Distribution of NK012 in Mice Bearing Liver Metastases

metastatic liver tumor, normal liver parenchyma, kidney,
and spleen were excised under anesthesia. The analysis
time points were 2, 12, 24, 72, 168, 336, 504, 672, and
1,008 hours after NK012 or CPT-11 administration. Phar-
macokinetic analysis was conducted using three mice for
each time point. The samples were rinsed sufficiently with
0.9% NaCl solution, mixed with 0.1 mol/L glycine-HCI
buffer (pH 3.0)/methanol at 5% (w/w), and then homog-
enized using Precellys 24 (Bertin Technologies). Free SN-
38, NK012, and CPT-11 were extracted from each sample,
and the extracted sample was analyzed by reversed-phase
high-performance liquid chromatography as described
previously (17, 19).

Histopathologic analysis

For conventional histopathologic analysis, the liver with
a metastatic tumor was excised from the mice bearing liver
metastases as described above. The liver was excised after
15 days from the initiation of each treatment and fixed in
buffered 4% paraformaldehyde for 72 hours and embed-
ded in paraffin. Then, 3-um-thick sections were prepared
and stained with H&E.

Biodistribution of NK012 as determined by

ry and i e

microscopy

To evaluate the detailed biodistribution of NK012 in
immunohistologic sections, we used 20-nm-sized fixable
fluorospheres that have equal diameter to NK012 (FluoSpheres,
red fluorescent latex microspheres; Molecular Probes) as a

reference of positional relationship within the tissue. Be-
cause NKO12 could neither be fixed nor stained with other
antibodies, we applied this fluorescent-labeled macro-
molecular substance whose surface is carboxylate modified
to decrease nonspecific binding. Five minutes after NK012
administration (30 mg/kg) to mice with liver metastases,
fluorospheres (0.25 mL/animal; concentration, 2.5 mg/mL)
were also injected i.v. The mice were sacrificed under deep
anesthesia and perfused with 0.9% NaCl through the infe-
rior vena cava to prevent blood stasis, and then the liver
with metastases was excised 2 hours and 1, 3, and 7 days
from the administration of NK012 and fluorospheres.
The samples were embedded in an OCT compound (Sakura
Finetechnochemical) and quickly frozen in liquid nitrogen.

For direct observation of the fluorescence of NK012 and
fluorospheres, 10-pum-thick frozen sections were prepared
using a cryostat and examined under a fluorescence micro-
scope (BIOREVO BZ9000; Keyence) at an excitation wave-
length of 377 nm and an emission wavelength of 447 nm
to evaluate NK012 distribution. For immunohistochemical
analysis, frozen sections were prepared as described earlier
and fixed in 4% paraformaldehyde in PBS (pH 7.4). After
blocking, sections were incubated for 1 hour at room tem-
perature with primary antibodies. Anti-CD31 goat antibody
for endothelial cells (R&D Systems) was used at 1:200 dilu-
tion, and anti-CD68 rat antibody for macrophages (Kupffer
cells; AbD Serotec) was used at 1:200 dilution. The sections
were then incubated with the following secondary antibodies
at 1:500 dilution: Alexa 647 donkey anti-goat IgG, Alexa 488
goat anti-rat IgG, or Alexa 647 goat anti-rat IgG. Nudlei were

Fig. 1. Continued. D, images of an
HT-29/Luc mouse model treated
with each regimen taken using a
Photon Imager system on days 0, *
7,21, and 35 after therapy initiation.
Points, mean; bars, SD. Arows,
drug injections. Statistical
comparisons between the NK012
group and the CPT-11 group
were done by ANOVA on day 28
after treatment initiation

(P <0.0001).

Day 35

*
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counterstained with 4/,6-diamidino-2-phenylindole at
1:1,000 dilution (Roche).

Statistical analysis

Data were expressed as mean + SD. To evaluate changes
in the photon count of each treatment group, repeated-
measures ANOVA was used. Survival was assessed using
the Kaplan-Meier method. For all tests, P values of <0.05
were considered significant using SPSS software version
12.0 (SPSS, Inc.). All statistical tests were two-sided.

Results

Antitumor activity of NK012 and CPT-11 against
HT-29/Luc liver metastasis model

Comparison of the relative photon count on day 28 in
the HT-29/Luc liver metastasis model revealed significant
differences between mice given NK012 and those given
CPT-11 (P = 0.002; Fig. 1A, B, and D). The survival rates
on day 140 in the three test groups were 100%, 0%, and 0%
for the NK012, CPT-11, and control groups, respectively
(Fig. 2). Moreover, neither relapse nor any other clinical
problems were observed in the NK012 group until day
140. Kaplan-Meier analysis showed that a significant im-
provement in the survival rate was observed in the NK012
group compared with the CPT-11 group (P = 0.0006),
whereas there was no significant improvement between
the CPT-11 group and the control group (P =0.1556). There
was no severe body weight loss or toxic death for any treat-
ment used in this study (Fig. 1C).

Histopathologic findings

Histopathologic observation of liver metastases after
NKO012 administration showed the disappearance of tu-
mor cells. Tumor tissue was replaced with fibrotic or gran-
ulomatous tissue with mild infiltration of inflammatory

Survival rate
s
B

e Control

84 112 140
Days after initiation of treatment

Fig. 2. Kaplan-Meier curves of HT-29/Luc liver metastasis models. The
NKO012 group (30 mg/kg/d), CPT-11 group (66.7 mg/kg/d), and control
group (PBS, 200 pl/d) were administered each drug on days 0, 4, and
8 (n = 6). Treatment was initiated 7 d after the portal injection of
HT-29/Luc cells. Log-rank test: NK012 group versus CPT-11 group,

P = 0.0006; CPT-11 group versus control group, P = 0.1556.

cells. On the other hand, liver metastases treated with
CPT-11 showed slight degeneration of cancer cells and
few apoptotic cells (Fig. 3). At the liver parenchyma, sinu-
soidal dilation or steatosis that was a characteristic feature
of chemotherapy-associated liver toxicity was not observed
after a single or triple administration of NK012.

Tissue ¢ ion and transition of SN-38 after
NKO012 and CPT-11 administration

We investigated the concentration-time profile of
NK012, CPT-11, and free SN-38 in various tissues after sin-
gle i.v. administration more precisely compared with a
previous report (17). The accumulation of free SN-38 con-
verted from CPT-11 was rapidly decreased within 24 hours
and could not be detected thereafter in the plasma (Fig. 4A),
liver, spleen, kidney, and liver tumor (Fig. 4B). In contrast,
the accumulation of free SN-38 released by NK012 was
maintained at a relatively high level for weeks after admin-
istration. Notably, prolonged higher accumulation of free
SN-38 and NK012 was observed in the liver and spleen,
which are organs categorized under the reticuloendothelial
system. The concentrations of free SN-38 and NK012
gradually decreased over 6 weeks.

