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JUNKFTIE, BEICELWABRFE (ma 7y —< ) EHEREREICE LWEREIN 7)) —2 7 I X U —)
G L 17V =770~ Ok P08k &am A 340 Lz,

A7 V== TXETIE, KECRAT HBEARIET 477 Y —721F7 T2 <, BINDS No#E#ETH LK
HRFRFEEEOAEW T A 7TV —, ERRFORNKIMEAEM T A 7TV —% L TRIERFZOMEMAED T
FA, S OITITERIME - @5 - REMEFTOHEMED =X 2 T4 77V —%2FMT 252 & T, FRICRIESET
BB Y A7 BETED LD, HDHWVITAIFES =5y T HITERTEL 0 AL L L, BHEm, 28
Aoy DIRERROERE, BYYEFZ R TE 272G RE LTz, EBRITTFRICB W TIESII R, Y
WEERE, BB ZFATTERT L OB 2 e, & 7o 2AMIT e B IXREACR 2, BEIR B RS, UK, HERS
R BRI IARSE, IR AR RS BRR AT ZEs AL AT e 72 & AN ORISR (2% L T
0D a YT 0 7R LT, 3REEY FEh Lo, ASENGERRGE~DHE (Int. J. Cancer, 2019, Br. J.
Pharmacol., 2019, Scientific Reports, 2020, Org. Lett., 2020, Cells, 2021, Pancreatology, 2021, BBRC., 2022,
72 ). FEEFHHRE S ST MICEKS) LT,

by MeaWoREIZBE L TiE, BEFEEP LR ZAIHT 2707 T L (2277 —<) ZHLic, ZhE
T 12 HFOEHIREAT o To, MR ERDEBIT, B 3L ROV, ZOMIT, A, BYYE, TEERAR.
XA IR B E 2R Ch 725, RT v 7 VRY Y a = RSB 2/BET IR LE LT, T har R
TR EERHZ R OBEARETH L=V B0V Rr ) DU EZREF L OooT Lo U AEHEH
I SELFHEEE G L, B F s FU 7 HREEFER 2G50 2 LIZkE) Lz (Science
Signal., 2018), ARECEIZ DUV TR Z G A2 (W ERRT 2 IS (FrfiE 2019-103034) L7, JURIME O UG
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YT T TAL MEBINO R T4 7T ) —DWEEZIT>Te, ZHETIZ 500 BEREDT A 77 Y — 2
L. BUEERED 8 0 %FREAFER LTz, 7 U —2 7 7 LD D—>Th A HERBRBEITE LS b
21 70V=v7IA RN —] OFEMEZRNE LIEAREIROEEMICEL TH, s@mWEREL AT 2IERAK
a7 X BEREDRFE (J Am. Chem. Soc., 2020, Nature Synth., 2022) 72 EIZkEh L, k4 7Rk 7 2/ g
TAT TV —OBEIIEIN LTz, a2 b Ty ZBFIZOWTIE, Y U7 R RMEICER BT LV
ATAVGFEE LT a=z7ra7dn 784 I K (CFA) v 7 r7 %27 2 R(BCB-amide)7: & % HH
4 Z L\ L7z (Nature Chem. Biol., 2019, J. Am. Chem. Soc., 2020), FEHOAIEFIHZEm L, R Sh
RHESH T T u B O T O J7iERm I b B LA G BE OB X OVAEMTEE O A D 7= (Org.
Lett., 2021, JACS Au, 2021)

MBI « BEER BT T L& OISR B oW, MEE R EE - B, RS RBICET 2T bbbt
AT oItk FRRRFEEMHRKIFET VT E—MRERET V2 AW IR E F i LT, £ O/ER, B/ BRI
BRI T e T =7 (R TR Z 29 7) OFIR THIMENRO b iAba a2 2 LIkl FH
LB EIR TS EERIBIRIC DR N D AR R STz, £, XZRERT T=2 & UTRE Sy
OATERHE 21TV, R L > TEATENFHET L2 L2 RANE L, FriLWEEET VLR D AREMEEZ R L
7=

MBI E T L D@L Z LT OV AITWEEOFHIET VAL LTz, MRREERFO IR TH LT =
T4 =TI, AL CHERINDRATH IO AT N =3 T 4 v 7 AEZFIH LTRSS E RO AB
HRAE 2 SRR RS DRl R 2 N LTz, RET VORI RE L, ELERNEYGTHD Z & Th Y K
TOTET U AL—HTHZLTho (eNeuro,2018), & HIZ, [FFT /L% IV THRRFEEME AB i kT o
T4 =T ICEERFEHEZEAMNROH LT 72y b (2a2a—m XS FRY FeEt—%— (NpyP) THlIffsns
R) EFREL, B 72y hOIEBZIGEIT D720 TABBHENET 0T 0 =T 2RIET D LW O R A2,
L7e3»> T, [H 71y FOFEME 7 v MIH LWERET L &85 (PNAS,2021), & 612, #HfE721T T2
<., BWBRARBIGFETIH LT A YA 78y b (Hesh BlE7 A bu¥A b)) ORBIZE S8 L
VWESRRHEE T L 6 BA%E L7 (Nat Neurosci, 2020) (BER K% - M HFEEGZ O AL A u U Lo — AR =
v b TRHMEARBREE T VEMEH] & o),

