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ABSTRACT

C57BL/6J mice bearing a low or undifferentiated rapidly growing
tumor were treated daily with either i.p. injections of the recombinant
cytokines interleukin(IL)-la, II.-1J (21 ng/g), II -2 (21 ng/g), and tumor

necrosis factor a (21 ng/g) or s.c. injections of cyclosporin A (60 Â¿ig/g)or
iiulomci lud n (l Mg/g)-In some experiments, indomethacin was admin
istered in the drinking water corresponding to the amount of s.c. injec
tions. Survival and the time course of tumor growth and food and water
intake were measured. The nutritional state (body composition) of the
animals was registered at spontaneous death in the course of tumor
disease.

Indomethacin prolonged survival from 14 Â±1 to 22 Â±1 days in tumor-
bearing mice when administered either in the drinking water or as s.c.
injections. This effect, which was due to tumor growth inhibition, was
equally effective irrespective of whether indomethacin was instituted on
Day 1, 5, 7, or 9 following tumor implantation. Indomethacin did not
inhibit tumor cell growth in vitro. Indomethacin-treated tumor-bearing
mice were also less anorectic than untreated tumor-bearing mice, and
their nutritional state, particularly lean body mass, was significantly
improved by indomethacin at doses (1 ng/g) that did not influence the
food intake or body composition in non-tumor-bearing mice. At sponta
neous death, indomethacin-treated tumor-bearing mice had a significantly
larger tumor burden when accounting for their degree of malnutrition as
compared with untreated tumor bearers. Indomethacin did not decrease
the elevation in hepatic concentrations of RNA seen in response to tumor
progression. Adherent peritoneal macrophages from tumor-bearing mice
had a lower prostaglandin 1 ..synthesis compared with macrophages from
non-tumor-bearing controls in the basal state (1100 Â±ISO pg/10' cells
versus 3700 Â±922 pg/106 cells). Lipopolysaccharide stimulated macro

phages from tumor-bearing mice to produce significantly more prosta
glandin 1 _.in vitro compared with control macrophages (39,500 Â±4208
pg/10' cells versus 12,500 Â±4330 pg/10' cells). IL-la and IL-1/3 sup
pressed tumor growth in vivo, which tumor necrosis factor a, IL-2, or
cyclosporin A did not, but this effect of II -I was probably secondary to
potentiating anorexia in tumor-bearing mice. II -I had no effect on
survival in tumor disease.

We conclude that many previously reported effects on tumor growth
by cytokines can be ascribed to alterations in food intake and host
substrate metabolism if not otherwise confirmed, which was done for
indomethacin in this study. Positive host effects and tumor inhibition by
indomethacin in this model represent so far an outstanding monodrug
experimental therapy that has no equal alternative that we know of. We
also conclude that immune control of tumor growth is insignificant in this
model, although the tumor is highly "immunogenic."

INTRODUCTION

The integrated response in vivo to factors restricting or pro
moting tumor growth is essentially unknown in experimental
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and clinical cancer. It is believed that the immune system has a
significant role to restrict tumor progression in most circum
stances. In this context, cytokines such as IL-1,3 IL-2, and TNF

have been suggested as critical factors for the up regulation of
the immune system against certain tumors (1). The proposed
mechanisms behind positive treatment effects by cytokines
against tumors vary, but one effect may be that down regulation
in the expression of the IL-1 and IL-2 gene that occurs in
cancer-bearing hosts is compensated for by exogeneous supple
mentation of cytokines (2, 3). Thus, exogeneous cytokines
would simply support the host in its deficiency of endogenous
production. In recent studies we have, however, demonstrated
that in vivo administration of neutralizing antibodies to tumor-
bearing animals, either against the high affinity receptor for IL-
1 or against the TNF molecule, in fact caused tumor growth
inhibition (4, 5). These results suggested to us that both IL-1
and TNF, which are produced endogenously in many tumors
including our model, may also act as tumor growth factors in
addition to being immune stimulatory. However, such a theory
is conceptually in disagreement with several experiments dem
onstrating that in vivo administration of cytokines has tumor-
inhibitory effects (6).