Biodistribution of NK012 in hepatic metastases and
liver parenchyma

First, we observed directly the distribution and relation-
ship of NK012 and fluorospheres to confirm the detailed
biodistribution of NKO12 in tissue. In the metastatic
tumor, the biodistribution of both substances was similar
after 24 hours following their administration, whereas a
discrepancy was found at 2 hours (Fig. 5A). For the nor-
mal liver parenchyma, fluorescence microscopy showed
a similar biodistribution of NK012 and fluorospheres with
the exception of the weak accumulation of NK012 2 hours
after administration (Fig. 5B).

Second, we observed fluorospheres as a reference of
NKO012 distribution by immunohistochemistry. Anti-CD31
and anti-CD68 antibodies were used as vascular endothelial
cell and macrophage (Kupffer) cell markers, respectively.
Fluorospheres distributed around tumor vessels in the
metastatic liver tumor in all observation points (Fig. 6A).
For the liver parenchyma, fluorospheres were not observed
in the hepatocytes but were well phagocytized by CD68-
positive Kupffer cells in all observation points (Fig. 6B).
In addition, the number of CD68-positive cells did not
decrease significantly (data not shown).

Discussion

This study highlights four novel findings. First, NK012
was strongly effective in mice bearing liver metastases of
human colorectal cancer cells. Second, free SN-38 released
from NKO12 showed high accumulation and NKO12 was
detected in the liver metastatic tumor for a long time. Third,
free SN-38 and NKO012 had been retained in the liver and
spleen for weeks with no accompanying toxicity to normal
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NKO012

Fig. 3. H&E-stained sections of
metastatic tumor and liver treated
with NK012 and CPT-11. Scale
bars, 100 pm. NKO012 (30 mg/kg/d),
CPT-11 (66.7 mg/kg/d), and PBS
(200 pL/d) were administered on
days 0, 4, and 8 following the same
schedule as the treatment studies.
Metastatic tumors and livers
were excised on day 15 after
treatment initiation.

Tumor

Liver

CPT-11

Control

organs either symptomatically or pathologically. Fourth,
NKO12 entrapment by macrophages in the liver and spleen
led to its prolonged accumulation, and NK012 retention
around tumor vessels also resulted in its relatively high
accumulation lasting for weeks.

To our knowledge, this is the first study to show that
NKO12 completely eradicated orthotopic tumors in an
orthotopic model, in addition to our previously reported
potent antitumor effects of NK012 against various models
using human cancer cell lines (17-20, 25). The strong
antitumor activity of NK012 is attributable to the high
concentration of free SN-38 released from NK012 in the
tumor, which is higher than any other concentrations pre-
viously reported. Liver metastasis in a specific organ has an
adequate potential to be a target of DDS agents, although
it presents a disadvantage for such agents because it is con-
sidered a hypovascular tumor.

The accumulation and metabolism of DDS agents are
closely associated with their biodistribution. The two ma-
jor differences about the distribution between NK012 and
fluorospheres 2 hours after administration in direct fluores-
cence observation are the lower accumulation of NK012 in
the liver parenchyma and discrepancy in metastatic liver tu-
mor (Fig. 5A and B). In agreement with previous reports,
these data indicate that NKO12 extravasation was success-
fully achieved and NK012 uptake by Kupffer cells was less
than fluorosphere uptake during the early phase after ad-
ministration because of the higher biocompatibility of the
outer shell, which was enveloped by polyethyleneglycol
(26-28). NKO012 biodistribution was similar to fluorosphere
biodistribution after 24 hours following administration,
and therefore, this fixable fluorescence-labeled nanoparti-
cle can be considered as a substitute for NK012 observation
in histochemical studies after such period. Considering
these facts, NK012 was retained around CD31-positive
tumor vessels in the metastatic tumors and stored in
CD68-positive macrophage cells in the liver parenchyma
during the late phase after administration, thereby resulting

in the high concentration of free SN-38 in the tumor and
liver for weeks.

The metabolic pathway of NKO12 also plays an impor-
tant role in organ toxicities. Specifically, the mechanism of
liver injury has not yet been clarified, but it is speculated
that mitochondrial damage due to cytotoxic agents and the
resulting reactive oxygen species have some effect on liver
toxicities (29). As for NK012 and CPT-11, SN-38 is detoxi-
fied mainly in normal liver cells to form SN-38 p-glucuronide
(inactive form) by UDP-glucuronosyltransferase, and the
detoxification capability may be related to liver toxicities (30).
In this study, the single or triple administration of NK012
at the maximum tolerable dose showed no chemotherapy-
associated liver toxicity in terms of pathologic changes (Fig. 3)
and blood biochemical findings, which reflects hepatocyte
injury (data not shown). Daemen et al. (31) reported severe
depletion of liver macrophages 24 hours after the adminis-
tration of liposomal doxorubicin and emphasized the pos-
sibility of developing infection due to depletion of the
phagocytic capacity of the reticuloendothelial system. No-
tably, our present data are not in agreement with those of
Daemen et al. The number of CD68-positive cells did not
decrease because NKO012, which is endocytosed in Kupffer
cells, is rapidly transported to an acidic environment (pH
<5.0), and this novel polymeric micelle agent is very stable
at such an acidic condition, indicating that NK012 gradual-
ly releases free SN-38 after it accumulates in Kupffer cells
(17, 32). Given the metabolite pathway of SN-38 and pres-
ent data, NK012 causes neither injury of hepatocytes nor
depletion of Kupffer cells. However, further studies of liver
toxicity with repeated NK012 administrations and the de-
toxification capability of SN-38, which is gradually released
from NKO12 for a long period, are needed to clarify whether
the prolonged use of NK012 causes chemotherapy-associated
liver toxicity or not.

A limitation of this study is the difficulty in the obser-
vation of NK012 or free SN-38 by fluorescence microscopy
to show their detailed biodistribution. This is because
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Fig. 4. Transition of plasma and tissue ion after single ini ion of NK012 (30 mg/kg) or CPT-11 (66.7 mg/kg) to HT-29/Luc liver metastasis
mouse models (1 = 3). A, plasma. B, tissue. ®, NK012; O, free SN-38 released from NKO012; A, CPT-11; A, free SN-38 converted from CPT-11.
Points, mean; bars, SD. Arrows, drug injections.
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NKO012 Fluorospheres Merge

Fig. 5. ibution of NK012 and

in hepatic metastasis and liver parenchyma for
assessment of distributional relationship of
the two substances. Frozen sections of livers
from HT-29/Luc liver metastasis nude mice
administered NK012 and fluorospheres were
directly observed by fluorescence microscopy.
A, liver metastatic tumor. Scale bars, 50 ym.
B, liver parenchyma. Scale bars, 100 pm.
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Day 1

Day 3

Day 7
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Fluorospheres

Fluorospheres CD68 CD31

Merge

Fig. 6. Immunohistochemical analysis to assess
fluorosphere distribution as criteria of NK012
biodistribution. Frozen sections of livers

from HT-29/Luc liver metastasis nude mice
administered NK012 and fluorospheres were
stained immunohistochemically followed by
fluorescence microscopy observations. A, liver
metastatic tumor. Scale bars, 50 pm. B, liver
parenchyma. Scale bars, 100 pm.

