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AQP4 PET

Implementation of high-quality PET ligands with high sensitivity and selectivity
for AQP4
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In this study, we investigated the improvement of the labeling method of
[11C]JTGN-020 for AQP. In the method using the 11C-carboxylation reaction of boronate ester using a
Cu(l) catalyst, [11C]nicotinic acid was obtained with a yield of 30% in the first step, but the
reaction reagent in the first step inhibited the subsequent reaction of amide bond formation. We
tried to purify the intermediate, but inhibition of the reaction was unavoidable. For the amide bond
formation reaction, the target product was quantitatively obtained by using DMT-MM as the
condensation reagent, so the first reaction was changed using the butyl lithium method, and an
external module for the extremely low temperature reaction was designed and installed in the
automated synthesis apparatus.

PET



@ AQP AQP4

AQP4
AQP4
AQP4 AQP4
PET
(@) AQP4 PET [*C]TGN-020 Nakamura et al.
2011 CO,
1%
(6 [*C]TGN-020 AQP4
(2) TGN-020 AQP1
ARE-270 TGN-020 AQP4
Farr et al. 2019 AQP4 PET ARE-
270 [®F]ARE-270
(1) [*C]TGN-020 cu(n) [l
Riss et al. 2012 [*C]TGN-020
(2) [“F]JARE-270 cu(l) [*F]
Rihl et al. 2014 [®F]ARE-270
(1) Cu(h) [*cl [l
1 [*C]CO0;,
['C]C0, 50% 60% [*C] 2
. o o N-N
N Br a N Li b “n\ c "‘.\ /l\>
[ ——%N/ }——@cm |N\/CN s

(a) n-BuLi, ether, He, -70°C, 30 min. (b) [''C]CO,, -70°C, 3 min. () 2-amino-1,3,4-thiazidazole, EDC-HCI, DMF, 50°C, 5 min

o

BJ§< 2
Xy 0 a 1\6
| —_— Ny oH
N7 »
N

b

¢ N
(s 1 [“CITOM-020

(a) [''CICO,, Cul, TMEDA, K2.2.2, KF, DMF, 100°C, 5 min. (b) 2-amino-1,3,4-thiazidazole, EDC-HCI, DMF, 50°C, 5 min

UV 254 nm - UV 254 0 |

4RI SORI

2 cu(l) [Hc]



>HATU

DMT-MM  100% >EDC 48%
DMT-MM 1
K222 KF TMEDA
2
K222 KF 1/10 TMEDA  1/100
[1lc]
1.
TGN-020
EDC 47 .5% DMF 0.2mL
DMT-MM 104.8% DMF 0.2mL
HATU DMF 3.0% DMF 0.2mL
HATU THF 3.5% DMF O.1mL + THF O.1mL
EDC 0.1% DMF 0.3mL
DMT-MM 0.8% DMF 0.3mL
HATU DMF 0.6% DMF 0.3mL
3umol 6umol 12umol
K222 KF 17umol  TMEDA 250umol
60 5
2
umol TGN-020
0 55.2% DMF 0.1mL
+KF 17 1.8% DMF O0.1mL + H,0 0.05mL
+KFx 0.1 1.7 72.7% DMF 0.1mL + H,0 0.05mL
+K222 17 9.5% DMF 0.2mL
+K222x 0.1 1.7 74.9% DMF 0.11mL
+TMEDA 250 1.4% DMF 0.1mL
+TMEDAx 0.1 | 25 10.2% DMF 0.1mL
+TMEDAx 0.01 | 2.5 71.7% DMF 0.1mL
+TMEDA, HCI | 250, 510 0.1% DMF 0.1mL + 6M HCI 0.085mL
+TMEDA, HCI | 250, 490 0.1% DMF 0.1mL + 6M HCI 0.082mL
3umol 6umol DMT-MM; 12umol
K222 KF 17umol  TMEDA 250umol  6M HCI
60 5
AMS
(2) [*®F]ARE-270 Hubian et al. (2013)
[18F]
[*®F]ARE-270
ARE-270  70%
35%
3 3
ARE-270

18F

Hubian et al. (2013)