In addition, we and others have speculated that increased
endogenous cytokine production explains the development of
cancer cachexia during the progression of a tumor (7, 8). A
recent study where the TNF gene was inserted close to an active
promoter in tumor DNA, leading to endogenous TNF synthesis
with significant increase in circulating plasma concentrations
of TNF, was in support of this theory (9). Studies demonstrating
that injections of recombinant cytokines to normal animals
cause tissue wasting, which appears to be comparable to spon
taneous cancer cachexia, are also in favor of such an idea (10).
It has also been demonstrated that indomethacin is almost
regularly a potent inhibitor of experimental tumor growth (11),
although it is also an inducer of increased susceptibility to
infections in non-tumor-bearing animals and patients probably
by attenuating the immune system (12). Indomethacin also
improves appetite, a mechanism that may in theory be second
ary to attenuation of the cytokine cascade and decreased inflam
mation (13). The above-mentioned but contradictory impres
sions make it difficult to sort out what are primary or secondary
effects of cytokines either on the host or on the tumor. The
overall effect of the immune system on tumor growth and cancer
cachexia remains unknown, although a formidable amount of
information exists.

The aim of the present study was to evaluate the net effects
of IL-1, IL-2, TNF, indomethacin, and cyclosporin A on tumor
growth, survival, and cachexia (body composition) in a well-
defined and -characterized tumor model. Such results may
hopefully improve our understanding of what are primary or

3The abbreviations used are: IL-1, interleukin 1; IL-2, interleukin 2; 11-6,
interleukin 6: lili 1... human interleukin 1Â»;hIL-2, human interleukin 2; IL-1/3,
interleukin 1/j; TNF, tumor necrosis factor; hTNF-o, human tumor necrosis
factor Â«;PGE2, prostaglandin E2; LPS, lipopolysaccharide; ANOVA, analysis of
variance.
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secondary events behind tumor progression and death in exper
imental cancer cachexia.

MATERIALS AND METHODS
Animals. Weight-stable female C57BL/6J mice (ALAB, Stockholm,

Sweden) were used for all the studies. The animals were housed in a
temperature-controlled room with a 12-h light/dark schedule. Mice
were placed in groups of 5 and housed in plastic cages which were
provided with screen floors to allow collection and quantitation of
spilled food. The animals were allowed an initial adaptation period to
be in stable body weight and have normal food intake before experi
ments started. They received a known amount of food and water
between 4 and 6 p.m. daily. The following day, the quantity of food
consumed and spilled was measured. Water intake was measured on
the same occasion. Body weights were recorded daily. The food supplied
was ordinary rodent chow (ALAB, Stockholm, Sweden) and drinking
water.

Under pentobarbital anesthesia (60 mg/kg of body weight Â¡.p.),the
mice were implanted s.c. with 3 to 5 mm3 of a transplantable methyl-
cholanthrene-induced sarcoma (MCG 101) bilaterally on the dorsal
region. This tumor has been continuously transplanted in vivo for more
than 15 yr in our laboratory. It has a reproducible growth pattern, leads
to 100% tumor take, and does not give rise to visible mÃ©tastaseswithin
the time period the tumor kills its host. Although this tumor was
originally induced chemically as a sarcoma, recent histological evalua
tion has revealed that it has few, if any, characteristics of a sarcoma. It
should, therefore, rather be classified as a low or undifferentiated
rapidly growing solid tumor with a predominantly monoclonal appear
ance determined by flow cytometry. Animals have generally been stud
ied 10 to 11 days following implantation when the tumor comprises 10
to 15% of body weight. In this study the major part of the investigations
was survival experiments with spontaneous death in cancer cachexia.
Previous studies from this laboratory have shown that untreated tumor-
bearing mice uniformly die 13 to 17 days following tumor implantation,
depending on the amount of tumor that is implanted and with some
variation in survival among various tumor batches. Therefore, survival
experiments were always done on a strictly comparative basis with
study and control tumor-bearing mice. Anorexia, host wasting, and
tumor growth are progressive (14). The tumor growth rate corresponds
to a doubling time around 57 h (15). Non-tumor-bearing animals were