Merge

NKO12 cannot be fixed and the fluorescence intensities of
NKO012 and free SN-38 are very weak. Here, we used 20-
nm-sized fixable fluorospheres as a substitute for NK012, al-
though direct observation of the object substance remains
the best method to verify NK012 biodistribution. There is,
however, a technical difficulty in developing a fixable fluo-
rescence substance with entirely the same properties as
those of developed DDS agents.

CPT-11 has been approved for the treatment of advanced
colorectal cancer in combination with other agents such as
fluorouracil, leucovorin, and molecular targeting agents.
However, the intensive use of CPT-11 induces chemotherapy-

associated steatohepatitis, which affects mortality or mor-
bidity of hepatectomy. NK012 is a biocompatible agent
for the treatment of CLM and an excellent SN-38 vehicle be-
cause SN-38 is a time-dependent anticancer agent, and the
appropriate SN-38 concentration released by NK012 is well
maintained for a long time in liver metastases. In terms of
liver toxicity, NKO12 seems to be nontoxic as shown in
this study regardless of the long-term storage of NK012 in
Kupffer cells.

In conclusion, NK012 showed strong antitumor effects
against liver metastatic tumor. NK012 well infiltrates me-
tastatic tumor tissue and cannot be easily endocytosed by

Clin Cancer Res; 16(19) October 1, 2010
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macrophages during the early phase after administration.
The excellent biodistribution and metabolite pathway of
NKO012 corroborates both its strong antitumor effects and
low toxicity. Our data warrant clinical evaluation of NK012
for the treatment of liver metastases of colorectal cancer.
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Optimum conditions of ultrasound-mediated
destruction of bubble liposome for siRNA
transfer in bladder cancer

Background: We investigated the effectiveness of ultrasound-mediated destruction of bubble liposome (UBL)
for siRNA transfer by observing reduction in the luciferase activity of human bladder tumor RT-112 cells transfected
with the luciferase gene (RT-1/2Luc) following luciferase siRNA transfer into the cells. Results: siRNA was transferred
to 26% of RT-112Luc cells by UBL and the luciferase activity of RT-112Luc cells was significantly suppressed by UBL
using the luciferase siRNA, compared with that using nonspecific siRNA in vitro (p = 0.036). The luciferase activity
of RT=112Luc tumor was suppressed by UBL using luciferase siRNA compared with that using nonspecific sSiRNA
2 days after the in vivo treatment. Conclusion: This study showed that UBL is suitable for siRNA transfer to

mammalian cells.

Bladder cancer is classified into two types, super-
ficial and invasive. In clinics, 70% of bladder
cancers are reported to be the superficial type,
which does not invade the muscle layer of the
bladder wall [1]. The standard treatment of
superficial bladder cancers is transurethral
resection of the bladder cancer followed by the
intravesical instillation of an anticancer drug or
Bacillus Calmette—Guerin (BCG) to prevent
tumor recurrence.

However, in half of surgically treated patients,
bladder tumors recur and 10-30% of recurrent
bladder tumors become invasive. Patients with
an invasive tumor inevitably undergo radical
cystectomy. Moreover, subsidiary BCG treat-
ment usually causes unbearable cystitis mani-
fested with fever and local pain 2. Therefore, a
new modality that results in good quality of life
and prevents the recurrence of the superficial
bladder tumor is urgently needed.

siRNA is a sequence-specific double-strand
RNA and has been newly recognized as a pow-
erful and useful tool for gene expression inhibi-
tion (3,4). The RNAi effect on the cytosol is tran-
sient and the ‘off or on” of the treatment can be
readily controlled s]. When side effects induced
by RNAi occur, treatment can be stopped
before the occurrence of serious side effects. As
sequence-specific siRNA can be prepared exqui-
sitely using sequence information, RNAi therapy
may have the possibility to be a new, convenient
and safe modality in clinics. Recently, the intra-
vesical application of RNAI targeting PLK-1

in a mice bladder cancer model using cationic
liposome has been reported as a new therapy
for bladder cancer [6]. Furthermore, plasmid
DNA transfection [7-13) and siRNA [13-18] to
cells using sonoporation, combined with ultra-
sound (US) and microbubble has been reported.
Microbubble has been demonstrated to collapse
by US irradiation; transient permeability of
the cell membrane occurred by the cavitation
following the destruction of microbubble and
finally the plasmid DNA was transfected to the
cells efficiently 9-211.

Previously, we developed a novel liposomal
bubble (bubble liposome [BL]) that encapsulated
the perfluoropropane nanobubble in the lipid
bilayer [22]. The mean size of the BLs was approx-
imately 800-900 nm, which is smaller than
microbubbles used for ultrasound imaging such
as Sonazoid™, Optison™ and SonoVue® [23,24].
BLs may be useful for local or systemic deliv-
ery of a gene to the target site (cancer tissue)
followed by ultrasound exposure to the site for
transferring the gene to cancer cells [25].

In this context, we have investigated a new
method of siRNA transfection in vitro and in vivo
using ultrasound-mediated destruction of BL.

