Downloaded from http://aacrjournals.org/cancerres/article-pdf/2442884/cr0500072099.pdf by guest on 11 August 2022



IL-1a AND ANTIBACTERIAL RESISTANCE

Table 1 Resistance to bacterial infection (i.p.) in BALB/c mice pretreated with various kinds of BRMs (i.p.)

K. pneumoniae (i.p.)

P. aeruginosa (i.p.) L. monocytogenes (i.p.)

Treated i.p.

with (days) 1.0 2.0 4.0° Total (%) 1.0 2.0 4.0 Total (%) 1.0 2.0 Total (%)
IL-1, 1 ug (-4, -2) 5/5° 7/10 1/5 13/20 (65)° 5/5 9/10 1/5 15/20 (75)¢ 7/10 2/5 9/15 (60)*
OK432, 1 KE (-4, -2) 5/5 10/10 4/5 19/20 (95)° 5/5 9/10 3/5 17/20 (85)° 10/10 4/5 14/15 (93)°
G-CSF, 2 ug (-4, -3, -2, -1) 5/5 9/10 1/5 15/20 (75)¢ 5/5 7/10 0/5 12/20 (60)° 7/10 0/5 7/15 (47)
IFN-v, 5 X 10* units (-4, -2) 3/5 3/10 1/5 7/20 (35) 5/5 3/10 1/5 9/20 (45) 6/10 1/5 /15 (47)/
IFN-q, 2 x 10° 1U (-4, -2) 4/5 2/10 0/5 6/20 (30) 3/5 1/10 1/5 5/20 (25) 4/10 0/5 4/15 (27)
IL-2, 2 X 10* units (-4, -2) 3/5 3/10 0/5 6/20 (30) 5/5 0/10 2/5 7/20 (35) 5/10 0/5 5/15 (33)
Saline (-4, -2) 1/5 2/10 1/5 4/20 (20) 3/5 0/10 1/5 4/20 (20) 0/10 0/5 0/15 (0)

? No. of bacteria (X 10~® colony-forming units) inoculated i.p. on day 0.
No. of survivors/used mice.

4.« /p<0.001°, P<0.005% P < 0.025° and P < 0.05”, compared with the saline-treated group.

Table 2 Effect of vehicle on the protective effect of IL-1, OK432, and G-CSF to
K. pneumoniae infection

K. pneumoniae (i.p.)

Treated i.p.

with 1.0 2.0 3.0° Total (%) Pt
IL-1, 1 ug 5/5° 9/10 5/10  19/25(76)Y  <0.05
Vehicle 4/5 4/10  0/10 8/25 (32)
OK-432, 1 KE 5/5 10/10  9/10  24/25(96)°  <0.001
Vehicle 4/5 4/10  1/10 9/25 (36)
G-CSF, 2 ug 10/10 7/10  3/10  20/30 (67)/ NS*
Vehicle 8/10 6/10  2/10  16/30 (53)
Saline 6/10 4/10  1/10  11/30(37)

“ No. of bacteria (X 107*) inoculated i.p. on day 0.

® Statistically significant compared with the vehicle-treated group.

€ No. of survivors/used mice.

4e/p<0.01° P<0.001°, and P < 0.05/ compared with the saline-treated
group.

£ NS, not significant.

Table 3 Effect of administration route of IL-1, OK432, and G-CSF on the
resistance to K. pneumoniae infection in BALB/c mice

No. of survivors®/

Experiment Treated with Route used mice (%)

1 IL-1,1 ug s.C. 16/20 (80)°
OK432, 1 KE s.C. 4/20 (20)
G-CSF, 2 ug s.C. 6/20 (30)
Vehicle for G-CSF s.C. 5/20 (25)
Saline s.C. 4/20 (20)

2 IL-1, 1 ug i.p. 7/10 (70)°
IL-1,1 ug s.C. 8/10 (80)*
0K432, 1 KE i.p. 10/10 (100)°
OK432, 1 KE s.C. 1/10 (10)
Saline i.p. 1/10 (10)
Saline s.C. 1/10 (10)

® K. pneumoniae (1 x 10®) was inoculated i.p. on day 0 into animals which had
been treated with IL-1, OK432, or G-CSF.

b.cdp<0.001% P < 0.025, and P < 0.01¢ compared with the saline-treated
group.

washed three times with 0.85% saline, and the percentages of the cells
phagocytosing beads were determined by flow cytometry.

