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iz ki L, R TICR W CHE R R 7 7 B RIS MBI
ENT, 2. ZOHFEITF AL FLFY U TIRIERAICHEE
ENTz, ZORERIE. BRFRICE T 5 p A A1 FZEKR
BEHRICL 2T I EARRIGOREFEE —H L TWHd, 775
TR RIT D~ T RADEESTROFRAMEE R Z &M
T&7, &b, TIALTY ROEBEIXT T RIS EE
BICEH S enb, 7T BRRISITBITS R 0%
BEROHEBEERHONE 20 7T 2 RRIGIZBIT 5 W%
DBIE AR ST, FRAIANE R O BUE H A IZRE L 22
ERER LI L A, 2 TOHAIM CERFICEEEITBEIN
oty T, TIALTY RIFRAICHRT 2 RE
WSS, T ERUSER Lz Z & AVRE STz,

SHEESEARI
(FEA)
AACAIRILS Bt e R miBhe: - BC) (&)

B 2. KFR OB ia A EEIC BT 2 ERFNRE (B

)

2000 FARIC A - TH B, FFE20 HENZEDOHF THARD AN
BB B I 1T 25 B RBDMER LT\ D 2 & AN
BEICEmIN TS, oM, FICEFBIZBO T, 6
FEHIASOBATORAN LI OS2 &, oIz BT
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BREREN DTz, Loz, HEEITH L L= A
PEICHE S 2 Y T2 A, F 2 TARHAE TIE, Hraksk
FEOEMMN — BE LB N REZEOFETH D 2017 FIZHKFH
L. ZOFIZET 2 2EEHBOMRS(ET: - EWFE IR
DYEFEMEZ T LTz, BEAHIR, HeHdz, #Hms L, A
1 ANY72 0 OFHRRSCRFRIT, EANRFD 275, FALK
T3 0.87 T, MEHEDMICHEREREN -T2, FNLRF % 2003
FELIBRIZRR B S N7 3R & T LRI R E S 72 3R
DT HD & EFERBUIATE D 0.62, HEDN 118 Tho
o TDOEIIT, BRSIFEFEIL, WEROFARIT AT
R DOAEFEMDNHEEIENZ EBbhoT, 6 FERIEZERAL
T D FIRR AN LSBT O, BRANZIEA D B 5 3K
FIRFOPEHUCEIR L TV D Z S IXRIEWV IRV, [ FLAl
MR OIETICEDLAMEEZRZERVICT DI ENTET,

BEE 3. FUFANRNF—ETFN T AOYERBELBICBITS
microRNA-132 O/ER (B M)

microRNA-132 (miR-132)I34 % DAL FECFLIE - 538 IC B
L7 OME T, 3725 p250GAP, SIRTI £ L7 &
Fay AT 5 —F(ACKE)D 310 D FEdin GAaE I kA
52 ENBETESIIND THISNTWD, AT, ¥ v
FNRF—ET N~ U AOWRFEFLEICI T 5 miR-132 OFE
A%, Fréaikaiange A clat Lz,

8~10 72 HHlED rTgd510 ~ U A% 2 SDOMEZEE LTz
— YOI, IEERITE LT 10 SRR S EZ, 202
FFIfZ(T1), &N 24 BERIB(T2IC 7 5 Wik % Frwikic
EHEL, FERICERR ST, RBERITRRBRFFICI T 58
AIRERERFE A EIA & U TR L7, miR-132 OFIFAL
N> 1 AR RNA 2GR L. FIEAT O 24 REFATIZMENIZ
BELT-,