Experimental

m Cell line

The human bladder tumor cell line RT-112 was
purchased from the American Type Culture
Collection (VA, USA). For the in vitro experi-
ments and 7 vivo bioluminescence imaging of
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subcutaneous tumors, the RT-112 cell line stably
expressing firefly luciferase and the YFP mutanc
Venus RT-1121was established. In brief, the
coding sequence for firefly luciferase and Venus
was subcloned into the pIRES Vector (Clontech
Laboratories, CA, USA). The fragment consists
of Luciferase-IRES-Venus generated from the
plasmid with the restriction enzymes Nhel and
Notl. This fragment was subcloned into the
pEF6/V5-His Vector (Invitrogen, CA, USA)
to generate plasmids of pEF6-Luciferase IRES
Venus. RT-112 cells were seeded onto 1/6-well
plate, 24 h before the transfection. The cells
were transfected with pEF6-Luciferase IRES
Venus (2 pg) using FuGENE HD transfec-
tion reagent (Roche Diagnostics, Mannheim,
Germany) according to manufacturer’s instruc-
tions, and then incubated for 48 h ac 37°C. The
cells were then passaged in medium containing
Blasticidin (10 pg/ml; InvivoGen, CA, USA) to
select for the blasticidin-resistance gene inte-
grated in the pEF6/V5-His plasmids. Venus
expression was used as a surrogate marker of
luciferase-positive RT-112%. RT-112" cells
were sorted using the BD FACS Aria cell sorter
(BD Biosciences, CA, USA) and expanded in
selection medium. RT-112 and RT-112" were
grown in Dulbecco’s Modified Eagle’s Medium
(Wako, Tokyo, Japan) containing 10% fetal
bovine serum (Tissue Culture Biologicals,
CA, USA), 2 mM r-glutamine (Sigma-Aldrich,
MO, USA), 100 U/ml penicillin, 100 pg/ml
streptomycin and 0.25 pg/ml amphotericin B
(100 x antibiotic—antimycotic, GIBCO, CA,
USA) in a humidified atmosphere at 37°C and
5% CO,.

® US irradiation

The intensity of the US probe (BFC applica-
tions, Fujisawa, Japan) used in this study was
calibrated using a hydrophone (ONDA, CA,
USA) in a water bath. The probe was immersed
in the water bath at 0.5 cm from the water
surface. The cells were plated in a cell culture
plate and mice were immersed in water and
irradiated using US.

= Bubble liposome

Liposomes composed of 1,2-distearoyl-
sn-glycero-3-phosphocholine (DSPC,
NOF corporation, Tokyo, Japan) and
N-(carbonyl-methoxypolyethyleneglycol
2000)-1,2-distearoyl-sn-glycero-3-phospho-
ethanolamine (DSPE-PEG (2k)-OMe, NOF
corporation) (94:6 m/m) were prepared by

reverse-phase evaporation. In brief, all reagents
were dissolved in 1:1 (v/v) chloroform/diiso-
propyl ether and then 4 ml of phosphate
buffered saline (PBS, Invitrogen) was added.
The mixture was sonicated and evaporated at
65°C. The solvent was completely removed,
and the size of the liposomes was adjusted to
less than 200 nm using an extruding apparatus
(Northern Lipids Inc., BC, Canada) and sizing
filters (pore sizes: 100 and 200 nm; Nuclepore
Track-Etch Membrane, Whatman PLC, UK).
After sizing, the liposomes were sterilized by
passing them through a 0.45-pm pore size
filter (MILLEX HYV filter unit, Durapore
PVDF membrane, Millipore Corporation,
MA, USA). BLs were prepared from the lipo-
somes and perfluoropropane gas (Suganuma
Sangyo, Tokyo, Japan) [23,2627]. In brief, 2 ml
of 1 mg/ml liposome in PBS was poured into
a 5-ml vial (As One, Osaka, Japan). The vial
was tightly covered, followed by the addition
of 7.5 ml of perfluoropropane gas. To prepare
BLs, the vial was shaken vigorously for a few
minutes in the Ultra sonic cleaner vs-100 (As
One). Being unstable, the BL should be used
within 10 min (data not shown).

m Optimum conditions of UBL in vitro

To determine the optimum conditions of UBL,
fluorescein isothiocyanate (FITC)-dextran
internalization was analyzed by flow cytometry
using FACS Calibur (BD Biosciences). RT-112
cells (6.0 x 10%) and 500 nM (final concentra-
tion) 10 kDa FITC-dextran (Invitrogen) were
mixed in flacbottomed 48-well cell-culture
plates (NY, USA) and treated using several
conditions of UBL. The US and BL conditions
used in this simulation study were as follows;
US intensity: 1, 2, 3 or 4 W/cm?; duration of
US irradiation: 10, 30 or 50 s; final concentra-
tion of the BL: 0.1, 0.2 or 0.3 mg/ml; interval
time of US irradiation after addition of the BL:
15, 30, 60 or 300 s.

At 24 h after the treatment, surviving cells
were trypsinized and resuspended in PBS con-
taining 0.5% bovine serum albumin and 2 mM
EDTA and FITC-positive cells were analyzed
by flow cytometry. FITC-positive cells were
defined by comparison of the cells without
the treatment as negative control in the gating
area of living cells (propidium iodide exclusion
method) using flow cytometry.

Cytotoxic effect was also analyzed under the
several conditions of UBL. RT-112 cells were
treated using the same conditions as described
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above. Cell viability was measured by the tetra-
zolium salt-based proliferation assay (WST
assay; Wako Chemicals, Osaka, Japan). Briefly,
treated cells (5 x 104 cells/well) in 96-well plates
(Corning) were incubated overnight. After incu-
bation for 24 h, the medium was changed to a
new medium containing 10% WST-8 reagents.
After incubation for 1 h, the absorbance of
the formazan product formed was detected at
450 nm in a 96-well spectrophotometric plate
reader (SpectraMax 190; Molecular Devices,
Sunnyvale, CA, USA). Cell viability was meas-
ured and compared with that of the nontreated
control cells. In vitro tests were conducted
in triplicate.

m Luciferase activity assay in vitro

Luciferase activity was analyzed using the Pica
Gene luciferase assay system (Toyo Ink, Tokyo,
Japan). Cells were harvested by centrifuga-
tion at 2000 rpm for 5 min at 4°C and lyzed
by the addition of 5 pl of the lysis buffer. The
lysate was freezed—thawed in liquid nitrogen.
Thereafter, the luciferase activity of 5 ng of
protein was quantified.

u siRNA

The sequence data of siRNA targeted to the lucifer-
ase gene and nonspecificsiRNA areas follows: lucif-
erase siRNA: 5”-sense strand, 5-ACAUCACUU
ACGCUGAGUACUUCGAAG-3" and
5’-antisense strand, 5-UCGAAGUACUCA-
GCGUAAGUGAUGUAU-3" (Hokkaido
System Science, Sapporo, Japan); nonspecific
siRNA: 5’-sense strand, 5-CCCUCUAG-
UCUAGCGAGAUAAUUCAAG-3" and
5’-antisense strand, 5-UGAAUUAUCU-
CGCUAGACUAGAGGGAU-3" (iGENE,
Tokyo, Japan). The siRNA was diluted to
100 pmol/pl (uM) by DNase, RNase-free
water (GIBCO).

u siRNA transfection using the optimum
conditions of UBL in vitro & in vivo

siRNA transfection was conducted using the
optimum conditions according to the simula-
tion experiment described earlier. RT-112"< cells
(6.0 x 10%), siRNA (500 nM, final concentration)
and the BL (0.2 mg/ml, final concentration) were
plated into a 48-well plate. Then the well was irra-
diated by US at 1 W/cm? for 10 s at 30 s after
the addition of the BL. These conditions demon-
strated the best transfection efficiency under the
condition that more than 60% of cells compared
with the nontreated control survive.