sham implanted.
Treatment Regimens. All animals were randomly assigned to different

treatment groups and received the following per day: recombinant hlL-
la at 20.5 ng/g of animal weight (8.6 x IO6 units/mg of protein
provided by P. Lomedico, Hoffman-La Roche, Inc., Nutley, NJ) or IL-
\ÃŸat 20.5 ng/g (16.7 x IO6 units/mg of protein, provided by C.
Dinarello, Tufts University Medical School); hTNF-a, 22.5 ng/g (3.1
x IO7units/mg of protein provided by Genentech, Inc., San Francisco,
CA); hIL-2, 20.5 ng/g (3.2 x 10' units/mg of protein, provided by
Biogen, Inc. (Boston, MA); combination of IL-1 and TNF, all together
21 ng/g; cyclosporin A 60 Mg/g (Sandimmun, 50 mg/ml; Sandoz);
indomethacin (Confortid, Dumex), 1 ng/g. As control, 0.9% NaCl
solution was used. All of the recombinant products contained less than
lOpgofendotoxin per Â¡igof protein. All the water-soluble preparations
were administered in 0.9% sodium chloride solution. Cyclosporin A
was dissolved in ethanol and ricine oil as used for i.v. infusion to
humans.

The amount injected each time was 0.2 ml, and the cytokines (IL-1,
IL-2, TNF) were administered as twice daily i.p. injections, whereas
cyclosporin A and indomethacin were given once daily as s.c. injections
(0.2 ml). As indicated separately, indomethacin was also given as p.o.
treatment supplied in the drinking water in the same amount as above
(1 Mg/g). The appropriate dilution in drinking water was calculated,
based on the previous day's water consumption. The treatments started

with the first dose given on Day 1 after tumor implantation. The
amounts given of IL-1 and TNF were chosen based on our previous
experiments on the metabolic effects of "physiological" doses of recom

binant IL-1 and TNF on healthy non-tumor-bearing mice (10, 16). The
dose of cyclosporin A was chosen to correspond to the amount used in
our transplantation practice, a dose which is in the range of parenteral

doses previously used in experiments on rats and mice (20 to 80 Mg/g).
Cyclosporin A at 20 Mg/g given daily as s.c. injections has clearly
demonstrated immunosuppressive effects (17,18), which was confirmed
in our laboratory by cyclosporin to mice infected by sublethal doses of
bacteria (Listeria monocytogenes). The dose of indomethacin to be
tested was tolerable. Initial experiments were conducted where the dose
of indomethacin (3 Mg/g) was found to be toxic when given on a
continuous basis to both tumor-bearing and non-tumor-bearing con
trols, and the animals uniformally died on Day 7. A nontoxic tolerable
dose was titrated out on reduced dosage of indomethacin (1.5 to 0.37
Mg/g), and 1 Mg/g was eventually found to be nontoxic. In additional
experiments, indomethacin treatment was instituted at different time
intervals when the tumor just became visible (Day 5), when it was well
established (Day 7), and when cachexia was obvious (Day 9) as com
pared with the continuous treatment from Day 1. The effect of indo
methacin (10 Mgto 500 Mg/ml) on tumor cell proliferation was investi
gated in experiments on tumor cells cultured at standard conditions in
McCoy's Medium 5A (Flow Laboratories) in the presence of 10% fetal

calf serum during logarithmic growth. In some experiments, the tumor
"immunogenicity" was tested essentially as described elsewhere (19).

The tumor-bearing mice were inoculated by our standard technique.
Control mice were sham inoculated. The growing tumors were then
extirpated when weighing around 0.5 g. Five days later varying amounts
of tumor cells (10* to IO8) were inoculated s.c. The subsequent tumor

take and tumor growth rate were monitored in order to confirm whether
or not previous "tumor-vaccination" had caused any resistance to tumor

growth.
Daily recordings of food and water intake as well as of body weight

were performed. Physical activity, condition of the fur, and other signs
of the general well-being of the animals were registered. Net tumor
growth was determined according to our previous experience by excising
the entire tumor and determining wet and dry tumor weight (20). The
time course of tumor growth was measured by sacrificing various tumor-
bearing mice on Days 7, 9, and 11 for determination of tumor dry'
weight. When tumor-bearing mice died spontaneously, the tumors were
dissected free, and the wet weight of carcass and tumor were recorded.
Carcass and tumor were dried to constant weight in an oven at 80Â°C,

