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ABSTRACT

The antitumor activity of recombinant human tumor necrosis factor
(rTNF-a) was examined on murine tumors in mice and in cultured cells
in vitro. Mice were implanted intradermally with Meth A fibrosarcoma
(Meth A) on day 0. rTNF-a caused tumor necrosis and inhibited the

tumor growth when given i.v. on day 7 or 10, but not when given on day
3. When rTNF-a was given i.v. in doses of 0.1-3.2 Â¿tg/mousetwice a

week for 3 weeks beginning on day 7 or 11, the growth of solid Meth A,
Colon 26 adenocarcinoma, Colon 38 carcinoma. Sarcoma-180, and

M5076 reticulum cell sarcoma tumors implanted s.c. or intradermally
was markedly inhibited, and the life of the mice bearing these tumors,
except M5076 reticulum cell sarcoma, was prolonged. The growth of
Meth A implanted i.m. was also markedly inhibited by rTNF-a given i.v.

However, the life of mice bearing i.p. Colon 26 adenocarcinoma, MH134
Iicpaimiui. Sarcoma-180, and Ehrlich carcinoma was not prolonged by
rTNF-a given i.p. nine times (days 1-9) in doses up to 1.0 or 3.2 Â«Â¿g/

mouse. Only in the case of mice bearing i.p. Meth A, the life was slightly
prolonged by i.p. treatment with rTNF-a but not by i.v. treatment. In
experiments against in vitro cultured cells, rTNF-a did not show any

direct cytotoxicity against mouse tumor cells: Meth A, Colon 26 adeno
carcinoma. Colon 38 carcinoma, and Sarcoma-180, but had a cytotoxic
effect against L929 mouse fibroblast. The results suggest that rTNF-a

is a unique antitumor drug with potent necrotizing activity against solid
tumors in mice, and that this activity may derive from indirect mecha
nisms related to the growth of tumors and not to the direct cytotoxicity
of the drug.

INTRODUCTION

TNF2 has been produced in Bacillus Calmette-Guerin-m-

fected mice, rats, and rabbits by treatment with endotoxin, and
has induced hemorrhagic necrosis of various tumors trans
planted in mice (1). TNF is also cytotoxic and cytostatic against
several transformed cells, but not against normal cells from
humans and mice (1-12). The antitumor activity of TNF is
known to be species nonspecific (4, 7, 13). TNF has mainly
been used in relatively crude preparations obtained from the
serum of animals (1, 3-11, 14). But recently, Aggarwal et al.
(15) purified human TNF from supernatants in serum-free
tissue culture of HL-60 promyelocytic leukemia cell line treated
with tumor promoter, 4j8-phorbol-12(3-myristate-13a-acetate,
and determined its amino acid sequence. This purified TNF
has a molecular weight of approximately 17,000, and an isoe-
lectric point of 5.3, and contains two cysteins involved in a
disii Ituie bridge. Pennica et al. (16) succeeded in expressing its
complementary DNA in Escherichia coli, and used this to obtain
a large amount of rTNF-a by gene engineering. Its purity is
more than 99.5%. Very little is known about the effects of
rTNF-a on transplantable experimental tumors in mice (17). It
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is of great importance that the antitumor effects of rTNF-a be
examined on tumor cells in /// vivo and in vitro tests.

In this paper, we report that rTNF-a caused hemorrhagic
necrosis and inhibited the growth of various kinds of solid
tumors in mice, probably the effects being dependent on mech
anisms other than direct cytotoxicity against tumor cells.

MATERIALS AND METHODS

Drug. rTNF-a, supplied by Genentech, Inc. (South San Francisco,
CA) was obtained by expression of its complementary DNA in E. coli
(16). Its purity was more than 99.0%, when tested by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis. The highly purified prepa
ration had a specific activity of approximately 3.8-7.6 x IO7units/mg

protein, which was expressed as the dilution point for 50% cytotoxicity
against actinomycin D-treated L929 mouse fibroblast cells. rTNF-a
was diluted with phosphate-buffered saline (10 IHM.pH 7.0) just before
use. The solutions were given i.p., i.m., or i.v. at a volume of 0.2 ml/
mouse, and i.t. at a volume of 0.05 ml/mouse. Phosphate-buffered
saline was given to control animals.

