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Ab&mct-The antitumor effects of recombinantihuman tumor necrosis factor-a (rTNF-a) and 
Q%orouracil (5-FlJ) in combination treatment were examined on Meth A fibrosarcoma implanted 
intradermally in mice. Growth of the tumor was inhibited when rTNF-a was given i.v. on day 7 or 
11 after implantation, but the effect was countered when 5-FU was additionally given i.p. once a 
day on days 1-4 after implantation. Conversely, 5-FU given on days 5-8 after implantation 
augmented the antitumor effects of rTNF-a. Injection of carbon particles showed thatfine capillaries 
did not develop in the tumors of mice treated with 5-FU on days 1-4 after implantation, but that a 
delicate network of capillaries developed in the tumors of both the mice treated with 5-FU on days 
58 after implantation and the controls given saline. The results show that the timing of 5-FU 
treatment is important when attempting to enhance the antitumor effects of rTNF-a, and suggest 
that these effects are directly associated with newly formedfine capillaries in the tumor. 

INTRODUCTION 
TUMOR NECROSIS FACTOR-~ (TNF-(11) has been found 
in the serum of mice, rats and rabbits infected with 
Bacillus Calmette Guerin and subsequently challenged 
with endotoxin [l]. Recombinant human TNF-a 
(rTNF-ol) has been obtained from Escher&a coli by 
a genetic engineering method [2, 31, rTNF-cr causes 
hemorrhagic tumor necrosis and inhibits the growth 
of tumors in mice [4-6]. It induces cytotoxic and 
cytostatic effects against cultured tumor cells in vitro 
[7-91. The mechanisms by which rTNF-a induces 
its antitumor effects have been studied. Incubation 
of endothelial cells with rTNF-a enhances pro- 
coagulant activity [lo, 111, and induces interleukin 
1 (IL-l) [ 121. IL-1 interacts with endothelial cells 
to augment coagulant activity [ 13, 141. rTNF-cr is 
cytotoxic for vascular endothelial cells [ 151 but not 
for other normal cells [7]. Thus, one of the targets 
of rTNF-a seems to be the vascular endothelial 
cells. 

The antitumor effects of rTNF-a have been 
enhanced by such chemotherapeutic drugs as Adri- 
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amycin@, etoposide (VP16), 5-fluorouracil (5-FU) 
and cyclophosphamide [ 16, 171, immunomodula- 
tors [ 18-221, and hyperthermia [23, 241 in in vivo 
and in vitro experimental models. However, cyclo- 
oxygenase inhibitors were found to alleviate some 
of the toxicity of TNF-IX for the host [25, 261. 
Recently, we showed that serotonin receptor block- 
ers inhibit the antitumor effects of rTNF-ol in mice, 
and suggested that serotonin is an intermediate 
[27]. The study of combination therapy of rTNF-cr 
with other drugs would provide more information 
on the mechanism of rTNF-a action. 

In this paper, we studied the combined antitumor 
effects of rTNF-o and 5-fluorouracil(5-FU) in mice, 
and found that the efficacy of rTNF-a therapy 
depends upon the timing of injection of 5-FU. The 
relationship between the development of capillaries 
in tumors after the injection of 5-FU and rTNF-o 
therapy is discussed in this context. 

MATERIALS AND METHODS 

Animals and tumor 
Female BALB/c mice (7-9 weeks old), purchased 

from Charles River Japan Inc., Atsugi, Japan, were 
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used in groups of five to 10. Meth A fibrosarcoma 
(Meth A) was maintained i.p. by serial passage in 
BALB/c mice. 

Drugs 
rTNF-ol, supplied by Genentech Inc., South San 

Francisco, CA, was diluted in phosphate-buffered 
saline (PBS, 10 mM, pH 7.0) just before use. The 
purity was more than 99.0% when tested by sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis. 
rTNF-cr had a specific activity of approximately 
4.1 X 10’ unitslmg protein, which was expressed 
as the dilution point for 50% cytotoxicity against 
actinomycin D-treated L929 cells. 5-FU, purchased 
from Kyowa Hakko Co. Ltd. (Tokyo, Japan), was 
dissolved in and diluted with saline. rTNF-o and 
5-FU were given in volumes of 0.2 ml/mouse and 
10 ml/kg, respectively. 

