for more than 7
days following removal of IFNs (Welsh et al 1981).
The protection was NK specific, and occured in serum free medium (Ichika et al 1988).
IFN pretreatment did not affect the general stability of the cell membrane since lysis
with distiled water or lysolecthin was unaffected (Gronberg et al 1988). There was little
evidence that IFNs induced changes in the innate sensitivity to lysis, for instance there
was no alteration of sensitivity to T cell mediated lysis, - using allogenic or syngeneic T
cells from tumour immunised mice - or activated macrophages (Uchida et al 1985).
Mechanism of protection by IFNs
Although the exact mechanism(s) is unknown, it appears that - in most instances at least
- IFN affects post binding effector : target interactions rather than the initial recognition
event. Many authors have reported that NK cells bind equally to IFN treated and IFN
untreated targets but more readily lyse the former (Trinchieri et al 1981, Welsh et al
1981, Uchida et al 1985, Gronberg et al 1988, Yeoman 1988, Wright and Bonavida
1983). However in cold target inhibition assays NK cells did not bind as effectively to
IFN pretreated cells (Welsh e ta l 1981) and had a decreased ability to inhibit lysis in
cold target inhibition assays (Trinchieri and Santoli 1978, Welsh et al 1981). NK cells
that had dissociated from IFN treated targets retained their lytic activity whilst those
dissociated from sensitive targets were inactivated (Trinchieri et al 1981). There is no
evidence that sensitivity to soluble NKCFs is affected by IFN (Trinchieri e ta l 1981,
Wright and Bonavida 1983, Gronberg et al 1988). Wright and Bonavida (1983)
demonstrated that there was a decreased ability of IFN treated targets to stimulate the
release of NKCFs, whilst Uchida et al (1985) reported that although there was no
alteration of target cell binding by IFN-y pretreated K562 cells, the cells lost their ability
to stimulate the release of NKCFs but not monocyte cytotoxic factors.

Gorelik et al (1988) demonstrated that both IFN-a and y produced an increased target
cell resistance to lysis by purified granules from rat LGLs although IFN-a only pro
duced a weak resistance to NKCML in cell meditated cytotoxicity assays. IFN-y pre
treated BL6 melanoma was more resistant to lysis by purified LGL granules.
IFN-y pretreatment of K562 cells reduced the number of effectors that had reorrientated
their golgis to bound targets and failed to elicit an influx of Ca2+ into effectors. Thus
IFN-y increased the resistance to lytic molecules released by NK cells and produced
changes in targets which prevented triggering and activation of effector cells. IFN-y,
more than IFN-a, led to a decreased ability of treated cells to trigger effectors
(Gronberg et al 1988).
E f f e c t o f MHC c l a s s I e x p r e s s i o n o n s e n s i t i v i t y t o NKCML

It has been proposed (Karre 1985, Karre et al 1986, Ljunggren and Karre 1990) that T
cells and NK cells represent two functionally distinct but complementary systems for
cell mediated immune surveillance. T lymphocytes recognise non self antigens in asso
ciation with MHC molecules whilst NK cells recognise targets expressing low levels of
self class I MHC antigens. This association was first suggested by the observation that
NK sensitive H-2-ve teratocarcinoma cells became more resistant after differentiation
and appearance of H-2 antigens (Stem et al 1980, Gidlund et al 1981). Subsequently a
number of different defects in H-2 biosynthesis (defective H-2 heavy chain transcrip
tion, defective p2 microglobulin transcription, and impaired association) with the
common denominator that they lead to impaired cell surface expression of class I MHC
antigens have been reported to lead to increased sensitivity to NKCML (Ljunggren and
Karre 1990). Recognition of a 'self signal may inhibit NK cell triggering and subse
quent target cell lysis. Thus it is proposed that there is an inverse correlation between
MHC class I glycoprotein expression and sensitivity to NKCML. Although this re
mains controversial (Gopas 1989), there is a large amount of supporting data based on
the NK cell sensitivity of antigen loss variants (Piontek et al 1985, Kawano et al 1986,
Karre et al 1986, Ljunggren and Karre 1986, Storkus et al 1987, Gorelik et al 1988),
and analysis of the effect of class I antigen enhancement by IFNs.
Sugawara et al (1989), reported that exposure of NK sensitive cells to citric acid (0.2M
pH3 for 2 minutes) resulted in a loss of H-2 antigens and increased sensitivity to
NKCML. There was no alteration in effector:target binding, but the acid treated cells
induced a greater production of an NKCF like factor, although the control and acid
treated cells were equally sensitive to it.

Treatment of target cells with IFN-a/p and y in vitro and in vivo often leads to in
creased class I MHC surface antigen expression and a decreased sensitivity to
NKCML. Piontek et al (1985) using YAC-1 variants, showed that clones with low and
negative class I MHC expression had equal NK sensitivity. Exposure to IFN-y or p led
to increased NK resistance and H-2 expression of the low expressor line but in the
other clone, although IFN induced antiviral and antiproliferative activity there was no
effect on either class I expression or NK sensitivity.
Although there is a general correlation between NK sensitivity and H-2 surface antigen
expression, as demonstrated in table 1.7, this relationship is not invariable. Cell lines
selected for the absence or low levels of Class I MHC gene expression may have lost
other adjacent genes eg Qa or Tla elements (Gopas et al 1989) which may also modulate
NK cell sensitivity. NK cells may not recognise class I antigens but may interact with
other associated structures which include insulin receptor (Kittur et al 1987, Stagsted et
al 1990) and EGF receptor (Schreiber et al 1984). MHC expression may influence post
binding events either directly by inhibiting effector cells or indirectly by modulating the
recognition of other molecules required for either triggering or lysis (Ljunggren et al
1988). Cells which express the full range of class I antigens can still be efficiently
destroyed by NK cells (Chervenak and Wolcott 1988, Gorelik et al 1988), and in one
report increased class I MHC expression correlated with increased NK cell sensitivity
(Gorelik et al 1988). Chervenak and Wolcott (1988), using two H-2+ve subclones of
the ASL1 lymphoma demonstrated that the most NK sensitive clone expressed higher
levels of class I MHC.
Quillet et al (1988a, 1988b) transfected the P2 microglobulin gene into class I MHC
deficient Daudi cells and restored surface class I MHC antigen expression. This
correlated with decreased susceptibility to NKCML. In addition Shimizu and DeMars
(1989) reported that transfection of HLA genes into antigen loss mutants of human
LCL 721 resulted in a reduction in NK cell sensitivity with HLA-B possibly having a
preferential effect. Transfection of murine class I MHC genes into human target cells
had no affect on their sensitivity to lysis by human effectors. Sturmhofel and
Hammerling (1990) transfected P2 microglobulin into a p2 microglobulin deficient (and
therefore class I MHC deficient) highly NK sensitive variant of the EL4 murine
thymoma line. Restoration of H-2 expression decreased the sensitivity to NKCML, and
blocking of class I surface antigens by F(ab’)2 fragments increased the NK sensitivity
to that of H-2-ve variants. Ljunggren et al (1990), used a p2 -microglobulin deficient
clone of YAC-1 (A.H-2-ve). These cells were highly NK sensitive and incubation with
IFN-y had no effect on either NK sensitivity or class I MHC expression. Transfection

with p2 ~microglobulin restored H-2 expression but the cells remained NK sensitive.
Incubation of the transfected cells with IFN-y enhanced class I MHC and reduced their
sensitivity to NKCML.
However, this relationship between MHC class I antigen expression and sensitivity to
NKCML is not consistent. For instance Dennert et al (1988) reported that the murine
lung cancer cell line - line 1 - expressed little surface H-2d antigens when grown in
vitro. The cells were NK sensitive. Incubation with DMSO-containing medium greatly
increased their class I antigen expression but had litde effect on sensitivity to NKCML.
Transfection with H-2P had no affect on NK sensitivity although the antigens were ex
pressed on the surface. Similarly, Leiden (1989) transfected HLA-A2 genes into HLA2-ve K562 cells and showed that susceptibility to NKCML was not affected by the
level of expression of class I MHC.

TABLE 1.7 CORRELATION BETWEEN CLASS I M H C EXPRESSION
AND SENSITIVITY TO NKCML

Inverse correlation after change in MHC class I expression by
Mutant
selection

‘Spontaneous
loss’

Induction
or modulation

Transfection

Murine cell lines
RBL-5 lymphoma

Yes

—

EL-4 lymphoma

yes

—

YAC-1 lymphoma

Yes

B 16 melanoma

Yes

Yes

—

—

Yes

Yes

Yes

Yes

—

Yes
No

—

LI lung carcinoma

—

—

T10 Fibrosarcoma

—

—

—

No

—

—

Yes

—

Yes

No

Human cell lines
721 B lymphoblastoid

Yes

Daudi lymphoma

—

—

K 562 erythroleukaemia

—

—

— = not tested

Yes

No

Adapted from Ljunggren and Karre (1990)

Class I MHC antigens may affect both binding and post binding events (Ljunggren et al
1988, Algarra et al 1989). Storkus et al (1987) reported an inverse correlation between
class I MHC expression and both conjugate formation and cytolysis. Ljunggren et al
(1988) demonstrated that NK cells bound equally well to MHC class I +ve and -ve cells
but only the latter were lysed, suggesting that they were unable to present a post bind
ing inhibitory signal allowing them to escape lysis.
Reduction in sensitivity to NKCML following increase in MHC class I expression has
been demonstrated to increase metastatic potential. For instance Kawano et al (1986)
found that a H-2+ve, but not a H-2-ve variant of B16 melanoma formed spontaneous
metastases in syngeneic mice. Treatment with anti-asialo GM1 increased the colonisa
tion of H-2-ve variants in the early phase of metastasis, but a combination of anti-asialo
GM1 and whole body irradiation was required to increase metastatic colonies.
Ljunggren et al (1988), using H-2 deficient variants of the murine lymphoma RBL-5
reported that the H-2 deficient cells were selectively eliminated in vivo from mixed innocula clones even when they were present in 10 fold excess compared with H-2+ve
cells in the same innoculum. In vitro using cold target inhibition studies, the presence
of cold H-2 deficient cells did not activate the killing of H-2+ve cells, and vice versa.
M o d u l a t io n

o f m e t a s t a t ic p o t e n t ia l b y i f n s

A number of reports - many using antigen loss variants of the B 16 melanoma - have
demonstrated a relationship between exposure to IFNs in vitro, increased H-2 express
ion, decreased sensitivity to NKCML, and increased experimental metastatic ability.
For example, Taniguchi (1985), used B16 melanoma variants. B16-L and S The
former was H-2B-ve, sensitive in vitro to lysis by poly I:C stimulated splenocytes,
rapidly eliminated in vivo by NK cells, but was highly metastatic in anti-asialo GM1
pretreated mice. B16-S had moderate metastatic ability in syngeneic mice. Pretreatment
in vitro with IFN-a or a/p (5xl03units/ml for 24 hours) led to a significant increase in
metastatic ability of the two clones, associated with an increase in H-2 expression and
reduced susceptibility to NKCML. Taniguchi et al (1987) reported that treatment of an
H-2 antigen deficient non metastatic B16 melanoma with as little as 1unit/ml IFN-y
significantly enhanced experimental metastases. This paralleled increased MHC class I
expression and decreased sensitivity to NKCML.Treatment with IFN-p at 103units/ml
produced a smaller enhancement.
Treatment of B16-F1 with IFN-y (103units/ml for 16 hours) produced a 12-fold en
hancement of H-2Kb, a 5 fold increase in H-2Db, increased class II MHC, a decrease
in binding structures for NK cells, and led to significantly increased experimental lung

metastases, and decreased survival. IFN treated cells were more resistant to NK and
LAK cell mediated lysis, but were more immunogenic compared with untreated cells
(Zoller et al 1988). Animals immunised by IFN-y pretreated B 16-F1 showed decreased
metastatic nodes, and prolonged survival, compared with those immunised with un
treated cells.
However, this relationship is not necessarily causal. For example Ramani and Balkwill
(1987), using a lung metastasising variant of colon 26 (with high de novo H-2 antigen
expression) demonstrated that whilst IFN-y alone enhanced metastatic potential in both
syngeneic and T cell depleted nude mice, both IFN-a and y equally enhanced class I
MHC antigen expression. McMillan et al (1987) found that incubation of H-2b-ve
B16-F1 with IFN-a produced a moderate increase in both MHC class I surface antigen
expression and resistance to NKCML, but no alteration in experimental metastatic
potential. IFN-y produced a larger increase in H-2 antigen expression and resistance to
NKCML and this was associated with increased metastases in syngeneic and nude
mice. Lollini et al (1987) using the B16-A melanoma subline (which was significantly
more metastatic in cyclophosphamide treated compared with control mice) reported that
pretreatment with either natural or recombinant IFN-y increased class I MHC surface
antigen expression and metastatic potential in a dose dependent manner. When a
number of clones with different H-2Db and H-2Kb were isolated there was no
correlation between class I MHC expression and metastatic potential. A mutant clone
(B78H1), resistant to the H-2 enhancing ability of IFN-y (but not to cytostasis or the
induction of antiviral resistance) did not demonstrate increased metastatic potential
following in vitro treatment with IFN-y. Following transfection with the H-2Kb gene
they were unable to produce experimental metastases following IFN-y pretreatment
even though IFNs led to enhancement of H-2Kb expression (Lollini et al 1989).

LYMPHOKINE ACTIVATED KILLER CELLS
Lymphokine activated killer cells (LAK cells) are produced by the in vitro incubation of
murine splenocytes, or human peripheral blood mononuclear cells with IL-2. LAK act
ivity is mediated by a number of cell types - the major part by NK cells but some con
tribution is made by T lymphocytes (Ortaldo et al 1986, Phillips and Lanier 1986).
LAK cells are able to lyse a variety of NK resistant cell lines. This may be due to the
acquisition of a broader recognition repertoire compared with NK cells, alternatively
they may mediate quantitatively more lysis of of cells expressing low amounts of the
NK recognition structure(s) or having a general resistance to lysis (Gronberg et al
1989)

IFN-y (which may be produced by IL-2-activated lymphocytes) augments the the activ
ity of LAK cells but may also reduce the sensitivity of targets to LAK cell mediated ly
sis. De Freis and Golub (1988a) reported that protection of cell lines occured following
incubation with l-10units/ml IFN-y (a dose which can easily be achieved in vivo). In
addition 8 or 11 surgically resected specimens were also protected. Resistance was seen
after as little as 1 hour incubation with IFN-y and continued culture did not lead to refractoryness (De Freis and Golub 1988b). These authors suggested IFN-y protected
target cells by reducing the ability of the effectors to initiate lysis.
Tsai et al (1989) reported that IFN-y pretreatment or in vivo passage reduced the sensi
tivity of YAC-1 cells to lysis by IL-2-stimulated murine splenocytes. IFN-y had no ef
fect on either class I MHC expression or sensitivity to LAK cell mediated lysis of an H2 deficient variant suggesting that the two factors were related. Similarly,
Handgretinger et al (1989) reported that incubation of neuroblastoma cell lines with
IFN-y increased class I MHC surface antigen expression but led to an increase in sus
ceptibility to lysis by LAK cells, although there was no difference in conjugate forma
tion between effector and target cells.
However, Gronberg et al (1989) reported that both IFN-a and IFN-y protected a num
ber of cell lines from LAK mediated lysis. In only 1 of 2 cell lines protected by IFN-y
was there an increase in class I MHC surface antigen expression, and thus modulations
in class I MHC expression is not the sole mechanism of protection.

CYTOTOXIC T LYMPHOCYTES
Cytotoxic T lymphocytes (CTLs) recognise neoplastic or virally infected cells express
ing specific antigens only in association with class I major histocompatibility complex
(MHC) antigens (H-2D, H-2K, and H-2L in mouse, HLA-A, HLA-B, and HLA-C in
humans).
Modulation of MHC class I antigens could lead to tumour cell escape from CTL medi
ated lysis and increased metastatic potential due to either a quantitative regulation or loss
of specific class I antigens (Haywood and McKhann 1971), aberrant expression of
class I molecules; or the generation of novel class I antigens (Schmit 1981, Goodenow
et al 1985, Gopas et al, 1989).
For example in the Gross virus-induced AKR leukaemia the loss of H-2Kk antigen cor
related with decreased immunogenicity and decreased resistance to CTL-mediated

killing in vitro (Schmit and Festenstein 1982) and restoration of H-2Kk by gene trans
fection led to the rejection of tumours in syngeneic mice (Hui et al 1984).
Wallich et al (1985) and Katav et al (1985) isolated several sub clones of the (C3H x
C57BL)Fi methylcholanthrene induced T10 sarcoma which differed with respect to
metastatic behaviour. IE7 were highly metastatic and expressed significant levels of
both parental H-2D products (H-2Db and H-2Dk), whilst IC9 was non metastatic and
only expressed H-2Db. Neither clone expressed the parental H-2K antigens. H-2K
positive derivatives of both clones were produced by gene transfection with each of the
parental H-2K alleles. In most cases there was reduced tumourgenicity and in all in
stances restoration of H-2K products abrogated spontaneous metastases of IE7 in syn
geneic mice, although all clones remained metastatic in immunosupressed (sublethally
irradiated) mice (Wallich et al 1985). Each of the H-2K+ve lines was able to induce H2K restricted CTLs specific for the immunising cell line. There was no alteration in
sensitivity of the cells to NKCML (Gopas et al 1988).
Similarly, using the Friend leukaemia tumour 3LL, Eisenbach et al (1985) reported that
the differential expression of class I MHC antigens controlled the metastatic properties
of various cell lines. Highly metastatic clones expressed H-2Db antigens but not
H-2Kb, whilst non metastatic clones expressed both (Eisenbach et al 1983, Eisenbach
et al 1984). They further demonstrated that metastatic potential was not directly related
to H-2 expression, but was inversely correlated with the H-2Kb/H-2Db ratio; low
metastatic clones expressed similar levels of both products, whilst highly metastatic
clones expressed relatively low H-2Kb and relatively high H-2Db. Transfection of the
highly metastatic clones with H-2Kb resulted in the conversion to low or non metastatic
phenotype (Plaskin et al 1988). Treatment in vitro with IFN-a/p of two metastatic
clones (D122, highly metastatic, H-2Kb-, H-2Db+ but expressing an intact H-2Kb
gene; and A9, non metastatic, H-2Kk+ H-2Db+) resulted in increased number of exper
imental metastases, since in both cases H-2Db surface antigen expression was increased
more than H-2Kb (Eisenbach e ta l 1983). However treatment of D 122 with IFN-y led
to a reduction in experimental metastatic potential since the H-2Kb was increased more
than H-2Db. Subsequent transfection of D 122 with the H-2Kb gene led to the abroga
tion of both experimental and spontaneous metastases in 8 out of 10 clones (Eisenbach
et al 1987, Feldman and Eisenbach 1988).
Driessche e ta l (1990) using clone derived from the AKR-T cell lymphoma cell line
demonstrated that the increase in experimental metastasis was predominantly associated
with an increase in H-2Dk antigen expression, while an increase in tumourgenicity and
spontaneous metastases correlated with decrease of H-2Kk. Variants which expressed

low levels of H-2Dk could not form experimental metastases regardless of their H-2K
expression.
Thus in the above systems and others (Hui et al 1984 Tanaka et al 1988), it appears that
the K and D end proteins have different physiological functions; the H-2K end has
mostly immunological activity, leading to increased CTL recognition, decreased
tumourgenicity and abrogation of metastatic potential, whilst the H-2D end has mostly
suppressogenic functions (Gopas et al 1989). The mechanisms of this putative H-2D
mediated immunosupression are unknown. H-2D may specifically induce suppressor
cells that attenuate the specific immune response towards the tumour. Alternatively H2D antigens might preferentially associate with immunosupressive epitopes on the tu
mour cell membrane.
However Ward et al{1990) found no consistent correlation between the growth of pri
mary UV-induced tumours in syngeneic mice and class I MHC antigen expression some poorly immunogenic spontaneous tumours had the highest H-2 expression. In
this study, loss of MHC molecules was not a frequent mechanism by which cells be
came resistant to CTL mediated lysis.

CLASS I MHC SURFACE ANTIGEN EXPRESSION
As discussed in the previous sections expression of class I MHC surface antigens may
promote or inhibit the growth of tumours and metastases depending on the particular
circumstances. Circulating cells and spontaneous metastases from immunogenic pri
mary tumours with high H-2K expression will tend to be destroyed by specific CTL
clones, whilst cells from tumours with low H-2K (and high H-2D) antigen expression
may be more able to survive in the circulation. However, the experimental metastasis
model - in which NK cells have been demonstrated to play a pivotal antitumour role favours the survival of cells with high rather than low levels of the appropriate class I
MHC surface antigens (Karre 1985).
The effect of exposure of in vivo continuous exposure of cells to IFN-y was investi
gated by Watanabe et al (1989). The murine neuroblastoma cell line C1300 was trans
fected with the IFN-y gene. A high expressing clone (but not the parental line or a low
expressing clone) was completely rejected following sc injection. Small tumours grew
during the first 2 weeks but then disappeared. The rejection was due to a specific CTL
antitumour response - a result of the combination of increased class I MHC antigen ex
pression and increased maturation and other immune effects of the secreted cytokine.

MACROPHAGES
Macrophages comprise a well conserved, versatile cell type whose major function ap
pears to be homeostasis (Fidler 1985). They recognise and dispose of effete cells; con
trol the metabolism of lipids and iron; and are involved in inflammation and the host de
fence against neoplasia, infection, and parasites. Activated macrophages demonstrate a
wide range of antitumour activity, which appears to be non selective (Fogler and Fidler
1985). Normal macrophages from specific pathogen free mice do not lyse tumour cells
(Fidler 1988). Macrophages may be activated in vitro by two main pathways. Firstly by
interaction with particular microorganisms or their products, eg Corynebacterium
parvum, lipopolysaccharide, and muramyl dipeptide (MDP) the minimum component
of the bacterial cell wall, and secondly by interaction with lymphokines produced by
mitogen or antigen stimulated T lymphocytes particularly IFN-y but also other
macrophage activating factors including TNF, IL-2, 3 and 4, and GMCSF (Adams
1989). At optimal concentrations one stimulus may be sufficient to produce optimal
stimulation, but at suboptimal concentrations at least two stimuli are necessary (Pace et
al 1983, Sone 1986, Adams 1989).
In vitro, activated macrophages are able to discriminate between normal and malignant
cells producing significant lysis of the latter even when the two populations are cocul
tured (Kleinman et al 1983). Malignant cells are heterogeneous in their sensitivity to
macrophage mediated lysis, but generally cells cultured in vitro have much more similar
sensitivities compared with those passaged in vivo. Macrophage mediated lysis is inde
pendent of transplantation antigens, species specific antigens, tumour specific antigens,
cell cycle time, various phenotypes associated with tumours, and correlates of in vivo
behaviour, eg. growth rate, invasiveness, and sensitivity to NK and lymphocyte medi
ated cytotoxicity. Macrophages appear to recognise 'altered self but the exact recogni
tion mechanism is not known. In addition, the exact mechanism of macrophage medi
ated lysis is unclear, with some authors suggesting that direct cell to cell contact is
necessary (Branca e ta l 1976, Fidler 1988), but this is disputed (Miller et al 1980),
since macrophages produce a wide range of potential cytotoxic factors which could
cause lysis without direct contact, eg TNF, IL-1 (Philip and Epstein 1986, Urban et al
1986), toxic oxygen species, (Nathan et al 1979), and proteinases (Adams e ta l 1980).
E v id e n c e

f o r a n t it u m o u r a n d a n t im e t a s t a t ic a c t iv it y

The ability of macrophages to become activated to kill tumour cells is slowly acquired,
taking 12-24 hours (Adams 1989). There is considerable evidence to suggest that in
some systems at least, macrophages have a significant antitumour and antimetastatic
role.

