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Anti-interferon-y Antibody Treatment, Growth of
Lewis Lung Tumours in Mice
and Tumour-associated Cachexia

Patrick Matthys, Hubertine Heremans, Ghislain Opdenakker and Alfons Billiau

C57BL/6N mice bearing Lewis lung tumours were treated with anti-gamma-interferon (IFN-y) monoclonal
antibodies. Early, but not late, treatment inhibited tumour growth, suggesting that endogenous IFN-y promotes
initial tumour cell proliferation. Tumour development was associated with failure to gain weight or with
progressive weight loss. Anti-IFN-y given early or late counteracted this wasting syndrome, which indicates that
IFN-v production subsists during tumour growth and is directly or indirectly responsible for tumour-associated
cachexia. Studies of body composition in cachectic mice revealed fat tissue to be particularly affected. Fat loss
was enhanced by IFN-y and antagonised by anti-IFN-y. Tumour-bearing mice were also hypersensitive to the
lethal effect of endotoxin; anti-IFN-y was unable to mitigate this sensitisation, suggesting that IFN-y does not
exert its cachexia-inducing effect through augmentation of the host response to an endogenous endotoxin source.
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INTRODUCTION

CYTOKINES occupy a central place in the interaction between
tumour and host. On the one hand, they are a means by which
the host develops a defence reaction against the tumour. Certain
cytokines have cell growth inhibitory (e.g. alpha or beta inter-
feron [IFN]) [1] or cytotoxic effects (e.g. tumour necrosis factor
[TNF], lymphotoxin [L.T]) [2, 3]; others have activating effects
on immune cells, such as mononuclear phagocytes (IFN-vy) or
lymphocytes (e.g. interleukin 1 [IL-1]) [4-6], whose activities
are necessary to kill cancer cells. On the other hand, cytokines
produced by tumour cells or the immune system can modulate
tumour growth but may also cause symptoms in the host.
Various cytokines, such as transforming growth factor beta and
IL-6 (i.e. hybridoma/plasmacytoma growth factor), are growth
factors, and have a positive effect on tumour cell proliferation
[7, 8]. In addition they induce proteolytic enzymes, such as
plasminogen activators [9] and matrix metaloproteases [10],
responsible for the degradation of the extracellular matrix, which
may promote invasion and metastasis [11]. Furthermore, TNF
and IL-1, as attested by their respective alternative names
“cachectin” and “catabolin”, are held responsible for cachexia
[12-14] associated with chronic infections or cancer.

TNF and IL-1 have also been implicated in acute inflamma-
tory responses associated with exposure to bacterial endotoxins:
endotoxin shock and increased sensitivity of tumour-bearing
animals to endotoxin [13, 15-17]. However, it has also been
shown that, besides IL-1 and TNF, IFN-v is important in the
pathogenesis of endotoxin-associated reactions, such as the
generalised Shwartzman reaction [18]. We have therefore tested
the hypothesis that IFN-y is also involved in cachexia and in
increased endotoxin-sensitivity of tumour-bearing mice.

Correspondence to P. Matthys.

The authors are at the Laboratory of Immunobiology, Rega Institute,
University of Leuven, Minderbroedersstraat 10, B-3000 Leuven, Bel-
gium.

Revised 14 Nov. 1990; accepted 16 Nov. 1990.

MATERIALS AND METHODS

Mice. Female C57BL/6N mice were originally obtained from
Charles River Wiga, Sulzfeld, Germany. All experiments were
done in 6-8-week-old, weight-stable mice. Animals had free
access to water and standard food whereas tumour-bearing, pair-
fed controls were allowed access to the average quantity of food
consumed by tumour-bearing mice treated with IFN-y during
the previous 24 h. Food intake and body weight were recorded.

Tumour model. A line of Lewis lung (LL) carcinoma cells was
developed from a transplantable tumour (provided by Dr G.
Atassi, Institute Bordet, Brussels) and maintained in vitro with
EMEM medium {Gibco) supplemented with 10% heat-inacti-
vated fetal calf serum (FCS) (Boehringer Mannheim), 2 mmol/l
glutamine and 2.2 g/l sodium bicarbonate. On the day of tumour
cell inoculation (day 0), 10°-* tumour cells were suspended
in 100 pl EMEM supplemented with 2% FCS and injected
intramuscularly in the right leg. From day 7, tumour growth
could be assessed by measuring the diameter of the tumour with
calipers in two perpendicular directions. Volume was calculated
with 4wab?/3 (a = largest radius, b = smallest radius).

