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Combination Effect of Recombinant Human Interleukin la with Antitumor Drugs
on Syngeneic Tumors in Mice
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ABSTRACT

To investigate the combination effects of recombinant human interleu-
kin la (rllu IL-la) and antitumor drugs, groups of 7 mice bearing
syngeneic tumors (Meth A sarcoma in BALB/c mice and colon 26
adenocarcinoma in BALB/c x DBA/2 !â€¢',mice) were treated i.v. with the

antitumor drugs according to the early (once daily on days 1, 4, 7, 10,
and 13) and/or late (once daily on days 7, 10, 13, 16, and 19) medication
schedules in combination with ri lu IL-la administered i.m. at various
timings (1 day before, concurrently with, and 1 day after every drug
administration). Inhibition rates of the antitumor drugs (mitomycin C,
doxorubicin, cisplatin, cyclophosphamide, and 5-fluorouracil) for both
the murine tumors were more or less raised by coadministration of ri lu
IL-la irrespective of medication schedules and combination timings.
After both early and late treatments with the optimal combinations of
rllu IL-la (0.1-3 fig/mouse) and cisplatin (2-4 mg/kg) and by the late
treatment with the optimal combinations of rHu IL-la (0.3-3 fig/mouse)
and carboplatin (32 mg/kg) or thiotepa (4 mg/kg), many mice were
completely cured of colon 26 adenocarcinoma and survived for more than
90 days. Combined use of rHu IL-la and antitumor drugs seems to be
beneficial in antitumor chemotherapy.

INTRODUCTION

IL-12 is a cytokine with a wide range of biological activities

related to host responses to infectious, immunological, and
inflammatory stimuli (1, 2). We have reported previously that
rHu IL-la shows antitumor activity against syngeneic tumors
in mice (3). The antitumor activity was observed by various
administration routes, against various tumors, and irrespective
of administration timings and was augmented by coadministra
tion of indomethacin (4). However, rHu IL-1Â«alone or in
combination with indomethacin was not potent enough to cure
less immunogenic tumors such as C26 and Lewis lung carci
noma. In order to find a better way of using rHu IL-1Â«,we
examined the antitumor effects of rHu IL-1Â«in combination
with antitumor drugs and found that some combinations
brought about a high frequency of cure of C26.

MATERIALS AND METHODS

Animals and Tumors. Female BALB/c and BALB/c x DBA/2 F,
(hereafter called CD2F,) mice (8 weeks old, approximately 20 g) were
purchased from Japan SLC, Inc., Hamamatsu, Japan. Meth A was
obtained from the Institute of Medical Science, University of Tokyo,
Tokyo, Japan, and C26 was from the Japanese Foundation for Cancer
Research, Tokyo, Japan. The murine tumors were maintained by serial
passages in BALB/c mice.
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rHu IL-la and Antitumor Drugs. rHu IL-1Â»was produced in our
laboratories through the expression of its complementary DNA in
Escherichia coli, the properties of which had been described in detail
(3). MMC, DXR, and 5-FUra were purchased from Kyowa Hakko Co.,
Ltd., Tokyo, Japan: CDDP was from Nippon Kayaku Co., Ltd., Tokyo,
Japan: and CPA was from Shionogi and Co., Ltd., Osaka. Japan.
CBDCA was from Sigma Chemical Co., St. Louis, MO, and TSPA
was from Sumitomo Pharmaceuticals Co., Ltd.. Osaka, Japan. The
drugs were dissolved in and diluted with distilled water.

Tumor Therapy Experiments. Antitumor effect was assessed in the
murine syngeneic tumor models as described previously (3). Briefly, 0.1
ml of each tumor suspension (Meth A, 2 x IO6cells/ml; C26, 2% brei)

was transplanted i.d. into the abdominal wall of syngeneic mice (BALB/
c for Meth A and CD2F, for C26) on day 0. Antitumor drugs were
given i.v. to groups of 7 mice once daily on days 7, 10. 13, 16, and 19
(late treatment) or on days 1, 4, 7, 10, and 13 (early treatment). rHu
IL-1Â«was given i.m. 1 day before, concurrently with, or 1 day after
every drug administration. Control mice were left untreated, because it
had been shown previously that tumor growth was not affected by
placebo administration (4). Antitumor effect was evaluated in terms of
IR, CR, and MST. IR was calculated on day 21 and CR on day 21 or
36. Mice free of palpable tumors were regarded as cured. MST was
calculated on day 90. Ninety days were assigned to surviving mice on
MST calculation. The results of IR and MST were statistically analyzed
with the Mann-Whitney test and those of CR with Fisher's exact

method.

