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Recombinant human interleukin-13 (IL-153) inhibited the growth of not only the right, but also the left
non-treated tumor in a double grafted tumor system. Since the antitumor activity of I1L.-15 against the
right and left tumors was not seen in nude mice, lymphocytes have a key role in the antitumor effect
of intratumoral administration of IL-15, TIL (tumor-infiltrating lenkocytes) obtained from left and
right side tumors treated with IL-18 were examined by Winn assay for their antitumor activity against
Meth-A sarcoma in BALB/c mice. TIL from the right side clearly inhibited the growth of admixed
Meth-A cells, but control TIL did not. Spleen cells and right and left regional lymph node cells
prepared from IL-1-treated mice were examined for Lyt-1, Lyt-2 and L3T4 phenotypes. The number
of Lyt-1-positive lymphocytes increased in the spleen and in the right regional lymph nodes after
intratumoral administration of IL-1, Isolated tumor cells obtained from the right tumor treated with
IL-18 and the left side tumor on day 6 were cultured in RPMI 1640 with 10% fetal caif serum for 24
h. The culture supernatants were harvested and tested for the presence of chemotactic activity for
neutrophils or macrophages. Significant neutrophil chemotactic factor and macrophage chemotactie
factor activities were detected in the culture media from IL-1-treated tumor tissues cultured for 24 h.
Neither significant neutrophil nor macrophage chemotactic activity was detected in the media from
untreated tumor tissues. These results suggest that intratumoral administration of IL-1 first induces
neutrophils and macrophages in the right tumor, then Lyt-1-positive cells in the right regional lymiph

hodes and in the spleen, and subsequently induees macrophages in the left, non-treated tumor.
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Interleukin-1 (IL-1)* was so designated at the Second
International Lymphokine Workshop held in Switzerland
in 1979. After more than ten years, IL-1 can now be
regarded as quite well characterized.” Its relations with
other cytokines and differentiated tissues suggest that it is
a basic mediator of intercellular communication both
within the immune system and between the immune
system and other organ systems. In vivo studies of IL-1
have revealed its physiologic and pathogenic signifi-
cance.” In our previous paper,” it was first shown that
recombinant human interleukin-15 (IL-13) has an anti-
tumor activity iz vivo, That is, the antitumor effect at a
distant site of IL-13, was analyzed with a double grafted
tumor system in which BALB/c mice received simultane-
ous intradermal inoculations of Meth-A tumor in the
right (10° cells) and left (2% 10° cells) flanks and were
then injected with IL-18 in the right-flank tumor on day
3. IL-18 significantly inhibited the growth of not only the

! To whom requests for reprints should be addressed.

? The abbreviations used are: IL-1, interlenkin-1; IL-8, inter-
leukin-8; MCAF, monocyte chemotactic and activating factor;
TIL, tumor-infiltrating leukocytes; PEC, peritoneal exudate
cells; FACS, fluorescence-activated cell sorter; PBS, phosphate-
buffered saline; FCS, fetal calf serum; NCF, neutrophil chemo-
tactic factor.
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right but also the left {non-treated) tumor. The first
purpose of the present study was to clarify the mecha-
nism of action of IL-18 in the double grafted tumor
system by 1) a nude mouse experiment, 2) evaluating the
antitumor effect of tumor-infilirating leukocytes (TIL),
3) a FACS (fluorescence-activated cell sorter) analysis
and 4) an analysis of neutrophil and macrophage
chemotactic activity, The second purpose of this investi-
gation was to examine whether IL-15 enhances two
forms of tumor immunity: concomitant immunity dis-
played by hosts bearing a progressive primary tumor
growth against a second tumor challenge, and sinecomi-
tant immunity displayed to a second tumor challenge
after excision of the primary tumor.

MATERIALS AND METHODS

Mice and tumor Six-week-old male BALB/c (+/+)
and BALB/c (nu/nu) mice were obtained from
Shizuoka Laboratory Animal Center, Hamamatsu and
Clea Japan, Tokyo, respectively. Meth-A, a methylcho-
lanthrene-induced fibrosarcoma, was administered to
syngeneic BALB/c mice in solid form by intradermal
inoculation.