Body composition and tumour weights. Animals were killed on day
11, 13 and 15 (Fig. 3) or day 15 (Fig. 7 and Table 2) by cervical
dislocation. The tumours were dissected out and weighed wet.
Each carcass and dissected tumour were placed in an oven at 80°C
until constant weight was reached (dry weight). Carcass fat content
was measured [19]. After the extraction (8 h), extracts were dried
and the amount of lipids was quantified by weighing.

Reagents. Phenol-extracted S marcescens lipopolysaccharide
(LPS) was purchased from Sigma (1.6136, lot 93F-4019). Mono-
clonal antibody against MulFN-y was obtained as ascites fluid
from athymic nude mice inoculated with rat X mouse hybridoma
line F3 (IgG2a) [18]. The antibody was purified by affinity
chromatography on a monoclonal anti-rat-kappa chain antibody.
Neutralising titre was 10°-> for ascites fluid and 10573 for pure
antibody. The monoclonal F3 antibody had no direct effect on
LL tumour cell proliferation in viro. Control ascites fluid was
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Fig. 1. Tumour volume as a function of time. 10°-2 LL tumour cells

were injected intramuscularly on day 0. Points represent averages

(S.E.) (n = 5). Inset: increased sensitivity of LL tumour bearing
mice to the lethal effect of LPS in relation to tumour volume.

obtained from mice carrying a rat X mouse hybridoma that did
not produce antibodies against IFN-vy. Irrelevant rat IgG2a was
obtained from ascites fluid of a rat plasmacytoma through the
courtesy of Dr H. Bazin, University of Louvain Medical School,
Brussels. Both antibody and control rat IgG were injected
intraperitoneally 0.1 ml, unless otherwise indicated. Murine
IFN-v was obtained from the supernatant fluid of DICK cells,
a Chinese hamster ovary cell developed in our laboratory [20]
that carries and expresses an amplified murine IFN-y cDNA. It
was purified by affinity chromatography on the F3 monoclonal
antibody to a specific activity of 107-! U/mg (range 10%5-10%)
[18]. Batches of anti-IFN-vy antibodies, control ascites fluid and
IFN-vy contained less than 2 ng/ml endotoxin (chromogenic
Limulus amoebocyte lysate assay, KabiVitrum).

EXPERIMENTAL DESIGN AND RESULTS

Effects of LL tumours on body weight and sensitivity to LPS

Intramuscular injection of 103- LL tumour cells in C57BL/6N
mice caused subcutaneous tumours that were measurable from
day 7 onwards (Fig. 1) and which continued to grow to 5-6 cm?®
on day 17 after injection. The tumour-bearing mice failed to
gain weight or even lost weight, whereas healthy controls gained
about 2 g body weight over the 2-week observation period (see
also Fig. 4).

From day 13 after tumour cell inoculation, groups of 4 mice
were challenged with different doses of LPS intraperitoneally in
0.1 ml pyrogen-free phosphate-buffered saline (PBS). Deaths
were recorded within 48 h and 50% lethal doses (L.Ds,) were
calculated. To study sensitisation of such mice to the lethal
effect of LPS, tumour-bearing mice were grouped according to
tumour size and used for LDs, assays. In healthy controls LDs,
was about 700 wg per mouse. This value was reduced to 20 and
1 pg in mice bearing tumours of 3.5 and 6.0 cm?, respectively
(Fig. 1, inset). Thus the tumour caused up to a 700 fold increase
in sensitivity to LPS.

Anti-IF N-v antibody and tumour growth

At different times groups of 5 tumour-bearing mice were
given anti-IFN-y antibodies or control ascites fluid. In two
independent experiments (experiments 1 and 2) in which anti-
body treatment was started before tumour cell inoculation,
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Fig. 2. Inhibition of LL tumour growth in mice by treatment with

anti-IFN-vy antibody. Anti-IFN-y antibody (F3, ascites fluid, 0.1 ml

in experiment 1 and 2, 0.2 ml in experiment 3) was given intraperitone-

ally on time points indicated (days relative to tumour cell inoculation).