Animals and Tumors. Female mice of BALB/c, C57BL/6, C3H/
HeN, and ICR strains (6- to 9-week-old) were purchased from Charles
River Japan Inc., Atsugi, Japan. Meth A was maintained i.p. by serial
passage in BALB/c mice. Colon 26 was maintained s.c. by serial passage
in BALB/c mice. Colon 38 and M 5076 were maintained s.c. and i.p.,
respectively, by serial passage in C57BL/6 mice. MH134 was main
tained i.p. by serial passage in C3H/HeN mice. Sarcoma-ISO and
Ehrlich were maintained i.p. by serial passage in ICR mice.

Evaluation of Antitumor Activity against Solid Tumors. Meth A cells
(1 x IO5)were implanted i.d. in BALB/c mice. Fragments (2x2x2

mm) of Colon 26 were implanted s.c. in BALB/c mice. Fragments (2 x
2x2 mm) of Colon 38 were implanted s.c. in C57BL/6 mice. M5076
cells (1 x 10') were implanted i.d. in C57BL/6 mice. Sarcoma-180 cells
(1 x III") were implanted i.d. in ICR mice. All the tumors were

implanted into the left flank of each mouse. Ten mice were used per
group. Drug efficacy against solid tumor implanted i.d. or s.c. was
expressed as mean tumor weights, scores of tumor hemorrhagic necro
sis, and/or life spans. Tumor weight, as derived from caliper measure
ments of length (a) and width (Â¿>)of tumors in mm, and length (na)
and width (nh) of tumor necrosis in mm, was calculated by the formula
described by Haranaka et al. (18): tumor weight (mg) = Vix a x ft2-Vi
x an x bn2. Data were expressed as relative tumor weight using the
formula: relative tumor weight = mean tumor weight at given time/
initial mean tumor weight. Tumor hemorrhagic necrosis was scored
according to the methods described by Carswell et al. (1) at 24 h after
dosing with drug. Life span was assessed as a percentage of median
survival time of the treated group I / i to that of the control group ((').

Meth A cells (1 x 10s) were implanted i.m. in the hind thigh of mice

in groups of 10. Drug efficacy was expressed as mean tumor weight on
day 16. Both hind legs were taken out and weighed. Tumor weight was
calculated by the formula: tumor weight (mg) = hind leg with tumor
(mg) - hind leg without tumor (mg).

Evaluation of Antitumor Activity on Ascitic Tumors. Meth A cells (1
x 10") and Colon 26 cells (2 x 10s) were inoculated i.p. in BALB/c
mice. MH134 cells (1 x IO6) were inoculated i.p. in C3H/HeN mice.
Sarcoma-180 cells (1 x IO6)and Ehrlich cells (1 x 10*)were inoculated

i.p. in ICR mice. Twenty and 10 mice were used in the control and
drug-treated groups, respectively.

Drug efficacy against the ascitic tumors was assessed as a percentage
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of median survival time of the treated group (T) to that of the control
group (C):

T/C%
Median survival time of T
Median survival time of C

x 100 (A)

Cell Culture and Drug Treatment. Meth A, Colon 26, and Colon 38
tumor cells were maintained in RPMI 1640 medium (Nissui Seiyaku
Co., Ltd., Tokyo) supplemented with 10% fetal bovine serum (Hy-
Clone Laboratories, Logan, UT) and kanamycin (Meiji Seika Kaisha,
Ltd., Tokyo) (80 Mg/ml) in plastic dishes (Corning Glass Works,
Corning, NY). Sarcoma-180 cells and L929 mouse fibroblast were
maintained in Eagle's minimum essential medium (GIBCO, Grand

Island, NY) supplemented with 10 and 5% fetal bovine serum, respec
tively, and kanamycin (80 ,.u ml) in plastic dishes. In the cytotoxicity
test, the cells (1 x IO4)were incubated in 100 pi of medium, and 100
iti of various concentrations of r INI solution in 96-well flat-bot
tomed trays (No. 3040; Falcon Plastics, Oxnard, CA) for 48 h. In the
case of Meth A cells, the number of cells was then counted, and the
percentage of survival of the cells was calculated. For the other kinds
of cells, the medium was then aspirated, and the plates were fixed and
stained with 0.5% crystal violet in 20% methanol. The dye was extracted
with ISOM'of Sorensen's buffer solution. Cell lysis was measured with

