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ABSTRACT

In murinesyngeneic tumormodels, the antitumoreffect of recombinant
human interleukin-la (rHu IL-la) was significantly augmented by oral
Â«â€¢administrationof indomethacin (IND). The augmentation was more or
less observed by various routes of rllu IL-la (i.m., i.V.,and intratumoral
routes), against various tumors (Meth A sarcoma, colon 26 adenocarci-
noma, B16 melanoma, and Lewis lung carcinoma) and irrespective of
administration timings (in early and late stages of tumor growth). This
result suggests that prostaglandin E2produced by host cells in response
to ri lu IL-la and/or by tumor mass might interfere with the antitumor
activity of rllu IL-la and also that cyclooxygenase inhibitors such as
IND might counteract such interference. In the combination of rHu IL-
la with IND, its efficacious doses (5-50 Â«Â¿g/kg)against murine tumors
were at least 300-3000 times lower than its median lethal dose (more
than 15 mg/kg). In addition, IND partially prevented the loss of body
weight attributed to rHu IL-la injections at relatively high doses. Com
bined use of rHu IL-la with IND seems to be desirable from both
therapeutic and lexicological viewpoints.

INTRODUCTION
IL-12is a cytokine, which is produced by various cells includ

ing macrophages (1-3). It is considered to have a wide range of
biological activities related to host responses to infectious,
immunological, and inflammatory stimuli (1, 2). Recently
cDNAs coding for the precursors of two distinct IL-1 species,
a and ÃŸ(3, 4), were successfully expressed in Escherichia coli,
and it is becoming clear that using highly purified recombinant
IL-1 preparations the multiple biological activities are ascribed
to a single pulypeptide of each IL-1 species (4, 5). We have
reported that rHu IL-la shows antitumor activity against mu
rine tumors in syngeneic mice (6). The antitumor activity is
dose related and profound in the order of i.t., i.m., and i.v.
routes. Mice cured of a tumor by the treatment with rHu IL-
la reject the same tumor on ret hallenge. In addition, there is
no sign of inflammation at the injection site of rHu IL-la.
Thus, rHu IL-la seems to have an interesting potential as an
antitumor agent. rHu IL-la, however, induces fever in rabbits,
which is preventable by concurrent administration of IND3. A
possible use of rHu IL-la in combination with IND urged us
to examine whether such combination is favorable or not in
respect to antitumor effect. Herein, it was found in murine
syngeneic tumor models that IND significantly augmented the
antitumor effect of rHu IL-la.

MATERIALS AND METHODS

Animals and Tumors. Female BALB/c, CS7BL/6, CDF,, and BDF,
mice (8-12 weeks old, 18-22 g) were purchased from Shizuoka Labo-
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ratory Animal Center, Hamamatsu, Japan. Meth A was obtained from
the Institute of Medical Science, University of Tokyo, Tokyo, Japan,
and B16, C26, and 3LL from the Japanese Foundation for Cancer
Research, Tokyo, Japan. All the murine tumors were maintained by
serial passages in syngeneic mice.

rHu IL-la and IND. rHu IL-la was produced in our laboratories
through the expression of its cDNA in Escherichia coli and purified to
homogeneity as described previously (6). It consists of the C-terminal
159 amino acids of the Hu IL-la precursor, whose detail properties
have been described (6). rHu IL-la was diluted with 5 HIMphosphate-
buffered 150 mM NaCl, pH 7.4, containing 0.1% gelatin from bovine
skin/bones (Nippi Inc., Tokyo). The endotoxin content of the diluent
was less than 0.08 ng/ml.

IND was purchased from Banyu Pharmaceutical Co., Ltd., Tokyo,
Japan, and suspended in 0.5% tragacanth gum at the concentration of
0.2 mg/ml.

Tumor Therapy Experiments. Antitumor effect was assessed in four
murine syngeneic tumor models as described previously (6). Briefly, 0.1
ml of each tumor suspension (Meth A and 3LL, 2x10'' cells/ml; B16,

20% brei; C26, 2% brei) was intradermally transplanted into the ab
dominal wall of syngeneic mice (BALB/c for Meth A; C57BL/6 for
B16; CDF, for C26; BDF, for 3LL). An aliquot of rHu IL-la dilutions
was given parenterally to groups of seven mice each according to
schedules as indicated in "Results" with or without IND. IND was

orally administered via a gastric tube twice a day (just before each rHu
IL-la injection and 6 h later). Control mice were left untreated, because
it had been shown in preliminary trials that tumor growth was not
affected by any placebo administrations. The antitumor effects were
evaluated in terms of IR and CR on the last day during observation
periods. In the experiments using 3LL, effect on pulmonary metastasis
was also estimated by counting the number of metastatic nodules on
the lung surface. All of the results were statistically analyzed through
the Mann-Whitney test.

