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Inhibition of B16 melanoma experimental metastasis by interferon-y
through direct inhibition of cell proliferation and activation of
antitumour host mechanisms
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SUMMARY

Interferon-y (IFN-vy) has pleiotropic activities other than its antivirus action, including cell
growth inhibition, natural killer (NK) cell and cytotoxic T lymphocyte (CTL) activation, and
angiogenesis inhibitory activity, and these activities are supposed to be involved in its
antitumour activity. However, it has not been completely elucidated which activity is mainly
involved in the tumour suppression in vivo. In this study, we analysed inhibitory mechanisms
of endogenous IFN-y against B16 melanoma experimental metastasis. After intravenous
injection of tumour cells, tumour deposits in the lungs and liver were increased and life span
was shorter in IFN-y™ mice, indicating important roles for IFN-y in antitumour mech-
anisms. Interestingly, tumour deposits were not increased in IFN-y receptor (R)™~ mice.
Furthermore, only low levels of cell-mediated immunity against the tumour and activation
of NK cells were observed, indicating that antimetastatic effects of IFN-y is not mediated
by host cells. The survival period of B16 melanoma-bearing IFN-yR ™~ mice was, however,
shorter than wild-type mice. These observations suggest that [FN-y prevents B16 melanoma
experimental metastasis by directly inhibiting the cell growth, although antitumour host

functions may also be involved in a later phase.

INTRODUCTION

Interferon-y (IFN-v) is an antiviral protein that is produced
by immune cells such as T cells, natural killer (NK) cells,
and NKT cells upon infection with viruses and also immune
reactions against pathogens and tumours (see reviews 1-3).
It controls not only viral infection but also other microbial
infections by directly inhibiting distinct steps of the repli-
cation cycle of the pathogens through induction of various
IFN responsive genes. It also protects hosts by inducing
apoptosis of the infected cells and/or their neighbouring
cells,** although some times this activity causes serious
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problems to the hosts.® Actually, disruption of IFN-y or its
receptor makes the host highly susceptible to infection with
a variety of microbial pathogens.”® Furthermore, IFN-y
is suggested to be involved in host defence mechanisms
against tumours, because IFN-y shows a potent anti-
tumour activity against various experimental tumours both
in vitro and in vivo,'°'? and development of some types of
tumour in IFN-y-deficient (IFN-y ") or IFN-y receptor-
deficient (IFN-yR ™) mice is much accelerated.!*!* Thus,
IFN-vy plays important roles in the host defence mechanisms
against infections as well as tumours.

Several independent mechanisms are suggested for the
antitumour activity of IFN-y.! It is well known that IFN-y
shows potent cell growth inhibitory activity not only on
normal diploid cells but also on tumour cells through
induction of anti-cell growth proteins such as RNase L and
double-stranded RNA-specific protein kinase (PKR).'
Recently, it was shown that RNase L as well as PKR
are involved in cellular apoptosis mechanisms, suggesting
induction of apoptosis is also involved in its antitumour
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mechanisms.'®!” On the other hand, an immune-
modulating activity of IFN-y is also suggested to be
involved in the antitumour mechanisms. It is known
that IFN-y induces major histocompatibility complex
(MHC) class T as well as class II protein expression on
many cells'®' and elevated class I protein expression on
tumour cells causes these cells to be more immunogenic
and susceptible to tumour-specific cytotoxic T lymphocytes
(CTLs).'*? Furthermore, innate immunity mediated by NK
cells and macrophages is also suggested to be important in
the tumour defence mechanisms,?'>* and IFN-y is known
to be a potent activator of these cells.>**® Although
interleukin-12  (IL-12) also shows strong antitumour
activity, this activity is considered to be mediated by
IFN-7.>"? Recently, it was shown that IL-12-induced
IFN-y induces IFN-y-inducible protein-10 (IP-10) and
monokine induced by IFN-y (Mig), and these chemokines
show strong antiangiogenic activity, causing suppression
of tumour growth.?=° Griffith er al.>' reported that both
type I and type II IFN induce tumour necrosis factor-
related apoptosis-inducing ligand (TRAIL) on mononuclear
phagocytes, causing apoptosis of tumour cells. Nitric oxide
(NO) produced by IFN-y-activated macrophage is also
suggested to be involved in the tumour killing.> However,
it has not been elucidated completely which activities
of endogenous IFN-y are mainly involved in the actual
suppression of tumour development under physiological
conditions.

