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KimCix (77 I a2l Uizt ieiss X ORI/ GIRBWRIEICEE T 2498 ) 8L, 2k
TR e E DI L X — LA A A G o T IR B A S ATEFRIEIC R A Y T, RESRDIRIRIE Tk
TBTH S TN AT L THRZ2BEAIOBRICI Y AL D TH 5,

F1E [FER) Tk, ZRFEZII LD LT 2RAMEROBUR & 2 OELEIE L, Ao B iE4165E
T D TS BNCT) B L UOREEVRE (PIT) OEEMZH Uz, £, BEfFO BNCT iR 7#E X+
V7 OBURZMBIL, WHRFVEX Y U TRHBOMEEEZP SN LIz, Fio, TAT7 I 2 L2
WIEFET AT A0, ERZ R L O T U FIREAERNC LT IR 28 L, SR B BNCT IZ B AR
T T —FI 0BG ER LT, S5, PIT AOYERES] (PTA) (ke B Rt~ Bk T
FOETEMIZTHMEINR SN TND Z &2 PIT OFKRISHIZEBIT A2 RERFIRERSTND I EEHERL
Too BPRIT, HRIR THE—7KGR IV TV A A PTA OFRBEZ BAEIC L, IR PTA OBIR O T E M2 587 L 7=,

Eom (NEMT AT IV EEALERYHES Y 7OBFE] TlE, 1RO BNCT T VT 2 U4EERR T 3
Xy U TR DHEETIRT 5720, WEMOMET VT 2 v Z2iERT 587 2 EE~D R 7 F SRR &
BE LT, ZOWIKICESE, FELHEEAMET LT I ) T RESFWNICHAANVTZIRSYFHRUFES Y U T
BC-IP #BR% L7z, 5612, b MRBIEEET L~ T AW in vivo FEBRIZ L V| BC-1P g~ & 3R
MICERET A Z L& L, TAT I v DI IEREEEIEH LR v R O fF A% 351 LT,

FBIW [TATIvEFy U7 L UTERS AR R T HRRIEORR) Tk, 77 I v L ERS
BRIRBIERT 2872708 U R EERIKICESE, TAT I DA R, RURR, ERZHIKRI o NE45+
PHUTRLASA A TRy 7R U FE S+ U 7 PBC-1P ZBA% L7=, PBC-IP iX, BNCT OIGHRE TH D A T/ —< =
RBIERROMIICBFICI VA E N, $£2, b MRBIFEEET L~ T 2% W2 in viveo FEERTIE, PBC-
IP XK T H STV B R 7 EHHI BPA % LRI PSSR 2 R Lz, 512, 7 v MRBEET LV E2H
W IRRSERR T, CED % 1EH L7z PBC-IP O RFTHE S BNCT 23, 2RO CRIRIGEWIEFRDREZ L7125
L. 7 v FOAEFEHMAZ¥ELD FIEET 5 Z LI Lz, S OFEEA S, PBC-TP |3 BPA OEREAME i
RBIEIZ L CHERIREDIRE L0 THEERBES THRVEXR YV T THDH I ENFIES T,

AR [TATIvEXy V7L LA T U2 RIRENR T RREE OS] Tidk, B F U8R
ZHER) 95 P EIURIE AR E L, ZOMIGICH-S& | PBC-IP OIEMZHFAR) o Fa B4 F I E#h
L., & B AT U FERO KA BT DR E 2 R U7Xy 7R 3% v U 7 BBC-1P # BA%& L7z, In vitro
TOEWFEFAM O, BBC-TP (F4FE DN AMIBIZIB VT BPA L 0 A ZICHIEN A~V IAENT28, ZD
B ARG IIBEAF DO A TF UG T L IXR AR D FRRMEN TR ST, S BIT, BBC-IP I~ U AEE AT
FIAZEUWT BPA & LRI A EEER 2R L= b DD, BNCT I2H1) D1 RIS RE & —8B1, BNCT D%
RITIEEN TOR Y BEERICNZ, YRS U T ORAMBHNRIEIC BIRET 2 /RS Rg S,

%5 B LEARISERIZ MR U727 XU U B8 HIREEI O BT & SERBVRIE~DIS A TIE, B a8
Hah=R (PCE) LITiRAME (NIR) WRUSHSME % Fedafi 2 72 PTA OBAZEICHY $A~, BODIPY O BH&ICT AL
EF RS FaF )y, Fra—RA5fHBALT AzuGlu-BODIPY 455U 7-, TD-DFT FEIZ LY. AzuGlu-
BODIPY (% NIR UK H 2R+ THHZ ENTRIEN, TOWINERITFERFBERE L~ L=,
AzuGlu-BODIPY (% 51% & W\ 9 7= PCE 7R L, 2N AMIAS 6 U CIBEEIRAFAOICHIMSE 2B R LTz, &BIT, <=
7 R ATV E AT IEEERR T, AzuGlu-BODIPY 2MEEERAZOWEEE % 50° C DL Rz FA- &, BEED
SERTBRE AR LT-, 2O OREENS . AzuGlu-BODIPY IX PTT IZB W CTH 72 PTA Th D Z L NEIEE .,
TRV EEAEE LTe PTABRRIZB T D720+ 77 v M7+ — L& 5 ATREME D R ST,

56w TEEim) TIk, AFRSUEmE Lz,

6% FSCE B, FI3T 2000 5 & H3L 300 354 19 D2 352, & L <IEHST 800 §5% 1 R L T2 &0y,
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This thesis focuses on the development of non—invasive cancer therapies that combine external
energies, such as thermal neutrons and light, with sensitizers to address cancers that are resistant
to conventional treatments. The research specifically investigates Boron Neutron Capture Therapy
(BNCT) and Photothermal Therapy (PTT)

In Chapter 1, the current state of cancer treatments, including the three main therapies, is
discussed, along with the challenges they face. The chapter emphasizes the need for next—generation
boron carriers for BNCT and introduces albumin—based drug delivery systems, as well as receptor—
targeted strategies (e.g., folate and biotin receptors) that could enhance BNCT. Additionally, it
addresses the limitations of PTT due to the scarcity of materials that fulfill the necessary
properties for photothermal agents (PTA) and stresses the importance of developing new agents for
clinical application

Chapters 2 to 4 describe the development of novel boron carriers for BNCT utilizing albumin. In
Chapter 2, BC-IP, a small-molecule boron carrier incorporating a non—covalent albumin ligand, was
developed to leverage endogenous serum albumin. In vivo experiments using a human glioblastoma mouse
model demonstrated its selective tumor accumulation, validating this strategy. Chapter 3 presents
PBC-IP, a boron carrier integrating albumin and folate receptor ligands. PBC-IP exhibited superior
antitumor effects compared to BPA in glioblastoma mouse models and achieved near—complete tumor
regression in half of the cases using CED-based BNCT in rats. Chapter 4 focuses on BBC-IP, developed
by replacing PBC-IP’ s folate receptor ligand with biotin. BBC-IP showed higher tumor uptake than
BPA in a mouse colon cancer model but suggested that BNCT efficacy depends on both boron localization
and intracellular distribution

In Chapter 5, the development of AzuGlu-BODIPY, a novel azulene-based photothermal agent, is
discussed. AzuGlu—-BODIPY demonstrated high photothermal conversion efficiency and effective tumor
regression 7n vivo, confirming its potential for PTT.

In Chapter 6, the works described in this thesis are summarized
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