Tg4510 = 7 A D THZEBW THIRERRLIEOREENRRD 5
Niz23, miR-132 OFEHIZ XLV k#E L7z, T2 TiE, miR-132
BEICIVBRBROKE TFARD BN, —J7, miR-132 &5
D 24 ReRBITITRTEEREICBIT A7 EFLral v
77 —E(AChE)®> mRNA FHEMNE L b L7zad, 48 I
MIZIIZFDOEFEE L, 202k LD, miR-132 &5
&0 EE L EmE 2 RGERRGE R OB IX, AChE D F8E
I FIZE D ACh L~ L ORI 35 Al REMEDS RIR S HL7z,
SIRT1 @ mRNA 1% 24 BEETIXZE L L7y 7243, 48 HEfE %
WIFAERIET RO bivle, RGOS
%, miR-134 ¢ 5.0 48 R IZFRD 7z SIRT1 O X w7 > L
Fal—va CBRT D AREMEN AR Sz, LEXY,
AD < 7 A TlE, miR-132 ® AChE & SIRTI {23 2 il o
RTUAPRRFNCEALT 5 Z LIk v, fiiEockE EL
NERTSHZ ERB SN,

HEH4-1. LDM BRBEF TV AV =y 72U RARAVWEE
BRABLEER OB A 1T T 2 AR MBS ERE R O RERO&
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HofEH (F8)

g To = L AT m— NV AEGRIE 20 BeBELL B0 OGS % #%
TITONTEY . ZTNEDORISIZEE T 54 FREITMaN =
LV AT\ — RSO G R F T % sterol regulatory
element-binding protein 2 (SREBP2)IZ & » THllf#EI S 1T 5,
JFAERN 2 L AT v — VIR AN CTOFBLARK S low
density lipoprotein Z 751K (LDLR) (2 & 2 I/ 5 DO HR Y A
Lo THBICHRE S Tnb, —JF, Kiipo ) w4z
NIRRT E RN &b, N THhE 2
L AT e —/VIREE TN THRICAGR S TS LB %
LNTEY, KMEITRRD 3L 2T o — LA RIS
IR ENTWB R, ZOFEAITIELMNIZR > TRV, AHF
JETIE, SRMEELIEIZ R S D BT E B ORI O
fRB LRI Y — 7y MERIMT Z SR REBAME LT,
cuprizone ¢ 5-12 X 5 EERAGIAE - B RAET A~ U X &2
WTC 3 L AT B — /LG B S F DI BUE ) A AT LTz,
NETIZ, AV AT B—VEHEERO P THE—D CYP BT
& % Lanosterol 14a-demethylase (LDM, CYP51) O%Bl% 4
UVIFy Reda MERMICHKRIEZ N AV 2=y )
~ 7 A (LDM-Tg) Tit, BBEORENEIRIND Z & 039
Lk 7poTHEY | LDM A EERF AR R IC I8\ C EE AR
HEEIZH > TWD EBEZ bID, RIS TIL. LDM-Tg ~
7R L RHIR & 7e BB AR < X & FVCC BRI - BEEE
EETASTRAEERL, 2L AT 0 — /LA RBES T O
BAL % o2 kAL & laser capture microdissection (LCM)IZ
FLoEIRL7ZAEOHMEZ O 2 AX T ay M
Ko THEMT L7z, BiBEHICid, B4AH - LDM-Tg vV A& b
W2y RIEITHE D BOGMET 2 h a4 s ORI L OZEE O
e, TRBTA oA MIBWTHBEORRE S M L=
SREBP2 OB KA R b T, S A O RO T,
SREBP2 D& i MiREHZ lb~ T 9% —J5 ¢, SREBP2
DOl %51 F %5 LDLR, squalene synthase 72 5 NI LDM D%
B KM SN Z &b, HEEIC L 0 Bk S i Sk
T A SwaYA RTIE, AL & RIS, SREBP2 (I2L0
VAT B—/LERNPHIE ST EE 2 bbb, MERIIC,
IEFAREE R TR S5 LDLR @3 3LiX, SREBP2 &1
BB L ORIE I N TO D AMREMES R IS, M
a L AT v — R O HIBEIEEEIZ W TR IR e 803 %
< ZRMEAIE 72 & OFFEMEFF 23 AR O LB MR R o 38
JiE - BT AEBR TOBEA S NICT D Lk, AlIEED A
O bLIFICHERRECH D, Frlo, Bl OB R % R
> LDM RHBERNZ 5 L7 hilEEIC 5 2 5 BRI O\ T
L. SORDIMEFAPMETH D,

h

PRAEE 4-2. BUREIRUC X D ARIE TR OBE (1 8)