RESULTS

Combination Effect of rHu IL-la and Antitumor Drugs on
Meth A. BALB/c mice bearing Meth A were given i.v. injections
of antitumor drugs such as MMC (2 mg/kg), DXR (4 mg/kg),
CDDP (2 mg/kg), CPA (25 mg/kg), and 5-FUra (25 mg/kg)

Table I Antitumor effect of rHu IL-la in combination with antitumor drugs on
Meth A sarcoma in BALB/c mice

Mice (N = 7) were transplanted i.d. with Meth A and given i.v. injections of
antitumor drugs every 3 days for 2 weeks starting from 7 days later in combination
with rHu IL-la given i.m. 1 day before, concurrently with, and 1 day after every
drug administration. Anlitumor parameters were observed on day 21. IR and CR
were calculated as

/Tumor wt in treated group\
\Tumor wt in control group/

x 100 (%)

and

No. of animals free of palpable tumor
No. of mice treated

x 100(%)

respectively. The untreated tumor weighed 186 and 2528 mg on days 7 and 21.
respectively, on the average.

Drug(mg/kg)MMC

(2)
DXR (4)
CDDP (2)
CPA (25)
5-FUra (25)Without

rHuIL-1Â«0/0Â°

60/0
71/0
27/0
21/0
31/0Timings

of rHu IL-1Â«(3 Â¿ig/mousei.m.)1

daybefore58/0

71/0
91/14
75/0
57/0
85/0Concurrently55/0

87/0
81/14
77/0
52/0
60/141

dayafter66/0

71/0
86/14
71/0
46/0
71/29

' IR/CR.
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COMBINATION EFFECT OF IL-la WITH ANTITl'MOR DRUGS

Table 2 Antitumor effect of rHu IL-la in combination with antitumor drugs on
colon 26 aÃ¼enocarcinomain CD2F, mice

Mice (N = 7) were transplanted i.d. with C26 and given i.v. injections of
antitumor drugs ever) 3 days for 2 weeks starting from either I (early) or 7 (late)
days later in combination with rHu IL-IÂ«given i.m. I day before, concurrently
with, and 1 day after every drug administration. IR and CR were calculated on
day 21 as described in Table I. The untreated tumor weighed 3283 mg on day 21
on the average in the early treatment and weighed 122 and 3095 mg on days 7
and 21 in the late treatment.

Timings of rHu1L-la(3
jig/mousei.m.)TreatmentscheduleEarlyLateDrug(mg/kg)MMC

(2)DXR
(4)CDDP
(2)CPA
(25)5-FUra
(25)MMC

(2)DXR
(4)CDDP
(2)CPA
(25)5-FUra

(25)WithoutrHu

IL-la0/0Â°65/059/084/1472/059/00/055/1453/1474/074/041/01
daybefore44/073/071/097/4382/074/040/067/074/087/087/077/0Concurrently53/078/1482/098/4386/1480/050/074/067/097/4389/063/01dayafter47/078/081/093/4394/069/060/072/074/087/092/065/0

" IR/CR.