Error bars represent S.E., n = 5 mice per group. ANOVA yielded
P < 0.05 for treatment schedules used in experiments 1 and 2.

tumour growth decreased (Fig. 2). In a third experiment, in
which antibody treatment was started late (day 7), no effect was
seen.

In an additional experiment dry weights were measured at
different times after tumour cell inoculation. Six groups of 5
mice each were inoculated with LL tumour cells; three groups
were treated with monoclonal antibody against IFN-y and three
received control rat IgG (Fig. 3). On days 11, 13 and 15,
pairs from antibody-treated and control groups were killed and
tumour dry weights were recorded. The decrease in tumour
volume in the anti-IFN-y treated group was reflected in a
significantly smaller tumour dry weight.

Effect of anti-IF N-y antibody and IF N-v on body weight and
food intake

Groups of 12 mice inoculated with LL tumour cells also
received repeated injections of anti-IFN-v antibodies or a control
rat IgG (Fig. 4). A group without tumour was included for
comparison. As was the case in previous experiments, tumour
volumes were significantly smaller in the mice treated with anti-
IFN-vy antibody (1.986 [0.077] on day 13) than in control treated
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Fig. 3. Effect of anti-IFN-y treatment on tumour volume and tumour

dry weight. Purified anti-IFN-y antibody or control rat IgG (0.1 ml)

was given intraperitoneally on days —2, 0, 7 and 11. Points represent

averages (S.E.)for n = 15 (day 9 and 11), n = 10 (day 13)and n = 5

(day 15) mice/group. Tumour dry weights (inset) represent averages
(S.E.) for n = 5 mice/group.
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Fig. 4. Effect of anti-IFN-y treatment on body weight of tumour-
bearing mice during a period of 15 days following tumour cell
inoculation. Tumour cell challenge: 10°3 cells intramuscularly. Pur-
ified anti-IFN-y antibody or irrelevant rat IgG (0.1 ml) was given
intraperitoneally on days —1, 2, 6 and 10 relative to day of tumour
cellinoculation. The points represent means (S.E.) for 12 mice/group.
P < 0.05 (day 13), P < 0.005 (day 14) and P < 0.001 (day 15) for anti-
IFN-v treatment vs. tumour-bearing control (ANOVA).

mice (2.373 [0.130] cm?, P < 0.05). In all groups body weight
increased till about day 12. From then on, tumour-bearing mice
that were not treated with monoclonal antibody against IFN-y
progressively lost weight. In contrast, the body weight of non-
tumour-bearing mice or tumour-bearing mice treated with anti-
IFN~ antibody remained stable. Changes in body weight in this
experiment as well as in a second experiment are plotted in Fig.
5A. In both experiments, tumour-associated weight loss was
significantly reduced by antibody treatment. Furthermore, body
weight changes in tumour-bearing mice treated with anti-IFN-
v antibodies ranged within the values for untreated non-tumour-
bearing mice.

To control confounding by tumour volume, the data from
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Fig. 5. Diminished weight loss in LL tumour-bearing mice treated
with anti-IFN-vy antibodies in an early and late time schedule. Panel
A: pure anti-IFN-y antibodies (F3, 0.1 ml) or control rIgG was given
intraperitoneally on days —1, 2, 6 and 10 (experiment 1) and days
-3, 0, 4, 8 and 11 (experiment 2) relative to the day of tumour cell
inoculation. Panel B: anti-IFN-y antibody (F3, 0.2 ml) was given
intraperitoneally on days 10 and 13 relative to the day of tumour cell
inoculation. P < 0.01 (experiments 2, 3); P < 0.005 (experiment 1)
and P < 0.002 (experiment 4) for anti-IFN-y treatment vs. tumour-
bearing control (ANOVA).
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Fig. 6. Enhanced weight loss in LL tumour-bearing mice treated
with IFN-vy. Treatment schedules: IFN-y (105! U) given intraperi-
toneally on days 10 and 11 (experiment 1) and days 10, 11, 12 and 13
(experiment 2) relative to the day of tumour cell inoculation. P < 0.05
(experiment 1), P < 0.0005 (experiment 2) for tumour-bearing mice
PBS-treated vs. IFN-y treated; and P < 0.01 (experiment 1),
P < 0.005 (experiment 2) for IFN-y treatment (tumour-bearing vs.
non-tumour-bearing). P < 0.05 (experiments 1 and 2) for non-tumour-
bearing mice, PBS-treated vs. IFN-y-treated (ANOVA).

