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Abstract.
BACKGROUND: Intravesical administration of interleukin 12 (IL-12) co-formulated with the biopolymer, chitosan (CS/IL-
12), has demonstrated remarkable antitumor activity against preclinical models of bladder cancer. However, given historical
concerns regarding severe toxicities associated with systemic IL-12 administration in clinical trials, it is important to evaluate
the safety of intravesical CS/IL-12 prior to clinical translation.
OBJECTIVE: To evaluate the pharmacokinetics as well as the local and systemic toxicities of intravesical CS/IL-12
immunotherapy in laboratory mice.
METHODS: Local inflammatory responses in mouse bladders treated with intravesical IL-12 or CS/IL-12 were assessed via
histopathology. Serum cytokine levels following intravesical and subcutaneous (s.c.) administrations of IL-12 or CS/IL-12
in laboratory mice were compared. Systemic toxicities were evaluated via body weight and liver enzyme levels.
RESULTS: Intravesical IL-12 and CS/IL-12 treatments did not induce significant local or systemic toxicity. IL-12 dissemi-
nation and exposure from intravesical administration was significantly lower compared to s.c. injections. Weekly intravesical
CS/IL-12 treatments were well-tolerated and did not result in blunted immune responses.
CONCLUSIONS: Intravesical CS/IL-12 is safe and well-tolerated in mice. In particular, the lack of cystitis and acute
inflammation justifies continued investigation of intravesical CS/IL-12 immunotherapy in larger animals and patients with
bladder cancer.
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INTRODUCTION

The vast majority of bladder cancers are diag-
nosed relatively early with non-muscle invasive
disease found in 70–80% of patients at presentation.
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Unfortunately, bladder cancer has one of the high-
est recurrence rates of any cancer – up to 65% [1].
Much of the high recurrence rate is driven by high-
grade non-muscle invasive bladder cancer (NMIBC)
which has a strong tendency to invade the detru-
sor and spread to other organs. Since the pioneering
work of Morales et al in 1976 [2], Mycobacterium
bovis Bacillus Calmette-Guerin (BCG) has been the
standard-of-care intravesical therapy for high-grade
NMIBC. BCG induces a local inflammatory response
which includes the production of immunostimula-
tory cytokines and chemokines (reviewed in [3]).
This inflammatory response induces a large influx
of granulocytes, macrophages and lymphocytes into
the bladder wall [4–6]. Unfortunately, about 20–30%
of patients fail initial BCG therapy and 30–50%
of BCG responders develop recurrences within 5
years [7, 8]. Additional therapies are needed to
limit progressive recurrences and to improve over-
all survival for both BCG responders and non-
responders.

IL-12 is a TH1-polarizing cytokine that has demon-
strated remarkable antitumor activity against a range
of malignancies in preclinical studies [9–11]. How-
ever, severe toxicities associated with systemic
injections of IL-12 have limited its clinical use as
an anticancer agent [12]. A recent renaissance of
IL-12-based immunotherapies have capitalized on
innovative strategies to localize IL-12 to the tumor
microenvironment thus limiting toxic systemic expo-
sure [11]. Intravesical delivery is one such localized
approach that seeks to maximize the exposure of an
anticancer agent to a bladder tumor while minimizing
systemic distribution [13, 14].

For more than ten years, we have explored intraves-
ical administration of IL-12 co-formulated with the
cationic biopolymer, chitosan (CS), to treat ortho-
topic bladder tumors in mice [15–17]. CS is a
versatile, abundant, and natural copolymer of glu-
cosamine and N-acetylglucosamine that has been
used as a pharmaceutical excipient, a weight loss
supplement and as an active component of FDA-
approved hemostatic dressings [18, 19]. Our interest
in CS as an intravesical delivery enhancer stems from
its ability to coat mucosal surfaces while loosening
gap junctions potentially allowing better penetration
of drugs into the bladder wall [16, 17, 20]. In 2009,
we first demonstrated that intravesical chitosan/IL-
12 could eliminate lethal orthotopic bladder tumors
in mice [15]. Furthermore, with an 88–100% cure
rate, intravesical CS/IL-12 far outperformed intrav-
esical BCG (0% cure rate). CS/IL-12 treatment was