Table 3 Combination effect of rHu IL-la and CDDP on colon 2fi
adenocarcinoma in CD2F, mice (early treatment)

Mice (A1 = 7) were transplanted i.d. with C26 and received i.v. CDDP
concurrently with i.m. rHu IL-la every 3 days for 2 weeks starting from 1 day
after tumor transplantation. IR and CR were calculated on days 21 and 36.
respectively, and MST on day 90. Statistical analyses were performed with the
Mann-Whitney test for IR and MST and Fisher's exact method for CR: treated
ri'MHi control groups and antitumor drug alone versus combination modality
groups (in parentheses).

rHuIL-la(ng/mouse)0310.30.10000333311l10.30.30.30.30.10.10.10.1'

Mean Â±SE.*P<0.01.c

P < 0.05.CDDP(mg/kg)000004210.54210.54210.54210.54210.5Tumor

wtÂ°(mg)2409

Â±2701852

Â±1831889
Â±1411815
Â±701891
Â±797Â±

5*896
Â±224*1733Â±

104C2011

Â±1594

Â±2"58
Â±58*1*1607
Â±260*"11352Â±281rtc>11

Â±6*134
+93*101037
Â±335C1042
Â±222*""6

Â±6*248
Â±228*"'1093
Â±228*Â°1313

Â±2967

Â±5*217
Â±149*1266

Â±291'1696

Â±198IR(%)023222522100632817100987544100945757100905545100914730CR(%)00000291400ioo"cl86*"1291471C57C0086*430086*29140MST"(days)33.0

Â±3.132.0

+2.237.7
Â±1.231.4

Â±4.334.1
Â±2.571.6Â±

7.1*53.9
Â±7.Ie44.0
Â±2.4f29.9

Â±4.490.0

Â±0*c>84.4
Â±5.6*"47.7

Â±11.044.9
Â±7.88

1.9Â±5.4*72.4
Â±9.4r45.4

Â±5.636.9
Â±3.082.7

Â±7.3*62.0
Â±10.0f37.4

Â±3.140.3
Â±7.185.3

Â±4.7*60.9
Â±8.3*42.1

Â±4.841.0Â±2.2C

according to the dosing regimen of the late treatment. rHu IL-
la (3 /ug/mouse) was given i.m. to the mice 1 day before,
concurrently with, or 1 day after every drug administration. As
shown in Table 1, tumor growth was inhibited by the drugs
alone to various degrees; rHu IL-lcv (IR, 55-66%), MMC (IR,

60%), DXR (IR, 71%), CDDP (IR, 27%), CPA (IR, 21%), and
5-FUra (IR, 31%). In the combination therapies, inhibition of

tumor growth was usually more marked than in the correspond
ing monotherapies, indicating that the combinations of rHu IL-
lo; and the drugs were generally favorable. Tumors of some
mice treated with the combinations of rHu IL-la plus DXR or
rHu IL-1Â«plus 5-FUra became nonpalpable on day 21 (CR,
14-29%). Administration timings of rHu IL-la did not signif

icantly affect the antitumor effects by the combination thera
pies.

Combination Effect of rHu IL-la and Antitumor Drugs on
C26. Combination therapies with rHu IL-la and the antitumor
drugs were similarly performed using C26 according to both
the early and late treatment schedules in order to examine
whether favorable combination effects were observable in the
model of a tumor less immunogenic than Meth A. As shown in
Table 2, the IRs of combination therapies were always higher
than those of the corresponding monotherapies in both the
treatment schedules. Some mice treated with antitumor drugs
alone or combinations of rHu IL-1Â«and an tÂ¡lumordrugs had
no palpable tumors on day 21. The CRs were 14% for CDDP
(2 mg/kg) alone, 14% for MMC (2 mg/kg) or CPA (25 mg/kg)
plus concurrently administered rHu IL-1Â«(3 ^g/mouse), and
43% for CDDP plus rHu IL-1Â«at all timings in the early
treatment and were 14% for MMC or DXR alone and 43% for
CDDP plus concurrently administered rHu IL-la in the late
treatment. The most favorable results were obtained with the
combinations of rHu IL-la and CDDP in this tumor model.
The antitumor accomplishments with combination therapies

Table 4 Combination effect of rHu IL-la and CDDP on colon 26
aÃ¼enocarcinomain CD2F, mice (late treatment)

Mice (A* = 7) were transplanted i.d. with C26 and received i.v. CDDP
concurrently with i.m. rHu IL-1Â«every 3 days for 2 weeks starting from 7 days
after tumor transplantation. Antitumor parameters were calculated and statistical
analyses were performed as described in Table 3.

rHuIL-la(/jg/mouse)0310.30.10000333311110.30.30.30.30.10.10.10.1Â°

Mean +SE.'

