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IL-15 PROTECTS FROM CPT-11-INDUCED INTESTINAL TOXICITY

Table 1 Modulation of the toxicity of CPT-11 by IL-15 in normal rats
CPT-11 was administered by i.v. push daily X 3. IL-15 was administered by i.p.
injection 24, 12, and 2 h prior to CPT-11 (3 doses); 24, 12, and 2 h prior to CPT-11, then
twice daily during CPT-11 administration (8 doses); or 24, 12, and 2 h prior to CPT-11,
then three times a day during CPT-11 administration (11 doses). The data are combined
from four to seven independent experiments, with 16-28 rats in total for each experi-
mental group.

Toxicity (%)
CPT-11 IL-15
(mg/kg/day) (ng/kg/dose) Maximum weight loss Diarrhea Death

None 400 X 11 45+1.2° 0 (0/16) 0 (0/16)
150° None 142 %32 50(12/24) 0(0/24)
200 None 235+32 93 (26/28) 86 (24/28)
200 400 X 3 17.0° + 4.6 50°(12/24)  50° (12124)
200 400 X 8 16.3° + 4.0 50° (8/16) 50° (8/16)
200 400 X 11 156+ 58 50° (8/16) 44° (7/16)
200 100X 3 1329+ 45 50° (8/16) 44° (7/16)
200 100 x 8 1309 £ 5.2 50°(8/16)  38° (6/16)
200® 100 X 11 84°+24 8° (2/24) 0° (0124)

“Mean * SD.

5 MTD.

€€ Significantly different from same dose of CPT-11 alone:
°P < 0.0s.
4p <00l
€ P < 0.001.

and intestinal tissues were collected for histological analysis 24 h after the final
treatment. Segments of duodenum and colon were fixed in 10% neutral
buffered formalin, embedded in paraffin wax, sectioned, and stained with
H&E.

Statistical Analysis. The differences between the mean values were ana-
lyzed for significance using the unpaired two-tailed Student’s ¢ test for inde-
pendent samples; P < 0.05 was considered to be statistically significant.

Results

Diarrhea Incidence Induced by CPT-11 in Normal Rats. At the
MTD of CPT-11 (150 mg/kg/day X 3), 50% of treated animals
developed mild and reversible diarrhea. Following i.v. push of
CPT-11 at 200 mg/kg/day for 3 days, no diarrhea was observed after
the first two doses. However, watery diarrhea occurred on day 3 or 4
and lasted for 2-3 days in 93% (26 of 28) of treated animals (acute
diarrhea). Subsequently, the diarrhea was associated with moderate
bleeding (chronic or delayed diarrhea) and significant body weight
loss at 6-10 days after treatment. Eighty-six % (24 of 28) of animals
died by day 12 (7% of animals recovered from diarrhea and survived).
The kinetics of acute and chronic diarrhea observed in this model
system are consistent with those normally observed in patients treated
with CPT-11.

Toxicity Protection in Normal Rats. IL-15 alone produced no
observable toxicity in rats at the tested doses (Table 1). Administra-
tion of three doses of IL-15 at 100 or 400 ug/kg/dose offered partial
protection from CPT-11-induced toxicity; the incidence of diarrhea
and lethality was reduced to 44-50%. Little improvement was ob-
served with longer duration of higher doses of IL-15 (8 or 11 doses).
In contrast, significant protection was observed with 11 doses of IL-15
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Fig. 2. Structural effects of CPT-11 alone or in combination with IL-15 on the duodenal (A) and colonic (B) mucosa. A, a, duodenum from untreated animals. b, duodenum from
two animals treated with CPT-11 for 3 days. Note the shortened, irregular villi in the micrograph on the left (arrow) and the absence of villi in the micrograph on the right (arrow).
¢, duodenum from two animals treated with CPT-11 in combination with IL-15. Note the dramatic protection of duodenal structure in these samples. B, a, proximal colon from an
untreated animal. b, colonic mucosa from a rat treated with CPT-11 (200 mg/kg) for 3 days. Note the shortened glands and the reduction in goblet cells. ¢, colonic tissue from an animal
treated with CPT-11 (200 mg/kg) in combination with IL-15 (100 ug/kg). The crypt architecture appears normal.

at 100 pg/kg/dose. Eight % (2 of 24) of treated animals exhibited mild
diarrhea that lasted for 1-2 days (only acute diarrhea occurred) with
complete reversal of lethality (Table 1). The data indicate that optimal
protection from CPT-11-induced toxicities is a function of dose and
schedule of IL-15 administration.