In this study, in order to elucidate mechanisms of
tumour suppression by endogenous IFN-y, we examined
effects of IFN-y-deficiency and IFN-yR-deficiency on
the development of Bl16 melanoma. We used an
‘experimental metastasis’ model for this analysis, in which
B16 melanoma cells were injected intravenously and
tumours were developed in the lung and liver where
melanoma cells were deposited. Thus, only the efficiency
of cell deposit and tumour growth after deposition were
examined in these experiments, although spontaneous
tumour metastasis consists of multiple steps including
matrix detachment, blood vessel entry, extravasation and
deposit at the metastatic sites. By using IFN-y~~ mice,
we can examine the effects of IFN-y-depletion on the
tumour growth, as only host cells can produce IFN-y.
In contrast, IFN-y is still produced in IFN-yR ™~ mice, and
thus in these mice IFN-y action on tumour cells remains
intact, as in wild-type mice. Therefore, we can distinguish
direct antitumour growth effects of IFN-y from activation
of host functions by comparing IFN-y /= mice with
IFN-yR ™~ mice. We demonstrated that tumour metastasis
to the liver and lungs was accelerated in IFN-y ™~ mice,
while it was similarly suppressed in IFN-yR™" mice as
those in wild-type mice. Although IFN-y is known to
activate NK cells which play an important role in
suppressing B16 melanoma development,>® IFN-y-
deficiency still affected tumour growth after elimination
of these cells by treating with antiasialo GM1 antibody.*
These results suggest that NK cells and IFN-y act
independently in suppressing experimental metastasis.
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MATERIALS AND METHODS

Mice

IFN-y™~ mice were generated as described in a previous
report,® and they were backcrossed to C57BL/6J strain
mice for 10 generations. IFN-yR "~ mice, which were orig-
inally generated by Dr Sui Huang,?® were obtained from
Dr Kiyoshi Takatsu (Institute of Medical Science, Uni-
versity of Tokyo), being backcrossed to C57BL/6J strain
mice for 8 generations. Wild-type C57BL/6J mice were
purchased from SLC (Shizuoka, Japan). Male mice at
the age of 8-12 weeks were used in these experiments. All
mice were maintained under specific pathogen-free condi-
tions in an environmentally controlled clean room at the
Center for Experimental Medicine, Institute of Medical
Science, University of Tokyo. The experiments were con-
ducted according to the institutional ethical guidelines for
animal experiments and the safety guideline for gene
manipulation experiments.

Tumor cells

B16 is a melanoma cell line of C57BL/6J origin®® and
YAC-1 is a lymphoma cell line of A/J origin,*® and these
were obtained from Dr Katsuko Uno at Louis Pasteur
Center for Medical Research in Kyoto. B16 melanoma
and YAC-1 lymphoma cells were cultured in RPMI-1640
medium (GIBCO BRL, Rockville, MD) supplemented with
10% fetal bovine serum (GIBCO BRL), 50 U/ml penicillin,
and 50 pg/ml streptomycin, at 37° under 5% CO,.

Experimental metastasis

B16 melanoma cells (1 x 10°) were transferred intravenously
into syngeneic C57BL/6J male mice 10-12-weeks old. The
lungs and liver were removed 14 days after the transfer, and
visible metastatic colonies on the lungs and the liver were
counted.

Tumour nodule formation

Syngeneic C57BL/6J male mice, 10-12 weeks of age, were
subcutaneously inoculated with 2x10° B16 melanoma
cells. Sizes of the tumour were measured from 7 days after
the inoculation, and the tumour volume was calculated
by the formula®®: volume=(longest diameter) x (shortest
diameter)’.

NK cell depletion

Mice were intravenously injected with 1 mg of antiasialo
GMI1 antibody (Wako, Osaka, Japan) 1 day before the
injection of B16 melanoma cells. The lungs and liver were
removed 14 days after the transfer of the tumour cells, and
visible colonies were counted.

