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Abstract

Purpose Identification of a novel topoisomerase I inhibi-
tor which shows superior efficacy and less individual varia-
tion than irinotecan hydrochloride (CPT-11).

Methods A novel camptothecin analog that is effective
against breast cancer resistance protein (BCRP)-positive
cells was screened, and a water soluble prodrug was gener-
ated. Antitumor activity of the prodrug was examined in
BCRP-positive and -negative xenografts both as a single
agent and in combination with other anti-cancer drugs.
Results A novel camptothecin analog, CH0793076, was
discovered. Because CH0793076 was found to be highly
lipophilic, a water soluble prodrug (TP300) was generated.
TP300 is stable in an acidic solution but is rapidly
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converted to CH0793076 under physiological pH condi-
tions such as in sera. This efficient prodrug activation
would minimize interpatient differences in pharmacokinetic
and toxicity profiles. Unlike CPT-11, TP300 does not
exhibit cholinergic interaction or cause acute diarrhea at
effective doses. In mouse xenograft models, TP300 showed
antitumor activity against both BCRP-positive and -nega-
tive xenografts, whereas CPT-11 was less active against
BCRP-positive xenografts. In addition, the effective dose
range (MTD/EDs;) for TP300 was wider than for CPT-11
and TP300 showed additive or synergistic antitumor effects
in combination with other anti-cancer drugs such as cape-
citabine, oxaliplatin, cisplatin, bevacizumab and cetux-
imab.

Conclusion It is therefore expected that TP300 will pro-
vide an additional treatment option for patients who will
undergo chemotherapy with camptothecins.

Keywords Camptothecin - Breast cancer resistance
protein - Prodrug - CPT-11

Introduction

Two well-characterized DNA topoisomerase I inhibitors,
irinotecan hydrochloride (CPT-11) and topotecan, are cur-
rently used in clinical. CPT-11 is a water-soluble prodrug
which is converted to the active form SN-38 by a carboxy-
lesterase [1]. Topotecan is a water-soluble semisynthetic
derivative of camptothecin. CPT-11 has been used mainly
for treatment of advanced and/or metastatic colorectal can-
cer (CRC) [2, 3], whilst topotecan is used mainly for treat-
ment of late-stage ovarian cancer and small cell lung cancer
(SCLC) [4, 5]. Although CPT-11 has been prescribed more
frequently than topotecan, the efficacy of CPT-11 is limited
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for several reasons. First, due to the low efficiency of the
enzymatic conversion from CPT-11 to SN-38, there is wide
inter- and intra-patient variability with respect to pharma-
cokinetics which leads to considerable individual variation
in toxicity [6-8]. Secondly, due to acetylcholinesterase
(AChE) inhibition by the prodrug moiety of CPT-11, acute
cholinergic diarrhea occurs during and shortly after drug
administration [9, 10]. Thirdly, patients with single-nucleo-
tide polymorphisms (SNPs) in the UDP-glucuronosyltrans-
ferase 1 (UGT1A1) gene coding for the enzyme that forms
SN-38-glucuronide (SN-38G) may suffer severe toxicity
[11-16]. Fourthly, SN-38G deconjugated to SN-38 by the
p-glucuronidase of the intestinal microflora results in
severe delayed diarrhea [17]. Finally, BCRP, which is an
ABC transporter and can efflux various anti-cancer drugs
from cells, has been implicated in cellular resistance to
camptothecin agents such as SN-38 and topotecan [18-21].
This ABC half-transporter requires dimerization to form a
functional transporter and probably works as a homodimer
[22, 23]. Indeed, the expression of BCRP protein was
observed in more than 20% of tumor in various types of
cancer including CRCs [24]. Therefore, a novel topoiso-
merase I inhibitor, which shows superior efficacy and less
individual variation than drugs such as CPT-11, will be
beneficial to cancer patients.

