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ABSTRACT

Human recombinant interleukin 2 (II.-2) and tumor necrosis factor
(TNF) were evaluated individually and in combination for their antitumor
efficacy in vivo, using five s.c. murine tumors: 1.121(1leukemia, P815
mastocytoma, B16 melanoma, EL-4 lymphoma, and the methylcholan-
threne-induced sarcoma, Meth A. While only the s.c. methylcholan-
threne-induced tumor exhibited regression and/or cures in response to
immunomodulatory therapy with either agent alone, the simultaneous
administration of a maximally tolerated dose of TNF and II,-2 given
daily from within 1 day (B16 melanoma), 3 days (1.121(1leukemia and
P815 mastocytoma) or 5 and 10 days (EL-4 lymphoma and methylchol-
anthrene-induced sarcoma) after tumor cell implant resulted in no tumor
takes (growth). The TNF dose was apparently rate limiting in that
reduction of the amount of TNF in the combination by 50% resulted in
the loss of curative effects, while II.-2 doses could be reduced by 90%
(depending upon tumor type) and still result in an efficacious combination.
The synergy seen in combination 11-2 and TNF therapy appeared to be
dependent upon tumor burden, but somewhat independent of tumor
location. For example, no tumors were seen in the artificial pulmonary
metastasis model of the B16 melanoma, and the percentage of extension
of median lifetime (test versus control) greater than 150% was seen in
the i.p. B16 melanoma, as well as several other i.p. models of the five
tumor types. On the other hand, no significant extension of lifetime
(>150%) was seen with either lymphokine alone when administered i.p.
at maximally tolerated dose for any of the five tumors tested here. Results
are discussed in relation to potential immune modulatory events which
may be occurring during combination treatments.

INTRODUCTION

Both of the recombinant human proteins IL-21 and TNF

have been shown to exhibit marked antitumor efficacy (regres
sion and/or cures) when used in rodent models of chemically
transformed sarcomas such as Meth A (1-5). These biological
response modifiers have also been reported to exhibit some
efficacy in several other types of murine tumors, including
various leukemias, melanomas, and the P81S mastocytoma (2,
5). TNF and IL-2 administered alone at high doses, however,
are not remarkably effective in the more classical murine
models, since all animals ultimately develop tumors, and the
extent of tumor growth inhibition or extension of lifetime vary
with protocol and dose intensity (2, 5).

The basis for differing sensitivities to immunomodulatory
effects of TNF or IL-2 in such models is not clear. However, it
is likely that the mechanism(s) of immunomodulation which
could result in tumor "cures" involve (a) the degree and extent

to which lymphokines exert their biological effects (including
direct antitumor activities), (/Â»)the tumor burden existing when
immune stimulation occurs, and (c) instrinsic properties of the
tumor cells in vivo (e.g., susceptibility to immune system attack).

Received 12/1/86; revised 2/26/87, 4/30/87; accepted 5/11/87.
The costs of publication of this article were defrayed in part by the payment

of page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

' The abbreviations used are: IL-2, human recombinant interleukin-2; IFN,
interferon; I AK, lymphokine-activated killer cell activity; NK, natural killer cell;
TNF, human recombinant tumor necrosis factor; MTD, maximally tolerated
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Most murine tumors are NK resistant and LAK sensitive, and
it may be that differential activation of cytolytic functions is all
that is required for efficacy in more sensitive tumor
model s (e.g., Meth A), while activation of macrophage, NK,
LAK, CTLs, or natural cytotoxic cells (6), perhaps in a definable
sequence, is required in order to obtain significant efficacy
(cures) in other tumor models. In these latter cases, one would
expect combinations of lymphokines to be more effective than
single agent administration and, in fact, there are increasing
numbers of reports of lymphokine synergy in vivo (e.g., Refs. 7
and 8).