Statistics. The numbers of surviving mice were statistically evaluated
by Fisher’s exact test and other results by Student’s ¢ test.

RESULTS

Protective Capability of IL-1 to Bacterial Infections in Mice:
Comparison with Other BRMs

In order to know the protective capability of IL-1 to bacterial
infections, it was compared with that of various other kinds of
BRMs. IL-1, OK432, IFN-v, IFN-a, and IL-2 were given twice
(i.p.) on days —4 and —2, and G-CSF (i.p.) was given four times
from day —4 to day —1 before the bacterial infection (i.p.). As
shown in Table 1, significantly higher survival rates to K.
pneumoniae, P. aeruginosa, and L. monocytogenes infections
were observed in mice pretreated with IL-1, OK432, and G-

CSF. Pretreatment with IFN-y resulted in a higher survival
rate to L. monocytogenes, but not to the other two organisms.
Pretreatment with either IFN-a or IL-2 did not show any
significantly higher protective effect against these three orga-
nisms under the experimental conditions used. There was no
difference in protective capability among the IL-1, OK432, and
G-CSF groups.

In order to know the influences of vehicles on the protective
effect of the above three effective BRMs, the protective capa-
bility of each vehicle (i.p.) was examined (Table 2). Vehicles for
IL-1 and OK432 did not show any protective effects on K.
pneumoniae infection. Therefore, vehicles for these two agents
were omitted in the following experiments. However, in the
case of G-CSF, the vehicle itself (i.p.) showed some protective
effects. No statistical difference in survival rate was observed
between G-CSF and its vehicle-treated groups.

Effects of Administration Route of BRMs on Their Protective
Capabilities to Bacterial Infection

In order to know the effects of the administration route of
BRMs on their protective capabilities to bacterial infection
(i.p.), IL-1, OK432, and G-CSF were administered s.c. accord-
ing to the same experimental schedule as i.p. administration
(Table 3). The s.c. administration of IL-1 was as effective as
the i.p. one, but OK432 and G-CSF did not show any protective
effects when these were administered s.c. In order to ensure this
result, the i.p. and s.c. experiments were performed simultane-
ously. As shown in Table 3, Experiment 2, IL-1 was again
effective both i.p. and s.c., but OK432 was effective only i.p. to
the i.p. infection of K. pneumoniae.

Protective Capabilities of IL-1 and Other BRMs in Anticancer
Drug-pretreated Hosts

The protective capabilities of IL-1, OK432, and G-CSF to
bacterial infection were examined in anticancer drug-pretreated
mice. One day before the i.p. treatment with BRMs, 160 mg/
kg of CY was given i.p., and the hosts were infected i.p. with
K. pneumoniae on day 0. As shown in Table 4, Experiment 1,
significantly higher survival rates were observed after treatment
with IL-1, OK432, and G-CSF in the CY-pretreated hosts.
Interestingly, there was a statistical significance between G-
CSF and its vehicle groups in the CY-pretreated hosts. In order
to ensure this result, the protective capability of G-CSF in
normal and CY-pretreated mice was examined s.c. with G-CSF
(Table 4, Experiment 2). Similarly, the significant difference in
survival rate between G-CSF (83%) and vehicle (10%) groups
was observed s.c. in CY-pretreated mice.