4%

<1%




mv UV 254 nm mv

750 TREFFA 254nm)

500+

250+

00 25 50 75 100 125
min

3. [**FICF3
3
[*®F]CF3-Bz
CuBr 5mg 21%
CuBr 1img 60%
CuBr 22mg 86%

0.04umol  CHF,I 0.17umol DIPEA 0.06pmol
K222 0.04pmol  KHCO3 0.01umol
145 10

(©)] AQP4KO
( ) AQP4KO

< >

Farr et al. Functionalized phenylbenzamides inhibit aquaporin-4 reducing cerebral
edema and improving outcome in two models of CNS injury. Neuroscience. 2019;404:484-
98.
Nakamura et al. Development of a novel ligand, [11C]TGN-020, for aquaporin 4
positrion emkission tomography imaging. ACS Chem Neurosci. 2011;2(10):568-71.
Riss et al. Cu(l)-catalyzed *C carboxylation of boronic acid esters: a rapid and
convenient entry of C-labeled carboxylic acids, esters, and amides. Angew Chem
Int Ed Engl. 2012;51(11):2698- 702.
Rihl et al. Cu(I)-mediated *F-trifluoromethylation of arenes: rapid synthesis of
18F-labeled trifluoromethyl arenes. Chem Commun (Camb). 2014;50(45):6056-9.
Hubian et al. A broadly applicable [*®F]trifluoromethylation of aryl and heteroaryl
iodides for PET imaging. Nat Chem. 2013;5(11):941-4.

[11C]TGN-020 2



14 14 5 6

Yanai Shuichi Tago Tetsuro Toyohara Jun Arasaki Tomoko Endo Shogo 13
Reversal of spatial memory impairment by phosphodiesterase 3 inhibitor cilostazol is associated 2022
with reduced neuroinflammation and increased cerebral glucose uptake in aged male mice
Frontiers in Pharmacology
DOl
10.3389/fphar.2022.1031637
Toyohara Jun Al-Qahtani Mohammed Huang Ya-Yao Cazzola Emiliano Todde Sergio Furumoto 7
Shozo Mikolajczak Renata Decristoforo Clemens Gillings Nic Yang Min Reilly Raymond Duatti
Adriano Denkova Antonia Schirrmacher Ralf Carlucci Giuseppe Seimbille Yann Liu Zhaofei
Ellis Beverley Cornelissen Bart T 2
Highlight selection of radiochemistry and radiopharmacy developments by editorial board 2022
EJNMMI Radiopharmacy and Chemistry
DOl
10.1186/s41181-022-00177-w
Ishibashi Kenji Miura Yoshiharu Tago Tetsuro Toyohara Jun Higashihara Mana Iwata Atsushi a7
Ishii Kenji
Distribution Pattern of the Monoamine Oxidase B Ligand, 18F-THK5351, in the Healthy Brain 2022
Clinical Nuclear Medicine e489 e495
DOl
10.1097/RLU.0000000000004272
Imabayashi Etsuko Ishii Kenji Toyohara Jun Wagatsuma Kei Sakata Muneyuki Tago Tetsuro 14
Ishibashi Kenji Kojima Narumi Kohda Noriyuki Tokumaru Aya M. Kim Hunkyung
Possibility of Enlargement in Left Medial Temporal Areas Against Cerebral Amyloid Deposition 2022

Observed During Preclinical Stage

Frontiers in Aging Neuroscience

DOl
10.3389/fnagi .2022.847094




Wagatsuma Kei Miwa Kenta Kamitaka Yuto Koike Emiya Yamao Tensho Yoshii Tokiya Kobayashi
Rinya Nezu Shogo Sugamata Yuta Miyaji Noriaki Imabayashi Etsuko Ishibashi Kenji Toyohara
Jun Ishii Kenji