Consequently, in the present study we have evaluated the
sensitivities of five s.c. murine tumor models to human recom
binant lymphokines TNF and IL-2 as single agents, and in
combination at low and high doses. Sensitivities were defined
as the tumor burden which allowed for optimal effects (no
tumor takes) using the combination of IL-2 and TNF, since
none of these tumors except Meth A were cured by either agent
alone.

Finally, studies of the synergistic effects of simultaneously
administered IL-2 and TNF were performed as a function of
tumor location for several of the tumor lines. A model is
proposed in which effective synergy can be predicted for a
tumor model based upon tumor burden, the degree or state of
immune cell activation in the host animals, and the extent of
immune stimulation which may be required to block tumor
takes.

MATERIALS AND METHODS

Therapeutics. Human recombinant muteins of interleukin 2 and
human recombinant tumor necrosis factor were produced at Cetus
Corp. as Good Manufacturing Process grade lyophilized powders in
sterile vials. Both products were reconstituted by using sterile PBS
within 4 days prior to use and, if stored, were maintained at 4"( '. For

combination dosage forms, proteins were premixed at concentrations
such that all doses were delivered in 0.2 ml. Recombinant, Escherichia
coli expressed, human muteins des-alanyl, Ser125IL-2 (3-5 x 10' units/
mg; Ref. 9), and pAW 740 TNF (11-13 x 10* units/mg; Ref. 4)

contained less than 0.001 to 0.006 ngendotoxin/mg protein, depending
upon production lot.

Tumors. Three of the tumor cell lines used in this study were obtained
from the American Type Culture Collection (LI210 leukemia, EL-4
lymphoma, and P815 mastocytoma). The B16W10 melanoma was
obtained as previously described (10). All cell lines were passed twice
in tissue culture (at 37'C and 8% CO2 in RPMI 1640 with 10% fetal

bovine serum and 2 mM i-glutamine) from frozen stocks just prior to
implantation. The Meth A sarcoma was obtained as an ascites-passed
tumor from Dr. Lloyd Old, Memorial Sloan Kettering, frozen as stock,
and passed at least twice in ascites prior to using for efficacy studies.
All tumors and cell lines were negative in tests for Mycoplasma and for
mouse antiviral antibody production [19-virus Mouse Antibody Pro
duction (MAP) test].

For s.c. tumors, cells (5 x 10*-10*) were injected in the suprascapular
region. For i.p. tumors, IO5 cells were inoculated. For the B16 mela

noma i.v. (pulmonary) metastasis model, the cells were removed from
tissue culture plates using trypsin-EDTA, rinsed twice in PBS, and IO4

cells were injected into the lateral tail vein in a (1.2 nil volume.
Mice. Female C57BL/6J x DBA/2J F, (hereafter called B6D2F,)
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COMBINATION THERAPY WITH RECOMBINANT TNF AND IL-2

animals were used for all tumor models except the Meth A, in which
case female BALB/c mice were used. Animals were weight matched
and randomized such that treatment groups (5 or 10) averaged 20 Â±3
(SD) g. All animals were obtained from virus-antibody-free stocks
(Charles River Breeding Laboratories), held for quarantine observation
for 7 days after arrival, maintained in microisolator cages (Lab Prod
ucts, Inc.), and fed standard laboratory diets with sterilized drinking
water.

Experimental Methods. Groups of 5 mice per dose were utilized
except for the B16W10 i.v. model where group sizes were 10. As each
experiment was repeated several times, data are generally reported for
between 10 to 50 animals per dose group. Animals received tumor
challenges on day 0 unless otherwise stated, and all treatments were
Â¡.p.,initiated on the indicated day after tumor challenge, and continued
once per day for 14 days. The MTD was defined in these studies as the
maximum amount of lymphokine(s) which could be injected such that
no deaths occurred and body weight loss during and for 5 days after
therapy was less than 5%. For TNF we found that this was 250 fig/kg
(5 fig/20-g mouse). For IL-2, a maximal soluble dose, 8 mg/ml, was
utilized at a volume which was maintained at 0.1 ml for all therapeutic
injections. Thus, IL-2 doses were 500-800 jig/kg (10-16 >ig/20-g
mouse) administered i.p. on a daily basis for 14 days.