associated with robust T cell infiltration of bladder
tumors and all mice that were cured following intrav-
esical CS/IL-12 were completely protected from a
live orthotopic tumor rechallenge. Subsequent stud-
ies demonstrated that intravesical CS/IL-12 induced
protective immunity against distant (s.c.) tumor chal-
lenges as well [16]. This publication was also the
first to demonstrate that the majority of abscopal s.c.
bladder tumors, mimicking metastatic lesions, could
be eliminated following treatment of orthotopic blad-
der tumors with intravesical CS/IL-12. Interestingly,
when mice with naı̈ve bladders were treated with
intravesical CS/IL-12, s.c. tumors were delayed, but
still progressed. Taken together, these findings indi-
cated that an intravesical CS/IL-12 immunotherapy
can induce systemic immunity. Additional exper-
iments confirmed that cytotoxic T lymphocytes
(CTLs) were tumor-specific and could lyse bladder
cancer cells at high levels [16]. Additional mecha-
nistic studies revealed that multiple administrations
of CS/IL-12 are needed for optimal effect [17].
Early responses to the initial 1 or 2 instillations
are dominated by an influx of innate immune cells
such as inflammatory macrophages and granulocytes.
Subsequent administrations led to a robust adaptive
immune response led by CD4+ and CD8+ effector
memory T cells. Depletion studies demonstrated that
CD8+ T cells and to a lesser extent CD4+ T cells
were required for tumor elimination and long-term
survival [17].

In anticipation of clinical translation, we have
narrowed our focus to assess the safety of intrav-
esical CS/IL-12. In the past decade, we have
treated and eliminated established murine orthotopic
MB49, MB49.luc and MBT-2 tumors in many mice.
Although we have never witnessed obvious clinical
signs of toxicity, the local and systemic immuno-
toxicology of intravesical CS/IL-12 has not been
investigated thoroughly. The current studies fill this
gap by evaluating the safety and pharmacokinetics
of intravesically administered CS/IL-12. Specifically,
serum cytokine levels in mice following treatment
were measured to assess pharmacokinetics. Dose
escalation studies were performed to determine the
effect of dose on peak cytokine levels. Elevated liver
enzymes, a common adverse event associated with
systemic IL-12 exposure [12, 21] were investigated
via alanine aminotransferase (ALT) activity mea-
surements. Potential local inflammatory effects on
bladder tissues were evaluated via histopathological
analyses. Importantly, different cohorts of naı̈ve or
tumor-bearing mice were treated with unformulated
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IL-12 or CS/IL-12 delivered via subcutaneous or
intravesical routes. This experimental design allowed
for direct comparisons of formulations, tumor status
and routes of administration.

MATERIALS AND METHODS

Animals

Experiments were performed in 8 to 12-week-old
female C57BL/6 mice (Charles River Laboratories,
Wilmington, MA). Only female mice were used due
to technical challenges associated with catheteriza-
tion of male mice. Animal use was in compliance
with the Public Health Service Policy on Human
Care and Use of Laboratory Animals. All experi-
ments involving laboratory animals were approved by
the Institutional Animal Care and Use Committee at
North Carolina State University (Protocol #18-045).

Recombinant IL-12 and chitosan

Recombinant mouse IL-12 (mIL-12) was pro-
duced and purified in-house as described previously
[22–24]. Briefly, mIL-12 was overexpressed by
HEK293 cells stably transfected with a plasmid
encoding mIL-12. IL-12-producing HEK293 cells
were grown in serum-free media in a hollow fiber
bioreactor (FiberCell Systems Inc., New Market,
MD) connected to a Duet Pump (FiberCell Systems
Inc., New Market, MD). mIL-12 was purified from
supernatants via heparin sepharose chromatography
as described previously [22–24]. Chitosan acetate
(30 – 200 kDa, 80–90% deacetylated) was obtained
from Heppe Medical Chitosan GmbH (Germany). All
CS/IL-12 formulations consisted of mIL-12 added to
a 1% (w/v) chitosan acetate solution in Dulbecco’s
phosphate-buffered saline (DPBS).