and dry weight was recorded. Carcass composition was determined
gravimetrically as previously described (14, 20). In some experiments
adherent peritoneal macrophages were harvested from tumor-bearing
and non-tumor-bearing mice as described elsewhere (2). The cells were
incubated in RPMI 1640 medium (Flow Laboratories, Sollentuna,
Sweden) with 10% fetal calf serum. The PGE2 synthesis was measured
in the basal state and after in vitro stimulation of macrophages by LPS
(Staph. enter.; 10 Mg/ml). PGE2 was determined byaradioimmunoassay
kit from New England Nuclear Laboratories (Germany). This study
protocol was approved by the ethical committee for animal experiments,
Medical Faculty, University of Gothenburg, Sweden.

Statistics. Results are presented as the mean Â±SE. One-factor
ANOVA was used when more than two animal groups were compared.
Longitudinal measurements as food and water intake and body weight
alterations were tested by one-factor ANOVA for repeated measures.
Survival was tested by a log-rank test (life table analysis). Two-tailed
tests or 95% confidence intervals were used. A P < 0.05 was considered
statistically significant (21).

RESULTS

In the first experiment tumor-bearing mice had a mean
survival time of 17.2 Â±1 days following tumor implantation
(Table 1). Injections of IL-1, TNF, or cyclosporin A to addi
tional tumor-bearing mice in this experiment did not change
survival time, although tumor dry weight, carcass dry weight,
and body fat were significantly decreased in animals receiving
either IL-1 or the combination of IL-1 and TNF. Cyclosporin
A or IL-2 did not alter survival, tumor growth, or body com
position in tumor-bearing animals. Results for IL-2 are not
given, since IL-2 in the dose used here did not influence any of
the variables measured in either tumor-bearing or control mice.
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Table 1 Body composition and survival time in tumor-bearing animals given daily injections with IL-1, TNF, and cyclosporin A in doses given in
"Materials and Methods, "

Tumor-bearing control
Tumor-bearing + 1L-I
Tumor-bearing + TNF
Tumor-bearing + TNF + IL-1
Tumor-bearing -f cyclosporin A
Non-tumor-bearing controlInitial

body
wt.(g)22.0

Â±0.3Â°

20.9 Â±0.3
20.9 Â±0.3
21.0 Â±0.2
22.0 Â±0.4
20.8 Â±0.3Final

body
wt.(g)24.2:

18.3
26.4
18.625.2

22.0t

1.3
0.3*

0.7
0.3*

1.1
0.4Carcass

dry
wt.(g)4.72

Â±0.10
4.29 Â±0.07*

4.77 Â±0.09
4.18 Â±0.04*

4.91 Â±0.14
8.35 Â±0.69Tumor

dry
wt.(g)1.62

Â±0.23
0.58 Â±0.04*

1.43 Â±0.04
0.69 Â±0.04*

1.50 Â±0.17Body

fat(g)0.86

Â±0.13
0.67 Â±0.05e'1'

1.08 Â±0.10
0.74 Â±0.05C'</

1.01 Â±0.11
3.35 Â±0.17Survival

(days)17.2

Â±1.0
18.0 Â±0.3
18.6 Â±1.0
17.6 Â±0.6
19.5 Â±1.2

ANOVA NS' NS
Â°Mean Â±SE (10 animals/group).
* P < 0.05 versus tumor-bearing control, tumor-bearing TNF, and tumor-bearing cyclosporin A.
' P < 0.05 versus tumor-bearing cyclosporin A.
d P < 0.05 versus tumor-bearing TNF.
' NS, not significant.