P < 0.05.CDDP(mg/kg)000004210.54210.54210.54210.54210.5Tumor

wt"(mg)3208+

1321906

Â±56*1921
Â±60*2153+
123*2160

Â±167*138

Â±63*1495
Â±293*2226
Â±106*2332

Â±36034

+20*186Â±
74*"'543

Â±169*1*'997
+233*"'1

1 +7Wc)170Â±86*1*1839

Â±235*"'1341
+185*"'89

Â±39*498
Â±US*101334+

117*1*11728
Â±90*198

+82*743+
157*k)1357

Â±201*Â«*11708
+ 202*IR(%)04140333396533127999483691009574589784584694775847CR(%)000002900083*57*'1414,00*057*'14057C000431400MSTÂ°(days)35.1

Â±3.931.3

Â±2.525.9
Â±1.629.3
+2.131.7

Â±2.068.9

+7.9C42.7

Â±5.633.0
+2.432.6
Â±3.585.1

Â±4.9*73.9
Â±8.8rtf>53.3

Â±9.240.6
+8.690.0

Â±0""73.6
+8.3*c|44.0

Â±8.834.0
Â±3.873.9

+7.9*46.0
+6.135.4
Â±4.331.7
+2.268.4

Â±8.4C46.3

Â±8.438.4
Â±4.136.4

+ 2.7
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COMBINATION EFFECT OF IL-h, WITH ANTITl'MOR DRt (,S

0 0.1 0.3 1
rHu IL-1a (pg/mouse)

Fig. 1. Cure rates of colon 26 adenocarcinoma in CD2F, mice treated early
with rHu II.-In in combination with CDDP. Cure rates shown in Table 3 are
illustrated as a three-dimensional column chart. Values on or in the columns
show cure rates (rÃ).Fisher's exact method was used for statistical analyses (A' =

7): treated versus control groups and CDDP alone versus combination modality
groups (in parentheses): a. P < 0.05 b. P < 0.01.

0.1 0.3

rHu ILâ€”1a(yg/mouse)

Fig. 2. Cure rates of colon 26 adenocarcinoma in CD2F, mice treated late with
rHu IL-1 Â«in combination with CDDP. Cure rates show n in Table 4 are illustrated
as a three-dimensional column chart. Values on or in the columns show cure
rates (^Â¿).Fisher's exact method was used for statistical analyses (A' = 7): treated

versus control groups and CDDP alone venus combination modality group (in
parentheses): a. P < 0.05: h. P < 0.01.

were virtually similar irrespective of administration timings or
treatment schedules.

Combination Effect of rHu IL-la and CDDP on C26. The
combination effect of rHu IL-1 Â«andCDDP on C26 was further
investigated using various doses. Both agents were concurrently
administered according to the early and late treatment sched
ules. CRs were calculated on day 36 after tumor transplantation,
because it was found in the previous experiment that some C26
tumors treated with combinations of rHu IL-1Â«and CDDP
were on the course of regression on day 21. In the early
treatment (Table 3), rHu IL-1Â«alone slightly inhibited tumor
growth (IRs, 22-25%) at doses of 0.1-3 jug/mouse but did not
cure mice or prolong MSTs. CDDP alone significantly inhibited
tumor growth (IRs, 28-100%), significantly prolonged MSTs
at doses of 1-4 mg/kg. and cured some mice of the tumor at
doses of 2-4 mg/kg (CRs, 14-29%). The low CR (29%) irre
spective of the high IR (100%) of CDDP (4 mg/kg) alone
resulted from recurrence of the tumor once becoming nonpal-
pable on day 21. Combinations of rHu IL-1Â« and CDDP
consistently brought about better antitumor effect than each
agent alone did. The IRs and CRs with combination therapies
were always higher than those with the corresponding monoth-

erapies and mice treated with the combinations of rHu IL-1Â«
(0.1-3 i/g/mouse) and CDDP (2-4 mg/kg) survived longer

times than mice treated with each agent alone. Similar results
were obtained with late treatment as shown in Table 4. It was
noteworthy that combinations of rHu IL-1Â«and CDDP at

proper doses were able to cure mice of the tumor at very high
percentages as shown in Figs. 1 and 2.

