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Why does alpha-ray therapy work? Approaching the question from the viewpoint of
cancer immunity

Ogawa, Mikako
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First, we examined cancer immunit% induced by external irradiation with
X-rays. The results suggest that external irradiation with X-rays temporarily reduces the activation
of immunity in tumors, but subsequently induces the activation of cancer immunity. We synthesized

At-211-labeled RGD peptides and examined cell death. We have previously shown that the
At-211-labeled peptide releases more calreticulin upon immune activation than the 1-131-labeled
peptide. On the other hand, no correlation was observed between the amount of At-211 labeled
material taken into cells and the amount of Calreticulin released. This may suggest that the
At-211-labeled drug taken into the cell is not highly effective in disrupting the cell membrane.



RGD

223Ra
B
a
B 7Ly PSMA
o 25A¢ PSMA
[Clemenset al. INucl Med 2016;57:1941-1944.] 1 a
A B c D
(R ) Ot}
¢ s b o o
LET a ‘"Lu?Fi(SMA : 225/-\:2-;SMA ZZSA;-F);SMA =
» v
B 4 :
PSA:E 294 ng/ml PSA=419 ng/mBl PSA= 3(x5 ng/ml PSA <0.1 ng/ml
[8Ga]PSMA-11 PET
7 y-PSMA B A-B
22Ac-PSMA @ B-C,C-D
Clemens et al. J Nucl Med 2016;57:1941-1944.
abscopal effect
bystander
effect abscopal effect
abscopal effect
a B B T
a
a
a
3-1. X
BALB/c 8
CT26 5x 10° cells 50
mm® 200 mm? Day 0
50 mm? bay 0, 1, 2, 3, 4 2 Gy/ 10 Gy
X Varian X
PD-
1 X PD-1 Day 0, 2, 4 250 pu g
Day 11
CDh4 CD45*CD4*  CD8 (CD45'CD8a") (CD11c'IA/IEY)
200 mm? Day 0, 1, 2, 3 2 Gy/ 8 Gy X
PD-1 Day 0, 3 250 g Day 4 10
CD4
CD45*CD4* CD8 (CD45CD8a") (CD11Cc'IA/IE)
CD11b*F4/80*
3-2. o B
a B



RGD At-211 1-131

At-211 RGD
UB7MG MC38 CT26
[**'At]At-c(RGDFK)
[®2171-c(RGDFK) 10 kBg/mL 1h 8 h
Y
%ID/mg protein 10 100
RDG
[Z*'At]At-c(RGDTK) [*'171-c(RGDTK)
80 kBg/mL 1h Immunogenic cell death
Calreticulin
Propidium iodide; PI
Immunogenic cell death ATP
— ATP
ATP
3-3. a
At-211

[Matsuoka K, Obata H, Nagatsu K, Kojima M, Yoshino T, Ogawa M, Matsunaga S.
Transition-metal-free nucleophilic 211At-astatination of spirocyclic aryliodonium
ylides. Org Biomol Chem. 2021 Jun 30;19(25):5525-5528] a

At-211
At-211
Et,NHCO, PPh;
DMF 100 At-211
At-211
At-211
meta-[*'At]astato-benzylguanidine (*'At-MABG)
CHsCN DMF Et.,NHCO,
PPh; TEMPO TLC
HPLC
4-1. X
a X
50 mm? X
X PD-1 CD8
CD8 CD4
X
PD-1
50 mm? X
t g g I FCM Fem :isf:#;;gmpo-nﬁ
200 mm? ey b o 5 & o | W xemstamRDE
X B HiPD-1#GEEXERER ST D6 A (Comb) B¥
EENOREEROHES
10 Gy 8 Gy 2 ny 4 CD8*THERE CD4*THERa CD45*#ifa - KRS . yn77—
4 X Pl I o1 3 =5 e
Day4 Day4 §1 II g' I :;\,’20 %1 I %5
s T 1w 8, 1= %
CD4 T Dayio 3 ml 017, B
2 X :, All“ ujll il :

>
N
X

X PD- Day 4 X Day

[
=
o



1 Day 10
CD8 T PD-1
X CD45
CD8 T Day 4
Day 10 3
PD-L1
PD-L1
X
X
Immunogenic cell death
4-2. a B
a Ac-225 B Y-90
Ac-225
o} At-211 B 1-131
RGD
RGD 1-131
1-125 1-step 2-step
At-211 RGD
[ZAt]At-c(RGDFK) [*H71- . Uptake of [21At] At-c(RGDFK)
c(RGDTK)
U87MG MC38 CT26 [PMAt]At- Wi en10c - h 1006
c(RGDTK) T e e

At-211 2.41%Dose/mg
protein U87MG 0.66%Dose/mg protein MC38
0.64%Dose/mg protein CT26 100

0.25%Dose/mg
protein U87MG 0.23%Dose/mg protein MC38
0.22%Dose/mg protein CT26

%Dose/mg protein

' T

1 I 'T'IT
T

0

At-211 RGD i
U87MG usTMG wcss 26
3 U87MG, MC38, CT26 [Z1At]AtL-
3 c(RGDfK)
MC38
[*"'At]At-c(RGDFK) 80 kBg/mL Pl p <
0.001 Calreticulin 1.4  vs. 0 kBg/mL Immunogenic
cell death 1-131
1.6 MBg/mL p =0.79 vs. 0 MBg/mL
Calreticulin 4 ATP
leAt 131|
At-211 RGD
[211At]At-c(RGDfK) ['3'11I-c(RGDfK)
1-131 B B
At-211
Calreticulin £3 £ e
§.§,10 §§,10 1.15x
At-211 §: H:
Calreticulin %5, £% s
s H
OkBa 10kBa 20kBa 40kBa 80 kBa OMBa  04MBq 0.8MBa 1.6MBa
At-211 [21At] At-c(RGDFK) MR [13'1] I-c(RGDFK) &
4 [2UAt]At-c(RGDFK) [:3t1]1-c(RGDfK)
Calreticulin
4-3. a
At-211 At-211



At-211
90%
9
PPhs DMF 100 At-211
10 mg 100 60 min
PPhs
TEMPO
20 mg
Boc TFA
HPLC
98.5% At-211

2LAL-MABG

At-211

At-211 a
Et,NHCO3
53%
2UAL-MABG
CHsCN DMF Et,NHCO;
CHsCN

53.6% *'At-MABG-Boc

99.5%
2UAL-MABG



1 0 0 0

Matsuoka Keitaro Obata Honoka Nagatsu Kotaro Kojima Masahiro Yoshino Tatsuhiko Ogawa
Mikako Matsunaga Shigeki

Transition-metal-free nucleophilic <sup>211</sup>At-astatination of spirocyclic aryliodonium 2021
ylides

Organic and Biomolecular Chemistry

DOl
10.1039/d10b00789k

2021

61

2021

2019




2
PCT/JP2021/006133 2021
2020-208367 2020

(Higashikawa Ket)

(10756878)

(10101)