Drug  Recombinant human interleukin-18 71Ser
mutant® (rIL-18) was supplied by Otsuka Pharmaceu-



tical Co. Ltd., Tokushima (lymphocyte activating activ-
ity: 2X 10" units/mg protein).

Donble grafted tumor system As described in previous
papers,”” we devised the double grafted tumor system as
a new experimental tumor model. BALB/c mice receive
simultaneous intradermal inoculations of Meth-A tumor
cells in both the right (1 10° cells, primary region) and
the left (2X10° cells, distant region) flanks. Drugs are
injected into the right-flank tumor on days 3, 4 and 5, and
the left (non-treated) tumor is observed for 21 days.
Evaluation of antitumor activity Tumor diameter was
measured 3 times a week with calipers and the tumor size
was calculated as the square root of the long diameter X
short diameter (mm). After 3 weeks, the animals were
killed and each tumor was weighed to obtain the mean
value (g) tstandard deviation. Each experimental and
control group consisted of 7 to 10 mice. The significance
of the difference in tumor growth (tumor size or tumor
weight) between the control and experimental groups
was tested statistically by using Student’s ¢ test. The
differences in cure rates were statistically evaluated by
means of the chi-square test.

Preparation of TIL Preparation of tumor cell suspen-
sions was carried out according to the method of Ferry
et al® with some modification. Briefly, Meth-A tumor
tissues obtained from BALB/c mice 10 days after tumor
inoculation were cut into 2-3 mm’® fragments in RPMI
1640 medium (GIBCO Lab., Grand Island, NY),
washed twice with RPMI and then digested with 40 ug/
ml of deoxyribonuclease (Sigma, Type 1) and 250 pg/ml
of collagenase (Sigma, Type 1A) at 37°C for 45 min. The
cell suspension was passed through a stainless steel wire
sieve (100 mesh) and washed with RPMI by centrifuga-
tion for 10 min at 150g. The sedimented cells were then
resuspended in RPMI containing 1% fetal calf serum
and 0.1% heparin (Hep-medium) and washed twice by
centrifugation. An aliquot of the cell suspension was
allowed to sediment in a 4 and 6% stepwise gradient of
Ficoll 400 (Pharmacia Fine Chemicals, Uppsala) for 10
min at 20°C. Leukocytes were collected in the upper
fraction and washed in Hep-medium. Cell number and
viability were determined by trypan blue dye exclusion.
Murine TIL obtained from Meth-A tumors by this
method contain less than 109 tumor cells.

Winn neutralizing assay The antitumor effect of TIL in
vive was investigated in normal recipient mice using the
Winn neutralizing assay.” TIL were obtained from con-
trol and IL-18 treatment groups of mice 10 days after
tumor inoculation. TIL (1.25X 10°) mixed with 2.5 10’
Meth-A cells were injected into the flank of syngeneic
BALB/c mice. Antitumor activity was assessed in terms
of the tumor weight 21 days after the injection of the
mixture, and tumor diameter was serially measured with
calipers to estimate the tumor size.

Antitumor Effect of IL-1

Flow cytometric analysis of cell surface markers of 1ym-
phocytes FITC (fluorescein isothiocyanate)-conjugated
anti-Lyt-1, anti-Lyt-2 and anti Mac-1 antibodies and PE
(phycoerythrin)-conjugated anti-L3T4 antibody were
purchased from Becton-Dickinson, Inc., Sunnyvale, CA.
The cell pellets (10°) were incubated with 10 #1 of FITC-
or PE-conjugated antibody on ice for 30 min, and washed
with PBS (phosphate-buffered saline, pH 7.2) containing
0.2% bovine serum albumin three times. The cells were
then washed with PBS three times, and the staining
pattern was analyzed using a Becton-Dickinson FACS
analyzer.