Rodent tumours show widely varying degrees of macrophage infiltration. Eccles and
Alexander (1974) investigating six carcinogen induced rat fibrosarcomas reported that
macrophage content of the primary tumour positively correlated with immunogenicity,
and inversely correlated with metastatic potential. However, other reports have failed to
demonstrate such an association (Talmadge et al 1981, Mahoney et al 1983).
Although some investigators have had little success in producing macrophage resistant
cell lines, suggesting that macrophage lysis of cell lines is non selective (Fogler and
Fidler, 1986), a number of reports have demonstrated a positive correlation between
resistance of cell lines to macrophage mediated lysis in vitro and increased experimental
metastatic potential in vivo. For instance Miner and Nicolson (1983) selected various
clones of RAW 117 lymphoma/lymphoma sarcoma for resistance to macrophage
mediated lysis. The parental line produced fewest experimental metastases, and was the
most sensitive to poly I:C activated macrophages; the most metastatic clone was the
least macrophage sensitive. Similarly Remels et al (1988), produced macrophage
resistant variants of the 3LL tumour line. The macrophage resistant lines were
characterised by increased tumourgenicity and experimental metastatic potential. In
animals depleted of macrophages following treatment with carageenan or silica some
cell lines have been reported to show increased experimental and spontaneous
metastatic potential (Whitworth et al 1990).
Treatment of mice with liposomes containing macrophage activators, leads to a signifi
cant decrease of both experimental and spontaneous metastases of a wide range of tu
mours and in some cases increased survival (Fogler and Fidler 1986). Philips et al
(1985), reported that liposomes containing muramyl dipeptide glyceryl dipalmitate lo
calised in the lungs and led to a significant enhancement of the cytotoxic activity of
alveolar macrophages and a decrease in the number of experimental metastases of B 16
melanoma following iv injection. Fidler reported that following excision of primary
tumours of B16-BL6, treatment with liposomes containing macrophage stimulators
produced a significant decrease in spontaneous pulmonary metastases and increased
survival. The adoptive transfer of activated macrophages by iv injection has been
reported to produce regression of subcutaneous tumours (Bartholeyns et al 1988) and
led to a significant reduction in established pulmonary metastases in some studies
(Fidler 1974) but not in others (Gorelik et al 1985).
Ef f e c t
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There is conflicting evidence on the effect of IFNs on the sensitivity of target cells to
macrophage mediated lysis. Sarzotti et al (1986) reported that pretreatment of B16
melanoma cells with either IFN-a/p or y produced a significant dose dependant protec

tion from lysis by C parvwm-activated peritoneal macrophages, with IFN-y having sig
nificantly more protective effect. Feinman et al (1986) found that a 48 hour incubation
with IFN-y but not IFN-a increased the sensitivity to monocyte mediated killing of
three human cell lines HT29 (colon carcinoma), A573, (rhabdomyosarcoma) and A375
melanoma. However Webb and Gerrard (1990) demonstrated that IFN-a also sensi
tized A375 to monocyte mediated lysis. The mechanism of this enhancement was un
clear but a possible explanation is the IFN-mediated up regulation of tumour associated
antigens or adhesion molecules on the target cells.

Oncogenes
The oncogenes are a group of genes which control a wide variety of cellular functions,
including proliferation, differentiation, motility, and intercellular communication
(Bishop 1987). Cellular oncogenes which were first discovered as the counterparts of
transforming agents of retroviruses are critical elements in neoplastic transformation.
They encode proteins that may function abnormally, inappropriately, or at inappropriate
concentrations and lead to the circumvention of normal controls that regulate cell divi
sion and differentiation (Nicolson 1987). A number of oncogenes - particularly those
with serine/threonine kinase activity are highly correlated with enhancement of both
spontaneous and experimental metastatic potential (Greenberg et al 1989, Fidler and
Radinsky 1989).
Ras
ras genes encode a group of immunologically related proteins with a molecular weight
of approximately 21KDa (p21). They are associated with the inner surface of the cell
membrane. They bind GTP and GDP and have weak GTPase activity. They share a
functional similarity to classical G proteins and may therefore participate in transduction
of signals across the cell membrane (Barbacid 1987).
Ras activation or expression may play a role in invasion and metastasis. Thus Vousden
and Marshall (1984) reported the presence of activated Ki-ras genes in metastases of a
murine lymphoma. Thor et al (1984) found that the amount of ras p21 correlated with
extent of invasion of colon adenocarcinomas; lowest levels were detected in normal
mucosa and benign tumours, whilst the highest levels were found in deeply invading
tumours.
Transfection of many cell lines with Ki-ras and Ha-ras has been reported to induce the
metastatic phenotype (Radinsky et al 1987, Liotta 1988, Greenberg et al 1989). In
many cases the NIH 3T3 cells have been the recipients, but diploid fibroblasts, non
senescing fibroblasts, and non metastatic tumours can also be similarly transformed. If

the transfected clone expressed the p21 protein product then it was metastatic (Liotta
1988). For instance Egan et al (1987) demonstrated that levels of H-ras mRNA in NIH
3T3 and T 101/2 cells correlated with tumourgenicity, growth independence, and
metastatic potential. Hill et al (1988) reported that a direct correlation between
experimental metastatic potential and p21 in NIH 3T3 cells transfected with Ha-ras. In
addition there are reports that metastases had selected for cells with high Ha-ras (10),
Ki-ras (48), orp21 expression.
However it must be remembered that NIH 3T3 cells contain subpopulations which have
malignant properties. In addition there are a number of instances where high and low
metastatic cell lines or primary and secondary tumours show no differences in ras ex
pression (Muschel et al 1985). Thus Baisch et al (1990) reported that transfection of
RIH rat rhabdomyosarcoma cells with c-Ha-ras gene had no effect on either invasive
growth or spontaneous metastatic ability of the cells.
It is interesting to speculate how transfection of a single gene can lead to the acquisition
of the metastatic phenotype in one step since the process is multistage and a cell would
have to be able to survive each sequential step. It is unlikely that ras transfection leads
to increased genetic instability (Greenberg et al 1989). However it is possible that ras
has effects a number of pathways leading to global cellular changes (Liotta 1988), since
it has been demonstrated to regulate genes which may be important in invasion and
metastases including the proteases collagenase type IV (Liotta 1986) and cathepsin L
(Denhardt et al 1987), in addition to modulating invasion (Bonfil et al 1989) and the
production and response to motility factors (Liotta et al 1986).
Johnson et al (1985), and Trimble et al (1986) reported that transfection of cells with
Ha-ras and Ki-ras increased susceptibility to NKCML. Greenberg et al (1987) demon
strated a significant correlation between levels of H-ras RNA and sensitivity to
NKCML in 5 clones of transfected 10T1/2. However, more recently, Bagli et al (1989)
reported that transfection of c-Ha-ras into an NK-sensitive colorectal carcinoma led to
increased resistance to NKCML.
There are many reports that IFN treatment leads to down regulation of ras genes and
p21 protein, although some report the opposite. For instance Mercier et al (1987)
demonstrated that IFN-a/p up regulated ras gene expression in Ki-Balb/C fibroblasts
and decreased anchorage dependant growth. Transfection or the murine fibrosarcoma
line T101/2 with H-ras produced metastatic clones that - compared with the parental line
-were growth stimulated in vivo by TGF-Pi but not FGF, EGF, or PDGF (Schwarz et
al 1988).

c-fos
fo s, a cellular homologue of the Finkel Biskins Jinkins osteosarcoma virus is highly
conserved and encodes a nuclear protein capable of binding to DNA (Sambucetti and
Curran 1986). The actions of fos include induction of differentiation, and the synthesis
of laminin and collagen. In addition, a number of reports have suggested that the c-fos
protooncogene controls the expression of genes coding for class I MHC antigens.
Kushtai et al (1988) reported an inverse relationship between fos expression and
metastatic activity of clones of 3LL carcinoma. IFN induced fos within 30 minutes,
before induction of MHC transcription, reaching maximal levels at 1-2 hours. By 24
hours fos levels had fallen back to basal levels in the low metastatic A9 clone, but re
mained elevated at 48 hours in the highly metastatic D122 clone. Transfection of D 122
with/os led to surface expression of the previously absent H-2Kb and H-2Db surface
antigens. Exposure to IFN leads to a rapid and transient increase in expression of c-fos
gene in F9 embryonal carcinoma and NIH 3T3 cells (Wan et al 1988). mRNA appears
at 15 minutes and disappears by 1 hour. Unfortunately from the paper it was difficult to
determine any differential enhancement, since different concentrations of IFN-a and
IFN-y was used.
c-myc
c-myc comprises a multigene family, which are the cellular homologues of the avian
myelocytomatosis virus (MC29). It is found in many cell types, with high levels in ac
tively proliferating cells and macrophages.
The level of myc expression has been positively correlated with both tumourgenicity
and metastatic potential. Thus Brodeur et al (1984) reported 0 of 5 patients with stage I
or II neuroblastoma had amplification of c-myc compared with 24 of 48 patients with
stage III or IV disease. Similarly, Lee et al (1986) demonstrated a positive correlation
between c-myc expression and stage in patients with retinoblastoma.
The transfection of myc or p53 into established tumour lines eg the B04 neuroblastoma
cell line (Bernards et al 1986) or murine bladder carcinoma line has been reported to
significantly enhance metastatic potential, but this has not been demonstrated by others.
For instance Eagan et al (1987) found that NIH 3T3 cells transfected with myc were
tumourigenic following sc inoculation but virtually nonmetastatic after iv injection.

CONCLUSIONS
This chapter demonstrates the enormous complexity of the metastatic process and the
very wide range of activities of the various cytokines. Subsequent chapters will demon
strate the results obtained investigating the effects of cytokines on a murine colon carci
noma cell line - colon 26 - looking at various parameters particularly metastatic ability.
However, it must be remembered that whilst a correlation between a particular cyto
kine-induced effect and metastatic potential may be reported this may not necessarily be
the mechanism. In addition, a particular cytokine induced effect may not be seen in
other cell lines or even in other clones of the same cell line.

CHAPTER 2
MATERIALS AND METHODS
CELL LINES
COLON 26

Colon 26 is an N-nitroso-iV-methylurethan induced undifferentiated colon carcinoma
syngeneic to BALB/c mice (Corbett et al 1975a,b). A well characterised lung colonising
variant of this tumour - NL22, was kindly provided by Dr. T Tsuruo, Japanese
Foundation For Cancer Research, Tokyo (Tsuruo et al 1983). These cells form both
spontaneous and experimental pulmonary metastases (Ramani and Balkwill 1989).
Cells were frequently PPLO tested, and were mycoplasma free.
Unless otherwise stated, colon 26 were grown as monolayers in complete medium
consisting of 3.7% RPMI1640 (ICRF Media Services) supplemented with 10% foetal
calf serum (FCS) (Sera Lab, Sussex), in a humidified atmosphere containing 5% CO2
at 37°C. Cells were maintained as subconfluent cultures in 75cm 2 tissue culture flasks
(Falcon 3024). Stocks of an early passage were stored in liquid nitrogen and a fresh
sample thawed after 6 passages.
YAC-1
YAC-1, a murine lymphoma cell line highly sensitive to natural killer cell mediated lysis
in vitro (Sjorgren and Hellstron 1965) was grown as suspension cultures in 3.7%
RPMI1640 supplemented with 5% FCS at 37°C and 5 %CC>2 .
p388
p388, a lymphoid neoplasm which constitutively expresses ICAM-1 (Prieto et al 1989),
was grown as a suspension culture in 3.7% RPMI 1640 supplemented with 10% FCS
at 37°C and 5 %C0 2 .

CYTOKINES
iNTERFERON-a

Recombinant human interferon-aA/D (IFN-a) has activity against both murine and
human tumour cell lines (Rehberg et al 1982, Faltynek et al 1990). This is a hybrid
molecule produced by joining the amino terminal segment (amino acids 1-62) of
rHuIFN-aA to the carboxyterminal segment (amino acids 64-166) of rHuIFN-aD at

the Bgl 1 site (Rehberg et al 1982). It was used in these experiments because although
rMuIFN-a has been sequenced and cloned (Shaw 1983) it was not available in large
quantities. IFN-aA/D was obtained from Dr. M. Brunda, Hoffman La Roche, Nutley,
NJ. It was more than 99% pure with a specific activity of 2xl0 8 units/mg protein.
iNTERFERON-y

Recombinant murine interferon-y (IFN-y) was kindly supplied by Dr. G. Adolf (EmstBoehringer Institute fur Arzeneimihel, Vienna, Austria). It had a specific activity of
1.5xl0 7 units/mg protein.
Interferons were aliquoted into diluent consisting of PBS A containing 3mg/ml BSA,
and frozen in Nunc vials at -70°C until required.
TUMOUR NECROSIS FACTOR

Recombinant murine tumour necrosis factor, (TNF),was provided by BioGen, Gent,
Belgium, and was more than 99% pure. The specific activity was 108 units/mg. TNF
was diluted in calcium and magnesium free phosphate buffered saline (PBSA) plus 3
mg/ml bovine serum albumin (Sigma, Dorset, United Kingdom) and stored in single
dose aliquots at -70°C
T r a n s f o r m in g

g r o w t h f a c t o r -P i

Highly purified transforming growth factor-Pi (TGF-p), Cat No. 100-B, purified from
human platelets was purchased from British Biotechnology Ltd, Oxford. TGF-pi was
more than 97% pure by PAGE, and had a specific activity of l-2xl0 7 units/mg protein.
PLATELET DERIVED GROWTH FACTOR

Human platelet derived growth factor (PDGF), Cat No 120-HD purified from human
platelets was purchased from British Biotechnology Ltd. The cytokine was more than
95% pure by PAGE, and had a specific activity of 0.33-lxl()6units/mg protein.
EPIDERMAL GROWTH FACTOR

Purified epidermal growth factor isolated from mouse submaxillary glands was pur
chased from Stratech Scientific Ltd, London (Cat no 4000 1). It was more than 95%
pure by SDS/PAGE.
INTERLEUKIN-1

Recombinant interleukin-lp (IL-1) was a gift from Sclavo Research Center (Sienna,
Italy).

In t e r l e u k in -2

Recombinant human interleukin-2 (IL-2) was obtained from Biogen, Geneva
Switzerland. Batch number NP6006S09. The specific activity measured as 3H thymi
dine uptake by CTLL-2 cells was S.l.xlO^units/mg.

HARVESTING OF TUMOUR CELLS
Medium was aspirated and the cell monolayer washed briefly with 10ml 0.20% trypsin/
0.05% versene (ICRF Media Services) The cells were dislodged by overlaying the
monolayer with 5ml of the 0.20% trypsin/0.05% versene solution, and incubating the
flask at 37°C for 1-2 minutes. This was neutralised with 15ml complete medium and
the cells aspirated into a plastic universal and spun at 1900g for 5 minutes. A single cell
suspension was produced by gentle syringing using a 19g needle and viable cells
counted in a haematocytometer under phase contrast and resuspended in complete
medium at appropriate concentrations.
IN VITRO INHIBITION OF CELL GROWTH
Following trypsinisation, the concentration of colon 26 in complete medium was ad
justed and 105 cells plated into 35mm petri dishes (Nunclon). Medium containing either
control diluent or cytokines in various concentrations was added to produce a final vol
ume of 2ml. Cells were incubated in a humidified atmosphere containing 5% CO2 at
37°C. Medium and cytokines was replaced every 3 or 4 days. At various times, cells
were trypsinised, resuspended in isoton (Coulter Electronics UK) and the number from
each dish determined in a Coulter counter (model ZF, Coulter Electronics UK).
COLONY FORMING ABILITY
102 colon 26 in complete medium were plated into 35mm petri dishes (Nunclon).
Medium containing either control diluent or cytokines in various concentrations was
added to produce a final volume of 2ml. Cells were incubated in a humidified atmo
sphere containing 5% CO2 at 37°C. Medium and cytokines was replaced twice weekly.
After 14 days the medium was aspirated, colonies fixed by a 30 second exposure to
methanol, stained with 1 % crystal violet, washed with plenty of tap water, and the
number of colonies determined.
PLATING ABILITY
Colon 26 were incubated in control diluent, IFN-a, or IFN-y (10 3 units/ml) for either 2
or 18 hours. Following trypsinisation, 102 cells in 2ml complete medium were added to
35mm petri dishes. Cells were incubated in a humidified atmosphere containing 5%
CO2 at 37°C. Medium was replaced twice weekly. At 16 days medium was aspirated,

colonies fixed by a 30 second exposure to methanol, stained with 1 % crystal violet, and
the number of colonies determined.
CELL SIZE
Colon 26 were incubated in control diluent, IFN-a, or IFN-y ( 1 0 ^units/ml) for 24
hours. Cells were trypsinised and washed x3, and cell number was adjusted to 106/ml
in Isoton/1 %FCS. Cell size was determined in a Coulter counter with channelizer.
MIGRATION
The method of Varani et al (1978) was used. Colon 26 were incubated for 24 hours in
control diluent, IFN-a, or IFN-y ( 1 0 3 units/ml). Cells were trypsinised and washed x3.
1 0 0 |il

of the cell pellet was added to 300fil of medium containing 0 .2 % sea plaque

agarose (Miles Labs UK). 2\i\ aliquots were carefully placed in centre of wells of flat
bottomed microtitre plates. These were incubated at 4°C for 10 minutes to allow
agarose to solidify. 200pl of complete medium was carefully added to each well. The
plates were incubated in a humidified atmosphere containing 5% CO2 at 37°C. At 1,2,
3,and 4 days the distance of migration of the corona of cells from the edge of agar
'blob' in 4 directions was determined with the aid of a graticule.
OSMOTIC FRAGILITY
This was determined using the method of Weiss et al (1969). Colon 26 growing in log
phase were incubated for 24 hours with control diluent, IFN-a, or IFN-y (final concen
tration KPunits/ml). Following trypsinisation, 5xl0 5 cells were incubated for 1 hour at
37°C with 51Cr (specific activity Na2 Cr0 4 250-500|iCi/mg chromium) (Code CJS 1,
Amersham Inter-national PLC, Bucks) in a minimal volume of 1%FCS/RPMI. The
cells were washed three times with Hanks* buffered salt solution (HBSS) (Gibco Ltd.,
UK) to remove unbound radioactivity. The concentration was adjusted to 106 cells/ml
and 10|il aliquots were added to U bottomed wells of microtitre plates containing 200|ll1
aliquots of various concentrations of HBSS ranging from 100% to 0%. Each concen
tration was set up in triplicate. Cells were incubated in 100% HBSS to determine
spontaneous release of isotope and in 5% triton to determine the maximum radioactiv
ity. Following a 30 minute incubation (37°C, 5% CO2 ) plates were centrifuged for 2
minutes at 1900g, lOOjil aliquots removed from each well, and the radioactivity deter
mined using a gamma counter. Beckmann Gamma 4000, Beckmann, Ca, USA).
For each concentration of HBSS, % lysis was calculated using the following formula:^ j .
mean cpm in sample - mean cpm spontaneous release
^
0 y ” mean cpm in maximum lysis - mean cpm spontaneous release x
where cpm = counts per minute.

FLUORESCENT ACTIVATED CELL SORTING
ANTIBODIES

Anti H-2Dd and anti H-2Kd were used as culture supernatants prepared from hybridoma
cells obtained from American Type Culture Collection numbers HB76 and HB77,
clones 34-4-21S and 31-3-4S. Anti I-Ad and anti I-Ed were prepared from hybridoma
cells obtained from American Type Culture Collection numbers HB3 and HB32 re
spectively, clones MD D - 6 and 14-4-45. These antibodies were kindly provided by Dr
Elizabeth Simpson.
A rat monoclonal antibody YN1/1.7 (IgG2 b) which recognises murine ICAM-1 was
kindly provided by Dr Takei, Terry Fox Research Laboratories, Canada (Horiey et al
1989).
METHOD

Colon 26 in log phase growth were incubated with control diluent or cytokines at 37°C
in 5% CO2 for various times. The cells were then trypsinised, washed three times with
1%FCS/RPMI, and the number determined. 1-5x105 cells were added to wells of a
flexible V bottom microtitre plate (Dynatech Labs). This was centrifuged at 1900g for 1
minute, the supernatant flicked off and replaced with 200|il 1%FCS/RPMI containing
20pl of the appropriate monoclonal antibody. The plate was incubated at 4°C for 40
minutes. The cells were washed 3 times, and then incubated for 20 minutes at 4°C with
20fil of the appropriate second layer FITC conjugated rabbit anti mouse IgG diluted 1
in 5 with distiled water or goat anti rat IgG (Cappel, Billingshurst, UK). After 2 further
washes, fluorescence was analysed on a fluorescence activated cell sorter (FACS). At
least 5 x l0 3 viable cells (as gated by scatter analysis) were analysed for intensity of
fluorescence at different fluorescent gains using a photomultiplier at tube 500V. Early
experiments were performed on a modified Beckton Dickinson Flow activated cell
sorter, model
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and results are described as % +ve and median fluorescence, whilst

later experiments used a FACS scan.

MICE
Inbred BALB/c mice and BALB/c nude mice were obtained from the ICRF breeding
unit, Clare Hall, South Mimms, Hertfordshire. They were housed in negative pressure
isolators (La Calhene (GB) Ltd Cambridgeshire). All routine isolator supplies were
sterilised by either heat or y irradiation, and all items entering the isolator were sprayed
with 10% spektracyde or 2% Tegador (TH Goldschmidt Middx).
In all experiments 6 - 8 week old female specific pathogen free mice were used.

E x p e r im e n t a l

m e t a s t a s is a s s a y

Flasks of colon 26 in log phase growth were taken. Medium was aspirated and replaced
by complete medium plus control diluent (BS A 3mg/ml in PBS A) or cytokines. Flasks
were incubated for various times at 37°C in a humidified atmosphere containing 5%
CO2 . Following trypsinisation, the cells were washed three times in RPMI/1%FCS,
and the number of viable cells determined using a haematocytometer (improved
Neubauer), under phase contrast. (In all experiments there were fewer than 5% dead
cells). The cell concentration was adjusted to 2.5xl04/ml and 0.2ml aliquots were in
jected into mice via the lateral tail vein using a 27g needle. Cells were kept on ice before
injection, and immediately prior to injection universals were shaken). Mice received no
further treatment, and 2 1 days later they were killed by cervical dislocation, lungs re
moved and placed in Bouin’s solution for at least 24 hours. The lungs were weighed,
placed in 70% ethanol, and the number of surface colonies colonies counted with the
aid of a dissecting microscope.
Grow th

o f s u b c u t a n e o u s l y in je c t e d

C o l o n 26

Colon 26 were preincubated with control diluent, rIFN-a or rIFN-y (10 3 units/ml) for
24 hours. After trypsinisation and three washes, the cell number was determined and
concentration adjusted to 2.5xl0^/ml in 1%FCS/RPMI. BALB/c mice were injected
subcutaneously into the flank with 0.2ml of cell suspension. Twice weekly the diameter
of the subcutaneous tumour was measured in
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perpendicular planes using callipers.

When the tumours reached lxlcm they were excised, the wound sutured, and 10 days
later the mice were killed by cervical dislocation, lungs removed, and the number of
surface colonies counted as before.
RETENTION OF RADIOLABELLED TUMOUR CELLS IN THE LUNGS

Flasks of colon 26 in log-phase growth were taken. Medium was removed and replaced
with fresh complete medium containing 0.3 p.Ci/ml 5-[ 125 I]-iodo-2’-deoxyuridine
(code IM 355, Amersham International PLC, Bucks). Control diluent, IFN-a, or
IFN-y (final concentration 103 units/ml) was added to flasks as necessary. Cells were
incubated at 37°C in 5% CO2 for 24 hours. Colon 26 were trypsinised, washed 3
times, and the cell number counted. The concentration was adjusted to 2.5x105/ml in
1%FCS/RPMI, and 0.2 ml aliquots were injected via the tail vein into BALB/c female
mice.

0 .2

ml aliquots were retained to determine the radioactivity injected of the cells

injected. Table 2.1 demonstrates that pretreatment with IFNs did not significantly affect
the uptake of l 2 5 I. At various times following injection, the mice were killed, and the
lungs were removed (in some experiments liver, kidneys, and spleen were also re
moved). Organs were washed three times in 70% alcohol and radioactivity measured in
a gamma counter (Beckmann Gamma 4000, Beckmann, Ca, USA).

TABLE 2.1 UPTAKE OF 125I BY COLON 26

Pretreatment

counts per minute ± SD

Control diluent

3953 ± 55.8

IFN-a

4340 ± 158.2

IFN-y

3784 ± 232.9

Flasks containing approximately 4xl06 colon 26 were incubated for 24 hours with 5-[125IHodo-2'deoxyuridine (0.3|iCi/ml) and control diluent, IFN-a, or IFN-y (103units/ml). Following trypsini
sation the radioactivity of 0.2ml aliquots of 5X104 cells was determined. There was no significant dif
ference between the three groups.

IN v iv o a b r o g a t i o n OF NK c e l l a c t i v i t y
NK cells were abrogated by a single tail vein injection of rabbit anti asialo GM1 (25jig
in 200|il PBSA) (code 986-10001, Cambridge Biosciences Ltd) Control mice were in
jected with normal rabbit serum (1 in 40 dilution in PBSA). 48 hours following injec
tion, mice were injected with 0.2ml of 1%FCS/RPMI containing 2.5X104 colon 26
pretreated for 24 hours with control diluent, IFN-a, or IFN-y (103 units/ml). (In two
experiments, mice were killed 2 1 days, and in two other experiments mice were killed
at 17 days following tumour cell injection due to respiratory distress). Lungs were re
moved, placed in Bouin's solution, weighed, and lung colonies counted as before.

IN VITRO CYTOTOXICITY ASSAYS
ISOLATION OF SPLENIC EFFECTOR CELLS.