a Titertek Multiskan autoreader (Flow Laboratories, McLean, VA) set
for absorption at 540 nm. The percentage of cytotoxicity was calculated
by using the following formula: % cytotoxicity = [1 â€”mean A (TNF-
treated)/mean A (nontreated)] x 100, where mean A represents the
average absorbance from triplicates.
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Days after tumor inoculation
Fig. I. Antitumor effect of rTNF-a as a function of time (days) between tumor

implantation and dosing of rTNF-a. Meth A was implanted i.d. to BALB/c mice
on day 0, and rTNF-a (1.0 /tg/mouse) was given in a single i.v. injection on day
3 (â€¢),7 (A), or 10 (Ai. The control (O) was given phosphate-buffered saline.
Values, mean Â±SE as relative tumor weight. Each group consisted of 10 mice.

Ã• .

Days after tumor inoculation

Fig. 2. Antitumor effect of rTNF-a after different injection times. Meth A
was implanted i.d. to mice on day 0, and rTNF-a was given i.v. once a day S
times ill. twice a week five times (B), or once a week three times (C) in doses of
0.32 (â€¢),1.0 (A), and 3.2 Â«tg/mouse(A). The control (O) was given phosphate-
buffered saline. Values, mean Â±SE as relative tumor weight. Each group consisted
of 10 mice.
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Fig. 3. Antitumor effect of rTNF-a by different injection routes. Meth A was
implanted i.d. to mice on day 0, and rTNF-a was given U. (â€¢).Lv. (OX Lp. iA i.
or i.m. (A) on day 7. Inhibition percent (%) of the tumor growth was calculated
on day 14. Each group consisted of 10 mice.

RESULTS

Optimum Conditions for Antitumor Activity against Murine
Solid Tumors. Different times of injection of rTNF-a after
tumor implantation were studied to ascertain the optimum time
of injection. Meth A was implanted i.d. in BALB/c mice on
day 0. As shown in Fig. 1, rTNF-a strongly inhibited the growth
of the tumor when given i.v. at a dose of 1.0 Â¿tg/mouseon day
7 or 10, but did not when given on day 3. Necrotic scores 24 h
after dosing with rTNF-a on day 3 were much lower than those
on day 7 or 10 (data not shown).

In the next experiment, we studied the effect of different
schedules on tumor inhibition by rTNF-a. rTNF-a was given
i.v. to mice bearing i.d. Meth A once a day for 5 days, twice a
week five times, or once a week three times beginning on day
7. The results are shown in Fig. 2. rTNF-a inhibited the growth
of tumor in a dose-dependent manner with all the schedules.
The effect in mice treated with rTNF-a twice a week five times
appeared to be slightly better than by other schedules.

As a third experiment the route of injection of rTNF-a for
optimum effect was examined. On day 7 after i.d. implantation
of Meth A, rTNF-a was given i.v., Â¡.p.,i.m., or i.t. to the mice,
and the inhibition of tumor growth was measured on day 14.
Fig. 3 shows that the order of inhibition of tumor growth was:
i.t. > i.v. > i.p. =. i.m.

Antitumor Activity against Murine Solid Tumors. On day 0,
Meth A, M5076, and Sarcoma-180 were implanted i.d., and
Colon 26 and Colon 38 were implanted s.c. to mice. rTNF-a
was given i.v. to the mice twice a week six times beginning on
day 7 or on day 11 in the case of Colon 38. Within 2-4 h after
the first dosing with rTNF-a, the surface of the Meth A, M5076,
Sarcoma-180, and Colon 26 tumors reddened from the center,
and the necrosis became darker and gradually wider. Hemor
rhage developed and necrotic scores dose-dependently increased
at 24 h after dosing with rTNF-a in the mice bearing Meth A,
M5076, Sarcoma-180, and Colon 26 tumors (Table 1). How
ever, rTNF-a did not produce necrotic changes in doses up to
3.2 jig/mouse in Colon 38 tumor (Table 1). As summarized in
Fig. 4, rTNF-a dose-dependently inhibited the growth of all the
tumors tested, i.e., Meth A, M5076, Sarcoma-180, Colon 26,
and Colon 38, and also prolonged the life of mice with the
following tumors: Meth A, Sarcoma-180, Colon 26, and Colon
38 (Table 2). However the life of M5076-bearing mice treated
with rTNF-a was almost the same as that of the control group
(Table 2).
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Table 1 Antitumor effect ofrTNF-a on solid murine tumors (necrosis)