Toxicity and Antitumor Activity in Rats Bearing Colorectal
Carcinoma. Studies were performed to determine whether IL-15 is
able to provide selective protection against CPT-11-induced toxicity
and maintain its antitumor activity in rats bearing advanced colorectal
cancer. The toxicity profile induced by CPT-11 at LD was more
severe than in normal rats, with 100% incidence of severe diarrhea (20
of 20) and death of all treated animals within 12 days. Significant
protection against CPT-11-induced diarrhea and lethality was also
provided by IL-15 administration in tumor-bearing animals. The de-
gree of IL-15 protection was also found to be dose and schedule
dependent; the 11 low doses of IL-15 administration (100 ng/kg/dose)
offered better protection than did 3 higher doses (Fig. 1).

The kinetics of treatment-induced tumor growth inhibition and
toxicities with CPT-11 with or without IL-15 are shown in Fig. 1.
Greater tumor growth inhibition was apparent with both schedules of
IL-15 combined with CPT-11 over CPT-11 alone. However, no CR
was observed with either group. These data clearly demonstrated that
higher doses of CPT-11, under conditions of complete protection from

treatment-induced toxicity by IL-15, did not translate into significant
improvement in the tumor response of CPT-11. The results have
clinical relevance.

Morphological Analysis. Paraffin sections of rat duodenum and
colon were examined to determine the mucosal effects of treatment
with a lethal dose of CPT-11 (200 mg/kg) daily for 3 days, with
collection of tissues 24 h after the final treatment (Fig. 2). CPT-11
produced marked shortening, if not complete destruction, of duodenal
villi. When present, villi appeared irregular and stunted (Fig. 2A).
CPT-11 also produced shortening of colonic crypts and a marked
reduction in the goblet cell population (Fig. 2B). In contrast, animals
treated with 11 doses of IL-15 (100 ug/kg/dose) with CPT-11 showed
villi with almost normal architecture and normal colonic structure (as
well 100% survival from drug treatment; Table 1). IL-15 alone pro-
duced no obvious changes in mucosal architecture (data not shown).

Discussion

Studies were performed to develop an animal model mimicking the
profile of clinical toxicities observed with CPT-11 (1-4) and to
evaluate the ability of IL-15 to selectively modulate the toxicity and

antitumor activity of CPT-11 in rats bearing advanced colorectal
cancer. The results presented here demonstrate that IL-15 provides
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dramatic protection against CPT-11-induced toxicity in a dose- and
schedule-dependent manner in this model. Although IL-15 was effec-
tive in protection of CPT-11-induced toxicities with all of doses and
schedules used in this study, 11 doses of IL-15 at 100 pg/kg/dose
were found to be the best schedule (Table 1).

CPT-11 is a promising new anticancer agent with a novel and
unique mechanism of action. It is active against a variety of cancers
and is increasingly being used in patients with colorectal cancer,
particularly in those previously treated with FUra/LV protocol (2-4).
Diarrhea represents a major dose-limiting toxicity (1-4). Several
approaches were used in this study to develop an animal model of
CPT-11-induced diarrhea similar to that observed in the clinic. At-
tempts to produce diarrhea in Balb/C and athymic nude mice were
unsuccessful, even with lethal doses of CPT-11 (up to 200 mg/kg/
day X 5). In contrast, administration of CPT-11 to Fisher rats by i.v.
push daily for 3 or 5 days produced significant and reproducible
diarrhea that allowed evaluation of the role of IL-15 in the reversal/
protection from CPT-11-induced toxicity. The diarrhea profile exhib-
ited by the model developed in this study was similar to that observed
in the Wistar rat model reported by Takasuna et al. (14). It is
noteworthy that the method of CPT-11 administration was found to be
of critical importance if immediate death from convulsion and respi-
ratory depression was to be avoided. This acute toxicity, possibly
resulting from the solvent rather than drug itself, could be controlled
by slow injection (2 min or longer), with rest periods when the animal
had an abnormal reaction. Of interest, although administration of
CPT-11 by continuous infusion resulted in a significant reduction of
diarrhea in rats, the antitumor activity was also diminished (data not
shown).

