u

) <

The University of Osaka
Institutional Knowledge Archive

Title iR o IR FERR D T DRI & DA REBEFREANDERH
Author(s) |£, Ih#
Citation |KFRKZ, 2026, HIHwX

Version Type

URL https://hdl. handle.net/11094/105649
rights
POEB/BRWERI’H B EFANBEMBERILEEEL -
2, 2XIRKATEOHRBTOENEZ LTV
Note T, EXDZHHZCHFLEDIZEIX. <a

href="https://www. Library. osaka-
u.ac. jp/thesis/#closed”> KR KFEDIEBLEHHRTICD W
K/ TSREI W,

The University of Osaka Institutional Knowledge Archive

https://ir. library. osaka-u. ac. jp/

The University of Osaka

: OUKA



3
wmoxXx N ox o =B OF

K 4 ( & T )

i SO | BT o BAZ RISy DRI & 3 A S ki~ 0 Ji B

WMSINAEDOEE
IR (TATI . o RS R 2 IS 065 0 - (AR U, IS ARG T DIBRIE CTH Do affiTmn
MV X —(15 (LET) & MIREE Sy 0BV EBRNREZ A L, s BSAMREREREEZ T, RIFECHEA L
TAZTF 211 QUAL) IFPEEEINT.20EM &< IR X D REIFMEN DR WA LR EEETH D —
. FOEFMPZNGREL OGRS E R IERE R ENRAIR TH D, £z, ITFEOHFIRIC & - T BEHBRIRE I EE
1 IEL LIS 2 2 ERIH LIRS TN M, 2HALERC X 2 a0 BRI W TIH oI ST
WV, T ZTABIZE TR, EHEMORHEERET 2 2 F 211 (2UAL) AAWETATO SELZ BEgE LT, O211AL
EERAEMAER G v U 7)o T ORI & 2 OMREFN(KL), X0 @A K 5 S AMEFENFHET 5 g

DFEPI(H2) % — KRBT LT,
O 2VAHEHFHX v U 7 o+ OB & BT
AT T, 2VALOFHFE B 7 & LT8R

o ) \ﬂ"{"o“)'\”o a(;,'?\\_a :2
RATF Ffi AFe (Mirabody) % v 7=, Mirabody 8. "\ \—Z', 20
LV &y

H
M

X BURASTF RO EVER BN & . Fey L% A ¥ Do |
U RBAE T HLIENE - (RNIVE % R R BT T AR |\
EXYT 4 THY . FiALHELTES TR TH S = é’i@ | © /. ©

2R\ AW
ZEmh, BN HRNE BN & TR Rk & TTRE PR mmnwE, %\fﬂ E:%i
L+ 5, ARFETHVE METHEA B 7 F 1 & ! o
A Mirabody (Fc(aMD4)i%, HIMETHI{& & bz L .
Tt MEDS A TH HPANC-THIfRIZ X L CF 21 AL OIS
L NN L AR L, AR EIZ B W TEZh 2 DNA ZARSHEIEHE L R R s R~ L, S 612,
RS 5-1% 90300 CHSER AR SN Z 5. Mirabody [3211At & DD CTEWBIFIMEZ o5 v U
T—ThDHIEEWLMILE,
© 2MALZ LD B AMAEE N THE S 5 0N E O R
MWALIZ L DDA ER, EHENRMRREICE &6

T, REINEEFBET D0 EMGE LT, IR REETHm LN D ki i
B16F10Mfa % F\ 7zin vivoE 7 /MZE W T, 2HAHEEN MR P
DEFBEG B 2RI T2 27 L, 61T,

FEAHNE~ © 2 DM A TN 5 2 & T, S st o FO—

AURE T & 2 Hl I THIIE(Treg) D ETEFIA AME N L, s b oo
AR DIFN-yREAE BN T 5 Z & 2R LTz, ZHUZ KV 2UALIC

X % M E N R MR S 2 5 2 L 2 b L IONA 0 KRG OIS

72o SRIERRIGAL OB & ARG L2 RE R, 2UACLERE O 23 AR 35 TRl E — AEHDNA (dsDNA) D # FE

FETHDLZEEWHLMNT L, 51T, MAHEENAME OHERICEI D, ~ 7 77—V X ORI
B BIEMAL~—H —ORB LA SRS, MAUSES AL HAERZEEIR LGS 2 L RENT,
JHEERE G~ 7 A DO MEE T35 Z L2k V. IFN-pRLCXCL10D FEA BN ODNABE RN T 59 A 4
AVNERTEZTaT7 74V ER L, 2D ORERIT, 2LALIC L 205 RIG 1A, DNABE IR T 2 LK
B GIEINE T Fi & T D AR EZ R LTV D,