Tumor-bearing mice receiving IL-1 and the combination of IL-
1 and TNF had a slower body weight gain (carcass + tumor)
compared with TNF-, cyclosporin A- and saline-injected tumor-
bearing animals (Fig. 1). This was due to a significantly lower
food intake in IL-1-treated animals, while the food intake in
TNF-treated tumor-bearing mice did not differ from that of
saline-injected tumor-bearing animals. The water intake was
severalfold higher in IL-1-treated tumor-bearing animals com
pared with tumor-bearing mice exposed to TNF or cyclosporin
A or the combination of TNF and IL-1 (Fig. 2).

Provision of indomethacin either in the drinking water or as
daily s.c. injections to tumor-bearing mice prolonged survival
from 14.7 Â±0.7 to 22.0 Â±1.0 (Fig. 3; Table 2). Tumor-bearing
mice treated with indomethacin from Day 1 died with a more
preserved body composition (carcass dry weight) despite nu
merically larger tumors. In these animals, it was lean body mass
(carcass fat-free dry weight) that was clearly improved by in
domethacin (P < 0.0004), but the difference in body fat did not
reach the level of statistical significance. The ratio between
tumor dry weight and carcass dry weight was significantly
higher in indomethacin-treated mice compared with sham-
treated controls (0.34 Â±0.02 versus 0.17 Â±0.02, P < 0.0001).
This means that such animals had larger tumors in relation to
their degree of undernutrition compared with untreated tumor-
bearing mice, although the tumor grew at slower rates in
indomethacin-treated mice. Tumor dry weight on Days 7, 9,
and II was in untreated mice 0.12 Â±0.01, 0.23 Â±0.02, and
0.53 Â±0.04 g, and in indomethacin-treated mice, 0.08 Â±0.01,
0.17 Â±0.02, and 0.36 Â±0.03 g, respectively (P < 0.05).

26-

,
I Â»;

18 -

16
â€¢4-2 16180 2 4 6 8101214

Days after tumor implantation
Fig. 1. Animal weight (including tumor) in tumor-bearing animals treated with

daily i.p. injections of cytokines (IL-1, TNF). cyclosporin A (CyA), and sham
injections (NaCI) as described in "Materials and Methods." The injections and

the tumor implantation started on Day zero. Fifteen to 20 animals were in each
group. IL-1-and IL-1 + TNF-treated animals had significantly lower body weight
(P < 0.0001) compared with the other groups tested by one-factor ANOVA for
repeated measures.

0.4-

â€¢JS2 0,3 -

Ifw"
0,1-

IL-1

TNF

TNFtlL-1

CyA

IMI

â€¢5-3-1 1 3 5 7 9 1113151719

Days

Fig. 2. Daily water intake in tumor-bearing animals treated with cytokines (/Â£-
/, 7W), cyclosporin A (CyA), and sham injections (A/aC7) following tumor
implantation, which was done on Day zero; 15 to 20 animals were in each group.
The water intake in IL-1-treated animals was statistically significantly higher
compared with the other groups (P < 0.001) tested by one-factor ANOVA for
repeated measures, bw, body weight.

100

Days after tumor implantation
Fig. 3. Survival of tumor-bearing animals (T.B.) treated with either indometh

acin (Indo) in the drinking water or as daily s.c. injections as compared with
saline injections following tumor implantation as described in "Materials and
Methods." The difference in survival was statistically significant (P < 0.01) as
tested by a log-rank test.

However, indomethacin at concentrations of 10 to 500 Me/ml
did not reduce tumor cell proliferation in vitro in the presence
of 10% fetal calf serum. Indomethacin-treated mice also had a
significantly larger food intake compared with untreated tumor-
bearing mice (Fig. 4). Most interestingly, indomethacin could
also prolong survival in tumor-bearing animals to the same
extent irrespective of whether treatment started on Day 1, 5, 7,
or 9 following tumor implantation (Fig. 5).

