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Introduction: Peritoneal disseminated ovarian cancer is one of the most difficult cancers to
treat with conventional anti-cancer drugs and the treatment options are very limited, although
an intraperitoneal (ip) paclitaxel has shown some clinical benefit. Therefore, treatment of peri-
toneal disseminated ovarian cancer is a highly unmet medical need and it is urgent to develop
a new ip delivered drug regulating the fast DNA synthesis.

Methods: We developed a unique RNAi molecule consisting of sSiIRNA against the thymidylate
synthase (TS) and a cationic liposome (DFP-10825) and tested its antitumor activity and PK
profile in peritoneally disseminated human ovarian cancer ascites models by the luciferase gene-
transfected SCID mice. DFP-10825 alone, paclitaxel alone or combination with DFP-10825
and paclitaxel were administered in an ip route to the tumor-bearing mice. The TS expression
level was measured by conventional RT-PCR. The anti-tumor activity and host survival benefit
by DFP-10825 treatment on tumor-bearing mice were observed as resulting from the specific
TS mRNA knock-down in tumors.

Results: DFP-10825 alone significantly suppressed the growth of SKOV3-luc tumore ascites
cells and further extended the survival time of these tumor-bearing mice. Combination with
the ip paclitaxel augmented the antitumor efficacy of DFP-10825 and significantly prolonged
the survival time in the tumor-bearing mice. Short-hairpin RNA for TS (TS shRNA) levels
derived from DFP-10825 in the ascetic fluid were maintained at a nM range across 24 hours
but not detected in the plasma, suggesting that TS shRNA is relatively stable in the peritoneal
cavity, to be able to exert its anti-tumor activity, but not in blood stream, indicating little or
no systemic effect.

Conclusion: Collectively, the ip delivery of DFP-10825, TS shRNA conjugated with cationic
liposome, shows a favorable antitumor activity without systemic adverse events via the stable
localization of TS shRNA for a sufficient time and concentration in the peritoneal cavity of the
peritoneally disseminated human ovarian cancer-bearing mice.

Keywords: DFP-10825, thymidylate synthase, short-hairpin RNA, cationic liposome, ip
delivery, intraperitoneal dissemination, ovarian cancer

Introduction

Peritoneal carcinomatosis (PC), caused by advanced abdominal malignancies, such as
those of the ovarian and gastrointestinal (gastric and pancreatic) tracts, has an extremely
poor prognosis in the world. Therefore, the development of specific intraperitoneal (ip)
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drugs using newly emerging cytotoxic and molecular targeted
compounds, or new drug delivery systems is an urgent unmet
need and essential to improve the efficacy, without severe side
effects, of the ip therapy in patients.! In ovarian cancer, the
recurrence rate in advanced stage III-IV patients is estimated
over 85% and their long-term prognosis is very poor.>* There-
fore, control of recurrent ovarian cancer in the abdominal cav-
ity is thought to be one of the best ways of increasing survival
rate in ovarian cancer. At present, ip chemotherapy with pacli-
taxel plus cisplatin in addition to intravenous paclitaxel and
cisplatin has attained the most prolonged median survival time
(MST) in patients with PC.** However, the problem with the
therapy is substantially toxicity which bone marrow suppres-
sion associated with severe leukopenia and thrombocytopenia
in the ip chemotherapy group, and it is recommended to add
a reduction of the toxicity from just ip injection since it could
be due to the combination of iv administration. Accordingly,
such an ip approach with taxane and platinum drugs has not
yet become routine practice.® To improve the outcome in
patients with peritoneal disseminated ovarian cancer, new
drugs with low toxicity focused on the ip administration are
being developed from a viewpoint of inhibition of target
molecules in disseminated ovarian cancer.” '’

Regarding the rapidly growing ovarian cancer cells, there
are several pieces of evidence showing that thymidylate
synthase (TS), an important rate-limiting enzyme in tumoral
DNA biosynthesis, is highly expressed in both original and
metastatic (peritoneal) ovarian carcinomas.!'"* The TS
expression level (in both protein and gene expression levels)
in tumor has been suggested as the key determinant for the
efficacy, and the insensitive and resistant for TS-targeting
drugs including 5-FU and pemetrexed was innervated by
a status of the high and elevated levels of TS expression
which target the regulation of post-transcription of 7YMS
expression. Therefore, a monotherapy to control the 7YMS
expression and/or combination with antagonists of TS would
be a better approach for the antitumor activity.