m |nvivo UBL

RT-112"¢ cells (5 x 10° cells/100 pl) were
injected subcutaneously in the left back skin
of 6-week-old female BALB-c nu/nu mice
(SLC, Shizuoka, Japan) (day -5). At 3 and
5 days after tumor implantation (day -2, 0),
luciferase activity was measured as count per
minute (cpm) using Photon Imager (Biospace,
Paris, France). Mice bearing an RT-112L%
tumor (tumor size: 5 mm) were divided into
groups consisting of four mice and were treated
using UBL and luciferase siRNA or nonspecific
siRNA. The mice were then anesthetized with
2,2,2-tribromoethanol (250 mg/kg; Wako)
and 2-methyl-2-butanol (250 pl/kg; Wako).
Luciferase siRNA (600 pmol) in 80 pl of PBS
and 20 pl of the BL were mixed and immedi-
ately injected into the tumor. A total of 30 s
after intratumor injection of the mixture of the
BL and siRNA, the mice were exposed to US
irradiation (intensity: 1 W/cm?, Duty Ratio:
50%, exposure time: 10 s). Intratumor admini-
stration of nonspecific siRNA was performed in
the same manner as that for the control. After
the treatment, luciferase activity was measured
as cpm using Photon Imager® until 3 days after
the treatment.

All animal procedures were performed in com-
pliance with the Guidelines for the Care and Use
of Experimental Animals of the National Cancer
Center, Japan; these guidelines meet the ethi-
cal standards required by law and also comply
with the guidelines for the use of experimental
animals in Japan.

m Histological toxicity of UBL in vivo

The PBS (80 pl) and BL (20 pl) were mixed and
immediately injected into the left back skin of
6-week-old female BALB-c nu/nu mice. After
30 s from the injection of the BL, these mice
were exposed to US irradiation (intensity: 0,
1, 2, 3 or 4 W/cm?, duty ratio: 50%, exposure
time: 10 s). These treatments were conducted
three times (days 0, 2 AND 4). Skin lesions
were collected 24 h after the last US irradiation
and fixed in 3.7% formaldehyde/PBS. Paraffin-
embedded tissue was cut (3 pm thick) and
deparaffinized, followed by staining with hema-
toxylin and cosin. Inflammation was scored by
a pathologist using an inflammation scale from
— to + +, with — indicating no inflammation,
+ denoting mild inflammation predominantly
infiltrated with neutrophils and ++ indicating
active inflammation infiltrated with neutrophils
and lymphocytes.
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m Statistical analysis

Statistical analysis was performed using
Microsoft Excel (Microsoft Corporation, WA,
USA). Values are expressed as mean + standard
deviation. Differences between groups were ana-
lyzed using two-sided Student’s r-test. p-values
lower than 0.05 were considered significant.

Results

® Optimum conditions of UBL in vitro

US intensity

The effects of US intensity on FITC-positive cell
rate and cell viability are shown in Ficure I1A. The
FITC-positive cell rates at 1, 2, 3 and 4 W/cm?
US intensity were 19.71 + 7.18% (mean + SD),
19.91 + 3.99, 42.52 + 9.66 and 49.30 + 11.55%,
respectively. The rate of FITC-positive cells
increased inan intensity-dependent manner. There
was a significant difference in the FITC-positive
cell rate between the UBL using 1 W/cm? US and
that using 4 W/cm?US. The cell viabilities at 1,
2, 3 and 4 W/cm? US intensity were 70.40 + 4.21,
50.42 + 5.11, 22.76 + 4.19 and 8.14 + 3.22%,
respectively. Conversely, cell viability decreased
in an intensity-dependent manner.

m US exposure time

The effects of US exposure time on FITC-positive
cell rate and cell viability are shown in Ficure 1B.
The FITC-positive cell rates using 10, 30 and
50 s of US exposure time were 24.68 + 5.14,
21.71 + 7.72 and 22.98 + 7.84%, respectively,
with no significant difference between the three
groups. The cell viabilities using 10, 30 and
50 s of US exposure time were 85.09 + 2.02,
89.13 + 1.31 and 82.81 + 9.81, respectively.

= BL concentration

The effects of BL concentration on FITC-
positive cell rate and cell viability are shown in
Ficure 2A. The FITC-positive cell rates using
0.1, 0.2 and 0.3 mg/ml BL were 11.45 + 4.04,
26.61 + 5.72 and 19.54 + 2.22%, respectively,
with significant differences between 0.2 and
0.1 or 0.3 mg/ml. The cell viabilities using
0.1, 0.2 and 0.3 mg/ml BL were 90.24 + 8.40,
72.32 £ 10.67 and 51.05 + 12.09%, respectively.

m Interval from BL addition to US exposure
The effects of interval from the BL addition to
US exposure on FITC-positive cell rate and cell
viability are shown in Ficure 2B. The FITC-
positive cell rates 15, 30, 60 and 300 s after the
BL addition were 10.46 + 0.03, 15.92 + 3.05,
12.56 + 2.40 and 5.27 + 1.49%, respectively,
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with significant differences between 30 and 15 or
300s. The cell viabilities 15, 30, 60 and 300 s after
the BL addition were 68.46 + 10.78, 64.96 + 2.81,
78.87 + 8.27 and 89.28 + 6.72%, respectively.
Taken together, the results show that the
optimum conditions of BL are as follows: US
intensity: 1 W/cm?; US exposure time: 10 s; BL
concentration: 0.2 mg/ml and interval: 30 s.

m siRNA transfection using UBL at the
optimum conditions determined by the
simulation experiment in vitro & in vivo

At 24 h after treatment with UBL and luciferase
siRNA, luciferase activity was not significantly
suppressed compared with treatment with UBL
and nonspecific siRNA (Ficure 3). However,
48 h after treatment with UBL and luciferase
siRNA, luciferase activity was significantly sup-
pressed compared with treatment with UBL and
nonspecific siRNA (p = 0.036; Ficure 3).

The luciferase activities of the two groups
increased with time (Ficure 4A). The luciferase
activity in the group treated with UBL and lucif-
erase siRNA tended to be suppressed compared
with that in the group treated with UBL and
nonspecific siRNA up to 3 days after treatment
(Ficure 4B). However, there was no significant
difference between both groups (Ficure 4B).

m Histological toxicity of UBL

Ultrasound-irradiated skin showed no recogniz-
able changes in appearance (data not shown).
Pathological changes in the skin following US
exposure were not confirmed in mice treated
with 0, 1 or 2 W/em?US (Ficure 5). Neutrophilic
infiltration was, however, confirmed in mice
treated with 3 or 4 W/cm?US (Ficure 5; arrow).