Indomethacin did not decrease the hepatic acute-phase re-
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Table 2 Survival lime and body composition at death in tumor-bearing animals treated daily with indomethacin in the drinking water as described in
"Materials and Methods. "

Tumor bearing + indomethacin
Tumor-bearing controlInitial

body
wt.(g)20.5

Â±0.2Â°

19.9 Â±0.2Final

body
wt.(g)25.6

Â±0.9
18.4 Â±0.7Carcass

dry
wt.(g)4.48

+ 0.13
3.90 Â±0.05Carcass

fat-free
dry wt.(g)3.76

Â±0.06
3.27 Â±0.12Body

fat
(g)0.84

Â±0.08
0.68 Â±0.04Tumor

dry
wt.(g)1.50

Â±0.11
1.06 Â±0.40Survival

(days)22.0

Â±1.0
14.7 Â±0.7

Student's t test NS P< 0.001 P < 0.005 P < 0.0004 NS NS />< 0.0001

Â°Mean Â±SE (15 animals/group).
* NS, not significant.

16

14-

12-

10-

2-

X
TB Indo

TB control

â€¢101 23456789101112

days after tumor implantation.

Fig. 4. Time course of food intake in tumor-bearing mice (TB) treated with
indomethacin (indo) in the drinking water compared with untreated tumor-
bearing control animals as described in "Materials and Methods." The difference
in food intake was tested by one-factor ANOVA for repeated measures. Points,
mean; bars, SE; *,P< 0.05; 20 animals in each group. There was 100% survival
in both groups within the experimental period (1 to 11 days).

TB control

TBDay9

10 15 20

Survival time in days

2 s

Fig. 5. Survival time in tumor-bearing mice treated with indomethacin by daily
s.c. injections as described in "Materials and Methods." The treatment was

instituted on different days (Days 1 to 9) following implantation of the tumor
compared with sham-injected tumor-bearing controls (TB control); *,P< 0.0001
versus TB controls. The tumor grew exponentially in TB control animals with a
net doubling time around 57 h. Columns, mean; linn, SE.

sponse measured as the increase in liver RNA content from
mice with progressive tumors (11.2 Â±0.4 versus 9.5 Â±0.4 mg/
g in liver tissue from non-tumor-bearing controls, P< 0.01).

Peritoneal macrophages from tumor-bearing mice synthe
sized spontaneously PGE2 levels corresponding to 1100 Â±150
pg/106 cells determined 10 to 11 days following tumor implan
tation, while macrophages from freely fed non-tumor-bearing
mice synthesized 3700 Â±922 pg/106 cells. These lower levels
in tumor-bearing mice were not due to an impaired cellular
prostaglandin synthesis, since these cells could be stimulated
by LPS (10 Mg/ml) in vitro to produce steady-state levels of
PGE2 corresponding to 39,500 Â±4208 pg compared with
12,400 Â±4330 pg/106 cells (P < 0.01) in non-tumor-bearing
controls. Previous "vaccination" of tumor-bearing mice against

the tumor caused a significantly lower tumor take and a reduced
tumor-growth rate.

DISCUSSION

The present study confirms previous reports demonstrating
that prostaglandin synthesis inhibitors, particularly indometh
acin, inhibit tumor growth (22-25). The main effect of indo
methacin is probably to block the synthesis of PGE2, which is
a cellular effector to many cytokines in the process of immune
regulation and inflammation. It can, however, not be excluded
that other nonclassical prostaglandin effect(s) are involved,
since the effect is not clearly related to the prostaglandin
synthesis in the tumors (26-28). It is likely that the inhibition
was confined to host cells, since indomethacin caused no growth
inhibition of cultured tumor cells. New information is also that
initiation of the indomethacin treatment, late in the disease
course, caused the same inhibitory effects as did immediate or
early treatment. This is a very unusual effect, considering var
ious therapy modalities in experimental tumor models.

Indomethacin also protected the host from deterioration in
body composition, particularly lean body mass, despite the fact
that the tumor could grow 40% larger when indomethacin-
treated tumor-bearing animals died spontaneously with a 50%
prolonged survival. This is a remarkable finding, since untreated
animals with solid tumors usually die with similar relations
between tumor burden and carcass composition. Present results
suggest that a "metabolic barrier" between the host and the

tumor was enhanced or preserved by indomethacin, so that the
tumor could grow to large volumes but without depletion of the
metabolic reserves (fat, proteins). The fact that the animals die
before depletion of metabolic stores demonstrates that some
thing other than metabolic reserves limits survival in indometh-
acin-treated tumor-bearing mice. In untreated tumor-bearing
mice we have found that spontaneous death occurs due to
hypoglycemia when the total glucose consumption exceeds
glucose production (intake + gluconeogenesis) (29).

