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TNF, a protein released by induced macrophages, is
believed to mediate, at least in part, the tumoritoxic
effects of activated macrophages. In vitro, it has cyto-
toxic effects on transformed cells but not on normal
cells, and in vivo it causes necrosis of tumours. Re-
cently, both human and murine TNF became availabie
as pure recombinant proteins. Subsequent work con-
firmed its in vitro cytotoxic activity, selective for
transformed cells, and revealed other, non-cytotoxic
effects on some normal cells. In vitro, the BI6BL6
melanoma cells, syngeneic with C57BL6 mice, are re-
sistant to the cytotoxic effects of rTNF but become
sensitive when they are also treated with rIFN-y. We
report that established, s.c. BI6BL6 tumours in vivo
can be induced to necrotize and regress by a combined
systemic treatment with rTNF and murine rIFN-y.
Although TNF is not species-specific in vitro, the ef-
fects of treatment with human and murine rTNF in
vivo are different: with murine rTNF, the synergism
with rIFN-y is relatively less clear, the addition of IFN-
v is not necessary to induce regression, toxicity is
more pronounced and additional mechanisms of tu-
moritoxicity could be involved. Relapses are frequent
but complete cures have been observed. These results
give further evidence in favour of a potential clinical
use of TNF in combination therapy, e.g. with IFN-y.
However, there is still a need to develop better regi-
mens, especially for consolidation, and to continue
research in order to understand and limit the toxicity,
which could be mediated by the activating effects of
TNF on some normal cell types.

TNF is a protein released by induced macrophages.
Originally detected in the serum of BCG-infected mice
injected with endotoxin (LPS) (Carswell et al., 1975;
Old, 1985), it causes necrosis of tumours in vivo and
has cytotoxic effects in vitro on a series of human and
murine transformed cells but not on normal cells (Cars-
well et al., 1975; Old, 1985; Helson et al., 1975; Ruff
and Gifford, 1981; Williamson et al., 1983; Haranaka
etal., 1984).

Recently, the cDNA genes encoding human TNF
(Pennica et al., 1984; Marmenout et al., 1985; Shirai
et al., 1985; Wang et al., 1985) and murine TNF
(Fransen et al., 1985; Pennica et al., 1985) have both
been cloned and expressed in E. coli. The recombinant
proteins were purified to homogeneity. Subsequent
research confirmed the selective cytotoxic effects in
vitro on tumour cells previously seen with the natural
TNF (Fransen et al., 1986b; Sugarman et al., 1985).

It is now realized that TNF also has a number of
non-cytotoxic effects on normal cells. It exerts a mi-
togenic effect on both mouse and human untrans-
formed fibroblasts (Fiers et al., 1986; Vilcek et al.,
1986) and, in the case of a precursor to a cytotoxic T-
cell (Erard et al., 1984), can replace the specific action
of IL-1 (Fiers et al., 1986). At least in human systems

TNF, in synergism with IFN-y, activates neutrophils
in vitro (Shalaby et al., 1985). TNF is also identical to
cachectin (Torti et al., 1985; Beutler et al., 1985a) and
could be a mediator of other effects caused by endo-
toxin (Beutler et al., 1985b). Furthermore, TNF di-
rectly or indirectly influences gene expression in
untransformed target cells. For example, it enhances
the synthesis of class-I HLA-antigens in vascular en-
dothelial cells and in dermal fibroblasts (Collins ez al.,
1986) and induces another surface antigen on endothe-
lial cells (Pober et al., 1986). This latter effect is an-
other property that TNF shares with IL-1.

TNF binds to specific receptors on the membrane of
the target cells (Rubin er al., 1985), and is subse-
quently internalized and degraded (Baglioni er al.,
1985). The presence or absence of TNF receptors,
however, is not correlated with sensitivity or resistance
to the cytolytic effects of TNF (Tsujimoto ez al., 1985;
Ruggiero et al., 1986). '

In contrast to IFN-y, TNF shows little species-spec-
ificity. Murine and human TNF are 79% homologous
at the protein level and only the murine natural TNF
is a glycoprotein (Marmenout et al., 1985). The in
vitro activities of murine and human rTNF were com-
pared, and only a very limited degree of species-
specificity was found: some cells required a lower
concentration of the homologous rTNF to attain a
similar degree of lysis. Also, for some cell lines the
synergism with IFN-y was more pronounced in treat-
ments with the homologous rTNF (Fransen et al.,
1986a).

