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ABSTRACT

In vivo tumor inhibitory activity of polymorphonuclear leukocytes
(PMN) treated in vitro with lyniphokine(s) (LK) was investigated with
\\ inn's assay. Culture supernatants of BALB/c mouse spleen cells incu

bated with a streptococcal preparation, OK-432, were used as an LK
source. With the use of a [-'Iljuridim- release assay, Kl <Ã®~I tumor cells

were lysed to some extent by peritoneal BALB/c mouse PMN treated
with this LK preparation. With Winn's assay, LK-treated PMN from

BALB/c mice completely inhibited the growth of the admixed syngeneic
tumor at a high effector to target ratio, when normal mice were used as
recipients. When X-irradiated mice or nude mice were used as recipients,
the tumor growth was partially inhibited by admixed LK-treated PMN,

but the tumor began to grow gradually and finally killed the recipient
mice, even when a high effector target ratio was used. When nude mice
which had been given i.v. transfers of nylon wool column effluent spleen
cells were used as recipients, the tumor inhibitory activity of LK-treated

PMN was recovered to the same level as when normal mice were used
as recipients. On the other hand, tumor inhibition by admixed LK-treated
PMN in nude mice was not recovered by the transfer of X-irradiated
nylon column effluent T-cells. As a mechanism of tumor inhibition by
LK-treated PMN, a possible role of LK-treated PMN in reduction of

tumor load is discussed.

INTRODUCTION

One of the recent approaches for cancer immunotherapy has
been performed with the use of various kinds of BRM.2 The

mechanisms of action of BRM on the host are complicated,
and many host factors seem to be involved in its response to
BRM. Activation of nonspecific cytotoxic cells such as macro
phages and natural killer cells has been reported as an important
mechanism for tumor inhibition by BRM (1-3), and the lym-
phokine activated killer has received attention as a possible tool
for successful cancer immunotherapy with the use of BRM (4-
7). Moreover, Lichtenstein et al. (8, 9) and Berek et al. (10)
recently reported that PMN might be important effector cells
in the rejection of ovarial teratocarcinoma in mice treated with
Corynebacterium parvum and we also reported that tumor in
hibitory PMN were activated by i.p. injection of a streptococcal
preparation, OK-432 (11). These results suggest the possibility
that in certain situations PMN may be involved in rejecting
tumor cells. From this viewpoint, we searched for the factor
with which to activate in vitro PMN tumor cytotoxicity. We
found that cultured supernatants from rodent spleen cells or
human peripheral blood lymphocytes stimulated with concan-
avalin A or OK-4323 contained factors that rendered PMN
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cytotoxic (12, 13). We tentatively named this the NAF. Re
cently, we purified NAF from supernatants of a concanavalin
A stimulated rat spleen cell culture that was different at least
from IL-1, IL-2, IFN, CSF, and macrophage-activating and
leukocyte migration-inhibiting factors (14). The purpose of this
study was to investigate whether PMN treated in vitro with LK
show in vivo tumor inhibitory activities. We demonstrate in this
paper that LK-treated PMN inhibit in vivo tumor growth and
that effector cells other than PMN are also required for com
plete tumor rejection.

MATERIALS AND METHODS

Experimental Animals and Cells. Donryu and WKA/HOK rats and
BALB/c +/+, BALB/c nu/nu, BALB/c /Â»Â«/+,and DBA/2 mice were
purchased from Shizuoka Laboratory Animal Co. (Hamamatsu, Japan).
RLd-1 is an \-irradiai ion-induced lymphoma of BALB/c mice, MethA
is a methylcholanthrene-induced fibrosarcoma of BALB/c mice, and
P815 is a methylcholanthrene-induced mastocytoma of DBA/2 mice.
KMT-17 is a methylcholanthrene-induced fibrosarcoma of WKA/HOK
rats. In all experiments, the mice and rats were sex and age matched
and the results obtained with both sexes were identical.