Combination Effect of rHu IL-la and CBDCA or TSPA on
C26. Combination effects of rHu IL-1Â«and CBDCA or TSPA

on C26 were also examined according to the late treatment
schedule as described in Tables 5 and 6. The IRs with the
combination therapies were always higher than those with the
corresponding monotherapies, and high CRs were obtained
with the optimal combinations of rHu IL-1Â«(0.3-3 Â¿/g/mouse)

and CBDCA (32 mg/kg) or TSPA (4 mg/kg).

Table 5 Combination effect ofrllu ll.-lo and CRIK'A on colon 2f>

atlenocarcinoma Â¡nCD2F, mice (lale treatment)
The experimental method was the same as that described in Table 4.

rHuIL-!,,(jjg/mouse)0310.3000333,110.30.30.3CBDCA(mg/kg)000032168321683216832168TumorwtÂ°

(mg)3163+

1661536Â±

128*1
846 Â±111*1792

+442*1588

Â±120*1622
Â±334*2031

Â±321*121

Â±57"*'398
+95*rl1435Â±

156*136

+73**'927
+262*1322
+279*330

Â±148*1*11434
+467*1558Â±

107*IR0514243504936968755967158905551CR000(1014057rtÂ°140S7'v>004300MST"(days)33.9

Â±3.030.9

Â±1.739.7
Â±3.14

1.3Â±2.834.7

Â±5.539.6
+6.937.4
Â±4.575.7

Â±7.0*1*'55.3
Â±7.5r35.9

Â±2.375.6

Â±6.9*1*'41.4
+6.037.3
+6.066.3

+9.0*"'34.4
+2.234.3
Â±1.9â€¢

Mean + SE.

r/><0.05.

Table 6 Combination effect of rHu //,-/â€žand TSPA on colon 26
auenocarcinoma in Cf)2FÂ¡mice (late treatment)

The experimental method was the same as that described in Table 4.

rHulL-1Â«(iig/mouse)0310.3000333,110.30.30.3TSPA(mg/kg)0000421421421421Tumorwtfl

(mg)3163+

1661536+

128*1846Â±
111*1792
Â±442*874

Â±210*2111
Â±231r2453

Â±34996

+72**'756+
140**'983

Â±282*''118

Â±18*1*11247
Â±141*"I253Â±

195*219+

113*"'1496
Â±135*1650
Â±284*IR0514243723322977669996160935}48CR00000007I*)141486**'0043014MSTÂ°

(days)33.9

Â±3.030.9+

1.739.7
Â±3.141.

3Â±2.838.3

Â±2.833.4
Â±3.530.4
Â±2.682.0

+5.2*1*'45.7
+8.144.4
+9.287.9

+ 2.I*1*135.4

Â±3.443.1
Â±5.461.0+

10.634.9+
1.240.4

+8.5Â°
Mean + SE.

c P < 0.05.
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COMBINATION EFFECT OF IL-lo WITH ANTITUMOR DRUGS
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Days after tumor transplantation

Fig. 3. Inhibition kinetics of colon 26 adenocarcinoma in individual CD2F, mice treated early with rHu IL-1Â«alone. CDDP alone or combinations of rHu IL-1Â«
and CDDP. Mice (N = 7) were transplanted i.d. with C26 and received i.m. rHu IL-1Â«(0.1-3 fig/mouse) alone, i.v. CDDP (2-4 mg/kg) alone, or i.v. CDDP (2-4
mg/kg) concurrently with i.m. rHu IL-1Â«(0.1-3 ^g/mouse) every 3 days for 2 weeks starting from I day after tumor transplantation. CN, N mice cured; *. mouse
death due to the tumor.