The synergistic activity of IFN-y and TNF was ex-
pected from the synergism between IFN and a similar
factor produced by B-lymphocytes (Williamson ef al.,
1983) and was shown in vitro for human tumour cells
(Fransen et al., 1986b) and murine tumour cells (Fran-
sen et al., 1986a).

We have now investigated whether the in vitro find-
ings regarding the cytotoxic activity, the synergism
with IFN-y and the species-specificity of TNF are also
valid for the in vivo situation.

3To whom reprint requests should be addressed.

Abbreviations: TNF, tumour necrosis factor; rTNF, recombi-
nant tumour necrosis factor; rIFN-y, recombinant interferon
gamma; LPS, lipopolysaccharide; IL-1, interleukin 1; i.p., intra-
peritoneal; p.l., paralesional; PBS, phosphate-buffered saline;
TSI, tumour size index; CHO-cells, Chinese hamster ovary cells;
s.c., subcutaneous (ly); TNS, tumor necrosis serum.

Received: May 15, 1986.



764

As a syngeneic tumour model we chose the BI6BL6
melanoma (Hart and Fidler, 1980), derived from a
spontaneous melanoma and syngeneic with C57BL6
mice. In vitro, this tumour is not sensitive to the
cytotoxic activity of TNF unless treatment is combined
with murine rIFN-y (Fransen et al., 1986a).

MATERIAL AND METHODS

Cytokines -
Murine and human rTNF, produced by E. coli con-
taining appropriate plasmids (Fransen er al., 1985;
Marmenout et al., 1985) were purified to apparent
homogeneity. Human rTNF has a specific activity of
2 x 107 U/mg and the preparation contained less than
1 ng endotoxin/m§ protein. Murine TNF has a specific
activity of 5 X 107 U/mg and the preparation contained
‘less than 40 ng endotoxin/mg protein. TNF aliquots
were stored at —70°C, then thawed and diluted in
endotoxin-free PBS immediately before injection.
Glycosylated murine rIFN-y was produced in CHO
(Chinese hamster ovary) cells and partially purified on
a CPG10 column (Serva, Heidelberg, FRG). It was
stored in the desorption buffer containing 50% glyc-
erol and 1.5M NaCl in PBS. The specific activity was
around 10° U/mg protein and endotoxin contamination
was 1-10 ng endotoxin/mg protein. Murine IFN-y was
titrated on L.929 cells challenged with VSV (vesicular
stomatitis virus). IFN-y activity is expressed in labo-
ratory units. Endotoxin levels were measured by the
LAL-assay (Limulus amoebocyte lysate assay).

Animals

C57BL/6J mice were obtained from IFFA-CREDO
(Saint-Germain sur 1’Arbresle, France). Male mice,
about 8 weeks old at inoculation, were used through-
out. All the mice in a single experiment were received
as one group from the breeder.

Tumour

B16BL6 tumour cells were a gift from Dr. M. Ma-
reel by courtesy of Dr. I. Fidler (Hart and Fidler,
1980). Cells were expanded in vitro. At the day of
inoculation (day 0), cells were suspended by a short
EDTA treatment and washed once in complete medium
and twice in PBS. Five million cells in 0.1 ml of PBS
were injected s.c. in the backs of the mice just in front
of the hind limb, causing the appearance of an s.c.
tumour nodule at the inoculation site in all animals
between days 8 and 10. All the mice used in a single
experiment were inoculated on the same day and with
cells of the same suspension. A few days later they
were allocated at random to groups before tumour
nodules appeared.

Treatment and monitoring

Mice were treated with cytokines and/or controls at
the days and according to the regimens indicated be-
low. Two routes of administration were used: the in-
traperitoneal (i.p.) way as a systemic administration
route and the paralesional (p.l.) way as a local one. By
p.l. injection we understand an s.c. injection near the
site of the tumour but outside the tumour nodule. I.p.
injections were made in a total volume of 0.5 ml while
p-1. injections had a total volume of 0.1 ml.