RESULTS

Antitumor Effect of i.m. rHu IL-la on Meth A by Various
Dosing Regimens. BALB/c mice bearing Meth A were i.m.
injected once a day with rHu IL-la at the dose of 10 Mg/mouse
on various days posttransplantation. As summarized in Table
1, the most effectiveregimen was group 5 (IR, 97%; CR, 86%),
followed, in order, by groups 6, 3, 2, 4, and 1. This result
indicates that an early treatment is favorable to antitumor
therapy with rHu IL-la against Meth A and that repeated
treatments at an interval of 3 days may be better than either a
single treatment or serial daily treatments.

From this result, the following two dosing regimens were
employed for investigating the antitumor effect of rHu IL-la
in combination with IND; groups 5 and 3 as the early and late
treatments, respectively.

Combination Effect of i.m. rHu IL-la and IND on Meth A.
Mice bearing Meth A were early- or late-treated with i.m. rHu
IL-1a (0.1-10 /ig/mouse) and/or IND. Under this experimental
condition, the implanted Meth A grew up and became palpable
within a week in all the control mice. Table 2 and Fig. 1 show
that, in the early treatment, the tumor growth was significantly
inhibited by rHu IL-la alone at doses of 3-10 jig/mouse (IR,
67-97%) and some tumor-free mice were also observed at all
the doses used except one (CR, 14-86%). IND alone slightly
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Table 1 Antitumor effect ofi.m. rHu IL-la on Meth A sarcoma in BALB/c mice
by various dosing regimens

Mice were transplanted intradermally with Meth A and injected i.ni. with rHu
IL-la (10 fig/mouse) on the day(s) indicated. Antitumor parameters (tumor
weight and the number of cured mice) were observed on the last day during
observation period of 21 days. Tumor weights were expressed as the mean Â±SE
(N = 7). IR was calculated as follows: (1 â€”tumor weight in a treated group/
tumor weight in a control group) x 100 (%).

Group1

2
3
4
5
6Medication

day7

7, 10, 13
7, 10, 13, 16, 19
7-13
1,4,7, 10, 13
1-7ControlTumor

weight
(mg)1018

Â±183
1736 Â±211
1369 Â±223
1736 Â±211
1037 + 219
1272 Â±262rHu

IL-la (10ug/mouse)Tumor

weight
(mg)740

Â±197
701 Â±213'
339 Â±121Â°
931 Â±226Â°

28 Â±28Â°
117 Â±56'IR

(%)37

60
75
46
97
91CR

(%)0

0
14
0

86
43

â€¢P < 0.05.

suppressed the tumor growth but the suppression was insignif
icant. In the combination therapy, Meth A growth was signifi
cantly inhibited at 1-10 /ug/mouse (IR, 70-98%) and made
some mice tumor-free at 3-10 jug/mouse (CR, 14-71%). The
antitumor effect of rHu IL-la with IND was virtually the same
as that of rHu IL-la alone. Fig. 1 shows that Meth A in the
mice treated with rHu IL-la alone or rHu IL-la plus IND once
grew palpable within a week as that in control mice did, and
then was suppressed to grow or regressed in a dose-dependent

manner. Regrowth of the tumor after cessation of the medica
tions was observable at 0.1-1 jig/mouse and 0.1-0.3 /ig/mouse
in rHu IL-la alone and rHu IL-la plus IND groups, respec
tively. There was no marked difference between the single and
the combination modality therapies in the kinetics of tumor
growth inhibition.

In the late treatment, the antitumor effect of rHu IL-la alone
was found to be evident at 3-10 jig/mouse (IR, 66-75%; CR,
0-14%), but it was less remarkable at 10 jug/mouse than that

in the early treatment (Table 2). IND alone inhibited the tumor
growth insignificantly. However, the combination treatment
with rHu IL-la and IND showed marked inhibition of the
growth at all the doses of 0.1-10 /ig/mouse (IR, 69-95%) and
cured some mice at 0.3-10 ,ug/mouse (CR, 29-50%). It was
noted that complete regression of palpable tumors was observed
even at a dose as low as 0.3 jug/mouse together with IND. In

the late treatment, rHu IL-la exerted its antitumor activity on
the palpable tumor mass without lag time (Fig. 2). The com
bined use of rHu IL-la with IND exhibited more striking
inhibition of the tumor growth than either rHu IL-la alone or
IND alone, and almost completely suppressed Meth A growth
throughout the observation period at 0.3-10 /ug/mouse.

rHu IL-la alone induced loss of body weight (10-15% of
control) at doses higher than 1 jug/mouse but its combination
with IND partially prevented this unfavorable effect (data not
shown).