In 2011, Kadota et al reported that when intratumorally
administered, TS-inhibiting vector downregulated the expres-
sion of TS mRNA and resultantly overcame the resistance
to 5-FU in human colon cancers."® Based on this evidence,
Abu Lila et al tried to develop a liposome-based drug delivery
system containing RNAi for TS instead of adenovirus vector
and evaluated the efficacy of PEG-coated RNAi-liposome
by intravenous administration in human colorectal cancer
cells, and also malignant pleural mesothelioma cells, in vitro
and in vivo.'%"

Because of instability of the bare RNAi molecule or its
conjugate with liposome in the blood stream following an

intravenous injection, and the requirement of rigorous con-
trolling for particle size of RNAi-liposome (up to 100 nm),
local administration of the RNAi-liposome is rather favorable
for locally advanced malignant tumors. Abu Lila et al showed
that the downregulation of TS by RNAi molecules enhanced
the antitumor activity of pemetrexed, the TS inhibitor, in an
orthotopic mesothelioma model in mice.'® We are interested
in evaluating the antitumor activity of the ip injection of
short-hairpin RNA for TS (TS shRNA) conjugated with
liposome further in peritoneal disseminated human ovar-
ian cancer; the more common and unmet medical need.

The present study describes the pharmacology and
pharmacokinetic/pharmacodynamic profile of DFP-10825,
the TS shRNA-cationic liposome (lipoplex), in a peritoneal
disseminated human ovarian cancer (SKOV3-luc) xenograft
in mice.

Materials and methods

Materials

TS shRNA (Figure 1) for clinical use by scaling-up synthesis
was obtained from Nitto-Denko Avecia Biotechnology Inc.
(Milford, MA, USA). Paclitaxel was purchased from Wako
Pure Chemical Inc. (Tokyo, Japan). Dioleoylphosphatidyl-
choline (DOPC) and dioleoylphosphatidylethanolamine
(DOPE), and O,0’-ditetradecanoyl-N-(o.-trimethyl ammonio-
acetyl) diethanolamine chloride (DC-6-14), for preparation of
cationic liposome (called lipoplex) were obtained from NOF
Inc. (Tokyo, Japan) and Nippon Fine Chemicals Inc. (Hyogo,
Japan), respectively. All other chemicals and biological
products of analytical grade were commercially available.

Tumor cells

Human ovarian cancer SKOV3 cells were purchased from
DS Pharma Biomedical Co. (Osaka, Japan) and maintained
in vitro as a monolayer culture in a Roswell Park Memorial
Institute (RPMI)-1640 medium supplemented with heat-
inactivated fetal calf serum containing penicillin (100 U/mL),
streptomycin (100 pg/mL) and L-glutamine (2 mM). SKOV3
cells expressing firefly luciferase (SKOV3-luc cells) were
generated by stable transfection with the firefly luciferase
gene (pGL3 basic plasmid; Promega, Madison, WI, USA)
in our laboratory and maintained in the same medium until
used in in vivo experiments.

Preparation of cationic liposome (lipoplex)
Cationic liposome composed of DOPE:DOPC:DC-16-4 (3: 2:
5 molar ratio) was prepared by the method of Abu Lila et al
as described previously.'® This lipoplex was not constructed
as a PEG modification.
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Day 0

Day 1

Figure | Newly designed structure of RNAi molecule for thymidylate synthase (TS shRNA) and preparation of DFP-10825.

Notes: TS shRNA is composed of 19 mer sense sequence, |5 mer loop sequence and 19 mer anti-sense sequence. The preparation of DFP-10825 from TS shRNA, and
shRNA entrapment and retention of the DFP-10825 after the preparation of cationic liposome (lipoplex). As the particle stability for the therapeutic molecules conjugation,
the free TS shRNA in the formulation (TS shRNA-lipoplexes, DFP-10825) of 2.0 mg/kg (as shRNA) was checked by agarose gel electrophoresis.

Preparation of TS shRNA-lipoplex
(DFP-10825)

For the preparation of TS shRNA/cationic liposome complex
(TS shRNA-lipoplex, DFP-10825, Figure 1), TS shRNA and
cationic liposome were mixed at a molar ratio of 2,000/1
(lipid:shRNA =2,000:1), and the mixture was vigorously
vortexed for 10 min at room temperature to form TS shRNA-
lipoplex (DFP-10825). The free TS shRNA in the formulation
(TS shRNA-lipoplex, DFP-10825) of 2.0 mg/kg (as shRNA)
was checked by agarose gel electrophoresis. As TS-shRNA
remained stable in the formulation, no free TS-shRNA was
detected up to day 3 after preparation (Figure 1). The mean
diameter and zeta potential of the DFP-10825 was 395432
nm and 31+2 mV (n=3), respectively, as determined with
an NICOMP 370 HPL submicron particle analyzer (Particle
Sizing System, Santa Barbara, CA, USA). The concentration
of phospholipids was confirmed by colorimetric assay.'® The
absence of free (un-bound) TS shRNA in prepared DFP-
10825 was evaluated by electrophoresis performed on 2%
agarose gel.

Animals and in vivo intraperitoneal

orthotopic implantation model

Six- to 8-week-old male SOD/SCID mice were purchased
from CLEA Japan IncHFK Animal Technology Co, Ltd.
(Beijing, People’s Republic of China) and were fed with a

sterilized diet and autoclaved water ad libitum. Mice were
kept in laminar units throughout the experiments.