experiment 1 (Fig. SA) were also analysed by comparing the
percentage change in body weight in pairs of mice taken from
the control and the antibody treated group and matched for
tumour volume on day 10 (i.e. the day when antibody treatment
was discontinued). ANOVA with two criteria of classification
(treatment group and matched pair) and one entry per box
yielded a P < 0.01 for treatment effect.

In the experiments shown in Fig. 5B, tumour-bearing mice
were given injections of anti-IFN-vy antibody or control rat IgG
as late as days 10 and 13: the antibody did not affect tumour
size (see also Fig. 2). Nevertheless, as can be seen in Fig. 5B,
cachexia was significantly antagonised.

Figure 6 shows the results of two experiments in which the
effect of exogenous IFN-y on body weight changes in tumour-
bearing mice was studied. Tumour-bearing and control mice
received intraperitoneal injections of IFN-vy on days 10 and 11
(experiment 1) and on days 10, 11, 12 and 13 (experiment 2).
IFN-v had a negative influence on body weight, both in tumour-
bearing and control mice. In non-tumour-bearing mice, treat-
ment with I[FN-y resulted in a lesser weight gain (experiment 1)
or even in weight loss (experiment 2), compared with significant
weight gains in controls. Mice with tumours and not treated
with IFN-v failed to gain weight; treatment of such mice with
IFN-v resulted in significant weight loss.

We also measured daily food intake in the tumour-bearing
and control mice of experiment 3 (Fig. 5) and of experiment 1
(Fig. 6). Tumour-bearing mice which were not treated with
IFN-y had only a minimal degree of anorexia, which was
significant at the late stages of the experiment (from day 13
onwards) (Table 1). Treatment with anti-IFN-y antibody had
a slight mitigating effect (not significant) on this anorexia.
Treatment with IFN-y had no effect on food intake in non-
tumour-bearing mice. In contrast, such treatment caused anor-
exia in tumour-bearing animals immediately after IFN-v injec-
tion.

Effect of IFN-vy and anti-IF N-y treatment on body composition
Since the anorectic effect of IFN-y might have been respon-

sible for the cachexia, we did an additional experiment in which

control groups were pair-fed. Body weight changes of IFN-y
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Table 1. Food intake tn LL tumour-bearing mice treated with [FN-
v or anti-IF N~y antibody

Daily food intake (g per mouse) on days:

Treatment* 0-10 10-13 13-14 1415
Experiment 3

(n=13)

Tumour-bearing

Anti-IFN-y 2.90.1) 25(.2) 2.000.2) 2.1(0.2)
Control IgG 2.9(0.2) 2.40.2) 1.60.2F 1.30.3)¢
Non-tumour-bearing

PBS 3.500.3) 3.1(0.3) 3.5(0.1) 32004
Experiment 1

(n=235

Tumour-bearing

IFN-y 3.900.3) 2.7(0.4F 2.8(0.3)F 2.8(0.1)%
PBS 4.0(0.2) 3.7(04) 3.7(0.4) 3.2(0.2)0
Non-tumour-bearing

IFN-vy 4.4(0.3) 4.000.2) 6.000.7) 5.3(0.5)
PBS 4.8(0.2) 4.3(0.2) 450.2) 4.7(0.3)

*See legend to Figs 5 (experiment 3) and 6 (experiment 1).

TP < 0.05 for comparison with non-tumour-bearing controls.