Preparation of culture supernatant of fumor tissue
Right- and left-flank Meth-A tumors in the double
grafted tumor system were obtained from BALB/c mice
6 days after tumor inoculation. Tumor tissue was cut into
2-3 mm’ fragments in RPMI 1640 medium (Nissui
Pharmaceutical Co., Tokyo), washed twice with RPMI
1640 and then digested with 40 g/ml deoxyribonuclease
(Sigma, Type 1) and 250 pg/ml of collagenase (Sigma,
Type 1A) at 37°C for 45 min. The cell suspension was
passed through a stainless steel wire sieve (100 mesh) and
washed with RPMI 1640 by centrifugation for 10 min at
150g, Tumor cells from Meth-A-bearing mice 6 days
after tumor inoculation were cultured at a density of 12X
10° cells/ml in RPMI 1640 with 10% fetal calf serum
(FCS) at 37°C for 24 h. After centrifugation, the culture
supernatants were stored at —80°C until the chemotactic
factor assay.

Preparation of neatrophils One milliliter of 3% proteose
peptone (Difco, Detroit, MI) was injected intraperito-
neally into BALB/c mice, and a booster injection of 1
ml of proteose peptone was administered 12 h later. At
2 h after the booster injection, peritoneal exudate cells
(PEC) were obtained by peritoneal lavage and used as
neutrophil-rich cell suspensions. PEC were washed with
RPMI 1640 medium and suspended in RPMI 1640 with
10% FCS. The quantity of neutrophils in PEC was
determined to be 85% by May-Giemsa staining. The
above-mentioned PEC were used as a target source of
neutrophil chemotactic activity.

Preparation of macrophages One milliliter of 3%
thioglycolate (Nissui Pharmaceutical Co.) was injected
intraperitoneally intc BALB/c mice. At 3 days after
injection, PEC were obtained by peritoneal lavage and
used as macrophage-rich cell suspension. PEC were
washed with RPMI 1640 and suspended in RPMI 1640
with 10% FCS. The quantity of macrophages in PEC
was 90% as determined by May-Giemsa staining. The
above-mentioned PEC were used as a target source of
macrophage chemotactic activity.

Assay for chemotactic factor Neutrophil and macro-
phage chemotaxis was assayed in multiwell chambers.
Two hundred microliters of a cell suspension containing
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5X 10° PEC was introduced into each chemotactic cham-
ber (Chemotaxicell, Kurabo, Osaka) fitted with a 5 ym
pore size polycarbonate filter. The filters separated the
cells from the chemotactic factors contained in the lower
compartment (24 multiweéll plate, Sumilon, MS-80240,
Sumitomo Bakelite Co. Tokyo) in 500 ¢ of cell culture
supernatant. After 2 h (neutrophils) or 3 h (macro-
phages) of incubation at 37°C in a CO, incubator, the
filters were removed, fixed with May-Griinwald solution
for 5 min, stained with Giemsa solution for 30 min and
then dried on a glass slide, The filters were mounted on
cover glasses with canada-balsam, and the migrated cefls
were counted under a microscope (X 1000).
Neutralization by anti-human TL-8 IgG Anti-human I1-
8§ rabbit IgG (1 mg IgG/ml, P-801) and pre-immune
rabbit control IgG (1 mg IgG/ml, C-100) were
purchased from Endogen, Boston, MA. Two hundred
microliters of NCF (neutrophil chemotactic factor)
sample was mixed with 300 gl of appropriately diluted
anti-IL-8 IgG and incubated at 4°C for 45 min in the
wells of 24 multiwell plates. The residual NCF activity
was measured by the method described above. Statistical
analysis of chemotactic activity data was performed by
using Student’s ¢ test.