The care and treatment of the animals were in accordance
with the guidelines issued by the Science and International
Affairs Bureau of the Japanese Ministry of Education,
Science, Culture and Sports. The experimental protocol was
performed after approval from the Institutional Animal Ethical
Committee in Delta-Fly Pharma, Inc., (Tokushima, Japan).

Groups of 8-10 SCID mice were used. Intraperitoneally
disseminated SKOV3-luc human ovarian cancer models
were prepared by ip injection of cultured SKOV3-luc cells
(5-10x10° cells/mouse) into mice, and bioluminescence
signals in the tumor-transfected mice were visualized using
an in vivo imaging system (IVIS, Xenogen, CA, USA). The
fluorescence images were acquired using an exposure time
of 1/8 second.

Therapeutic efficacy of DFP-10825 in an
intraperitoneal disseminated SKOV3-luc
cancer model

On day 7 of the peritoneal implantation of SKOV3-luc tumor
cells, DFP-10825 (0.5-2 mg/kg as TS shRNA) was adminis-
tered to the ip cavity in a schedule of every 3rd day (q3d) for
two or four doses. In a combination experiment, paclitaxel
at a dose of 15 mg/kg was intraperitoneally administered to
the tumor-bearing mice in the same way already described in
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addition to the DFP-10825 treatment. Tumor bioluminescence
imaging (BLI) were checked once a week and body weight
twice a week. Antitumor activity of DFP-10825, paclitaxel or
their combination was evaluated based on the mean BLI value
in the vehicle control and drug-treated groups as follows:

Tumor growth inhibition (TGI, %)
_ 1—Mean BLI in drug-treated group y

- 100.
Mean BLI in control group

Survival time of all animals was followed up and the MST
was calculated for each group. Increase in life span (ILS) was
calculated by formula: (MST of treatment group/MST of the
control group — 1) X100%, and was expressed as the percent-
age of increase over the life span of the control animals.

Determination of TS expression levels
(TS mRNAs) in SKOV3-luc human ovarian

cancer peritoneal disseminated model

TYMS expression (TS mRNA) in ovarian tumor ascites cells and
disseminated solid tumors was determined by real-time quan-
titative RT-PCR as described by Kadota et al'* and Fujiwara
et al.?* Briefly, peritoneal ascetic tumor cells and disseminated
tumors were collected from SKOV3-luc-bearing mice and their
total RNAs were extracted using RNAiso plus (TAKARA
Bio Inc, Shiga, Japan). In this procedure, RNaseZap RNase
decontamination solution was used throughout to remove
possible RNase contamination on benchtop and instruments.
First-strand cDNA synthesis was performed with 5-10 ng of
total RNA using a cDNA synthesis kit (Amersham Bioscience,
Piscataway, NJ, USA). To quantitatively measure the 7YMS
expression, TagMan real-time quantitative PCR was performed
with the ABI PRISM 7700 sequence detection system (Applied
Biosystems, Foster City, CA, USA). The primers and probes
for TS were from Tagman gene expression assay mix (assay ID
Hs00426586_m1, lot# 1312626; PCR product size 250 rxns;
Thermo Fisher Scientific, Waltham, MA, USA). Each sample
was run in triplicate. The comparative threshold cycle method
(Applied Biosystems) was used to calculate the gene expression
in each sample relative to the value observed in control (no drug)
tumor cells using 18S rRNA (Tagman gene expression assay
kit, ID: Hs99999901_s1 188, size 250 rxns; Thermo Fisher
Scientific) as a control for the normalization among samples.
RNA samples isolated from three mice were evaluated.

Determination of TS shRNA by

stem-loop RT-PCR
After ip administration of DFP-10825 (TS shRNA-lipoplex),
ascetic fluids and blood samples were isolated from

SKOV3-luc-bearing mice, and 100 pL of the 2x denaturing
solution and 200 uL of acid phenol-chloroform were added to
100 UL of each isolated sample solution. After vortexing for
60 sec and subsequent centrifugation at 10,000 g for 5 min,
aliquots (about 100 puL) of aqueous phase were added to
100% ethanol (125 uL), mixed well, moved to the filter car-
tridge and then centrifuged at 10,000x g. The filter cartridge
was washed with the mRNA wash solution (700 uL) and then
centrifuged. This procedure was repeated three times and
subsequently RNA solution from the washed filter cartridge
was extracted with nuclease-free water (100 uL) and kept
at —80°C until use in the reverse transcription reaction. For
TS shRNA, 3 uL of stem-loop RT primer (GTCGTATC
CAGTGCAGGGTCCGAGGTATTCGCACTGGATAC
GACAAAGTAA, HB1404288132; Thermo Fisher Sci-
entific) was added to 5 uL of isolated RNA solution, and
incubated at 85°C for 5 min and at 60°C for 5 min to denature
the RNA. For 18S rRNA as a reference standard, 3 uL of
random 9 mers (12.5 wmol/L) was added to the RNA solu-
tion (5 wL) and treated in the same way. After that, real-time
RT-PCR for TS shRNA and 18S rRNA was performed using
TagMan gene expression kits from Thermo Fisher Scientific,
respectively. The TagMan gene expression kit contains 10 uL
Master Mix, 4 UM probe, each 4 UM forward and reverse
primer and RT reaction mixture for TS shRNA, and 10 uL
Master Mix, small RNA assay for 18S rRNA (20X), nucle-
ase-free water and RT reaction mixture for 18S rRNA. The
quantitative PCR was performed with Stratagene MX3005P
PCR System (50°C for 2 min and 95°C for 10 min in 1 cycle
and then 95°C for 15 sec and 60°C for 60 sec in 40 cycles).
To analyze the data obtained, the threshold was calculated
by MXpro software automatically using the default setting
Export Ct value to Excel. Data of each sample were nor-
malized by using the following formula: ACt = average Ct
(TS shRNA) —average Ct (18S rRNA). Levels of TS shRNA
in ascites and blood samples were calculated on the standard
curve. By this stem-loop RT-PCR method, TS shRNA was
linearly detected at the range of from 15 pM to 228 nM in
the ascites and at the range of from 0.6 pM to 228 nM in the
blood, respectively, as shown in Figure 2.