Here, we report the antitumor activity of a novel hexacy-
clic camptothecin analog, CH0793076. CH0793076 was
active even against cells expressing BCRP. Because
CHO0793076 1is highly lipophilic and poorly soluble in
water, a water-soluble prodrug of CH0793076, TP300, was
generated for intravenous formulation. TP300 is stable in
aqueous solutions at acidic pH levels but is rapidly con-
verted to the active form (CH0793076) under neutral pH
conditions such as in sera [25]. TP300 did not inhibit AChE
and thereby did not induce acute diarrhea at the effective
dose range. Furthermore, it showed strong antitumor activ-
ity against BCRP-positive tumor xenografts and also in
combination with other anti-cancer drugs. Thus, TP300 is a
potential new option for treatment using camptothecin
agents.

Materials and methods
Chemicals and antibodies

TP300, CH0793076 and SN-38 were synthesized at Chugai
Pharmaceutical Research Center (Kamakura, Japan). CPT-
11 was purchased from Daiichi Pharmaceutical Co., Ltd.
(Tokyo, Japan). Capecitabine and bevacizumab were pro-
vided from Hoffmann-La Roche (Basel, Switzerland).
Other drugs were purchased from the following suppliers:
oxaliplatin from Sanofi-Aventis (Paris, France), cisplatin
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from Nippon Kayaku Co., Ltd. (Tokyo, Japan) and cetux-
imab from Bristol-Myers Squibb (Princeton, NJ, USA).

Assay for DNA topoisomerase |

DNA relaxation activity from human DNA topoisomerase I
(Topo-I) was measured using a Topoisomerase I Drug
Screening Kit (TopoGEN, Inc., Port Orange, FL, USA).
Supercoiled plasmid DNA and human Topo-I (ProteinOne,
Bethesda, MD, USA) were incubated at 37°C for 30 min in
the presence and absence of the test compounds. After sep-
aration of the supercoiled DNA (Sc-DNA) and relaxed
DNA (Re-DNA) by agarose gel electrophoresis, ratio of the
Sc-DNA and Re-DNA was quantified by using a VersaDoc
Imaging System 5000 (Bio-Rad Laboratories, Hercules,
CA, USA), and the ICs, values for each compound were
calculated.

Human cancer cells

The human cancer cell lines were purchased from the fol-
lowing suppliers: HCT116 and COLO 201 from Dainippon
Pharmaceutical Co., Ltd. (Tokyo, Japan), AsPC-1, NCI-
H460, HT-29, WiDr, HCT-15, HCT-8 and Calu-6 from
American Type Culture Collection (Rockville, MD, USA),
and PC-6 from Immuno-Biological Laboratories (Gunma,
Japan). The MCF-7/WT and MCF-7/TPT300 cells were
gifted by Dr. Liau (National Taiwan University Hospital,
Republic of China) [21]. The A2780 cells were gifted by
Dr. Onishi (Kagoshima City Hospital, Japan). The cells
were cultured either in McCoy’s 5a containing 2 mM L-glu-
tamine and 10% FBS (for HCT116 and HT-29), RPMI11640
containing 10% FBS (for COLO201, NCI-H460, PC-6 and
A2780), RPMI1640 containing 10 mM HEPES, 1 mM
sodium pyruvate, 4.5 g/L. glucose and 20% FBS (for
ASPC-1), RPMI1640 containing 10 mM HEPES, 1 mM
sodium pyruvate, 4.5 g/L glucose and 10% FBS (for HCT-
15 and HCT-8), EMEM containing 1 mM sodium pyruvate,
0.1 mM non-essential amino acid and 10% FBS (for WiDr
and Calu-6) or Dulbecco’s modified Eagle medium con-
taining 10% FBS (for MCF-7/WT and MCF-7/TPT300), in
a 5% CO, incubator at 37°C.