Cell growth inhibition by IFN-y

B16 melanoma cells were seeded (4 x 10° cells/well) in
six-well plates (IWAKI, Chiba, Japan). Mouse recombinant
IFN-y (Toray Company, Tokyo, Japan) was added in the
medium (0-100 units/ml). The cells were cultured and
counted after 3 and 5 days.
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IFN-y production by splenocytes

Splenocytes were prepared 14 days after intravenous
injection with 1 x 10° B16 melanoma cells. Then, these cells
(8 x 10° cells) were stimulated with plate-coated anti-
T-cell receptor (TCR) monoclonal antibody HS57-597
(PharMingen, San Diego, CA) for 4 hr, or incubated with
irradiated B16 cells (8 x 10° cells) for 96 hr with or without
IL-2 (5 units/ml). Then, the supernatants were collected,
and IFN-y in the supernatants was measured by enzyme-
linked immunosorbent assay (ELISA). For this, plates
were coated with anti-IFN-y monoclonal antibody H22
(Genzyme, Cambridge, MA) and after incubation with
culture supernatant, IFN-y was reacted with a rabbit
antimouse IFN-y polyclonal antibody (Nisseiken, Tokyo,
Japan). Then, alkaline phosphatase-conjugated goat anti-
rabbit immunoglobulin G (IgG) (H+1) (ZYMED, South
San Francisco, CA) was added to each well, and after
incubation with p-nitrophenylphosphate, absorbancy at
415 nm was measured.

Cytolytic activity assay

Splenocytes were prepared 14 days after the intra-
venous injection of 1 x 10° B16 melanoma cells. Then, these
cells (8 x 10° cells) were incubated with irradiated B16 cells
(8 x 10° cells) for 96 hr with or without 5 units/ml IL-2.
Assay was performed at the effector: Na,’'CrOg-labelled
target (B16 or YAC-1) cell ratio of 50:1-0-8:1 for 4 hr.
The supernatant was harvested and the radioactivity
was measured. Killer activity is expressed as a percentage
of cytotoxicity: Specific lysis (%)=100 x (c.p.m. sample —
c.p.m. background)/(c.p.m. maximum — c.p.m. background).

Statistical analysis
Statistical analysis was performed using Student’s ¢-test.

RESULTS

Metastasis of B16 melanoma is increased in the
absence of IFN-y

In order to assess the roles of IFN-y in the host defence
mechanisms against tumours, we examined development of
B16 melanoma in IFN-y "~ mice. When B16 melanoma
cells were transferred into syngeneic C57BL/6J mice intra-
venously, colonized growth of the melanoma cells was
found in the lung and liver 14 days after the inoculation
(Figs 1 and 2a). The number of the colonies in the lung
was almost eight times more in IFN-y "~ mice compared
with the wild-type mice (78:2+39-7 versus 10+8-2;
P<0-01) (Fig. 2a). Metastasis to the liver was also greatly
increased in IFN-y~~ mice. Furthermore, the colony size
was significantly larger in IFN-y~~ mice than in wild-
type mice (Figs 1 and 2b). These observations clearly indi-
cate that IFN-y plays important roles in the suppression of
tumour metastasis and growth.

Figure 1. Experimental metastasis of Bl16 melanoma cells in
IFN-y~, IFN-yR™", and wild-type mice. B16 melanoma cells
(1x10° cells) were injected through the tail vein, and after 14
days, the lungs (a—c) and the liver (d-f) were removed, and
the photographs were taken. Wild-type: a, d; IFN-y™: b, e;
IFN-yR*/*: ¢, f. Arrowheads, B16 metastatic colonies.

Metastasis of B16 melanoma is not affected by the
deficiency of IFN-yR

In order to elucidate the antitumour mechanism of IFN-y,
we next examined effects of IFN-yR deficiency on the
development of B16 melanoma. Interestingly, we found that
the number of colonies both in the lung and liver was sim-
ilar to that in wild-type mice, indicating that the defect
did not affect the sensitivity against the tumour (Figs 1
and 2a). Thus, these results suggest that the target cells of
the IFN-y action are not the cells of the host but B16
melanoma cells themselves.

Actually, B16 melanoma cells were sensitive to IFN-y
in vitro. The growth of B16 melanoma cells was clearly
inhibited with IFN-y in a dose-dependent manner, and at
10 units/ml, the proliferation was almost completely
suppressed (Fig. 3). We also observed that H-2K® was
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Figure 2. Number of the B16 metastatic colonies on the liver and
the lung in IFN-y~~, IFN-yR ™", and wild-type mice. (a) Number
of the colonies on the liver and the lungs shown in Fig. 1 was
counted, and the average +SD is shown. Results are reproducible
in three independent experiments. (b) The diameter of each colony
was measured on the histological sections, and the average
size and SD are shown. *P<0-05, **P<0-01 (IFN-y™”~ versus
wild-type and IFN-yR™" mice).

induced on the cell surface when cells were treated with
IFN-v, as reported by BShm et al.*’ (data not shown). These
observations indicate that B16 melanoma cells have the
receptor for IFN-y and are sensitive to IFN-y.