Preparation of Culture Supernatants from Spleen Cells Incubated with
OK-432. Approximately 5 x IO6spleen cells from BALB/c mice were
incubated at 37Â°Cfor 48 h in 1 ml of RPMI 1640 (Gibco, Chagrin

Falls, OH) containing 0.25% bovine serum albumin supplemented with
100 Mg/ml of streptomycin and 100 lU/ml of penicillin under 5% CO2
and 95% air. At the start of the cultivation, 50 Mg/ml of a streptococcal
preparation, OK-432 (Chugai Pharmaceutical Co., Ltd., Tokyo, Japan)
and 25 n\t 2-mercaptoethanol were added to the culture media. At the
end of incubation, spleen cells were removed by centrifugation, and the
culture supernatants were filtrated with Millex-HA (0.45 urn: Millipore
Co., Bedford, MA), and kept frozen at -70Â°Cuntil used as a source of

lymphokine preparations.
Preparation of Purified Rat NAF. A rat NAF preparation was purified

by a 5-step protocol as previously described (14). The NAF-active
fraction obtained from an anti-NAF monoclonal antibody column was
used in the Winn's assay as a homogeneous LK preparation. The NAF

activities in this purification were determined by the cytostasis assay as
followed by Inoue and Sendo (12), and the unit of NAF is the reciprocal
of the dilution, producing a 50% inhibition of [3H]thymidine incorpo

ration of target KUM cells.
Preparation of PMN and Macrophages. The purification of rat PMN

has been previously described (12). The purity of rat PMN was more
than 99% as determined by May-Giemsa staining. The preparation of
mouse peritoneal PMN followed the method of Goto et al. (15). In
short, the mouse peritoneal cells, which were exuded with 3% proteose
peptone (Difco, Detroit, MI) i.p. injected at 4 or 12 h before the cell
harvest, were placed on a 5 layer discontinuous Percoli gradient (Phar
macia Fine Chemicals, Uppsala, Sweden), 70, 65, 60, 50, and 30%
from the bottom to the top in the centrifugation tube. The cell suspen
sions at the bottom layer (specific gravity, 1.075 to 1.090) were used as
a purified PMN source which consisted of an average of 98.8% PMN,
0% lymphocytes, and 1.2% macrophages. The top layer (spÃ©cifiegrav
ity, 1.040 to 1.050) of Percoli gradient of 48-h exuded peritoneal cells
were used as a mouse macrophage source. The cells obtained were
added to a fetal calf serum-precoated culture dish (Becton Dickinson
and Co., Oxnard, CA) and the dish-adherent cells were gently harvested
with a rubber policeman following an incubation of l h at 37Â°C.These

cell suspensions contained more than 95% macrophages as determined
6000
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by Wright-Giemsa staining and were used in each experiment.
Winn's Assay. An in vivo tumor neutralizing assay was performed by

using a modification of the Winn method (16). Briefly, purified PMN
were suspended in MEM and adjusted to a concentration of 5 or 10 x
IO7viable cells/ml. The PMN were cultured at 37Â°Cfor 2 h in 1 ml of
mouse LK preparation which was finally diluted to 1:2, 5 x IO2 units

of a rat purified NAF preparation or medium as a control, in the
presence or absence of 1 x IO4 M 2-chloroadenosine in a Blue Max

tube (Becton Dickinson and Co.). The treated PMN were mixed with
tumor cells (1 x 10*/ml) suspended in MEM at an E:T ratio of 100:1
or 50:1. In the same experiments, lysates of LK- or medium-treated
PMN obtained by the treatment of freezing and thawing of 1 x 10*
viable effector cells in 1 ml were mixed with tumor cells (1 x 106/ml)

suspended in MEM at an E:T ratio of 100:1. The mixture of the PMN
and tumor cells in a total volume of 0.1 S ml was injected s.c. into the
backs of mice or rats. The growth of the tumor was determined by
measuring two bisecting diameters of each tumor. T-lymphocyte-rich
fractions were prepared for the transfer experiment using the nylon
column technique described by Julius et al. (17).