Tumour size was assessed every 2 or 3 days and
expressed as tumour size index (TSI), calculated as the
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FiGurE 1 - Effects of treatments with human rTNF and/or
murine rIFN-y on tumour growth. Tumour-size index (cm X
cm) is plotted against time (days post-inoculation). The con-
trol group was the same for Figure 1a and 15 and consisted of
mice treated with daily injections of PBS. All mice received
10 injections, starting on day 10, except for 2 mice of the con-
trol group that died on day 17 and 2 mice of the group treated
with a combination of rTNF i.p. and rIFN-y i.p. on alternate
days, that died on days 22 and 28, respectively. (4) or ™)
days of injection as indicated at the bottom of the Figure
(closed symbols refer to daily injections, open symbols refer
to alternate-day treatments).

(@) Results of p.l. treatments: x X, control group
(PBS), @------ @, 5 pg rTNF (3 individual mice are plot-
ted) daily; B W, 5 yg rTNF + 10° U IFN-y, daily;
[J---00, 5 ug rTNF + 10° U IFN-y, alternate days.

(b) Results of i.p. treatments: x X, control group
(PBS); A------ A, 10° U IFN-y, daily; @ ®,5 ug
rTNF, daily; O- - -O, 5 ug rTNF, alternate days; ll——W,
5 pg rINF + 10% U IFN-y, daily; O- - -[1,5 ug rTNF +
10? U IFN-y, alternate days. (When | out of 3 mice survived,
the results were not further plotted.)

product of the largest diameters at right angles to each
other (Balkwill et al., 1985).

RESULTS

Treatment of BI6BL6 melanoma with human rTNF and
murine rIFN-y

In this study, summarized in Figure 1, 10 groups of
3 mice each were treated. Treatment started at day 10




ANTI-TUMOUR ACTIVITY OF rTNF AND SYNERGISM

post-moculatlon and cornpnsed 10 injections of 5 pg
(10° U) human rTNF and/or 10* U murine rIFN-y by
different administration routes and regimens (see leg-
end to Fig. 1).

Mice treated with p.1. injections of rTNF in combi-
nation with rIFN-y (Fig. 1a) showed regression of the
tumour and apparent remission (6/6 mice). Two mice
had a relapse, while the other 4 died from wound
problems (peritoneal perforation) during or following
rejection of the scab that had resulted from tumour
necrosis. Mice treated with p.l. injections of 5 ug
human rTNF alone gave varying responses: one had
complete remission (no relapse during a 6-month fol-
low-up period), one had growth retardation and one
showed no response.

Mice treated with human rTNF and/or murine rIFN-
v i.p. (Fig. 1b) showed tumour-growth retardation but
no necrosis or regression. Daily injections of the com-
bination gave the strongest tumour-growth retardation.

Comparison of effects of human rTNF and murine
rINF alone and in combination with murine rIFN-y

Groups of 6 mice each were treated with 5 X 105 U
(25 pg) human rTNF or 5 x 10° U (10 pg) murine
*TNF and/or 5 X 10° U murine rIFN-y. Treatment,
started on day 9, consisted of daily injections lasting
until day 42 except in the case of those mice whose
tumour had completely regressed (Fig. 2). Figure 2a
and b gives the mean values for the groups treated
with human rTNF (Fig. 2a) and murine rTNF (Fig.
2b), respectively. As a common reference the means
for the PBS-treated and murine rIFN-y-treated con-
trols are plotted on both Figures. The variability within
the groups can be assessed from Figure 2c-2k,
which the results for individual mice are plotted, to-
gether with the time of death and the exact periods of
treatment.

I.p. administration of human rTNF and murine rIFN-
v in combination gave better results than the adminis-
tration of either alone (Fig. 2a). The augmentation of
the dose—compared with the experiment reported
above—had both positive and negative effects. In the
group that received the combination (Fig 2k), 4/6 mice
showed not only tumour- growth retardation but even
an apparently total necrosis. On the other hand, the
toxicity of treatment caused the death of 4/6 mice by
day 25. The two mice that showed an apparently total
necrosis and survived the treatment developed a re-
lapse at the margin of the necrotized area soon after
the treatment was stopped (within 4-6 days). The i.p.
administration of either human rTNF alone (Fig. 2i)
or murine rIFN-y alone (Fig. 2d) resulted at most in a
aslight growth retardation, but in no case regression or
total necrosis (0/6 mice). A statlstlcally meaningful
evaluation of these growth retardations is impossible
due to the aggressive growth of the tumour in the
control animals. However, even assummg that the
growth retardation is real, this is not the “clinically
significant” tumour- destroymg effect which is being
sought. Nevertheless, when each of the groups treated
with human rTNF i.p. alone, murine rIFN-y alone or
PBS, is compared with the group treated with the
combination of human rTNF i.p. and murine rIFN-y
i.p., the observed difference in the number of mice
that show an apparently total necrosis is significant
(p <0.025 as assessed by the Chi-square test).
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Local (p.l.) treatment of the tumour with 5 >< 10°U
(25 ug) human rTNF combined with 5 X 10° U mu-
rine IFN-y i.p. (Fig. 2g) resulted in apparently total
necrosis (6/6 mice), which was already obvious after
only 2 injections. Treatment was continued for a few
days (see Fig. 2g for details) and was then stopped
All mice had relapses. P.1. injections of 5 x 10° U (25
ug) human rTNF (Fig. 2e) alone showed growth retar-
dation and even temporary regression or partial (cen-
tral) necrosis in 5 out of 6 mice, but in no case a total
necrosis (p<0.005 for differences in total necrosis
between these two groups).