We also examined IFN-y-producing ability of
IFN-yR™ mice. As shown in Fig. 4(a), splenocytes of
both wild-type (60-0+17-3 units/ml, n=3) and IFN-yR "~
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Figure 3. IFN-y sensitivity of B16 melanoma cells. Anti-cell growth
activity was accessed by counting the number of B16 melanoma
cells in two wells in a six-well dish periodically in the presence of
the indicated concentrations of IFN-y.
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Figure 4. IFN-y production by splenocytes prepared from
IFN-y =, IFN-yR™" and wild-type mice. (a) Splenocytes were
cultured in anti-TCR-f antibody-coated culture plate for 4 hr and
the concentration of IFN-y in the supernatants was measured by
ELISA. (b) Splenocytes were prepared from the mice 14 days after
injection of BI16 cells, and cultured with irradiated B16 cells for
96 hr in the presence or absence of IL-2. The concentration of
IFN-y in the supernatants was measured by ELISA. *, not detected.
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mice (58-:3+5-8 units/ml, n=3) produced IFN-y after
stimulation with anti-TCRaf. Furthermore, IFN-y was
also produced when splenocytes from tumour-bearing mice
were stimulated with B16 melanoma (Fig. 4b). These results
clearly indicate that IFN-y producing ability is normally
retained in IFN-yR ™ mice.

CTL against B16 melanoma cells develop poorly
both in wild-type, IFN-y *~, and IFN-yR '~ mice

We examined effects of IFN-y-deficiency on antitumour
immunity to confirm the IFN-y action to be directly on
the tumour cells. Cell-mediated cytotoxicity against B16
melanoma cells was measured by °!Cr release assay.
Cytolytic activity of the splenocytes freshly prepared from
both tumour-bearing mice and normal mice was very low
(data not shown). When these splenocytes were restimulated
with irradiated B16 melanoma cells for 96 hr in vitro, the
cytolytic activity was still very low, showing approximately
10% at the E: T ratio of 50 (Fig. 5). Thus, only low levels
of cell-mediated cytotoxicity seemed to develop in these
tumour bearing mice, irrespective of the presence of IFN-y.
When the splenocytes were cultured with B16 cells in the
presence of 5 units/ml of IL-2, the cytolytic activity against
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B16 melanoma cells was much increased. However, the
same levels of increment were observed in the cytolytic
activity against YAC-1 cells, indicating that the cytolytic
activity does not represent B16 melanoma-specific CTL but
rather represents that of NK cells. In fact, the same levels
of cytolytic activity were found when T cells were depleted
by anti-Thy-1.2 antibody (data not shown). Since both
spleen cells from IFN-y~~, IFN-yR ™~ and wild-type mice
showed similar levels of cell killing activity, these results
indicate that IFN-y is only weakly, if at all, involved in the
development and activation of NK cells.

NK cells are involved in protection against B16 melanoma
development independent of the action of IFN-y

In order to assess the contribution of NK cells to anti-
tumour mechanisms, we treated mice with anti-asialo GM1,
then B16 melanoma cell metastasis was estimated after
injection of the tumour cells intravenously. We found that
the number of metastatic colonies both in the lungs and liver
was increased approximately 50-fold, indicating that NK
cells play an important role in the host defence mechanisms
against this melanoma (Figs 6 and 7). However, the B16
colonies were similarly increased both in IFN-y ™~ and
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Figure 5. Cytotoxic activities of splenocytes from IFN-y™~, IFN-yR™" and wild-type mice against B16 melanoma cells
(a) or YAC-I cells (b). Splenocytes were prepared 14 days after the injection of B16 cells, and cultured with irradiated B16
cells for 96 hr in the presence or absence of IL-2. Cytotoxic activity of the splenocytes was determined by a standard 4-hr
S1Cr-release assay using B16 and YAC-1 cells as the target cells at various effector: target cell ratios. Similar results were
obtained in two independent experiments. Wild-type: circle; IFN-y™: square; IFN-y R™: triangle. Open symbol: +IL-2,

closed symbol: —IL-2.
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Figure 6. Experimental metastasis of B16 melanoma cells in anti-asialo GM1 antibody-treated mice. Photographs of the
metastatic colonies in the lungs (a—c, g—i) and the liver (d—f, j-1) were taken 14 days after the intravenous injection of 1 x 10° B16
melanoma cells. Wild-type: a, d, g, j; IFN-Y*/*: b, e, h, k; IFN-yR*/*: ¢, f, 1, I; treated with anti-asialo antibody: g-1; without