For s.c. models, tumors were measured by using linear calipers in 3
orthogonal directions by the same measurer throughout each experi
ment. While there is interindividual variability when applying this
technique, repeat measurements, when performed by the same person,
showed less than 5% error. All tumors studied were allowed to grow to
volumes of approximately 2 cm3, at which point further measurements

were difficult and animals were sacrificed.
For i.p. tumors, animals were observed daily for survival. As all

tumors studied here are lethal to the mice within approximately 30
days of implant, observations for prolongation of lifetime were per
formed for at least 60 days. For the purposes of this study, "significant"

prolongation of life is defined as time to death of greater than 150% of
control (PBS treated) groups. Complete block of tumor takes is defined
in the s.c. models as no measurable tumors evident for >60 days after
initial tumor challenge.

For the i.v. administered B16 melanoma model, animals were sacri
ficed 17-21 days after cell inoculations and lung colonies were counted.

RESULTS

Subcutaneous Tumor Models

Single Agent Therapy. Under the experimental conditions of
tumor cell implant described here, all animals develop s.c.
tumors in the L1210, P815, B16W10, and EL-4 models, while
95% of the animals consistently develop s.c. Meth A tumors.
When the two lymphokines were evaluated for therapeutic
efficacy as single agents, some initial growth inhibition was
observed (notably with LI210 and P815) with TNF treatments
when therapy was started 1 day after tumor challenge if TNF
was administered at the MTD (Table \A). A similar, marginal
effect was seen for some non-Meth A tumor models (notably
P815) when IL-2 was administered as a single agent once a day
for 14 days, again only when therapy was initiated within a day
of tumor implant (Table IB).

In the case of the Meth A model, the lymphokines are more
dramatically effective, since even a single dose of TNF results
in regression of tumors which had been allowed up to 10 days
to grow before therapy was started (data not shown) (see Refs.
1-5). Similar results are seen for 7- to 10-day-old Meth A
tumors with high doses of IL-2 therapy. However, we found
that when either TNF or IL-2 was given as a single agent at
repeated dosage over the first 14 days to animals bearing tumors
only 1 day old, Meth A tumor growth would be delayed about
30 days after cessation of therapy for a significant number of
the animals, but a majority developed tumors by day 45. This

finding is consistent with larger Meth A tumors being more
susceptible to TNF therapy, but in our experience, is true only
for Meth A and not for the other tumor types studied here.
Further studies are under way to delineate the possible reasons
for this difference.

Combination Therapy. Because of the extreme sensitivity of
s.c. Meth A tumors to lymphokine therapy, studies looking at
combination IL-2 and TNF efficacy were performed in non-
Meth A models. Results (Table 2) showed that animals receiv
ing a MTD of TNF simultaneously with an optimal (soluble)
dose of IL-2 within 1 day after tumor challenge did not develop
tumors. Interestingly, while the IL-2 dose in the combination
could be cut back in some cases to 1% of the optimal, the
amount of TNF in the mixture could not be reduced more than
50% in order to block tumor "takes" (Table 2).

In order to define susceptible tumor take periods for the
various models by using the IL-2 plus TNF combination, we
decided to utilize a fixed combination dose (250 /ig/kg TNF
plus 500 Mg/kg of IL-2) which blocked tumor takes in the
majority of models when treatment was initiated on day 1, and
then investigate the amount of time each of the tumor types
could be allowed to grow prior to initiating effective combina
tion therapy. Results of these tests are shown in Table 3. The
maximal allowable time for tumor take which still allowed for
effective TNF plus IL-2 therapy averaged 3-5 days, although
for B16W10, therapy had to be initiated on day 1. Conversely
for Meth A, 10-day tumors were truly "curable" and exhibited

regression. In each of these models, combination treatments
beginning after the optimal tumor take period resulted in tumor
growth inhibition but not in cures. Interestingly, growth inhib
itory effects were seen only early during week 1 of the 2-week
treatment period (except, of course, for Meth A, where the
regression and growth inhibition lasted much longer), and
tumors in animals receiving less than totally efficacious TNF
plus IL-2 doses grew rapidly to control levels during weeks 2
and 3 (data not shown).