Concomitant immunity Primary Meth-A cells (10° cells)
were inoculated intradermally at —9 to —3 days into the
right flanks and 2 X 10° Meth-A cells were inoculated on
day O into the left flank. The growth of the second
challenge tumor was observed for 21 days to evaluate the
generation of concomitant immunity. It is the simultane-
ous inoculations of Meth-A cells into the right and left
flanks that constitute our double grafted tumor system.
IL-18 was injected intratumorally into 3-, 4- and 5-day
primary tumors.

Sinecomitant immunity Initially, primary tumor cells
(10° cells) were inoculated intradermally in the right
flank. On day 6 after tumor inoculation, the primary
tumor was resected, and on day 21, 10° secondary tumor

cells were rechallenged into the left flank. The growth of
the secondary tumor was followed for 21 days to evaluate
the generation of sinecomitant immunity, IL-15 was ad-
ministered intratumorally on days 3 and 5 into the pri-
mary tumor.

RESULTS

Double grafted tumor system in nude mice In the double
grafted tumor system in BALB/c nude mice, IL-15 in-
hibited the growth of neither the right tumor nor the left
tumor, as shown in Table I. That is, IL-15 has no direct
cytotoxic activity. The antitumor activity of IL-13 in the
double grafted tumor system, therefore, is associated
with a sequential immune mechanism in which T cells
may play an important role.

Antitumor effect of TIL TIL obtained from right- and
left-flank tumors treated with IL-18 were examined by
Winn neutralizing test for their antitumor activity

Table II. Winn Assay of TIL Obtained from rIL-15-treated
Mice in the Double Grafted Tumor System
T F Tumor Tumor
Group u;rtlort- dree diameter weight
este (mm +SD) (2+SD)
Control 0/6 21.38+2.51 3.8611.01
TIL. Control 0s7 17.731+1.40 2.56X0.58
TIL. IL-1 Right 4/7 407+5.46% 0.24+0.36™
TIL. IL-1 Left 0/7 17.93+1.92 2.6710.83

TIL were obtained from 10-day Meth-A-bearing mice with or
without IL-15 (0.2 ug/day, days 3, 4 and 5) injected into the
right tumor. Normal BALB/c mice were injected sub-
cutaneously with a mixture of TIL (1.25X10° cells) and
Meth-A (2 10° cells), and observed for 21 days. Significant
difference from the TIL control group: ** P<(0.01. SD:
standard deviation.

Table I.  Antitumor Effect of IL-18 in the Double Grafted Tumor System of BALB/c Nude
Mice
T G Tumor-free Tumor diameter Tumer weight
wmor Toup /tested (mm+SD) (g=SD)
Right tumor Control 0/10 24,20+ 1.25 4.6910.90
(1x10% 1L-18 0/10 23.78£2.19 4.381+0.96
Left tumor Control 0/10 19.72+1.56 2.6310.63
(2 10% IL-13 0/10 18.78t1.62 2.45+0.63

BALB/¢ (nu/nu) mice received simultaneous intradermal inoculations of Meth-A
fibrosarcoma cells in both the right (1 10° cells) and the left (2 10° cells) flanks on day 0.
IL-18 (0.2 £g/0.1 ml/day, days 3, 4 and 5) was injected into the right tumor, and a 21-day
observation period followed. SD: standard deviation.
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Table ITII. Neutrophil Chemotactic Factor Produced from
rIL-1-treated Tumor Tissue
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Fig. 1. Surface markers of lymph node cells obtained from IL-
1-treated mice on day 10. (1, control Meth-A bearing mice;
EETE, right regional lymph node treated with IL-1; B2, left
regional lymph node treated with IL-1.
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Fig. 2. Surface markers of spleen cells obtained from IL-1-
treated mice on day 10. ], control Meth-A bearing mice;
EZ2, spleen cells treated with IL-1 on days 3, 4 and 5.

against Meth-A sarcoma in BALB/c mice. As shown in
Table II, TIL from the right flank tumor clearly inhibited
the growth of admixed Meth-A cells but control TIL did
not. It is suggested, therefore, that TIL of the primary
tumor may play an important role in the antitumor
activity of the intratumoral administration of IL-18 into
a primary tumor.