Lp. administration of 5 X 10° U (10 ug) murine
rTNF alone (Fig. 2j) caused tumour-growth retarda-
tion in 6/6 mice until the 13th day of treatment. Sub-
sequently, all tumours necrotized (p <0.005 for total
necrosis vs. control). Four of 6 mice died shortly after
the necrosis had become total or nearly total; two of
these had a perforated peritoneum. Both surviving mice
showed marginal relapses a few days after the treat-
ment had been stopped.

Tumours borne by mice receiving a treatment con-
sisting 0f 5% 10° U (10 pg) murine r'TNF p.1. and
5 x 10® U murine rIFN-y i.p. (Fig. 2h) continued to
grow until day 3 of treatment, then regressed and
necrotized between days 9 and 13 of treatment. Two
of 6 mice died during tumour necrosis but before this
had become total, while one mouse died from a perfo-
rated peritoneum. Of the 3 remaining mice, one devel-
oped a metastasis in the inguinal lymph node while the
two others are alive and well after a follow-up period
of more than 6 months (p <0.025 vs. control for total
necrosis).

The response to p.1. treatment with 5 x 10° U (10
pg) murine rTNF without IFN-y (Fig. 2f) was more
variable. Four of 6 mice showed regression and appar-
ently total necrosis, but sooner or later all had a re-
lapse. One mouse died after the onset of necrosis but
before necrosis had become total, while another did
not show a clear necrosis.

The faci that the clear tumour-destroying effect in
some groups was not followed by a corresponding
increase in survival or complete cures will be dis-
cussed below.

DISCUSSION

The results reported here clearly show an in vivo
anti-tumour effect of both murine and human rTNF
administered alone or in combination with IFN-y. It
should be emphasized that the B16BL6 tumour is in-
sensitive in vitro to the effect of TNF unless murine
IFN-v is also added. To achieve these results we had
to work out a treatment regimen that is quite different
from the single-shot cures described for the highly
sensitive MethA sarcomas (Haranaka et al., 1984).

As we expected, the difference between p.l1. and
systemic treatments seen in the first experiments van-
ished when we increased the dose. This strongly sug-
gests that the difference is due to pharmacokmetlc
rather than intrinsic factors. Daily injections were su-
perior to regimens with longer intervals.

The results described were obtained with extra-tu-
moral administration of TNF. This might be important
in view of the possible use of TNF in the treatment of
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FIGURE 2 - Comparison of effects of treatment with human
or murine rTNF, alone and in combination with murine rIFN-
. Tumour-size index (cm X cm) is plotted against time (days
post-inoculation). Results in Figure 2a and 2b are means of 6
mice or of the surviving mice. As a reference, PBS-treated
controls and mice treated with murine rIFN-vy alone are plot-
ted in both a and b. Treatment (daily injections) started on day
9 and lasted until day 42 except for mice in which the tumour
had apparently regressed completely. In the latter cases,
treatment was arrested a few days later, and restarted when
relapse became obvious. Panels c-k show the variance within
the groups. Tumour-size index is plotted against time for in-
dividual mice and the exact periods of treatment are indicated
at the top of the figure. Time of death of individual mice are
indicated by symbols at the bottom of the figure. Time of
death of mice that were alive at day 55 are mentioned below.