P 7V — 713, FEARRT:, AR, RIRKF, BURKRY, ENEREGENE 2 —. BB P 7esis A= mal
RIRZEE X —. Z A Mahidol X%, #:[E Queen Mary K%, ##[E Dongguk K275 OKFE %5 AtL, in vivo
ST AR 21T o 72 BARIZIE, R 0IRY 7 U v 7 &2 2 2 o R0 B A ER R &3 50
HORZ w7 URVva=rr7 (maryy—<) MRZEMAL. UTORRER/ELL, 1) Ye ety or
R Caz+F v R VHERE (BEH) O =YW, Drpl-7 4 7 I EEREREEET L2 LT, 18
PR OB MR B O T RN 2D bay R T@EINEEZME -+ 5 Z & %2 A L7z (Science
Signal., 2018), 2) FAKRYEZRT 7 —BHERK HiEIE) OA 77X M3, TRPC3-Nox2 #HA KR %
T2 2 & T, S AAIES COVID-19 T Z 5L A RV AL LEEEBEKL 2 5 Z & &~ U A THGE
L7= (JCI insight, 2017; Br J Pharmacol., 2019; bioRxiv., 2021), 3) KR&\E 1A VY F 47 % — &G ek
REMERSRDY AN T + T 7 7 W, 7V AEEE P2Y6R Z AR D Cys-SH & 23> MIfEA L. P2Y6R O
{E(k & 53R %8 U T P2YBR-AT1R AR A ET 2 2 LIk 0, FiRE & MtEm =D FPiE2 b7 67
Z L &F R LTz (Science Signal., 2022), & Ofth, HLEBFIEARE E LT, iR AFFBERIELEEZET 2%
b7 F NEA] (HSA-Trx) . RIHTEEREE OUE I < TRPC6 [HEMROFRIEICH Bk L7z (Pharmaceutics,
2022),

REOXFEORFEDO—>TH LA CER) ) X AIZEB LIRRIAIEMIE (72 2 15 12k, KNEELo
Al & 0 EEHEMEFLE O EIR O PR, TS IE OB 7o ok, E 7B MER IR I BT D8k 4 IR HE A B D Mic
L=, 26 R HIL Cancer Res, eLife, Nature Commun, Mol Cancer Res 72 ¥ OEESEE TG SN, =
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T XABEOREEEEL LT, BRI, MR, 71BN IRRE (S B T D Rk 2 2RI g D BT RE TR K
DB LFEIZDRNY | T ORREOL AIRFFFHESCIFEN I E 72, Fio, AR XLE2FHET 2 E
IR OB E IR L, XU T v —REOBRIUCEY | EFEEZEET DRI E o T2,

SER OERNITFEIC MR ERE LT =4 —T 2 2 L a_X—RATONTE T, TDd, EEGLORS
BIIEDEEOMEAEICESOTHET SN TWD, L LR, EWOWIL - 43740 - A - HRltto £ @i 24
IRE ] JE I O B BB A 7R 3772 Y ORNEIHREIIRERFZNIC L > TH BT 5, ASEORRIZE->T, B b
DOMBANIZ IV TER % 7 3EE N 7 VAR —F —ORBER O/ A LT 2 R 26N L
(Sci Rep, 2018, 2020; J Biol Chem, 2021), F£7-, BEFHEDR 7 V== 72X > T, ANT 7T V38
PENEEGAZ K > THBEN O SGK-1 IEMHZFHE L, MRREEMEEKREZEMTE L2 L2 R LD, RAlZRN
G LB 3 MBI D R T o AR —4% —Tdbh 5 BCRP I & » THRILLEHRBIT AT bR b =08 R %
HETXehoTz, LorL, BCRP OfgisiFt2lETE 5 727X Y A4 v FEHTHZ Licky, ALvT
7Y T ORI EFRERATIENSE L, AR R E NS b iz (Biochem Pharmacol , 2021), Z @
e, HEOBRAFEL AT 2 2 & THAITITWIRG CE Rd o 22RO BB 5288 OB E(L2S "TREIC 72
DT EMTREI N,