Mice were killed by cervical dislocation and spleens aseptically removed. These were
teased apart using 19g needles. Splenocytes were washed in RPMI and separated on
either Lymphoprep (Nycomed, Oslo, Norway) (density 1.14) or by incubation with
0.84% NH4 CI. With the former, 10ml of splenocytes in RPMI was layered onto 5ml of
Ficoll-Hypaque in 15ml Falcon tubes. Following centrifugation (2700g for 20 minutes)
the cells at the interface were harvested, washed with 5%FCS/RPMI and viable cell
count assessed. Separation with NH4 CI involved incubation of cells with 5ml of solu
tion for 2 minutes followed by three washes with 5%FCS/RPMI. Figure 2.1 demon
strates that the two methods of isolation produced splenocytes with similar activity
against NK-sensitive YAC-1 cells.

FIGURE 2.1 ACTIVITY OF ISOLATED SPLENOCYTES AGAINST N K SENSITIVE Y A C -1
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ISOLATION OF HUMAN PERIPHERAL BLOOD MONONUCLEAR CELLS

Venous blood was taken using a 21 guage needle. 25ml was mixed with an equal vol
ume of RPMI. 35ml of blood in RPMI was layered onto 15ml of Ficoll-Hypaque in 50
ml Falcon tubes. Following centrifugation (2700g for 20 minutes) the cells at the inter
face were harvested, washed once with 5%FCS/RPMI and viable cell count assessed.
ISOLATION OF ACTIVATED PERITONEAL MACROPHAGES
6 -8

week old BALB/c mice received an intraperitomeal injection of 0.25mg

Corynebacteriwn parvum in 0.25ml saline (Wellcome Biotechnology Ltd Beckenham).
Ten days later, peritoneal exudate cells were harvested by lavage with 0.01%ETDA in
ice-cold PBSA. The cells were washed and resuspended in RPMI/5%FCS. The cell
number was determined, the concentration adjusted and 2 x l0 5 or lxlO 5 cells were
added to 96-well flat bottomed plates (Costar 3596). Plates were incubated at 37°C for
two hours, after which the non adherent cells were forcibly removed by washing.

ISOLATION OF EFFECTOR CELLS FROM LUNGS
6 -8

week old BALB/c mice were killed by cervical dislocation and the lungs removed

under sterile conditions. The thymic and extrabronchiolar tissue was dissected away
and the remaining pulmonary parenchyma washed in 5%FCS/RPMI and finely minced
with sterile scalpels. The lungs were digested for 1 hour at 37°C with 0.14% collagenase Type 1 (Sigma, Cat no. C-0130); 0.03% DNAse (Sigma, Cat no. D5025); and
0.4% neutral protease (Boehringer, Cat no. 241750) in 5%FCS/RPMI. The disaggre
gated lung tissue was washed twice and resuspended in 5%FCS/RPMI and natural
killer cells or macrophages isolated as described below
NK cells
Lung parenchymal cells were layered onto Lymphoprep in a conical centrifuge tube and
centrifuged at 2700g for 20 minutes. The cells at the interface were harvested, washed
with 5%FCS/RPMI and the number of viable cells determined as previously described.
Macrophages
Lung parenchymal cells in 5%FCS/RPMI were added to 90mm dishes at 37°C for 1
hour. The non adherent cells were then removed by vigorous washing with
5%FCS/RPMI and the adherent macrophages scraped off with a rubber policeman. The
viability was assessed with 0 .2 % trypan blue and macrophage cytotoxicity assays were
performed as described below.
NATURAL KILLER CELL ASSAY

5X105 YAC-1 or colon 26 in a minimum volume of 5%FCS/RPMI were incubated with
100 |iCi 51Cr (specific activity Na2 CrC>4 250-500jiCi/mg chromium) (Code CJS 1,
Amersham International PLC, Bucks) at 37°C for 1 hour. Cells were washed three
times in 5%FCS/RPMI followed by a further 60 minutes incubation in 5%FCS/RPMI
to remove unbound radioactivity. The cell number was determined, and the concentra
tion adjusted to lxlO 5 or 5x1 Ofyml. lOOpl of cells was added to conical bottomed well
of microtitre plates (Titertek Micro-titration multiwell plate, Flow Laboratories).
Effector cells isolated as previously described were added to produce a final effectontarget ratio of 100:1, 50:1 and 25:1 in 200|il of culture medium. Wells were set up
to determine spontaneous and maximum release. Each concentration was performed in
triplicate. Plates were spun at 1900g for 1 minute and incubated at 37°C in 5% CO2 for
4 hours.
After 4 hours the plates were spun at 1900g for 5 minutes. lOOpl of supernatant was
removed from each well and activity determined in a gamma counter (Beckmann
Gamma 4000, Beckmann, Ca, USA).

% Cytotoxicity was calculated as follows:„
. .
mean cpm (sample) - mean cpm (spontaneous)
,^
o cytotoxicity - mean Cpm (maximum) - mean cpm (spontaneous)x

LYMPHOKINE a c t iv a t e d

k ill e r c el l a s s a y

Following separation, splenocytes or PBMCs were incubated in complete medium
supplemented with rIL-2 (103 or 1(^units/ml) for 3 days in a humidified atmosphere
containing 5% CO2 at 37°C. The effector cells were harvested with the help of a rubber
policeman, washed three times in complete medium and the assay carried out as de
scribed above with NK cells.

MACROPHAGE ASSAY

Colon 26 in log phase growth were incubated for 24 hours with control diluent or
cytokines plus 5-[ 125 I]-iodo-2'-deoxyuridine 0.3}iCi/ml. Cells were trypsinised,
washed three times, and resuspended in RPMI/5%FCS. The cell number was deter
mined, and concentration adjusted to l x l 0 5/ml. lOOpl of the cell suspension was added
to each well of a flat bottomed microtitre plate (Costar 3596) containing adherent
macrophages. Final effector:target ratios were 20:1 and 10:1 in 200|il of culture
medium. Wells were set up to determine spontaneous and maximum release. Each con
centration was performed in triplicate.
After a 48 or 72-hour incubation at 37°C the lysed and non viable cells were removed
by 2 washes with PBSA. The residual viable cells were lysed with 100|J.l 0.1N NaOH,
and this solution was collected and monitored for radioactivity in a gamma-counter.
% cytotoxicity was calculated as follows:_ cpm (spontaneous release) - cpm (targets incubated with macrophages) inn
“
cpm (spontaneous release) - background
x

COLD COMPETITION ASSAY

2.5xl0 5 isolated splenocytes (effector cells) were added to U bottom microtitre plates
(Flow labs) containing 5xl0 3 51Cr labelled YAC-1 (targets) and various concentrations
of unlabelled YAC-1 or colon 26. The final volume in each well was 200|il. Each well
therefore contained a 50:1 effector: target ratio, and competitor target ratios ranging from
10:1 to 0:1. Each concentration was performed in triplicate. Wells were set up to de
termine spontaneous and maximum release. Plates were spun at 1900g for 1 minute and
incubated at 37°C in 5% CO2 for. After 4 hours the plates were spun at 1900g for 5

minutes. lOOjil of supernatant was removed from each well and activity determined in a
gamma counter (Beckmann Gamma 4000, Beckmann, Ca, USA). % cytotoxicity was
calculated as before.
ADHESION OF 51Cr LABELLED SPLENOCYTES TO COLON 2 6 MONOLAYERS

Colon 26 were grown to near confluence in 16mm diameter tissue culture wells
(Costar, cat no 3242). 24 hours prior to the addition of splenocytes, complete medium
was aspirated and replaced with medium containing control diluent, IFN-a, or IFN-y
(103 units/ml). Plates were incubated for 24 hours at 37°C in 5 %CC>2 . Medium ± cyto
kines was aspirated and cell monolayers washed three times with 5%FCS/RPMI.
Splenocytes were isolated from BALB/c mice as previously described. 3xl0 7 spleno
cytes were incubated with 200|il 51Cr (CJS 1, Amersham International PLC) for 1 hour
and then washed three times. Cell number was assessed and the concentration adjusted
to 2xl0 6 /ml. 106 or 5xl0 5 radiolabelled splenocytes in 5%FCS/RPMI were added to
each well. Medium was also added to produce a final volume of 1ml. Radiolabelled
splenocytes were added to well that hat been preincubated with medium only. Each
concentration was carried out in triplicate. Plates were centrifuged at 1900g for 1
minute and incubated at 37°C in 5 %CC>2 for 4 hours. Medium was then aspirated, and
monolayers washed with PBSA to remove non adherent cells. 500|il 0.1N NaOH was
added to each well to lyse the remaining cells and radioactivity determined.

AUTORADIOGRAPHS
CELL LABELLING

Colon 26 in log-phase growth were incubated with 10|iCi/ml 3H thymidine (Amersham
International) for 24 hours and either control diluent, IFN-a, or IFN-y (103 units/ml).
Following trypsinisation cells were washed three times, counted, and the concentration
adjusted to 2.5 or 5 x l0 5/ml in 1%FCS/RPMI. 0.2 ml aliquots were injected via tail
vein into female BALB/c mice. At various times after injection, the mice were killed by
cervical dislocation. The lungs were removed, and fixed in formal saline.
COATING OF THE SLIDES

Lungs were embedded in paraffin, and sections cut and placed on glass slides. Slides
were rehydrated and dipped in a fresh solution of 0 . 1 % gelatin and allowed to dry.
Under safelight conditions they were coated with a mixture of 0.1% gelatin, 50% L5
Ilford emulsion at 50°C, allowed to dry for 2 hours at an angle of 45°, and stored for
periods of between 2-7 days at 4°C in a light tight box containing silica gel.

DEVELOPMENT

Under safelight conditions slides were immersed in the following solutions:D19 developer (Kodak)

2.5 minutes

1% acetic acid

0.5 minutes

30% sodium thiosulphate

5 minutes

They were then washed in running tap water for 60 minutes, stained with haematoxylin
and eosin, dehydrated and mounted in neutral mounting medium.
P r e p a r a t io n

of

1|i m

s e c t io n s a n d se c t io n s f o r e l e c t r o n m ic r o s c o p y

Colon 26 were incubated in 85 cm2 tissue culture flasks for 24 hours with complete
medium containing control diluent, IFN-a, or IFN-y (103units/ml). In some experi
ments, 3H thymidine (5|iCi/ml) was added to all flasks. Cells were trypsinised washed
three times, counted, and cell number adjusted to 2.5xl06/ml in 1%FCS/RPMI. 0.2ml
aliquots were injected via the tail vein into female BALB/c mice. At various time points
the mice were killed by the use of CO2 . The thorax was opened, the lungs and trachea
exposed, and a 19g needle inserted into the trachea. Lungs were initially fixed by infla
tion with 2.5% phosphate buffered glutaraldehyde pH 7.3. They were sliced and fur
ther fixed by immersion in the above solution for 2 hours. They were then washed
twice in phosphate buffer, followed by a 1 hour immersion in 4% phosphate buffered
osmium tetroxide pH 7.3, and 2 further phosphate buffer washes.
They were processed on a lynx tissue processor as follows:70% ethanol

4°C

30 minutes

80% ethanol

4°C

30 minutes

90% ethanol

4«>C

30 minutes

100% ethanol

40C

30 minutes x 6

Propylene oxide

40C

20 minutes x 4

Propylene oxide/araldite 1:1

4°C

1 hour

Propylene oxide/araldite 1:2

20OC

1 hour

Propylene oxide/araldite 1:4

20OC

1 hour

Araldite

30°C

1 hour x 3

Tissue was cut to produce 1pm sections for selection of areas containing tumour cells
for ultrathin sections. These were stained in saturated uranyl acetate in methanol and
Reynold lead acetate, and examined and photographed on a Zeiss 10CR transmission
electron microscope.

ADHESION TO EXTRACELLULAR MEMBRANE COMPONENTS
Substr a tes

The method of Roberts et al (1985) was used. Laminin (Cat no 6260LA, BRL Inc),
fibronectin (F0635, Sigma), collagen type TV (3018 BRL Inc) and bovine serum
albumin (BSA, Sigma),were dissolved in Ca2 +/Mg2+ free phosphate buffered saline
(CMF-PBS) at a concentration of of 20pg/ml. 25pl aliquots were used to coat the
0.28cm2 surface of well of flat bottomed microtitre plates (Dynatech), which were then
dried overnight under UV light. The plates were rinsed once with DMEM, and then
with DMEM containing 2.5mg BSA/ml and 25mM HEPES buffer.
Colon 26 were trypsinised and washed three times with DMEM containing 2.5mg
BSA/ml and 25mM HEPES buffer, counted, and the concentration adjusted to
2.5xl0 5/ml. lOOpl aliquots were added to each well. Each substrate was carried out in
quadruplicate.
The plates were then incubated at 37°C 5% C0 2 for 120 minutes, the medium aspirat
ed, and each well washed three times with 50 pi buffer. The adherent cells were
counted using an alkaline phosphatase assay as described by Huschtscha et al (1987).
A l k a l in e

ph o sph ata se a s s a y

A solution containing 0.2M Boric acid, l.OmM MgCl2 , and 1.2mM methyl lumbelliferyl phosphate was freshly prepared and made up to

1 0 0 ml

with distiled water.

2 0 0 pl

aliquots were added to each well, and the plate incubated at 37°C. After 1-2 hours absorbence was measured using for 2 hours. Fluoresence (directly related to cell number)
was then measured on a Dynatech Fluor Tm reader (Dynatech products).

NORTHERN BLOTTING
To 185cm2 tissue culture flasks containing colon 26 in log phase growth were added
cytokines or control diluent. At various times medium was removed and the monolay
ers were either lysed immediately with 5M guanidinium thiocyanate buffer, or washed
three times and incubated with complete medium without added cytokines and lysed at
later time points. Total cellular mRNA was isolated after centrifugation through caesium
chloride followed by precipitation with 3M sodium acetate and ethanol according to the
method of Chirgwin et al (1979).
20pg aliquots of total RNA were electrophoresed through a 1.4% agarose-formaldehyde denaturing gel and capillary blotted onto Biodyne A membranes (Pall Ultrafine
Filtration Corp, Glen Cove, New York, USA).

Probes were labelled with

3 2 P-dCTP

by the random priming method of Feinberg and

Vogelstein (1984). Membranes were hybridised to the labelled probe under standard
conditions as described by Church and Gilbert (1984). They were subsequently
washed to high stringency and exposed to either Fuji NIF RX 100 or Kodak XAR5
film at -70°C with 2 intensifying screens (Dupont, Stevenage, Herts).
p-actin (loading control) the EcoRl - Hind III fragment of M13 P-actin was obtained
from Dr. Lawrence Kedes (Stanford, California, USA).
H-2Kb was obtained from Dr B Arnold Institiit fur immunologik und genetik,
Heildelberg. It was a 10.5 Kb insert into ECO R1 fragment of a pBR328/SV40 vector
(Weiss et al 1983).
Oncogene probes were obtained from Dr N Teich Imperial Cancer Research Fund,
London.
c-fos was a 1.3Kb insert cut with Bgl II and Pru II from the pFBH-1 vector (Curran et
al 1982, Van Beveren et al 1983).
Ha.-ras from Harvey murine sarcoma virus was a 0.45Kb fragment cloned into a
4.75Kb pBR322 vector (Ellis et al 1980, De Feo et al 1981, Duar et al 1982).
Ki-ras from Kirsten murine sarcoma virus is a 1.0Kb insert into a pBR332 plasmid
cloned at ECO R1 site (Ellis et al 1981, Tuschida et al 1982).
c-myc (DOR h-c-m yc) cDNA II, HI is a 0.8Kb insert into a 6 .6 Kb vector DOR neo cut
at Bam HI and Sal 1 sites (Penn et al 1990).

POLYACRYLAMIDE GEL ELECTROPHORESIS
Colon 26 incubated in control diluent or IFNs were trypsinised, washed three times
with PBSA, counted and lysed directly into sample buffer at a concentration of 2x106
cells/ml. Samples were stored at -20°C until required. 50pl aliquots were loaded onto a
7-17% gradient polyacrylamide gel and electrophoresis was carried out at 80V as de
scribed by Davies et al (1986).

Sample buffer consisted of

10%SDS
p-mercaptoethanol

lml
0 .8 ml
1 .6 ml
0.4ml

0.05% bromophenol blue

0 .2 ml

Distiled water

4ml

M TrisC lpH

6 .8

glycerol

S il v er

st a in in g

This was carried out using the method of Morrisey (1981). The gel was fixed by gentle
but thorough agitation in the following solutions for 30 minutes each.
50% methanol 10% acetic acid
5% methanol 7% acetic acid
1 0 % glutaraldehyde

It was then washed in distiled water overnight and for 2 hours - with frequent changes the following day, and soaked in 5pg/ml dithiothreitol (D-9779, Sigma) for 30 mins.
Following a 30 minute soaking in 0.1% silver nitrate the gel was rinsed with distiled
water, twice with

1 0 0 ml

developer (rapidly), and stained with

2 0 0 ml

developer

(Developer 50pl 37% formaldehyde in 100ml 3% NaCC>3 ). The staining was stopped
by the addition of 5ml of 2.3M citric acid and the gel washed with large amounts of
distiled water before being photographed.

2

DIMENSIONAL GEL ELECTROPHORESIS

250|iCi 14C high specific activity amino acid mixture was purchased from Amersham
International (CFB103). To reduce the volume of diluent, the amino acids were
lyophilised and resuspended in small volumes of complete medium. 5x l0 5 colon 26
growing in log phase in 16mm diameter tissue culture wells were incubated at 37°C in
5 %C0 2

for 24 hours with 50pCi aliquots of radiolabelled amino acids and the follow

ing cytokines:Control diluent
IFN-a (103 units/ml)
IFN-y (10 3 units/ml)
TGF-p (lOng/ml)
IFN-y (103 units/ml) + TGF-P (lOng/ml)

Medium was aspirated, and monolayers washed twice with ice cold PBSA. lOOpl of
SDS/BME was added to each well and swirled. One minute later, lOfil of
DNA/RNAase was added, and cells scraped off the wells. The lysates were transferred
to eppendorf tubes, boiled for 2 minutes, snap frozen in liquid nitrogen, and stored at
-70°C.
D N A /R N A ase
1.5MTRISHC1

1.27ml

1.5M TRIS base

0.06ml

1M M g d 2

0.20ml

Double distiled H20

1.97 ml

DNAase I stock (lOmg/ml)

0.40ml

DPFF, Worthington Biochem, Utah
RNAase A (>1 Omg/ml)

0.10ml

RASE, Worthington Biochem, Utah
SDS/BM E
SDS
P-mercaptoethanol

0.15g
2.50ml

TRIS HC1

0.22g

Double distiled H20

to 50ml

Two dimensional gels were run, photographed, and scanned by Protein Data Bases
Inc. (Huntington Station, New York) as previously described (Garrels 1979, Beresini
et al 1988). The ampholine range of the first focusing dimension was pH4-8, and the
acrylamide concentration of the sodium docecyl sulphate/p-mercaptoethanol second di
mension was

1 0 %.

STATISTICS
Statistical analyses of these data were performed using either Student's T test or MannWhitney U test.

CHAPTER 3
ENHANCEMENT OF THE EXPERIMENTAL
METASTATIC POTENTIAL OF COLON 26 BY IFN-y
Exposure of tumour cells in vivo to IFNs and other cytokines as a result of secretion by
infiltrating host effector cells, cytokine production by the tumour cells themselves, or as
a result of cancer treatment, may have both beneficial and harmful effects on the organ
ism.
In clinical trials IFNs have been demonstrated to have significant activity against a
number of different tumour types, including renal cell carcinoma (Krown 1987), mel
anoma (Creagan et al 1987), hairy cell leukaemia (Queseda et al 1987), and chronic
myeloid leukaemia (Talpaz et al 1987). In general IFN-a has greater anti tumour
activity than IFN-y.
These effects may be due to a direct action of IFNs on the tumour cells themselves;
stimulation of host defences including NK cells, macrophages, and T lymphocytes;
other host mediated effects; or a combination of these (Balkwill 1989, Yasui et al
1990). At present, the exact mechanism(s) of antitumour activity is poorly understood
and may differ from tumour to tumour (Gresser 1985).
However, exposure of tumour cells to IFNs and other cytokines may have detrimental
effects (for the host) on both local growth and metastatic potential. The therapeutic ratio
is the sum of the numerous positive and negative effects which may be exerted. This
thesis attempts to dissect some of these by investigating the effects on metastatic
potential following the exposure of a tumour cell line to cytokines.
Cytokines have the potential to alter many cellular parameters some of which may effect
metastatic potential. These include changes in cell size (Pfeffer and Tamm 1983),
growth rate and colony forming ability (Balkwill 1988), motility (Nickoloff et al 1988),
invasion, protease production (Siegal et al 1982), alteration of resistance to lysis by
host effector cells (Gidlund et al 1978, Trinchieri and Santoli 1978, De Fries and Golub
1988a), and adhesion both to other cells (effector and endothelial) and the basement
membrane (Hendricks et al 1989, Maio et al 1989, Shaw et al 1989).
Pretreatment of tumour cells with cytokines in vitro prior to injection into the animal
will exclude any direct effects on the host effector cells since tumour cells are thorough
ly washed before being inoculated into the animal.

These experiments have used the highly metastatic clone of colon 26 an undifferentiated
colon adenocarcinoma syngeneic to BALB/c mice. This tumour produces both spontan
eous and experimental pulmonary metastases (Tsuruo et al 1983). It has been previous
ly reported that treatment with either IFN-a or IFN-y following iv injection of the tu
mour cells produced a significant reduction in experimental pulmonary metastases in
immunocompetent mice (Balkwill et al 1986, Ramani and Balkwill 1987). The mechan
ism of action could not be completely explained by a direct effect on the tumour cells
and was independent of T cells and NK cells, since the antimetastatic effect was also
seen in T cell deficient BALB/c nude mice and NK cell deficient beige mice (Ramani
and Balkwill 1987).

EFFECT OF IFNs ON GROWTH OF COLON 26 IN VITRO
Gro w th

in h ibitio n

Figure 3.1 demonstrates the results of a typical experiment to investigate the effect of
continuous exposure of colon 26 to IFNs. Cells were incubated in complete medium to
which was added control diluent (PBSA containing 3mg/ml BSA) or various concen
trations of IFN-a or IFN-y. At all time points, incubation of colon 26 with 10 1(^units/ml IFN-a produced significant cytostasis, the antiproliferative effect being
positively correlated with cytokine concentration. Incubation for 7 days with lOunits/ml
IFN-y had no significant effect on the growth rate of colon 26 compared with control,
whilst increasing concentrations produced significant growth inhibition, although this
was significantly less than found with the same concentration of IFN-a. For instance
compared with control diluent, incubation with 103 units of IFN-a produced a 79.5%
reduction in cell number by day 7 (p < 0.0005), whilst with the same concentration of
IFN-y the decrease was only 24.8% (p < 0.005).
COLONY FORMING ABILITY

Following trypsinisation, 102 colon 26 were added to 35 mm petri dishes containing
complete medium supplemented with either control diluent, IFN-a, or IFN-y at 103
units/ml. At 14 days the medium was aspirated and the cells fixed with acetone, stained
with crystal violet, and the number of colonies counted. As shown in table 3.1, both
IFNs produced a significant decrease in colony forming ability compared with incu
bation in control diluent but again IFN-a had the greater effect. (See also plate 5.1).
PLATING EFFICIENCY

Colon 26 were incubated with IFNs at 103 units/ml for either 2 or 18 hours prior to
trypsinisation. 102 cells were added to 35mm petri dishes containing 2ml of complete

medium and incubated for 16 days. Table 3.2 demonstrates the results from a typical
experiment. A 2 hour preincubation with IFN-a, but not IFN-y produced a significant
reduction in plating efficiency compared with control diluent (p < 0.05). An 18 hour in
cubation with both IFNs also significantly reduced the plating efficiency, IFN-a
having a significantly greater effect than IFN-y.

TABLE 3.1 EFFECT OF IFNS ON
COLONY FORMING ABILITY OF COLON 26

Pretreatment

Number of colonies
mean ± SE

Control

68.75 ± 3.01

IFN-a

7.80 ± 2.23*

IFN-y

40.67 ± 3.36*

102 cells were added to 35mm diameter petri dishes and incubated with complete medium containing
control diluent, IFN-a, or IFN-y. Medium ± IFNs was changed twice weekly. Colony number was de
termined on day 14. * p < 0.0005 compared with control diluent.

TABLE 3.2 PLATING EFFICIENCY OF COLON 26 PRETREATED WITH IFNS

Treatment

Mean colony number ± SE
Time of incubation
2 hours
18 hours

Control

40.38 ± 6.36

43.62 ± 5.86

IFN-a

18.12 ± 6 .0 1 *

14.56 ± 3.88t

IFN-y

34.29 ± 5.55

19.00 ± 2.99*

Colon 26 were preincubated in control diluent or IFNs for 2 or 18 hours. Following trypsinisation,
102 cells were added to 35mm petri dishes and incubated in complete medium for 16 days. Medium was
replaced twice weekly. Colony number was counted at 16 days. *p < 0.05; tp < 0.01 compared with
control diluent.
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Colon 26 were incubated in 35mm petri dishes with control diluent, or various concentrations or either
IFN-a or IFN-y. On day 4 medium ± IFNs was changed. On days 3, 5, and 7 cell number was deter
mined. Points represent the mean ± SE of three or four results. (—) control diluent; (••••) 10 units/ml;
( ) 102 units/ml; (
) 103 units/ml; (
) 104 units/ml.