Flow cytometric analysis of IL-1-treated spleen and
lymph node cells and TIL Spieen cells and right and left
regional (axillary and inguinal) lymph node cells pre-
pared from IL-1-treated mice 10 days after tumor inocu-
lation were examined for Lyt-1;, Lyt-2 and L3T4 pheno-
types with the use of a FACS analyzer. Though the
difference among groups is not statistically significant,
the number of Lyt-1-positive lymphocytes was increased
in the right regional lymph nodes (Fig. 1) and in the

Cultare No. of migrated neutrophils + SD/
supernatant visual field { X 1000)

Medium control 24+1.5

{RPMI 1640, 10% FCS)
Meth-A tumor 46119
rIL-1-treated Meth-A, 11.2+51*

right tumor
rIL-1-treated Meth-A, 6.7E2.5%

left tumor

Significant difference from the Meth-A tumor: *% P<0.01.
SD: standard deviation.

Table IV, Neutralization of IL-18-induced NCF bf Anti-1L-8
1eG

Treatment? No. of migrated neutrophils = SD
(IgG dilution) /visual field (X 1000)
None 17.31£4.1™
a IL-8 (1:250) 11.4+5.1
a IL-8 (1:50) 11.1=5.8
Pretmmune rabbit IgG (1:25) 16.0+7.8**
Medium control 40+23

(RPMI, 10% FCS)

@) Anti-human IL-8 rabbit IgG (1 mg/ml) was treated with
NCEF for 45 min at 4°C. Culture supernatant of IL-13-treated
Meth-A tumor tissue 24 h after incubation was used as NCF.
Significant difference from the medium control: %% P<0.01.
8D: standard deviation,

spleen (Fig. 2) after intratumoral injection of IL-1. TIL
were obtained from Meth-A bearing mice 10 days after
tumor inoculation and analyzed for Lyt-1 and Mac-1
phenotypes. It was found that Lyt-1-positive T cells and
Mac-1-positive cells were increased in the right and left
tumor TILs.

Induction of neutrophil chemotactic factor from IL-15-
treated tumor tissue The culture supernatants of the 6-
day tumor tissue were assayed for neutrophil chemotac-
tic factor (NCF) activity. As shown in Table 11I, sig--
nificant NCF activity was detected when the tumor was
treated with IL-13. This factor was found to be chemo-
tactic but not chemokinetic by checkerboard analysis. No
significant NCF activity was produced by untreated
tumor tissue.

Characterization of IL-1-induced NCF IL-1-induced
NCF was characterized by the neutralization test using
anti-human IL-8 IgG. Neutralization was expressed in
terms of the residual NCF activity. As shown in Table
IV, IL-1-induced NCF activity was partially neutralized
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by rabbit IgG against human IL-8 but was not neu-
tralized by preimmune rabbit IgG. These results suggest
that IL-1-induced NCF in mice was cross-reactive with
human IL-8 and might be an IL-8-like factor.

Induction of macrophage chemotactic factor from IL-15-
treated tumor tissue The culture supernatants of the 6-
day tumor tissue were assayed for macrophage chemo-
tactic factor (MCF) activity. As shown in Table V,
significant MCF activity was detected when the tumor
was treated with IL-13. No significant MCF activity was
produced by untreated tumor tissue.

Enhancement of concomitant immunity by IL-15 treat-
ment A primary growth of Meth-A sarcoma inoculated
into the right flank of mice resulted in the generation of
concomitant immunity to the growth of a second graft
of the same tumor cells in the left flank. A significant
inhibitory effect on the proliferation of tumor cells in-
oculated secondarily into the left flank was found in mice
bearing a primary tumor that had previously been treated
with IL-15 on days 3, 4 and 5. As shown in Table VI, IL-

Table V. Macrophage Chemotactic Factor Produced from
rIL-153-treated Tumor Tissue

No. of migrated macrophages +5D/

Culture supernatant visual field (% 1000)

Medium 1.0£1.0

Meth-A tumor 55129

rIL-1-treated Meth-A, 10.913.3*
right tumor

rIL-1-treated Meth-A, 9.3x2.4%
left tumor

Significant difference from the Meth-A tumor: * P<0.05,
k3% P<0.01. 8D: standard deviation.