(% Ry e OMBEAERBANO&EEN] T —1%, WY o0 EE % —5 v b e LT, AlBRICHERET 24
AAERRATEAR OB 2 i LT 5, FLEED X — 5y N O—2Th 5 KIGHE H RO S > /37 B MsbA %~
W RNEURIETHDH MSPID1 ZHWTH /7 4 A 7@ L, ¥)—72 MsbA 7/ 7 « A7 OO TS
R LT, BURKFHRAZR &L ONEHESIC LY . BEAE (MsbA) #EKE 77 XEHE (SPR) Fv
TIZHEE L, EAFREFA O 352 HOIKG 774 77 )V —%HWTHEROR Y V—=2 7% % LT, (L&
W ORREEBYZ LD MsbA @WHLT /7 4 A7 ~OfEGREREZFM L, 3 >OEfibEmER Lz, Thd 320
R a2 AT, MsbA @il /7 ¢ 27 Z 72 ATPase BAEFEBR 21772\, A=V AA T T ay K
(v~I[s] 7y M) XD ERRORNT 21T o728 25, 1 >OLAMDBANIC MsbA @ ATPase i1 %
FHE L TWD & W IR %21587- (bioRxiv., httpsi//doi.org/10.1101/2021.06.15.448612), £7=. JEAHDIEH1L
G THDHE b P2XA ZREOMIISN KA A % 3EERTHEDL Z LIS LT,

SARS-CoV-2 U A /L 25 Spike (S) # v/ XV BEHMTHANT =K S X378 (SR 27 7217
TVanNy RERNT 7 AERREGRE L2 L ZA, JLiiEOHICHM a a7 oA L ABRMBICEAT L Z &%
B CHURDSEA L T D Z &3> 7 (Frontiers in Immunology, 2022)

TFIANT—R )= FER =y b OFOLRFERIE FERZ O EICH HRKHE 77 A€ 30 (SPR) %
BT, B2 T B ARGy TALA W OF EAE FRAT 28485 U C 50 U 7o, BRI ZE 2 & LR 3[R
IR L0, MsbA @)/ 7 4 A7 % SPR F v FIZEET 5 B2 Rt Lotk BARFREF A O 352
BOAEGTT7A T 7V =R V== T EELIRER, 320t v Mea#BEoniz, TOHo 1>
Iz AA T o7 ay MZBWT, MsbhA @ ATPase &M #HET 5 Z & %~ L7- (bioRxiv,
https://doi.org/10.1101/2021.06.15.448612),



At Kyushu University, we supported and advanced the method and technology of “Green Pharma”, a novel
approach merging the concepts of “Eco Pharma” seeking new effects of existing drugs, and “Green chemistry”
aiming at the development of eco-friendly pharmaceuticals.

In drug screening support, we hoped to discover drugs to overcome chronic pain, itch, cardiovascular disease,
cancer, and infectious diseases using not only the library of approved drugs, but also various other compound
libraries provided by BINDS. After discussing 40 research projects, we have successfully published papers
(Int. J. Cancer, 2019, Br. J. Pharmacol., 2019, Scientific Reports, 2020, Org. Lett., 2020, Cells, 2021,
Pancreatology, 2021, BBRC., 2022, etc.), applied for patents, and out-licensed to companies.

Regarding the optimization of hit compounds, we have provided synthetic support in 12 instances. A notable
achievement in drug repositioning research was the development of cilnidipine derivatives that attenuate
calcium antagonism while retaining their mitochondrial division inhibitory activities (Science Signal., 2018).
We constructed a compound library consisting of 500 different reactive fragment derivatives for covalent drug
discovery. Regarding the sophistication of synthetic technology based on “green chemistry” approach, we have
established new synthetic methods for the preparation of unnatural a-amino acids with bulky substituents
(J. Am. Chem. Soc., 2020, Nature Synth., 2022). Regarding the development of covalent drugs, we have found
new cysteine reactive warheads based on a-chlorofluoroacetamide (CFA) and bicyclobutane amide (BCB-
amide) moieties (Nature Chem. Biol., 2019, J. Am. Chem. Soc., 2020). For the development of sugar-based
drugs, we have established new synthetic routes to prepare metabolism-resistant sugar chain analogs (Org.
Lett., 2021, JACS Au, 2021).

Regarding the support for evaluating the pharmacological effect of drugs in vivo, after discussion of the
dose, period, and administration route of testing drugs, we evaluated the effect of drugs on nerve injury-
induced chronic pain and atopic dermatitis-induced chronic itch. We successfully obtained one compound that
suppressed neuropathic allodynia (pain caused by tactile stimuli) that is known to be resistant to morphine,
suggesting that this compound may be effective for treating intractable chronic pain. We also found that a
drug that has an agonistic effect on the receptor X inducing scratching behavior.