Dose
DrugOig/mouse)Control

0
rTNF-a 0.1

0.32
0.56
1.0
1.8
3.2Necrotic

score* (mean Â±SE)MelhA0.3

Â±0.1
0.5 Â±0.2
1.2 Â±0.3

NT
2.7 Â±0.2

NT
3.0 Â±0.0M50760.0

Â±0.0NTÂ»

NT
0.0 Â±0.0
0.3 Â±0.2
1.5 Â±0.2
2.0Â±0.1Sarcoma-

1800.3

Â±0.2
NT

1.6 Â±0.3
NT2.6

Â±0.2
NT

2.8 Â±0.1Colon

260.0

Â±0.0
NTNT

0.2 Â±0.1
1.2 Â±0.2
1.8 Â±0.4
2.4 Â±0.4Colon

380.0

Â±0.0
NTNT

NT
0.0 Â±0.0
0.0 Â±0.0
0.2 Â±0.2

â€¢Necrotic score, the grade of response (0-3) was determined according to E. A. Carswell Â«al. at 24 h after dosing with rTNF-a. Ten mice were used per group.
* NT, not tested.

I-

Dayt aller tumor Day* after lumoi inoculation Days aft* tumor inoculation

DayÂ»attar tumor inocuutpon DayÂ»after tumor inoculation

Fig. 4. Antitumor effect of rTNF-a on murine solid tumors. Tumors were
implanted i.d. or s.c. to mice on day 0, and rTNF-a was given i.v. to mice twice
a week six times beginning on day 7 or 11. A, Meth A (l x 11>~.i.d.): control (O),
0.1 (â€¢),0.32 (A), 1.0 (A), and 3.2 Â»ig/mouse(O); B, M5076 ( 1 x 106, i.d.): control
(O), 0.56 (â€¢),1.0 (A), 1.8 (A), and 3.2 ^g/mouse (O); C, Sarcoma-180 (1 x 10Â»,

i.d.): control (O), 0.32 (â€¢),1.0 (A), and 3.2 pg/mouse (A); D, Colon 26 (fragment,
S.C.):control (O), 0.56 (â€¢),1.0 (A), 1.8 (A), and 3.2 ^g/mouse (D); E, Colon 38
(fragment, s.c.): control (O), 1.0 (â€¢),1.8 (A), and 3.2 fig/mouse (A). Tumor
weights with Colon 26 and M5076 are shown up to day 21, because some of the
control mice died before the final dosing with rTNF-a. Each group consisted of
10 mice.

Meth A was implanted un. to mice on day 0, and rTNF-a
was given i.v. to the mice on days 7,10, and 14. Tumor weights
on day 16 are shown in Fig. 5. rTNF-a dose-dependently

inhibited the tumor growth, with a maximum inhibition of
about 80% with a dose of 1.8 Â¿ig/mouse.

Antitumor Activity against Murine Ascitic Tumors. The anti-
tumor activity of rTNF-a against five kinds of ascitic tumors

in mice are shown in Table 3. The tumors were inoculated i.p.
to mice on day 0, and rTNF-a was given i.p. to mice once a day
for 9 days (days 1-9). In a dose of 1.0 fig/mouse rTNF-a

prolonged the life of mice bearing Meth A: the T/C was 149%.
However, the life of mice bearing Colon 26, Sarcoma-180, or

Ehrlich was not prolonged by treatment with rTNF-a, and
conversely the lives of mice bearing MH134, and also of those
bearing Ehrlich were shorter than those of the control: the T/C
value was 32%, and was considered to be caused by rTNF-a.

In the other experiment, rTNF-a was given i.v. on days 1, 5,
8, 12, and 15 to mice inoculated i.p. with Meth A on day 0.
rTNF-a did not prolong the life of the mice (Table 4).

Direct Cytotoxicity against in Vitro Cultured Cells. The ex
periments were performed to examine the direct cytotoxicity of
rTNF-a against in vitro cultured cells. The results are shown in
Table 5. The drug showed cytotoxicity against cultured L929
fibroblast, but no significant cytotoxicity against cultured Meth
A, Colon 26, Colon 38, or Sarcoma-180 cells.