Inhibition Kinetics of C26 in Mice Treated with rHu IL-1 a
Alone, CDDP Alone, or Combinations of rHu II -lo and
CDDP. Figs. 3 and 4 show inhibition kinetics of the C26 tumor
in individual CD2F, mice treated with rHu IL-1Â«alone, CDDP
alone, or combinations of rHu IL-la and CDDP. In the early
treatment (Fig. 3), rHu IL-1Â«alone at doses of 0.1 -3 Â¿ig/mouse
hardly affected the tumor growth, while CDDP alone slightly
inhibited the tumor growth at a dose of 2 mg/kg. CDDP (4
mg/kg) alone and combinations of rHu IL-1 Â«(0.1-3 ^g/mouse)
and CDDP (2-4 mg/kg) markedly inhibited the tumor growth
in most mice. The tumor usually became palpable about 1 week
after tumor transplantation irrespective of drug treatment and
began to regress in about 2 weeks if treatments were effective.
Recurrence of the tumor was observed after about 3 weeks (1
week after the termination of medication) in 5 of 7 mice treated
with CDDP alone at 4 mg/kg. but in only 0-2 of 7 mice treated
with combinations of CDDP (4 mg/kg) and rHu IL-1Â«(0.1-3

Mg/mouse). In the late treatment (Fig. 4), similar results were
obtained, although efficacies were less remarkable than those
in the early treatment. Tumor regression occurred about 2
weeks after tumor transplantation (1 week after the initiation
of medication) and recurrence was usually seen about 4 weeks
(1 week after the termination of medication).

Survival Kinetics of C26 Bearing Mice Treated with rHu IL-
la Alone, CDDP Alone, or a Combination of rHu IL-la and
CDDP. Fig. 5 shows survival kinetics of CD2F, mice bearing
C26 treated with rHu IL-1Â«alone, CDDP alone, or a combi
nation of rHu IL-1Â«and CDDP. In the early treatment, mouse
death began to occur 20 days after tumor transplantation and
all mice died within 43 days in untreated control and in the
group treated with rHu IL-1Â«(3 /Â¿g/mouse)alone. In the group
treated with CDDP (2 mg/kg) alone, mouse death was delayed
but only 1 (14%) of 7 mice survived on day 90 after tumor
transplantation. In contrast, 6 (86%) of 7 mice survived on day
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COMBINATION EFFECT OF IL-1Â«WITH ANTITUMOR DRUGS
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Fig. 4. Inhibition kinetics of colon 26 adenocarcinoma in individual CD2F, mice treated late with rHu IL-la alone, CDDP alone, or combinations of rHu IL-lo

and CDDP. Mice (N = 7) were transplanted i.d. with C26 and received i.m. rHu IL-ln (0.1-3 //g/mouse) alone, i.V. CDDP (2-4 mg/kg) alone, or i.v. CDDP (2-4
mg/kg) concurrently with i.m. rHu IL-ln (0.1-3 ng/mouse) even 3 days for 2 weeks starting from 7 days after tumor transplantation. CV, .\ mice cured; *. mouse
death due to the tumor;. I. mouse death due to an accident.

90 in the group treated with a combination of rHu IL-la
mouse) and CDDP (2 mg/kg), suggesting that the survival mice
were completely cured of the tumor. In the late treatment,
survival kinetics were almost similar to one another in the 3
groups, untreated control, the group treated with rHu IL-la (3
//g/mouse) alone and the group treated with CDDP (2 mg/kg)
alone. However, in the group treated with a combination of
rHu IL-la (3 fig/mouse) and CDDP (2 mg/kg), 4 (57%) of 7
mice survived on day 109.

DISCUSSION

In the previous paper, we have reported that intermittent
treatments with rHu IL-la at an interval of 3 days showed
better antitumor effects than serial daily treatments (4). Thus,
we used here such intermittent dosing regimens in both the
early and late treatment schedules.