Discussion & conclusion

This study mainly demonstrated the optimum
conditions of UBL for siRNA transfection to
the human bladder cell line RT-112". Gene or
nucleic acid transfer utilizing UBL is expected
to be a novel and promising strategy to over-
come the severe adverse effects of intravesical
administration of BCG currently used in clin-
ics (2. However, sonoporation has adverse
effects according to the US energy and other
conditions when it is used [28-30). We therefore
initially conducted several simulation experi-
ments utilizing FITC-dextran transfer to cells
asa surrogate marker to determine the best con-
ditions of UBL with least toxic and maximum
transfer effects. The molecular weight (MW) of
FITC-dextran used in the present experiments
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Figure 2. Determination of d destruction of
bubble liposome conditions. (A) Effects of bubble liposome (BL) concentration on
the rate of FITC-positive cells and cell viability in ultrasound-mediated destruction of
BL (UBL). There were significant differences in the rate of FITC-positive cells between
0.2 and 0.1 or 0.3 mg/ml. (B) Effects of intervals from BL addition to ultrasound
exposure on the rate of FITC-positive cells and cell viability in UBL. There were
significant differences in the rate of FITC-positive cells between 30 and 15 or 300 s.
*p < 0.05.

FITC: Fluorescein isothiocyanate; BL: Bubble liposome.
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Relative luciferase activity

was 10 kDa. Therefore, the pharmacodynamics
of FITC-dextran according to the conditions
of UBL may be extrapolated to that of siRNA,
which has a MW of approximately 20 kDa.
Our preliminary study suggests that the BL
should be used within 10 min after preparation,
possibly due to its instability (data not shown).
The optimum US intensity was further deter-
mined utilizing FITC-dextran transfer to cells.
The ratio of FITC-positive cells increased but
cell viability decreased in an intensity-depend-
ent manner. These results indicate that higher
gene transfer can be obtained by induction of
microbubble collapse using higher US inten-
sity, although such intensity was confirmed to
cause cell toxicity. The optimum US intensity
obtained in vitro appeared to be 1 W/cm? for
siRNA transfer. These results are consistent
with data published previously 17,18.31]. We also
determined the optimum US exposure time by
carrying out US irradiation to the cells for 10,
30 or 50 s. There were no significant differ-
ences in the rate of FITC-positive cells and
cell viability in these three groups (Ficure 1B).
The present results were not in agreement with
those of previous reports utilizing Optison™,
wherein higher gene transfer was obtained with
longer US exposure time [18.32]. Although the
reason for these inconsistencies remain difficult
to elucidate, it may be reasonable to conclude

24 h after the UBL

48 h after the UBL

Figure 3. Suppression of luciferase activity by ultrasound-mediated
destruction of bubble liposome with various siRNAs. Luciferase activity was
affected by UBL with luciferase siRNA. There was a significant difference in the
suppression of luciferase activity between UBL with luciferase siRNA and UBL with
nonspecific siRNA 48 h after treatment.

*p < 0.05.

Luc: Luciferase siRNA; NS: Nonspecific SiRNA; NT: Nontreatment;
UBL: Ultrasound-mediated destruction of bubble liposome.

that a shorter US exposure time may be advan-
tageous for US therapy in terms of exerting
weaker adverse effects. In this study, the opti-
mum US exposure time was determined to be
10 s. We also determined the optimum con-
centration of the BL for FITC-dextran trans-
fer to cells. The ratio of FITC-positive cells
in UBL with 0.2 mg/ml BL was the highest
in the three groups. In addition, cell toxicity
was higher when a higher concentration of the
BL was used. These results are consistent with
those of previous reports [20,32) and indicate a
clear relationship between BL concentration
and US effect. In this study, the optimum BL
concentration was determined to be 0.2 mg/ml.
Furthermore, we determined the optimum
interval of the initiation of US exposure after
the addition of the BL to the cell suspension.
It was found that the optimum interval time
was 30 s for the most effective FITC-dextran
transfer to the cells. We speculated thac the
BL distributed throughout the solution 30 s
after the addition of the BL and that the BL
may be degraded afterward (Ficure 2B). Taken
together, several simulation experiments sug-
gest the following optimum conditions of UBL:
US intensity: 1 W/cm?; US exposure time: 10's;
BL concentration: 0.2 mg/ml; interval: 30 s.

In addition, we found that UBL for luciferase
siRNA transfer could suppress the expression
of luciferase in RT-112" cells (Ficure 3). The
results demonstrated that the optimal UBL con-
ditions determined in this study could enable the
transfer siRNA to cells.

The in vivo study demonstrated that within
48 h after UBL, luciferase activity with UBL
for luciferase siRNA decreased compared with
luciferase activity with UBL for nonspecific
siRNA (Fiure 4). However, this suppression
disappeared 72 h after the treatment. This
result is consistent with a previous report on
sonoporation for the salivary gland, in which
it was suggested that reduction of the RNAi
effect was caused by siRNA degradation [15]. It
was also previously suggested that the reduction
of the RNAI effect in a dividing subcutaneous
tumor might be caused by siRNA shortage due
to tumor growth (3,33].

In the present study, UBL for siRNA transfer
did not suppress luciferase activity significantly
(Ficure 4B). From the in vivo experiment, only a
slight neutrophil infiltration as a result of inflam-
mation was observed at 3 or 4 W/cm? US irradi-
ation (Fiure §; arrow). Therefore, we speculate
that higher US intensity may be used and this
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achieves higher efficiency. Previous reports have
demonstrated that sonoporation with higher US
intensity mediates higher efficiency (14,17.31).

The present study demonstrated that the
RNALI effect was reduced 3 days after UBL
treatment (Ficure 4B). Since the maximum
effect of RNAi was confirmed 2 days after UBL
in a previous study [15] and the present study
(Ficure 4B), serial UBL treatments after trans-
urethral resection may contribute to continued
gene SuPPICSSiOﬂ and adequate preven(ion Of
tumor recurrence. In PraC(iCC, no severe adVCrSe
effects were observed when UBL treatment
was administered three times for mouse skin
(Ficue 5). Therefore, multiple UBL treatments
may be feasible for in vivo experiments as well
as clinical use.

Another point of concern for the improve-
ment of this method is to prevent naked siRNA
from degradation by nuclease activity in the
body. Since RNA is more degradable than DNA,
siRNA may be degraded by nuclease in body
fluids [34). To protect siRNA from the degrada-
tion, chemical modifications such as cholesterol-
modified siRNAs [35) or 2"-O-methyl-modified
siRNAs [36] could be investigated.