EFFECT OF IFNs ON METASTATIC POTENTIAL
IN SYNGENEIC BALB/C MICE

Incubation of colon 26 with IFN-y but not IFN-a produced a significant enhancement
of the number of experimental pulmonary metastases in syngeneic mice. Table 3.3 and
Plate 3.1 illustrates the results from one of many similar experiments.

6 -8

week old fe

male BALB/c mice were injected via the tail vein with 0.2ml RPMI/1%FCS containing
5 x l0 3 colon 26 pretreated for 24 hours with control diluent, IFN-a, or IFN-y
( 1 0 3 units/ml).

21

days later, the animals were killed, the lungs removed, placed in

Bouin's solution, weighed, and the number of surface colonies counted with the aid of
a dissecting microscope. There was a significant increase in the number of surface
colonies in mice injected with IFN-y pretreated cells compared with those injected with
cells incubated in either control diluent or IFN-a. This enhancement was an invariable
finding, and as illustrated in Table 3.4 the increase ranged from from 1.9 to 11.3 fold
compared with cells pretreated with control diluent. The table also demonstrates a con
siderable variation in the number of experimental metastases of control diluent pre
treated cells. This may be a result of biological variation between different groups of
animals or possibly differences in the cell culture conditions, although these were kept
as constant as possible.
IN BA LB/C NUDE MICE

The above experiment was repeated using T cell deficient BALB/c nude mice. 5X104
colon 26 pretreated with control diluent, IFN-a or IFN-y (103 units/ml) were injected
into BALB/c nude mice. Table 3.3 demonstrates that pretreatment with IFN-y but not
IFN-a produced a significant enhancement of experimental pulmonary metastases.

T a b l e 3.3 IFN- y- in d u c e d e n h a n c e m e n t o f m e t a s t a t ic p o t e n t ia l o f c o l o n 26
IN IMMUNOCOMPETENT BALB/C AND T CELL DEFICIENT BALB/C NUDE MICE
BALB/C NUDE MICE

SYNGENEIC BALB/C MICE

Pretreatment

Number of
metastases
mean ± SE

lung
weight (mg)
mean ± SE

Number of
metastases
mean ± SE

lung
weight (mg)
mean ± SE

Control diluent

21.1 ± 4 .2

247.5 ± 8.4

7.6 ± 0.93

318.6 ± 2 .5

IFN-a

15.57 ± 4.1

228.0 ± 9.6

10.14 ± 2 .7 4

272.9 ± 4.48

IFN-y

56.5 ± 3.5*

262.5 ± 10.9

51.86 ± 16.lt

334.3 ± 3.56

Colon 26 were incubated for 24 hours in control diluent, IFN-a or IFN-y (103units/ml). Following
trypsinisation, cells were injected via the tail vein into 6-8 week old female syngeneic BALB/c mice or
T cell deficient BALB/c nude mice. Mice were killed after 21 days, the lungs removed and the number
of surface colonies counted. 8 mice per group. *p < 0.005, tp < 0.01 compared with pretreatment with
control diluent and IFN-a.

T a b l e 3.4 E n h a n c e m e n t

o f e x p e r im e n t a l m e t a s t a t ic p o t e n t ia l b y

No. of metastases (mean ± SE)
Control diluent
IFN-y

% enhancement

IFN -y

significance

29.4 ± 4.8

74.2± 15.3

252%

p < 0.05

23.6 ± 4.0

45.0 ± 5.86

191%

p < 0.005

4.6 ± 0.9

51.9 ± 16.2

1128%

p < 0.05

56.6 ± 9.7

104.1 ± 9.3

184%

p < 0.05

13.0 ± 3.0

86.5 ± 36.1

665%

p < 0.05

11.6 ± 0 .5

51.4 ± 6 .2 2

443%

12.6 ± 2.3

43.0 ± 7.7

341%

p < 0.0005

10.6 ± 4 .1

56.5 ± 3.5

533%

p < 0.005

p<

0 .0 0 1

Colon 26 were incubated for 18 or 24 hours in either control diluent or IFN-y (lO-^units/ml). 5X103
cells were injected via the tail vein into female BALB/c mice. Animals were killed on day 21 and the
number of surface pulmonary nodules counted. 6-8 mice per group.

P l a t e 3.1 M a c r o s c o p ic

a ppeara nces of the lungs

Typical view s o f the lungs o f syngeneic BA LB/c m ice killed 21 days follow ing the injection o f 1(P
colon 26 pretreated with control diluent (left), or 103units/ml IF N -a (centre) or IFN-y (right)

HISTOLOGY OF THE LUNG S.

Plate 3.2a-d illustrates typical views o f sections o f lungs from mice killed 21 days after
tail vein injection o f colon 26. The sections were stained with haem atoxylin and eosin.
In lungs from mice injected with IFN-y-pretreated cells the lesions were m ore num er
ous, larger, and contained more areas o f necrosis than lungs from m ice injected with
colon 26 pretreated with either control diluent or IF N -a. Otherwise there were no obvi
ous differences between the three groups. Plate 3.2a dem onstrates the presence o f a
num ber of discrete nodules scattered throughout the lung parenchym a. In some areas a
sub pleural infiltration of tum our cells was seen, but uninvolved areas o f the lung
appear normal. The m etastatic nodules are com posed o f m asses o f undifferentiated
cells. It is impossible to determine with certainty the organ o f origin o f the cells; there is
no evidence of glandular formation or mucin production. Associated with the metastatic
nodules in lungs was a infiltrate o f m ononuclear cells, seen in all three groups of mice.

P l a t e 3.2 H i s t o l o g y

o f the lungs

H&E X 5
3.2a Section o f lung from m ouse injected with colon 26 pretreated with control diluent, demonstrating
a number o f metastatic nodules scattered throughout the parenchyma (arrowed).

H & E X 256
3.2b High power view o f a single metastasis demonstrating lack of differentiation

P l a t e 3.2

c o n t in u e d

H is t o l o g y

o f the lung nodules

h &e

x 40

3.2c Single metastatic deposit showing infiltration o f host cells.

H&E

X

160

3.2d Higher power view o f a section o f the above nodule. The infiltrating host cells arc clearly seen.

CHARACTERISATION OF THE ENHANCEMENT
The following experiments were performed to more fully characterise the enhancement
of experimental metastases by IFN-y.
Effe c t

o f d u r a t io n o f e x p o s u r e to

IF N -y

A 1 hour, but not 15 minute preincubation of colon 26 with IFN-y was sufficient to
produce significant enhancement of metastatic potential. Table 3.5 demonstrates the re
sults obtained from one of three similar experiments. Compared with incubation in
control diluent, a 1 hours incubation in 103 units/ml IFN-y produced a 4.6 fold increase
in experimental metastatic potential (p < 0.005) and lung weight (p < 0.01). A 24 hour
incubation produced greater numbers of metastases and greater lung weights, but this
was not significantly greater than a 1 hour incubation.

TABLE 3.5 EFFECT o f d u r a t io n o f e x p o s u r e t o IFN -y
ON THE METASTATIC POTENTIAL OF COLON 26

Time of preincu
bation with IFN-y

Surface colonies
(mean ± SE)

Lung weight (mg)
(mean + SE)

Control (0 hours)

14.1 ± 5.1

270.0 ± 19.0

15 minutes

20.2 ± 3.7

324.3 ± 17.6

1

hour

65.6 ±

1 2 .0 t

355.0 ± 20.4*

2

hours

62.4 ± 15.0*

360.0 + 24.2t

24 hours

86.1 ± 5 .6 #

437.1 ±28.9#

Colon 26 were incubated for various times in control diluent, IFN-a or IFN-y (KPunits/ml). Follow
ing trypsinisation, 5X103 cells were injected via the tail vein into female syngeneic BALB/c mice (8
per group). Animals were killed on day 21, the lungs weighed, and the number of surface pulmonary
colonies counted. Results significantly different from control *p < 0.01, t p < 0.005,# p < 0.0005.

Effec t

o f c o n c e n t r a t io n o f

IFN-y o n

m e t a s t a t ic p o t e n t ia l

Colon 26 were preincubated for 24 hours with either control diluent or various concen
trations of IFN-y ranging from 1unit/ml to 1(^units/ml prior to tail vein injection into
BALB/c mice. As shown in table 3.6, a 1 or 24 hour incubation of colon 26 with as
little as 1unit/ml IFN-y produced a significant enhancement in the number of surface

lung colonies. Incubation of colon 26 with increasing concentrations of IFN-y resulted
in a significantly greater enhancement of experimental metastatic potential, the largest
effect seen was following a 24 hour incubation with 103units of IFN-y.

TABLE 3 .6 EFFECT OF IFN -y CONCENTRATION ON METASTATIC POTENTIAL

Number of lung metastases mean ± SE
Time of incubation
Pretreatment

1 hour

24 hours

Control

12.6 ± 2.3

12.6 ± 2.3

IFN-y 1 unit/ml

29.1 ± 4.4t

27.3 ± 6.0*

IFN-y 10 units/ml

24.8 ± 4.4*

35.4 ±6.1*

IFN-y 102 units/ml

38.7 ± 5.7*

53.4 ± 5.6*

IFN-y 103 units/ml

43.0 ± 7.7*

66.4 ± 9.5*

Colon 26 were incubated for 1 or 24 hours in various concentrations of IFN-y. Following trypsinisation, 5X103 cells were injected via the tail vein into syngeneic BALB/c mice. Mice were killed on day
21, the lungs removed and the number of surface colonies counted. Results significantly different from
control *p < 0.0005, * p < 0.005, * p < 0.01.

DURATION OF THE ENHANCEMENT OF METASTATIC POTENTIAL

Incubation of colon 26 in vitro with IFN-y produced a significant enhancement of
metastatic potential. To investigate the duration of this effect following the removal of
the cytokine, cells were incubated for 24 hours with IFN-y (103units/ml). The mono
layers were then washed thrice and incubated with complete medium for various times
up to 72 hours. Following trypsinisation 5xl03 cells were injected via the tail vein into
syngeneic B ALB/c mice as before. Table 3.7 demonstrates that the IFN-y induced en
hancement of metastatic potential was greatest when cells were injected into mice
immediately following removal of IFN-y. However the enhancement was still found
when colon 26 were incubated with complete medium for up to 72 hours prior to tail
vein injection, although with increasing time after removal of IFN-y there was a signifi
cant decrease in the degree of enhancement.

T a b le 3.7 D u r a t i o n o f t h e e n h a n c e m e n t o f
IFN- y INDUCED METASTATIC POTENTIAL

Length of time
without IFN-y

Number of lung
metastases - mean ± SE

Control diluent

12.6 ± 2.26

0 hours

66.4 ± 9.5*

24 hours

41.2 ± 4.5*

48 hours

42.5 ± 5.9*

72 hours

28.1 ± 3.6*

Colon 26 were incubated for 24 hours in control diluent, or IFN-y Medium was removed and cells
washed x3 and then cultured in complete medium for various times. Following trypsinisation, 5X103
were injected via the tail vein into syngeneic BALB/c mice. Mice were killed on day 21 and the number
of surface colonies counted. Results significantly different from control * p < 0.0005 * p < 0.005.

Grow th

of co lo n

26

f o l l o w in g s u b c u t a n e o u s in je c t io n

The effect of pretreatment with IFNs on the growth rate of subcutaneous (sc) injected
colon 26 and the spontaneous metastatic ability was determined. Colon 26 were pre
treated for 24 hours with control diluent, IFN-a, or IFN-y (103units/ml). Following
trypsinisation, 5 xl05 cells in 0.2ml 1%FCS/ RPMI were injected sc into the flank of
BALB/c mice. The size of the tumour was measured twice weekly and expressed as the
product of 2 perpendicular measurements. Tumours were removed when they had
reached lxlcm (usually on day 21), and the mice were killed 31 days following initial
sc inoculation. Figure 3.2 illustrates the rate of growth of the subcutaneous tumours.
As can be seen there was no tumour palpable until day 8. There was no significant dif
ference in the growth rates of tumours from colon 26 incubated in either control diluent
or IFN-y, but at days 14 and 18, the tumours growing from IFN-a pretreated cells
were significantly smaller than those in the other two groups (p < 0.05). In addition
table 3.8 demonstrates that there was a non significant increase in the number of
pulmonary metastases in mice injected with IFN-y-pretreated colon 26 compared with
those injected with colon 26 preincubated with control diluent or IFN-a. These may
represent either experimental metastases, the result of inadvertent iv inoculation of a
small number of colon 26 during the initial sc injection or early spontaneous metastases

from cells liberated early in the development of the primary tumour when IFN-y may
have had some metastatic enhancing ability.

F ig u r e 3.2 G r o w t h

of colon

26 fo l l o w in g

s u b c u t a n e o u s in o c u l a t io n

100 n

80-

60“

40"

20

“

0

7

14

21

Days following sc injection
Colon 26 pretreated with control diluent (—), IFN-a (•—), or IFN-y (— ) were injected into the flank
of 6-8 week old female BALB/c mice. Tumour growth was measured twice weekly and expressed as the
product of two perpendicular diameters. Results expressed as mean ± SE. 16 mice per group.

DISCUSSION
The data presented in this chapter confirm and extend previous work and characterises
the IFN-y-induced enhancement of metastatic capacity of colon 26. In vitro both IFNs
had significant antiproliferative effects on these cells. This was seen as a reduction in
growth rate, plating efficiency, and colony forming ability. In all instances IFN-a had a
significandy greater effect than IFN-y.
The clone of colon 26 (NL22) used in these experiments has been previously selected
to be highly metastatic. Thus injection of 5x l0 3 control cells produces by day 21 be
tween 5 and 55 surface pulmonary metastases, which corresponds to a 'plating effi
ciency' of 0.1% - 1.10%.

T a b l e 3.7 L u n g

m e t a st a se s f o l l o w in g sc in o c u l a t io n

Number of lung metastases
Median

(range)

Control

0

(0-5)

IFN-a

2.5

(0-83)

IFN-y

17.5

(1-76)

BALB/c mice were injected with 5x10s colon 26 incubated for 24 hours in control diluent, IFN-a or
IFN-y (103units/ml). Tumours were resected when they reached l x l cm. Mice were killed 10 days
later, the lungs removed and surface colonies counted.

Pretreatment with IFN-y but not IFN-a significantly enhanced the metastatic ability of
colon 26. This is paradoxical since in vivo therapy with either IFN-a or IFN-y follow
ing iv injection led to a significant reduction in spontaneous and experimental metastatic
potential (Balkwill et al 1986).
The enhancement was both time and dose related. - a 1 hour incubation with 1unit/ml of
IFN-y was all that is required, although increasing either the concentration of duration
of incubation produced a further increase in metastatic potential.
Serum IFN-y concentrations of 1unit/ml are easily achievable in vivo following treat
ment with TNF, IL-2 or IFN-y (Lotze et al 1985, Paulnock et al 1989) The effect was
still present 72 hours following removal of cytokines although it was less marked with
increasing periods of incubation in control diluent.
Microscopic examination of the lungs revealed the presence of nodules of undifferenti
ated tumour. Apart from there being more and larger nodules in mice injected with 1
pretreated with IFN-y, there were no obvious differences between the three groups.

CHAPTER 4
POTENTIAL MECHANISMS OF ENHANCEMENT
OF METASTATIC ABILITY BY IFN-y
This chapter will examine potential mechanisms by which IFN-y enhances the experi
mental metastatic potential of colon 26. The previous chapter demonstrated that the en
hancement of metastatic potential was IFN-y-specific, and thus effects which are
common to both IFNs can be excluded as potential mechanisms.

PULMONARY RETENTION OF RADIOLABELLED COLON 26.
IN IMMUNOCOMPETENT BALB/C MICE

Fig 4.1 demonstrates the results from a typical experiment to investigate the pulmonary
retention of colon 26. Cells were incubated for 24 hours with control diluent, IFN-a or
IFN-y (103 units/ml) in addition to 5-[125I]-iodo-2'-deoxyuridine (0.3|iCi/ml).
Following trypsinisation, 5X104 cells in 0.2ml 1%FCS/RPMI were injected via the tail
vein. Mice were killed at various times following injection and the lungs removed,
washed, and the radioactivity determined. At 2 hours most radioactivity was
concentrated in the lungs (control 83%; IFN-a 98%; IFN-y 100%). There was no
significant difference between the three groups. At subsequent time points the
radioactivity in the lungs of mice injected with colon 26 pretreated with IFN-y was
significantly greater than in those injected with colon 26 incubated with either control
diluent or IFN-a. For instance, 24 hours after iv injection 49.6% of the radioactivity of
IFN-y pretreated cells was still present in the lungs compared with 21.4% of control
diluent and 23.4% of IFN-a pretreated cells (p<0.005). At 72 hours the retained
radioactivity was IFN-y 12.4%; control diluent 6.9%; IFN-a 7.5% (p<0.05). Thus
pretreatment with IFN-y enhanced the pulmonary retention of cells in the first 24 hours
following iv injection. Between 24 and 72 hours IFN-y pretreated cells were cleared
from the lungs at a slightly faster rate than those in the other 2 groups (% or
radioactivity present in the lungs at 72 hours compared with 24 hours - control diluent
32.2%; IFN-a 32.0%; IFN-y 25.0%; differences not significant). This assay also
confirms the high metastatic potential of the control colon 26. Liotta et al (1970)
reported that in spontaneous tumours fewer than 0.1% of cells remained viable 24
hours after liberation into the circulation. These experiments using cells which have
been selected for high lung metastasising potential demonstrate that almost 21.4% of

the radioactivity o f control colon 2 6 w as present in the lungs 2 4 hours fo llo w in g iv
injection.

FIGURE 4.1 PULMONARY RETENTION OF RADIOLABELLED COLON 26
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Colon 26 were were incubated for 24 hours in ^ I iododeoxyuridine and either control diluent (—),
IFN-a (••••), or IFN-y (- -). Following tail vein injection, mice were killed at various times during the
first 72 hours and radioactivity in the lungs measured. Points represent mean ± SE. (5 mice per group).

INVESTIGATION OF EARLY TIME POINTS

In order to define more precisely the period during which IFN-y exerts its effect(s) on
the enhancement of metastasis, the radioactivity in the lungs in the first 24 hours fol
lowing iv injection of colon 26 was investigated. Figure 4.2 demonstrates the clearance
of colon 26 pretreated for 24 hours with either control diluent or IFN-y (103 units/ml).
Immediately following tail vein injection almost all the radioactivity was found in the
lungs as before, but at subsequent time points the radioactivity in the lungs of mice in
jected with IFN-y pretreated cells was significantly greater than that in mice injected
with colon 26 pretreated with control diluent. At 6 hours the retention was control dilu
ent 51.9%, IFN-y 89.2% (p<0.001); and at 24 hours control diluent 21.7%, IFN-y
41.7% (p<0.001). The critical period was the first six hours following tumour cell in
jection: during this time 48.1% of the radioactivity of control cells has been lost com
pared with only 10.8% IFN-y pretreated cells. There was no significant difference in

the rate of loss of cells between 6 and 24 hours (% radioactivity present in the lungs at
24 hours compared with that at 6 hours - control diluent 41.7%. IFN-y 46.7%).

FIGURE 4.2 PULMONARY RETENTION OF RADIOLABELLED COLON 26:
EARLY TIME POINTS
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Colon 26 were were incubated for 24 hours in 125I iododeoxyuridine and either control diluent (—) or
IFN-y (- -). 5X104 cells were injected into BALB/c mice and at various time points during the first 24
hours the mice were killed and radioactivity in the lungs measured. Points represent mean ± SE. (5
mice per group).

RADIOACTIVITY IN OTHER ORGANS

The radioactivity of the spleen, liver and kidneys was also assessed. At 6 hours radio
activity in the liver peaked at 2-3% of the total radioactivity injected, and at 24 hours
radioactivity had fallen to background levels. No levels of radioactivity above back
ground were measured in the spleen or kidneys at any time. There were no significant
differences between animals injected with colon 26 pretreated with either control diluent
or IFN-y.
IFN-y ENHANCES THE METASTATIC POTENTIAL OF 125I RADIOLABELLED COLON 26
In order to confirm that labelling of colon 26 with i25I iododeoxyuridine did not affect
their metastatic potential, and also to demonstrate that radioactivity in the lungs corre
lated with metastatic potential when assessed at 21 days, cells were incubated for 24
hours with control diluent, or IFN-y (lO^units/ml) in addition to 125I iododeoxyuridine

(0.3|iCi/ml). Following trypsinisation 5xl03 cells in 0.2ml 1%FCS/RPMI were inject
ed via the tail vein into immunocompetent BALB/c mice (5 mice per group). Mice were
killed on day 21 and the number of lung colonies counted. Table 4.1 demonstrates that
there were significantly more experimental pulmonary metastases of colon 26 pretreated
with IFN-y than with control diluent (p<0.001).

TABLE 4.1 IFN-y ENHANCES THE METASTATIC POTENTIAL
OF COLON 26 IN 125I TREATED CELLS

Treatment

Number of pulmonary
metastases (mean ± SE)

Control diluent

3.75 ± 1.25

IFN-y

25.0 ± 2.45*

Colon 26 were incubated for 24 hours with complete medium containing 125I iododeoxyuridine and
either control diluent or IFN-y. 5X103 cells were injected via the tail vein into BALB/c mice. On day
21 mice the were killed, lungs removed, and the number of surface colonies counted. 5 mice per group,
‘ significantly greater than incubation with control alone p<0.001.

PHOTO AND ELECTRON MICROGRAPHS OF THE LUNGS
To investigate the site of arrest of injected tumour cells and their relationship to host tis
sues and cells at various times following iv injection, colon 26 were labelled with 3H
thymidine, and injected via the tail vein in 0.2 ml aliquots containing 2.5xl05 cells/ml.
Mice were killed at various time points during the first 72 hours, the lungs removed
fixed in formal saline, embedded in paraffin, sectioned (approx 3|im thickness), stained
with haematoxylin and eosin, and dipped in photographic emulsion. After 3-7 days the
slides were developed and viewed under a microscope. Plates 4.1a and b demonstrate
typical views. Radiolabelled tumour cells are clearly shown and arrowed. 6 hours
following injection there were clearly more IFN-y-pretreated than control diluent or
IFN-a pretreated cells retained in the lungs. Apart from this there were no obvious dif
ferences between the three groups. In particular there was very little homotypic adhe
sion of the tumour cells (Plate 4.1a). Thus At 1 hour more than 90% of cells from each
group appeared to be singletons (at least 100 cells per group were counted and differ
ences not significant). Unfortunately because of the thickness of these sections defini
tion was poor and it was very difficult to determine the exact site of the tumour cells
and their relationship to host tissues (Plate 4.1b).

In subsequent experiments, mice were killed by CO2 inhalation and the lungs fixed by
inflation with 2.5% Sorensons solution in glutaraldehyde. Following washing in glutaraldehyde, lungs were embedded in araldite, l|im sections were cut and stained with
toluidine blue for examination under a light microscope. From areas of interest ultrathin
sections were cut and viewed using an electron microscope. Initially tumour cells were
identified using autoradiography as before, but on these sections colon 26 proved easy
to recognise at both the light and electron microscope level (Plate 4.2a,b) which negated
the need for prelabelling with 3H thymidine. In later experiments, to allow for easier
visualisation of colon 26 under the electron microscope, mice were injected with 5x105
cells in 0.2ml 1%FCS/RPMI and no acute morbidity was found.
From these investigations it was possible to follow the sequence of events occurring in
the lungs following injection of colon 26 and to attempt to identify any differences be
tween the three groups. (Injection of mice with 0.2ml of medium alone produced no
obvious histological changes in the lungs).
At 1 hour following tail vein injection all colon 26 were found trapped in pulmonary
capillaries, which were completely blocked by the tumour cells (Plate 4.2b). The cells
were in direct contact with the capillary endothelial cells, with no obvious structures
between the two. Usually at one pole there was an accumulation of circulating host cells
probably due to back pressure. Although there were a number of platelets and some
thrombi associated with the cells, there was no evidence of a ‘protective cocoon’ or of
cell processes interdigitating with the platelets as described by other authors (Crissman
e ta l 1988).
At 3-6 hours following injection there was an accumulation of host cells as demon
strated in plate 4.3a. This was mainly composed of leucocytes with few erythrocytes
present. With increasing periods of time following tumour cell injection, there were
more areas of thinning of the pulmonary endothelial cells (plate 4.3b,c) due to either
retraction or displacement, and in some areas at 6 hours colon 26 were in direct appo
sition to the underlying basement membrane (plate 4.3d).
By 24 hours there were large areas of contact between the injected tumour cells and the
pulmonary basement membrane (plate 4.3e). Mitoses were visible in colon 26 cells
completely within the pulmonary capillaries (plate 4.3f), suggesting that tumour cells
do not have to exit from the circulation prior to division. Plate 4.3g is part of a group of
cells directly adjacent to collagen bundles, demonstrating that cells are outside the pul
monary circulation.