P < 0.05(days 10-13)and P < 0.005 (days 13-14 14-15) for compari-
son with non-tumour-bearing IFN-y treated mice.

treated (Fig. 7A) and anti-IFN-v treated mice (Fig. 7B) were
followed for 15 days. To determine the body component most
affected by IFN-y or anti-IFN-y antibody treatment, body
composition at the end of the experiment was also studied (Table
2). As was the case in previous experiments, IFN-vy or anti-
IFN-vy administration (in a late treatment schedule) did not
affect tumour growth, since no differences were found in tumour
wet or dry weights between treated and untreated groups. In
addition, IFN-y caused a significantly higher body weight loss
in tumour-bearing mice than in pair-fed controls or non-tumour-

a Tumour-bearing, IFN-y

v Tumour-bearing, pair-fed control
% Nontumour-bearing, iIFN-vy

© Noniumour-bearing, PBS
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Fig. 7. Body weight changes of tumour-bearing mice during a period
of 5'days following IFN-y (panel A) and anti-IFN-vy treatment (panel
B). Purified anti-IFN-vy antibody or control rat IgG (0.1 ml) and IFN-
v (105-° U/ml) was given on days 11 and 13 relative to the day of
tumour cell inoculation.The points represent mean (S.E.) for 5
mice/group. Panel A: P < 0.005 for comparison with tumour-bearing,
pair-fed mice and P < 0.0005 for comparison with non-tumour-
bearing, pair-fed mice and P < 0.005 for comparison with non-
tumour-bearing, IFN-y treated mice; Panel B; P < 0.05 for compari-
son with tumour-bearing,control rat [gG-treated mice (ANOVA).

bearing animals; anti-IFN-y treatment inhibited the spon-
taneous body weight loss observed in tumour-bearing mice. The
weight reduction in untreated tumour-bearing contro! mice was
seen in carcass dry weight and fat content compared with non-
tumour-bearing controls (Table 2). This decrease in carcass and
fat tissue was even more dramatic in tumour-bearing mice
treated with IFN-v. In contrast, anti-IFN-y treatment inhibited
the fat loss significantly, whereas the differences in dry carcass
weight changes were not significant.

Anti-IFN-y antibody and sensitivity to LPS

Table 3 shows three experiments in which LPS induced
mortality was compared between groups of tumour-bearing mice
that had received anti-IFN-y antibody or control fluid. Since
sensitivity to LPS varies with tumour volume (see above), the
dose of LPS was adjusted in each group to one estimated LDs,
for mice receiving control fluid. In the first experiment treatment
was started early (day —1 relative to tumour cell inoculation).

Table 2. Effect of treatment with IFN~y or anti-IF N-y antibody on body composttion of tumour-bearing mice and pair-fed untreated

controls
Non-tumour carcass Tumour
Initial body Final body
weight weight Dry weight Fat content Wet weight Dry weight

Treatment* ® & (8) (8 (2 (®
Tumour bearing

IFN-y 19.5 (0.4) 17.2(0.3)% 2.81(0.15)% 0.27(0.02)1% 3.38(0.3]) 0.64 (0.06)

Anti-IFN-y 19.3(0.3) 20.2 (0.3)§ 4.03(0.13) 0.68 (0.02)§ 3.85(0.36) 0.77 (0.03)

Control IgG 19.6 (0.3) 19.0 (0.3)| 3.56 (0.23)] 0.49 (0.04) 3.96 (0.28) 0.76 (0.04)

Pair-fed control 19.5(0.3) 18.7 (0.3) 3.51(0.21) 0.44 (0.02) 3.70(0.21) 0.71 (0.04)
Non-tumour-bearing

IFN-vy 19.9(0.4) 20.5 (0.3} 5.28(0.07) 1.25(0.02) - -

PBS 19.1(0.2) 20.2 (0.3 5.50 (0.19) 1.34(0.07) - -

*See legend to Fig. 7. All animals (5 per group) were killed on day 15 after tumour cell inoculation.
TP < 0.05 for comparison with tumour-bearing pair-fed control; P <t 0.001 for comparison with non-tumour bearing, IFN-y treated mice;
§P < 0.05 for comparison with tumour-bearing, control IgG treated mice; and [P < 0.01 for comparison with non-tumour-bearing, PBS treated

mice.
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Table 3. Effects of anti-IFN-y on the sensitivity of LL tumour-
bearing mice to LPS

LPS Average tumour

Experiment Anti-IFN-y*  (ng) volume (cm?)  Mortality
1 + 60 2.9(0.2) 0/5
- 3.2(0.1) 3/5
2 + 30 4.5(0.1) 4/5
- 4.5(0.1) 4/5
3 + 0.5 6.0 (0.2) 2/4
- 6.1(0.1) 1/4

*Days —1, 4, 8 and 13 (experiment 1); days 13, 14, 15 and 16
(experiments 2 and 3).

tIntraperitoneally on days 15, 16 or 17 for experiments 1, 2 and 3,
respectively.