R L OHET BRI IZRWN T, /M O AL & 5718
TINA ORERRITRBEDOBRBE TH Y . ARRIRHIEDOMHENL ST
TWRWIRBAHVECHIRBOTHE, R LT 5 =tk
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HOMHOBEND BIEFICEETH S, APFFEIE T,
AEEIEFROMIFE T N — T B L, N TABRIEZfN LTz
PR O YR AT WARKER T (/v—3 | thallusin)
ZIGH LT O L3 AT M X W AES - b
T 7Y ERAWT, NRIE TR OV CTfPT 2 T
5, B b=V ERIIUOETHEEREICIE, Pzl xTe
— VO FERSC BB O EFMmHIER N & 2 R WiME, bt
FALIER 28> B 4% 2 U4, DNA AARRICLEE R TERR, VIE
fERAEED a-V J LR, AN U AR ENBEICEENTE
D, Bx REBROTHHENBESNLTVD, TNETIZ,
v b7 LA URREERE PR 3R & 7 A Ol pk sy
D3, REBARREARAZ B CHIRIEE ORI EE & 7R 5
T ENRME STV DR, B L)L T OMFRRZEEL BRI
T WIEBER O FHIRITIFE E A EHL TR, T4,
PRECH RS MR BTN 2 . BARR 2R B B LB R S e
& Z TV BB MR HE EREOR G R IIAE D X 9 72kt
BICBWTH, ER AR L 72N SE N S hTunbd 2
ED, REHEICEEN IS ERREEROEAN B X I X
DIMNIIEIH & . ZhIC XD T SRBO TR RS
TEXDHOTIHARVWNEE X T2, AR TIE, TV NS ~—
FIERAIED = KIFED—>T, Mgy oV EThs ¥
2 OB Y BRI Ko THE U D MRERRMEL L 2 T D
BT v R & BARERERSHE SN TND
cuprizone (CPZ) M 512 X DMNRIEET LV~ 2%
WV, MPEIER RS L LT, 2D OB RITH 3 5 B R
OTIREERFT D, ZTHE TS, CPZ FRMEMANKIETE
F~ T ADOERICKII L, ZOFEFI~ T AL AW T
Bk, KRTFU0F 4 o VRETRERE L b2
O A ERZREE, MNRAE TR & FEo 2 & 2R Y
HREREZTND, SEEIL, T A ~—BERIERED =
KIFED—2>Th DML EFERT o MUAR X
U EBREREBT S B A~ 7 2 (1Ted510 <7 R) %
AWT, b b=V E2AEIT 5 2 &I X DR
b & ZAUTPE D IMNARIE DB R DWW TR L7z,

b =27 (MSN, Monostroma nitidum) % FEERENY) F Rk
W 1% ETT 3%WWILR DX 2L =7 E&HH
Ik (1%MSN, 3%MSN) ZFRf L, HHERTE 255K
T, A% 8—12 Wl D 1Tgd510 ~ 7 2 % 9—20 BMEHE L
7o (EBREE), @E B CRERICHTE Lz RO e M
BE TR LT AEMBEE Lz, Zhb~y
ADMOFFET T2 ER L, VU By v 250K (BT
TAU(pS396)FtiA) & AV THIRIFMMEL L 2380 L. %
EHYHME CTHIEI I/ u Y TOv——L L THMbEND
Ibal % > /37 BIZKIT DHURE T s Rk O fRAT 12 K
D MMPNARAE DOFLRE % 74l L7,