PMN Cytotoxicity Assay in Vitro. A 24-h [3H]uridine release assay

was used as the method described in a previous paper (11). In short,
varying concentrations of PMN were incubated at 37Â°Cfor 2 h with an

LK preparation containing 2.5 g/ml of polymixin B sulfate (Sigma) in
the presence or absence of 1 x IO"1 M 2-chloroadenosine. After incu
bation, 2 x IO4of RIxÃ®-1cells labeled with [3H]uridine were added to
PMN. At the end of the 24-h incubation the supernatants were removed
and their radioactivity was measured. The specific percentage of lysis
of the target cells was calculated as

% lysis

/cpm of experimental group â€”cpm of spontaneous release\
\ cpm of maximal release - cpm of spontaneous release /

x 100

When the treatment of macrophage with an LK preparation was per
formed in the presence of 2-chloroadenosine which had been reported
as a selective killer of macrophages (18), about 99% of the macrophages
took up trypan blue after 2 h of incubation. The viability of LK- and
medium-treated PMN did not differ from each other after 24 h of
incubation, i.e., it was about 85% in both groups.

Irradiation. The whole bodies of the mice were irradiated with 400
rads at a dose rate of 41 rads/min. The mice were used for experiments
within 24 h after irradiation. Target Rlx5-l cells were irradiated with 1
x IO4 rads at a dose rate of 82 rads/min. The tumor cells were used

immediately after irradiation. Nylon wool nonadherent spleen cells
were X-irradiated with 1.5 x IO3rads at a dose rate of 41 rads/min.

Treatment with Anti-Thy-1.2 Antibodies and Complement. Spleen
cells (1 x IO7)were incubated for 45 min at 4Â°Cwith 1 ml of monoclonal

anti-Thy-1.2 antibodies (Serotec, Ltd. Blackthron, Bicester, England)
at a Final dilution of 1:500. After incubation, the cells were washed with
MEM containing 1% fetal calf serum, and 1 ml of a 1:15 diluted Low-
Tox-M rabbit complement (Cedarlane Laboratories, Ltd., Hornby,
Ontario, Canada) was added to the cell pellets; the mixture was shaken
gently for l h at 37'C. After shaking, the cells were washed 3 times

with MEM and used for each assay.
In Vitro Induction of ("Us against RLS-l. Responder spleen cells

were obtained from BALB/c mice immunized with X-irradiated RLd-
1 cells 60 days before. Responder cells (4 x IO7)were cultured with 4
x IO6 stimulator. X-irradiated tumor cells. Cultures were done for 5
days at 37Â°Cunder 5% CO2 and 95% air. CTL activity was determined
by 4-h "Cr-release assay.

Statistical Analysis. The significance of the difference between the
two groups was determined by Student's t test.

RESULTS

1. LK-treated PMN killed the target tumor cells, while no
significant lysis was observed by medium-treated PMN. In
order to avoid the effect of the macrophage, 2 x IO"4 M 2-

chloroadenosine was added to the LK preparation in advance.
The cytotoxicity to tumor cells of PMN treated with the LK
preparation was compared with that of the LK-treated macro
phage in a [3H]uridine-release assay. In the presence of 2-
chloroadenosine, the lytic activity of LK-treated PMN de
creased about 11% compared with the specific lysis in the
absence of 2-chloroadenosine at an E:T ratio of 50:1. LK-
treated macrophages showed a strong cytolysis to the target
tumor cells; however, the lytic activity of LK-treated macro
phages decreased to almost control level in the presence of 2-
chloroadenosine. These results indicate that tumor cell lysis of
LK-treated PMN suspensions was not caused by macrophages
contaminated in the preparation of PMN but was mainly due
to the PMN themselves.

In Vivo Inhibition of Tumor Growth by LK-Treated PMN
with Winn's Assay. Winn's assay was performed by the s.c.

injection of the mixtures of RLxÃ®-1tumor cells and BALB/c
mouse PMN treated in vitro with LK preparations. When
normal BALB/c mice were used as the recipients, tumor growth
was inhibited from days 0 to 10 by LK-treated PMN at an E:T
ratio of 50:1, but after day 10, the tumor gradually grew (Fig.
2A). At an E:T ratio of 100:1, the growth of admixed syngeneic
tumors was completely inhibited by LK-treated PMN, and no
palpable tumor was observed for up to 60 days. When PMN
were pretreated with an LK preparation in the presence of 2-
chloroadenosine, no significant decrease of tumor inhibition by
LK-treated PMN was observed (Fig. 2, A and B). In Fig. 2C,
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50:1 12:1 3:1
Effector to target ratio

0.7:1

Fig. 1. In vitro cytotoxicity to RIxÃ®-1lymphoma of LK-treated PMN or
macrophages. Data are expressed as the mean Â±SE (bars) of triplicate samples.