Evaluation of antitumor eflects 
Meth A was implanted intradermally (i.d.) into 

the left flank of BALB/c mice. Drug efficacy against 
Meth A was expressed as mean tumor weight. 
Tumor weight, as derived from caliper measure- 
ments of length (a) and width (b) of the tumor in 
mm, and length (an) and width (bn) oftumor necrosis 
in mm, was calculated by the formula described by 
Haranaka et al. [28], where tumor weight (mg) = l/ 
2 X a X b2 - l/2 X an X bn2. 

Light microscopy 
To study the development of capillaries in the 

tumor, carbon particle solution (drawing ink, 
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Fig. 1. Inhibition of the antitumor effccl of rTNF-a by 5-FU in mice. 
Meth A cells (3 X 106) were implanted i.d. in mice on day 0. On days 
1-4, 5-FU 32 mg/kg or saline was given i.p. once a day, and on day 7 
rTNF-a 1 &mouse was given iv. Tumor weight was measured; values 
are mean 2 S.E. Each group consisted of 10 mice. 01 Saline (control), 
@z rTNF-a, A: saline in 5-FU treated mice, A: rTNF-a in 5-FU- 

treated mice. 
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Fig. 2. Enhancement of the antitumor eflect of rTNF-a by 5-FU in mice. 
Meth A cells (3 X 106) were implanted id. in mice on dq 0. On &ys 
5-8,5-FU 32 mg/kg or saline was given i.p. once a day, and on &y I 1 
rTNF-a 1 pglmouse was given i.v. Tumor weight was measured; values 
are mean 2 SE. Each group consisted of 10 mice. 0: Saline (control), 
0: rTNF-a, A: saline in 5-FU treated mice, A: rTNF-a in 5-FU 

treated mice. 

046 . 
078 11 14 

Days aftor tumor Implantdon 

Fig. 3. Antitumor effect of rTNF-a on small tumors in mice. Meth A 
cells (3 x 105) were implanted i.d. in mice on day 0. On day 7, 
rTNF-a 1 &mouse was given i.v. Tumor weight was measure4 
values are mean f S.E. Each group consisted of 10 mice. 0: Saline 

(control), 0: rTNF-a. 

Rotringwerke, Hamburg, F.R.G., average particle 
size about 160 pm) suspended 1:5 in saline contain- 
ing 1% gelatin (Nakarai Chemicals, Ltd., Kyoto, 
Japan) was given i.v. to mice 5 min before removal 
of the tumor. The tumor was fixed with 10% 
buffered formaldehyde and frozen. Sections were 
made at 50 pm and observed under microscopy. 

RESULTS 

Effect of 5-FU on the antitumor activity of rTNF--a 
Meth A cells (3 X 106) were implanted i.d. into 

mice on day 0. On days 1-4, 5-FU 32 mg/kg or 
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4. Distribution of carbon particles in new& formed capillaries in tumor. Meth A cells (3 X 10”) were implanted i.d. in mce 

ay 0. Saline (a) or 5-FG 32 mg/kg (b) lum given i.p. on days 1-4, and on day 7 carbon particles were giuen i.1’. In the other 

riment, saline (c) or 5-FU 32 mg/kg (d) um given i.p. on days 5-8, and on day 11 carbon particles were &en i.1,. Each 

group consicted ofjiue mice. 
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saline was given i.p. once a day, and the tumors 
were smaller in the 5-FU-treated mice on day 7 
than in the saline-treated mice. When rTNF-a’1 p,g/ 
mouse was given i.v. on day 7, it inhibited the 
growth of tumor in the saline-treated mice, but not 
in the 5-FU-treated mice (Fig. 1). 

In the other experiment, 5-FU 32 mg/kg or saline 
was given i.p. once a day on days 5-8 to mice 
bearing Meth A, and the tumors were smaller in 
the 5-FU-treated mice on day 11 than in the saline- 
treated mice. On day 11, rTNF-a 1 p,g/mouse was 
given i.v. to the mice treated with 5-FU or saline, 
and rTNF-a markedly inhibited the growth of 
tumor in both groups of animals (Fig. 2). Tumor 
weight after injection of rTNF-a in mice treated 
with 5-FU was the smallest among the groups. 

Antitumor effecccts of rTNF-cx on Meth A of small size 
To study whether the preventive effect of 5-FU 

on the antitumor effects of rTNF-a derives from 
mechanisms related to the size of tumors, a small 
number of Meth A cells (3 X 105) were implanted 
i.d. in mice on day 0. When rTNF-a 1 p.g/mouse 
was given i.v. on day 7, it markedly inhibited tumor 
growth in mice (Fig. 3). The tumor (Fig. 3) on day 
7 in mice implanted with a small number of cells 
(3 X 105) was almost the same as that in the mice 
implanted with a large number of cells (3 x 10”) 
and treated with 5-FU from days l-4 (Fig. 1). 