Determination of optimal regularization factor in Bayesian penalized likelihood reconstruction 2022
of brain PET images using [18F]FDG and [11C]PiB
Medical Physics -
DOl
10.1002/mp.15593
Ishibashi Kenji Miura Yoshiharu Wagatsuma Kei Toyohara Jun Ishiwata Kiichi [Ishii Kenji 37
Adenosine A2A Receptor Occupancy by Caffeine After Coffee Intake in Parkinson®s Disease 2022
Movement Disorders 853 857
DOl
10.1002/mds . 28897
Yamamoto Yumi Tago Tetsuro Toyohara Jun Saito Yohei Yamamoto Fumihiko 45
Radiosynthesis and in Vivo and ex Vivo Evaluation of Isomeric [11C]methoxy Analogs of 2022
Nimesulide as Brain Cyclooxygenase-2-Targeted Imaging Agents
Biological and Pharmaceutical Bulletin 94 103
DOl
10.1248/bpb.b21-00608
Toyohara Jun Sakata Muneyuki Wagatsuma Kei Tago Tetsuro Ishibashi Kenji [Ishii Kenji 36
Elsinga Philip Ishiwata Kiichi
Test-retest reproducibility of cerebral adenosine A2A receptor quantification using 2021
[11C]preladenant
Annals of Nuclear Medicine 15 23

DOl
10.1007/s12149-021-01678-5




Toyohara Jun Sakata Muneyuki Ishibashi Kenji Mossel Pascalle Imai Masamichi Wagatsuma 35

Kei Tago Tetsuro Imabayashi Etsuko Colabufo Nicola A. Luurtsema Gert Ishii Kenji

First clinical assessment of [18F]MC225, a novel fluorine-18 labelled PET tracer for measuring 2021

functional P-glycoprotein at the blood-brain barrier

Annals of Nuclear Medicine 1240 1252
DOl

10.1007/s12149-021-01666-9

Norikane Takashi Mitamura Katsuya Yamamoto Yuka Hatakeyama Tetsuhiro Miyake Keisuke 42

Toyohara Jun Nishiyama Yoshihiro

Correlation of 4' -[methyl-11C]-thiothymidine PET with Ki-67 immunohistochemistry separately in 2021

patients with newly diagnosed and recurrent gliomas

Nuclear Medicine Communications 1322 1327
DOl

10.1097/MNM.0000000000001463

Garcia-Varela Lara Vallez Garcia David Aguiar Pablo Kakiuchi Takeharu Ohba Hiroyuki Harada 48

Norihiro Nishiyama Shingo Tago Tetsuro Elsinga Philip H. Tsukada Hideo Colabufo Nicola

A. Dierckx Rudi A. J. 0. van Waarde Aren Toyohara Jun Boellaard Ronald Luurtsema Gert

Head-to-head comparison of (R)-[11C]verapamil and [18F]MC225 in non-human primates, tracers for 2021

measuring P-glycoprotein function

European Journal of Nuclear Medicine and Molecular Imaging 4307 4317
DOl

10.1007/s00259-021-05411-2

Mossel Pascalle Garcia Varela Lara Arif Wejdan M. van der Weijden Chris W. J. Boersma 48

Hendrikus H. Willemsen Antoon T. M. Boellaard Ronald Elsinga Philip H. Borra Ronald J. H.

Colabufo Nicola A. Toyohara Jun de Deyn Peter Paul Dierckx Rudi A. J. 0. Lammertsma Adriaan

A. Bartels Anna L. Luurtsema Gert

Evaluation of P-glycoprotein function at the blood-brain barrier using [18F]MC225-PET 2021

European Journal of Nuclear Medicine and Molecular Imaging 4105 4106

DOl
10.1007/s00259-021-05419-8




Norikane Takashi Mitamura Katsuya Yamamoto Yuka Maeda Yukito Tanaka Kenichi Hatakeyama 11
Tetsuhiro Miyake Keisuke Toyohara Jun Nishiyama Yoshihiro

Correlation of 4' -[methyl-11C]-thiothymidine PET with Gd-enhanced and FLAIR MRI in patients 2021
with newly diagnosed glioma

EJNMMI Research -

DOl
10.1186/s13550-021-00785-8

Hotta Masatoshi Minamimoto Ryogo Toyohara Jun Nohara Kyoko Nakajima Kazuhiko Takase Kei 48
Yamada Kazuhiko

Efficacy of cell proliferation imaging with 4DST PET/CT for predicting the prognosis of 2021

patients with esophageal cancer: a comparison study with FDG PET/CT

European Journal of Nuclear Medicine and Molecular Imaging 2615 2623
DOl

10.1007/s00259-020-05179-x

34 5 9

Toyohara J

Experience of GMP for investigational products in academic research institute.