Design of the experiment

In Vitro Tumor Cytolysis by LK-Treated PMN. The in vitro
cytotoxicity of LK-treated PMN against RL<J-1is shown in Fig.
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60 12 24

Daysafterinoculation
Fig. 2. Inhibition of HI ' I growth by LK-treated PMN with Winn's assay. Normal BALB/c mice were s.c. inoculated with 1 x 10* HI,! I lymphoma cells

admixed with LK- or medium-treated PMN, at an E:T ratio of 50:1 (A) or 100:1 (B). Various numbers of tumor cells alone were injected (Q; a, 1 x 10s; b, 5 x IO4;
c, 1 x IO4;d, 5 x IO3;e, 1 x IO3;/ 5 x IO2.Bars, SE.

Design of the experiment
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Medium
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the effect of various numbers of tumor injection alone is shown.
When 5 x 10", 1 x IO4, 5 x IO3, 1 x IO3, or 5 x IO2 tumor

cells were injected, the lag period before tumor started to grow
was 6, 10, 13, 16, or 20 days, respectively. Furthermore, when
P815 mastocytoma cells mixed with LK-treated PMN of DBA
mice were s.c. injected into syngeneic mice, their growth was
remarkably inhibited compared with that of a control group.
However, complete rejection of the tumor was not observed
even when the tumor cells were mixed with LK-treated PMN
at an E:T ratio of 100:1 (Fig. 3), although these tumor cells
showed almost the same sensitivity as RLd-1 in in vitro cyto-
toxicity by LK-treated PMN.

Specific Transplantation Resistance to RLa-1 in Mice that
Rejected the Identical Tumor in Winn's Assay. To investigate
whether specific transplantation resistance to RLd-1 had been
established in mice in which the identical tumor admixed with
LK-treated PMN did not grow, these mice were s.c. challenged
with 1 x 10s RLxÃ®-1cells, and the growth of tumor was observed.

From days 0 to 18, tumor size was increased and the mean
tumor diameter peaked at day 18 (on an average). From day 18
until day 30, the tumor sizes were decreased and finally the
tumor was rejected (Fig. 4). On the other hand, the mice that
rejected RLd-1 in Winn's assay did not reject the antigenically

different syngeneic MethA (Fig. 4). To investigate how many
irradiated RlxM cells are required as an immunogen for estab
lishing resistance to a challenge of 1 x IO5RLd-1 cells, BALB/
c mice were immunized with 1 x 10s or 1 x IO6 X-irradiated
RLxÃ®-1cells, and then 1 x IO5viable identical tumor cells were
s.c. transplanted. Mice immunized with 1 x 10s RLxÃ®-1cells

were not resistant to the challenge of 1 x 10s identical tumor
cells, but immunization with I x 10" RLa-1 cells did induce

resistance (Fig. 4). In addition, the induction of CTLs against
RLÃ“-1were performed with immunized in vivo and restimulated
in vitro spleen cells (Table 1). The cytotoxic activity of spleen
cells was almost abolished by treatment of Thy-1 and comple
ment, whereas the cytotoxicity was not abolished by treatment
of complement alone.