1Tgd510 ~ 7 A ORI 72 e L F AT OFE R, ~ v
AR E I L OMERS CA3 fHIKIZI51F D41 TAU(pS396)FiiA
ORFEIEVEIL, £% 5 7 Al S E- - Wi S Bl &
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., A% 12 » Ao Tgd510 ~ 7 A TIXERE 2 MO ZEHE )
P BTz, —J7 i Ibal HURIZ & 5 N T, BT TAU(pS396)
PURIZ X B BIEERNIF E A EBD Do T E%2 » A
B2 B IR~ 7 A Ll U C Tbal SoyEiE i O BEZE 22 B8 KRS
RBOLNTZ, ZID ORI O ERMEH OFER, Ibal 0
TEPED 2 4 BESLAEOMEICHE 5 BEAZREBITRD T,
TR I AR 2R AL DR ZE T RRATT N 2> B M RIE A L Z o T B
T LR E T, rTgd510 = 7 AIZEIT D MSN #5008
IR LA, H1 TAU(PS396)HiiAE & UL Tbal HLiko s
FEIEMED MSN # 58 TOR BERIETITRRO AR D 7273,
PR~ 7 A TOHETIT, RAERE L L T MSN &5
FEC Ibal SEETEMEOEMELEA T EIE N o7z, T ORER
725, MSN OffgHIERIZ L 5, 27 8r 27 ) 7OiEHE L~
NOMEZIEITRED Db DD, b MIZRY 7EEAED
WP EE AT K D e B REAL 2 £ 5 SR 72 JIE SO % il 3
HIEFEOLOTIE W EE X LN, i, /0TI TO
TEMEALIREEIZIS U 7o MR B L 2 fRAT 3 5 720D fa ekl
FBITIC L VSO EmBT — 2ok I 7a s 7o
IR & 22243 0 CREBANCIRIT S 5 Fik s L, B4
7 ZZH51F D MSN 50 FHE A Tt L7z F, Ibal
IR SR O IR OEORE SICEBERETA LN
2o Te— T, fMIaZEE DA, MSN &1 TH EITE,
ST, ZOREFIT, MSN 5233 7 1 7Y 7 OHIfaR O
RESITTHEEZ 529, EFFHCRAEOBREZER LT
BLEROBEIHI L2 L A2REL TV,

INET, I787 Y TIFMRERRESIMOBEICLIT 5
BBV EICER SN TELD, TEOHMOBREREITLD
EFEMICBITEI 7 a7 ) 7O ESE LA LN D
ObhD, Fiz, WE, MNREZF O MR BOFREIZE WY
TR DBLETHRENNY —2rdEmE LI 707 ) ToW
TEATBIOYI ZRAL—=PHFEETDHZ ENRRBRINTEDY
AlE O X D I2h Tbal FLEDHE AWMITICE E 63, 4%
YT EAL TRy T AL =T LT BTSN LT <
T M MNRIE % o TR DA % O EE A FRREIC 72
HEEBEZBND, THF. I OWOHE FFIEE ORI FHIZE
{EDZ LWEHZRBIZB W TS, FER & FEBE L7 I JAE A
WESRTWHZE0H, MSN ElUC L 527027 Y 70
TEMEAL L~L O I RN RIE TR R 1L, REFEE O
LI N HREMEEOTHHICHLEND Z BRI s 5,

BRRH 4-3. FEHEE Z# v 27 & Bent & glutamine synthetase D3t
Brb b7 AR (Th, ZEEE ; 2T