IAEA regional training course on good manufacturing practice (GMP) and radiation safety aspects of radiopharmaceutical
production using medical cyclotron (1AEA/RCA RAS6097)

2022

Tago T, Toyohara J, Ishii K

Radiosynthesis and biological evaluation of a nicotinic acid hydroxamate derivative as a radioligand for HDAC6 PET imaging.

International symposium on radiopharmaceutical sciences.

2022




Toyohara J

PET imaging of neuroinflammation

Japan-Korea joint symposium in the 45th annual meeting of the japan society for biomedical gerontology

2022

Matsubara T, Murayama S, lhara R, Higashihara M, Nishina Y, Kanemaru K, lwata A, Arai T, Kameyama M, Tokumaru AM, Imabayashi
E, Ishibashi K, Toyohara J, Saito Y, Ishii K

Comparative pathological study of carbon-11 labeled pittsburgh compound-B PET centiloid scale and amyloid beta deposition in
postmortem brains

Alzheimer’ s association international conference 2022

2022

Imabayashi E, Ishii K, Toyohara J, Kojima N, Tago T, Sakata M, Wagatsuma K, Ishibashi K, Tokumaru AM, Kim H

Amyloid accumulation in medial temporal area starts in MCI stage in [18F]flutemetamol PET

Alzheimer’ s association international conference 2022

2022

Imabayashi E, Ishii K, Toyohara J, Kojima N, Tago T, Sakata M, Wagatsuma K, Ishibashi K, Tokumaru AM, Kim H

Regional cerebral atrophy correlate with amyloid accumulation in preclinical Alzheimer’ s disease

Alzheimer’ s association international conference 2022

2022




Ishibash, K, Miura Y, Kamitaka Y, Tago T, Sakata M, Toyohara J, Ishii K

Occupancy of adenosine A2A receptors after coffee intake in patients with Parkinson’ s disease

The 13th congress of the world federation of nuclear medicine and biology

2022

21

2022

Ishibashi K, Onishi A, Kamitaka Y, Tago T, Sakata M, Toyohara J, Ishii K

Longitudinal changes in 18F-FDG uptake in two elderly patients with Alzheimer’ s disease

63

2022

HDAC6 PET

62

2022




[18F] Flutemetamol

PET

62

2022

62

2022

[18F] Flutemetamol

PET

62

2022

PET

62

2022




Executive control network

cut-off

123IMP SPECT automated anatomical labelling

31 SPECT

2022

65

2022

[18F]flutemetamol

41

2022

MCI

41

2022




B [18F]SMBT-1

143

2023

PET HDAC6 [18F]FSW-100
143

2023

Tago T, Toyohara J, Ishii K

Radiosynthesis and preliminary evaluation of a novel 18F-labeled probe for PET imaging of HDAC6 in the brain

The 11th China-Japan-Korea Symposium on Radiopharmaceutical Sciences

2021

Hiura M, Nariai T, Sakata M, Toyohara J, Ishibashi K, Wagatsuma K, Ishii K, Katayama Y

Characteristics of cerebral blood flow elicited by exercise intervention for patients with hypertension and uschemic
cerebrovascular disease

Sporst, Medicine and Health Summit

2021




21

2021

Ishibashi K, Miura Y, Tago T, Wagatsuma K, Sakata M, Toyohara J, Ishii K

Occupancy of adenosine A2A receptors after long term use of istradefylline in Parkinson®s disease

62

2021

15

2021

18F-

2021




Nicola Colabufo Gert Luurtsema

P- [18FIMC225

61

2021

Nicola Colabufo Gert Luurtsema

P- [18FIMC225

PET

61

2021

61

2021

SPM FDG

61

2021




Tago T, Toyohara J, Ishii K

Development of a PET probe for histone deacetylase 6 in the brain

61

2021

Istradefylline A2A

61

2021

11C-PiB PET 22 Centiloid

40

2021

40

2021




(Morita Mitsuhiro)

(50297602)

(14501)