Deletion of Antitumor Effect of LK-treated PMN in Nude or
X-Irradiated Mice. From the above-mentioned results, LK-
treated PMN may establish specific transplantation resistance
to tumor in the host by mechanisms similar to those of tumor-
immunized host. To examine this possibility, Winn's assay was

performed with the use of X-irradiated or nude mice as recipi
ents (Fig. 5). When BALB/c nude or 400-rad X-irradiated
BALB/c mice were used as recipients in Winn's assay, LK-

treated PMN inhibited the tumor growth at an E:T ratio of
100:1 from days 0 to 12 or to 7 in nu/nu or X-irradiated mice,
respectively, but thereafter, tumors gradually grew in both cases.
Conversely, when normal BALB/c mice were used as recipients,
LK-treated PMN perfectly inhibited the tumor growth at an
E:T ratio of 100:1 (Fig. 5).

Recovery of Antitumor Effect of LK-treated PMN in Nude
Mice Given Transfers of Spleen Cells. In order to determine the
characteristics of cells required in the recipient mice for anti-
tumor activity triggered with LK-activated PMN, a Winn's

assay was first performed at an E:T ratio of 100:1 using a
BALB/c nude mouse given an i.v. transfer of whole BALB/c

spleen cells (Fig. 6A) or nylon wool column effluent cells
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Table 1 Surface phenotypes of CTLs generated against RLS-1
Effector cells were CTLs against RLd-1 cells induced by the secondary mixed

lymphocyte-tumor culture as described in "Materials and Methods."

fter Inoculation
Fig. 3. Inhibition of P815 growth by LK-treated PMN with Winn's assay.

Normal DBA/2 mice were s.c. inoculated with 1 x 10* P815 mastocytoma cells
admixed with LK-treated or medium-treated PMN, at an E:T ratio of 50:1 (A) or
100:1 (A). Bars, SE.

Design of the experiment

10

6 18

Days after inoculation

Fig. 4. Transplantation resistance to KI..5 I in mice rejected the identical
tumor admixed with LK-treated PMN. At sixty days after the complete rejection
of RLd-1 admixed with LK-treated PMN, the identical tumor cells or MeiliA
tumor cells (1 x IO9)were s.c. challenged. Normal, untreated BALB/c mice were
challenged with RLd-1 (â€¢)or MethA (â€¢),BALB/c mice that rejected the tumor
were challenged with RI.<51 (O) or MethA (D), and BALB/c mice immunized
with 1 x 10s (A) or 1 x IO6(A) of X irradiated RLd-1 were inoculated with RLd-
1 tumor cells (1 x IO5).Bars, SE.

from nu/+ BALB/c mice (Fig. 6B). When we used nude mice
given i.v. transfers of whole BALB/c nu/+ spleen cells as
recipients, the growth of RLd-1 cells admixed with LK-treated
PMN was completely inhibited and no tumor grew during the

Treatment of effector
cellsNone

C' alone
Anti-Thy-1.2 + C'%

lysis (E:Tratio)50:148.7

Â±0.4Â°

54.2 Â±0.6
9.0 Â±0.625:134.0

Â±0.3
36.3 Â±0.9

8.5 Â±0.1
' Mean Â±SE of triplicate samples.

PMN:TreatmentP8

15 alone
Medium
Medium
LK
LK2-chloroadenosine

SymbolD+

A
O

+ A

Fig. 5. Inhibition of RLd-1 growth by admixed LK-treated PMN in nude or
X-irradiated mice. BALB/c nu/nii mice 1.1)or X-irradiated (400 rads) BALB/c
mice (B) were s.c. inoculated with RLd-1 cells (1 x IO9)alone (D), RLd-1 admixed
with 1 x 10' PMN treated with medium (â€¢),and RLd-1 admixed with 5 x 10s
(O) or 1 x IO7(8) LK-treated PMN. Normal BALB/c mice were inoculated with
1 x IO9 RLd-1 admixed with 1 x 10' LK-treated PMN (A and B, A). The
treatment of PMN with an LK preparation was performed in the presence of 2-
chloroadenosine. Bars, SE.