1 column, the maximum enhancement of concomitant
immunity by IL-18 occurred on day 7 of primary tumor
growth, that is, all 8 treated mice became tumor-free.
These observations clearly show that intratumoral IL-13
administration enhances concomitant immunity and
leads to the eradication of the left, distant, small temor.
Enhancement of sinecomitant immunity by an intra-
tumoral administration of IL-158 As shown in Table VII,
before surgical excision of the primary tumor on day 6,
intratumoral administration of IL-18 on days 3 and 5
resulted in complete rejection of the secondary tumor
inoculated on day 21. That is, the intratumoral adminis-
tration of IL-15 strongly enhanced sinecomitant immu-
nity. These observations suggest that presurgical intra-

Table VII. Enhancement of Sinecomitant Immunity by In-
tratumoral Administration of rIL-13
Tumor-free Tumor TuTnor
Group tested diameter weight
{mm=*SD) (gXSD)
Control 0/8 21.011.69 321+1.10
Meth-A control 0/8 21.4%1.22 33%£1.30
Meth-A 3/7 92+8,13%  0.811£0.94*
3d, IL-1 it (a}
Meth-A /T 0 0

3d, 5d IL-1 it. (b)

Mice were inoculated intradermally with 1% 10° Meth-A cells
in the right flank on day 0. IL-13 (0.2 ug/day) was injected into
the 3-day (a) or the 3- and 5-day (b) primary tumor, which was
surgically excised on day 6. On day 21, 10® secondary tumor
cells were challenged in the left flank and the mice were
observed for another 21 days.

Significant difference from the conirol group: * P<0.05,
** P<0.01. SD: standard deviation.

Table VI. Enhancement of Concomitant Immunity by Intratumoral Administrasion of rIL-13
Inoculation day of Tumor-free/tested Tumor diameter {mm ¥ 8D}
primary tumor Control? IL-19 Control IL-1?
—9 day 2/8 4/5 5.414.59 0.6+1.34*
—7 day 2/6 8/8* 5.2+5.23 0
—5 day /6 7/8 10.1+6.51 0.6+1.76*
—3 day 0/7 5/8 13.4+2,55 5.616.33*
0 day® 0/8 4/8 20.3%0.44 294374

Mice were inoculated intradermally with 1< 10° Meth-A cells in the right flank on the indicated day and further
inoculated intradermally with 2 10° Meth A cells in the left flank on day 0, and the growth of the left tumor

was monitored for 21 days.

@) 0 day refers to our “double grafted tumor system.”

b) Suppression of the development of a second tumor in tumor-bearing mice was observed (concomitant

immunity).

¢} IL-15 (0.2 ng/day) was injected into the 3-, 4- and 5-day primary tumor. The secondary tumor was observed
for 21 days. Significant difference from the control group: ** P<0.01, * P<0.05. SD; standard deviation.
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tumoral injections of IL-13 (more than 2 times) would
be effective in eradicating residual tumors.

DISCUSSION

Fisher and Fisher'® proposed two forms of tumor
resistance: concomitant immunity displayed by hosts
bearing a growing primary tumor against a second tumor
challenge, and sinecomitant immunity displayed to a
second tumor challenge after excision of the primary
tumor. Suppression by a primary tumor of the growth of
a metastatic tumor seems to be an instance of concomi-
tant immunity. Our present data indicates that the in-
tratumoral injection of IL-1 on days 3, 4 and 5 in the
primary tumor causes complete eradication of the sec-
ondary (challenge) tumor inoculated on day 7 (Table VI,
IL-1 column). That is, IL-1 treatment enhances concom-
itant immunity and leads to the eradication of a distant,
metastatic, small tumor. Before surgical excision of the
primary tumor on day 6, intratumoral administration of
IL-13 on days 3 and 5 resulted in complete rejection of
the secondary tumor inoculated on day 21 (Table VII).
That is, IL-1 treatment also enhances sinecomitant im-
munity. These observations suggest that presurgical in-
tratumoral injection of IL-1 and surgical excision of the
primary tumor would be highly effective in eradicating
distant tumors.