The protective capabilities of IL-1, OK432, and G-CSF were
also examined in ACNU-pretreated mice. Similarly, 40 mg/kg
of ACNU were given i.p. 1 day before the treatment of BRMs,
and the hosts were infected i.p. with K. pneumoniae on day 0
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IL-1a AND ANTIBACTERIAL RESISTANCE

Table 4 Protective effect of IL-1, OK432, and G-CSF against K. pneumoniae
infection in CY or ACNU-pretreated mice

No. of survivors?/

Experiment Treated with used mice (%)

1. CY, 160 mg/kg i.p. on day -5

+ IL-1, 1 pgi.p. 20/20 (100)®
+ OK432, 1 KE i.p. 20/20 (100)°
+ G-CSF, 2 ug i.p. 16/20 (80)* <
+ Vehicle for G-CSF i.p. 4/20 (20)
+ Saline i.p. 4/20 (20)
- Saline i.p. 7/20 (35)
2. CY, 160 mg/kg i.p. on day —5
- G-CSF, 2 ug s.c. 15/30 (50)
- Vehiclef s.c. 13/30 (43)
- Saline s.c. 7/30 (23)
+ G-CSF, 2 ug s.c. 25/30 (83)°
+ Vehicle s.c. 3/30(10)
+ Saline s.c. 2/30(7)
3. ACNU, 40 mg/kg i.p. on day —5
+ IL-1, 1 pgi.p. 8/10 (80)*
+ OK432, 1 KE i.p. 9/10 (90)°
+ G-CSF, 2 ug i.p. 14/20 (70)°
+ Vehicle for G-CSF i.p. 12/20 (60)”
+ Saline i.p. 4/20 (25)
- Saline i.p. 12/20 (60)”

? K. pneumoniae (1-2 x 10®) was inoculated i.p. on day 0 into animals which
had been treated with CY, ACNU, and BRMs.

% P < 0.001 compared with the CY-saline group.

€ P < 0.001 compared with the CY-vehicle group.

4.« /p<0.01% P < 0.005 and P < 0.025/ compared with the ACNU-saline
group.

£ Vehicle for G-CSF.

Table 5 Protective effect of IL-1, OK432, and G-CSF against K. pneumoniae
infection in CY-treated tumor-bearing mice

CY, 160 mg/kg Treated i.p. Mean tumor size No. of survivors®/
i.p. on day -5 with at day 0 (mm) used mice (%)
+ IL-1, 1 ug 16.1 10/10 (100)°
+ OK432, 1 KE 19.1 8/10 (80)°
+ G-CSF, 2 g 18.5 9/10 (90)¢
+ Saline 18.3 1/10 (10)
- Saline 239 6/10 (60)

“ Meth-A cells (5 X 10°) were inoculated s.c. on day —21. K. pneumoniae (1.5
X 10°) was inoculated i.p. on day 0 into animals which had been treated with CY
and BRMs.

b.c.d p<0.001% P <0.01 and P < 0.005¢ compared with the tumor-bearing
group receiving CY treatment alone.

(Table 4, Experiment 3). Significantly higher survival rates were
also observed in ACNU-pretreated hosts after treatment with
these three BRMs. However, in contrast to CY-pretreated
hosts, the statistical difference in survival rate between G-CSF
(70%) and its vehicle (60%)-treated groups could not be dem-
onstrated in ACNU-pretreated hosts.

We subsequently studied the protective effect of these BRMs
in a tumor-bearing system. Syngeneic Meth-A tumor cells (1 X
10°) were transplanted s.c. into BALB/c mice on day —21, CY
160 mg/kg i.p. on day —5, BRMs i.p. on days —4 to —1, and
K. pneumoniae (1.5 x 10°) i.p. on day O (Table 5). The survival
rate of the tumor-bearing control group was 60%, and that of
the CY-treated tumor-bearing group was 10%. However, when
BRMs were combined with CY treatment, the survival rates
were increased to 80 to 100%. The protective effect of BRMs
proved to be effective in anticancer drug-treated tumor-bearing
hosts.

Studies on Mechanisms for Enhanced Protection against Bacte-
rial Infection by IL-1 or OK432 Treatment

In order to discover the mechanisms for the enhanced pro-
tection against bacterial infections in IL-1- or OK432-pre-

treated mice, the following studies were performed.