We have established a new model for evaluating neuropathic allodynia by showing an optogenetic
stimulation of primary afferent AB fibers producing pain-like behavior in rats with nerve injury. Notably, this
pain behavior was ineffective to morphine (eNeuro, 2018). Using this model, we identified a subset of dorsal
horn neurons that is important for the AB fiber-derived neuropathic allodynia (PNAS, 2021). Interestingly,
inhibiting activity of this subset was sufficient to produce allodynia (PNAS, 2021), suggesting that this could
be useful as a model of allodynia. Furthermore, we have also developed a new model of pain in mice (an
astrocyte subset (Hes5-positive astrocytes) in the spinal dorsal horn is stimulated (Nat Neurosci, 2020):
collaboration with Prof. Izuho Hatada (Gunma University)).

Nishida’s group has developed an original drug repositioning (Eco-pharma) approach targeting protein-
protein interactions that mediate pathological cardiac remodeling, and obtained the following results: 1)
cilnidipine, a dihydropyridine-derivative Ca2* channel blocker (anti-hypertensive drug), inhibits Drpl-
filamin complex formation-mediated mitochondrial hyperfission that is a major cause of chronic heart failure
and other intractable diseases. 2) ibudilast, a phosphodiesterase inhibitor (anti-asthma drug), inhibits
TRPC3-Nox2 complex formation-mediated oxidative stress and cardiotoxicity caused by anti-cancer drug and
COVID-19. 3) Sulforaphane, an electrophilic isothiocyanate-containing functional food ingredient, targets
Cys-SH of pro-purinergic P2Y6R receptor, leading to anti-inflammation and prevention of age-dependent
hypertension by disrupting P2Y6R-AT1R complex formation through P2Y6R internalization and degradation.
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Through time-based drug discovery research (chrono-drug discovery) focusing on circadian (biological)
rhythms, which is one of the features of BINDS's support at Kyushu University, the function of cancer stem
cells in triple negative breast cancer, new mechanisms of tumor immunity, and various pathological
conditions related to chronic kidney disease (CKD) were clarified based on the circadian clock machinery.
These supported results were reported in international journals such as Cancer Res, eLife, Nature Commun,
and Mol Cancer Res. The results of these support have also led to the discovery and identification of new
functional therapeutic compounds for various pathological conditions related to refractory breast cancer,
tumor immunity, and chronic kidney disease. These compounds have resulted in patent applications and
collaborative research. In addition, we supported the development of medical devices that regulate biological
rhythms, leading to the establishment of a venture company and promoting industry-academia collaboration.

The individualization of pharmacotherapy has been mainly achieved by monitoring the drug concentration.
Consequently, dosage adjustment of medicines has been based on interindividual differences in drug
pharmacokinetics; however, intraindividual as well as interindividual variability should be considered for
further improving rational pharmacotherapy because the pharmacokinetics of many drugs also vary,
depending on the rhythm of absorption, distribution, metabolism, and elimination. The present study
demonstrated diurnal expression of several xenobiotic transporters and drug metabolism enzymes in human
renal cells and hepatocytes, which underlies the dosing time-dependent differences in drug disposition (Sci
Rep, 2018, 2020; J Biol Chem, 2021). By screening a clinically approved drug library, we also found that
sulfasalazine (SSZ) has preventive action on neuropathic pain through inhibiting SGK-1 activity in the spinal
cord. However, no significant anti-neuropathic pain effects of SSZ were detected after oral administration
due to its low bioavailability, which were associated with efflux by the xenobiotic transporter BCRP.
Concomitant oral administration of SSZ with febuxostat (FBX), which is an approved drug to inhibit BCRP,
improved the distribution of SSZ to the spinal cord. The concomitant oral administration with FBX also
increased the anti-neuropathic pain effects of SSZ (Biochem Pharmacol, 2021).

The group in charge of the "Sophisticated technologies in protein interaction analysis" is focused on the
development of technological solutions for interaction analysis in drug discovery involving membrane
proteins. MsbA is a model membrane protein from the bacterium FEscherichia coli, and a target to develop
innovative antibacterial compounds. The key technological advance was the preparation of MsbA in a lipid
nano-environment termed nanodiscs, significantly stabilizing the protein, which was then subjected to a
compound screening using a biophysical approach in collaboration with Prof. Tsumoto of the University of
Tokyo, identifying three candidate compounds. Inhibition assays showed one of these compounds
competitively inhibited the activity of MsbA (bioRxiv., https://doi.org/10.1101/2021.06.15.448612).

Immunization of mice with a recombinant trimetric protein corresponding to the surface spike protein (S-
protein) of the virus SARS-CoV-2 was carried out using Alum Adjuvant. The immunization resulted in
antiserum containing anti-S-protein neutralizing antibodies (antibodies that prevented SARS-CoV-2 from

entering human cells) (Frontiers in Immunology, 2022).



