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Title Carriers for Cancer Therapeutics '
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Abstract of Thesis: Various types of synthetic carriers as well as biocompatible/biodegradable molecules
have been widely employed as anti-cancer agent in cancer therapeutics. One of the unique properties of
amphiphilic random copolymers is their ability to form unimolecular (unimer) nanoparticles with intra-polymer
associations. Recently, there has been growing research on the methods to control the single chain state, but a
few studies have focused on their applications as carriers for cancer therapy. In a previous study, nanoparticles
composed of hydrophobic moieties of L-phenylalanine (Phe) grafted onte poly(y-glutamic acid) (y-PGA) main
chains were prepared. Recently, it has been demonstrated that the size of the nanoparticles plays a critical role
in contrelling immune responses. Therefore, the fabrication of unimer nanoparticles consisting of the
amphiphilic graft copclymer (y-PGA-Phe) is one of the major challenges. The objective of this thesis is to
fabricate "unimer nanoparticles” by controlling the aggregation number of ¥-PGA-Phe. This thesis includes the
following 3 Chapters.

In Chapter 1, the formation of y-PGA-Phe unimer nanoparticles was studied by focusing on the physical
factors that contrel the intrapolymer hydrophobic interactions of Phe for single chain state, such as the
molecular weight of the initial polymers balanced against their hydrophobicity of side chain. y-PGA-Phe unimer
nanoparticles were prepared by tuning the hydrophilic-hydrophobic balance of the graft copolymers. A key step
in controlling the aggregation number for the formation of unimer nanoparticles is to balance the
hydrophobic-hydrophilic moieties in the polymer chain with the help of preparative methods in dilute conditions.

In Chapter 2, as the stability of drug incorporation, the drug loading efficiency as well as the release behaviors
can be affected by the structure of inner particles, Therefore, the morphologies and the inner structures of the
obtained y-PGA-Phe unimer nanoparticles are further investigated. A structural analysis of unimer
nanoparticles measured by small-angle neutron scattering confirmed the existence of this unimer state forming
spherical core-shell structures. Interestingly, inner core of 10 nm unimer nanoparticles estimated by means of
fluorescence quenching techniques showed their density (the total number of hydrophobic domain per volume)
higher than large-sized nanoparticles. Moreover, the stability of the unimer nanoparticles against pH revealed
that the hydrophobic domains were formed at pH values ranging from pH 3-10.

In Chapter 3, in order to enhance the abilities to control the intra-molecular associations for effective drug
control release, unimer nanoparticles having stimuli-responsive properties were prepared by introducing
L-cysteine (Cys) onto y-PGA-Phe copolymers. The unique side chains provide self-assembly of unimer
nanoparticles by hydrophobic interactions and disulfide bonds in agqueous solution. For the potential application
as drug carriers for cancer treatment, two types of anti-cancer drugs; cisplatin and irinotecan were employed as
model drugs. It was observed that 10-nm y-PGA-Phe unimer nanoparticles showed higher drug absorption than
large-sized nanoparticles due to the higher surface per volume ratio and the optimal inner particles. The amount
of drug-loading for stimuli-responsive vy-PGA-Phe-Cys unimer nanoparticles was comparable to
non-stimuli-responsive y-PGA-Phe unimer nanoparticles. However, after treatment with reducing agent, the
release of drug was observed only from stimuli-responsive types due to the reduction of disulfide bonds affected
the formatien of hydrophobic domains formed by low grafting degree of Phe.

Finally, it is expected that biodegradable unimer nanoparticles as well as stimuli-responsive unimer
nanoparticles possessing several advantages associated with their specific size and structure, for example, large
surface to volume ratio relative to lager-sized particles which is possible to more efficiently entrap target
molecules, and be capable of control their release behavior of entrapped therapeutic drugs, can be an interesting

candidate as a solubilizer and carrier for hydrophobic drugs, especially targeted cancer therapies.
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BBI=Y—F JRTFOERIREEN TV, 1oV —F VTP TORESH{ TSNS, RSvZFUN
U—3 A7 (DDS) ~OIHMFENTBY. B FEAZFOF v U7 LU TORRLINE T /BT O&R
EEHINTWS, RFBRXTHE. BAMERUTI/BTHERY -UNFIE) (-PGA) KHKET I BO
L7z N7 RFNIATIV (Phe) ZHA L 7BK{Ey-PGA (y-PGA-Phe) M Sin B e RO L= —F ) 5
FERBL. Bohfaw—7 /T OMETL. fESfTET D, BKEEEICHT 35y U 7 & L TOEASTE
MiZHMNELEDOTHY, FoRREENTZLUTOBEOTSHS,

—F T, Phe BARDRILDZHKILY-PGA ZRH L. 227 —F /B FBRITHT Bv-PGA O FEI X X Phe i
ABDPREREMIL TS, TORT, Phe B AZEM 3040%E~ Oy-PGAPhe IZBNTERE 10 nm BEOL=T
— 3 ) BT ORBSTIRETH Y, BTN TO Phe 21T L BHUKE KA1 > OBRERMBL TN S,

ZETH. vPGAPhe MEZN—F /R FOMERMICEL T, HFROBKERAC > O0H &%
Steady-state fluorescence quenching #IZ LV EIH L, EFEMERRB IO AFHETHE (SANS) flFiIzEs2=<T
—OBEBEZFEL TS, 227 —3 /B TFOMNTHEEIL, y-PGA-Phe 1 REHPID Phe 4% 100200 BELETH LT
1 DOBKRER AL 2EREL. BTREIZIE3-THO R AL Y ERICL ORTFREELENTVWAZ ENHE AT
ntnz,

=ETH, fIETHESN/y-PGAPhe 21—+ JRIFIZINA, HIRRBEICGETIHMAEE I —<—F /5

FEARL. BAKEERTHEA A AOF v U7 L L TOBEZRAL TS, HIEAOBTEE TIIRET 25
fii & LT, y-PGA-Phe iZ L- X5 > (Cys) %A L/=y-PGA-Phe-Cys ZER L. BUKIHEEEHE AN T ¢ R
GaAllazw—F /HFORBIZENLTWS, Fir. y-PGA-Phe 3 X Uy-PGA-Phe-Cys 1 =< —F J BiFIdHiHt
AFITHBAY I TFHLEHRI QLT DT EATRETH Y, v-PGA-Phe-Cys 3/ M TFIe BT BITEE T I
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