Statistical analysis

The differences between the mean BLI values for comparing
groups were analyzed for significance using the one-way
analysis of variance (ANOVA). P<<0.05 was considered sta-
tistically significant. The differences between MSTs for com-
paring groups were analyzed for significance using Wilcoxon
test. P<<0.05 was considered statistically significant.
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shRNA spike in plasma
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shRNA spike in ascites
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Figure 2 Detection range of standard short-hairpin RNA for thymidylate synthase (TS shRNA) in ascites and plasma in mice bearing intraperitoneally disseminated ovarian

cancer cells.
Notes: TS shRNA was linearly detected at the range of 15 pM to 228 nM in the ascites and at 0.6 pM to 228 nM in the plasma. ACt (dR) was calculated as follows: ACt (dR) =

Ct (TS shRNA) — Ct (185 rRNA).

treatment period, from days 7 to 18. The TGI by DFP-10825
at 1 mg/kg reached a plateau, since the next dose (2 mg/
kg), and the highest dose tested in the model, did not result
in further augmented efficacy. The tumor wet weight was

Results
Dose dependent tumor growth inhibition
by DFP-10825 in peritoneal SKOV3-luc

tumor-bearing ascites xenografts in mice

After SKOV3-luc ovarian cancer cells were intraperitoneally
inoculated into mice, DFP-10825 of 0.5, 1 or 2 mg as TS
shRNA/kg was intraperitoneally administered q3d for four
doses from 7 days after the inoculation, and the tumor growth

measured at the end of the experiment, and the consistency
of the BLI signals and the tumor wet weight were confirmed
(data not included). To assess the tolerability or toxicity for
the ip delivery of DFP-10825, body weight was measured
in parallel in this model and no body weight change with

level was monitored in the BLI in each group when it reached
~50 photons x107. As presented in Figure 3, DFP-10825 at the
range of 0.5—1 mg/kg inhibited dose dependently the growth
of ascetic tumor, measured as the BLI signal throughout the

N

a

o
]

- N
a o
o o
1 1

100

BLI (photons/s x107)
(&)
o

7 14 21 28 35
Days post-tumor implantation

DFP-10825 treatment was observed compared to that in the
vehicle control group. These data indicate that DFP-10825 as
monotherapy against the TS RNA expression is an effective
approach for peritoneal disseminated ovarian cancer without
28 1
26 1
24 4
22 4

20 ~

18 4

Body weights (g £ SD)

16 . . . . . . . .
6 11 16 21 26 31 36 41 46
Days post-tumor implantation

—0— Vehicle control
—a— DFP-10825, 1.0 mg/kg as shRNA

—o— DFP-10825, 0.5 mg/kg as shRNA
—a— DFP-10825, 2.0 mg/kg as shRNA

Figure 3 Dose-dependent antitumor activity and toxicity of DFP-10825 on peritoneal disseminated model of SKOV3-luc human ovarian cancer xenografted into

NOD/SCID mice.

Notes: After intraperitoneal inoculation of SKOV3-luc cells (1x107) into 7-8 mice, 0.5, | and 2 mg/kg of short-hairpin RNA for thymidylate synthase (TS shRNA; with
2,000-fold of lipoplex as molar basis) were intraperitoneally administered, respectively, by schedules of q3d x4. On day 7, 14, 21 and 28, bioluminescent signals in mice were

monitored and antitumor activity of each dose was evaluated.
Abbreviations: BLI, bioluminescence imaging; q3d, every 3 days.
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Vehicle control DFP-10825 Paclitaxel DFP-10825 + paclitaxel

3#  8# 23# 24# 25# 33# 34# 30# 4B# 53  10# 154 18# 26# 27# 31# 35# 41# 524 56# 1# 4# TH O# 3% 14# 22# 42# 55# 58# 2# 16# 20# 28# 30# 36# 40# 43# 59# 60#

Figure 4 Tumor bioluminescent signals in mice-bearing SKOV3-luc tumor cells treated with DFP-10825, paclitaxel and their combination.