Generation of the SN-38-resistant cell line
and the BCRP-transfected cell line

A2780/SN75 cells, an SN-38-resistant A2780 human ovar-
ian tumor cell line, were obtained as a result of stepwise,
continuous exposure to SN-38. The cells were first treated
with SN-38 at 1.56 nM and maintained with 75 nM of SN-
38. To create cells that constitutively express BCRP,
full-length human BCRP cDNA was amplified by PCR
with a set of primers, YCGCGAATTCTCGAGACTGTA
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GGCACT?, and ¥ CGCGAATTCTCACCTTAACACACC
GG?¥, and human liver mRNA as the template. The result-
ing cDNA was cloned at the EcoRlI site of pPRC/CMV, gen-
erating pRC/CMV-BCRP. The plasmid carrying the human
BCRP cDNA (pRC/CMV-BCRP) or vector (pRC/CMV)
was introduced into PC-6 cells using Lipofectamine™
(Life Technologies, Bethesda, MD, USA) and the cells
were selected in the presence of 1 mg/mL of G418. One of
the clones that grew in the presence of 1 mg/mL of G418
was designated PC-6/BCRP and used for the experiments.
A clone carrying the pRC/CMV was also collected and des-
ignated PC-6/pRC.

In vitro antiproliferative assay

The single cell suspension was seeded onto 96-well plates. The
cells were cultured in the presence of TP300, CH0793076 or
SN-38 for 4-7 days at 37°C. On the last day of the culture,
absorbance at 450 and 630 nm was measured in each well by a
microplate reader after the addition of Cell Counting Kit-8
(Dojindo Laboratories, Japan). The experiments were carried
out in triplicate and the mean ICs, values calculated.

Western blotting

Western blotting to detect the 140 kDa BCRP dimer was
performed according to the method of Kage etal. [23].
Cells were lysed with extraction buffer containing 10 mM
Tris—HCI (pH 8.0), 0.1% Triton X-100, 10 mM MgSO, and
2 mM CaCl,. The proteins in the cell lysate were separated
on a 5-20% SDS-polyacrylamide gel and transferred onto
nitrocellulose membranes. The membrane was incubated
with the mouse anti-BCRP monoclonal antibody BXP-21
(Signet laboratories Inc., Dedham, MA, USA) and then
with horseradish peroxidase-linked anti-mouse IgG (Amer-
sham Biosciences, Tokyo, Japan). BCRP protein was
detected by ECL plus Western Blotting Detection System
(Amersham Biosciences, Tokyo, Japan) using VersaDoc
Imaging System 5000 (Bio-Rad Laboratories, Hercules,
CA, USA).

Acetylcholinesterase (AChE) assay

Acetylcholinesterase (AChE) activity was assayed with a
human recombinant AChE (0.075 U/mL, Sigma-Aldrich
Co. St. Louis, MO, USA) in the presence or absence of the
test compounds in phosphate buffer (pH 7.4) containing
1.728 mmol/L acetylthiocholine iodide, 0.3 mmol/L 5,5'-
Dithiobis(2-nitrobenzoic acid), 5% DMSO at 37°C for
10 min. After the reaction was terminated by the addition of
N,N-dimethylformamide, absorbance at 412 nm was mea-
sured using a microplate reader and the ICs, values for each
compound were calculated.

Xenograft mouse models

Five-week-old male athymic nude mice (CAnN.Cg-
FoxnI™/CrlCrlj) were purchased from Charles River
Japan, Inc. (Yokohama, Japan). The single cell suspen-
sions were inoculated subcutaneously into the right flank
of each mouse. Tumor size and body weight were mea-
sured twice a week. The tumor volume was estimated by
using the formula ab?/2, where a and b represent tumor
length and width, respectively. Administration of the drugs
was initiated on the day when the mean tumor volume
reached 200-300 mm®. All animal experiments were con-
ducted in accordance with the Guideline for Accommoda-
tion and Care of Laboratory Animals promulgated by
Chugai Pharmaceutical.