DISCUSSION

In the present study, rTNF-a prepared by expression of its
complementary DNA in E. coli was used (15, 16). First, the
optimal time interval between tumor implantation and dosing
was examined for antitumor activity of rTNF-a against i.d.
Meth A. rTNF-a inhibited tumor growth and caused an in
creased necrotic effect when given i.v. on day 7 or 10 after
tumor implantation, but not when given on day 3 (Fig. 1). This
suggests that the interval between tumor implantation and
rTNF-a injection has a direct bearing on the development of
tumor necrosis and inhibition of tumor growth. The results in
Fig. 2 suggest that the inhibitory effect of rTNF-a given i.v.,
provided the first injection started on day 7, would be the same
regardless of subsequent injection schedule. Marked regression
of established solid tumors was observed after dosing with
rTNF-a by either the i.t. or i.v. route, and the degree of
regression was weaker after i.p. or i.m. route (Fig. 3).

Those results prompted us to evaluate the antitumor effects
of rTNF-a against various kinds of established solid tumors.
We found that rTNF-a was strongly active against all the
murine tumors tested: Meth A, Sarcoma-180, M5076, Colon
38, and Colon 26. The antitumor activity appeared as hemor-
rhagic tumor necrosis, inhibition of tumor growth and also life

Table 2 Antitumor effect of rTNF-a on solid murine tumors (life span)

MethADrugControl

rTNF-aDose

Gig/mouse)00.1

0.32
0.56
1.01.8

3.2MST-(day)50.5

44.0
47.5
NT73.5

NT
78.0TIC"

(%)87

94146

154M5076MST

(day)27.0

NT
NT
29.0
30.0
30.0
28.5TIC

(%)107111

111
106Sarcoma-

180MST

(day)55.0

NT
72.0
NT78.5

NT
93.5T/C

(%)131

143

170Colon

26MST(day)16.0NT

NT
27.5
28.5
26.0
29.0TIC(%)172

178
163
181Colon

38MST(day)52.5

NT
NT
NT
58.5
67.0
89.5TIC

(%)111128

170
" MST, median survival time. Ten mice were used per group.

*r/c, MST of the treated group
' MST of the control group

' NT, not tested.
x 100 (%).
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Table 3 Antitumor effect of intraperitoneal rTNF-a on ascitic murine tumors

MethAÂ»Drug-Control

rTNF-aDose(fig/mouse)00.1
0.32
1.0
3.2MST*

(day)20.5

23.5
19.0
30.5
NTTIC(%)11593

149Colon

26'MST(day)19.0

16.5
18.5
17.5
NTTIC(%)87

97
92MH134*MST(day)13.0

11.5
10.0
9.010.0TIC

(%)8877

69
77Sarcoma

ISC'MST

(day)18.0

17.0
16.0
20.5
NTTIC(%)94

89
114Ehrlich*MST

(day)19.0

18.5
16.5
19.0
6.0TIC

(%)97

87
100
32

* Treatment, once a day, for days 1-9 i.p.
* 1 x 10*cells/mouse were inoculated i.p.
'2x10* cells/mouse were inoculated i.p.
' MST, median survival time. Ten mice (20 mice in control group) were used per group.
* NT, not tested.

2 g 3. g S g
J CM (O^ co K o coÃ³ Ã¶ Ã¶ *~ *-'

Fig. 5. Antitumor effect of rTNF-a on Meth A implanted i.in. Meth A was
inoculated i.m. in the hind thigh of BALB/c mice, and rTNF-a was given i.v. on
days 7, 10, and 14. Tumor weights were calculated on day 16, and values are
mean â€¢SE. Each group consisted of 10 mice.

Table 4 Antitumor effect of i.v. rTNF-a on ascitic murine tumor

Drug-Control

rTNF-aDose

Oig/mouse)0

0.1
0.32
1.0Meth

A*MST'

(day)12.0

12.0
10.5
13.5TIC

(%)100

89
113

' Treatment, day 1, 5, 8, 12, and 15 i.v.
* 1 x 10* cells/mouse were inoculated i.p.
' MST, median survival time. Ten mice (20 mice in control group) were used

per group.