Notes: After intraperitoneal inoculation of SKOV3-luc cells (Ix107) into 10 mice, DFP-10825 (I mg/kg of short-hairpin RNA for thymidylate synthase [TS shRNA] with
2,000-fold of lipoplex as molar basis), paclitaxel (15 mg/kg) and their combination were intraperitoneally administered, respectively, by schedules of every 3rd day for four
doses. On day 7, 14, 21 and 26, bioluminescent signals in each group were monitored.

any change in body weight for the host. A typical BLIsignal  in drug-treated mice were found to visually decrease com-
in SKOV3-luc-bearing mice is shown in Figure 4. pared with those in the vehicle control group. As shown in

. . Figure 5, the treatment with combination of DFP-10825 (as
Antitumor effect of DFP-10825, paclltaxel TS shRNA) and paclitaxel resulted in significant TGI, and

and their combination on SKOV3-luc decreased luciferase-derived BLI signals in mice (in par-
tumor ascites model ticular, the additive effect was shown better in a log scale).
From day 7 after SKOV3-luc cells were inoculated into  Based on monitored BLI signals in each mouse of each group,
the ip cavity of mice, DFP-10825 (1 mg/kg as TS shRNA), antitumor activity (% of TGI) of DFP-10825, paclitaxel and
paclitaxel (15 mg/kg) and their combination were intra-  their combination was calculated and is presented in Table 1.
peritoneally administered q3d %2 times. BLI signals in ~ DFP-10825 (1 mg/kg as TS shRNA) resulted in significant
tumor-bearing mice of each group during the therapeutic  (P<<0.05) TGI with 56%, 70% and 65% on days 14, 21
periods (days 7-28) are illustrated in Figure 4. BLI signals  and 28, respectively. In this tumor model, ip paclitaxel also

1,000 y 130

-

N

o
1

100 §

-

=y

o
1

10 o

-

o

o
1

e

T T T T ] | | | I 1
5 10 15 20 25 30 5 10 15 20 25 30

Days post-tumor implantation Days post-tumor implantation

Mean body weight
change (% initial)
8
1

BLI (photons/s x107)

]
o

0.1

—o— Vehicle control -2 DFP-10825, 1 mg/kg as TS shRNA
—4— Paclitaxel, 15 mg/kg — DFP-10825, 1 mg/kg + paclitaxel, 15 mg/kg

Figure 5 Growth inhibitory effect and body weight change of DFP-10825, paclitaxel and their combination on intraperitoneal disseminated SKOV3-luc tumor xenografts
in mice.

Notes: From day 7 after intraperitoneal (ip) implantation of tumor cells, DFP-10825 (I mg/kg of short-hairpin RNA for thymidylate synthase [TS shRNA] with 2,000-fold
of lipoplex as molar basis), paclitaxel (15 mg/kg) and their combination were intraperitoneally administered by every 3rd day for two doses, and bioluminescent signals in
tumor-bearing mice (n=10) were monitored on day 7, 14, 21 and 28, respectively. BLI value and tumor growth inhibition (TGI, %) in tumor-bearing mice treated with each
drug are shown in detail in Table I.

Abbreviations: BLI, bioluminescence imaging; q3d, every 3 days.
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Table | Growth inhibitory effects of DFP-10825, paclitaxel and their combination in disseminated ascites model of SKOV3-luc ovarian

cancer xenografts

Group Day 7 Day 14 Day 21 Day 28

(BLI?) (BLI?) (TGL> %) (BLIP) (TGL> %) (BLI?) (TGL,> %)
Vehicle 10.9+0.6 35.3£3.3 - 112.9+8.5 - 240.1+16.6 -
DFP-10825 10.8+0.5 15.5+].8*% 56.1 34.0+6.2* 69.9 84.5+10.8* 64.8
Paclitaxel 10.7+0.5 8.5+].0%* 76.0 4.1£0.5%* 96.4 3.540.3%* 98.5
DFP + paclitaxel 10.8+0.5 3.740.5%F 89.5 1.0£0.2%* 99.1 0.9£0.2%* 99.6

Notes: On days 7, 14, 21 and 28 after inoculation of SKOV3-luc cells into mice, tumor growth in each mouse was calculated as BLI signals, and growth inhibitory activity of
DFP-10825, paclitaxel and their combination was evaluated as % of TGl to vehicle group. *“Tumor bioluminescence imaging signals, ®tumor growth inhibition. *, **Significantly
different (P<<0.05, P<<0.01, respectively) from vehicle control group. Data presented as mean * SD unless otherwise indicated.

Abbreviations: TGI, tumor growth inhibition; BLI, bioluminescence imaging.

showed excellent antitumor activity with TGI of 76%, 96%
and 98% on days 14, 21 and 28, respectively. Due to the
potent antitumor activity of paclitaxel alone, addition of
DFP-10825 to paclitaxel only resulted in a little augmenta-
tion of antitumor activity with about 89%, 99% and 100%
of TGI on days 14, 21 and 28, respectively.