Intraperitoneal Tumor Models

Table 4 shows the results of single agent and combination
(TNF and IL-2) therapy for i.p. models of the 5 murine tumors
studied. In all cases, treatments were initiated 1 day after tumor
cell inoculations. While the combination of TNF and IL-2
blocked tumor take in the s.c. models (Tables 2 and 3), there
were no similar blockages in the i.p. models when these lym
phokines were administered in combination or alone (Table 4).
However, a significant prolongation of life was seen for the
peritoneal B16 melanoma, EL-4 lymphoma, and Meth A tu
mors when the combination of IL-2 and TNF was administered
by using the same protocol as that which totally blocked tumor
takes in the s.c. models.

Intravenous (Lung MÃ©tastases)Tumor Model

Finally, combination IL-2 and TNF therapy was compared
with single agent administration in animals inoculated i.v. with
B16W10 melanocytes. Studies similar to those testing tumor
cell burden and/or take period for the s.c. tumors (Table 3)
were also performed so that we could more clearly define the
maximum amount of time which could be allowed for tumor
growth prior to starting curative therapy. Table 5 shows the
results of these experiments. Once again, we found that treat
ments with IL-2 and TNF when administered concomitantly at
an optimal dose were synergistic if treatment was initiated 1
day after tumor implant. When treatment was initiated 3 days
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COMBINATION THERAPY WITH RECOMBINANT TNF AND IL-2

Table 1 Effects of single agent (TNF or IL-2) therapy on non-Meth A s.c. murine tumors
Animals received 14 daily i.p. doses of TNF (A) or IL-2 (B) beginning 1 day after s.c. tumor cell implant. MTDs by this route/schedule are 0.25 and 5.0 mg/kg

for TNF and IL-2. respectively. Tumor volume measurements were performed on the indicated day after tumor cell implant.

TumortypeA.

TNFL1210
leukemiaB16W10

melanomaP8

15maslocytomaEL-4

lymphomaDose

0-g/kg)PBS5012S250375

(2animals)PBS125250375PBS125250375PBS250375Tumor

volume (mm3 Â±SD (numbers inparentheses)]'Day?754

(88)669(103)733(121)503

(60)385
(25)PPPP

(3animals)PPIPPPP

(2 animals)Day

101664(120)2120(245)2887

(907)1205(30)161

(25)155(20)90

(43)153(22)PP129(67)103

(33)Day

145737(100)5506

(3203)6673
(2103)3517(976)612(55)538

(45)417(67)405

(59)227
(39)205(120)488

(47)309
(55)Day

21TL*TLTLTL2574(1207)3070

(2007)2108(998)4735

(3400)3505(1876)2300(1222)2155(1202)1777

(308)Cures0/500/250/100/250/600/100/250/500/100/250/150/15Deaths5555

B. IL-2
L12IO leukemia

B16W10 melanoma

PS 15 mastocytoma

EL-4 lymphoma

PBS
50

500
5000

PBS
50

500
5000

PBS
50

500
5000

PBS
500

5000

754(88) 1664(120) 5737(2100) TL
1350(123) 2303(1301) 4308(2179) TL
854(97) 1778(809) 4080(1737) TL
550(43) 1277(377) 2460(1800) TL

O/SO
0/10
0/50
0/20

PppppppppIP262(25)161
(30)159(55)80

(33)153(22)PP129(67)133(50)P612(55)668

(70)709
(300)456
(66)405

(59)309
(60)188(34)102

(20)488

(47)567
(50)197(57)2574(1207)1799(659)1677(1100)1290(1100)4735

(3400)3505(1222)1220(540)805

(200)2155(1202)2339

(889)909
(238)0/600/100/250/250/500/250/250/100/150/150/15

" Experiments were performed with groups of 5 animals. Data represent the average of several identical experiments with standard deviations. Animals given TNF
at 375 Â»/g/kgexpired by day 7-10.