1On day of LPS challenge.

There were no deaths in the antibody treated group, whereas in
the controls mortality was as expected for the LDs,. However,
since early antibody treatment reduces tumour growth, this
reduced mortality might have been accounted for by the lesser
tumour load. Therefore, in two subsequent experiments, the
antibody treatment was started at a later time (day +13) when it
had less or no influence on tumour growth. In these experiments
(2 and 3) mortality was not different between antibody treated
and untreated mice.

DISCUSSION

Treatment of mice with anti-IFN-y antibody had profound
effects on the development of LL tumours and on the
accompanying generalised pathology. We interpret this to mean
that IFN-y might be produced endogenously in mice bearing
LL tumours and that this IFN plays an important role in the
evolution of the tumour itself as well as in pathological host
reactions associated with the tumour.

Contrary to the expectation that IFN-y would have anti-
tumour effects [21, 22] we found that LL tumour growth
was antagonised by treatment of the mice with anti-IFN-y
antibodies. Several mechanisms may be proposed to explain this
effect. Although no IFN-y or TNF-a could be detected in the
circulation of the animals (data not shown), IFN-y produced
locally by paralesional or tumour-infiltrating lymphocytes might
act as a direct growth factor for the LL cells. Reports on the
effects of IFN-v on cell growth are equivocal: growth inhibitory
[22, 23] as well as growth stimulatory effects [24, 25] have been
described. Alternatively, IFN-y may stimulate production of
factors, cytokines or other, that act as growth stimulators for
LL cells or modulate receptor mediated responses of tumour
cells to such activities. IFN-vy can activate mononuclear phago-
cytes as well as endothelial cells [4, 5], and these cells in turn
are a rich source of cytokines with growth promoting potential.
It is conceivable that inflammation in and around a tumour can
sometimes favour rather than antagonise tumour outgrowth.
Our data highlight IFN-vy as one the factors that may mediate
such a mutualism between tumour and inflammatory response.
Antibody treatment failed to affect tumour progression if started
when the tumours were first measurable. A possible explanation
for this failure may be that during nodule development the cells
become inaccessible to the trophic effect of the surrounding
inflammatory focus. Fully developed LL tumours were indeed
invariably found to be encapsulated.

P. Matthys et al.

We also demonstrated that weight loss in mice bearing LL
tumours was antagonised by treatment with anti-IFN-vy antibody
or enhanced by exogenous IFN-vy, and that these effects are
largely or completely independent from the effect on tumour
size. Wasting is common in many cancer patients as well as in
experimental tumour-bearing animals. There is good evidence
that TNF is implicated in the pathogenesis of this cachexia
[12-14].

It has often been reported that the presence of a tumour
sensitises the host to the toxic effects of bacterial toxins,
especially endotoxin from gram-negative bacteria [16, 17]. Our
study showed this to be the case for the LL tumour system
we used. Since the reactivity of mononuclear phagocytes and
endothelial cells to endotoxin is regulated by IFN-vy [4, 26], it
was of particular interest to see whether the in vivo sensitivity
of mice to endotoxin would also be controlled by IFN-y.
Experiments in which we tried to avoid sensitisation of tumour-
bearing mice towards endotoxin, by treating the mice with anti-
IFN-vy antibody, failed to support this concept. Therefore it
seems unlikely that generalised wasting in the LL tumour system
is due to sensitisation of the mice to endotoxins.

Several cytokines, including IFN-y [27], affect lipogenesis
and/or lipolysis in cells in vitro. In our cachexia model the effect
of anti-IFN-vy antibody was at least partly due to effects on fat
storage.

The observation that IFN-y promotes tumour-associated
cachexia constitutes a caveat against IFN-v therapy for cancer.
However, the fact that anti-IFN-v antibody treatment counter-
acts this cachexia opens new perspectives for better treatment
of cancer patients.