No body weight change in DFP-10825 groups compared
to that of the control group was evident. Interestingly, no
body weight change in the combination treatment was
observed ecither (slightly increased body weights, around
5%, over the end of the treatment period). Accordingly,
in this SKOV3-luc model, it was strongly suggested that
DFP-10825, paclitaxel and their combination could be a
new therapy option for patients with peritoneal disseminated
human ovarian cancer and well tolerated for both single and
combination therapies.

Life-prolonging effect in SKOV3-luc-
bearing mice by the treatment with DFP-
10825, paclitaxel and their combination
After the drug treatments, survival time in mice (n=10) was

monitored for 100 days after the tumor implantation. As
shown in Table 2, the MST for vehicle control, DFP-10825,

Table 2 Survival rates in NOD/SCID mice bearing peritoneal
disseminated cells of SKOV3-luc ovarian cancer xenografts
treated with DFP-10825, paclitaxel and their combination

Treatments Doses MST= (days) ILS® (%) P-valuec
Vehicle control  Non 29.0 - -
DFP-10825 | mg/kg* 34.0 17.2 <0.01
Paclitaxel I5 mg/kg 62.0 113.8 <0.01%
DFP-10825 + | mg/lkg’+  83.0 186.2 <0.01#
paclitaxel 15 mg/kg

Notes: After drug treatment, survival time in mice (n=10) was monitored for
100 days after tumor implantation. Median survival time (MST) was 29 days for
vehicle control, 34 days for DFP-10825 alone, 62 days for paclitaxel alone, and
83 days for combination of DFP-10825 with paclitaxel. *Median survival time,
bincrease in life span, Ssignificantly different from control group for MST, ‘as shRNA
dose. “Significantly different (P<<0.01) from DFP-10825 group. #Significantly different
(P=<0.01) from paclitaxel group.

paclitaxel and DFP-10825 plus paclitaxel groups was 29, 34,
62 and 83 days, respectively, and ILS in DFP-10825, pacli-
taxel and their combination groups was 17.2% (P=0.007),
113.8% (P<<0.01) and 186.2% (P<<0.01), respectively. It is
worth pointing out that the combination treatment with DFP-
10825 and paclitaxel showed an additive effect in parallel
with that of the inhibition of tumor growth (Figures 4 and 5).
This further supports the notion that the combination therapy
can be a better option as it completely controls the TS activity
at both transcriptional and protein levels.

TS shRNA levels in ascites and blood
for post-intraperitoneal injection of
DFP-10825 in SKOV3-luc tumor-bearing

ascites mice

The ip delivered DFP-10825 sufficiently inhibited the growth
of intraperitoneally disseminated SKOV3-luc cells in mice
and resultantly prolonged the survival of the tumor-bearing
mice. To confirm the specificity and PK profile of DFP-
10825 (TS shRNA) in peritoneal disseminated tumor cells
with ascites, it is important to detect TS shRNA level in the
peritoneal ascites and bloodstream of mice post-injection of
DFP-10825. After administration of DFP-10825 (1 mg/kg
as TS shRNA), TS shRNA contents in ascites and blood of
the tumor-bearing mice (n=3) were measured at 2, 4, § and
24 hours, as shown in Figure 6. Throughout 24 hours after the
administration, the level of TS shRNA could be detected in the
ascetic fluids, and TS shRNA concentration in ascites samples
was 4.26%1.00, 3.85+0.78, 1.79£0.51 and 0.68+0.24 nM at
2, 4, 8 and 24 hours post-dosing, respectively. The concen-
tration of ascites at pre-dosing was 2.23+0.54 mL and after
24 hours from the shRNA dosing was 0.61+0.49 mL. By
striking contrast, 0.005+£0.002 nM of TS shRNA was detected
in the bloodstream only at 2 hours post-dosing. These results
indicate that TS shRNA after the local delivery of DFP-10825
reached a sufficient concentration to control the TS mRNA
expression and maintained at a nM range in the ascites up to
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Figure 6 Short-hairpin RNA for thymidylate synthase (TS shRNA) levels in ascites
fluid and plasma of SKOV3-luc-bearing mice following intraperitoneal administration
of TS shRNA-lipoplex (DFP-10825).

Notes: TS shRNA levels in ascites were maintained at nM range (0.8—4.5 nM) over
24 hours, while those in plasma were extremely low (under 5 pM) at 2 hours after
administration of DFP-10825; half-life time (T,,) of TS shRNA was 8.8 hours in
ascites. The small figure in the upper right is presented as log scale.

8 hours, without meaningful detection of it in the bloodstream.
This supports the effectiveness and desirable PK profile for the
local delivery system of DFP-10825 and further contributes
to the specific activity via the downregulation of TS mRNA
expression that results in the inhibition of ovarian cancer
ascites cell growth while having few adverse events in accor-
dance with the very limited systemic distribution.