experiment (Fig. 6A). On the other hand, when nude mice given
i.v. transfers of a Thy-1.2 monoclonal antibody and comple
ment-treated BALB/c spleen cells were used as recipients,
tumors began to grow after the tumor-inhibited period of days
0 to 15 (Fig. 6A). When we used nude mice given i.v. transfers
of nylon wool column effluent spleen cells as recipients, the
growth of the tumor admixed with activated PMN was also
completely inhibited (Fig. 6.8). Furthermore, when nude mice
given i.v. transfers of X-irradiated (1.5 x IO3 rads) nylon wool

effluent cells were used as recipients, tumors began to grow
after the tumor-inhibited period of days 0 to 9 (Fig. 6B). These
results suggest that X-ray-sensitive T-lymphocytes in the recip
ients are necessary for the appearance of tumor rejection trig
gered by LK-activated PMN.

in Vivo Inhibition of Tumor Growth by Rat Purified NAF.
We recently partially purified a rat NAF by monoclonal anti-
NAF antibodies column chromatography. This NAF prepara
tion showed none of the activities of IL-1, IL-2, IFN, CSF,
macrophage-activating, or leukocyte migration-inhibiting fac
tors (14). Therefore, this purified NAF seems to be a suitable
source of LK to investigate whether PMN react in vivo with
NAF, and as a result of it, activation of PMN is triggered in
situ or not. Accordingly, an antitumor effect of WKA/HOK rat
PMN against syngeneic KMT-17 tumor cells was observed with
Winn's assay in vivo. Injection of NAF-pretreated PMN ad

mixed with KMT-17 tumor cells (E:T = 100:1 ) induced a partial
tumor inhibition from days 0 to 13 (Fig. 7A), and injection of
the mixture of purified NAF and PMN with KMT-17 (E:T =
100:1) also resulted in partial inhibition of the tumor growth
from days 0 to 8 (Fig. IB). In both cases, however, the tumor
grew thereafter and killed the recipients.
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Ã•,o

Days after inoculation

Fig. 6. Inhibition of RLa-1 growth by LK-treated PMN in nude mice given
transfers of spleen cells obtained from various sources. BALB/c whole (A) or
nylon column effluent (//) spleen cells (1 X 10*) which had received various kinds
of in vitro treatment, were i.v. transferred to nu'nu mice. Immediately after the
cell transfer, the mice were s.c. inoculated with 1 x IO9 RLcM mixed with 1 x
IO7PMN. The treatment of PMN with LK was performed in the presence of 2-

chloroadenosine. Bars, SE.

Design of the experiment

Experiment

Treatment of
transferred
spleen cells

Treatment of
admixed

PMN Symbol

RlxM alone

anti-Thy-1 + C'
C'

Medium
LK
LK
LK

Rl <M alone

X-irradiation
X-irradiation

Medium
LK
Medium
LK

O
A
A

B
e
e

t 10

Daysafter inoculation

Fig. 7. Inhibition of KMT-17 growth by PMN pretreated or coinjected with
purified rat NAF. Normal WKA/HOK rats were s.c. inoculated with KMT-17
fibrosarcoma cells (1 x 10*) admixed with 1 x 10' PMN pretreated with NAF (5
x 10 units) purified from concanavalin A-stimulated spleen cell culture super
nal an is (. I), or admixed with 1 x IO7 PMN plus the same NAF (5 x 10- units)
(B). WKA/HOK rats were inoculated with KMT-17 cells alone (D), KMT-17
cells admixed with PMN pretreated with medium (.1), or admixed with PMN
plus medium (B, â€¢),and KMT-17 cells admixed with PMN pretreated with NAF
(A), or admixed with PMN plus NAF (O) or NAF alone (B, â€¢).Bars, SE. Â«,
statistically different from medium-treated (A) or medium coinjected group (B)

DISCUSSION

We demonstrate in this paper that PMN treated in vitro with
LK inhibit the growth of admixed tumors in Winn's assay

which suggests, although indirectly, the possibility of in vivo
tumor inhibition by NAF-stimulated PMN. The present result

6004

also suggests a possibility of involvement of PMN in the tumor
therapeutic effect of BRM.