Determination of the antitumor effects of TP300
and CPT-11

TP300 dissolved in saline containing 1 mM citric acid mono-
hydrate and CPT-11 dissolved in saline were each adminis-
tered by intravenous (IV) bolus once per week for 3 weeks.
Tumor growth inhibition (%) was calculated by the formula
(1 =7/C) x 100 (%), where T and C represent the mean
tumor volume change in the treated and control group, respec-
tively, between the first administration day (day 0) and day
21. The dose limiting toxicity (DLT) was defined as survival
or body weight loss. The dose was regarded as toxic if two or
more of a group of at least six mice died, or the mean relative
body weight for the group was less than 80%. The maximum
tolerated dose (MTD) was defined as the highest dose which
did not cause toxic effects. Effective dose ranges were defined
as the range from the lowest effective dose which resulted in
50% inhibition of tumor growth (EDs,) to MTD, calculated
from the tumor growth inhibition on day 21.

To determine the antitumor activity of TP300 in combina-
tion with other anti-cancer drugs, drugs were dissolved and
diluted in solutions as follows: capecitabine in 0.5% carboxy-
methyl cellulose sodium salt solution (0.5% CMC), oxalipla-
tin in 5% glucose solution, and cisplatin and bevacizumab in
saline. TP300 was administered as an IV bolus once per week
for 6 weeks or for 3 weeks in combination with cetuximab.
Capecitabine was orally administered for two cycles of daily
dosing for 14 days followed by a 7-day rest period. Platinum
agents were administered as an IV bolus every other week
(oxaliplatin) or every 3 weeks (cisplatin) for 6 weeks. Bev-
acizumab and cetuximab were administered as an IV bolus
twice a week for 6 and 3 weeks, respectively.

Statistics

Comparative statistical analysis was performed using
Wilcoxon’s test. When the probability (P) value was less
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than 0.05 (P < 0.05), the difference between the two groups
was considered significant.

Results

Water soluble prodrug of a new camptothecin analog
with antiproliferative activity against BCRP expressing
cells

The activity of SN-38 (the active form of CPT-11) was
shown to be affected by BCRP expression [18-21]. There-
fore, we synthesized new camptothecin derivatives and
found a new hexacyclic derivative of camptothecin,
CHO0793076 (Fig. 1a). Inhibition of human DNA topoiso-
merase [ (Topo-I) activity by CH0793076 was approxi-
mately equal to that of SN-38; the ICs, value for inhibition
of the DNA relaxation activity by Topo-I was 2.3 pmol/L
for CH0793076 and 5.5 pmol/L. for SN-38 (Fig. 1b). To
confirm the effect of BCRP on the antiproliferative activity
of CH0793076, we established cells which constitutively
overexpressed BCRP. The PC-6/BCRP cells carrying pRC/
CMV-BCRP expressed significant amounts of the 140 kDa
BCRP protein, but PC-6/pRC cells bearing the control vec-
tor did not (Fig. 1c). The ICs, value of SN-38 for the PC-6/
BCREP cells was 12 times greater than that of the PC-6/pRC
cells, whereas the ICs, value of CH0793076 for the PC-6/
BCRP cells was only twice that of the PC-6/pRC cells
(Fig. 1d). Although we did not determine the intracellular
concentrations of CHO0793076, the increase in the ICs,

A o I, (umoliL)
I § / SN-38 CH0793076
~m 55 23
XxHCI OH O
CH0793076
¢ \QQS’ égg d IC,, (nmol/L) [Mean = SE]
Qog’ Qo'b Cell line SN-38 CH0793076
PC-6/BCRP 5.1+1.8 0.35 +0.04
» -ecre PC-6/pRC 0.43:0.07  0.18+0.01
IC,, ratio 12 2

Fig. 1 Inhibition of the growth of BCRP-expressing cell lines by
CHO0793076. a Chemical structure of CH0793076. b Inhibition of hu-
man DNA topoisomerase-I by CH0793076 and SN-38. CH0793076
and SN-38 were incubated with 250 ng of supercoiled plasmid DNA
and human topoisomerase-I at 37°C for 30 min. The ICj, values for
CHO0793076 and SN-38 are shown. ¢ Expression of the BCRP protein
in the PC-6 cells carrying BCRP ¢cDNA (PC-6/BCRP) and carrying
only the vector (PC-6/pRC). The BCRP protein was detected by west-
ern blotting with mouse anti-BCRP monoclonal antibody BXP-21. The
position of the BCRP protein is indicated by an arrow. d Antiprolifer-
ative activity against PC-6/BCRP and PC-6/pRC cells. The cells were
exposed to the compounds for 6 days at 37°C. The experiments were
carried out in triplicate and the mean of the IC, values are shown
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value of CH0793076 against PC-6/BCRP suggests that
CHO0793076 has a low binding affinity to BCRP and is only
slightly exported by BCRP.