AERE AN IEBL L TV 5 p97Bent 1Z, 5500 F4E1E EHI
\ZESRB pd5SBent DBAGTEBEIC I > THELLEZENETD
WKLo THEIN TS, ZOmEITEE DM bl
WRTE SR> TNDZ END, AL oBiE TR D
BEROREIZ I ICE - L E 2 b, IRHEZREWFE CRT
SN TW5D pd7Bent O C- R Ui fH Ik o ~ 7 F R
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EELAIHNRGKEGYIERKA (%9 24Uk (HT BCNT-C H1i£)
AR L. SR L PRI AT T2 & T A, AT > b
M CIE astrocyte OFMIEARL LOEETRERHREL W=, 25
23, p47Bent OFHL% in situ hybridization (2 &> THRFET D
L. p47Bent mRNA I3 astrocyte TIE72 <, fiHIRIC R H &
nNo, ZoOPiR%E Hu 7= Western blotting Tlid, 3, 7 v b,
~ U AUOMIHIIZ I\ T 43kDa AR S D7z, 22
T, RELREIC I > TZOEAZHEEEL, LC-MS/MS 25>
TEOMERRE LI E A, Bent &34 IEMHRIOERT
BV M TIL astrocyte FFEAJIZFHEBL L T2 glutamine
synthetase (GS) T & 5 RJREMEDS /R X417z, Western blotting 72
DO RR L FIRRIC L > TREE LT & 2 A, 2O
RIZNIENMED . EBRFEAC L - TREIEBLL7Z GS %
Wik D ERH LN E 5T, & Z TH BONT-C Hi{kD GS
L OB FERINT G 27 2 WS & . GS D& 7o R
BIRLT IV BEREBREEHNCTRBELZEZA.GSOT
2 /BAd%] TGYFE] & p45Bent @ [GYIE] & O JRFTRIZ2 ST
AR - B L P RIBRIE O ZE M ELMEIC LY . Zhbo
BlFzEiem h—72 2 DO MHRAIEAOIE-E h—7
L LT, 5t BONT-C Uik L 158950+ CTh D GS &
DRFZRIGHBEH SN LRI LT,
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(F—=3Iv7) THHEARH D, Bz, BB —KkY
PRREE (O D UBCPIBRINE Y »oRE)  CHURRIE A 50T
7o T MBI, MBICERNICE— v 7T mn e 5, T
HIR D FHAR A B 72 A — X o VI 0 4 TSI A < R
72 oT2 3, 2004 4EICRLIEIR, EX I AHRDLF ) A U
2, T ARG R— v TR RS EZ A7) v M4
BRFTHDLZ EEFAL, DI, 7~ UG FIEE Y
VA OBRRBO I, VT A CEBRAROEE IR DB
5% RALDH (retinaldehyde dehydrogenase) #FEHL L CTE ¥ I
A (LF =) MHELF A UBEARTDIENERE S
DPFETHZ & &FEAL L (Immunity 21:527-538, 2004)
IO O/BPRAIRIE, T MR R T ABRIC LT /1 v
Bea 5252 LT, INgE—I v TR E A 7Y v b
5, B HAD/NMG~DE—I U TICONWTHRRER A D =X
LAREELTRY, VT A VRN T MIRIERTTE IgA Hiik
PEAZARET D Z L b, 2006 4E1C von Andrian 4% (Harvard
K) B & DHFERFZETH S22 L= (Science 314:1157-1160,
2006)

2009 i, & ORERMIEIZISV T, RALDH OE%HE
PEZFHS D HIEEMENL L. VF ) A U EEEARRE ) & B okt
KR 7R 2L —ya VERE L, VF /A VBREA
RE T, #HIRMIEOR#E RALDH O 7 A Y 7 4 — A
RALDH2 OFBUIFIFKTE L T, ZHUCESE, BB
VTR I RALDH2 Z88LA4 358 T 2 A FRH K 1 4 5K
L . GM-CSF (granulocyte-macrophage colony-stimulating factor)
B, EERBEE R T BRI, VA VAR
HEMBA T & LTS LT, 72, IL4 & IL-13 13,
GM-CSF & [Ffk72%F %~ L. GM-CSF & HHEMIIEA L7
DB, ZREKBE~ T AOMPTN S, T SIEMER T T
W EDHIBI LTz, Toll BRZEZARS ORI S . BRI
B & [ RF I RALDH2 % Bl % {2 L 7= (Int Immunol
21:361-377,2009)