Combination Effect of i.v. or i.t. rHu IL-la with IND on 7-
Day-Old Meth A. The combination effect of rHu IL-la and
IND was examined when rHu IL-la was given i.v. or i.t. to
Meth A-bearing mice according to the dosing regimen of the
late treatment (Table 3). By i.v. administration, rHu IL-la
inhibited Meth A growth in a dose range of 1-30 /Â¿g/mouse
(IR, 52-88% without IND and 58-90% with IND) and cured
some mice of the tumor at 10-30 Â¿ig/mouse (CR, 33-43%
without IND and 14-17% with IND). In comparison with these
results, the antitumor effect of i.t. rHu IL-la was more pro
found in a dose range of 0.3-3 jug/mouse with and without IND
(IR, 90-99% and 72-90%; CR, 43-86% and 29-71%; respec
tively). Moreover, the antitumor effect in combination modality
was found to be generally equal to or superior to that of rHu
IL-la alone by both routes.

Combination Effect of i.m. rHu IL-la with IND on B16. To
examine whether the augmented antitumor effect of rHu IL-la

by IND is observable against tumors other than Meth A,
combination therapy with rHu IL-la (0.3-10 /ig/mouse) and
IND was carried out using B16 by the schedules of both the
early and the late treatments. Results in Table 4 show that B16
growth was inhibited by the early treatment with rHu IL-la
alone at 3-10 ng/mouse (46-55%) and with rHu IL-la plus
IND at all the doses examined (IR, 56-67%), though neither
of the treatments cured mice. In spite of no significant inhibi
tion of the growth by IND itself, it improved successfully the
antitumor effect of rHu IL-la at 0.3, 1, and 10 /ug/mouse.
Similar augmentation by IND coadministration was also ob
served at 3-10 /ug/mouse in the late treatment.

Combination Effect of i.m. rHu IL-la with IND on C26. ( '26-

bearing CDF, mice were treated with rHu IL-la and/or IND
in the same way as those in Table 4. As shown in Table 5, the
growth of C26 was inhibited by both rHu IL-la alone and that

Table 2 Combination effect ofi.m. rHu IL-la and IND on Meth A sarcoma in BALB/c mice
Mice (N = 7) were implanted intradermally with Meth A and, either 1 ("early") or 7 days later ("late"), injected i.m. with rHu IL-la every 3 days for 2 weeks with

or without IND. IND at 2 mg/kg was orally administered just before and 6 h after every rHu III,, injection. Antitumor parameters were observed on days 23 and
21 after tumor implantation in early and late treatments, respectively. Tumor weight was expressed as the mean Â±SE. IR was calculated as in Table 1. The untreated
tumor in the late treatment weighed 191 mg at day 7 on an average. Mann-Whitney's test was used for statistical analysis: treated versus control groups, and rHu IL-

la alone versus combination modality groups (in parentheses).

rHuMedication

IL-la
timing(fjg/mouse)Early

00.10.31310Late

00.10.31310rHu

IL-laaloneTumor

weight(mg)1037

Â±219781
Â±261687

Â±191583
Â±217348

Â±157*28
Â±28*1369

Â±223955
Â±281799
Â±212734

Â±171466
Â±122"339
Â±121Â°IR

(%)27344467973042466675CR(%)01401414860000014rHuTumorweight(mg)678

Â±133650
Â±167907
Â±297324
Â±131"290

Â±71Â°29
Â±19*938

Â±148424
Â±98*282
Â±131Â°165
Â±85*-(Â°>140
Â±37*71
Â±29*IL-

la plusINDIR

(%)353713707498316979889095CR(%)00001471(f02950e2943

' P < 0.05.

' One accidental death was excluded.
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Fig. 1. Anti-proliferative effect of i.m. rHu
II IK in combination with IND on 1-day-old
Meth A sarcoma. Mice were implanted intra-
dermally with Meth A and 1 day later received
i.m. rHu IL-la (arrows) with or without IND
(,(, 10 /ig/mouse; B, 3 fig/mouse; C, l Â¿ig/
mouse; />, 0.3 Â»ig/mouse;E, 0.1 jig/mouse): â€¢.
rHu IL-la alone; A, IND alone; â€¢.rHu IL-la
plus IND; O, control. Symbols, mean values of
seven mice.