Effect of TP300 on acetylcholinesterase (AChE) activity

Because CH0793076 is hardly soluble in water, we gener-
ated TP300, a water-soluble prodrug of CH0793076, for
intravenous formulation (Fig. 2a). TP300 is stable in an
aqueous solution at low pH but is rapidly (within 3 min)
converted to the active form in neutral pH conditions and

100 o o o ¢ °
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Enzyme activity of hrAChE (%)

1 10 100 1000
Concentration of compound (umol/L)
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Fig. 2 Effect of TP300 on the human acetylcholinesterase activity.
a Chemical structure of TP300. b Human recombinant acetylcholines-
terase (rhAChE, 0.075 U/mL) was incubated with 2—-128 pM of TP300
(closed circle) or CPT-11 (closed triangle) at 37°C for 10 min;
percentages of inhibition are shown

a < <3«‘5 y @,\ . ¢ roé\%
§ & & &
NSRS R 4
. .H— BCRP

b IC;, (nM) [Mean + SE]
Cell line SN-38 CH0793076  TP300
MCF7/TP300 60 2.4 nd
MCF7/WT 0.89 0.32 nd
IC,, ratio 67 7.5 -
A2780/SN75 929 nd 9.4
A2780 1.8 nd 1.1
IC, ratio 55 - 8.5

Fig. 3 Antiproliferative activities of CH0793076 and TP300 against
camptothecin-resistant cells. a Expression of the BCRP protein in
MCF-7, topotecan-resistant MCF-7 (MCF-7/TPT300), A2780 and the
SN-38-resistant A2780 (A2780/SN75) cells. BCPR in the cell extract
was analyzed by western blotting with the mouse anti-BCRP monoclo-
nal antibody BXP-21. The position of the BCRP protein is indicated by
an arrow. b The cells were cultured in the presence of CPT-11,
CHO0793076 or TP300 for 7 days (for MCF-7 and MCF-7/TPT300) or
3 days (for A2780 and A2780/SN75), and the ICs, values are shown.
nd not done
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Fig. 4 Antitumor effect of TP300 and CPT-11 in human cancer xeno-
graft models. TP300 and CPT-11 were administered at the maximum
tolerated dose (MTD) by bolus intravenous injection once per week for
3 weeks, for a total of three doses. The MTD was 47 mg/kg for TP300
and 100 mg/kg for CPT-11. Each group consisted of six or seven mice.
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Fig. 5 Correlation between the efficacy of TP300 and CPT-11 in var-
ious human cancer xenograft models. Tumor growth inhibition (%) by
TP300 or CPT-11, shown in Fig. 4, was plotted separately for the
BCRP-positive and -negative tumor xenografts. Dotted lines indicate
50% of tumor growth inhibition. Statistical analysis of the antitumor
effect of each drug and BCRP expression was calculated using Fisher’s
exact test. NS Not significant

also in human sera [25]. CPT-11 has been reported to
inhibit AChE, which results in acute diarrhea [9, 10].
Therefore, we asked whether TP300 affects the activity of

Mean values of tumor volume along with standard deviations are indi-
cated. Open circle vehicle, closed circle TP300, closed triangle CPT-
11. The BCRP protein was detected by western blotting. Asterisk sta-
tistically significant difference between mice treated with TP300 and
mice treated with CPT-11 (P < 0.05)

AChE. CPT-11 inhibited recombinant human AChE
(rthAChE) activity in a concentration-dependent manner
with an ICy, of 22 uM, but TP300 only slightly affected
rhAChE activity at the high concentration of 128 uM
(Fig. 2b). It is also of note that CH0793076, the active drug
and major metabolite of TP300, did not inhibit acetylcho-
line esterase activities even at higher concentrations (up to
128 uM) (data not shown).