Intravesical and subcutaneous treatments

IL-12 or CS/IL-12 was administered via either
intravesical instillations or s.c. injections. For intrav-
esical treatment, mice were anesthetized with i.p.
ketamine (15 mg/kg)/xylazine (75 mg/kg). A 24 G ×
3/4-inch Teflon catheter (Terumo) was then inserted
into the bladder through the urethra. One hundred
microliters of IL-12 or CS/IL-12 were then admin-
istered intravesically for 30 minutes while catheters/
syringes were kept in place. Subcutaneous treatments
consisted of 50 �L of IL-12 or CS/IL-12 injected

into the shaved flanks of isoflurane-anesthetized
mice.

Histopathology

Cohorts of mice treated with DPBS, CS alone, IL-
12 alone or CS/IL-12 were sacrificed 24, 48, 72 or
96 hrs after treatment. Urinary bladders (n = 2 per
treatment/per timepoint; n = 1 for DPBS) were col-
lected, fixed (10% neutral buffered formalin), paraffin
embedded and sectioned at 5 �m thickness for histol-
ogy slide preparation. For each treatment group, two
transverse sections from two urinary bladders were
represented on a single slide. Hematoxylin and eosin-
stained slides were blindly viewed using Aperio
eSlide Manager (Leica Biosystems, Buffalo Grove,
IL) and Aperio ImageScope 12.4 (Leica Biosystems,
Buffalo Grove, IL) by a board-certified veterinary
anatomic pathologist (DM). A four-step grading sys-
tem was devised for inflammation severity based
on current recommended toxicologic pathology stan-
dards [25].

Cytokine and hepatotoxicity measurements

Blood was collected via mandibular/facial vein
bleeding at specified time points after treatment. No
more than 1% of an animal’s body weight was col-
lected over any 48 hr period. Blood was allowed to
clot for 1 hr at room temperature before centrifuga-
tion at 1,500 × g for 15 minutes to collect sera. Serum
levels of IL-12 and IFN-� were measured via enzyme-
linked immunosorbent assay (ELISA) (88-7121-88
(IL-12); 88-7314-88 (IFN-�); Thermo Fisher). Area
under-the-curve (AUC) was calculated by applica-
tion of the trapezoidal method using GraphPad Prism
9. Serum ALT activity levels were determined via
an ALT activity assay kit (ab105134; Abcam). Mice
treated with four consecutive daily i.p. injections of
unformulated IL-12 served as a positive control for
ALT activity.

Tumor implantation and treatment

Orthotopic bladder tumors were established in
female C57BL/6 mice as described previously
[15]. Briefly, mice were anesthetized with ketamine
(15 mg/kg)/xylazine (75 mg/kg) prior to inserting a
24 G x ¾” IV catheter (Terumo, Somerset, NJ) into
the bladder and delivering 100 �L of poly-L-lysine
solution (PLL, MW = 70,000 to 150,000) for 10 min,
followed by 100 �L containing 75,000 MB49 cells
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Fig. 1. Histologic images of mouse urinary bladders at different time points. Images A-D. IL-12 alone treatment at 24h (A), 48 hours (B),
72 hours (C) and 96 hours (D). Images E-H. CS/IL-12 treatment at 24h (E), 48 hours (F), 72 hours (G) and 96 hours (H). Arrows indicate
minimal lymphoplasmacytic perivascular infiltrates that constituted a grade 1 response; insert for image (H) shows inflammation at higher
magnification. Arrowhead indicates rare, minimal neutrophilic inflammation and fibrin exudation (also grade 1); insert for image (E) shows
inflammation at higher magnification. All images using 10x objective. Inserts for (E) and (H) are using 40x objective.