Table 5 Cytotoxic effect of rTNF-a in vitro

%CytotoxicityCell

line-Meth

A*
Colon 26'
Colon 38*
Sarcoma IS(C
L929*1g

-6-6

6
951017

-7
-57

9810013-4-4
7

97100017

-5
0

18
98(ng/ml)

Â°Cells (1 x 10V200 Â»il)were incubated with various concentration of rTNF-a
for 48 h at 37*C in a humidified atmosphere of air and 5% <'<>...

6 The survival cells were counted by a hematocyte counter.
' The survival cells were fixed and stained with 0.5% crystal violet in 20%

methanol. The dye was extracted, and A*Â»was measured with Titerteck Multi-
skan.

prolongation of mice bearing these tumors. Haranaka et al. ( 18)
reported that highly purified mouse natural TNF prepared from
the mouse sera showed an excellent antitumor effect on various
kinds of murine solid tumors: hemorrhagic tumor necrosis and
inhibition of tumor growth. Our results with rTNF-a showed
that the compound has an antitumor activity which is compa
rable to those of murine natural TNF, and is species nonspecific.

3710

The antitumor activity of rTNF-a was characterized by hem
orrhagic necrosis of four of five tumors tested. However, the
hemorrhagic necrosis scores of s.c. Colon 38 in the rTNF-a-
treated group were similar to those in the control group, in
spite of its tumor regressive effect. Yet, when the Colon 38
solid tumor was incised and examined macroscopically 24 h
after dosing with rTNF-a, the inside of the tumor was found to
have undergone necrosis. Meth A solid tumor, implanted i.m.
in the hind leg, also underwent hemorrhagic necrosis after i.v.
dosing with rTNF-a. On the contrary, Meth A ascitic tumor
was not sensitive to i.v. treatment with rTNF-a (Table 4). Thus,
the characteristic antitumor effects of rTNF-a may be displayed
by induction of hemorrhagic necrosis in established solid tu
mors. Endotoxin also is known to induce tumor necrosis and
to regress tumors (19-21). Because the rTNF-a preparation
used in the present experiments was found to contain only
about 0.13 ng of endotoxin/mg of rTNF-a in our test for
endotoxin, the hemorrhagic necrosis observed may not have
been due to the contaminating endotoxin.

In the experiments on murine ascitic tumors, rTNF-a given
i.p. was slightly active against only Meth A but not against
Colon 26, MH134, Sarcoma-180, and Ehrlich. Antitumor
chemotherapeutics with cytotoxic activity against murine and
human tumor cells are generally active against i.p.-inoculated
murine tumors when these drugs are also introduced i.p. (22,
23). rTNF-a is reported to be toxic against in vitro murine and
human transformed cell lines, but not against mouse embryo
and human diploid cells (1-12). However, our finding that
rTNF-a given i.p. was active against only Meth A among
various kinds of mouse ascitic tumors suggests that rTNF-a is
not strongly toxic against the murine tumors tested. Also in the
present experiments against in vitro cultured cells, rTNF-a was
not directly cytotoxic against Meth A, Colon 26, Colon 38, or
Sarcoma-180, which were used in the solid tumor experiments.
Thus, we suggest that rTNF-a has no strong cytotoxicity against
the tumor cells treated in either system. Antitumor chemother
apeutics with cytotoxic activity are known to be more effective
on small solid tumors than on large ones. rTNF-a showed no
antitumor activities against the small solid tumors when given
i.v. on day 3 after the implantation, though the drug was
strongly active against the large solid tumors when given on
day 7 or 10. The observations also confirm that in vivo rTNF-
a responsiveness may not be due to direct cytotoxicity against
the tumor cells. Thus, the information suggests that the anti-
tumor effect of rTNF-a against murine established solid tumors
derived from an indirect mechanism related to the growth of
the implanted tumors rather than to the direct cytotoxicity of
the drugs. Hammerling et al. (24) also were of the opinion that
there is no general correlation of TNF sensitivity between
cultured cells and their tumor counterparts. Such an indirect
mechanism may involve host-mediated immune factors or neo-
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vascularization in tumors which are connected with the growth
of tumors. Recently, rTNF-a was reported to bind directly and
act on cultured human vascular endothelium (25-29) and to
induce procoagulant activity or the release of interleukin-1 (28,
30-32). The study of the detailed mode of action of rTNF-a is
underway in our laboratories.

In summary, rTNF-o is a unique antitumor drug with potent
hemorrhagic tumor necrosis activity against solid tumors, but
not against ascitic tumors, in mice.
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