It was reported that IL-1 is chemotactic for human
neutrophils and monocytes in vivo.">'* However, highly
purified or recombinant IL-1 has no chemotactic activity
for neutrophils and monocytes in vitro.'”> Larsen er al.'®
clearly showed that cultured human fibroblasts were
stimulated to produce IL-8 in response to IL-1 (0.1-1000
U/ml). Induction of mRNA for IL-8 in fibroblasts was
rapid (within 30 min) and expression of mRNA, for IL-
& was accompanied with the production of high levels of
neutrophil chemotactic activity. Therefore, the intra-
dermal injection of IL-1 caused infiltration of neutro-
phils and lymphocytes at sites of injection, and in vivo
attraction of neutrophils was mediated by locally pro-
duced IL-8. Schroder et al'® also showed that IL-ly
stimulated release of NAP-1/IL-8 related neutrophil
chemotactic protein in human dermal fibroblasts.
Thornton et al.'® demonstrated that human hepatocyte
lines were capable of expressing mRNA and biclogical
activity for a NCF/IL-8 in response to the inflammatory
mediators IL-1¢ and IL-15. On the other hand, Sica et
al'” showed that monocyte chemotactic and activating
factor (MCAF) gene expression was induced in human
endothelial cells by IL-1. Also, it has been reported that

Antitumor Effect of IL-1

various types of malignant cells produce MCF in vitro'®,;
such tumors are often heavily infiltrated with monocytes
in vivo and this is associated with a better prognosis.'”
The present report shows that murine NCF and MCF are
induced in tumor tissue (Tables III and V) by intra-
tumoral injection of IL-13. We also found that IL-15-
induced NCF was neutralized by anti-human IL-8 IgG
(Table IV). Recently, murine macrophage inflammatory
protein 2 (MIP-2) was found to be a potent chemotactic
factor for human neutrophils and to have considerable
sequence homology with IL-8.°%*" Therefore, intratu-
moral administration of IL-1 first induces neutrophils
and macrophages in the right tumor. As IL-1 did not
inhibit the growth of the right tumor in nude mice (Table
I}, the antitumor effect of IL-1 on the right tumor of the
double grafted tumor system is not a direct cytotoxic
effect. In the right tumor, a non-specific bystander killing
by attracted neutrophils and macrophages seems to be
the main killing activity, due to an inflammatory process.
Magc-1-positive cells and Lyt-1-positive cells increased in
the TIL of the right tumor and were involved in the
antitumor activity in vivo (Table IT). Then Lyt-1-positive
cells were induced in the right regional lymph nodes
(Fig. 1) and in the spleen (Fig. 2). Subsequently, Lyt-1-
positive cells reached the left tumor through the blood
stream, came into contact with Meth-A tumors and
produced macrophage chemotactic and activating factor
(Table V). Then Mac-1 positive cells increased in the left
tumor TIL. As IL-18 did not inhibit the growth of either
the right tumor or the left tumor in the double grafted
tumor system of BALB/c nude mice (Table I), the
antitumor activity of IL-1 on the left tumor is associated
with a sequential immune mechanism in which Lyt-1-
positive T cells may play an important role. MCATF is
not only chemotactic for monocytes, but also activates
monocytes to be cytostatic toward several types of tumor
cell lines, to generate and release monocyte superoxide
anions, and to release monocyte lysosomal enzymes in
vitro.** In the left tumor, therefore, a non-specific
bystander killing induced by infiltrated macrophages
seems to be the main mechanism of cell killing rather
than an effect of the specific T cytotoxic cells.
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