Antiproliferative activity of TP300 against
camptothecin-resistant cell lines

Next, we asked whether TP300 is also effective against nat-
urally emerging camptothecin-resistant cell lines, topo-
tecan-resistant human breast cancer cells (MCF-7/TPT300)
[21] and SN-38-resistant human ovarian cancer cells
(A2780/SN75). BCRP was expressed in both cells but not
in the parental cells (Fig. 3a). The antiproliferative activi-
ties of TP300 and CH0793076, compared with SN-38, were
much less affected by the expression of BCRP. The ratio of
IC4, for SN-38 between MCF-7/TPT300 and MCF-7/WT
was 67 and that for CH0793076 was 7.5. Similarly, the
ratio of ICs, for SN-38 between A2780/SN75 and A2780
was 55 and that for TP300 was 8.5 (Fig. 3b). The results

confirm that BCRP has significant impact on the
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Fig. 6 Effective dose ranges for TP300 and CPT-11 in the HCT116
human CRC xenograft model. The various doses of TP300 and CPT-
11 were administered to mice bearing the HCT116 xenograft by bolus
intravenous injection once per week for 3 weeks, for a total of three
doses. The doses of TP300 and CPT-11 were plotted logarithmically
on the x-axis and the tumor growth inhibition (%) was plotted on the
y-axis. Each group consisted of seven mice. The toxic dose was 63 mg/
kg for TP300 and 133 mg/kg for CPT-11. The therapeutic window of
each compound is the range between EDy, and MTD

antiproliferative activity of SN-38 and also demonstrate
that TP300 is much less affected by BCRP as compared to
SN-38. In addition, the antiproliferative activity of TP300

was not significantly affected by expression of MDRI,
whereas MDR1-overexpressing cells were highly resistant
to paclitaxel (not shown).

Superior efficacy and wider therapeutic index over CPT-11

Because the antiproliferative activity of TP300 was not
drastically affected by BCRP, TP300 is expected to be
efficacious regardless of BCRP expression, thereby show-
ing a wider antitumor spectrum than CPT-11. We examined
the antitumor activity of TP300 in nine human cancer xeno-
graft models, among which four (WiDr, HT-29, NCI-H460
and AsPC-1) were BCRP-positive and five (HCT116,
COLO 201, HCT-15, Calu-6 and NCI-N87) were BCRP-
negative as judged by western blotting. CPT-11 showed
more than 50% tumor growth inhibition in four out of five
BCRP-negative models, but tumor growth inhibition by
CPT-11 was less than 50% in all four BCRP-positive mod-
els. In contrast, TP300 showed more than 50% of tumor
growth inhibition in all nine models, regardless of the
expression of BCRP (Figs. 4, 5). There was no marked
body weight loss during the dosing period. Antitumor
activity of TP300 was slightly weaker against BCRP-
positive xenografts than that against BCRP-negative

a HCT116 b WiDr c NCI-N87
10000 [ 2000 2000
1000 1000 |

=
£
£
E
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£
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o
>
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Days after tumor inoculation