Inhibition of TYMS expression in
SKOV3-luc tumor ascites cells after
ip administration of DFP-10825

To demonstrate mode of action of the specificity for the anti-
tumor activity of DFP-10825 in SKOV3-luc tumor ascites
cells, the expression of TS mRNA in tumor cells with ascites
was investigated at 24 hours after treatment with DFP-10825.
As presented in Figure 7, DFP-10825 significantly (P<<0.05)
downregulated the expression of TS mRNA, while paclitaxel
did not affect the expression. The suppression of TS mRNA
expression (P<0.1) in the combination therapy appears to be
due to the action of DFP-10825. Accordingly, it is suggested
that the ip administration of DFP-10825 inhibits the growth
of disseminated ovarian cancer ascites cells in the peritoneal
cavity via downregulation of the TS mRNA expression.

Discussion

Ovarian cancer is the most lethal malignancy in the field of
gynecology, and peritoneal dissemination is the most fre-
quent type of metastasis of such a type of advanced cancer,
which results in a poor prognosis, with a 5-year survival rate
of <25%.% In addition to systemic chemotherapy including

Tumor cells from ascites

1.5%10°% —
—_ P<0.1
[ | |
w3
= = 1.0x10° — - P<0.05
oS — ‘| I
> 9
5 @
o @ 50x10° -
X o
X
[
0 T T
Vehicle DFP- Paclitaxel DFP-10825+
control 10825 paclitaxel

Figure 7 Thymidylate synthase (TS) mRNA expression levels in intraperitoneal
ascites tumor cells of ovarian cancer-bearing mice after intraperitoneal DFP-10825.
Notes: 18S rRNA was used as the normalization control. Relative gene expression
level of TS was 272t [~ACt = average Ct (TS) — average Ct (18S rRNA)]. TS mRNA
expression was significantly suppressed in ascites tumor cells after intraperitoneal
administration of DFP-10825 alone or in combination with paclitaxel. In this
experiment, paclitaxel alone did not downregulate the expression of TS mRNA in
ascites tumor cells.

taxane and platinum drugs, ip chemotherapy with cytotoxic
drugs for the peritoneal carcinomas of ovarian cancer sug-
gested promising clinical effects.?> Furthermore, a combi-
nation of systemic and ip chemotherapy administration of
paclitaxel and cisplatin (CDDP) confers a significant survival
benefit upon patients with optimally debulked ovarian cancer
compared with systemic administration alone.® Armstrong
et al* reported that the median survival was prolonged
from 49.7 months for systemic paclitaxel + CDDP arm to
65.6 months for a combination of systemic and ip paclitaxel +
CDDP regimen. However, there was substantially more
toxicity in the combination regimen including severe leuko-
penia, thrombocytopenia and pain. Accordingly, new agents
or novel therapeutic methods focused on disseminated ascetic
tumors existing in the peritoneal cavity are urgently needed to
further improve the survival rate in a better tolerated fashion
for the limited therapeutic options to peritoneal disseminated
ovarian cancer patients.

We attempted to apply the TYMS-targeted specific RNAi
molecule,' one of the important rate-limiting enzymes of
DNA biosynthesis in rapidly growing tumor cells, to treat
peritoneal disseminated ascites tumor cells. For this, TS
shRNA (Figure 1) was conjugated with cationic liposome!”'8
(lipoplex, named as DFP-10825) and intraperitoneally
injected to disseminated SKOV3-luc human ovarian cancer
xenograft model in mice. As presented in Figures 1 and 2,
DFP-10825 in the range of 0.5-2 mg/kg as the TS shRNA
content strongly inhibited the growth of SKOV3-luc ascites
cancer cells in the peritoneal cavity of mice. The same as
other malignant cancers such as gastric, colorectal, pan-
creatic and non-small cell lung cancer, TS expression in
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ovarian cancer is one of prognostic factors,
its regulation would lead to improved outcome of a therapy
for ovarian cancer. Our data clearly show that regulation of
TYMS (TS RNA) by TS shRNA molecule including DFP-
10825 not only inhibited the tumor growth but also improved
patient’s outcome. To further confirm the pharmacokinetic/
pharmacodynamics of such antitumor activity of DFP-10825
as TS shRNA upon peritoneal disseminated SKOV3-luc
ovarian cancer cells, we investigated the concentration of TS
shRNA in the ascites and bloodstream of mice following the
ip administration of DFP-10825 on day 28 after inoculation
of SKOV3-luc ascites cancer cells. As shown in Figure 6,
when 1 mg/kg of TS shRNA was injected, TS shRNA level
was found to be sustainable in the range of a single digit nM
in the ascites for a long time (over 24 hours), but not in the
bloodstream. This level of TS shRNA is indeed sufficient
for downregulation of 7YMS expression consistent with
the in vitro inhibition (IC,, 2.5 nM) of tumor cell viability
reported by Abu Lila et al.'® Also, we demonstrated that a
single dose of 1 mg/kg TS shRNA significantly (P<<0.05)
downregulated the expression of TS mRNA in SKOV3-lu
ascites cancer cells in the peritoneal cavity in an in vivo
system, as shown in Figure 7.