0 TL. too large/irregular to measure (animals were sacrificed at this time); P. palpable, all 5 in each group; IP, on the average 1 of 5 in the group had a palpable

tumor. Data points obtained for less than 5 animals are recorded along with the number of contributing data points.

Table 2 Dose-response relationships of combination TNF plus IL-2 therapies in non-Meth A, s.c. murine tumors
Animals received 14 daily i.p. doses of TNF mixed with IL-2 beginning 1 day after tumor cell implants. Tumor volumes were measured at the indicated times after

tumor cell inoculation.
Dose (Mg/kg) Tumor volume [mm3 Â±SD (numbers inparentheses)]'Tumor

typeL12IO

leukemiaP8

15mastocytomaB16WIO

melanomaEL-4

lymphomaTNFPBS25025025012568PBS125250250PBS125250250PBS250IL-2PBS25050050005001000PBS500100500PBS5000500250PBS500Day?754

(88)123(77)00254

(33)689
(76)P2P00PP0IPP0Day

101664(120)502

(76)00797(156)1568(233)153(22)PIP0161

(25)109(20)0137129(67)0Day

145737(2100)2609(1301)003567(1688)4404

(2457)405

(59)127(20)2P0612(55)779

(60)0580488

(47)0Day

21TL*4100(3500)00TLTL4735

(3400)5675
(2788)303

(23)02574(1207)1708(1300)06162155(1202)0Cures

(tumor free
>60days)0/506/1525/253/30/100/100/500/102/1025/250/600/1525/254/50/1515/15

* Experiments were performed with groups of 5 animals. Data represent the average of several identical experiments with standard deviations.
* TL, too large/irregular to measure (animals were sacrificed at this time); P. palpable, all 5 in each group; IP. on the average 1 of 5 in the group had a palpable

tumor. 2P. on the average 2 of 5 in the group had a palpable tumor.
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COMBINATION THERAPY WITH RECOMBINANT TNF AND IL-2

Table 3 Effects of combination TNF plus IL-2 therapies as a function of tumor take period for s.c. murine tumors
Animals (groups of 5) received 2SO ug/kg TNF admixed with 500 fig/kg IL-2 i.p. for 14 days from the indicated time of therapy initiation. Tumor volumes were

measured on the indicated day after tumor cell implant.

TumortypeL1210

leukemiaB

16W 10melanomaP815

mastocytoma114

lymphomaMeth

A sarcomaDay

therapy
initiated135713513571013571014Tumor

volume [mm3 Â±SD (numbers in
parentheses)!"Day?002P656(124)00P000pp00p0p302

(33)Day

1200P2785

(880)056

(20)675(157)00051(15)588

(30)0P335

(67)003PDay

21001649(60)TL02283(1877)2489

(2098)000227

(64)3527(1789)0293

(24)3088(1208)00127Cures25/2510/100/100/1525/250/150/1525/2515/1515/150/150/1515/150/130/1510/105/50/5TGI*Approximately

75%TGI
on day21Approximately

50%TGI
on day12Approximately

95%TGI
on day21Approximately

90%TGI
on day21Regression

andcuresRegression,
no cures

" Data represent the average of several identical experiments with standard deviations.
* TGI, tumor growth inhibition compared with control animals which received PBS for 14 days after tumor cell implant; 2P, on the average 2 of 5 in the group

had a palpable tumor, P, palpable; all 5 in each group: 3P, on the average 3 of 5 in the group had a palpable tumor.

Table 4 Effects of combination TNF plus IL-2 therapy on i.p. murine tumors
Animals received combination therapies at the indicated dose mixture of TNF and IL-2 starting 1 day after i.p. inoculation of tumor cells and for 14 days thereafter

(or until death for those expiring within less than 15 days after tumor cell implants). Results of lifetime extensions are reported as percentage of test versus control
(% of T/C) groups. N, total number of animals tested.