1. De Maeyer E, De Maeyer-Guignard J. The effects of interferon on
cell growth and division. In: De Maeyer E, De Maeyer-Guignard J,
eds. Interferons and other Regulatory Cytokines. Chichester, Wiley,
1988, 134-153.

2. Wallach D. Cytokines (tumor necrosis factor, lymphotoxin and
others): molecular and functional characteristics and interactions
with interferons. In: Gresser I, ed. Interferon 7. New York, Aca-
demic Press, 1986, 89-124.

3. Paul NL, Ruddle NH. Lymphotoxin. Annu Rev Immunol 1988, 6,
407-438.

4, Nathan CF, Murray HW, Wiebe ME, Rubin BY. Identification of
interferon-y as the lymphokine that activates human macrophage
oxidative metabolism and antimicrobial activity. ¥ Exp Med 1983,
158, 670-689.

5. Dijkmans R, Billiau A. Inteferon-y: a master key in the immune
system. Current Opinion Immunol 1988, 1, 269-274.

6. Dinarello CE. An update on human interleukin-1: from molecular
biology to clinical relevance. § Clin Immunol 1985, 5, 287-297.

7. Derynck R, Goeddel DV, Ullrich A, Gutterman JU, Williams RD.
Synthesis of messenger RN As for transforming growth factors alpha
and beta and the epidermal growth factor receptor by human
tumors. Cancer Res 1987, 47, 707-712.

8. Van Damme J, Opdenakker G, Simpson R]. Identification of
the human 26-kD protein, interferon B (IFN-B), as a B cell
hybridoma/plasmacytoma growth factor induced by interleukin 1
and tumor necrosis factor. ¥ Exp Med 1987, 165, 914-919.

9. Dano K, Andreasen PA, Grondahl-Hansen J, Kristensen P, Nielsen
LS, Skriver L. Plasminogen activators, tissue degradation and
cancer. Adv Cancer Res 1985, 44, 139-266.

10. Masure S, Billiau A, Van Damme J, Opdenakker G. Human
hepatoma cells produce an 85 kDa gelatinase regulated by Phorbol
12-myristate 13-acetate. Biochim Biophys Acta 1990, 1054, 317-325.

11. Masure S, Opdenakker G. Cytokine-mediated proteolysis in tissue
remodelling. Experientia 1989, 45, 542-549.

12. Moldawer LL, Georgieff M, Lundholm K. Interleukin 1, tumor
necrosis factor-alpha (cachectin) and the pathogenesis of cancer
cachexia. Clin Physiol 1987,7, 263-274.



Interferon-y and Tumour-associated Cachexia

13. Cerami A, Beutler B. The role of cachectin/TNF in endotoxin
shock and cachexia. I'mmunol Today 1988, 9, 28-31.

14. Sherry BA, Gelin J, Fong Y, et al. Anti-cachectin/tumor necrosis
factor-a antibodies attenuate development of cachexia in tumor
models. FASEB ¥ 1989, 3, 1956-1962.

15. Waage A, Espevik T. Interleukin 1 potentiates the lethal effect of
tumor necrosis factor/cachectin in mice. J Exp Med 1988, 167,
1987-1992.

16. Bartholeyns J, Freudenberg M, Galanos C. Growing tumors induce
hypersensitivity to endotoxin and tumor necrosis factor. Infect
Immun 1987, 55, 2230-2233.

17. Berendt MJ, Newborg MF, North R]. Increased toxicity of endo-
toxin for tumor-bearing mice and mice responding to bacterial
pathogens: macrophage activation as a common denominator. Infect
Immun 1980, 28, 645-647.

18. Heremans H, Van Damme ], Dillen C, Dijkmans R, Billiau
A. Interferon-y, a mediator of lethal lipopolysaccharide-induced
Shwartzman-like shock reactions in mice. ¥ Exp Med 1990, 171,
1853-1869.

19. Firth NL, Ross DA, Thonney ML. Comparison of ether and
chloroform for Soxhlet extraction of freeze-dried animal tissues. ¥
Assoc Anal Chem 1985, 68, 1228-1231.

20. Dijkmans R, Heremans H, Billiau A. Heterogeneity of Chinese
hamster ovary cell-produced recombinant murine interferon-y. ¥
Biol Chem 1987, 262, 2528-2535.