Fig. 2. Antiproliferative effect of i.m. rHu
IL-la in combination with IND on 7-day-old
Meth A sarcoma. Mice were implanted intra-
dermally with Meth A and, 7 days later, re
ceived i.m. rHu IL-la (arrows) with or without
IND (A, 10 ng/mouse; B, 3 jig/mouse; C, I
fig/mouse; D, 0.3 fig/mouse; E, 0. l Â«ig/mouse):
â€¢rHu IL-la alone; A, IND alone; â€¢.rHu IL-
la plus IND; O, control. Symbols, mean values
of seven mice.

0 5 10 IS 20 0 5 10 15 20 05 10 15 20 05 10 15 20 05 10 15 20

Days after tumor inoculation

B.
l l i l l

C.
l l i l l

D.
i ! l l i

E.
i i i I I

O 5 10 15 20 O 5 10 15 20 O 5 IO 15 20 O 5 10 15 20 O 5 10 15 20

Days after tumor inoculation

Table 3 Combination effect ofi.v. or i.t. rHu IL-la and oral IND on 7-day-old Meth A sarcoma in BALB/c mice
Mice (A' = 7) were implanted i.d. with Meth A and injected i.v. or i.t. with rHu IL-la with or without IND according to the dosing regimen of the late treatment.

Antitumor parameters were observed and calculated on day 24 as those in Table 1. The untreated tumor weighed 189 mg at day 7 on an average. Mann-Whitney's

test was used for statistical analysis.

rHuIL-laDoseRoute

(fig/mouse)i.v.

0131030i.t.

00.313rHu

IL-laaloneTumorweight

(mg)1062

Â±126482
+103Â°506
Â±129*168Â±

64Â°126
Â±48Â°1062

Â±126298
Â±114Â°112

Â±52Â°162
Â±142Â°IR

(%)55528488729085CR(%)0004333*0294371rHu

IL-la plusINDTumorweight

(mg)672

Â±117451
+114Â°451
Â±56Â°104

Â±35Â°108
Â±45Â°672

Â±117103
Â±42Â°31
Â±20Â°11
Â±11Â°IR

(%)375858909037909799CR(%)0001417r0437186

*/><0.05.
' One accidental death in each group was excluded.

Table 4 Combination effect of i.m. rHu IL-la and IND on B16 melanoma in C57BL/6 mice
Mice were implanted i.d. with B16 and received i.m. rHu IL-la with or without IND, starting either at day 1 ("early") or at day 7 ("late"). Antitumor parameters

were observed and calculated at day 21 as those in Table 1. The untreated tumor in the late treatment weighed 235 mg at day 7. Mann-Whitney's test was used for
statistical analysis (\ = 7): treated versus control groups and rHu IL-la alone versus combination modality groups (in parentheses).

* P < 0.05.

rHu IL-la alone

586

rHu IL-la plus IND

Medication
timingEarlyLaterHu

IL-la
Gig/mouse)00.3131000.31310Tumorweight(mg)3763

Â±4492489
Â±1902574
Â±2901708

Â±202*201
5 Â±208Â°3242

+3062027
Â±165*1721
Â±148*2008
Â±149*2018
Â±126*IR

(%)3432554638473838Tumorweight(mg)2620

Â±2491560
Â±245Â°'Â°'1644+
168*<Â°>1594
Â±367Â°1236
Â±211*'Â°'2511

Â±2641820+
122*1653

Â±148*1321
Â±82*<Â°)1199+

104*1*'IR

(%)30595658672344495963
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Table 5 Combination effect ofi.m. rHu Â¡L-laand IND on colon 26
adenocarcinoma in CDF, mice

Mice (N = 7) were implanted i.d. with C26 and received i.m. rHu IL-la with
or without IND, starting either at day 1 ("early") or at day 9 day ("late").