TumortypeL1210

leukemiaB

16W 10melanomaP81S

mastocytomaFI

,4lymphomaMeth

ATherapyPBSTNFIL-2TNF

+IL-2PBSTNFIL-2TNF

+IL-2PBSTNFIL-2TNF

+IL-2PBSTNFIL-2TNF

+IL-2PBSTNFIL-2TNF

+ IL-2Dose*0.2ml125250500250

+5000.2ml250500250

+5000.2ml250500250

+5000.2ml250500250

+5000.2ml250500250

+ 500N5020201010502510151010101010101010101010IO%

ofT/C1009213511113010010711216910012010013310010010047510011090150Range

in days
to death

(mean)25-33

(27)17-27(25)15-43(36)26-37(31)27-41

(35)12-17(15)15-18(15)15-22(27)22-30

(37)*27-35

(32)32-41
(38)26-34
(32)29-45

(42)7-9

(8)7-10(8)7-9

(8)21-43(38)*8-12(10)8-14(11)8-10(9)12-17(15)*

" Doses are in fig/kg unless otherwise noted.
*Considered significant extension of lifetimes (there were no cures).

after implant, the number of pulmonary mÃ©tastaseswere sig
nificantly less than controls, but all animals had tumors.

DISCUSSION

Studies of the therapeutic antitumor effects of TNF and IL-
2 show that these lymphokines are very effective against s.c.
Meth A and exhibit tumor growth-inhibitory effects in other
murine tumor models (1-5). However, in general neither lym-
phokine alone is able to cure animals of tumor burdens in non-

Met h A models (1-5). The studies reported here confirm these
findings and extend them by evaluating a minimal tumor take
period of 1 day prior to single agent therapy (Table 1). In
addition, simultaneously administered doses of TNF and IL-2
exhibited synergy on Meth A and four other s.c. experimental
murine tumor types; melanoma, lymphoma, mastocytoma, and
leukemia (Table 2). Combination TNF plus IL-2 therapeutic
synergy was found to (a) require TNF at a maximal tolerated
daily dose, whereas the amount of IL-2 in the daily regimen
could be cut back as much as 90% (Table 2); (b) be tied to
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COMBINATION THERAPY WITH RECOMBINANT TNF AND IL-2

Table 5 Effects of combination TNF plus Â¡L-2therapy in the artificial metastasis
(i.v.) B16WIQ melanoma model

Groups of female BD2F, mice received l x Kl4 B16W10 cells i.v. on day 0.

Treatments were initiated as indicated either 1, 3, or 5 days after cell inoculation
and were carried on for 14 subsequent days. The number of mÃ©tastasesas indicated
by lung colony counts were determined on day 19. Therapies were all i.p..%. total
number of animals tested.

TreatmentPBSTNF

IL-2TNF

+ IL-2Initiated

on Day1

1
1
1
1
3
5Dose*0.2ml250

800
5000

250 + 500
250 + 500
250 + 500N40

30
30
30
30
IO
10No.

of lung colonies/
animal [av Â±SD (numbers

inparentheses)]117(25)

103(54)
129(41)
79 (55) 2 were tumor free
0

49 (25) none tumor free
163 (77) none tumor free

" Doses are in *<g/kgunless otherwise noted.

tumor burden or the amount of time that implanted cells were
allowed to take prior to initiating therapy, and this time varied
depending on tumor type (Table 3); (c) be effective for s.c. and
pulmonary tumors (Tables 2 and 5) but not result in blocking
the take of i.p. tumors (Table 4).

The goals of these experiments were to define initial phar
macological and tumor model parameters for studies of the
TNF and IL-2 combination, not to provide data in order to
delineate the cellular mechanisms involved. It is, however, now
well established that the cytotoxicity of various immune effector
cells is strongly augmented by lymphokines. The synergy seen
between TNF and IL-2 can thus be interpreted on the basis of
these cellular events.