Development of capillaries 
We stained blood vessels by i.v. injection of 

carbon particles in mice, and examined the develop- 
ment of new capillaries in the tumor. On day 7 after 
the implantation of Meth A cells (3 x 106), the 
capillaries in tumors of mice treated with 5-FU 32 
mg/kg from days l-4 were much less extensively 
developed and finer than those in mice treated with 
saline (Fig. 4a and b). On day 11, a delicate network 
of fine capillaries formed in both the mice treated 
with saline and those treated with 5-FU 32 mg/kg 
from days 5-8 (Fig. 4c and d). 

DISCUSSION 
In this study, when 5-FU was given i.p. to mice 

on days l-4 after the implantation of Meth A, the 
antitumor effect ofrTNF-a was inhibited. However, 
in mice treated with 5-FU on days 5-8, a strong 
synergism between rTNF-a and 5-FU enhanced 
their antitumor effects. The results suggest that the 
timing of the injection of 5-FU is crucial in rTNF-a 
therapy. 

Antitumor chemotherapeutics with cytotoxic 
activity are known to be more effective on small 
solid tumors than on large ones. However, we 
previously showed that rTNF-a had no cytotoxicity 
against cultured Meth A cells in vitro, and that it 
was more effective on large solid tumors on day 7 

after tumor implantation than on small ones on 
day 3 [6, 291. Similarly Mule et al. [30] recently 
reported that, in mice, small tumors were much 
less sensitive to rTNF-a than large ones. In this 
study, we showed that the tumor size was smaller 
in mice treated with 5-FU from days l-4 after 
implantation than in the saline-treated group 
(Fig. 1). It is possible that rTNF-a has no or slight 
effect on small tumors. Thus, we studied the relation 
of tumor size to rTNF-a therapy, and found that 
rTNF-a induced antitumor effects when given on 
day 7 after the implantation of small number of 
Meth A cells (3 X 105) in mice (Fig. 3). The tumor, 
just before the injection of rTNF-a (on day 7), was 
as small as that in mice treated with 5-FU from 
days l-4 after implantation of 3 X lo6 cells (Fig. 1). 
These results suggest that the antitumor effects of 
rTNF-a are not dependent on tumor size in mice 
treated previously with 5-FU. 

Why should the time of injection of 5-FU have 
such an effect on the response to rTNF-a? In 
our previous paper, we suggested that rTNF-a 
selectively impairs the microcirculation in newly 
formed capillaries in tumors, and leads to the lysis 
of tumor cells in vivo [29]. Recently, Nawroth et al. 
[31] also reported that TNF leads to localized 
fibrin deposition with the formation of occlusive 
intravascular thrombi in tumor capillaries. Further- 
more, Proietti et al. [32] showed that TNF induces 
marked vascular congestion in tumor blood vessels. 
These findings suggest that thrombus formation in 
newly formed capillaries oftumor tissue is important 
for the induction of antitumor effects of rTNF-a. 
Thus, we stained blood vessels by the injection of 
carbon particles to study the relationship between 
the development of capillaries in tumors treated 
with 5-FU and the antitumor effect of rTNF-a. 
Treatment with 5-FU from days l-4 impaired the 
development of fine capillaries in the tumors, while 
a delicate network ofcapillaries formed in the saline- 
treated mice. Treatment with 5-FU on days 5-8 
did not affect the network of capillaries in tumor. 
The results suggest that the capillaries are estab- 
lished within 5 days after tumor implantation, and 
that 5-FU has no effects on the established capill- 
aries. 

In the present results, the antitumor effect of 
rTNF-a was countered by 5-FU when the tumor 
capillaries were not fully developed, but the effect 
of rTNF-a was enhanced when a delicate network 
of capillaries had formed in the tumor. Similar 
results were observed in Meth A-bearing mice trea- 
&d with thr combination of rTNF-a and cyclopho- 
sphamide (data not shown). Thus, we suggest that 
the in vivo antitumor effects of the combined treat- 
ment with rTNF-a and 5-FU depend upon the 
development ofcapillaries in tumors. These findings 
could give more information on combination treat- 
ment with rTNF-a and chemotherapy in patients. 
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