Antitumor parameters were observed and calculated at days 18 and 23 in early
and late treatments, respectively, as in Table 1. The untreated tumor in the later
treatment weighed 159 mg at day 9 on an average. Mann-Whitney's test was used
for statistical analysis: treated versus control groups, and rHu IL-la alone versus
combination modality groups (in parentheses).

rHu IL-la alone rHu IL-la plus IND

Medication rHu IL-1Â« Tumor weight
timing kg/mouse) (mg) IR (%)

Tumor weight
(mg) IR (%)

Early00.31310Late

00.313101892

Â±18310641201120011004284228321722130169494*65'112"99*224126*"'131*102*74*44373742474950601292962774787726455331131738102Â°60*136*1"'112*103*""248105*86*""'1980Â±

196*1215
Â±217*3249595862-629595470

Â°P < 0.05.

in combination with IND at 0.3-10 Mg/mouse (IR, 37-44%
and 49-62%, respectively) in the early treatment. IND alone
was able to inhibit significantly only the growth of the smaller
tumor. The degrees of the inhibitory effect on both the smaller
and the larger tumors were generally improved in rHu IL-la
plus IND groups except for one group.

Combination Effect ofi.m. rHu IL-la with IND on 3LL. It is
well known that 3LL metastasizes spontaneously from the
primary implants to the lungs. In these experiments, 29.7-27.1
of pulmonary metastatic nodules were detected on average.
Results in Table 6 show combination effect of rHu IL-la on
the growth and the metastasis of 3LL in BDFi mice. In the
early treatment, rHu IL-la alone inhibited not only the tumor
growth at 3-lOfÃ­g/mouse (IR, 21-27%) but reduced the number
of metastatic nodules at 1-3 jig/mouse. However, IND alone
was unable to inhibit 3LL growth nor the metastasis. rHu IL-
1a along with IND acted suppressively on the primary tumors
at 0.3-10 jig/mouse (IR, 31-51%) and also inhibited the for
mation of metastatic nodules at 3-10 Â¿tg/mouse. And this
antiproliferation was significantly different from rHu IL-la
alone groups at 3-10 jig/mouse.

In the late treatment, both rHu IL-la alone and rHu IL-la
in combination with IND suppressed 3LL growth (IR, 44-54%
and 31-55%, respectively) and the metastasis at 0.3-10 ^g/
mouse with one exceptional group. IND alone also inhibited
the tumor growth (IR, 28%) but not the metastasis at all. The

antitumor effect of rHu IL-la plus IND on the primary tumor
and the pulmonary metastasis was much the same as that of
rHu IL-la alone.

DISCUSSION

We have reported previously that purified rHu IL-la shows
potent antitumor activity against murine tumors in syngeneic
mice when it was parenterally administered once or repeatedly
at doses higher than 1 /Â¿g/mouse(6). In the present studies,
rHu IL-la was usually administered once a day, every 3 days
for 2 weeks, because such a dosing regimen generally resulted
in favorable antitumor effect against the Meth A implant. Anti-
Meth A activity of rHu IL-la in combination with IND was
investigated through the use of such a dosing regimen and it
was found that IND profoundly augmented the antitumor effect
of rHu IL-la, especially when medication was initiated 7 days

after tumor transplantation. IND itself has been reported to
show antitumor activity (7). We also confirmed this in the
present article. However, the inhibition of tumor growth by
IND alone was not so remarkable. Therefore, this augmented
antitumor effect of rHu IL-la by IND administration was
impressive. The augmentation was more or less observed when
rHu IL-la was administered by various parenteral routes, and
against various tumors such as Meth A, B16, C26, and 3LL.
These results suggest that such combination would be uniformly
meritorious.

The following mechanisms may be considered for antitumor
action of rHu IL-la: (a) the enhancement of cytotoxic activity
of monocytes (4, 8), of NK cells (4, 9, 10), and of T-lymphocytes
(4, 9-11); (b) the production of lymphokines such as interleu-
kin-2 and interferon-7 (4, 12, 13) which have been demon
strated to have antitumor activity; and (c) the direct cytotoxic
action against tumor cells (14-17). rHu IL-la was not inhibi
tory on the in vitro proliferation of Meth A cells even at the
relatively high concentration of 300 ng/m\ (data not shown).
So, the third mechanism is unlikely at least in the case of Meth
A. The other two mechanisms seem to be closely related to
PGE2, because PGE2 suppresses macrophage- and NK cell-
mediated cytotoxicity to tumors (18-21), T-cell mitogenesis
(22, 23), and lymphokine production (24). On the other hand,
it has been well documented that IL-1 not only enhances cell-
mediated immune/nonimmune responses, but also induces the
production of PGE2 (4, 25). And PGE2 is able to counteract
some activities of IL-1 (26). Therefore, it is conceivable that
the counteraction by PGE2 could be abolished by IND admin-

Table 6 Combination effect ofi.m. rHu IL-la and IND on Lewis lung carcinoma in BDF, mice
Mice were implanted i.d. with 3LL and starting either at day 1 ("early") or at day 7 ("late"), received i.m. rHu IL-la with or without IND. Antitumor parameters,

including pulmonary metastasis, were observed and calculated on day 21. Tumor weight and the number of metastatic nodules were expressed as the mean Â±SE. The
untreated tumor in the late treatment weighed 203 mg at day 7 on an average. Mann-Whitney's test was used for statistical analysis (/V= 7): treated versus control
groups and rHu IL-la alone versus combination modality groups (in parentheses).