treatment: a—f.
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Figure 7. Number of the B16 melanoma metastatic colonies on the
liver and the lungs in antiasialo GM1 antibody-treated mice.
Colonies on the lung (a) and liver (b) of IFN-y =, IFN-yR ™~ and
wild-type mice were counted, and the average +SD is shown.
*P<0-05, **P<0-01 IFN-y™ versus IFN-yR™ and wild-type
mice. Similar results were obtained in another experiment.
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IFN-yR ™ mice as in wild-type mice. Thus, these observa-
tions clearly indicate that the IFN-y action on preventing
tumour metastasis is not mediated by the NK cell activity,
supporting the notion that IFN-y directly suppresses the
metastasis of B16 melanoma cells.

IFN-y action on host cells is important for
tumour nodule development and host survival

We examined survival time after B16 melanoma cell trans-
fer. When B16 melanoma cells were injected intravenously
into wild-type mice, the mean survival time was
26:1+3-7 days (n=15) (Fig. 8), whereas that of IFN-y ™~
mice became shorter than in wild-type mice (21-7+1:6
days, n=21; P<0-01). Under the same conditions, IFN-
YR~ mice also showed significantly shorter half-life
(231426 days, n=8, P<0-05 versus wild-type). These
observations suggest that indirect actions of IFN-y through
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activation of host functions are important in survival of
the host.

Furthermore, we examined tumour nodule formation
in IFN-y™~, IFN-yR™", and wild-type mice after sub-
cutaneous injection of B16 melanoma cells. We found that
subcutaneous tumour growth was greatly enhanced in
IFN-y "~ mice (Fig. 9). The tumour mass in the IFN-y /"~
mice was approximately 2-5 times greater than that in
wild-type mice 18 days after the inoculation (P<0-05).
These observations indicate that IFN-y can suppress not
only metastasis of the tumour but also growth of the
solid tumour. Interestingly, we found that tumour nodule
formation in IFN-yR™ mice was intermediate between
IFN-y ™~ and wild-type mice. These results made a clear
contrast with the number of metastatic colonies in the lungs
and liver of these mice. These observations suggest that, in
the case of solid tumours, IFN-y prevents tumour growth
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Figure 8. Survival of IFN-y”~ and IFN-yR™~ mice inoculated
with B16 melanoma cells. Mice were intravenously inoculated with
1 x 10° B16 melanoma cells. Closed circle: wild-type mice, n=15;
open circle: IFN-y~~ mice, n=21; open square: IFN-yR™~, n=8.
*P <0-05: IFN-yR " versus wild-type, **P <0-01: IFN-y '~ versus
wild-type mice.
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Figure 9. B16 melanoma cell nodule formation in IFN-y™ and
IFN-yR™" mice. Mice were subcutaneously inoculated with 2 x 10°
B16 melanoma cells. Sizes of the tumour were measured from
8 days after the inoculation. Open circle: IFN-y™~ mice, n=>5;
square: IFN-yR™", n=5; closed circle: wild-type mice, n=>5.
*P<0-05: IFN-y™~ versus wild-type mice. Similar results were
obtained in three independent experiments.

through activation of the antitumour mechanisms of
the host.

DISCUSSION

It has been widely accepted that IFN-y has a potent
antitumour activity and is involved in host defence
mechanisms against tumours. Although various activities
of IFN-y, including inhibition of tumour cell growth,
activation of tumour-specific CTL activity, activation of
innate immunity of NK cells and macrophages against
tumour cells, and angiogenesis inhibitory activity, have
been reported,24 26,29.30.32.38 jt has not been well under-
stood how these activities of endogenous IFN-y are
involved in the suppression of tumour development in vivo.
In this study, we showed that B16 melanoma metastasis
to the lungs and liver was greatly increased in IFN-y '~
mice, while in IFN-yR™~ mice were similar to wild-type
mice, indicating that antimetastatic activity of IFN-y is not
mediated by host functions. On the other hand, tumour
nodule formation and survival were significantly affected
by both the ligand and the receptor mutation. These obser-
vations suggest that IFN-y suppresses tumour develop-
ment by at least two different mechanisms in vivo; IFN-y
prevents metastasis by acting directly on the tumour cells,
and it suppresses tumour nodule formation both direct
mechanisms and indirect mechanisms through activation of
host functions.