Table 1
Urinary bladder inflammation severity∗∗ with treatment and time after treatment

Time after treatment Type(s) of inflammation

24 hrs 48 hrs 72 hrs 96 hrs

DPBS 1 1 1 n/a Lymphoplasmacytic, perivascular
CS 0/0 1∗ 1∗ 1/0 Lymphoplasmacytic, perivascular; one instance of neutrophilic

infiltrate with submucosal edema
IL-12 1∗ 1/0 1/0 1/1 Lymphoplasmacytic, perivascular
CS/IL-12 1/1 0/0 1/0 1/1 Lymphoplasmacytic, perivascular; one instance of neutrophilic

infiltrate with fibrin exudation
∗only 1 grade was given when individual bladders on a slide could not be distinguished. ∗∗0 = no inflammation; 1 = minimal inflammation;
2 = mild inflammation; 3 = moderate inflammation; 4 = marked inflammation.

for 30 to 45 min. Mice were monitored daily for
development of hematuria. Ten days after implan-
tation, mice with frank hematuria and a cohort of
naı̈ve mice, received intravesical immunotherapy
with CS/IL-12. Blood was collected 6hrs and 48hrs
after treatment to measure serum IL-12, IFN� and
ALT levels as described above.

Statistical analysis

Differences in serum cytokine levels and ALT lev-
els were compared via two-way ANOVA with Sidak’s
posttest. Comparisons of bodyweight measurements
were performed via two-way ANOVA with Dunnett’s
posttest to compare individual treatment groups ver-
sus the control group (PBS treated mice). Statistical
significance was accepted at the p ≤ 0.05 level. All
analyses were conducted using GraphPad Prism 9
software (GraphPad Software, CA).

RESULTS

Histopathological analyses reveal only minor
inflammation of bladder tissues following
intravesical treatments

Urinary bladders from mice receiving intravesical
CS alone, IL-12 alone or CS/IL-12 were harvested
up to 96hrs after treatments for histopathological
analyses (Fig. 1). Inflammation severity grade by
slide/treatment group are shown in Table 1. Where
inflammation severity varied, a grade was assigned
according to areas of more severe inflammation.
Distribution and tissue injury – such as ulceration,
edema and fibrin exudation – were noted in Table 1.
Tissue injury interpreted as a result of test article
administration (i.e., focal hemorrhage with or without
erythrophagocytes present) was not considered when
assigning a grade. None of the intravesical treatments
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Fig. 2. Chitosan in combination with intravesical instillations retain IL-12 releases. Mice were treated intravesically or subcutaneously
with IL-12 (red bars) or CS/IL-12 (black bars). Sera were obtained using facial vein bleeding at multiple time points (0 h, 6 h, 12 h, 24 h,
48 h, or 72 h). The serum releases of IL-12 (A, C) or IFN-� (B, D) in responses to intravesical treatments of IL-12 and CS/IL-12 (A, B),
or subcutaneous treatments of IL-12 and CS/IL-12 (C, D) were measured via ELISA. Asterisks indicate a significant difference of IL-12
or IFN-� levels in responses to IL-12 or CS/IL-12 treatments (∗, p < 0.05 via two-way ANOVA with Sidak’s posttest). Hepatotoxicity (E)
was determined by measuring the activity of alanine transaminase released in mouse sera in response to intravesical administrations of
IL-12 (blue squares) or CS/IL-12 (green circles), and 4 consecutive daily doses of i.p. IL-12 (red triangles). Asterisks indicate a significant
difference of ALT activity in responses to IL-12, CS/IL-12 or 4 × i.p. IL-12 treatments (∗, p < 0.05 via two-way ANOVA with Sidak’s
posttest). Experiments were performed in triplicate and repeated with similar results.

resulted in inflammation severity above grade 1 out
of 4. There was also no noticeable effect of timing
with respect to treatment.