When nude or X-irradiated mice were used as recipients of
Winn's assay, the growth of the tumor was inhibited by the
admixed PMN at the early phase of Winn's assay, but complete

tumor rejection was not obtained even if a high E:T ratio was
used (Fig. 5). This result suggests the further requirement of
cells other than PMN for complete rejection of tumor cells
triggered by NAF-activated PMN, extending the result by Lich-
tenstein et al. (8, 9) showing that PMN activated in vivo with
C. parvum was less effective in inhibiting the growth of a mouse
marini teratocarcinoma when X-irradiated mice were used as
recipients. With cell transfer experiments (Fig. 6), it was shown
that radiosensitive T-cells at least are further required for
complete inhibition of the tumor growth in the present experi
mental system.

Although the precise mechanisms of the result that radiosen
sitive T-cells are required are far from clear, at least 2 possibil
ities are conceivable. In the present study, even when nude or
irradiated mice were used as recipients in Winn's assay, in the

early phase tumors were inhibited by admixed activated PMN.
This result suggests that tumor cells were directly killed by
PMN in vivo. Actually, tumor cells were lysed in vitro to the
same extent by LK-treated PMN. The dead tumor cells might
become a source of tumor-associated antigen in specific immune
responses leading to tumor rejection. Immunization with irra
diated RLd-1 evoked the specific tumor resistance (Fig. 4).
Alternatively, but not exclusively from the possibility men
tioned above, NAF-stimulated PMN might produce certain
factors that trigger subsequential immune responses leading to
a specific immune response to tumor associated antigen(s).
Yoshinaga et al. (19) reported that exudated PMN produce an
IL-1-like substance, and recently this was confirmed in the
human system by Tiku et al. (20). Lichtenstein (21) recently
reported on the role of PMN in activating macrophages. The
radiosensitivity of the required T-cells seems reasonable, inas
much as it is well known that in the induction of immune
response to tumor-associated antigen, X-ray-sensitive T-cells
are required (22).

From another point of view, tumor inhibitory activity of LK-
treated PMN may be ascribed to the reduction of tumor load,
thus allowing the immune system to mount a significant re
sponse.

The involvement of contaminated macrophages in PMN
preparation in the phenomena observed may be negligible for
the following reasons: (a) 2-chloroadenosine treatment com
pletely abolished the cytotoxicity of macrophage preparation,
but only slightly affected the tumor cytotoxicity of PMN sus
pensions (Fig. 1); (b) the same treatment did not affect the
tumor-inhibiting activity of LK-treated PMN suspension in
Winn's assay (Fig. 2, A and B).

One problem with the result of Winn's assay performed in

the present study is that when P815 mastocytoma was used as
target cells, we were unable to show the complete elimination
ofthat tumor. On the contrary, RLd-l tumors were completely
rejected by admixed LK-treated PMN when a high E:T ratio
was used. This phenomenon may be due in part to the immu-
nosuppressive state of the host which was induced by the P815
tumor (23), or to the emergence of stable variants by the
antigenic modulation of this tumor (24).

Recently, the results suggesting the role of cytokines in
activation of PMN in terms of several PMN functions have
been reported. Shalaby et al. (25) and Steinbeck et al. (26) have
shown that recombinant IFN-y enhances PMN-mediated cy-
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totoxicity. Weisbert et al. (27) have reported that human CSF
augments Superoxide aniÃ³ngeneration of PMN treated with N-
formyl-L-methyonyl-L-leucyl-L-phenylalanine. In addition,
Smith et al. (28) have reported that human IL-1 induces PMN
degranulation. The main source of LK used in our experiment,
supernatants from spleen cells stimulated with a streptococcal
preparation, OK-432, contains many cytokines such as IL-1
(29), IL-2 (30), CSF (31), IFN-? (32), tumor necrosis factor
(33), and so on. We are presently working to determine which
cytokine or combination of cytokines is responsible for the
activation of PMN.

The present experiment only showed that PMN treated with
LK in vitro inhibited in vivo tumor growth when PMN were
artificially admixed with tumor cells, and it is far from clear
whether PMN actually are effective in inhibiting in vivo tumor
growth in BRM-treated tumor-bearing hosts. Experiments are
now underway to clarify this point by examining the effect of
various BRM in tumor-bearing hosts which selectively depleted
their PMN by administration of a specifically binding monoclo
nal anti-PMN antibody.
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