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In vivo evaluation of macromolecular antitumor agent, P-THP, in pancreatic cancer
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Many conjugates of water-soluble polymers with biologically active molecules were
developed. However, therapeutic effects of these conjugates do not depend only on the structures and
properties of the polymer carriers; they are strongly influenced by properties and mechanisms of action
of the attached drugs. Pirarubicin (THPg, a tetrahydropyranyl derivative of doxorubicin (DOX),
demonstrated more rapid cellular internalization and potent cytotoxicity than DOX. Here, we conjugated
the THP or DOX to HPMA polymer via a hydrazone bond. The polymer prodrugs P-THP and P-DOX, respectively,
had comparable h{drodynamic sizes and drug loading. Compared with P-DOX, P-THP showed approximately 10
times greater cellular uptake and a cytotoxicity. No significant difference occurred in the tumor drug
concentration during 6-24 h after drug administration. Antitumor activity against xenograft human
pancreatic tumor (SUIT2) in mice was greater for P-THP than for P-DOX.

HPMA




Matsumura and

Maeda, 1986
P-THP P-DOX 2
mg/mL PBS
pH 0.1 M
pH 5.5 02M pH
6.5 7.4 P-DOX P-THP
37
488 nm
9.6 cm? SUIT2
2x10%cells/2ml
37 5% CO, 24
5 pg/mL P-DOX
P-THP 30 pg/mL

9.2 cm?
2x10° cells/2 mL

24
5 png/mL
P-DOX P-THP 30 pg/mL
1% SDS
HPLC
96
2,000 3,000
24 THP DOX P-THP
P-DOX 0.0003 pg/mL 30
pg/mL 72
WST-1
SUIT2 15
mg/kg P-DOX P-THP
6 24-72
5 8§mm
SUIT2 P-DOX
P-THP 5 mg/kg 15 mg/kg
2 1
mm’
mm X mm X mm
P-DOX P-THP
HPMA
P-DOX P-THP

39,000 37,800

82nm 8.1 nm 9.8% 9.6%

(B) P-THP

/ /
o OH N HN
| on
O‘O‘ on
SH

o OH N HoN

| OH

iH R

_© [} OH O _© [} OH O

o o
NH, H L NH,

HO (0/\!\\ o

Fig. 1. Chemical structures of (A) P-DOX and (B)
P-THP.
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Fig. 2. Liberation of free drugs from
polymer-drug conjugates. P-THP and P-DOX
were incubated at pH 5.5, 6.5, and 7.4. Liberated
free drug and polymer-bound drug were separated
by using size exclusion chromatography and were
detected by absorbance at 488 nm
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Fig. 4. Fluorescence microscopic images of
uptake of P-THP and P-DOX by SUIT2 cells.
SUIT2 cells were treated with (A) P-THP or (B)
P-DOX with 30 pg/mL for the indicated time
periods, after which cells were visualized by
using confocal laser scanning microscopy. Scale
bars = 50 um.
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Fig. 3. Microscopy of cellular internalization of
anthracycline drugs. SUIT2 cells were treated
with (A) free THP, (B) free DOX, or (C) free EPI,
each at 5 ug/mL, after which cells were visualized
by using confocal laser scanning microscopy.
Scale bars = 50 pm.
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Fig. 5. Cellular uptake of different anthracyclines.
SUIT2 cells were treated with 5 pg/mL THP
(gray), DOX (dark gray), or EPI (black) for the
indicated time periods. Intracellular drug
amounts were determined by using HPLC.
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Fig. 6. Uptake of P-THP and P-DOX by SUIT2
cells. Cells were treated with 30 pg/mL P-THP or
P-DOX for the indicated time periods. (A)
Intracellular concentration of liberated free drug.
B) Intracellular concentration of
polymer-conjugated drug as quantified via HPLC
with fluorescence detection (at 488 nm). (C) Ratio
of intracellular liberated free drug to intracellular
total drug. (D) SUIT2 cells were pretreated with
bafilomycin Al for 1 h or were untreated,
followed by P-THP or P-DOX treatment for 4 h,
after which the amount of intracellular liberated
free drug was quantified via HPLC.
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Fig. 7. Cytotoxicity of anthracyclines. SUIT2
cells were treated with increasing concentrations
of DOX, EPI, and THP for the indicated time
periods followed by additional incubation in



drug-free medium for up to 72 h. Viable cell
numbers were determined by means of the WST-1
assay
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Fig. 8. Cytotoxicity of P-DOX and P-THP. SUIT2
cells were treated with increasing concentrations
of P-THP or P-DOX for the indicated time
periods followed by additional incubation in
drug-free medium for up to 72 h. The number of
viable cells was determined by means of the
WST-1 assay.ICsy values for each drug were
calculated from the dose-response curves.
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Fig. 9. Body distribution of P-THP and P-DOX.
Mice with implanted SUIT2 cells were injected
with 15 mg/kg P-THP or P-DOX. At the indicated
time periods, mice were killed and were perfused
transcardially with saline. Each tissue was
collected, and the amounts of the drugs after
extraction were measured by using HPLC. Values

Fig. 10. Antitumor activity in SUIT2
tumor-bearing mice. Mice were treated with 5 or
15 mg/kg P-THP or P-DOX twice at the indicated
times (arrows). Tumor volumes were measured as
described in Materials and Methods. Values are
means + SD.n=11-12.
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