POTENTIAL ROLE OF NK CELLS
There is considerable evidence that NK cells have significant activity against experi
mental metastases and are most effective in the early phases of the process. Following
tail vein injection most tumour cells rapidly arrest in the lungs (the first capillary bed en
countered). They may then be lost via a number of mechanisms. Many are rapidly de
stroyed by mechanical factors as they may not be able to withstand the traumas and
pressures imparted on them following arrest in capillaries (Weiss 1989); there may be a
gradual loss of some cells from the lungs due to recirculation and arrest in other organs
(although in this model following the injection of 125I labelled cells, the radioactivity
found in the liver, kidneys, and spleen was very small); and many are destroyed by
cells of the non adaptive immune system. The retention of radiolabelled cells in the lung
in the first 24 hours following injection has been demonstrated by many authors to
inversely correlate with NK cell activity (Riccardi et al 1979, Hanna and Burton 1979,
Pucetti et al 1980), but the subsequent growth of metastasis may be independent of the
NK cell status of the host. Because the host has not been sensitised by a locally
growing tumour there is little possibility of a specific CTL mediated response being
important in the early phases of experimental metastases, although later a specific
antitumour response may be elicited.
In this system it is possible that incubation with IFN-y enhances the metastatic potential
of colon 26 by protecting the cells from NK cell mediated lysis during the first six
hours following tail vein injection, and that this protection may be related to enhance
ment of class IMHC surface antigens.
INVESTIGATION OF THE NK CELL SENSITIVITY OF COLON 26
Using a number of in vitro assays the sensitivity of colon 26 to NK cell mediated lysis
(NKCML) was investigated.
FOUR HOUR 51CR RELEASE ASSAY

Colon 26 and YAC-1 in log phase growth were assessed for their sensitivity to
NKCML. Table 4.2 demonstrates the results from a typical experiment using splenocytes isolated from syngeneic BALB/c mice as described in materials and methods.
There was significant lysis of the NK sensitive YAC-1 cells at all effectontarget ratios
investigated, but colon 26 were completely resistant to lysis by isolated splenocytes.
The negative values for % cytotoxicity of colon 26 are probably due to uptake of 51Cr
spontaneously released by the target cells by the relatively high numbers of effector
cells.
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(Colon 26 incubated with IFN-y 1 hour post injection. H&E x40)
Plate 4.1a Overview o f the lungs. 3H-labelled colon 26 are clearly visible (—>) scattered throughout the
lungs. Most are single and are trapped in pulmonary capillaries.

(Colon 26 incubated with control diluent 1 hour post injection. H&E x l6 0 )
Plate 4.1b High power view o f a single cell trapped in a pulmonary capillary
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U llrathin and electron m icro
sc o p ic sectio n s o f lungs from
m ice injected with colon 26. The
upper plate demonstrates a group
o f 3 colon 26 cells view ed under
oil im mersion (arrowed) trapped
in a pulm onary capillary. The
lo w er p late is o f an electron
m icroscopic view o f an adjacent
section, and sh ow s the trapped
cells in greater detail
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P l a t e 4 .3 E l e c t r o n

m i c r o s c o p e v ie w s o f t h e l u n g s

Plate 4.3a. A single colon 26
cell (C) (prctrcatcd with control
diluent, 1 hour post injection)
is trapped in a pulmonary cap
illary. At one pole there is an
accum ulation o f platelets (P),
thrombus(T), and host effector
cells including eosinophils (E).
N ote the absence o f erythro
cytes
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Plate 4.3b,c. Control diluent pretreated colon 26 trapped in a pulmonary capillary 3 hours after tail vein
injection. In the upper plate at least 2 tumour cells are visible in addition to a macrophage (M) and
erythrocytes. The low er plate is a high pow er view show ing thinning o f the capillary endothelium in
one area.
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Plate 4.3d (above) 6 hours after tail vein injection, the tumour cell membrane is directly apposed to the
pulmonary basement membrane. Plate 4.3e (below ) is a section o f from lungs removed 24 hours after
injection, and demonstrates large areas o f the tumour cell are in contact with basement membrane.
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Plate 4.3f (above) A mitotic figure is seen in a control dilucnt-prctrcated colon 26 cell situated within a
pulmonary capillary, 24 hours follow ing tail vein injection. In plate 4.3g (below ) a colon 26 cell is
directly adjacent to a collagen bundle (—>) (control diluent prctrcatcd 5 days).

T a b le

4.2 S e n s i t i v i t y o f c o l o n 26 t o

nkcm l

Effectontarget ratio
% cvtotoxicitv
100:1

50:1

25:1

YAC-1

27.2

10.1

5.5

Colon 26

-10.1

-6.9

-6.9

51Cr labelled YAC-1 and colon 26 were incubated for 4 hours with isolated splenocytes

Oth e r

a ssay s of

NK

c e l l s e n s it iv it y

In view of the above result a number of other assays were performed in which various
parameters were altered in an attempt to circumvent the resistance of colon 26 to
NKCML.
Assays were performed using adherent colon 26; extending the assay to 24 hours; us
ing autologous or heat inactivated foetal calf serum; and using lung derived NK cells.
As demonstrated in table 4.3 in all experiments there was efficient lysis of YAC-1 cells
but colon 26 were completely resistant to NK cell mediated lysis.

S e n s it iv it y

of colon

26 to IL-2 a c t iv a t e d

splen o c ytes.

Lymphokine activated killer (LAK) cells have a wider spectrum of activity and greater
lytic potential than NK cells. Since colon 26 were completely resistant to lysis by fresh
splenocytes, their sensitivity to IL-2 activated splenocytes was assessed. Figure 4.3
illustrates the results from one typical experiment YAC-1 were more sensitive to lysis
by IL-2 stimulated splenocytes than fresh splenocytes at all effectontarget ratios inves
tigated. Colon 26 were moderately sensitive to lysis by IL-2 stimulated splenocytes, but
as previously demonstrated they were completely resistant to lysis by freshly isolated
splenocytes. Other experiments showed that there was no significant difference in the
sensitivity of colon 26 pretreated with control diluent, IFN-a, or IFN-y to LAK cell
mediated lysis, and in no experiment was the lysis greater than 10%.

TABLE 4.3 FURTHER ASSAYS OF N K SENSITIVITY OF COLON 26

% cvtotoxicitv
E:T ratio

YAC-1

Pretreatment
Control
IFN-a

Non trypsinised

100:1

68.9%

-0.4%

-2.8%

-0.7%

colon 26

50:1

53.8%

-2.2%

-5.0%

-0.5%

Heat inactivated

100:1

38.5

-6.7

foetal calf serum

50:1

28.0

-0.9

—

—

Autologous serum

100:1

21.6%

-3.3%

_

______

50:1

12.9%

0.4%

---

—

Lung derived

80:1

15.3%

1.1%

—
_.

______

NK cells

40:1

9.6%

-0.3%

---

—

24 hour assay

100:1

23.2

0.3

_

50:1

15.1

0.9

—

IFN-y

—
— = not done

SENSITIVITY OF COLON 26 TO HUMAN LAK CELLS

Since colon 26 were only moderately sensitive to lysis by LAK cells from syngeneic
mice, I wished to determine the sensitivity of these cells to lysis by effectors in a xeno
geneic system where, it would be expected that the targets would be recognised as
‘foreign’. Figure 4 .4 confirms that colon 2 6 were highly sensitive to lysis by human
LAK cells, but there were no significant differences in the sensitivity between the colon
2 6 pretreated with control diluent, IFN-a, or IFN-y.

FIGURE 4.3 NK AND LAK CELL s e n s i t i v i t y o f COLON 26 AND YAC-1
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i
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51Cr labelled target cells were incubated with either fresh splenocytes or splenocytes cultured for 72
hours in IL-2. Colon 26 + fresh splenocytes (— ) or IL-2 stimulated splenocytes (-»-); YAC-1 + fresh
splenocytes (— ) or IL-2 stimulated splenocytes (- ■-).

CONJUGATE FORMATION
COLD TARGET INHIBITION ASSAY

These were performed to investigate whether colon 26 cells could be recognised and
bound by NK cells. YAC-1 were used as the 51Cr labelled targets and these cells were
incubated with mouse splenocytes (effectors) at a fixed effectontarget ratio of 100:1.
Unlabelled YAC-1 and colon 26 pretreated for 24 hours with control diluent, IFN-a, or
IFN-y (competitors) were added at different concentrations. Figure 4.5 demonstrates
the results obtained from one of three similar experiments. At low competitor:target
ratios the % lysis of YAC-1 was similar between the four groups. In all four groups
there was a decrease in the % lysis of YAC-1 with increasing numbers of competitors.
This decrease was most marked using unlabelled YAC-1 compared with any of the
three groups o f colon 26. There was no obvious difference between lysis of YAC-1
using any of the pretreated colon 26 as competitors.

There are two possible explanations for these differences. Firstly the isolated spleno
cytes may more readily recognised and bound by than colon 26, and sencondly the dif
ferences may be because YAC-1 grow in suspension whilst colon 26 grow as mono
layers, and thus the former have a greater opportunity to come into contact with and
bind the effectors.

F ig u r e 4.4 S e n s it iv it y

o f colon

26 t o

human

LAK c e l l s
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12.5:1

6.25:1

Effector: Target ratio
51Cr labelled target cells were incubated with either human PBMCs cultured for 72 hours in IL-2.
Colon 26 pretreated with control diluent (— ) IFN-a (

), or IFN-y (- -).

A d h e s io n o f 51C r l a b e l l e d n k c e l l s t o c o l o n 26 m o n o l a y e r s

The above results demonstrate that there were no significant differences in the binding
of splenocytes to any of the three groups of colon 26. To investigate this further colon
26 were grown as monolayers in 16 well plates. They were pretreated for 24 hours
with either control diluent or IFNs. 51Cr labelled splenocytes were allowed to adhere to
the monolayers for 4 hours following which non adherent splenocytes were removed

from the plates by washing. Cells were then lysed in 10% triton and radioactivity
measured. Table 4.4 demonstrates the results from one of three similar experiments.
The adhesion of 51Cr-labelled splenocytes to tissue culture plastic (untreated or pre
treated with complete medium ± IFNs) was always less than 2%. In all experiments the
adherence of splenocytes to colon 26 preincubated with control diluent was signif
icantly greater than to colon 26 pretreated with either IFN. There was no significant
difference between the % adhesion of the splenocytes to colon 26 pretreated with IFNa or IFN-y.

FIGURE 4.5 COLD TARGET INHIBITION USING COLON 26 AND YAC-1
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Competitor: target ratio
Radiolabelled YAC-1 (targets) were incubated with splenocytes (competitors) to give various competitor:target ratios. The cytotoxicity of YAC-1 without competitors was 60.3%. Colon 26 pretreated with
control diluent (— ) IFN-a ( ), or IFN-y (— ); YAC-1 (-•-).

ABROGATION OF NK CELL ACTIVITY BY TREATMENT WITH ANTI-ASIALO GM1

NK cells have significant anti tumour activity in the first few hours following tumour
cell injection. NK cell activity was abrogated in the mice by the injection of the poly
clonal antibody anti-asialo GM1. Table 4.5 demonstrates the results from a typical ex
periment in which the NK cell activity of isolated splenocytes was assessed 48 hours

after the iv injection of BALB/c mice with 200|il anti-asialo GM-1 (25(ig in 200|il
PBSA) or a 1 in 40 dilution of normal rabbit serum (control diluent), using the NK
sensitive line YAC-1 as targets. In anti-asialo GM1 pretreated mice splenic NK cell
activity was almost completely abrogated and reduced to less than 2% all at
effectontarget ratios assessed; the splenocytes from mice pretreated with control serum
had significant activity against YAC-1.

TABLE 4 .4 ADHESION OF 51CR-LABELLED SPLENOCYTES
TO MONOLAYERS OF COLON 2 6

% adhesion
Pretreatment

Number of NK cells

of colon 26

lxlO6

5xl05

Control

19.9%

26.2%

IFN-a

12.7%*

12.6%*

IFN-y

9.0%*

14.8%*

Isolated splenocytes were labelled with 51Cr and added to confluent monolayers of colon 26 (pretreated
for 48 hours with control diluent, IFN-a, or IFN-y (lCPunits/ml). Nonadherent cells were removed by
washing, adherent cells lysed, and radioactivity determined. *p < 0.0005, *p < 0.005, tp < 0.05
compared with control.

TABLE 4.5 PRETREATMENT OF BALB/C MICE WITH ANTI-ASIALO GM1:
EFFECT ON NK CELL ACTIVITY

% cvtotoxicitv
Pretreatment
E:T ratio

Control

anti-asialo GM1

100:1

21.37%

0.56%

50:1

12.67%

1.69%

25:1

6.11%

0.00%

YAC-1 were used as NK sensitive targets. Each assay was performed in triplicate.

METASTATIC POTENTIAL OF COLON 26 IN ANTI-ASIALO GM1 PRETREATED MICE

B ALB/c mice were injected via the tail vein with anti-asialo GM1 or normal rabbit
serum. 48 hours later they received a tail vein injection of 1%FCS/RPMI containing
5x l0 3 colon 26 pretreated for 24 hours with control diluent, IFN-a or IFN-y (103units
/ml). The results of 4 experiments are demonstrated in table 4.6. In experiments 1 and 2
mice were killed 21 days following tumour cell injection. In experiments 3 and 4 mice
were killed on day 17 due to respiratory distress. In all four experiments pretreatment
with IFN-y significantly enhanced experimental metastatic potential in immunocomp
etent mice. There were significantly more experimental metastases in each group of
colon 26 (control, IFN-a, or IFN-y) in anti-asialo GM1 pretreated mice compared with
their immunocompetent counterparts. In none of the experiments did IFN-y enhance
metastatic potential in anti-asialo GM-1 pretreated mice compared with incubation in
control diluent. The increase in the number of metastases of control diluent pretreated
colon 26 in anti-asialo GM1-pretreated compared with immunocompetent mice was
greater than the enhancement seen with colon 26 pretreated with either IFN-a or IFN-y.

TABLE 4.6 PRETREATMENT OF BA LB/C MICE WITH ANTI-ASIALO GM1:
EFFECT ON ON EXPERIMENTAL METASTATIC POTENTIAL

Number of metastases median (range)
Pretreatment

Expt 1

Expt 2

Expt 3

Expt 4

Control + NRS

59 (28-86)

8 (6-10)

0 (0-2)

34 (9-48)

Control + asGMl
IFN-a + NRS
IFN-a + asGMl
IFN-y + NRS
IFN-y + asGMl

155 (63-200)

>250 (>250)

>250 (>250)

23 (13-34)

2 (8-44)

157 (62-200)

130 (56->250)

90 (42-128)

104 (50-136)

78 (40-105)

113 (96-135)

25 (6-137)

55 (47-86)

150 (67-200)

>250 (>250)

1 (0-4)

209 (72->250)

105 (72-200)

30 (23-35)

236 (102->250)

BALB/c mice were injected via the tail vein with either anti-asialo GM1 (asGMl) or normal rabbit
serum in PBSA (NRS). 48 hours later, they were injected with 5x10s colon 26 pretreated with control
diluent, IFN-a, or IFN-y. Mice were killed on day 21 (Expts 1 and 2) or on day 17 (Expts 3 and 4),
lungs removed, and the number of surface metastases counted. 8 mice per group.

PULMONARY RETENTION OF COLON 26 IN ANTI-ASIALO GM1 PRETREATED MICE

BALB/c mice were injected via the tail vein with 200|i.l anti-asialo GM1 or normal
rabbit serum. 48 hours later they received an iv injection of 5X104 125I iododeoxyuridine labelled colon 26 pretreated with control diluent or IFN-y. Mice (five per group)
were killed at the time points indicated, lungs removed, washed for 72 hours in 70%
ethanol, and radioactivity determined. Figure 4.6 demonstrates that at all time points,
the radioactivity in the lungs of immunocompentent mice injected with IFN-y pretreated
cells was greater than that of mice injected with colon 26 pretreated with control diluent
In addition, the radioactivity in the lungs of anti-asialo GM1 pretreated mice injected
with control diluent or IFN-y pretreated cells was significantly greater than the radioac
tivity found in their immunocompentent counterparts.

FIGURE 4.6 PULMONARY RETENTION OF COLON 26 IN ANTIASIALO GM1 PRETREATED AND IMMUNOCOMPETENT MICE
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Colon 26 were were incubated for 24 hours in 125I iododeoxyuridine and either control diluent or
IFN-y (103units/ml). 5X104 cells were injected into BALB/c mice which had, 48 hours previously
been injected with either anti-asialo GM1 or normal rabbit serum. At various times during the first 72
hours mice were killed and radioactivity in the lungs measured. Control diluent pretreated cells in
immunocompetent (— ); and anti-asialo GM1 pretreated mice (-•-); IFN-y pretreated cells in immuno
competent mice (- - ) and anti-asialo GM1 pretreated mice ( - • -). Points represent mean ± SE. 5 mice
per group.

MODULATION OF CLASS I MHC EXPRESSION BY IFNs
FACS ANALYSIS
To determine whether modulation of class I MHC surface antigen expression was di
rectly related to the enhancement of metastatic potential of colon 26 by IFN-y, fluores
cence activated cell sorting (FACS) was performed using anti H-2Kd and anti H-2Dk
antibodies (prepared from hybridoma cells obtained from American Type Culture
Collection numbers HB76 and HB77). Table 4.7 demonstrates the results from one of
many similar experiments. As can be seen, > 89% of colon 26 constitutively expressed
both class I MHC antigens. When FACS analysis was performed immediately after re
moval of IFNs, class I MHC surface antigen expression was not significantly altered
by a 1 hour incubation with either IFN-a or IFN-y. However, following a 24 hour ex
posure to both IFN-a and IFN-y there was a large increase in class I MHC.

TABLE 4.7 ENHANCEMENT OF CLASS I M H C ANTIGENS ON COLON 26 BY IFNS
IMMEDIATE FACS

H-2I>1
Pretreatment

%+ve median

FACS AFTER 24 HOURS DELAY

H-2Kd

H-2Dd

H-2Kd

%+ve median

%+ve median

%+ve median

Control diluent

94

133

98

28

92

136

98

28

IFN-a 1 hour

89

127

95

25

92

124

97

21

IFN-y 1 hour

98

107

95

26

90

128

94

32

IFN-a 24 hours

94

316

99

37

91

271

98

41

IFN-y 24 hours

97

205

97

38

95

255

97

44

Colon 26 were incubated with control diluent, or IFNs for 1 or 24 hours. FACS analysis was carried
out either immediately or 24 hours following removal of cytokines Results are expressed as % +ve and
median fluorescence.

It was important to determine whether a one hour incubation with IFNs led to a subse
quent enhancement of class I MHC, since in the experimental metastases model it was
conceivable that increased class I MHC antigen expression would occur in vivo and
lead to increased resistance to NKCML. To investigate this, colon 26 were incubated
with control diluent or IFNs as before. The medium was removed and the cells washed

four times, and incubated in complete medium for a further 24 hours before being
trypsinised for FACS analysis. Although a 1 hour incubation with IFN-y was sufficient
to significantly enhance metastatic potential, a 1 hour incubation with either IFN-a or
IFN-y did not produce any enhancement of surface class I MHC expression even when
FACS analysis was carried out 24 hours after removal of cytokines. A 24 hour incuba
tion with either IFN-a or IFN-y led to an equal enhancement of class I MHC expres
sion.
To assess the significance of the enhancement of Class I MHC expression induced by
IFN-a and IFN-y the mean % enhancement following a 1 or 24 hour incubation of
colon 26 in cytokines was determined (Table 4.8). From these results it is clear that a 1
hour incubation in either IFN-a or IFN-y did not significantly alter the expression of ei
ther H-2Dd or H-2Kd compared with control. A 24 hour incubation enhanced both anti
gens, H-2Dd increased over two fold, and H-2Kd increased approximately 1.5 fold.
Although the enhancement was greater following incubation with IFN-y, the differ
ences were not significant

TABLE 4.8 ENHANCEMENT OF CLASS I M HC BY IFNS: COMPOSITE RESULTS

% enhancement (median fluorescence ± SE)
Time of
preincubation

H-2Dd
IFN-y
IFN-a

H-2Kd
IFN-y
IFN-a

1 hour

111 ± 2 1

96 ± 13

96124

1 1 6 1 14

24 hours

206 ± 63

218180

144 1 30

161 ± 2 5

Results are the mean ± SE of 6 (1 hour incubation) or 8 experiments (24 hour incubation). IFN in
duced enhancement of class I MHC surface antigens is expressed as a % increase compared with control
diluent (control = 100%).

NORTHERN BLOTS

To investigate the time scale and extent of IFN induced enhancement of class I MHC
mRNA, samples were prepared from cell lysates of colon 26 pretreated for 1, 8,or 24
hours with control diluent, IFN-a, or IFN-y (lO^units/ml). Northern blots were probed
for H-2K& and c-fos, using photographs of ethidium bromide stained gels as loading
controls. Plate 4.4 illustrates the results from a typical experiment. This demonstrates
that there was no enhancement of H-2Kb mRNA following a 1 hour incubation with

either IFN. Continuous incubation for 8 hours with IF N -a and IFN-y enhanced H -2K b
m R N A , the increase produced by IF N -a being greater than that produced by IFN-y. A
24 ho u r incubation with both IFNs produced an equal enhancem ent o f H -2K b m RNA
expression.

P LA TE

4.4 N O R TH ER N BLOT ANALYSIS OF K b A N D C-fos EXPRESSIO N

Time of incubation
1 hour
con

a

8 hours

y

con

a

24 hours

y

con

a

y

Kb

c-fos

K inetics o f Kb and c -fos m RN A expression in colon 26 pretreated with control diluent, IF N -a , or
IFN-y. C ells in log phase growth were incubated with control diluent or IFNs (103 units/m l) for the
times indicated. 20pg aliquots o f total R NA were loaded onto each lane. Northern blots were performed
as described in materials and methods. The top panel shows the ethidium bromide stained gel indicating
equal loading o f each lane.

MACROPHAGE MEDIATED LYSIS
Table 4.9 dem onstrates the results of a typical experim ent. Colon 26 incubated for 24
hours with 125I-iododeoxyuridine and control diluent, IF N -a, or IFN-y (103units/ml)
were incubated with various num bers of peritoneal m acrophages obtained from mice
given an ip injection o f C parvum 10 days previously. The data show that incubation of
colon 26 with IFN-y but not IF N -a or control diluent significantly increased their sen
sitivity to lysis by peritoneal activated macrophages when assayed at 48 and 72 hours.
In order to exclude the possibility that this increased sensitivity was due to carry over of
IFN -y from the culture to the assay media, cells were washed 6 tim es following

trypsinisation. In other experiments, colon 26 were completely resistant to lysis by
pulmonary macrophages freshly isolated from specific pathogen free BALB/c mice
(data not shown).

T a b l e 4 .9 S e n s it iv it y

of colon

26

t o m a c r o p h a g e m e d ia t e d l y s is

% cvtotoxicitv
Pretreatment
IFN-y
IFN-a
Control

Duration
of assay

E:T ratio

48 hours

20:1

21.1

27.6

69.1

10:1

19.5

23.9

64.5

20:1

28.3

28.7

73.3

10:1

39.3

22.9

55.6

72 hours

12^I labelled colon 26 pretreated for 24 hours with control diluent, IFN-a, or IFN-y (103units/ml)
were incubated for 48 or 72 hours with activated peritoneal macrophages.

S e n s it iv it y

t o l y s is b y m a c r o p h a g e s a n d

NK

cells

The sensitivity of colon 26 to lysis by the combination of activated peritoneal
macrophages and isolated splenocytes was investigated. Table 4.10 demonstrates the
results from a typical experiment. Activated peritoneal macrophages and colon 26 were
incubated in ratios of 20:1, with different concentrations of isolated splenocytes. As be
fore, incubation with IFN-y rendered colon 26 more sensitive to macrophage mediated
lysis than incubation with either IFN-a or control diluent. The addition of isolated
splenocytes to the assay had no significant effect on the macrophage mediated cytotox
icity.

table

4 .1 0 S e n s it iv it y

of colon

26

t o l y s is b y m a c r o p h a g e s

+ NK

cells

% cytotoxicity
Mac:target
ratio

NK:target
ratio

Pretreatment
Control
IFN-a

20:1

100:1

38.9

30.1

60.0

20:1

50:1

42.2

26.5

54.3

20:1

nil

33.3

30.1

59.0

IFN-y

125I labelled colon 26 pretreated for 24 hours with control diluent, IFN-a, or IFN-y (103units/ml)
were incubated for 72 hours with activated peritoneal macrophages and isolated splenocytes.