In Meth A transplanted in BALB/c mice, all the combination
therapies with rHu IL-la and the antitumor drugs generally
showed better antitumor effects than the corresponding mon-
otherapies irrespective of combination timings of rHu IL-la.
In C26 in CD2F, mice, favorable combination effects were also
observed with all the combinations of rHu IL-ln and the
antitumor drugs irrespective of combination timings of rHu IL-
la and irrespective of the treatment schedules. These results
suggest that rHu IL-la might be compatible with various anti-
tumor drugs and that antitumor effect augmented by rHu IL-
la might be generally observed against tumors of various im-
munogenicity, at various combination timings, and in both early
and late stages of tumor growth. An unexpected finding was
that combination therapy with rHu IL-la and CDDP frequently
brought about cure of C26 in a dose-related manner which was
known to be hard to regress completely. Favorable combination
effects on C26 were observed even at the lowest rHu IL-la dose
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Fig. 5. Survival kinetics of mice bearing co
lon 26 adenocarcinoma treated with il lu II
la alone, CDDP alone, or a combination of
rHu IL-lo and CDDP. Mice </V= 7) were
transplanted i.d. with C26, and received i.m.
rHu 1I.-1Â«(3 j<g/mouse) alone, i.v. CDDP (2
mg/kg) alone, or i.v. CDDP (2 mg/kg) concur
rently with i.m. rHu IL-ln (3 pg/mouse) every
3 days for 2 weeks starting from 1 (A ) or 7 (B)
days after tumor transplantation. Survival
rates were checked for 90 days in A and 109
days in B.
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of 0.1 Â¿ig/mousewhen higher CDDP doses were used and even
at the lowest CDDP dose of 0.5 mg/kg when higher rHu IL-
1Â«doses were used. CRs were high especially when both the
agents were used at higher doses. Similar high CRs were also
obtained with the combinations of rHu IL-la and CBDCA or
TSPA. The inhibition kinetics showed that CDDP alone at a
dose of 2 mg/kg slightly inhibited the tumor growth but the
combinations of CDDP (2 mg/kg) and rHu IL-la (0.1-3 ng/
mouse) markedly inhibited the tumor growth and induced tem
porary or complete tumor regression in both the early and late
treatment schedules. CDDP alone at a dose of 4 mg/kg also
markedly inhibited the tumor growth and once made the tumor
nonpalpable but was not able to prevent late recurrence of the
tumor in most mice. The combinations of rHu IL-la with
CDDP prevented the recurrence, and in optimal combinations
most mice survived for more than 90 days. Therefore, rHu IL-
la has activities not only augmenting regression of a less
immunogenic tumor like C26 but also preventing recurrence of
the tumor and prolonging the survival times of hosts.

The lowest effective rHu IL-la dose augmenting antitumor
effect of CDDP was 0.1 /Â¿g/mouse.Such a low dose seldom
caused any abnormal symptoms in mice and was less than I/
1000 of the i.m. median lethal dose (more than 5 mg/kg) of
rHu IL-la as reported previously (4).

Antitumor drugs are considered to be cytotoxic and probably
inhibit tumor growth through their direct action against the
tumor cells. On the other hand, IL-1 Â¡sa cytokine with multiple
antitumor mechanisms, i.e., the enhancement of cytotoxic ac
tivity of monocytes (5, 6), of natural killer cells (5, 7, 8), and of

cytotoxic T-lymphocytes (5, 7-9), the production of lympho-
kines such as interleukin 2 and 7-interferon (10, 11) which have
been demonstrated to have antitumor activity, and the direct
cytotoxic action against some tumor cells (12-IS). It is uncer
tain which mechanisms are important for the antitumor action
of IL-1, although there is some evidence showing that the action
of IL-1 appears through the induction of cytotoxic T-lympho
cytes (16) and its adjuvant activity potentiating antitumor im
munity (17). The present study demonstrates that rHu IL-la
alone and cytotoxic antitumor drugs alone are not sufficient for
curing of tumors even at high doses but optimal combinations
of them frequently bring about complete cure of tumors in mice.

It has been known that rHu IL-la has restorative activity
from myelosuppression induced by antitumor drugs or radiation
(18-21), protective activity against lethal effects of antitumor
drugs or radiation (22, 23), and activity enhancing host resist
ance to microbial infections (24-26). Combination therapy with
rHu IL-la and antitumor drugs may be beneficial from both
therapeutic and toxicological viewpoints.
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