Growth of Bacteria in Mice Pretreated with IL-1 or OK432.
In order to clarify the correlation between the survival rate and
residual number of bacteria in mice, the number of bacteria in
the peritoneal cavity and blood stream was measured 12 h after
the i.p. infection of 2 X 108 of K. pneumoniae (Table 6). Twelve
h after the infection, approximately 2 x 10® colony-forming
units of bacteria were detected in the peritoneal cavity of the
untreated group, whereas significantly fewer number of bacteria
were detected in all the BRM-treated groups, even in the OK432
s.c. group. However, bacteria in the blood stream was uncount-
able in the OK432 s.c. group as well as in the untreated group.
The number of viable bacteria in bodies was shown to correlate
well with the survival rate.

Phagocytic Activity in Mice Pretreated with IL-1 or OK432.
In order to determine the cellular immunity of the hosts at the
time of infection, the numbers of phagocytic cells in the peri-
toneal cavities and spleens were measured in mice pretreated
with IL-1 or OK432 (Fig. 1). There was no statistical difference
in the total cell number in peritoneal cavities between BRM-
treated and untreated groups except the OK432 i.p. group. The
number of cells in the peritoneal cavities was around 10 times
larger in the OK432 i.p. group than in other groups, and the
number of cells phagocytosing beads in vitro was also around
10 times larger in this group. The cell types in the peritoneal
cavities were: lymphocytes 71%, M¢/monocytes 27%, and
PMN 2% in the untreated group; lymphocytes 65%, Mg/
monocytes 29%, and PMN 6% in the IL-1 i.p.-treated group;
and lymphocytes 50%, M¢/monocytes 35%, and PMN 15% in
the OK432 i.p.-treated group. In the case of spleen cells, al-
though the statistical difference was seen only in the IL-1 s.c.-
treated group, cell yield and the number of phagocytic cells
were larger in all the BRM-treated groups compared with the
untreated group.

Changes in the Number of Inflammatory Cells in the Peritoneal
Cavity after Bacterial Infection (i.p.). For the host’s defense
against bacterial infection, an earlier appearance and accumu-
lation of effector cells into the infected site are very important.
From this standpoint, we compared the changes in the number
of inflammatory cells at the infected site of peritoneal cavity
(Fig. 2). In the untreated control group, the increase in the
number of PEC was not observed within 12 h after K. pneu-
moniae i.p. infection. In the OK432 i.p.-treated group, the
number of PEC was already much higher than in other groups
at the time of infection and increased 2-fold 5.5 h after the
infection. In the IL-1 i.p. group, the number of PEC increased
rapidly during 5.5 to 9 h and was larger than in the OK432 i.p.
group at 12 h. In the IL-1 s.c. group, the number of PEC began
to increase later than the IL-1 i.p. group but reached the level
of the OK432 i.p. group at 12 h. On the other hand, a much
lower increase in cell number was observed in the OK432 s.c.

Table 6 Growth of bacteria in peritoneal cavity and blood stream at 12 h after
i.p. inoculation of K. pneumoniae in IL-1- or OK432-pretreated mice

No. of K. pneumoniae® in

Peritoneal cavity Blood
Pretreated with (x 107%) (per ul)
IL-1, 1 ug i.p. 10.2 £ 6.5° 1.5+09
IL-1, 1 ug s.c. 0.9 + 0.6° 0.6 £ 0.7
OK432, 1 KE i.p. 23+4.7° <0.1
OK432, 1 KE s.c. 45.5 + 15.67 Uncountable
None 199.8 + 138.1 Uncountable

® K. pneumoniae (2 x 10®) was inoculated i.p. on day 0 into animals which had
been treated with IL-1 or OK432, and the number of bacteria in the peritoneal
cavity and in blood was measured 12 h after the infection. Mean + SD (n = 6).

b.¢dp<0.02, P<0.01 and P < 0.05¢ compared with the untreated group.
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Fig. 1. Numbers of phagocytic cells in peritoneal cavities
and spleens in BALB/C mice pretreated with IL-1 or
OK432. Columns, cell yield. @, bead-phagocytosing cells;
bars, SE (n = 3-4). *, P < 0.01; **, P < 0.001 as compared
with the untreated group.
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Fig. 2. Changes in number of PEC after i.p. inoculation of K. pneumoniae.
IL-1 (1 ug) or OK432 (1 KE) was given i.p. or s.c. on days —4 and —2, and K.
pneumoniae (2 X 10® colony-forming units) was inoculated i.p. on day 0. Results
are expressed as the mean + SE (bars) (n = 3-4).

group. The number of PEC was shown to correlate well with
the survival rate. The percentage of neutrophils in the PEC
collected 12 h after the bacterial inoculation was approximately
80% in the IL-1 i.p.- or s.c.-treated group, 60% in the OK432
i.p.-treated group, 50% in the OK432 s.c.-treated group, and
70% in the untreated group.