Pharmacokinetics of IL-12 and CS/IL-12
treatments show limited systemic exposure
following intravesical administration

Serum IL-12 levels following intravesical admin-
istration peaked at 924.19 ± 192.23 pg/ml and
340.45 ± 42.55 pg/ml at 6 hrs after treatment for IL-
12 and CS/IL-12 treatments, respectively (Fig. 2A).
Peak serum IL-12 levels following s.c. injections
were roughly twice that of the intravesical route at
1921.39 ± 531.16 pg/ml and 654.20 ± 104.21 pg/ml,
respectively, at 6 hrs after treatment (Fig. 2C).
With respect to total exposure, AUCIL-12 for IL-
12 and CS/IL-12 were 2306 ± 248.5 (pg/mL) × hour
and 1410 ± 60.15 (pg/mL) × hour for intravesical
administration and 4842 ± 604.0 (pg/mL) × hour and
1529 ± 120.2 (pg/mL) × hour for s.c. injections.

IFN-�, a TH1 cytokine produced by lymphocytes
in response to IL-12, is a key mediator of IL-12’s
toxicity [26–28]. As expected IFN-� reached peak

levels about 24 hours after IL-12 delivery for both
intravesical and s.c. routes (Fig. 2B and D). Similar
to IL-12, far less IFN-� was found in circulation fol-
lowing intravesical administration compared to s.c.
administration (Fig. 2B and D).

One of the primary toxicities associated with IL-12
administration is hepatotoxicity mediated by IFN-�
[29, 30]. To determine if the above serum IFN-� lev-
els induced by intravesical IL-12 or CS/IL-12 were
able to induce hepatotoxicity, ALT activity levels
were quantified 24, 48 and 72 hrs after intravesical
treatments. Neither intravesical IL-12 nor CS/IL-12
caused ALT levels to rise above pre-treatment aver-
ages (Fig. 2E). In contrast, 4 consecutive daily i.p.
injections of IL-12, a regimen known to induce hep-
atotoxicity [12], generated about a 13-fold increase
in ALT that peaked at 48 hrs after the last injection
(Fig. 2E).

Multiple intravesical IL-12 or CS/IL-12 treatments
have minimal impact on IFN-γ production

Repeated systemic IL-12 treatments can result in
blunted immune responses. This is most evident by
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Fig. 3. Declining of IFN-� triggered by repeated IL-12 treatments. Mice were treated intravesically or subcutaneously with IL-12 (red bars)
or CS/IL-12 (black bars) in 3 consecutive weeks. Sera were obtained using facial vein bleeding at 24 h after administrations every week. The
serum releases of IFN-� in responses to intravesical treatments of IL-12 and CS/IL-12 (A) or subcutaneous treatments of IL-12 and CS/IL-12
(B) were measured via ELISA. Asterisks indicate a significant difference of IFN-� levels in responses to IL-12 or CS/IL-12 treatments in
the period of 3 weeks (∗, p < 0.05 via two-way ANOVA). Experiments were performed in triplicate and repeated with similar results.

a reduction in IFN-� production [31, 32]. To deter-
mine how repeated intravesical instillations of IL-12
or CS/IL-12 affect IFN-� production in mice, serum
IFN-� levels at 24 hrs after each of 3 weekly treat-
ments were examined.

For the s.c. injections, IFN-� levels dropped from
3416.49 ± 1582.46 pg/mL following the first IL-
12 alone injection (week 1) to 1761.40 ± 151.87 pg/
mL (week 2) and 1416.57 ± 709.66 pg/mL (week
3) (Fig. 3B). Similar results were observed for CS/
IL-12 s.c. injections decreasing from 3946.60 ±
457.96 pg/mL (week 1) to 2251.43 ± 1139.51 pg/mL
(week 2) and 1496.54 ± 466.04 pg/mL (week 3)
(Fig. 3B). The decrease in IFN-� levels with mul-
tiple injections was statistically significant (p < 0.05
vs two-way ANOVA).

For intravesical treatments, IFN-� levels were
790.59 ± 586.11 pg/mL following the first injection
(week 1) to 595.47 ± 139.46 pg/mL (week 2) to
485.46 ± 8.54 (week 3) for IL-12 alone and 565.43 ±
94.43 pg/mL (week 1), to 525.15 ± 8.61 pg/mL
(week 2) to 505.46 ± 29.73 pg/mL (week 3) for CS/
IL-12 (Fig. 3A). Although IFN-� levels trended
downward, there was no statistical differences be-
tween week 1, 2 and 3 measurements for intraves-
ical CS/IL-12 immunotherapy (p > 0.05 vs two-way
ANOVA).