(a) Results with human rTNF: A A, control group
(PBS) (c); A---A,5 x 10° U murine rIFN-y i.p. (d); B—

— M, 5 x 10° U (25 pg) human rTNF p.l. (e); (O---0J, 5

x 10° U (25 pg) human rTNF p.1. + 5 x 10° U murine rIFN-
v i.p. (g); @-- -.5 5 x 10° U (25 pg) human rTNF i.p. (i)j'
O O, 5 x 10° U (25 pg) human rTNF i.p. + 5 X 10
U murine rfIFN-y i.p. (k).

(b) Results with murine rTNF: A A, control group
(PBS) (¢); A---A,5 X 10° U murine rIFN-y i.p. (d); B—
—M, 5 X 10° U (10 pg) murine rTNF p.1. (; B---0,5
x 10° U (10 pg) murine rTNF p.L. + 5 X 10° U murine rIFN-

vip. (h);, @ @, 5 x 10° U (10 pg) murine rTNF i.p.
. © - & x Xy =y Oeveree d; O---0; A---
A; ¥——V TSI for individual mice.

Days of death of mice that were alive on day 55: (d) 56; (V)
: 70; (V) (g): 77(+); (h): one mouse died on day 59 (A)
while the other two were still alive on day 198 ((J,O); (i): 56
(x); 70(0); (j): 56(0); (k): 70(O).
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disseminated disease, since results obtained with intra-
tumoral administration of TNF cannot always be re-
peated with systemic administration of the drug (Har-
anaka et al., 1984; Balkwill ez al., 1986). Whether the
difference between intra- and extra-tumoral adminis-
tration of the drug is also due to pharmacokinetic
factors is not very clear, since augmentation of the
systemic dose does not result in an improvement of the
response (Balkwill et al., 1986).

The fact that we saw some response when we gave
human rTNF alone—a treatment that has no effect at
all in vitro—can be explained in two ways. Firstly, it

1
50 days

is conceivable that the endogenous level of IFN-vy, or
of another factor that acts synergistically with TNF, is
near the threshold level of such a cooperation. An
alternative explanation is that indirect mechanisms of
action of TNF are at work: in the human system, an
activation of neutrophil functions (Shalaby ez al., 1985)
and effects on endothelial cells (Pober et al., 1986)
have been demonstrated in vitro. Both could be in-
volved in the anti-tumour activity.

It is clear, however, that in the case of human rTNF
the addition of exogenous rIFN-y is of major impor-
tance to the effectiveness of the treatment. This is in
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accordance with the in vitro data but does not prove
the importance of direct cytotoxic mechanisms, since
indirect mechanisms could also be enhanced by IFN-y
‘(Shalaby ez al., 1985). The fact, however, that human
rIFN-y acted synergistically with TNF in a heterotrans-
planted human tumour model in nude mice (Balkwill
et al., 1986) (a system in which, due to the stringent
species-specificity of interferons, human rIFN-y has
no influence on indirect mechanisms) strongly sug-
gests that at least part of the synergistic anti-tumour
activity of rIFN-v is due to direct effects on the tumour.

The synergism is less clear with murine r'TNF, where
exogenous IFN-y does not seem to affect the induction
of regression. This absence of synergism in the induc-
tion of necrosis was also seen in another experiment,
in which we used murine rTNF and murine rIFN-y
(results not shown). However, it is quite possible that
the addition of IFN-y could be important in reducing
relapse frequencies. Another difference between hu-
man and murine rTNF is the slower induction of
regression by murine rTNF. These results do not cor-
respond with the in vitro data. In vitro, synergism is
more pronounced with the homologous rTNF, and
there is only a slight quantitative difference in effec-
tiveness, in that more units of the heterologous rTNF
are required to obtain the same degree of cytolysis
(Fransen et al., 1986a). Again, the two alternatives
mentioned above can explain this difference: murine
TNF could be a stronger inducer for endogenous co-
operative factors in the mouse, or murine TNF could
better elicit indirect anti-tumour mechanisms in the
mouse.

The contrast between the difference in the effects of
murine and human rTNF observed in the animal on
the one hand, and the absence of such a difference
regarding the direct cytotoxicity of the two rTNFs
observed in vitro on the other hand, would suggest that
the effects induced by TNF on normal cells are the
result of the triggering of receptors or receptor-cou-
pled mechanisms different from those responsible for
direct cytotoxicity to malignant cells. Until now, it has
been generally accepted that TNF has no species-spec-
ificity. This may be true for some but probably not all
in vitro assays and is certainly not correct in vivo. For
this reason, great care must be taken in extrapolating
or comparing in vitro observations or observations
with TNS to an ir vivo situation with rTNF. Indeed,
‘while most of the earlier work was done with murine
or rabbit TNS, contemporary research is mainly per-
formed with recombinant human TNF.