CELL SIZE
IFNs alter cell size at least in part as a result of their cytostatic effects (Pfeffer and
Tamm 1983). It is possible that modulations in cell size may affect metastatic potential
due to an increased likelihood of arrest in capillaries of the target organ. For instance,
Tsuruo et al (1983) demonstrated a positive correlation between the volume of colon 26
and experimental metastatic potential.
Plate 4.5 shows the results from a typical experiment in which cell size was determined
following a 24 hour incubation of colon 26 in log phase growth with control diluent,
IFN-a, or IFN-y (103units/ml). Both IFNs increased modal cell size and heterogeneity
compared with control diluent as evidenced by a shift of the curves to the right and
broadening of the peaks. IFN-a had a greater effect than IFN-y as would be expected
since the former has a greater antiproliferative effect. These results are very similar to
those of Pfeffer and Tamm (1983) who using three different cell lines reported a posi
tive correlation between IFN-induced cytostasis, increased modal cell volume, and in
creased heterogeneity of the population with respect to size.

PLATE 4.5 MODULATION OF CELL SIZE BY IFNS
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Cell size was determined following a 24 hour incubation o f colon 26 in log phase growth in control
diluent - blue; IF N -a (103 units/ml) - black; or IF N -y(K )3 units/ml) - red.

OSMOTIC FRAGILITY
Tum our cells entering vessels with sm aller diam eters than them selves undergo an in
crease in the surface area : volume ratio. Initially the increased surface area results from
an unfolding of the normal convoluted surface m em brane. H ow ever, increases in ex
cess of 4% lead to increases of m em brane tension above a critical level, which causes
rupture and cell death. (Weiss 1989).
A crude m easure of the ability of colon 26 to w ithstand changes in surface area was
provided by assessm ent of their osm otic fragility. Figure 4.7 shows the results from a
typical experiment. lOfil o f colon 26 (5 x l0 5cells/ml) preincubated with control diluent,
IF N -a, or IFN-y (K Punits/m l) and labelled with 51Cr were incubated for 30 minutes in
200|il of different concentrations of HBSS ranging from 0% to 100%. All three groups

of cells were resistant to lysis when incubated in concentration of HBSS of greater than
25%. At lower concentrations the % lysis increased steeply but there were no signifi
cant differences in the osmotic fragility of the three groups.

FIGURE 4.7 OSMOTIC FRAGILITY OF COLON 2 6
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51 Cr labelled colon 26 (pretreated for 24 hours with control diluent, IFN-a, or IFN-y lO^units/ml) in
10|il HBSS were added to wells containing 200pl of decreasing concentrations of HBSS. Following a
30 minute incubation at 37°Cin 5% C02 the % lysis was determined as described in materials and
methods. Control diluent (— ), IFN-a ( ), IFN-y (- -).

ADHESION TO EXTRACELLULAR MATRIX COMPONENTS
Figure 4.8a demonstrates typical results from experiments designed to assess the ad
herence of colon 26 to isolated components of the ECM. Colon 2 6 preferentially ad
hered to fibronectin whilst the adherence to collagen type IV, or laminin was not signif
icantly greater than the adherence to BSA (control protein). There was no significant
difference between the three groups of cells (incubated with control diluent, IFN-a, or
IFN-y) in their adherence to any of the isolated proteins.
Further experiments were performed to assess the adherence of colon 26 to different
concentrations of fibronectin. As demonstrated in figure 4.8b there was a strong corre
lation between fibronectin concentration and the number of adherent cells, although
there were no significant differences between the three different groups.
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C olon 26 were added to flat bottomed w ells o f 96 w ell plates which had been previously coated with
different proteins (Fig 4.8a) or differing concentrations o f firbronectin (Fig 4.8b). Follow ing a 2 hour
incubation non adherent cells were removed and number o f adherent cells determined as described in
materials and methods. A lkaline phosphatase gives a direct m easure o f cell number. V alues are ex
pressed as mean ± SD o f quadruplicate results. Control diluent (— ), IF N -a (

), IFN -y ( - - ) .

MOTILITY
To determine whether IFNs had any effect on the motility of colon 26, cells pretreated
for 24 hours in control diluent, IFN-a, or IFN-y were suspended in agarose, placed in
the centre of wells of a flat bottomed 9 6 well plate and incubated in complete medium.
The extent of motility was measured daily as described in materials and methods.
Figure 4 .9 demonstrates results from a typical experiment. The greatest motility was
seen in colon 2 6 incubated in control diluent and the least in cells incubated in IFN-a.
At all time points, control diluent-pretreated colon 26 demonstrated significantly more
motility than cells pretreated with IFN-y, and these cells were in turn significandy more
mobile than those pretreated with IFN-a. However, in this assay, it is possible that the
IFN-induced decreases in motility may have been partly due to the antiproliferative
effects of these cytokines.

FIGURE 4.9 MOTILITY OF COLON 26
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Motility of colon 26 out of agarose. Each point represents mean ± SE of 16 measurements. Control
diluent (— ), IFN-a ( ), IFN-y (- -).

CLASS II MHC SURFACE ANTIGEN EXPRESSION
Figure 4.10 demonstrates the results of a typical experiment carried out to investigate
expression of class II MHC surface antigens on colon 26. H-2Kd was used as a posi

tive control. As dem onstrated, colon 26 do not constituitively express I-A d or I-Ed sur
face antigens. In addition, there was no induction of these antigens following a 24 h o u r
incubation with either IF N -a or IFN-y (103units/ml).

F ig u r e
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1-Ad

I-Ed

H -2K d

I n te n s ity o f f lu o r e s c e n c e

Expression was determined follow ing a 24 incubation o f colon 26 in control diluent, IF N -a, or IFN-y
(103units/ml)

O N CO G EN E EXPRESSION
One possible m echanism by which IFN-y enhances the m etastatic potential o f colon 26
is by m odulation o f various oncogenes. Those selected for investigation have been
dem onstrated either to affect m etastatic activity following transfection (H a-ras or K i
ras) to positively correlate with increased m etastatic potential when prim ary tum ours
and m etastatic deposits are analysed (c-myc), or to be associated with IFN-induced en
hancem ent of class I M HC expression.

Plates 4.4 and 4.6 demonstrate typical results. In the latter, p-actin was used as a
loading control and as a probe for intactness of RNA.
c -fos
As Kushtai et al (1988) reported an association between increased class I MHC ex
pression, enhanced c-fos oncogene expression, and IFN-induced increase in metastatic
activity, it was important to investigate the effects of IFNs on both Kb and c-fos
mRNA. Plate 4.4 demonstrates that this oncogene was found in low amounts in colon
26 incubated in control diluent, and was slightly enhanced following incubation for 1
and 8 hours in IFN-a and IFN-y. There was no difference in the degree of enhance
ment between the two cytokines
Ha-ras
Colon 26 constitutively express this message. Incubation with either IFN-a or IFN-y
did not lead to any significant alteration in the level of expression compared with cells
incubated in control diluent.
Ki-ras
Although detectable levels of the Ki-ras mRNA were present in colon 26 incubated in
control diluent, exposure to IFN-a or IFN-y for up to 24 hours did not produce any
significant modulation in the message for this oncogene.
c-myc
Again mRNA was detectable in control cells. IFN-a had little effect on c-myc expres
sion, but a incubation in IFN-y for 8 or 24 hours led to an increase in the mRNA for
this oncogene. This rise was not seen following a 1 hour incubation and thus this is
unlikely to be the mechanism by which IFN-y enhances metastatic potential.
ICAM -1
IFN-y but not IFN-a has been demonstrated by many authors to upregulate expression
of ICAM-1 (Matsui et al 1987, Maio et al 1989). This antigen is found on a wide range
of cells, and in melanoma its expression is significantly higher in metastatic lesions than
primary lesions (Natali et al 1990). In view of this, experiments were carried out to de
termine the surface expression of ICAM-1 in colon 26. Figure 4.11 demonstrates the
results from a typical experiment Control 388 cells used as positive controls efficiently
expressed ICAM-1. However control colon 26 did not express this surface antigen, and
incubation for 24 hours in either IFN-a or IFN-y (103units/ml) did not lead to its in
duction.

incubation for 24 hours in either IF N -a or IFN-y (103units/m l) did not lead to its in
duction.

plate

4 .6 O n c o g e n e

e x p r e s s io n in c o l o n

26

Time of incubation
1 hour
con
p-actin

a

0

8 hours
y

m

con

a

24 hours
y

•

con

a

y

•

c -m yc

Ha-ras

Ki-ras
Kinetics o f Ha-ras, Ki-r<w, and c -myc m RNA expression in colon 2 6 pretreated with control diluent,
IF N -a, or IFN-y. C ells in log phase growth were incubated with control diluent or IFNs (103units/ml)
for the times indicated. 20pg o f total RNA were loaded onto each lane. Northern blots were carried out
as described in materials and methods.

CONCLUSIONS
These results further characterise properties of colon 26 and provide considerable data
on the effects of IFNs on these cells.
IFN-y may enhance the metastatic ability of colon 26 via a num ber o f different mechan
isms. Previous reports have correlated the IFN-y induced enhancem ent in metastatic po
tential with increased invasive capacity and production of type IV collagenase (Siegel et
al 1982); reduced sensitivity to macrophage (Sarzotti et al 1986) and natural killer cells
mediated lysis (Taniguchi et al 1985, 1987, Ramani and Balkwill 1987 M cM illan et al
1987, Lollini et al 1987, 1989, Zoller et al 1988 ). H ow ever the m etastatic process is
com plex and it is possible that IFN-y enhances m etastatic potential by m odulation of
any one or more of the factors discussed in chapter 1.

r g u r e 4.11

In v e s t ig a t io n

of

ICAM-1

e x p r e s s io n

<D
CJ

Intensity of fluorescence
Investigation of expression of ICAM-1 in colon 26. Cells were incubated for 24 hours in control dilu
ent - (A), IFN-a - (B), or IFN-y - (C). 388 cells were used as a positive control - (D). (.... ) anti
ICAM-1 antibody; (—) second layer alone.

There was an excellent correlation between radioactivity in the lungs found in the first
72 hours following injection of colon 26 and the number of experimental pulmonary
metastases found at 21 days.
IFN-y enhanced the metastatic potential of colon 26 by increasing the survival of cells
in the lungs in the first 6 hours following iv injection. There was no evidence that the
preferential retention was due to a decreased recirculation of IFN-y pretreated cells to
other organs. In addition, IFN-y pretreated cells did not demonstrate greater homotypic
adhesion compared with the other two groups.
Examination of electron and photo micrographs did not reveal any major differences
between the three groups of cells, but did reveal a number of important stages in the
natural history of metastasis. At 1 hour following tail vein injection, all the colon 26
found in the lungs were trapped in the pulmonary capillaries. Initially they were in inti

mate contact with the capillary endothelium, but by 3-6 hours increasing areas of con
tact between tumour cells and basement membrane could be seen, although there was
no evidence that they had begun to migrate through the basement membrane.
Among the factors reported to be responsible for the early death of tumour cells trapped
in pulmonary capillaries is mechanical trauma (Weiss et al 1988; Weiss 1990). Cells are
able to compensate for small increases in external pressure by unpleating of the surface
membrane, whilst greater pressures cause membrane rupture. Colon 26 were able to
survive for 30 minutes in dilutions of HBSS as low as 20% without any significant in
crease in the release of 51Cr compare with cells incubated in 100% HBSS. Reducing
the concentration of HBSS even more led to bursting of the cells evidenced by a large
increase of radiolabel released into the buffer. There was no significant difference be
tween the three groups of cells, suggesting that IFN-y did not act by increasing the re
sistance of colon 26 to mechanical trauma.
The data presented in this chapter suggests that the IFN-y-induced enhancement of
metastatic potential is due - at least in part - to a decrease the sensitivity of these cells to
lysis by anti-asialo GM1 +ve cells.
Colon 26 were sensitive to anti-asialo GMl+ve cells in vivo. 48 hours following a
single injection of anti-asialo GM1, splenic NK activity was almost completely abro
gated. In these NK cell deficient mice there was a significant increase in experimental
pulmonary metastases in each group of colon 26 compared with immunocompetent
controls. This correlated with a decreased clearance of the cells in NK cell deficient
anti-asialo GM1 pretreated mice. However IFN-y pretreatment did not enhance the
metastatic potential of colon 26 in anti-asialo GM1 pretreated mice. In addition, the
IFN-y-mediated resistance was not absolute since since there were significantly more
metastases of IFN-y-pretreated colon 26 in anti-asialo GM1 pretreated mice compared
with immunocompetent controls. Furthermore, the data reported here does not exclude
the possibility that IFN-y may enhance metastatic potential by altering other factors
which may enhance the survival of cells in the critical first 6 hours after iv injection.
Colon 26 were completely resistant to NKCML in vitro however the assay conditions
were varied - these included 4 and 24 hour assays; use of foetal calf serum, heat inacti
vated foetal calf serum, and autologous serum; trypsinised colon 26 or monolayers;
using splenocytes from syngeneic BALB/c or C57BL mice with high NK activity; or
combining splenocytes with activated peritoneal macrophages. This suggests that the in
vivo conditions could not be accurately recreated in vitro. Other cytokines may be re
quired, or additional cell types may be important, but the addition of macrophages to
the assay did not modulate the sensitivity of cells to NKCML. Alternatively as reported

by Strzadala et al (1989), antimetastatic activity may be mediated by a subpopulation of
anti-asialo GM1 +ve cells which do no lyse YAC-1 cells in vitro.
Cold target inhibition assays did not reveal any difference between the three groups of
cells, but the IFN-a and IFN-y pretreated cells bound radiolabelled splenocytes less
well than colon 26 pretreated with control diluent. This was unexpected because IFN-y
has been reported to upregulate adhesion molecules which would be anticipated to inc
rease conjugate formation. Nevertheless these results do not explain the IFN-y induced
decrease in sensitivity of colon 26 to NKCML.
Similarly, colon 26 were only moderately sensitive to IL-2 stimulated murine spleno
cytes and no significant differences were detected between control diluent or IFN pre
treated cells. Human IL-2 stimulated PBMCs were highly effective against colon 26
showing lysis of <75% at an effector:target ratio of 50:1, but no there were no signifi
cant differences between the three groups.
Modulation of MHC class I antigens does not appear to be important in the IFN-y-mediated enhancement of metastases. A 1 hour incubation with either IFN-a or IFN-y did
not alter expression of Class I MHC surface antigen expression but incubation for 1
hour with IFN-y was sufficient to significantly enhance metastatic potential. FACS
analysis revealed that both IFNs enhanced class I MHC after a 24 hour incubation, but
there were no significant differenced between the two. This contradicts the reports of
other authors who have demonstrated that IFN-y is a more potent immunomodulator
(McMillan et al 1987, Taniguchi et al 1985, 1987) than IFN-a, and Eisenbach et al
(1988) who demonstrated that IFN-a/p preferentially induced H-2D, and IFN-y prefer
entially induced H-2K. In colon 26 it would be expected that IFN pretreatment would
reduce immunogenicity of the tumour cells since H-2Dd antigens are enhanced more
than H-2Kd. However, although a reduction in sensitivity to cytotoxic T cell mediated
lysis may be considered important, it has been excluded in this system since the en
hancement of experimental metastases was still present in T cell deficient nude mice.
Most previous reports assessing IFN induced alterations of class I MHC expression,
metastatic potential, and NK sensitivity of various tumour cell lines have used NK
sensitive clones with low or absent H-2 expression which is efficiently upregulated by
IFNs (Taniguchi et al 1985, 1987, McMillan et al 1987, Zbller et al 1988). However,
this relationship may be coincidental as the control colon 26 cells used in these experi
ments constitutively express class I MHC antigens and are sensitive to lysis by antiasislo GMl+ve cells in syngeneic mice. And although these cell surface antigens are
upregulated by IFN the increase does not correlate with enhancement of metastatic po
tential.

Thus in this system other target cell factors besides MHC must influence the sensitivity
to NKCML. The effectors may use other strategies for target cell recognition and lysis.
Alterations in class I MHC expression may be overruled by other triggering target
structures. Alternatively, as shown by others (Gronberg et al 1988), IFN-y may in
crease resistance to NKCML by affecting post binding events independent of class I
MHC antigens. In addition it is possible that the relationship between class I MHC ex
pression and sensitivity to NKCML is not linear and that above a certain level of ex
pression, further increases in class I MHC antigens do not affect NK sensitivity of the
target cells.
IFN-y increased the sensitivity of colon 26 to lysis by activated peritoneal macro
phages. This confirms a report by Sarzotti et al (1986), but contradicts the findings of
Feinberg et al (1986). The mechanism of this is unclear, but may be due to IFN-y-induced upregulation of adhesion molecules, which a number of authors have
demonstrated to occur in other systems (Marth et al 1987, Piela and Korn 1988,
Hendricks et al 1989, Issekutz 1990). If, in this system these effector cells were impor
tant in mediating the host antitumour response this would tend to reduce the metastatic
potential of IFN-y-pretreated colon 26. However, macrophages are unlikely to be im
portant for two main reasons. Firstly colon 26 were completely resistant to lysis by
freshly isolated pulmonary macrophages, and secondly other reports (Adams 1989)
demonstrate that, in specific pathogen free mice, the time taken for activation of
macrophages is far greater than the the 6 hours which is the critical period following iv
injection.
These results also eliminate a number of other possible mechanisms by which IFN-y
could enhance metastatic activity of colon 26 these are:- adhesion to components of the
ECM; motility; induction of the oncogenes c -fos, Ha-ras, YLi-ras, and c-myc; and in
duction of ICAM-1 or class II MHC surface antigens.
Attachment to ECM proteins measured at 2 hours may look at maximal rates and ex
clude differences in the rate of attachment. Nevertheless further investigations were
considered unnecessary in the light of subsequent findings that at the end of the crucial
6 hours following iv injection all cells were trapped in the pulmonary capillaries and
many were in direct contact with the ECM. Thus from these data it may be concluded
that adhesion to laminin, fibronectin, and type IV collagen are not important in the
mechanism of the IFN-y-induced enhancement of metastatic potential of colon 26. In
addition, it is very unlikely that alterations in protease production were involved.

Similarly in vitro pretreatment of colon 26 reduces their motility, the effect lasting for
up to 48 hours after trypsinisation and removal of the cytokines. Part of this reduction
may be due to an antiproliferative effect of the IFNs. IFN-a had a significantly greater
effect than IFN-y. If motility were important in the metastatic activity of these cells and
if this assay is a good representation of what occurs in vivo then the reduction in motil
ity would tend to decrease metastatic potential of these cells. However since in the first
6 hours following iv injection, all the cells are trapped in pulmonary capillaries, the ex
act role of motility in the IFN-y-induced enhancement of metastasis is uncertain.
Northern blots probed for expression of Ha-ras> Ki-ray, c-myc and c-fos demonstrated
that IFN-y was unlikely to enhance the metastatic potential of colon 26 via mechanisms
involving alterations in the expression of these oncogenes. Thus although transfection
of Ha-ras and Ki-ras into a number or recipient cell types has been demonstrated to in
duce the metastatic phenotype, this is clearly not the mechanism by which IFN-y is
acting in colon 26. Indeed transfection of other cell types with Ha-ras enhanced
metastatic potential by affecting events occuring more than 48 hours following iv injec
tion (Greenberg et al 1987).
Small increases in c-fos mRNA were seen following following a 1 or 8 hour incubation
with IFN-a or IFN-y. This is consistent with other reports, demonstrating that induc
tion of this mRNA is rapid and transient (Wan et al 1988), and with those of Kushtai et
al (1988) who found a causal relationship between c-fos and H-2 expression, suggest
ing a regulatory role of c-fos on class I MHC gene expression, (although in 3LL cells
c-fos expression remained elevated after incubation with IFNs for 48 hours). However
there is no evidence from the data presented in this thesis that IFN-y-induced enhance
ment of metastatic potential is correlated with an increase in c-fos expression.
Why should IFN-y protect colon 26 only during the first 6 hours following iv injection,
when the enhancement persists in vitro for 72 hours following removal of the cytokine?
If the enhancement is solely due to increased resistance to NKCML, why should this
only occur during the first 6 hours since cells remain in capillaries - and according to
other authors - at potential risk from NKCML for at least 72 hours. It is possible that in
vivo the enhancement is rapidly down regulated due to the presence of other cytokines
eg TGF-P (see later). Alternatively, it has previously been shown that adhesion of cells
to endothelial cells increases their resistance to NKCML (Kaminsky and Auerbach
1988) and it is possible that in the present system whilst IFN-y has a protective effect
whilst colon 26 are trapped in capillaries, IFN-a and control diluent pretreated cells ac
quire increased resistance following their adhesion to the ECM occurs within 6 hours of
injection.

CHAPTER 5
EFFECTS OF OTHER CYTOKINES ON COLON 26
INTRODUCTION
The cytokines comprise a large group of glycoproteins with pleiotropic activities.
Although they each possess many varied functions many are able to supplement, aug
ment, or counteract the actions of others (Balkwill and Burke 1989). Thus the effect on
a parameter under investigation will be the sum total of the effects exerted on it by all
the cytokines acting on the cell at that particular time. Most of the presently isolated
cytokines have predominantly stimulatory effects, the exception being TGF-p which
has many negative regulatory activities.
The cytokines investigated in this chapter have been demonstrated by other authors to
affect metastatic potential, modulate parameters which may affect metastatic potential,
or to synergise with or inhibit the effects of IFN-y on other cells.
In this chapter the following questions are posed: 1. Do any other cytokines affect colon 26? Do they modulate parameters such as
growth rate, expression of class I MHC antigens, or alter metastatic ability?
2. Do any other cytokines modulate IFN-y induced effects on colon 26?

TRANSFORMING GROWTH FACTOR-P
C h a r a c t e r is a t io n

o f e ff e c t o n

C o l o n 26

Growth in vitro
Colon 26 were incubated in control diluent or various concentrations of TGF-p. Figure
5.1 demonstrates the results from a typical experiment. Colon 26 were moderately
sensitive to the growth inhibiting effects of TGF-p. At 3 days there was no significant
difference in the number of cells in any group. On day 7 there was no significant differ
ence in cell number between cells incubated in control diluent or TGF-P 0.1 ng /ml; but
there were significantly fewer cell in complete medium supplemented with TGF-P at
1.0 and lOng/ml. (Cell number at day 7, control 1.90X106; TGF-p O.lng/ml 1.91xl06;
l.Ong/ml 1.72xl06; lOng/ml 1.46x106).
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5X104 colon 26 were incubated in control diluent (— ); or TGF-P O.lng/ml (
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); l.Ong/ml (- -); or

lOng/ml (— ). Medium ± cytokines was replaced on day 4. Points represent mean ± SE. Each assay
was performed in triplicate.

Plating efficiency
TGF-p had a moderate, but significant, negative effect on the plating efficiency of
colon 26. Table 5.1 demonstrates the results from a typical experiment indicating that
pretreatment of colon 26 with TGF-p (lOng/ml for 18 hours) prior to trypsinisation led
to a significant reduction in the number of colonies counted at 16 days compared with
cells pretreated in control diluent. As demonstrated, the reduction was less marked than
that produced by incubation with either IFN-a or IFN-y.
Colony forming ability
Incubation of colon 26 in TGF-p (lOng/ml) produced a significant reduction in colony
formation when assessed at 14 days as demonstrated in table 5.2 and plate 5.1. The de
crease was significantly less than that produced by IFN-a (103units/ml), but not signif
icantly different from IFN-y, Although the colonies were larger than those produced by
incubation in IFNs, there was no signifcant differences in the morphology of the cells
when viewed under the light microscope.

T a b l e 5.1 E ffe c t

o f c y t o k in e s o n t h e p l a t in g a b il it y o f

Treatment

C o l o n 26

Colony number
mean ± SE

Control

43.62 ± 5.86

TGF-P

27.62 ± 3.22*

IFN-a

14.56 ± 3.88t

IFN-y

19.00 ± 2.99*

Colon 26 were preincubated in control diluent or cytokines for 18 hours Following trypsinisation, 102
cells were added to 35mm petri dishes and incubated in complete medium for 16 days. Medium was re
placed twice weekly. Colony number was counted at 16 days. *p < 0.05; tp < 0.01 compared with
control diluent.