Escalating doses of intravesical CS/IL-12 are
well-tolerated

Although we previously demonstrated that 1 �g
of IL-12 formulated with CS is effective at clear-
ing nearly all orthotopic bladder tumors [15–17], it

was important to explore the safety of higher doses
which may be required to manage bladder tumors
in other species, including dogs and humans. Thus,
a dose escalation study of IL-12 or CS/IL-12 at
1, 5, and 10 �g/mouse was performed. Surprisingly,
increasing the IL-12 dose by 5 or 10 times did not
significantly increase the amount of IFN-� found in
serum following intravesical administration of IL-12
or CS/IL-12 (p > 0.05 via ANOVA). As in previous
experiments, formulation with CS did not influence
systemic IFN-� levels following intravesical treat-
ments (p > 0.05 IL-12 vs CS/IL-12) (Fig. 4A). For
subcutaneous injections, IFN-� production increased
at higher IL-12 doses following IL-12 alone treat-
ments, but not CS/IL-12 treatments (Fig. 4B). Similar
to previous experiments (Fig. 2), CS formulation
reduced systemic IFN-� levels compared to IL-12
alone injections (p < 0.05 via ANOVA).

None of the mice receiving any of the IL-12
or CS/IL-12 treatments exhibited any signs of dis-
tress. As a more objective measure of toxicity, daily
bodyweight measurements confirmed that intraves-
ical immunotherapy with CS/IL-12 at 1, 5 or 10 �g
IL-12 did not induce significant weight loss compared
to PBS treated mice (p > 0.05 via two-way ANOVA)
(Fig. 4C). S.c. injections of higher doses of CS/IL-
12 caused minor, transient weight loss that was fully
restored by 96 hrs after treatment (Fig. 4D).

Bladder tumors do not influence IL-12 uptake

Because bladder tumors are highly vascularized
and bloody, as evidenced by the hematuria that so
often accompanies a bladder cancer diagnosis, it was
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Fig. 4. Dose escalations of intravesical IL-12 and chitosan are well-tolerated. Mice were treated intravesically or subcutaneously by multiple
doses of IL-12 (1 �g IL-12/mouse, 5 �g IL-12/mouse, or 10 �g IL-12/mouse) without or with the presence of 1% CS (red bars or black
bars, respectively). Sera were obtained using facial vein bleeding at 24 h after administrations. The serum releases of IFN-� in responses to
intravesical or subcutaneous treatments of CS/IL-12 (A) and intravesical or subcutaneous treatments of IL-12 (B) were measured via ELISA.
Asterisks indicate a significant difference of IFN� levels in responses to IL-12 or CS/IL-12 treatments (∗, p < 0.05 via two-way ANOVA).
Mouse bodyweights in responding to intravesical treatments of IL-12 and CS/IL-12 (C) or subcutaneous treatments of IL-12 and CS/IL-12
(D) were monitored every day in a period of 6 days. Percent bodyweight changes were calculated based on the difference of bodyweight
post-treatments and pre-treatments. Asterisks indicate a significant difference of bodyweight in responding to IL-12 or CS/IL-12 treatments
(∗, p < 0.05 via two-way ANOVA with Dunnett’s posttest). Experiments were performed in triplicate and repeated with similar results.

important to determine if the presence of a bladder
tumor affected IL-12 absorption and associated tox-
icities following intravesical CS/IL-12 immunother-
apy. For the 6hr measurement, which was chosen to
correspond to the peak serum IL-12 level, there was
no difference between naı̈ve and orthotopic MB49
bladder tumor-bearing mice – 420.0 ± 191.1 pg/ml
and 601.2 ± 299.2 pg/ml, respectively (Fig. 5A).
At the 48 hr timepoint, serum IFN� concentra-
tions (203.3 ± 35.6 pg/ml and 156.4 ± 6.3 pg/ml)
and ALT activity levels (7.6 ± 0.6 nmol/min/mL
and 7.1 ± 0.6 nmol/min/mL) from naı̈ve and tumor-
bearing mice were also statistically indistinguishable
(Fig. 5B, C).