Following this, the same experiment using UV-inactivated
K. pneumoniae was done in order to|estimate the reaction to a
fixed amount of bacterial antigen. The inflammatory reaction

site was smaller after UV-inactivated bacterial inoculation than
after the viable bacterial inoculation. However, basically a sim-
ilar pattern was observed (data not shown). The percentages of
neutrophils and M¢ in PEC collected at 5.5, 9, and 12 h after
the infection were approximately 80%/15%, 80%/15%, 60%/
30%, respectively, in the IL-1 i.p. group.

DISCUSSION

In the present study, we demonstrated that pretreatment with
IL-1 could prevent animals from fatal infections in normal and
anticancer drug-treated mice. The preventive effect of IL-1 to
bacterial infections has already been reported by several inves-
tigators (5-8), but the precise mechanisms for the enhanced
resistance by IL-1 are still unclear. Meer et al. (7) speculated
that the enhanced pretreatment protection by IL-1 against P.
aeruginosa infection in granulocytopenic mice was through a
noncellular mechanism [acute-phase protein (10), etc.]. In their
experiments, the number of bacteria cultured from the blood,
thigh muscle, liver, spleen, and kidney were similar in IL-1-
pretreated and control animals, and superoxide production by
peritoneal M¢ was also similar in the two groups. In our study,
the number of bacteria in the peritoneal cavity and blood stream
was significantly fewer in IL-1-pretreated hosts than in un-
treated hosts (Table 6). The number of phagocytic cells in spleen
were around two times higher in the IL-1-treated hosts than in
the untreated hosts (Fig. 1), and the earlier and increased
accumulation of neutrophils into the infected site of the peri-
toneal cavity was observed in IL-1-pretreated hosts i.p. inocu-
lated with K. pneumoniae (Fig. 2). The accumulation of neutro-
phils into the infected site seems very important in host defense
to bacterial infection. Therefore, we suppose that neutrophils
rather than monocytes are responsible for the enhanced resist-
ance by IL-1. In the preliminary experiments, we could dem-
onstrate the higher chemotactic activity at the infection site of
peritoneal cavity in IL-1-pretreated hosts (data not shown).
Accordingly, we suppose that the earlier accumulation of neu-
trophils into peritoneal cavity might be due to the earlier and
higher production of such factors in IL-1-pretreated hosts.
Concerning humoral defense mechanism, we observed the in
vitro inhibitory activity on bacterial growth in sera of normal
mice and that the antibacterial activity in sera was increased by
the infection, but there was no difference in the activity of sera
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between IL-1-pretreated and untreated groups (data not shown).
However, we cannot neglect the possibility of the enhanced
humoral defense mechanisms. Because, it is well known that
IL-1 shows a variety of biological activities through direct and
indirect effects of IL-1, IL-1 has been shown to induce ‘adre-
nocorticotropic hormone, CSF, TNF, IL-1, IL-8, etc. (11-14)
and collaborate with other cytokines in vivo. Therefore, it seems
to be difficult to identify the precise mechanism by which IL-1
augmented antibacterial resistance.