Although an in vivo experiment with a sub-
cutaneous tumor was conducted in the pres-
ent study, UBL for siRNA transfer must be
assessed in an orthotopic murine bladder tumor
model (6,37). In addition, for the future implica-
tion of UBL for siRNA transfer in the treatment
of superficial bladder cancer, the target gene of
this particular disease must be identified. When
these areas have been addressed by UBL for
siRNA transfer, UBL can be a novel, promising
and powerful tool for the treatment of superficial
bladder cancer.

Future perspective

In the future, optimal modification of US condi-
tions or dose schedule for UBL may contribute to
the suppression of the target gene in superficial
bladder cancer. Furthermore, UBL may contrib-
ute to the prevention of recurrence of superficial
bladder cancer.
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Figure 5. Adverse effects of ultrasound-mediated destruction of bubble liposome in vivo.
Hematoxylm and eosin staining of skin (original magnification x 20). There were only slight

infiltrations of neutrophxls (arrow) at 3 or 4 W/cm? ultrasound exposure. Other adverse effects were
not confirmed.
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The ratio of FITC-positive cells increased in an intensity-dependent manner.

The optimum conditions for UBL were determined as follows: ultrasound intensity: 1 W/cm?2; US exposure time: 10 s; BL concentration:

0.2 mg/ml; interval: 30 s.

The optimum UBL conditions determined in this study enabled siRNA transfer to cells.

The in vivo study demonstrated that during the 48 h after UBL, luciferase activity with UBL for luciferase siRNA decreased compared with
* luciferase activity with UBL for nonspecific siRNA. However, this suppression disappeared 72 h after the treatment. UBL conditions must

therefore be improved to obtain higher siRNA transfer.

= We initially conducted several simulation experiments utilizing fluorescein isothiocyanate (FITC)-dextran transfer to cells as a surrogate
marker to determine the best conditions for ultrasound-mediated destruction of bubble liposome (UBL) with least toxic and maximum
transfer effects.
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Polymeric micelles are ideally suited to exploit the EPR effect, and they have been used for the delivery ofa
range of anticancer drugs in preclinical and clinical studies.

NKO12 is an SN-38-loaded polymeric micelle constructed in an aqueous milieu by the self-assembly of an
amphiphilic block copolymer, PEG-PGlu(SN-38). The antitumor activity was evaluated in several orthotopic
tumor models including glioma, renal cancer, stomach cancer, and pancreatic cancer. Two independent
phase [ clinical trials were conducted in Japan and the USA.

In the preclinical studies, it was demonstrated that NKO12 exerted significantly more potent antitumor

:‘;g;:gm activity with no intestinal toxicity against various nrthomplc human tumor xenografts than CPT-11. In
SN-38 clinical trials, p i toxicity was logic toxicity, ially diarrhea, was
Clinical trial mostly Grade 1 or 2 during study treatments. Tom 8 partial responses were obtained.
According to data of preclinical studies, NK012 showing with SN-38 release
may be ideal for cancer treatment because the antitumor activity of SN-38 is time dependent. Clinical studies
showed that NK012 was well tolerated and had antitumor activity including partial responses and several
occurrences of prolonged stable disease across a variety of advanced refractory cancers. Phase It studies are
ongoing in patients with colorectal cancer in Japan and in patients with triple negative breast cancer and
small cell lung cancer in the USA.
© 2010 Elsevier B.V. All rights reserved.
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1. Preface 4). CPT-11 is a prodrug and is converted to SN-38, a biologically active

Irinotecan hydrochloride (CPT-11) is now approved for the
treatment of various cancers including colorectal and lung cancers [1-

* This review is part of the Advanced Drug Delivery Reviews theme issue on “EPReffect
based drug design and clinical outlook for enhanced cancer chemotherapy”.
* Tel.: +814 7134 6857; fax: +814 7134 6866.
E-mail address: yhmatsum@east.ncc.go.jp.
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metabolite of CPT-11, by carboxylesterases (CEs). SN-38 is an analog of
the plantalkaloid camptothecin which targets DNA topoisomerase I. SN~
38 exhibits up to 1000-fold more potent cytotoxic activity against
various’ cancer cells in vitro than CPT-11 [5]. Although CPT-11 is
converted to SN-38 in the liver and tumors, the metabolic conversion
rate s less than 10% of the original volume of CPT-11 [6,7]. Moreover, the
conversion of CPT-11 to SN-38 depends on the genetic inter-individual
variability of CE activity [8]. Thus, further efficient use of SN-38 might be
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Table 1
Example of other DDS of campto in oncolgy.

e

of great advantage and maybe attractive for cancer treatment. To date,
many DDS of campto have been developed and some of them are now
under clinical evaluation (Table 1). Polymeric micelle-based anticancer
drugs were originally developed by Kataoka et al. in the late 1980s or
early 1990s [9-11]. Polymeric micelles were expected to increase the
accumulation of drugs in tumor tissues by utilizing the EPR effect [12].
Micelle system can also incorporate various kinds of drugs into their
inner core with relatively high stability by chemical conjugation or
physical entrapment. Also, the size of micelles can be controlled within
the diameter range of 20 to 100 nm to ensure that they do not penetrate
normal vessel walls. With this development, it is expected that the
incidence of drug-induced side effects may be decreased owing to the
reduced drug distribution in normal tissues. NK012 is an SN-38-loaded
polymenc micelle constructed in an aqueous milieu by the self-
J ofan iphilic block copolymer, PEG-PGlu(SN-38) [13).
In this paper, preclinical and clinical studies of NK012 were reviewed.

2. Preparation of an SN-38 conjugated poly(ethylene glycol)-poly
( ic acid) block copolymer [PEG-PGIu(SN-38)] for
NKO012 construction

PEG-PGlu(SN-38) was synthesized as follows: a poly(ethylene
glycol)-poly(glutamic acid) block copolymer [PEG-PGlu] was prepared

Polyethylene glycol

(Hydrophilic) /

Modified polyglutamate
(Hydrophobic)

according to the technique reported previously [14,15]. SN-38 was
covalently introduced into the poly(glutamic acid) [PGlu] segment by the

ion reaction b the carboxylic acid on PGlu and
the phenol on SN-38 with 1,3-diisopropylcarbodiimide and N,N-
idine at 26 'C. C quently, the poly(glutamic acid)
d sufficient hy icity. Accordingly, NK012 was
constructed with self-assembling PEG~PGlu(SN-38), amphiphilic block
copolymers, in an aqueous milieu. NK012 was obtained as a freeze-dried
formulation and contained ca. 20% (w/w) of SN-38 (Fig. 1), The mean
particle size of NKO12 is 20 nm in diameter with a relatively narrow
range. The percentage released of SN-38 from NKO12 in phosphate
buffered saline at 37 °C were 57% and 74% at 24 h and 48 h, respectively,
and thatin 5% glucose solution at 37 °Cwere 1%¥and 3% at24hand48 h,
respectively. These results indicate that NKO12 can release SN-38 under
neutral condition even without the presence of a hydrolytic enzyme, and
is stable in 5% glucose solution. In the formulation of NK012, SN-38 is
bound to carboxyl group of hydrophobic chain of the block copolymer via
ester bond and hydrolyzed to release SN-38. This ester bond may be cut
gradually but efficiently at weak basic condition (PBS, pH 7.4) but very
stable at weak acidic condition (5% glucose, pH 4.0). Consequently, it is
suggested that NKO12 is stable before administration and starts to release
SN-38, the active component, inside a tumor following the accumulation
of micelles into tumor tissue by utilizing the EPR effect.