Pk v, KWF%eE. EHEMoRHERE Th 521AtZ W ZTATAS TR AR 2GS 51 Th b & R
W2, T ERIELT 2R & LR ThD 2 L a2R LT,




£ 3
wmoOoxX N o ®x o BOF

A ] )

i SO | BTHL o RAZ AR Y DAL & 8 A SR R~ 0D Ji B

XN EDEE

Targeted alpha therapy (TAT) is a therapeutic approach in which alpha-emitting radionuclides are
conjugated to tumor-targeting molecules to selectively kill cancer cells. Alpha particles exhibit high linear
energy transfer (LET) and an extremely short tissue penetration range, resulting in strong cytotoxicity.
Astatine-211 (211At) is a promising alpha-emitter with a short half-life (7.2 h) and limited long-term toxicity;
however, its clinical application requires rapid and efficient tumor delivery. Although radiotherapy has been
shown to activate antitumor immunity, the immunological effects of 211At-based TAT remain poorly
understood. This study aimed to advance 21'At-based TAT by investigating (Da novel 211At-labeled carrier

molecule (Fig.1) and @immune responses induced by 2!1At-mediated cancer cell damage (Fig.2).

(DFor carrier development, I selected a cyclic

| O gy LA, e
peptide-inserted Fc molecule (Mirabody). Mirabody @‘t@\d’ 2 J\[I & ?J el

{B—B‘/ / Q MET \
combines high target affinity by cyclic peptide that FofalD4) ik, gﬁ'@ & * .
. e . . . .. "‘AilbldF(I’a’ID‘ﬂ -
can bind specific proteins while maintaining a a:e & ‘e ‘@ @
= .‘4@ ' '~
smaller molecular size than antibodies, enabling 6?’”6 . @n' (% !
rapid tumor targeting. MET-binding Mirabody o/ imermazaton o iﬁ;

(Fc(aMD4)) showed markedly faster internalization

into PANC-1 pancreatic cancer cells than an anti-
MET antibody. The 2!1At-labeled Mirabody efficiently Fig.] Thusration of This Stity
induced DNA double-strand breaks and antitumor effects, with detectable tumor accumulation as early as 30

minutes after intravenous administration, demonstrating its suitability as a carrier for short-lived 211At.

@To evaluate immunological effects, we examined whether 2!!At-induced cancer cell damage could elicit

antitumor immunity. In an in vivo model using poorly injured

. . . ®Vf cancer cell

immunogenic B16F10 melanoma cells, prior ag {F% L]

administration of 21*At-damaged cancer cells significantly immune cell
activation

suppressed lung metastasis. Spleen analysis revealed a
reduced proportion of regulatory T cells and increased
interferon-y (IFN-y) production, indicating systemic

Suppression of

immune activation. Mechanistically, 211At treatment led to lung metastasis

pronounced accumulation of cytosolic double-stranded

DNA in cancer cells. Co-culture experiments showed Fig.2 llustration of This Study(2)

activation of macrophages and dendritic cells, and plasma analysis demonstrated a DNA damage-associated
cytokine profile, including IFN-B and CXCL10. These findings suggest that 211At-induced immune activation is
driven primarily by DNA damage-mediated, nucleic acid—dependent immune responses rather than

conventional immunogenic cell death markers.

In conclusion, this study demonstrates that 211At-based TAT can be designed not only as a cytotoxic therapy

but also as an immune-activating therapeutic strategy.




£k 7
WEBEOMREOEE RO Y

K4 ( 5 o )
(Hk) K %,
B Hiz fEL ik
A SO A
i Bl # oz M NEkT
Bl A& BHTEER (RE) B T
WX EREORRENCEYS

BB, DO o SREERIE Ry 1 DAL & N AR IRIE~O R (BT 202 1To 72, 1
a #RIGH (Targeted Alpha Therapy: TAT) (X, o #RECHIELTE 2 FEIGRFRAICEZET H 2 LIT L VRN
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