In clinical practice, the intraperitoneally dosing paclitaxel
in combination with a systemic delivery of chemotherapeutic
agents, including paclitaxel, has been frequently used for the
treatment of peritoneal disseminated ovarian cancer patients.
Therefore, we evaluated a potential combination opportunity
of DFP-10825 with paclitaxel on the anticancer activity and
side effects in the same SKOV3-luc tumor model. As pre-
sented in Figures 4 and 5, the combination of DFP-10825
with paclitaxel significantly enhanced the antitumor activity
in the disseminated SKOV3-luc tumors compared to that of
a single agent of DFP-10825 or paclitaxel. In parallel, the
survival rate in the SKOV3-luc tumor-bearing ascites mice
was significantly (P<<0.01) prolonged to 186% from 17.2%
for DFP-10825 alone and 113.8% for paclitaxel alone.
However, the host body weight change in the combination
was neglectable. Accordingly, the ip administration of DFP-
10825 in combination with local delivery of paclitaxel would
provide a new ideal therapeutic option for treating peritoneal
disseminated ovarian cancer patients who are sensitive or
resistant to paclitaxel.

Recently, several nucleic acid-based drugs have been
designed and developed for the treatment of cancers.
These are mainly miRNAs or siRNAs that were coated
(or conjugated) with cationic lipid, neutral lipid emulsion
and amphoteric liposome,? and are being extensively

investigated in preclinical and clinical stages. For example,
Let-7b and miR-34 both suspended in a neutral lipid emul-
sion, miR-29b conjugated with liposomes and miR-200c
coated with an amphoteric liposome have been intravenously
administered and evaluated in non-small cell lung cancer
preclinical models and patients with non-small cell lung
cancer.”* 2 As a unique therapeutic delivery, miR-16-based
mimic miRNA (named as TargomiRs) loaded to targeted
bacterial mini cells has been delivered intravenously to can-
cer patients.””?® Different from RNAi molecules, synthetic
antisense-oligonucleotide targeting ribonucleotide reductase
R2, a key enzyme in DNA synthesis, has also been inves-
tigated pre-clinically® and clinically***' by the method of
intravenous infusion for a long-term effect.

In general, nucleic acid-based molecules such as siRNA
and miRNA are well known to be unstable in the blood-
stream due to the rapid hydrolysis by nucleases, and there-
fore surfactants such as polyethylene glycol are attached to
siRNA and miRNA conjugated with lipids to exhibit their
sustained stability in the bloodstream. When pegylated
DFP-10825 (TS shRNA-cationic liposome) was systemically
administered, it sensitized malignant pleural mesothelioma
xenografts.'” However, it is desirable to deliver such agents
locally to be able to concentrate enough agent, as well as
avoid any adverse events from the systemic delivery sys-
tem. The peritoneal delivery of DFP-10825 for peritoneal
disseminated ovarian tumor, is a good example of desired
therapeutic outcomes with a wide therapeutic index, and this
successful formulation for the delivery system which may be
maintained with an effective concentration for a long period
will pave a new path to further treatment options in patients
with ovarian cancer. In addition, the delivery system can be
extended to other PC like peritoneal disseminated human
gastrointestinal (gastric and pancreatic) cancers and our
preliminary data with the antitumor activity of ip delivered
DFP-10825 in luciferase gene-transfected human gastric and
pancreatic cancer xenograft models further confirmed such
promising potential (a separate manuscript is being prepared
and will be presented in detail later). We are planning to
carry out a clinical trial of the ip DFP-10825 for patients
with peritoneal disseminated ovarian cancer and also other
cancers in the near future.

Conclusion

As a new approach to downregulate or inhibit the growth
of peritoneal disseminated human ovarian cancer xenograft
model, DFP-10825, the RNAi molecule for the TYMS (TS
shRNA) conjugated with cationic liposome, was developed
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and administered intraperitoneally to the SKOV3-luc tumor-
bearing ascites mice. DFP-10825 showed a dose-dependent
antitumor activity in the range of 0.5-2 mg/kg as TS shRNA
and significantly prolonged the survival rate of the tumor-
bearing mice. Furthermore, co-intraperitoneal administration
of DFP-10825 and paclitaxel further enhanced the antitumor
activity over the efficacy of paclitaxel alone in this tumor
model. When intraperitoneally administered, TS shRNA
level in ascites but not in the bloodstream was stably main-
tained in the range of a single digit nM over several hours and
subsequently did downregulate the expression of TS mRNA
in the disseminated SKOV3-luc tumor-bearing ascites mice.
The present study strongly suggests that the ip delivery of
DFP-10825 would provide a new opportunity for improv-
ing the outcome of patients with peritoneal disseminated
ovarian cancer.
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