DISCUSSION

As mentioned above, we have not observed any
signs of IL-12 treatment-related distress in the
hundreds of bladder tumor-bearing mice that we

have treated intravesically over the past 10 + years.
Nonetheless, our aspirations to translate CS/IL-12
benefit from a closer look at systemic IL-12 exposure
and its potential downstream effects. While mice are
not always reliable indicators of toxicity in humans,
murine studies can provide important quantitative and
qualitative data to guide clinical trial planning. Thus,
the goals of these focused experiments were: 1) to
assess systemic exposure to IL-12 following intrav-
esical instillation; and 2) to determine the magnitude
and scope of adverse events induced by intravesical
CS/IL-12 immunotherapy. Subcutaneous injections
of IL-12 and CS/IL-12 were used for reference as
this is a well characterized systemic route which has
resulted in serious adverse events in humans [11, 33].

Not surprisingly, systemic IL-12 exposure follow-
ing intravesical CS/IL-12 was far lower than s.c.
CS/IL-12 or IL-12 injections (Fig. 2). After a 30-
minute intravesical instillation, catheters are removed
and most of the administered IL-12 is likely to be
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Fig. 5. Intravesical instillations of IL-12 were released at similar rate by chitosan in naı̈ve mice and MB49 tumor bearing mice. Naı̈ve
mice were treated intravesically with CS/IL-12 (red bars) or PBS (black bars). MB49 tumor-bearing mice were treated intravesically with
CS/IL-12 (blue bars) or PBS (cyan bars). Serum levels of IL-12 at 6 hrs after treatment (A) or IFN-� at 48 hrs after treatment (B) were
measured via ELISA. Hepatotoxicity at 48 hrs after treatment (C) was determined by measuring ALT activity in the sera of naı̈ve and MB49
tumor-bearing mice receiving intravesial CS/IL-12 or PBS. Naı̈ve mice treated with four consecutive daily doses of i.p. IL-12 (1 �g) served
as a positive control of hepatotoxicity. “ns” indicates “not significant” (p > 0.05 via t-test).

excreted, whereas the full dose of IL-12 remains
in the body following a s.c. injection. To get a
sense of the maximum amount or dose of IL-12
that reaches the circulation following intravesical
CS/IL-12 administration, we can multiply the peak
concentration of 340.45 ± 42.55 pg/ml by the total
mouse blood volume of 1925–2000 �L for a 25-
gram mouse (77–80 �L/gram [34]) to find that about
680 pg of IL-12 is in circulation. This is nearly a 1500-
fold reduction from the initial 1 �g CS/IL-12 dose.
Similarly, unformulated IL-12 is effectively reduced
by about 540-fold. These data are encouraging from a
safety perspective as the intravesical route minimizes
systemic exposure to IL-12.

It was also encouraging to find that the presence
of an orthotopic bladder tumor did not affect IL-
12 uptake and associated toxicities. Treatment of
both naı̈ve and tumor-bearing mice with intravesical
CS/IL-12 resulted in similar levels of serum IL-12,
IFN� and ALT (Fig. 5). This is notable as blad-
der tumors are well vascularized and leaky. These
data should allow for direct translation into dogs and
humans with bladder cancer and avoids unnecessary
safety studies in healthy subjects.

Our data agree in principle with a recent publica-
tion evaluating the biodistribution of quantum dots
(QDs) administered intravesically [14]. In fact, the
authors found no statistically significant increases in
cadmium, a component of QDs, in organs outside
the bladder [14]. QDs are much larger than IL-12
and thus less systemic exposure can be expected. To
our knowledge, the pharmacokinetics of chemother-
apeutics, such as mitomycin C, which are commonly
used to treat NMIBC in humans, have not been

described in murine models. However, one might
expect that smaller drugs will be absorbed into the
systemic circulation more readily than large, complex
cytokines or nanoparticles. Nevertheless, in general,
the intravesical route allows for maximal delivery of
a therapeutic to bladder tissues with reduced systemic
exposure.