The two major obstacles to a more successful out-
come of TNF anti-tumour therapy are relapses and
toxicity. Relapses, which are frequent and generally
occur soon after arrest of treatment, may possibly be
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prevented by the development of regimens for consol-
idation treatment. Therapeutic toxicity, which often
has a fatal outcome, may be attributed to three factors:
irrelevant, model-related problems (perforation of the
peritoneum during rejection of the scab), necrosis-
related problems (tumour-lysis syndrome) and also
more direct TNF-induced toxicity. Assessing the rela-
tive contribution of each component, and hence the
TNF-inherent toxicity, is not easy because of the lack
of a good control group. Indeed, it is known that
endotoxin and TNF are more toxic in tumour-bearing
animals (Berendt et al., 1980; Old, 1985). The only
valid control would consist of C57BL6 mice bearing a
tumour showing no response at all to the combination
of IFN-y and TNF. In this respect, when human rTNF
is given alone (Fig. 2a), lethality is no higher than in
the PBS-treated controls, even after correction for tu-
mour size. However, part of the lethality is due to
TNF-inherent toxicity probably caused by TNF effects
on normal cells, e.g. endothelial cells. Our current
research is directed towards the understanding and
selective inhibition of these effects. Healthy mice
treated with TNF showed weight loss, anorexia, hy-
pothermia, malaise and scab formation upon repeated
injections of TNF at the same site. These effects tend
to be more pronounced with murine than with human
r'TNF and seem to be mouse-strain-dependent (data
not shown). Murine IFN-y was more toxic than we
expected. However, to ascertain this toxicity is due to
IFN- itself or to contaminants in the preparation, we
must await further purification. That the beneficial
effects of the murine rIFN-y are not due to contami-
nants is almost certain, since a similar synergism was
observed on human tumour cells with pure human
fIFN-y, both in vitro (Fransen et al., 1986a) and in
vivo (Balkwill et al., 1986).

Our resuits provide further evidence for the consid-
erable clinical potential of rTNF in tumour therapy,
especially in combination therapy, e.g. with IFN-y.
Nevertheless, better regimens and/or adjuncts must be
developed, especially for consolidation treatment, and
research to limit the toxicity must continue.

ACKNOWLEDGEMENTS

We thank Drs. M. Mareel and . Fidler for the gift
of the B16BL6 tumour cell line, Mr. G. Haucquier and
Ms. R. Bauden for help with the purification of human
and murine rTNF, Ms. W. Burm for carrying out
interferon assays, Ms. D. Ginneberghe for culturing
of CHO-cells, Mr. C. Van Kuyck for help in animal
care, Mr. B. van Oosterhout for editorial help and Mr.
W. Drijvers for art work. This research was supported
by Biogen, Geneva, Switzerland, by the Algemene
Spaar- en Lijfrentekas, and by the Fonds voor Genees-
kundig Wetenschappelijk Onderzoek of Belgium.

REFERENCES

BAGLIONI, C., MCCANDLESS, S., TAVERNIER, J., and Figrs, W.,
Binding of human tumour necrosis factor to high-affinity recep-
tors on Hela cells. J. biol. Chem., 260, 13395-13397 (1985).

BAaLkwiLL, F.R., GOLDSTEIN, L., and STEBBING, N., Differential
action of six human interferons against two human carcinomas
growing in nude mice. Int. J. Cancer, 35, 613-618 (1985).

BaLkwiLL, F.R., LEE, A., ALpaM, G., Moobig, E., THOMAS,
J.E., TAVERNIER, J., and FiErs, W., The activity on human
tumour xenografts in nude mice of recombinant human tumour

necrosis factor alone or in combination with interferons. Cancer
Res., 46, 3990-3993 (1986).

BERENDT, M.J., NEWBORG, M.F., and NorTH, R.J., Increased
toxicity of endotoxin for tumour-bearing mice and mice respond-
ing to bacterial pathogens: macrophage activation as a common
denominator. Infect. Immun., 28, 645-647 (1980).