LT A VERIE BRI L D TR O~V =T HifE 1%L (Th1)
BIO2R (Th2) ~DORENLIC b EL 5252 L0, B
EOWEEEGED THLME > TWiz (Int Immunol
15:1017-1025, 2003) , 2007 £4Ei272 > C, FAEDORR LI-LF
A CTEREEERNRAIES . U L SEROBENZ Y T F
A Foxp3 HIMIVE T MK (iTreg) DA baARME L, JAE/EdE
P Th17 MO LZMEIT 2 2 L B EERD 7V —712 8D
WEIERNCHE Shie, 2, VT A UERDS, Rk
EERORN &, FUT XD EFMEOPUR R B RE GO
PN BG4 A TREM:, B X ORIERISOHIEIC BS54 57
HEtEZ R L7z, FAEEIIROR, B4 I ARZFTIE, TH
RaiZ2 0 2>, BRI Y L _EiOBRRAIRE OPEE 2335 L < £k
L. # 0 B LAY C IL-13 & TNF-o (tumor necrosis factor-o,)
T RPEEET D BTHARAENE Th il 23582 2 L2 R L,
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X I ARE T TR RICHREEARUSHET T2 Z &2
IR A BTV, FAEE, BHiEIct LTk, FLL
S 1gG1 HUARPEA 3 KOV IgE HURPEA 2N IL-13 K7k Ic7h
ENHBZEBRHLEZ, ZORISICIEER IL-13 @mpEdtt
OFIRKIEME Th MENBEET L5255 (Mucosal
Immunol 7:786-801, 2014 [2013 Nov 13. Epub ahead of print]) .
BIE, 2O Th MIEOME & o EFERTE L 0T LL
F—RIEMEE BRI DRENZ OV T 2 D T 5,
ZDEIIT, BEX I VA LUK BRERIGOHIE &R
EEHRBR E OBBREMITL TR Y, S5, Mo
FREAR — 2 IR BRRRBBUCKT B VF ) A VEREH 04T
5% (J Immunol 186:733-744, 2011) . T #ICK T 5 LF
A VSRR DS HIBENC B0 A %E] (PLoS ONE 6:¢16089,
2011) . £LT, VF /A VBEZREK (RAR) LT ad A
~—%MTDH RXR O U H v RRBRE(LFWEICLD LT
A 7 F IV OEIE & 1#EL (J Immunol 185:5289-5299,
2010; J Immunol 191:3725-3733, 2013) (ZOW T HLAFE & D
TW5, S 62, BHRHIRRIZI1T 5 RALDH2 R ELD 473 T 1tE
BT L LT ) A VEEDOREA LTZRAR/RXR AT 0 & A <~ —
2%, RALDH2 EZFDEL LIRS 2@E 0550 LT
J A VBEIGERELS] (RARE)  halfssite ([2F5A 95 2 ENEHEE
ThV, ZOEFINEL OFECTHIBIFET HZ 2P LN
{2 L7z (PLoS ONE 9:296512,2014) ,
EXIVARZFETIETHFANT URiEET MY o A (DSS)
IR THEINDKRIHR L. S HIT azoxymethane & DFFH
THEIND KIBEOEHRNS, FLIEEIND L a~ Y
AETATIHH LT, 2FV, EXIVARINLOFHEL
TR 3 B IR &2 Ffo> 2 & AR X7z (BioMed Res
Int Article TD 4874809, 2016) , ZDEH I A DEIFITH
VF A VBREbs TWh ZENHESND, Eko X o
W2, Fexid, VT A CEEREARBNIRM IR O LRI,
GM-CSF & VF /A VB AN EBEREE 2 R Z L &R
L7z2y, & BICAEAGEERNL & LT Toll BRAZ MM & ORI
EMzbE, VF A UBEEARITI ERT SO0, [FIRFIC
RIEMEY A b IA VEFEATDHZEEZRMB L, LL, &
FWIRED~ T ADMIEY L EIAFET D VT A VR
AERPIAIIIE, RIEMEY A M A U EPEE LRV, £ T,
Fex it BICHEEL D DHT- e AGHERM A RRE L, ©
DOfES, EHFH{L B-cadherin 72 B2 X B A>TV U Bl HD
HEC X~ T, RIEMES A DI A R EAES, B LF )
A VERFEARR E R OB Z S LFEE T B Z ST LT,
VT A CEREEARIIRARE DAL . RRIR B IS R B
43 E-cadherin 72 E NG5 LTV 5 Z & 2VRIE &7z, In vitro
THEFE I N 2o OERMIEE, 23R B EN
iTreg #FETHZ L, &5HIC DSS FEKNIGEEHEITHEM
T5ZEEPLMIT LT (SciRep 6:37914, 2016)
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1) BERFeEAABN A - FRIFSE C IKIREE LT~/ o1 U FiER
BT TR T 2 T AT~ LS —T Ml o 43k
HERE DM (2020 4FFE-2022 4FFE) A3 - KM 296