Although measurable amounts of IL-12 and IFN-
� were found in circulation following intravesical
IL-12 and CS/IL-12, this did not result in hepato-
toxicity which is a typical adverse event associated
with systemic IL-12 administration [12]. In fact, ALT
levels were completely unaffected by intravesical
immunotherapy either in the presence or absence
of a tumor (Figs. 2E, 5C). Body weight measure-
ments appeared to agree with the lack of systemic
toxicity. Mice treated intravesically with the highest
levels of CS/IL-12 experienced a transient decrease
in weight, only about 4% on average. It should be
noted that nearly all mice, including PBS treated
controls, experienced some weight loss after the
intravesical treatments which could be related to the
ketamine/xylazine anesthesia [35]. Nevertheless, all
mice quickly returned to pre-treatment body weights
within a day or two. Not surprisingly, body weight
changes following the s.c. injections with higher
doses of CS/IL-12 were prolonged. This further
supports the notion that there are considerable dif-
ferences in toxicities between the two routes.

Our previous studies demonstrated that multiple
treatments of CS/IL-12 were needed to completely
eradicate bladder tumors in mouse models [16, 17].
However, numerous publications have shown that
repeated IL-12 administration not only results in
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greater toxicity, but also a blunted IFN-� response
due, in large part, to upregulation of immunosup-
pressive IL-10 [31, 32]. Indeed, our studies showed
that weekly s.c. IL-12 or CS/IL-12 resulted in
decreasing IFN-� levels after 2 and 3 injections
(Fig. 3B). In contrast, IFN-� levels were not affected
by weekly IL-12 or CS/IL-12 dosing via the intrav-
esical route (Fig. 3A). These data suggest that the
low systemic IL-12 exposure following intravesi-
cal CS/IL-12 immunotherapy does not cause a full
release of IFN-� that would result in a refractory
period. These data also suggest that weekly CS/IL-12
treatments would be better tolerated and equipotent
when administered intravesically.

Dose escalation studies indicated that 5- and 10-
fold increases in the dose of CS/IL-12, resulted
in only minor, statistically insignificant increases
in serum IFN-� levels (Fig. 4A). This effect, or
lack thereof, was independent of route as neither
intravesical nor s.c. CS/IL-12 showed a significant
dose effect. These dose-escalation data suggest a
potentially wide therapeutic window for intravesical
CS/IL-12 immunotherapy.

Even without dose-limiting IL-12 exposure or
evidence of systemic toxicity, local inflammatory
responses could still affect the utility of CS/IL-12.
In fact, 27–95 % of NMIBC patients experience
treatment-limiting cystitis following intravesical
BCG [36]. Fortunately, our histopathology studies
revealed no treatment-related inflammation greater
than grade 1 (Table 1). Furthermore, there were no
differences in inflammation between any of the treat-
ment groups. These data do not rule out the potential
for cystitis in clinical studies, however, the absence
of cystitis at this point is at least promising.

The only clinical study to date using intravesical
IL-12 was published by Weiss et al. in 2003 [37].
Patients received up to 200 �g IL-12 intravesically.
If one assumes an average human blood volume of
5 L and uses the same 540-fold reduction that we
found for unformulated IL-12, the theoretical peak
concentration of IL-12 would be about 0.07 ng/ml. It
is therefore not surprising that IL-12 and IFN-� were
not detected in the aforementioned clinical study or
in preclinical studies with cynomolgus monkeys [37].

Taken together, results of the above studies support
the safety and tolerability of intravesical CS/IL-12
immunotherapy. In addition to its robust antitumor
activity [16, 17], intravesical CS/IL-12 is well tol-
erated with a predictable pharmacokinetic profile.
These data will be useful in planning future studies
in pet dogs with spontaneous invasive urothelial

carcinoma of the bladder and in patients with BCG-
refractory bladder cancer.
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