Some characteristic properties of IL-1 could be observed in
this study by comparing it with other BRMs. (a) Pretreatment
with IFN-y, IFN-a, and IL-2 did not show any protective effects
against K. pneumoniae, or P. aeruginosa infections. It is well
known that neutrophils are essential for the protection to these
organisms, which suggest that IL-1, OK432, and G-CSF have
activity to stimulate or call neutrophils strongly, and other
BRMs do not. (b) IL-1 was effective against i.p. bacterial
infection both i.p. and s.c., but OK432 was effective only i.p.
Similar route dependency was reported with IL-2 by Chong
(15). He showed that i.p. administration of IL-2 was effective
only against i.p. bacterial infection. Furthermore, he reported
that the protective effect of IL-2 could be observed only when
IL-2 was administered within 18 h before the infection. (c)
OK432 itself can call inflammatory cells to the injected site of
the peritoneal cavity, but IL-1 did not appear to have as strong
an activity as OK432. The number of PEC at the time of
infection was around 10 times higher in the OK432 i.p. group
than in the untreated group. On the other hand, the number of
PEC was only twice as high in the IL-1 i.p. group. (d) In
preliminary experiments pretreatment with IL-1 could prevent
animals from LPS-induced lethality as reported by Wallach et
al. (16), but OK432 did not appear to have such an activity
(data not shown). Among BRMs tested thus far, only IL-1 and
TNF showed the preventive effect against LPS-induced lethal-
ity. We speculate that the increased tolerance to LPS by IL-1
might be in part due to the increased secretion of adrenocorti-
cotropic hormone or corticosterone by IL-1 (11). We are now
preparing experiments to analyze the phenomenon.

Concerning G-CSF, the beneficial effect of G-CSF treatment
compared with its vehicle treatment was observed in CY-pre-
treated hosts, but not in normal or ACNU-pretreated hosts.
Matsumoto et al. (17) also reported that injections of G-CSF
resulted in a significantly stronger resistance compared with its
vehicle injections to P. aeruginosa infection in CY-pretreated
mice, but not in normal mice. In our study, a significantly
higher neutrophil count in peripheral blood at the challenge of
day 0 by G-CSF treatment was observed in CY-pretreated hosts
(G-CSF, 8060; vehicle, 170/mm?), but not in CY-untreated
hosts (G-CSF, 1140; vehicle, 1300/mm?). In ACNU-pretreated
hosts, there was no difference in neutrophil count on day 0
between G-CSF and vehicle groups, but 9 days after ACNU
treatment (G-CSF for 7 days) a significantly higher neutrophil
count was observed (G-CSF, 16,360; vehicle, 2,210/mm?3). We
suppose that the reason why a significantly higher survival rate
between G-CSF and its vehicle groups was not observed in
normal or ACNU-pretreated hosts could be accounted for by
these results. Therefore, if bacterial challenge was used later
than 5 days after ACNU treatment, a significantly higher sur-
vival rate would be obtained.

Among the variety of immunological and biological activities
of IL-1, the following activities are interesting for medical
oncologists. (a) IL-1 has antitumor effects. Nakamura et al.
(18) and Nakata et al. (19) clearly demonstrated the in vivo
antitumor therapeutic effect on several tumors in mice. Onozaki

et al. (20) reported that IL-1 had the direct cytocidal effect on
some tumor cell lines. In addition, IL-1 is known to augment
the tumoricidal activities of monocytes (21, 22), natural killer
cells (21, 23, 24), and cytotoxic T-lymphocytes (21, 23-25).
Therefore, the antitumor therapeutic effect of IL-1 is thought
to be due to the sum of the direct and indirect antitumor effects.
(b) IL-1 affects the proliferation and differentiation of bone
marrow cells. Moore and Warren (26) reported that IL-1 could
promote hematopoietic regeneration synergistically with G-
CSF or GM-CSF. Neta et al. (27) showed that pretreatment
with IL-1 could protect mice from radiation-induced lethality.
Again, a synergy of IL-1 and G-CSF or GM-CSF was reported
(28). IL-1 is speculated to enable primitive hematopoietic cells
to respond highly to hematopoietic growth factors such as IL-
3, G-CSF, or GM-CSF (29-31). (¢) IL-1 enhances the host
resistance to fungal (8) and viral (32) infections as well as
bacterial infection. The above mentioned activities of IL-1 all
seem to be very beneficial for the management of cancer pa-
tients. At the present time, no serious side effects have been
reported. More studies will be made of the biological activities
of IL-1 for its clinical application, especially to the field of
cancer therapy.
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