21. Jarpe MA, Hayes MP, Russell JK, Johnson HM, Russell SW.
Causal association of interferon-y with tumor regression. § I'nzerferon
Res 1989, 9, 239-244.

Eur ¥ Cancer, Vol. 27, No. 2, pp. 187-190, 1991.
Printed in Great Britain

187

22. Marth C, Daxenbichler G, Dapunt O. Synergistic antiproliferative
effect of human recombinant interferons and retinoic acid in cul-
tured breast cancer cells. ¥ Natl Cancer Inst 1986, 77, 1197-1202.

23. Balkwill FR, Bokhonko Al. Differential effects of pure human
alpha and gamma interferons on fibroblast cell growth and the cell
cycle. Exp Cell Res 1984, 155, 190-197.

24. Brinckerhoff CE, Guyre PM. Increased proliferation of human
synovial fibroblasts treated with recombinant immune interferon. ¥
Immunol 1985, 134, 3142-3146.

25. Landolfo S, Gariglio M, Gribaudo G, Jemma C, Giovarelli M,
Cavallo G. Interferon-v is not an antiviral, but a growth-promoting
factor for T lymphocytes. Eur ¥ Immunol 1988, 18, 503-509.

26. Miossec P, Ziff M. Immune interferon enhances the production of
interleukin-1 by human endothelial cells stimulated with lipopoly-
saccharide. ¥ Immunol 1986, 137, 2848-2852.

27. Patton JS, Shepard HM, Wilking H, et al. Interferons and tumor
necrosis factors have similar catabolic effects on 3T3 L1 cells. Proc
Natl Acad Sci USA 1986, 83, 8313-8317.

Acknowledgements—This study was supported by grants from the
National Fund for Scientific Research, the National Lottery, the
ASLK/CGER (General Savings and Retirement Fund) and the Ministry
of Science Policy (Concerted Research Actions) of Belgium. P.M. is a
Research Fellow of the Belgian Institute for Scientific Research in
Industry and Agriculture. G.O. is a research associate of the Belgian
National Fund for Scientific Research.

0277-5379/91 $3.00 + 0.00
(© 1991 Pergamon Press plc

Human Papillomavirus DNA as a Possible Index of
Invasiveness in Female Genital Tract Carcinomas

Maria Luisa Marcante and Aldo Venuti

Paraffin-embedded tumour sections were used for the polymerase chain reaction (PCR) with three primer sets
that amplify specific regions of human papillomavirus (HPV) types 11, 16 and 18. The positive samples were
confirmed by hybridisation of the amplified sequences with the specific HPV probes. In all screened metastases
the same viral sequences were found as in the primary tumour. HPV 16 was the most frequently detected virus in
genital tract tumours. In a metastatic ovary carcinoma with unknown primary site HPV 16 DNA was observed.
Moreover, pelvic lymph nodes with no microscopic evidence of metastases contained HPV DNA of the same
subtype as the primary tumour. Thus, the HPV DNA detected by PCR is a useful indicator of neoplastic cells in
the earlier stages of invasiveness. The finding of specific HPVs in the metastatic lesions could also provide
information about the location of the primary neoplasia.
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INTRODUCTION
HumAN PAPILLOMARVIRUSES (HPV) have been associated with
tumours of different sites. More than 60 HPV types have been
defined but only a few types, mostly 16, 18 and 33, have been
detected in squamous carcinoma from anogenital or oropharyn-
geal sites, whereas other types, such as 6 and 11 have been found
in benign lesions [1-3]. The data on the presence of HPV in
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tumours have been obtained by Southern or dot-blot techniques
and in situ DNA hydridisation. The first two techniques have
provided evidences for an HPV role in premalignant and malig-
nant lesions [4]. In situ hybridisation has revealed, in particular,
the correlation between cytological morphology and the presence
of HPV genome, and it has also facilitated the retrospective
studies of stored samples [5-7]. All of these methods, however,
have several limitations due to the low sensitivity of in situ
techniques in high-grade lesions and to the difficulties of correlat-
ing the histological findings with Southern or dot-blot results.
The polymerase chain reaction (PCR) [8] has enhanced the
detection of HPV DNA and RNA in clinical specimens and has
improved the diagnostic possibilities. To evaluate the presence