T a b l e 5.2 E f fe c t

o f c y t o k in e s o n th e c o l o n y f o r m in g a b il it y o f

Pretreatment

C o l o n 26

Number of colonies
mean ± SE

Control

68.75 ± 3.01

IFN-a

7.80 ± 2.23*

IFN-y

40.67 ± 3.36*

TGF-p

34.25 ± 4.85 *

102 colon 26 were added to 35mm diameter petri dishes and incubated with complete medium contain
ing control diluent, IFN-a, IFN-y, or TGF-p. Medium ± IFNs was changed twice weekly. Colony
number was determined on day 14. * p<0.0005 compared with control diluent.
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Control diluent

IF N -a

IFN -y

T G F -p

PRETREATM ENT
P hotographs o f dishes containing colon 26 incub ated w ith control dilu en t, or cy to k in es, stained with
crystal violet

E ffe c t o f

TG F-p o n I F N - y - i n d u c e d a l t e r a t i o n s i n c o l o n 2 6

Growth inhibition
TGF-P (lOng/ml) and IFN-y (103units/ml) had an additive effect on the in vitro growth
of colon 2 6 . Figure 5 .2 dem onstrates the results from a typical experiment.
Class I M HC expression
Plate 5 .2 dem onstrates that incubation o f colon 2 6 for 2 4 hours w ith IFN -y
(103units/ml) produced a large increase in class I M HC mRNA as previously dem on
strated. Incubation o f the cells for 2 4 hours with TG F-P (lO ng/m l) did not alter ex
pression of the m essage com pared with incubation in control diluent. In addition incu
bation o f colon 2 6 with the com bination o f T G F-p and IFN -y did not alter the en
hancement of Class I M HC mRNA produced by IFN-y alone.

Similarly incubation of colon 26 for 24 hours with TGF-p (lOng/ml) did not alter the
surface expression of H-2Dd or H-2Kd. Table 5.3 and figure 5.3 demonstrate the re
sults from typical experiments. IFN-y enhanced expression of class I MHC surface
antigens as before. Incubation of colon 26 for 24 hours in a combination of TGF-P and
IFN-y did not modulate the IFN-y-induced enhancement of class I MHC surface anti
gen expression.

FIGURE 5.2 EFFECT o f IFN -y AND TG F-p ON th e
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105 colon 26 were incubated in in complete medium supplemented with control diluent (— ); IFN-y
103units/ml ( - -); TGF-p lOng/ml (-*-); or a combination of the two cytokines (-■ -). Cell number
was assessed on days 2 and 4. Results represent the mean ± SE of 3 values at each time point.

Oncogene expression
As demonstrated in plate 5.2, a 24 hour incubation of colon 26 with TGF-p (lOng/ml),
or the combination of IFN-y (103units/ml) + TGF-p (lOng/ml), had no effect on the
expression of Ha-ras, Ki-rasyor c-myc oncogene m RNA.

PLATE 5.2 EFFECT OF T G F - p ON M R N A EXPRESSION
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Kinetics o f Kb, H a-ros, Ki-ras, and c-/<95 m RNA expression in colon 26 pretreated for 24 hours with
control diluent A; IFN-y (103 units/ml) B; TGF-p (lO ng/m l) C; or a com bination o f the tw o cytokines
D. 2 0 |ig o f total R N A were loaded onto each lane. P-actin is used as a loading control. Northern blots
were carried out as described in materials and methods.

T a b le

5.3 m o d u l a t i o n o f c l a s s I M HC a n t i g e n s b y IFN -y a n d TGF-J3
H-2Dd

H -2K d

%+ve

median

% +ve

median

Control diluent

76

20

90

39

T G F -p

82

19

94

40

IFN -y

93

32

90

74

IF N -y+ T G F -P

95

29

95

73

Colon 26 were incubated for 24 hours in com plete medium + control diluent, IFN -y (1 0 3units/m l),
TGF-P (lOng/ml), or a combination o f the two cytokines.

F ig u r e 5.3 E f f e c t o f IF N -y a n d T G F-p o n
CLASS I M HC SURFACE ANTIGEN EXPRESSION
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Investigation of the cytokine induced enhancement of class I MHC antigens colon 26. Cells were in
cubated for 24 hours in control diluent; TGF-J3 (lOng/ml); IFN-y (103units/ml); or a combination of
the two cytokines. (

) Anti class I antibody; (—) second layer alone.

EFFECT OF TGF-P ON THE METASTATIC POTENTIAL OF COLON 26

Table 5.4 demonstrates the results from one of 4 similar experiments. Incubation of
colon 26 for 18 hours with TGF-p (lOng/ml) led to a significant decrease in metastatic
potential. This was highly reproducible. As previously demonstrated, IFN-y (103units/
ml) significantly enhanced metastatic potential. An 18 hour incubation of colon 26 in
the combination of TGF-p and IFN-y completely abrogated the enhancement produced
by IFN-y.

T a b l e 5 .4 E f f e c t

of

TG F-p

o n t h e m e t a s t a t ic p o t e n t ia l o f c o l o n

Number of metastases

lung weight (mg)

Pretreatment

mean ± SE

mean ± SE

Control diluent

46.4 ± 5.5

289 ± 11.6

TGF-p (18 hours)

31.3 ±3.1*

283 ± 13.2

IFN-y (18 hours)

101.9 ± 3.8*

386 ± 17.3

IFN-y TGF-p (18 hours)

50.6 ± 3.1*

323 ± 11.1

26

Colon 26 were incubated for 18 hours with IFN-y (103units/ml), TGF-P (lOng/ml) or a combination
of the two cytokines. 5X103 cells were injected into BALB/c mice. Eight mice per group. Results sig
nificantly different from control diluent. *p < 0.001; *p < 0.05. Results significantly different than
IFN-y alone *p < 0.001.

PULMONARY CLEARANCE OF COLON 26 PRETREATED WITH TGF-P ± IFN-y

Three experiments were performed to assess the pulmonary retention of 125I labelled
colon 26 pretreated with IFN-y and TGF-P in the first 72 hours following tail vein in
jection. In all experiments there was a non significant reduction in the amount of radio
activity detected in the lungs of mice injected with TGF-P pretreated cells compared
with colon 26 incubated in control diluent. Similarly, the retention of cells incubated
with the combination of TGF-P and IFN-y was not significantly different from the re
tention of cells pretreated with IFN-y alone.

TUMOUR NECROSIS FACTOR
C h a r a c t e r is a t io n

o f e ff e c t o n c o l o n

26

Growth rate
Figure 5.4 demonstrates the results from a typical experiment. TNF alone (lOng/ml)
had no effect on the growth rate of colon 26. IFN-a and IFN-y (103units/ml) had a
significant antiproliferative effect as previously demonstrated. TNF had a synergistic
effect when combined with both IFN-a or y, the effect being much greater when com
bined with the latter.
Cellular morphology
Incubation of colon 26 in the combination of IFN-y + TNF led to an alteration in the
morphology of the cells compared with culture in control diluent or either cytokine
alone. Plate 5.3 illustrates the appearances of the cells growing on tissue culture plastic
viewed under phase contrast. Most of the cells growing in complete medium plus con
trol diluent, IFN-y, or TNF alone are rounded with relatively few elongated or flatlooking cells; those growing in complete medium plus the two cytokines combined are
much more flattened and elongated, and very few cells are round.
Class I MHC antigen expression
Incubation of colon 26 with TNF for periods of up to 72 hours did not enhance the sur
face expression of either H-2Kd or H-2Dd. Table 5.5 demonstrates that a 24 hour incu
bation with TNF alone (lOng/ml) produced a slight reduction in expression of both H2Dd and H-2Kd surface antigens. The IFN-y-induced (103units/ml) enhancement of
class I MHC is clear. The increase in expression of H-2Kd produced by IFN-y alone is
identical to that produced by the combination of IFN-y and TNF. However, in this ex
periment IFN-y and TNF produced slightly less enhancement of H-2Dd than IFN-y
alone. Similarly as seen in figure 5.5, following a 72 hour incubation of colon 26 in
cytokines, IFN-y enhanced both H-2Dd and H-2Kd but TNF had no effect on class I
MHC antigen expression and did not alter the IFN-y induced enhancement of the anti
gens.
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5x10* colon 26 were incubated in 2ml complete medium supplemented with control diluent (— );
IFN-a KPunits/ml (.... ); IFN-y lO^units/ml (— ); TNF lOng/ml (-■-); TNF + IFN-a (•■■•■); or
TNF + IFN-y (- ■-). Cell number was assessed on days 2 and 5. Results represent the mean of 3
values at each time point

TABLE 5.5 MODULATION OF M HC CLASS I EXPRESSION BY TN F

H-2Dd

H-2Kd

%+ve

50% window

%+ve

50% window

Control

95

14.48

99

80.6

IFN-y

98

20.06

99

116.63

TNF

89

10.01

99

63.47

IFN-y + TNF

98

18.86

98

116.63

MHC class I surface antigen expression was assayed following a 24 hour incubation of colon 26 with
IFN-y (103 units/ml); TNF (lOng/ml) or a combination of the two cytokines.

PLATE 5.3 MORPHOLOGY OF COLON 2 6

C olon 26 w ere incubated for 48 hours w ith com plete m edium co n tain in g control d ilu en t (A ), IFN -y
l(P u n its/m l (B), TN F lO ng/ml (C) or a com bination o f the tw o cy to k in es (D ).

Effect

of

TNF

o n t h e m e t a s t a t ic p o t e n t ia l o f c o l o n

26.

To investigate the effect o f pretreatm ent on the experim ental m etastatic potential of
colon 2 6 , cells were incubated for 2 4 hours with TN F (lO ng/m l) ± IFN-y (103units/ml)
prior to injection into syngeneic BALB/c mice. As shown in table 5 .6 , incubation for
up to 7 2 hours in TN F alone had no effect on the m etastatic potential o f colon 2 6 com 
pared with control diluent, and the com bination o f TN F and IFN-y did not alter the
enhancem ent of m etastasis produced by IFN-y.
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Investigation of the cytokine induced enhancement of class I MHC antigens colon 26. Cells were incu
bated for 24 hours in control diluent; TNF (lOng/ml); IFN-y (KPunits/ml); or a combination of the
two cytokines. (

) anti class I antibody; (—) second layer alone.

TABLE 5.6 EFFECT OF TN F ON t h e

m e t a s t a t ic p o t e n t ia l o f c o l o n

Number of metastases

26

mean lung

Pretreatment

mean ± SE

weight (mg) ± SE

Control diluent

11.6 ± 2 .8

258.8 ± 7.7

TNF 24 hours

14.0 ± 3.7

251.2 ± 8 .5

IFN-y 24 hours

51.3 ±6.2*

287.5 ± 18.1

IFN-y + TNF 24 hours

54.6 ± 10.9*

285 ± 10.4

Control diluent

7.85 ± 1.70

—

IFN-y 24 hours

56.5 ± 6.63*

—

TNF 72 hours

4.87 ± 1.88

—

Colon 26 were incubated for the times indicated with IFN-y (KPunits/ml), TNF (lOng/ml) or a comb
ination of the two cytokines. Following trypsinisation, 5X103 cells were injected via the tail vein into
BALB/c mice. At 21 days mice were killed, the lungs removed, weighed, and the number of surface
colonies counted. Eight mice per group. *p < 0.005 compared with control.

INTERLEUKIN-1
GROWTH INHIBITION

The growth of colon 26 was not altered by exposure to IL-1. Figure 5.6 demonstrates
results obtained from a typical experiment. Incubation for 5 days with various concen
trations of IL-1 up to lOng/ml did not significantly affect the growth rate. Other exper
iments demonstrated that IL-1 had no effect on the cytostasis of colon 26 produced by
IFN-y.
Cl a s s

i m h c m R N A e x p r e s s io n

Plate 5.4 demonstrates that incubation of colon 26 for 24 hours with IFN-y
(103units/ml) produced a large enhancement of class I MHC mRNA expression as
assessed by Kb expression. Incubation for the same period with IL-1 alone at either 1
or lOng/ml had no effect on Kb expression and did not modulate the IFN-y-induced en
hancement.
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Colon 26 were incubated in control diluent (— ); IL-1 O .lng/m l (•■■■); ln g /m l

or 10ng/ml

Points represent mean of three sam ples per group.
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5.4 E f f e c t o f i l -1 o n c l a s s I MHC m r n a
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Kinetics o f Kb expression in colon 26 pretrealed with cytokines. C ells in log phase growth were incu
bated with control diluent (A); IF N -a 103units/ml (B); IFN-y 10^units/ml (C); IL-1 l.Ong/ml (D); IL1 lOng/ml (E); IFN-y + IL-1 l.Ong/ml (F); and IFN-y + IL-1 lOng/ml (G) for 24 hours. 2 0 |ig aliquots
o f total RNA were loaded onto each lane. Northern L>lots were performed as described in materials and
methods. The top panel shows the ethidium bromide stained gel indicating equal loading o f each lane.

Effec t

o n m e t a s t a t ic p o t e n t ia l

As demonstrated in table 5.7, a 24 hour incubation with IL-1 had no effect on the ex
perimental metastatic potential of colon 26, and did not significantly alter the enhance
ment produced by IFN-y.

TABLE 5.7 EFFECT OF IFN-y AND IL-1 ON THE
METASTATIC POTENTIAL OF COLON 26

Number of metastases

mean lung

Pretreatment

mean ± SE

weight (mg) ± SE

Control diluent

10.6 ± 4 .1

228 ± 8.4

IL-1

12.6 ± 3 .1

221± 11.6

IFN-y

56.5 ± 3.5*

262 ± 10.8

46.75 ±7.1*

247 ± 11.9

IFN-y + IL-1

Colon 26 were incubated for 24 hours with IFN-y (103units/ml), IL-1 (lOng/ml) or a combination of
the two cytokines. Following trypsinisation, 5X103 cells were injected via the tail vein into BALB/c
mice. At 21 days mice were killed, the lungs removed, weighed, and the number of surface colonies
counted. Eight mice per group. *p < 0.005 compared with control.

EPIDERMAL GROWTH FACTOR
Effec t

o n grow th of colon

26

As demonstrated in figure 5.7 incubation of colon 26 in complete medium + EGF at 1.0
and lOng/ml had no effect on their growth rate compared the growth in complete
medium + control diluent
Effe c t

o n m e t a s t a t ic p o t e n t ia l

Incubation of colon 26 in EGF (lOng/ml) for 24 hours did not modulate the metastatic
capacity of colon 26 as demonstrated in table 5.8.

PLATELET DERIVED GROWTH FACTOR
Ef f e c t

o n grow th of colon

26

As demonstrated in figure 5.7 a continuous exposure of colon 26 to PDGF (lOng/ml)
for up to 4 days had no effect on the growth of these cells.
E ff e c t

o n m e t a s t a t ic p o t e n t ia l

Table 5.8 reveals that preincubation of colon 26 with PDGF (lOng/ml for 24 hours) did
not significantly alter the metastatic potential of these cells.

FIGURE 5.7 EFFECT OF EGF AND PDGF ON THE GROWTH OF COLON 2 6
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5x104 colon 26 were incubated in control diluent (— ); EGF lng/ml (

4

5

); lOng/ml (— ); or PDGF

lOng/ml (— ). Points represent mean of three samples.

DISCUSSION
TGF-p had a small but significant cytostatic effect on colon 26 and reduced both the
plating efficiency and colony forming ability of these cells. This cytokine did not modu
late any IFN-y-induced effects in vitro, but preincubation of colon 26 with TGF-p pro
duced a significant reduction in the number of experimental pulmonary metastases, and
incubation with TGF-P and IFN-y completely abrogated the IFN-y-induced enhance
ment.

It is possible that TGF-P affects metastatic potential of colon 26 affecting parameters
which are also modulated by IFN-y. Conversely, the two cytokines could act via com
pletely different mechanisms. Nevertheless it is clear that neither cytokine modulated
metastatic potential via mechanisms that involve alterations in class I MHC expression.

T a b l e 5.8 E f fe c t o f EGF a n d PDGF
ON THE METASTATIC POTENTIAL OF COLON 26

Number of metastases
Pretreatment

mean ± SE

Control diluent

18.5 ± 4 .1

EGF

26.6 ± 5.7

PDGF

21.6 ± 2 .7

IFN-y

36.8 ± 5.5

Colon 26 were incubated for 24 hours with control diluent, IFN-y (lO^units/ml), EGF (lOng/ml) or
PDGF. Following trypsinisation, 5x1 (P cells were injected via the tail vein into BALB/c mice. At 21
days mice were killed, the lungs removed, weighed, and the number of surface colonies counted. Eight
mice per group. *p < 0.001; tp< 0.005 compared with control.

TNF alone had no effect on the growth rate of colon 26, but there was marked synergy
when this cytokine was combined with either IFN-a or y, although the effect was most
marked with IFN-y. The combination of IFN-y and TNF also affected the morphology
of colon 26 growing on tissue culture plastic. Although TNF alone and in combination
with IFN-y is well known to enhance class I MHC antigen expression, this was not
seen in this system, even when the incubation was extended to 72 hours. Indeed, at 24
hours TNF slightly reduced H-2Dd and H-2Kd, but had little effect on the IFN-y-in
duced enhancement. In addition, whilst others have reported that TNF can enhance in
vasion and metastases (Malik et al 1990), pretreatment of colon 26 with TNF had no ef
fect on the metastatic potential of colon 26 and did not alter the enhancement produced
by IFN-y.
IL-1 has been demonstrated to effect a number of IFN-y-induced effects eg enhance
ment of class I MHC antigens (Johnson et al 1989, Leszczynski et al 1989). However

in these experiments IL-1 alone had no effect on any of the parameters studied and did
not modulate either the IFN-y-induced enhancement of Class I MHC mRNA or the
metastatic potential of colon 26.
EGF and PDGF had no effect on either the growth or metastatic potential of colon 26.
Previous authors have reported that incubation of other cell lines with these platelet se
creted cytokines significantly enhanced their metastatic potential (Breillout et al 1989,
Tsuruo et al 1989). Thus Tsuruo et al (1989) found that PDGF enhanced the in vitro
growth of two highly metastatic clones of colon 26 and suggested that secretion of this
cytokine from platelets associated with the arrested tumour cells may enhance metastatic
potential by having a growth stimulatory effect on the cells. However under the exper
imental conditions used here, this was not found to be the case. In addition since
platelets also secrete TGF-p, cytokine secretion from platelets associated with arrested
colon 26 may have a negative effect on metastatic potential.

CHAPTER 6
INDUCTION OF PROTEINS BY CYTOKINES
Cytokines exert their effects via enhancement, induction, or suppression of a number of
mRNAs and proteins. Although in vitro it is possible to investigate the effects of addit
ion (or removal) of individual cytokines, this is highly artificial since in vivo at any one
particular time a cell will be exposed to numerous cytokines which may exert both
positive and negative influences on the same parameter. Thus it has been reported that at the mRNA, protein, and functional level - cytokine combinations demonstrate con
siderable synergy. For instance, Beresini et al (1990) found that in the Me 1180
cervical carcinoma cell line incubation with IFN-y induced 18 and suppressed 10
proteins, TNF alone did not significantly alter any, whilst the combination of IFN-y
and TNF modulated a further 10.
IFNs have been reported to induce - or significantly enhance - up to 100 new proteins
in cells exposed to them (Balkwill 1989b). Some of these, eg 2-5A synthetase and a
specific protein kinase are induced by both IFN-oe/p and IFN-y, whilst others are spe
cific to one IFN type. Since the enhancement of the metastatic potential of Colon 26 is
IFN-y specific, one potential method of investigating the mechanism is to look for
proteins modulated by this cytokine alone. In addition, it may be possible to exclude
proteins modulated by TGF-P, or the combination of IFN-y and TGF-p, since the latter
abrogates the IFN-y-induced enhancement. However, it must be remembered that IFNy and TGF-P could alter the metastatic potential of Colon 26 by different mechanisms.
In these investigations Colon 26 cells were exposed to cytokines for 24 hours prior to
lysis. Whilst it is likely that some proteins may be only transiently modulated by cyto
kines, and a longer incubation with leads to the enhancement of more proteins than a
shorter exposure this period was considered optimum, since a 1 or 24 hour incubation
with IFN-y enhanced the metastatic the potential of Colon 26, but the abrogation of
metastatic potential by TGF-P was seen after incubation for 18 but not 2 hours.
Whole cell lysates have been used because whilst the alterations in metastatic potential
may be a result of modulations of cell membrane proteins eg affecting recognition or
binding by effector cells, or altering the adhesion to vascular endothelium, it is also
possible that they may be due to changes in a cytosol protein which may mediate resist
ance to a post binding event, alter the sensitivity of cells to the stresses and strains ex

erted on them in the circulation and pulmonary capillaries, or modulate the production
or secretion of various proteases necessary for invasion.

POLYACRYLAMIDE GEL ELECTROPHORESIS
Colon 26 in log phase growth were incubated for 24 hours in control diluent, IFN-a or
IFN-y (103units/ml). Following lysis, aliquots were loaded onto a 7-17% gradient gel
and polyacrylamide gel electrophoresis (PAGE) carried out (see materials and meth
ods). Plate 6.1 demonstrates typical results obtained.
No new proteins were seen following incubation with either IFN, and in addition no
proteins were completely suppressed. IFN-a and IFN-y increased the amount of 3
proteins of molecular weight 32,44. and 47 KDa. Apart from these, there was little dif
ference in the profile of proteins in colon 26 pretreated with either IFN compared with
cells incubated in control diluent. In view of these results, it was felt more appropriate
to perform 2 dimensional gel electrophoresis on these samples.

2 DIMENSIONAL GEL ELECTROPHORESIS
5 x l0 5 Colon 26 growing in log phase in 16mm diameter tissue culture wells were in
cubated in complete medium at 37°C in 5%C02 for 24 hours with 50pCi 14C labelled
high specific activity amino acid mixture (CFB103 Amersham International) and one of
the following:- Control diluent; IFN-a (103units/ml); IFN-y (103units/ml); TGF-P
(lOng/ml); or the combination of IFN-y (103units/ml) and TGF-P (lOng/ml).
Whole cell lysates were prepared from each group and snap frozen in liquid nitrogen.
2 dimensional gels were run and autoradiographed by Protein Data Bases Inc.
Huntington Station, New York, as described in materials and methods. Computer anal
ysis was carried in the University of California, San Fransisco facility for genetic anal
ysis by Brisdell Hunte in the laboratory of Dr Lois Epstein, Director, Tumor
Immunology Unit
Modulation of proteins was considered significant when there was at least a two fold
increase or decrease in protein concentration following incubation in cytokines com
pared with incubation in control diluent
Proteins are identified by their molecular weight and isoelectric point. The limits of
detection for induction and suppression were 10 and 50 parts per million (ppm) respect
ively. Table 6.1 and figure 6.1 summarise the data obtained, the coordinates of all

proteins altered are found in tab les 6 .2 a and b, and graph 6,2 illustrates so m e o f the
raw data.

P l a t e 6 .1 A n a l y s i s o f p r o t e i n s m o d u l a t e d b y IF N s
Pretreatment

y

A

a

con

£ -4
w -»
--------------------— —n tcsxM

*?•

20 5 ->

116

—>

I

9 7 .4 ->

66

—>

-

—

45 ->

29 ->

PAGE gel electrophoresis o f proteins induced in colon 26 using w hose cell lysates produced following
a 24 hour incubation o f cells growing in log phase with control diluent (con) IF N -a (a ), or IFN-y (y).
Lysates were run on a 7-17% gradient gel which was subsequently silver stained as described in
materials and methods. Numbers refer to the molecular weight o f proteins.

The complete data for all proteins modulated is found in table 6.3.
A 24 hour pretreatment with IFN-a led to the induction of 58 and suppression of 18
proteins. IFN-y induced 19 proteins and inhibited the production of 2. TGF-P induced
4 proteins and suppressed 9. The combination of IFN-y and TGF-p enhanced 35 and
inhibited 23 proteins; many more than either cytokine alone. As can be seen from figure
6.1, many proteins were modulated by more than one cytokine. More proteins were
modulated in common by IFN-a and IFN-y/TGF-P than by any other combination.
Two proteins, 88/5.6 and 89/5.6a were enhanced by some cytokines and suppressed
by TGF-p.
These results are contrary to previous reports (Weil et al 1983, Beresini et al 1988)
which have mainly used non malignant cells. In these assays IFN-y - which has more
immunomodulating activities than IFN-a/p - was reported to effect more proteins. In
addition, the absolute number of proteins induced by the IFNs is far greater than previ
ously reported in other systems. One explanation for this is that the assay used here is
very sensitive and is able to detect protein concentrations of lOppm compared with
other assays where the limit of detection is approximately lOOppm). However, it must
be borne in mind that some of immunomodulating functions of IFNs are mainly seen in
haematological cells, and also that the highly malignant Colon 26 do not necessarily
respond to cytokines in a similar way to non malignant cells.
Of the 19 proteins enhanced by IFN-y, 17 are unlikely to be involved in the enhance
ment of metastatic potential of Colon 26 since they are also enhanced by IFN-a (3 of
these are enhanced by TGF-P alone and 12 by the combination of IFN-y + TGF-p).
These two IFN-y specific proteins, 37/5.7 and 45/6.0 are are good candidates for fur
ther investigation, since it is possible that this cytokine enhances metastatic potential by
induction of one of them. In addition, TGF-p may reduce the metastatic potential of
colon 26 via modulation of either of these two proteins, and this also requires further
investigation.
The 13 proteins modulated by TGF-p are of interest. Two, 35/6.0 and 44/6.8 were
suppressed only by TGF-P and the combination of IFN-y and TGF-P (although the
effect of IFN-a on the latter protein could not be determined). Although these may be
good candidates for further study, as demonstrated in graph 6.2, compared with cells
incubated in control diluent, incubation in IFN-a and IFN-y also produced a non sig
nificant decrease in concentration of these proteins. The ‘cut off point* is thus very arbi
trary, and it is unlikely that TGF-p abrogates metastatic potential by modulating either
of these 2 proteins. 7 proteins were modulated by TGF-p alone. Again further investig

ation may be useful, but since none of these was significantly modulated by the combi
nation of IFN-y and TGF-p, the chance that one of these may be important is probably
quite low.