Lo

3. Preclinical studies
3.1. Pancreatic cancer

Human pancreatic cancer is well known to have the worst prognosis
[16]. At the time of diagnosis, the vast majority of the cancer extends
beyond the pancreas. Direct invasion to nearby organs such as the
stomach, duodenum, colon, spleen, and kidney is common. Distant
metastasis to the liver and peritoneal dissemination are also common
[17.18]. Gemcitabine is a first-line therapy for patients with advanced
pancreatic cancer; however, only a response rate within 6-11% was

NKO012

Fig. 1. Schematic structure of NKO12. A polymeric micelle carrier of NK0O12 consists of a block copolymer of PEG (molecular weight of about Mw., 12,000 Da) and partially modified

(about 20 units). glycol

lic) is believed to be the outer shell and SN-38 was incorporated into the inner core of the micelle.
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Fig. 2. (A} Number of blood vessels in orthotopic SUIT-2 tumor xenografts and subcutancous (S.C.) tumor xenografts, After immunostaining with anti-factor VIIf antibody, the
number of tumor blood vessels (arrows) in each xenograft was counted. Column, mean +SD. P<0.01 (nnholopu: vs 5.C.). Scale bar 200 pm. (B) Anmumor effects of NKO12 in
orthotopic tumor xenografts. Mice bearing SUIT-2 tumors were assigned into 4 groups 21 days after tumor i ion. Mice were i with NK012 (0)
(30 mg/kg/day), CPT-11 (A) (66.7 mg/kg/day), and 0.9% NaCl solution (@) (as a control) on days 0 (21 days after tumor inoculation), 4, and 8. Gemcitabine (£3) (16.5 mg/kg/day)
was administrated intraperitoneally on days 0, 3, 6, and 9. Representative luminescence intensity images obtained in individual control and treatment group mice on days 0 and 9.
Points; mean+ SD. P=0.0074 (NKO12 vs control), P=0.0231 (NK012 vs CPT-11), P=0.0239 (NKO12 vs gemcitabine).
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observed in pancreatic cancer patients treated with gemcitabine [ 19,20].
The recent success of molecular-targeting agents has some impact on
pancreatic cancer treatment. A recent phase Il trial of gemcitabine alone
vs gemcitabine and erlotinib (a tyrosine kinase inhibitor) in patients
with advanced pancreatic cancer showed that overall survival was
significantly improved with gemcitabine and edoumb compared with
gemcitabine and placebo. However, the lmprovement in median overall
survival with gemcitabine and erlotinib was modest (6.24 months vs
591 months) [21]. Therefore, novel therapeutic approaches against
invasive advanced pancreatic cancer are urgently needed. There are
several reasons why pancreatic cancer is intractable clinically. One is
that anticancer drugs are not efficiently and sufficiently delivered to the
cancer cells within pancreatic cancer tissues. This is because human
pancreatic canceris hypovascular [22,23] and is rich in interstitial tissue,
which may hinder efficient distribution of anticancer drugs to the entire
pancreatic cancer tissue. We used an orthotopic pancreatic tumor model
to evaluate the antitumor effects of NKO12 because the orthotopic
pancreatic cancer xenografts showed poorer vasculature and more
abundant mtersutlum than me ubc tumor

(Fig. 2A). N ination acc d the ortho-
topic tumor. We have shown that NKO12 has potent antitumor effects
against arthotopic pancreatic tumors compared with gemcitabine and
CPT-11, and that NKO12 decreased the number of metastatic nodules in
the peritoneal cavity (Fig. 2B). Thus, we admonish that it is better to use
orthotopic tumor xenografts to evaluate antitumor activity against
cancer characterized by few tumor vessels and high amount of tumor

stroma. » enhanced acc distribution, and retention
of polymeric micelle-based anticancer drugs within the tumor tissue
and the sustained release of anticancer drugs from the micelles are key
elements for the treatment of hypovascular tumors [24).

3.2, Lung cancer

The median survival of small cell lung cancer (SCLC) patients treated
with the CPT-11/cisplatin (cis-dichlorodiammineplatinum (If): CDDP)
combination was sngmﬁcanlly longer than that of SCLC panents treated
with the etoposide/CDDP combination in a 4 phase Il study
conducted by the Japanese Cooperative Oncology Group (JCOG) [25].
Therefore, CPT-11/CDDP is considered to be one of the most active
regimens against SCLC in Japan. One of the major clinically important
toxic effects or dose limiting factors of CPT-11 is severe late-onset
diarrhea [26]. We previously demonstrated that there was no significant
difference in the kinetic character of free SN-38 in the small intestine of
mice bearing the SCLC cell line SBC-3 and treated with NK012 and CPT-11
{13]. Inthis context, we investigated the advantages of NK012/CDDP over
CPT-11/CDDP in mice bearing a SCLC xenograft in terms of antitumor
activity and toxic effects, particularly intestinal toxicity. A significant
difference in the relative tumor volume on day 30 was found between
NKO012/CDDP and CPT-11/CDDP treatments, Inflammatory changes in
the small intestinal mucosa were rare in all NKO12-treated mice, but
were commonly observed in CPT-11-treated mice (Fig. 3). Moreover, a
large amount of CPT-11 was excreted into the feces and high CPT-11

Control

CPT-11

CDDP+CPT-11

NK012

CDDP+NK012

Je junum

Fig. 3. ical findings and
jejuna mucosa. Severe glandular

Active i ion with i

ic mucesal changes (arrows) in mouse. CPT-11 treatment group: healed erosion with fibrotic changes and lymphocytic invasion in the
y cell invasion and disappearance of gland ducts on the ileal mucosa. CPT-11/CDDP treatment

group: healed erosion with scar-like fibrotic growth in the jejuna mucosa and mild inflammatory cell invasion into the ileal mucosa. NK012, NK012/CODP treatment group and
control: no inflammatory changes in the ileal mucosa. Mild shortening and decreased number of villi or mild inflammatory cell invasion in the jejuna mucesa in the NK012/CDDP

treatment group.