The precise mechanism(s) underlying CPT-11-induced diarrhea
have yet to be fully defined. Histological studies from our laboratory
and other groups suggest that structural and functional damage to the
gastrointestinal tract by CPT-11 and/or its active metabolite, SN-38,
may cause changes in absorption and/or other intestinal functions with
resulting toxicity (Fig. 2; Refs. 15 and 16). Other reported mecha-
nisms that have been suggested include: (a) the anticholinesterase
activity of CPT-11, which may cause diarrhea by stimulating intesti-
nal contractility and impairing intestinal mucosal absorptive and se-
cretory functions (17); and (b) an increase in B-glucuronidase activity
resulting from drug-mediated disturbance of the intestine bacterial
flora (18). Although the mechanism(s) by which IL-15 provided
protection against CPT-11-induced diarrhea in the rat model remain to
be determined, possible explanations include IL-15-mediated inhibi-
tion of drug-induced intestinal epithelial cell apoptosis and/or stimu-
lation of intestinal epithelial cell growth (16). IL-15 may also con-
tribute to self-defense mechanisms to reduce bacteria in intestines by
promoting immunity, including induction of proliferation of natural
killer cells, T cells, and B cells, production of IFN-v, and generation
of lymphokine-activated killer cell activity (10). Takasuna et al. (18)
demonstrated that antibiotics could protect against CPT-11-induced
diarrhea via inhibition of glucuronidase production. Furthermore,
Kampo medicines (TJ-14 and TJ-114) and their active component,
baicalin, were effective in protecting CPT-11-induced delayed diar-
rhea via inhibition of B-glucuronidase. However, these agents could
not protect from CPT-11-induced acute watery diarrhea (14). The data
reported herein demonstrate that IL-15 can prevent both acute and
chronic diarrhea induced by CPT-11 and, therefore, appears to be
more effective than Kampo medicines and baicalin.

Another advantage of using IL-15 in combination with CPT-11 is
that IL-15 appears not only to provide protection from CPT-11-
induced gastrointestinal toxicity but to also, perhaps, reduce drug-
mediated myelosuppression. Histopathological and hematological
studies demonstrated that IL-15 significantly stimulated rapid recov-

ery of bone marrow and peripheral blood platelets, WBCs, and RBCs
from FUra (with or without LV)-induced myelosuppression.> Thus,
both dose-limiting toxicities of CPT-11, i.e., diarrhea and neutropenia,
may be alleviated by the administration of this cytokine.

We have previously demonstrated that IL-15 can significantly
increase CR rate in rats bearing advanced colorectal cancer treated
with FUra/LV (11). Here, although IL-15 potentiated CPT-11-
mediated tumor growth inhibition (Fig. 1), this did not translate into
an increase of CR rate in this model system. These data suggest that
IL-15 may produce different effects when combined with CPT-11 or
with FUra/LV. However, with IL-15, the MTD of CPT-11 could be
increased from 150 to 200 mg/kg without an increase in toxicity but
with no improvement in the tumor response. Thus, higher doses of
CPT-11 do not necessarily translate into higher tumor response with
this agent, even under conditions of optimal protection from drug-
induced toxicity. Therefore, unlike other chemotherapeutic agents,
application of high drug intensity with CPT-11 is not warranted, a
result consistent with previous findings by Houghton ez al. (19, 20).

In summary, although the mechanisms of interaction of IL-15 and
CPT-11 treatment must be investigated further, the findings that IL-15
can provide effective protection against CPT-11-induced toxicities,
particularly diarrhea, and can increase antitumor activity by allowing
the delivery of higher drug dose intensity are, potentially, of signifi-
cant therapeutic interest clinically. The generality of the observed
effects in this model system needs to be confirmed in other tumor
models, with parallel understanding of underlying mechanism(s) of
action. Clinical verification of this concept is warranted.
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