BEUTLER, B., GREENWALD, D., HULMES, J.D., CHANG, M., PAN,
Y.-C.E., MATHISON, J., ULEVITCH, R., and CERAMI, A., Identity
of tumour necrosis factor and the macrophage-secreted factor




ANTI-TUUMOUR ACTIVITY OF rTNF AND SYNERGISM

cachectin. Nature (Lond.), 316, 552-554 (1985a).

BEUTLER, B., MiLsaRk, I.W., and CeraMI, A.C., Passive im-
munization against cachectin tumour necrosis factor protects
mice from lethal effect of endotoxin. Science, 229, 869-871
(1985b).

CARSWELL, E.A., OLD, L.J., KasseL, R.L., GREEN, S., FIORE,
N., and WILLIAMSON, B., An endotoxin-induced serum factor
that causes necrosis of tumours. Proc. nat. Acad. Sci. (Wash.),
72, 3666-3670 (1975).

CoLLINS, T., LAPIERRE, L.A., FIERS, W., STROMINGER, J.L., and
POBER, J.S., Recombinant human tumor necrosis factor increases
mRNA levels and surface expression of HLA-A, B antigens in
vascular endothelial cells and dermal fibroblasts in vitro. Proc.
nat. Acad. Sci. (Wash.), 83, 446-450 (1986).

ErARD, F., CORTHESY, P., SMITH, K.A., Fiers, W., CONZEL-
MANN, A., and NABHOLZ, M., Characterization of soluble factors
that induce the cytolytic activity and the expression of T-cell
growth factor receptors of a T-cell hybrid. J. exp. Med., 160,
584-599 (1984). :

FiErs, W., BROUCKAERT, P., Guisez, Y., REMAuT, E., VAN
Roy, F., DEvos, R., FRANSEN, L., LEROUX-ROELS, G., MAR-
MENOUT, A., TAVERNIER, J., and VAN DER HEYDEN, J., Recom-
binant interferon-gamma and its synergism with tumour necrosis
factor in the human and mouse systems. In: H. Schellekens and
W.E. Stewart (eds.), The biology of the interferon system 1985,
pp. 241-248, Elsevier, Amsterdam (1986).

FRANSEN, L., MULLER, R., MARMENOUT, A., TAVERNIER, J.,
VAN DER HEYDEN, J., KawAsHIMA, E., CHOLLET, E., TiZARD,
R., VAN HEUVERSWYN, H., VAN VLIET, A., RUYSSCHAERT, M.-
R., and FiErs, W., Molecular cloning of mouse tumour necrosis
factor cDNA and its eukaryotic expression. Nucl. Acids Res.,
13, 4417-4429 (1985).

FRANSEN, L., RUYSSCHAERT, M.-R., VAN DER HEYDEN, J., and
Fiers, W., Recombinant tumour necrosis factor: species-speci-
ficity for a variety of human and murine transformed cell lines.
Cell. Immunol., 100, 260-267 (19864).

FRANSEN, L., VAN DER HEYDEN, J., RUYSSCHAERT, M.-R., and
Fiers, W., Recombinant tumour necrosis factor: its effect and its
synergism with interferon-y on a variety of normal and trans-
formed human cell lines. Europ. J. Cancer clin. Oncol., 22,
419-426 (1986b).

HARANAKA, K., SaToMi, N., and SAKURAL, A., Antitumor activ-
ity of murine tumor necrosis factor (TNF) against transplanted
murine tumors and heterotransplanted human tumors in nude
mice. Int. J. Cancer, 34, 263-267 (1984).

HarT, I., and FIDLER, I., Role of organ selectivity in the deter-
mination of metastatic patterns of B16 melanoma. Cancer Res.,
40, 2281-2287 (1980).

HELSON, L., GREEN, S., CARSWELL, E.A., and OLD, L.J., Effect
of tumour necrosis factor on cultured human melanoma cells.
Nature (Lond.), 258, 731-732 (1975).

MARMENOUT, A., FRANSEN, L., TAVERNIER, J., VAN DER HEY-
DEN, J., TIZARD, R., KAWASHIMA, E., SHAW, A., JOHNSON, M.J.,
SEMON, D., MULLER, R., RUYSSCHAERT, M.-R., VAN VLIET, A.,
and FiErs, W., Molecular cloning and expression of human
tumour necrosis factor and comparison with mouse tumour ne-
crosis factor. Europ. J. Biochem., 152, 515-522 (1985).

OLp, L.J., Tumor necrosis factor (TNF). Science, 230, 630-632
(1985).