Several different groups have demonstrated an enhancement
of cytotoxicity after treatment of human effector cells in vitro
with IFN-/3 or IFN--y (11, 12) and IL-2 (13, 14). There are also

reports that these lymphokines were efficacious and augment
NK activity in murine models (13, 15). Some of these claims
remain controversial because the preparations could contain
small amounts of contaminants or because addition of IL-2 to
peripheral blood lymphocytes results in the production of IFN-
7 which complicates interpretation when extrapolating to the
in vivo situation. A large part of the confusion comes from
discrepancies in the magnitudes and kinetics of NK activation
and, especially for IL-2 and IFN--y there is increasing evidence
that IL-2-induced augmentation of NK activity is due to direct
actions of IL-2 on large granular lymphocytes (16). In fact, the
complex interactions between these lymphokines suggest that,
at high concentrations, both IFN-7 and TNF induce IL-2
receptors on peripheral blood monocytes as well (17). These
results, combined with the findings that certain tumors (such
as the B161 10 melanoma) cause a transient stimulation fol
lowed by a lasting suppression of NK activity about 6-7 days
after tumor implant (18), all suggest that appropriate cytolytic
cell activation, and perhaps the sequence and timing of that
activation, are keys to successful lymphokine therapy.

A variety of effects of IL-2 in vivo have been described,
including restoration of allograft rejection in T-cell-deficient
animals (19), augmentation of alloimmune responsiveness in
normal animals (20), and reversal of delayed type hypersensi-
tivity unresponsiveness (21), including drug-induced contact
sensitivity (22). TNF is known to activate macrophages (23),
and to synergize with 7-interferon in antitumor cytoxic activity
(7) and cytolytic cell activation (24). Based on current knowl
edge, one may speculate that the combination of IL-2 and TNF
should similarly augment NK activity, activate macrophages,
and perhaps stimulate other murine cytolytic cells.

The synergistic effects of TNF and IL-2 in these models are

most certainly due to a complex set of interactions that are
present we are only beginning to appreciate. In addition to an
apparent dependence on the tumor burden of the hosts for
successful immunotherapy, synergy between TNF and IL-2 may
be explained by (a) direct TNF action on tumor cells; (b) an
increase in cytolytic cell, IL-2 receptor expression, perhaps as
an indirect result of TNF action on heterogeneous cell popula
tions (e.g., macrophage) causing the release of other lympho
kines (e.g., IL-1, which then affects IL-2 receptor expression);
or (c) by direct activation of cytolytic cells by both IL-2 and
TNF. It is possible, in fact, that the combination hyperactivates
T-cells or initiates LAK-like activities. The effects reported here
are most likely due to such effector cell phenomena, as evi
denced by the fact that the identical combination of TNF and
IL-2 does not block tumor take for these same tumors when
grown in NIH-3 (beige nude XID) or nude mice2 which are

CTL and LAK, and CTL deficient, respectively (25).
The studies presented here also indicate that the immune

modulatory events induced by the combination of IL-2 and
TNF may be different, or may occur to differing extents, when
the tumors are transplanted s.c. compared with i.p. We hypoth
esize that this may be due to the lack of vascular accessibility
and attendant lymphocyte trafficking, which may partially me
diate the TNF response in s.c. models. On the other hand,
appropriate effector cells, such as neutrophils or granulocytes,
also may not be present in sufficient numbers in the peritoneal
cavity to mediate the antitumor efficacy observed in s.c. models
with this combination therapy. Finally, the peritoneal cavity
may simply provide a better growth medium for murine tumor
cells than a s.c. site; thereby providing for a more rapidly
increasing tumor burden. Studies are in progress to elucidate
the type(s) of immunomodulatory events which are occurring
systemic-all) as well as within the peritoneum, as are studies

delineating the possible scheduling necessary for orchestrating
those events via combination lymphokine therapy.
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