I I Xeloda

tt ¢ttt ¢ TP300

Fig. 7 Antitumor effect of TP300 in combination with capecitabine.
Tumor growth inhibition by TP300 in combination with capecitabine
was examined in the HCT116 human colon cancer (a), WiDr human
colon cancer (b) and NCI-N87 human gastric cancer (c¢) xenograft
models. TP300 was administered by bolus intravenous injection once
per week for 6 weeks. Capecitabine was orally administered for two
cycles of daily dosing for 14 days followed by a 7-day rest period.
Control mice were administered the vehicle of the compound. Mean
values of tumor volume with standard deviations are indicated. Each
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Days after tumor inoculation
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group consisted of 5-7 mice. a Open circle vehicle, closed circle
TP300 at 24 mg/kg (1/2 MTD), open triangle capecitabine at 180 mg/
kg (1/2 MTD), closed triangle TP300 + capecitabine. b open circle
vehicle, closed circle TP300 at 16 mg/kg (1/3 MTD), open triangle
capecitabine at 270 mg/kg (MTD), closed triangle TP300 + capecita-
bine. ¢ Open circle vehicle, closed circle TP300 at 16 mg/kg (1/3
MTD), open triangle capecitabine at 135 mg/kg (1/4 MTD), closed
triangle TP300 + capecitabine
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Fig. 8 Antitumor effect of TP300 in combination with oxaliplatin or
cisplatin. Tumor growth inhibition by TP300 in combination with ox-
aliplatin (a) or cisplatin (b) was examined in the COL-16-JCK human
rectal cancer (a) and Calu-6 human lung cancer (b) xenograft models,
respectively. TP300 was administered by bolus intravenous injection
once per week for 6 weeks. Platinum agents were administered by bo-
lus intravenous injection every other week (oxaliplatin) or every
3 weeks (cisplatin) for 6 weeks. Control mice were administered the
vehicle of the compound. Mean values of tumor volume along with
standard deviations are indicated. Each group consisted of seven mice.
a Open circle vehicle, closed circle TP300 at 24 mg/kg (1/2 MTD),
open triangle oxaliplatin at 7.5 mg/kg (1/2 MTD), closed triangle
TP300 + oxaliplatin. b Open circle vehicle, closed circle TP300 at
24 mg/kg (1/2 MTD), open triangle cisplatin at 5 mg/kg (1/2 MTD),
closed triangle TP300 + cisplatin

xenografts, and as mentioned, presumably due to the recog-
nition and export of CH0793076 by BCRP, although the
binding affinity of CH0793076 to BCRP is much weaker
than that of SN-38.

We also compared the effective dose ranges of TP300
and CPT-11 in the BCRP-negative HCT116 xenograft
model. Using MTD/EDs, as the measure of therapeutic
index, the effective dose range of TP300 was between 0.30
and 47 mg/kg (MTD/EDs, = 157) and that of CPT-11 was
between 8.2 and 100 mg/kg (MTD/EDs, = 12) (Fig. 6). The
toxic dose was 63 mg/kg for TP300 and 133 mg/kg for
CPT-11.

Additive to synergistic antitumor effects of TP300
in combination with other anti-cancer drugs

In order to further demonstrate the potency of TP300, we
assessed the antitumor activity of TP300 in combination
with other anti-cancer drugs. TP300 in combination with
capecitabine resulted in synergistic effects in the HCT116
human colon cancer and NCI-N87 human gastric cancer
xenograft models and an additive effect in the WiDr human
colon cancer xenograft model which is BCRP-positive and
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Fig. 9 Antitumor effect of TP300 in combination with bevacizumab
or cetuximab. Tumor growth inhibition by TP300 in combination with
bevacizumab (a) or cetuximab (b) was examined in the HT-29 (a) and
HCT-8 (b) human colon cancer xenograft models, respectively. TP300
was administered by bolus intravenous injection once per week for
6 weeks to the HT-29 model and for 3 weeks to the HCT-8 model.
Bevacizumab at 2.5 mg/kg and cetuximab at 40 mg/kg were intraperi-
toneally administered twice a week for 6 and 3 weeks, respectively.
Control mice were administered the vehicle. Mean values of tumor vol-
ume along with standard deviations are indicated. Each group con-
sisted of 6 or 7 mice. a Open circle vehicle, closed circle TP300 at
45 mg/kg (MTD), open triangle bevacizumab at 2.5 mg/kg, closed tri-
angle TP300 + bevacizumab. b Open circle vehicle, closed circle
TP300 at 12 mg/kg (1/4 MTD), open triangle cetuximab at 40 mg/kg,
closed triangle TP300 + cetuximab