Appetite was improved in the indomethacin-treated animals.
This is compatible with the suggestion that cytokines (IL-1, IL-
6, and TNF) induce anorexia in tumor-bearing and infected
animals (30-32). However, our recent experiments on tumor-
bearing rats have shown that indomethacin had no effect on
anorexia unless tumor growth itself was inhibited (13). There
fore, it is possible that the improved appetite by indomethacin
was in part secondary to tumor growth inhibition. Our previous
studies have also demonstrated that indomethacin does not
decrease the increased level of circulating IL-6 in our tumor-
bearing mice (33); in fact it rather seems to increase plasma IL-
6. Therefore, it is unlikely that a decrease in IL-6 production
should be the major explanation for improved appetite in
tumor-bearing animals treated with indomethacin. In addition,
it has been suggested that some brain cytokines may not be
sensitive to classic prostaglandin synthesis inhibitors (34).

The inhibitory effect of indomethacin in a variety of tumor
models has in general been assumed to be mediated by immune
effects (35, 36). At a superficial look, this may be a reasonable
conclusion. However, tumor inhibition by indomethacin has
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also been described to occur to the same extent in both natural
killer cell- and T-cell-deficient mice, suggesting that classical
immune effects are not a prerequisite (37). To elucidate the
importance of net immune effects for the tumor growth in our
model, we treated tumor-bearing animals with cyclosporin A in
a dose which is immune suppressive (17, 18). Studies with
rodent tumors in syngeneic mice have shown that cyclosporin
A has no antitumor effect in itself, but it prevents immunolog-
ical regression of transplanted human tumors in allogeneic mice
(38). We have also confirmed in unpublished experiments that
the immune system in our mice is severely depressed by cyclo
sporin A at a dose of 30 ^g/day, although cyclosporin A at 60
jig/day had no effect on either tumor growth or body compo
sition. This finding is particularly pertinent, since our tumor
belongs to a group classified as highly immunogenic tumors
(38), which was confirmed in the present study by "tumor
vaccination" experiments. The biological meaning and the im-

munological significance of the traditional classification of im
munogenic and nonimmunogenic tumors remain an unex
plained phenomenon, although it is related to some chemical
structures in the tumor (39).

Our results agree with previous observations demonstrating
that tumor growth is not influenced by cyclosporin A, but the
appearance of secondary tumors may be in some models (40,
41), although not consistently so (42). In our opinion, the
importance of both known and unknown virus contaminations
of experimental tumors for described immune responses in vivo
and in vitro has not been accounted for in the interpretation of
experimental results. By means of electron microscopy, unclas
sified virus particles have been observed within tumor cells in
biopsies from our tumor-bearing mice.4 Whether this may have

anything to do with the observed effects in the present study is
difficult to evaluate, but if so, indomethacin should rather
aggravate tumor progression, if expression of virus antigens on
infected tumor cells were of major significance for immune
control of tumor growth in our model. It has recently been
reported that both indomethacin and neutralizing antibodies to
TNF-Â«made sublethal infections lethal in C57BL/6 mice (12,
43, 44). These kinds of experiments represent a simple and
powerful demonstration of the role that the immune system
plays in the control of infections. If significant, it should be as
easy to demonstrate the significance of immune control of
tumor progression as for bacterial infection and viremia. Our
arguments about the weak or nonexisting immune control in
our model are further strengthened if experiments with potent
immunosuppressive steroids are considered, since the immune-
depressant effects of glucocorticoids are both well understood
and undisputable (45, 46). In fact, glucocorticosteroids have a
similar tumor-growth inhibition as does indomethacin4 in our

model as reported for some other experimental tumors (47). In
addition, measurements of prostaglandin production in perito
neal macrophages from our tumor-bearing animals did not
confirm elevated basal synthesis of PGE2, which may be ex
pected in an immune-compromized tumor-bearing host with
decreased IL-1 production in macrophages (2). This negative
finding was not due to a cellular impairment, since LPS stim
ulation in vitro increased prostaglandin synthesis in tumor-host
macrophages more than in control macrophages. This result
also argues against that indomethacin exerted its effects via
immune mechanisms (47) as upregulation of cytokines and
cytokine receptors in immune cells (2, 48). Therefore, we pro
pose that growth of our tumor is not under immune control,