Medication rHu IL-la
timingGjg/mouse)Early

00.31310Late

00.31310Tumorweight

(mg)3876

Â±2773280+
1502991

+2673060
+143Â°2802
Â±207*5094

Â±1522593
+284*2872
Â±77*2521
+148*2371
Â±138*rHu

IL-laaloneIR

(%)1523212749445154No.
of

mÃ©tastases29.7

Â±1.824.6
+2.121.6
+2.7Â°18.1
+3.3Â°26.0

Â±4.027.1
Â±1.517.6

Â±2.8Â°16.9
Â±2.6Â°23.0

Â±3.816.1
+ 1.0*Tumor

weight(mg)3042

Â±2932692
+233Â°2393+

119*2312+
130*'*'1912

Â±128*'Â°'3686+
139*2766

Â±165*3
103Â±234*2661

Â±121*2291
Â±165*rHu

IL-la plusINDIR

(%)22313940512831394855No.
of

mÃ©tastases3

1.9Â±3.724.7
Â±2.728.4
+3.719.4
+2.4Â°19.3
+2.5*25.1

Â±3.118.0
+2.1Â°15.1
+2.2*16.1
+2.8*15.4
+ 2.8*
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istration. It is also known that 3LL is able to produce PGE2
increasingly with its growth (27). This may account for the facts
that the anti-Meth A effect of rHu IL-la alone is relatively less
evident at a late stage of tumor growth than at an early stage
and that the augmented antitumor effect of rHu IL-la by IND
is relatively more marked at a late stage. Yamashita and Shi-
rakawa have recently reported that the in vivo administration
of rHu IL-la is able to restore the impaired T-lymphocyte and
NK cell functions in tumor-bearing mice and activate protective
immunity to tumor cells (10). This finding demonstrates that
at least some of the antitumor mechanisms of rHu IL-la could
act sufficiently at a late stage of tumor growth and that some
of them would depend on immunogenicity of tumors. These
may account for the facts that, in the early treatment, antitumor
effect of rHu IL-la was observed after a lag of about 1 week
and that the effect of rHu IL-la was rather weak in the
experiments using less immunogenic tumors (e.g., B16, C26,
and 3LL). Therefore, the antitumor effect of rHu IL-la may
be considered to be a summed-up result of these mechanisms
for and against tumor growth.

In the experiments reported here, rHu IL-la was found to be
generally effective at a dose as low as 0.3 /Â¿g/mouse(about 15
Mg/kg) without IND and at 0.1 jig/mouse (about 5 fig/kg) with
IND. Recombinant interleukin-2 inhibits the growth of MCA-
105 sarcoma transplanted s.c. into C57BL/6 mice when admin
istered i.p. at the dose of 200,000 units/mouse (about 3 mg/
kg) thrice daily for 13 days starting at day 10 posttransplanta-
tion (28). Although the tumor and the route of administration
used are not identical, the efficacious dose of rHu IL-la seems
to be much lower than that of interleukin-2. rHu IL-la alone
at doses lower than 1 Â¿tg/mouseseldom caused any abnormal
symptoms in mice but, at higher doses, it induced the loss of
body weight. Concomitant administration of IND was able not
only to prevent such an untoward effect partially, but also to
inhibit hyperthermia3 and diarrhea in rabbit (data not shown).

In addition, the acute toxicity of i.m. rHu IL-la, more than 5
mg/kg in LD50 (6), was reduced about three times by IND
(LD50, more than 15 mg/kg).

These results suggest that cyclooxygenase inhibitors such as
IND could counteract some of the undesirable side effects of
rHu IL-la via PGE2 production. Thus, the efficacious doses of
rHu IL-la alone are less than 1/333 of the LD50 value and
those of rHu IL-la plus IND are less than 1/3,000 of the LD50
value. These safety margins may be considered to be broad
enough for use of rHu IL-la as an antitumor agent. For cancer
therapy with rHu IL-la, combined use of cyclooxygenase in
hibitors such as IND may be desirable from both therapeutic
and toxicological viewpoints.
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