It is noteworthy that metastatic colony formation was
not different between IFN-yR "~ mice and wild-type mice,
indicating that IFN-y is not involved in the activation of
antitumour host functions. With regard to this, recently
Yim et al.'* showed that overexpression of interferon regu-
latory factor-2 (IRF-2) caused B16 melanoma cells to be
resistant against IFN-y and enhanced nodule formation,
indicating that direct action of IFN-y on tumour cells contri-
buted to the antitumour activity. However, they did not
examine the effects on tumour metastasis to the lung
and liver and did not estimate contribution of NK cells and
tumour-specific CTL to the tumour suppression. We have
first shown in this report that endogenous IFN-y suppresses
tumour metastasis exclusively through direct inhibition of
tumour cell growth. We showed that NK cells, which are
sensitive to antiasialo GM1 antibody treatment, contribute
to the rejection of B16 melanoma, consistent with the report
by Saijo et al.*® We found, however, that cytolytic titres of
NK cells against B16 melanoma were similar among IFN-
v~=, IFN-yR ™", and wild type mice (Fig. 5). Furthermore,
the effects of antiasialo GMI-treatment were similarly
observed in both IFN-y~~, IFN-yR ™", and wild type mice
(Figs 6 and 7). These observations clearly indicate that
IFN-y is not involved in the activation of NK cells.
Although NK cells are known to be a potent producer of
IFN-y,* the observation that the enhancement of tumour
development in IFN-y~~ mice was similarly observed after
anti-asialo GM1-treatment suggests that NK cells are not
involved in IFN-y production under these conditions.

It is known that IFN-y plays a key role in promot-
ing antigen processing and presentation through both the
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class 1 and class 11 MHC-mediated pathways.'®! It

induces tumour cells to up-regulate the presentation of
tumour-specific antigens, leading to their recognition and
elimination by the immune system.!*?° Actually, it was
reported that IFN-y suppressed methylcholanthrene-
induced tumours by enhancing tumour cell immuno-
genicity.'>?° In the case of B16 melanoma, H-2K°
expression was also strongly augmented by the treatment
with IFN-y (data not shown). However, we found that
H-2-dependent cell-mediated cytotoxicity developed only
poorly in these B16 melanoma-bearing animals irrespec-
tive of the presence of IFN-y (Fig. 5). These observations
are consistent with a previous report that cellular immune
responses against these tumour cells were induced by
treatment with IFN-y only when B16 cells was transfected
with a plasmid which encoded viral antigens.’” Probably,
the immunogenicity of B16 melanoma is too low to induce
effective cell-mediated cytotoxicity against the tumour cells
even after induction of class I MHC molecules.

It is also known that IFN-y induces CTL activity
through induction of IL-2R.*® However, involvement of
IFN-v in this process seems unlikely, because IFN-yR ™~
mice were similarly resistant against the melanoma devel-
opment as wild-type mice.

Several mechanisms have been suggested for the direct
action of IFN-y on tumour cells. It is well known that IFN-y
suppresses cell growth by inducing 2’,5-oligoadenylate
synthetase followed by the activation of RNase L.* It
has been also shown that IFN-induced PKR is involved
in the suppression of tumour cell proliferation.’ Further-
more, recently it was shown that RNase L as well as
PKR is involved in cellular apoptosis mechanisms.'®!”
Other apoptosis inducing genes such as p53,*' inducible
nitric oxide synthas‘::,‘u’43 indoleamine 2,3-dioxygenase,44
and death-associated protein (DAP) kinase*’ genes, are
reported to be induced by IFN-y, too. Thus, IFN-y
may suppress tumour development not only suppressing
tumour cell proliferation but also inducing apoptosis of
tumour cells.

We showed that the life span of IFN-yR™~ mice was
significantly shorter than that of wild-type mice and tumour
nodule formation in the mutant mice was slightly enhanced.
These findings suggest that IFN-y is also involved in the
activation of host antitumour mechanisms. Because the
number of tumour deposits in the lung and liver was not
affected by the IFN-yR mutation, these results suggest that
IFN-y suppresses tumour cell growth directly when tumour
mass is small, whilst when tumour mass becomes large, it
also suppresses tumour growth by activating host func-
tions. In this context, it is suggested that IFN-y suppresses
tumour development by inhibiting tumour-specific angio-
genesis.zg’30 Therefore, the antitumour mechanisms of
IFN-y may be different depending on the developmental
stages of tumours.
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