' Unpublished results.

although belonging to a group of highly "immunogenic tu
mors." Classic immune effects toward some experimental tu

mors, both in vivo and in vitro, may theoretically be explained
by the presence of virus/virus antigens in laboratory-propagated
tumor cells. Expression of virus antigen seems to be a potent
mechanism to extinguish tumor cells in vivo (49).

In the context of immune modulation, it is also important to
consider the effects of IL-1, TNF, and IL-2 administration at
reasonable physiological concentrations. IL-2, the most well-
recognized T-cell activator, had no effect on either tumor
growth, survival, hepatic acute phase response, or body com
position when given in equimolar concentrations to IL-1 and
TNF. However, IL-1 but not TNF had a potent inhibitory effect
on tumor growth. This effect was not at all translated into
prolonged survival, which it should if this effect was primarily
on tumor growth. IL-1-treated, tumor-bearing animals had a
worse nutritional state including the lowest reserves of body fat
and lean body mass compared with any other group of tumor-
bearing mice. Thus, IL-1 supplementation to tumor-bearing
animals potentiated the tumor-induced anorexia leading to a
slower growth of the tumor-bearing animal (carcass + tumor),
an effect which was not seen with TNF alone. Interestingly, IL-
1 had also a polydipsic and polyuric effect on tumor-bearing
animals. It is our opinion that the tumor growth inhibition by
IL-1 was to potentiate the anorexia, which immediately leads
to decreased tumor growth. Starvation, leading to substrate
deficiency, is one of the most potent regulators of experimental
tumor growth.5 This effect is in part mediated by alterations in

the energy charge of tumor cells leading to a prolonged cell
cycle transit time.6-7 This effect is mediated by or associated
with the carbohydrate intake.5 Thus, effects of cytokines on

tumor growth must always take appetite into account, since
tumor-inhibitory effects may be secondary to a decreased food
intake and tumor substrate supply. This has not been done in
previous reports on positive effects by cytokines on tumor
growth in vivo. Most likely, the seemingly positive effect of IL-
1 on tumor growth was primarily due to increase anorexia and
perhaps whole-body energy expenditure, leading to a substrate-
induced tumor-growth inhibition. The effect of indomethacin
on tumor growth was not mediated by this mechanism, since
food intake was increased in these experiments.

In conclusion, this study demonstrates that indomethacin
induces or promotes tumor growth inhibition, which was less
dependent on the stage of the tumor disease than described for
any other monodrug treatment that we know of. The mecha
nism is unknown, but may be related to neoangiogenesis and
tumor growth factor(s) regulation within or close to the tumor
(50). The improved appetite and nutritional state in tumor-
bearing animals on indomethacin are probably secondary to
tumor inhibition, although some primary effects on food intake
can not be excluded. We have recently reported that both IL-1
and TNF may represent growth factors in our tumor model (5).
Systemic administration of recombinant cytokines, particularly
at high doses, may therefore simply result in both positive and
negative secondary effects on host metabolism, which some-

5T. Westin, S. EdstrÃ¶m,and K. G. Lundholm, Ornithine decarboxylase activity

in tumor tissue in response to refeeding and its dependancy on diet components,
submitted for publication.

' T. Westin, J-P. Idstrom, B. Soussi, S. EdstrÃ¶m, E. LydÃ©n,B. Gustavsson,
and K. Lundholm. Energy state and nutrition-induced tumor growth retardation
in experimental cancer evaluated by 31P-NMR spectroscopy, submitted for
publication.

'T. Westin, B. Gustavsson, S. EdstrÃ¶m, K. Hellander, L. Reinholdtsen, L.
Tibell, and K. Lundholm. Tumor cytokinetic effects of acute starvation versus
polyamine depletion in tumor-bearing mice, submitted for publication.
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times influence tumor growth. Nonimmune mechanisms are
certainly of significance (51).
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