PENNICA, D., HAYFLICK, J.S., BRINGMAN, T.S., PALLADINO,

769

M.A., and GOEDDEL, D.V., Cloning and expression in E. coli of
the cDNA for murine tumor necrosis factor. Proc. nat. Acad.
Sci. (Wash.), 82, 6060-6064 (1985). -

PenNIcA, D., NepwiN, G.E., HAYFLICK, J.S., SEEBURG, P.H.,
DERYNCK, R., PALLADINO, M.A., KOHR, W.J., AGGARWAL, B.B.,
and GOEDDEL, D.V., Human tumour necrosis factor: precursor
structure, expression and homology to lymphotoxin. Nature
(Lond.), 312, 724-729 (1984).

POBER, J.S., BEVILACQUA, M.P., MENDRICK, D.L., LAPIERRE,
L.A., FiErs, W., and GIMBRONE, M.A., Two distinct mono-
kines, interleukin-1 and tumour necrosis factor, each indepen-
dently induce biosynthesis and transient expression of the same
antigen on the surface of cultured human vascular endothelial
cells. J. Immunol., 136, 1680-1687 (1986).

RuBIN, B.Y., ANDERSON, S.L., SULLIVAN, S.A., WILLIAMSON,
B.D., CARSWELL, E.A., and OLD, L.J., High-affinity binding of
125]-labeled human tumor necrosis factor (LuKII) to specific cell
surface receptors. J. exp. Med., 162, 1099-1104 (1985).

RUFF, M.R., and GIFFORD, M.R., Tumor necrosis factor. In: E.
Pick (ed.), Lymphokines, Vol. 2, pp. 235-272, Academic Press,
New York (1981).

RUGGIERO, V., TAVERNIER, J., Fiers, W., and BacGLioni, C.,
Induction of the synthesis of tumor necrosis factor receptors by
interferon-y. J. Immunol., 136, 2445-2450 (1986).

SHALABY, M.R., AGGARWAL, B.B., RINDERKNECHT, E., SVED-
ERSKY, L.P., FINKLE, B.S., and PALLADINO, M.R., JR., Activa-
tion of human polymorphonuclear neutrophil functions by in-
terferon-y and tumour necrosis factor. J. Immunol., 135, 2069~
2073 (1985). :

Suiral, T., YAMAGUcHI, H., Ito, H., Topp, C.W., and WAL-
LACE, R.B., Cloning and expression in E. coli of the gene for
human tumour necrosis factor. Nature (Lond.), 313, 803-806

(1985).

SUGARMAN, B.J., AGGARWAL, B.B., Hass, P.E., FiGARI, 1.S.,
PALLADINO, M.A., and SHEPARD, H.M., Recombinant human
tumour necrosis factor-a: effects on proliferation of normal and
transformed cells in vitro. Science, 230, 943-945 (1985).

Torti, F.M., DIECKMANN, B., BEUTLER, B., CERAMI, A., and
RINGOLD, G.M., A macrophage factor inhibits adipocyte gene
expression: an in vitro model of cachexia. Science, 229, 867-
869 (1985).

Tsunmotro, M., Yie, Y.K., and VILCEK, J., Tumor necrosis
factor: specific binding and internalization in sensitive and resis-
tant cells. Proc. nat. Acad. Sci. (Wash.), 82, 7626-7630 (1985).

VILCEK, J., PALOMBELLA, V.J., HENRIKSEN-DESTEFANO, D.,
Swenson, C., FEInMAN, R., HirAl, M., and TsuiMoTO, M.,
Fibroblast growth enhancing activity of tumour necrosis factor
and its relationship to other polypeptide growth factors. J. exp.
Med., 163, 632-643 (1986).

WaNG, A.M., Creasy, A.A., LAaDNER, M.B., LiN, L.S.,
STRICKLER, J., VAN ARSDELL, J.N., YAMAMOTO, R., and MARK,
D.F., Molecular cloning of the complementary DNA for human
tumor necrosis factor. Science, 228, 149-154 (1985).

WILLIAMSON, B.D., CARSWELL, E.A., RUBIN, B.Y., PRENDER-
GAST, J.S., and OLD, L.J., Human tumour necrosis factor pro-
duced by human B-cell lines: synergistic cytotoxic interaction
with human interferon. Proc. nat. Acad. Sci. (Wash.), 80, 5397-
5401 (1983).