TABLE 6.1 PROTEINS MODULATED BY CYTOKINES

Number, of proteins
Induced Suppressed

IFN-a

58

18

IFN-y

19

2

TGF-p

4

9

IFN-y + TGF-P

35

23

FIGURE 6.1 PROTEINS MODULATED BY CYTOKINES

IFN-a

IFN-a
IFN-y

IFN-y

IFN-Y+TGF-P V ,
TGF-p

Proteins induced

TGF-P

Proteins suppressed

Colon 26 were incubated for 24 hours with control diluent, IFN-a, IFN-y, TGF-P, or IFN-y + TGF-p
prior to lysis. 2 dimensional gel electrophoresis was performed on the whole cell lysates, the gels auto
radiographed and analysed by computer. Proteins are considered to be enhanced or suppressed by cyto
kines if the concentration differs more than two fold compared with control diluent

T a b l e 6 .2 a C y t o k in e

Protein
coordinates

22/5.2
28/5.6
33/5.6
34/5.1
34/5.5
35/5.0
38/6.2
40/5.4
41/5.4
43/5.9
43/6.2
51/6.3
54/5.8
54/5.9
63/5.8a
64/5.8
81/5.4
89/5.7a
90/5.6a
90/5.6b
55/5.9
57/5.6
76/5.5
88/5.7
89/5.6a
3 7 /5 .7
4 5 /6 .0

IFN-a

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

IFN-y

+
+
+
+
+
+
+

in d u c e d p r o t e in s in c o l o n

Protein
coordinates IFN-a

33/5.5
45/6.1
25/4.7
33/6.1
36/5.0
42/6.0
54/5.0
55/6.2
60/5.6
63/5.7
63/5.8b
71/4.9
77/5.2
78/5.5
81/5.3
85/6.1
88/5.9a
88/5.9b
88/5.9c
89/5.6b
89/5.7b
89/5.7c
89/5.8
27/6.1
28/5.9
29/5.7b
29/5.9
44/6.0
45/6.3
46/5.7
47/6.0a
88/5.6
37/5.8
52/5.5
77/5.3
78/5.3

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

IFN-y

+
+
+
+
+
+
+
+
+
+
+
+

26

IFN-y +
TGF-P TGF-p

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+

T a b l e 6 .2 b C y t o k in e

Protein
coordinates

s u p p r e s s e d p r o t e in s in c o l o n

IFN-a

IFN-y

TGF-P

26

IFN-y +
TGF-p

23/5.2
45/5.9
54/6.0
28/6.1
36/6.0a
28/5.7
36/6.0b
38/5.2
43/6.0
46/5.4
50/6.3
52/5.3
52/6.3
53/5.3
53/5.4
65/5.7
81/5.5a
81/5.5b
29/5.7a
36/6.0c
36/6.1
47/6.0b
63/5.6
65/5.8
35/6.0
44/6.8
25/4.8a
25/4.8b
47/6.8
59/6.8
88/5.6
89/5.6a
Colon 26 were incubated for 24 hours with control diluent, IFN-a, IFN-y, TGF-(3, or IFN-y + TGF-P
prior to lysis. Proteins are considered to be enhanced or suppressed by cytokines if the concentration
differs more than two fold compared with control diluent. Proteins are identified by molecular weight
and isoelectric point.
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Figure 6.2 Raw data demonstrating the induction o f various proteins in colon 26 follow ing a 24 hour
inucbation with cytokines. Proteins are identified by their molecular weight and isoelectric point. A =
control diluent; B = IF N -a (103units/ml); C = IFN-y (103units/ml); D = TGF-P (lOng/ml); E = IFN-y
+ TGF-p. * protein not visualised on gel

table

6.3 P r o t ein s

m o d u l a t e d b y c y t o k in e s

-

raw data

Pretreatment
Protein
coordinates
22/5.2
23/5.2
25/4.7
25/4.8a
25/4.8b
27/6.1
28/5.6
28/5.7
28/5.9
28/6.1
29/5.7a
29/5.7b
29/5.9
33/5.5
33/5.6
33/6.1
34/5.1
34/5.5
35/5.0
35/6.0
36/5.0
36/6.0a
36/6.0b
36/6.0c
36/6.1
37/5.7
37/5.8
38/5.2
38/6.2
40/5.4
41/5.4
42/6.0
43/5.9
43/6.0
43/6.2
44/6.0

Control
diluent

IFN-a

IFN-y

TGF-P

652
1503
48
479
105
112
796
851
459
247
1799
559
170

2711
390
305
809
177
465
1759

583
1499
78
823
196
510
747
756
2118

751
1347

—
—
—
—

240
—

443
400
505
940
2040
547
138
164
109
—
—
—
—

661
201
698
—

—

225
—

IFN-y+
TGF-p
648
800
167
341
92
367
1073

3162
1909
772

77
401
638
410
198
1261
470
99

—

—

—

631
1593
688
119

1023
473
181
496
325
311
1744
108

—

—

—

—

—

238

—

—

—

460

249

407

—

—

—

340
665
111
560
2682
610
341
293
125

208
700

—

1630

—

—

544
2445
466
139
336
126

136

—

1732
81
944
1811
1107

—

1179
460
186
141
—

441
371
620
768
1723
—

1671
203

—

—

1373
—

—

165
128
110
—

—
—

—

—

—

—

—

—

—

—

—

1086
388
1072
769

335
261
629

110
1303

—

—

855
319

Pretreatment
Protein
coordinates
44/6.8
45/5.9
45/6.0
45/6.1
45/6.3
46/5.4
46/5.7
47/6.0a
47/6.0b
47/6.8
50/6.3
51/6.3
52/5.3
52/5.5
52/6.3
53/5.3
53/5.4
54/5.0
54/5.8
54/5.9
54/6.0
55/5.9
55/6.2
57/5.6
59/6.8
60/5.6
63/5.6
63/5.7
63/5.8a
63/5.8b
64/5.8
65/5.7
65/5.8
71/4.9
76/5.5
77/5.2

Control
diluent

IFN-a

IFN-y

TGF-P

*

47
677
1134

IFN-y +
TGF-p

608
543
982

170
1269

377
761
2577

—

—

—

—

369
993

1820

268
1099

—

558
899
1266
*

2210
1014
2375
339
1506
802
404
816
550
125
593
1389
287

259
605
269
140
472
934
234

231

—

—

552

91

120

—

—

—

—

2375
348

2176
244

—

—

1607
210
97

254
598

—

—

—

—

—

592
121
177

573
153
201

—

—

144
894
311
123
748

107
600
256
111
608

789
459
130
621
197
89
98

—

—

—

1936
729
415
680
416
61
465
791
303
—

78
—

1643
168
—
—

1001
—

445
93
154
—

77
605
186
78
348
—

—

—

2309
—

1562
—

296
72
919
1010
110
318
344
502
74
*
814
239
1196
432
149
172
—

118
841
732
1716

—
—

1473
—

303
472
736
779
1740
—

1394
243
830
738
—

679
—
—

184
—

—

71
485
395
971

Pretreatment
Protein
coordinates
77/5.3
78/5.3
78/5.5
81/5.3
81/5.4
81/5.5a
81/5.5b
85/6.1
88/5.6
88/5.7
88/5.9a
88/5.9b
88/5.9c
89/5.6a
89/5.6b
89/5.7a
89/5.7b
89/5.7c
89/5.8
90/5.6a
90/5.6b

Control
diluent
—

134
—
—
—

534
1454
—

382
46
196
—
—

189
—

145
—
—
—
—
—

IFN-y +
TGF-p

IFN-a

IFN-y

TGF-P

481
1440
1253
316
205
74
711
1822
796
1295
463
2018
434
670
483
315
1565
1846
837
607
1126

108
401

75
657

—

—

—

—

264
1399
497
106

—

—

—

580
2246

323
1276

—

—

1613
699
227

180

117
400
672
945

—

—

233

—

—

—

—

848

87

—

—

—

237

—

—

—

—

—

—

553
407
327
257
217
77
345
968
295

—

—

—

—

—

—

— = not detected (below limit of resolution); * = not visualised on gel
Proteins are identified by their molecular weight and isoelectric points. Values refer to protein concen
trations in parts per million.

CHAPTER 7
GENERAL DISCUSSION
INTRODUCTION
This thesis demonstrates the enormous complexities of both the metastatic process and
the cytokine network. To produce a metastasis, a cell must successfully complete all
sequential steps of the metastatic cascade. Tumours and cell lines in vitro and in vivo
contain heterogeneous clones of cells with different metastatic abilities. Although this
may be due to alterations in cell genotype it is probable that - as demonstrated in this
thesis - metastatic capacity may can be transiently modulated by changes in the local
environment. These experiments have shown that pretreatment of a lung colonising line
of colon 26 with IFN-y in vitro significantly enhanced its experimental metastatic abil
ity. Incubation with TGF-P significantly reduced the metastatic ability, and abrogated
the IFN-y-induced enhancement.
It must remembered that the experimental metastasis assay used in these experiments is
artificial in that the animal is not immunised against the tumour at the time of intra
venous injection and therefore is unable to present a specific CTL response. In add
ition, it is not possible to conclude that effects observed following in vitro treatment of
colon 26 with a particular cytokine would necessarily be be seen in vivo since the cells
may respond differendy to that cytokine in the presence of others. Nevertheless the
assay does allow the investigation of the effects of addition (or removal) of one or more
cytokines to cells growing in vitro. Although, in vivo cytokines will exert effects on
both the tumour cells and the host, this system enables the effects of cytokines on the
tumour to be investigated independently.
IFN-y-INDUCED ENHANCEMENT OF METASTATIC POTENTIAL.

Incubation with IFN-y significantly enhanced the experimental metastatic ability of
colon 26 in syngeneic BALB/c and T cell deficient nude mice. The enhancement was
not seen following incubation with IFN-a and thus any effects common to both IFNs
are unlikely to be important and can therefore be excluded.
Although most of the experiments have used IFNs in concentrations of 103units/ml, the
enhancement was found following incubation for 1 hour with as little as 1unit/ml
IFN-y, and was maintained for at least 72 hours following removal of the cytokine.
This is much less than was reported by other authors using B16 melanoma eg
Taniguchi et al (1987) found an increase in metastatic potential following incubation

with lunit/ml for 36 hours, and McMillan et al (1987), reported that a 48 hour
incubation with 103units/ml was required.
There are a number of pieces of evidence to suggest that IFN-y enhanced metastatic
potential by increasing resistance of cells to NKCML.
1. The critical period during which IFN-y exerts its anti-tumour effects is the
first 6 hours following iv injection. Other authors have demonstrated that this is
the period in which it would be expected that NK cells to be most effective
against circulating tumour cells (Riccardi et al 1979, Pucetti et al 1980, Hanna
and Fidler 1980, Hanna and Schneider 1983a, Barlozzari et al 1983, Yokoyama
et al 1986). During this period all colon 26 cells found in the lungs were trapped
in capillaries and had not traversed the basement membrane, and thus they will
be highly accessible to circulating host effector cells.
2. In mice depleted of NK cells following treatment with anti-asialo GM1 anti
serum there were greater numbers of metastases compared with immunocompe
tent controls. However, the IFN-y-induced protection was not absolute, since
even IFN-y pretreated cells produced significantly more metastases in the antiasialo GM1 pretreated mice.
3. The kinetics of the effect were similar to previous reports regarding IFN in
duced resistance to NKCML. IFN-y had a much greater effect than IFN-a, and
in some reports the effect was IFN-y-specific (McMillan et al 1987, Taniguchi
et al 1987). The effect was seen with as little as lunit/ml (Taniguchi 1987),
occured rapidly (Trinchieri et al 1981) and the protection lasted for many days
following removal of cytokines (Welsh et al 1981).
4. Only 5x l0 3 colon 26 cells were injected into the tail vein. It has previously
been reported that the NK cell system is inefficient and can easily be swamped
by large numbers of injected cells (Karre et al 1986).
5. The experiments used mice aged 6-8 weeks. This is the period when NK
cell activity is at a maximum (Hanna and Fidler 1980).
Unfortunately the cells were completely resistant to NKCML in vitro however the assay
conditions were varied, and cold target inhibition assays demonstrated no differences in
the binding of isolated splenocytes to any of the three groups of colon 26 (although
splenocytes bound much more readily to YAC-1).

Colon 26 were moderately sensitive to lysis by IL-2 stimulated splenocytes from syn
geneic mice, and were highly sensitive to lysis by human IL-2 stimulated PBMCs.
However, in all experiments there was no significant difference between sensitivity of
control, IFN-a, and IFN-y pretreated colon 26. These data demonstrate that the targets
were recognised and lysed by the IL-2-stimulated cytotoxic effector cells. Pretreatment
with IFN-y did not significantly alter the sensitivity of colon 26 to lysis by IL-2-stimulated effectors. The murine and human IL-2 stimulated cells probably use similar lytic
mechanisms and colon 26 bearing syngeneic class IMHC antigens are much less read
ily recognised as 'foreign' and bound by the former. Alternatively the difference in
sensitivity may be a result of differences in the lytic mechanisms employed by the two
types of effector cells, and the colon 26 may be more able to prevent a post binding
event leading to lysis by the murine effector cells compared with the human effectors.
The most likely explanation for the IFN-y-induced enhancement in metastatic ability is
that the cytokine affects a post binding event which protects colon 26 form lysis by NK
cells as previously reported by Ljuggren et al (1989). Alternatively, it is possible that as
demonstrated by Strzadala et al (1989) populations of asialo GM1+ cells other than
classical NK cells may mediate antimetastatic activity. These authors found that asialo
GM1+ cells which were not cytotoxic to YAC-1 cells in vitro had an antimetastatic ef
fect in vivo. Although it has been reported that other cell types may possess asialo GM1
antigens including activated macrophages (Mercurio et al 1984), CTLs (Stitz et al
1986), and LAK cells (Young et al 1986) these clearly not important to these experi
ments.
IFN-y enhanced the metastatic potential of colon 26 by increasing the pulmonary reten
tion in the first 6 hours following iv injection (thereafter the survival of cells pretreated
with control diluent, IFN-a, or IFN-y was similar). This early retention correlated well
with with the number of pulmonary metastases when assayed at 21 days. During this
critical period all tumour cells which could be identified in the lungs were wedged in
pulmonary capillaries. Towards the end of this period many cells had breached the
capillary endothelium and were adjacent to the intact basement membrane. There was
no evidence that IFN-y either enhanced homotypic adhesion or reduced recirculation of
cells from the lungs.
Production of proteases which may allow cells to degrade to basement membrane and
escape destruction by cells of the non adaptive immune system is unlikely to be impor
tant to these investigations. However, the role of adhesion of colon 26 to the endothel
ial cells and basement membrane is less clear. Weiss et al (1988) suggested that whilst
in vitro adhesion was mainly due to adhesion macromolecules; in vivo, cancer cell

arrest was predominantly a result of mechanical impaction. In addition, Marth et al
(1987) found that trypsinisation stripped adhesion macromolecules from the cell sur
face. IFN-y has been reported by a number of authors to increase adherence (Marth et al
1987, Piela and Korn 1988, Hendricks et al 1988, Issekutz et al 1990), and in the pre
sent system, it is possible that in vivo, this cytokine stimulates the binding of of colon
26 to either the endothelium or basement membrane, which in turn leads to protection
from NKCML as demonstrated by Kaminsky and Auerbach (1988).
It is tempting to speculate as to what factors are altered during the first 6 hours after tail
vein injection which either increases the NK cell sensitivity of the IFN-y pretreated cells
or increases the resistance to NKCML of the other two groups. Other cytokines pro
duced locally may modulate the sensitivity of cells to NKCML, but this has not been
possible to investigate in this thesis. One possible explanation may be seen from the
electron microscope views. By 6 hours, most cells visible had come into contact with
the underlying basement membrane, and it may be that this contact reduces the NK cell
sensitivity of IFN-a or control diluent pretreated cells.
Because of the previously reported relationship between the IFN-y induced enhance
ment of class I MHC antigen expression; increased resistance to NKCML; and in
creased metastatic potential, it was important to determine whether in these experiments
the relationship was causal or coincidental.
A number of results have demonstrated that although incubation with IFN-y enhanced
class I MHC surface antigen expression of colon 26 this was not involved in the mech
anism of enhancement of metastatic potential.
1. Whilst a 1 hour preincubation with IFN-y significantly enhanced metastatic
potential, there was no enhancement of either class I MHC mRNA or surface
antigen expression when assayed immediately or 8 or 24 hours after removal of
IFNs.
2. A 24 hour incubation with IFN-a and y equally enhanced class I MHC anti
gen expression.
Most of the previous work examining the effect of IFN-y on enhancement of
metastatic potential and resistance to NKCML has used cell clones with low or
absent class I MHC antigens (Taniguchi et al 1985, 1987, McMillan et al 1987,
Zoller et al 1988). The clone of cells used in these experiments had a high constitut
ive level of H-2Dd and H-2Kd surface antigens, and it is possible that further in
creases in their expression had no effect on their sensitivity to NKCML in vivo.

A number of other factors reported by other authors to correlate with alterations in
metastatic potential were investigated. They are listed below. There was no evi
dence that they were important in this system. Indeed, in a number of cases IFN-y
would be expected to have an adverse effect on metastatic potential
Growth inhibition in vitro
Colony forming ability
Plating efficiency
Modulation in cell size
Class II MHC surface antigen expression
ICAM-1 expression
Osmotic fragility
Motility
Adhesion to type IV collagen, fibronectin, and laminin
Modulation of Ha-ras, Ki-ras, c-fos, and c-myc oncogenes
Sensitivity to macrophage mediated lysis
Sensitivity to CTL mediated lysis

EFFECT OF OTHER CYTOKINES
Of the other cytokines investigated both TNF and TGF-p demonstrated considerable
effects on colon 26. TNF alone had no effect on the growth rate, but synergised with
both IFNs - significantly more with IFN-y. In addition, the combination of TNF and
IFN-y altered the morphology of cells growing on tissue culture plastic. However,
TNF alone had no effect on experimental metastatic potential or class I MHC surface
antigen expression, and did not modulate the effect of IFN-y on either of these para
meters.
TGF-p had a moderate effect on a number of parameters in vitro notably growth rate
and colony formation. Pretreatment of colon 26 with this cytokine produced a signifi
cant decrease in the lung metastasising ability of these cells and also abrogated the en
hancement produced by IFN-y. This data conflicts with other reports (Mukai et al 1989,
Akedo et al 1989, Torre-Amione et al 1990 Welsh DR et al 1990) which demonstrated
that TGF-p had the potential to increase protease activity, invasion both in vitro and in
vivo, and experimental metastatic potential.
TGF-P has a multiplicity of actions on epithelial cells (Barnard et al 1988) and the
mechanism of abrogation of metastatic potential is unclear from the data presented in
this thesis. However it does not involve modulations of class I MHC antigen expres

sion, and it is unlikely to be a result of its antiproliferative actions, since IFN-a had
significantly greater activity in vitro but did not modulate metastatic potential.
One explanation may be related to the effects of TGF-P on stabilisation of the extra
cellular matrix. This cytokine has been demonstrated to increase the activity of plasmin
ogen activator inhibitor (Laiho et al 1986), and tissue inhibitor of metallo proteases
(Edwards et al 1987), as well as to suppress the induction of various proteases includ
ing plasminogen activator (Laiho et al 1986), and a thiol protease (Frish et al 1987). It
is possible that these activities may reduce the ability of trapped cells to exit from the
pulmonary capillaries and thus reduce their fitness to successfully overcome the various
steps of the metastatic cascade.
There was no significant difference in the pulmonary retention of colon 26 pretreated
with either control diluent or TGF-p, but it must be remembered that TGF-P decreased
metastatic potential by approximately two fold whilst IFN-y enhanced metastatic poten
tial by up to ten fold. Since in these experiments only 5 mice were used at each time
point, and since the range of radioactivity was large, it is possible that subtle but signif
icant differences in radioactivity between the different groups may have been missed.
The results from 2D gel electrophoresis require further investigation. IFN-a induced 58
proteins in colon 26, many more than reported in other systems. IFN-y induced 18 but
most of these were also induced in common with IFN-a and/or the combination of
IFN-y + TGF-p. Only two proteins were IFN-y specific - if this is confirmed on sub
sequent gels they would be ideal candidates for microsequencing. These preliminary re
sults suggest that IFN-y and TGF-P modulate metastatic potential via different mechan
isms, since TGF-p did not significantly modulate any protein which was up or down
regulated by IFN-y but not by IFN-a. However, the clone of colon 26 used in these
experiments had been selected to be highly metastatic and it is possible that small alter
ations in critical genes and proteins - not considered significant - may lead to large
alterations in metastatic potential.

CLINICAL RELEVENCE
IFN-y has been demonstrated to be present in blood removed for transfusion
(Woloszczuk 1985, Fuchs et al 1989). These two studies using a sensitive immunoradiometric assay found the median concentration to be approximately 32units/l,
(although this concentration may not be biologically effective). Much higher levels have
been reported in patients treated with IFN-y or IL-2. Thus Paulnock et al (1989) found
that in patients receiving IFN-y at 0.15mg/m2 the mean peak serum level was

124units/ml (range 16-252), although IFN-y rapidly disappeared from the serum. In
patients receiving 15mg/m2 (the maximally tolerated dose), median serum levels at 24
hours were 36units/ml (range 6-44). Similarly, Lotze et al 1985) reported serum IFN-y
levels as high as 20-40units/ml in patients treated with bolus administration of IL-2.
Thus serum concentrations of IFN-y found in these patients far exceeds the
concentration required to enhance metastatic potential.
In addition, host cells, including macrophages, infiltrating the tumour may produce
significant amounts of IFN-y, and it is possible that the tumour cells themselves can
produce IFN-y as has been demonstrated by with other cytokines including IL-6
(Kawano et al 1988), IL-ip (Yamamoto et al 1989), and TNF (Naylor et al 1990).
How relevant is this work to clinical practice? Although the enhancement of metastatic
potential by IFN-y was highly significant, it has been previously demonstrated that
treatment with IFN-y of animals bearing colon 26 significantly decreased the number of
spontaneous pulmonary metastases (Balkwill et al 1986). In these experiments the
positive therapeutic effects of administration of IFN-y - acting either directly on the
tumour or by stimulation of a host mediated response - must have outweighed the
potential adverse effects reported here.
IFN-y has been used in Phase I/H clinical trials in patients with advanced neoplastic
disease. In general, this cytokine has rather similar activity to IFN-a in haematological
malignancies such as hairy cell leukaemia and chronic myelogenous leukaemia
(Balkwill 1989a), and responses have been reported when a low, biologically active
dose was given weekly to patients with renal cell carcinoma (Aulitzky et al 1989) No
enhancement of metastasis, or decrease in survival, has been reported in these clinical
trials although such an observation may be difficult to make in patients with advanced
cancer. However, the South West Oncology Group has recently terminated a trial of
maintenance IFN-y in patients with stage I and II melanoma because of indications of
an increased relapse rate and mortality rate in the IFN-y treated patients compared with
untreated controls (Meyskens et al 1990).
There is no doubt that cytokines can have powerful and useful antitumour activities in
animal models and in some human malignancies. However, in some acute infections,
chronic inflammatory states, and autoimmune conditions, cytokines can contribute to
pathophysiology of the disease. Studies such as these reported in this thesis suggest
that cytokines could also, in some circumstances, contribute to neoplastic progression.

FURTHER WORK
Although this work has, in part, provided an explanation for the IFN-y-induced
enhancement of metastatic potential, many new problems have come to light which
require further investigation. These include:Investigation of the potential for metastatic capacity to the lungs and other sites
following injection of colon 26 by other routes. Do the cytokines modulate
pulmonary experimental metastases, or will they affect metastasis in other sites?
Study the immunogenicity of colon 26 ± IFNs. - does IFN-y pretreatment lead
to increased immunogenicity, induce a CTL response or not. How immuno
genic are colon 26?
Identification of asialo GM1+ cells on electron microscope sections.
2 dimensional gel electrophoresis to confirm the preliminary data and to
microsequence proteins of interest.
In situ hybridisation of human and murine tumours for IFN-y.
Transfection of the IFN-y and TGF-p genes into colon 26 to investigate the
effect of continuous exposure to the cytokine.What would be the effect on
spontaneous and experimental metastases, will the tumours grow in vivo?
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