CPT-11-insensitive (Fig. 7). Synergistic effects were more
profound when TP300 was combined with platinum agents
(oxaliplatin or cisplatin) and caused strong tumor remission
in the COL-16-JCK human rectal cancer and Calu-6 human
lung cancer xenograft models, respectively (Fig. 8). TP300
showed additive effects when combined with monoclonal
antibodies such as bevacizumab (anti-VEGF) and cetux-
imab (anti-EGFR) in the HT-29 and HCT-8 human colon
cancer xenograft models, respectively (Fig. 9). The additive
and synergistic effects of these combinations were not asso-
ciated with any additional body weight loss as compared to
body weight change caused by each drug alone (not
shown). The results clearly demonstrate that TP300 elicits
additive or synergistic effects in combination with various
anti-cancer drugs and thus is widely eligible for combina-
tion therapy.

Discussion
We discovered a novel camptothecin derivative,
CHO0793076, which is active against cells resistant to

topotecan or SN-38. Recently, several oral camptothecin
analogs were developed but most have failed to show
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efficacy in clinical studies [26]. It is conceivable that an
oral formulation has substantially high individual varia-
tion in absorption and thereby may cause unpredictable
severe toxicity. CHO793076 is hardly soluble in water
and, therefore, it cannot be formulated for intravenous
injection. We synthesized a water-soluble prodrug of
CHO0793076, TP300, which is stable in lower pH aqueous
solutions, but is rapidly and chemically converted to the
lipophilic active drug (CH0793076) under neutral pH con-
ditions and also in blood [25]. The chemical conversion
from the parent molecule to the active drug occurs very
fast. In rats and dogs, TP300 was detected in plasma at
5 min (the first sampling point) after single intravenous
administration, and maximum plasma concentration
(Cphay) of CHO793076 was achieved at 5 min after dosing.
It is therefore expected that the administration of TP300
will fully elicit the effect of the active drug, yet minimize
individual variation in pharmacokinetics and toxicity as a
result of the efficiency of the activation of the prodrug. In
addition, TP300 did not affect the AChE activity, at least
in the effective dose range, whereas CPT-11 did inhibit
the AChE activity [9, 10]. Therefore, the administration
of TP300 is unlikely to cause the cholinergic acute diar-
rhea caused by the inhibition of AChE activity. Moreover,
it has been reported that SNPs (single nucleotide poly-
morphisms) in the UGT1A1, the gene coding for enzymes
that form the SN-38 glucuronide, contribute to the inter-
patient variability of CPT-11 in toxicity and efficacy [11-
16]. Because CH0793076 has no phenolic-OH group for
glucuronidation, the variability caused by the SNPs of
UGT 1A1 may not be the case with TP300.

Several groups have shown that overexpression of
BCRP confers cancer cell resistance to CPT-11 and SN-38
[18-21]. Furthermore, it has recently been demonstrated
that the BCRP mRNA content of liver metastatic tumor
cells from CRC patients treated with CPT-11 was higher
than that of CPT-11-naive patients [27]. Similarly, we
found that the antitumor activity of SN-38 was highly influ-
enced by BCRP expression, whilst that of CH0793076 was
only slightly affected by BCRP. As a result, TP300 was
efficacious against both CPT-11-sensitive and -insensitive
tumor xenografts; the antitumor effect of CPT-11 was atten-
uated in the BCRP-positive xenograft models, whereas the
presence or absence of BCRP had much less influence on
the antitumor activity of TP300. However, because BCRP
is expressed in the hematopoietic stem cells, bone marrow
toxicity should be carefully monitored in clinical studies
[28].

As determined in the HCT116 xenograft model, the
effective dose range for TP300 was approximately 13 times
wider than for CPT-11. TP300 showed additive or syner-
gistic effects when combined with other anti-cancer drugs
such as capecitabine, oxaliplatin, cisplatin, bevacizumab

@ Springer

and cetuximab. Thus, TP300 is expected to have superior
efficacy to CPT-11 both as a monotherapy and in combina-
tion with other drugs, and TP300 should show less individ-
ual variation and thus reduce the unpredictable toxicity to
which CPT-11 gives rise in clinical.
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