2) FLmfsefmfiBha: - JARsE ¢ TvF /A4 VIBIc X D
IL-13 mpEAZENE Th MR OHIE & 7 UL X —iaiik
DRFFE] (2016 FFE-2020 FREE) (2 4FMER) (R hE ¥

NER - S8 & DIERIFFSE
1) P HEAEER GLATRZEREESAITJERT) DNA <A 27
77 LA AT

SEEE LR (2016 4F 4 H~2021 £ 3 H)

URERR
2020
1. Iwashita S, Suzuki T, Kiriyama Y, Dohmae N, Ohoka Y, Song

SY, Nakashima K. : Overcoming off-targets: assessing Western

blot signals for Bent/Cfdpl, a tentative component of the
chromatin remodeling complex. Biosci Rep. 26; 40 (6):
BSR20194012 (2020).

2016

1. Yokota-Nakatsuma, A., Ohoka, Y., Takeuchi, H.,
S.-Y., and Iwata, M.: Beta 1-integrin ligation and TLR ligation
enhance GM-CSF-induced ALDH1A2 expression in dendritic
cells, but their
properties. Sci Rep. 6:37914 (2016).

2.Okayasu, 1., Hana, K., Nemoto, N., Yoshida, T., Saegusa, M.,
Yokota-Nakatsuma, A., Song, S.-Y., and Iwata, M.: Vitamin A

Song,

differentially regulate anti-inflammatory

inhibits development of dextran sulfate sodium-induced colitis
and colon cancer in a mouse model. BioMed Res Int:. Article ID
4874809 (2016).

R SCHRR - fFRL 5

2017

1. B %, TVF /) A4 VBRI L D RIEFHG BN & B
IL-13 & FEAERIEETHINA O HIE | Yakugaku Zasshi.
137(12):1491-1496(2017).

ABERE - PR (20204 4 H~2021 £ 3 A)

[EEFRE]
1. BFEE., KEFHIK. KL, 5%, KEZE. TR IL-13

3 ERSEME~LS—T (Th) #iH2 L Th17/22 MO L
et BARKZES F141ES NG (714 UBl).
3 H 27 H. 2021.
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EEFA B 200544 H1H (hF)
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#EOHE (2020 4F)

HYRE CHREE, BERY . H4F) HERKF1 (24F,
%Ry - B - A4 (34, K FH) - BHE (4

£, R - i)

AN OAROZLENL, EAMCHOERER & v 7 L IR
REEOM L EHEICFES T2 ThHD, BERRT. A
MEMEEOEMEFRKNSSTEY . ZOREEL~LO6E Ex
HIEELCWAZMBEE TH D, LEzn-> T, EEBHLAEMRAL
SORIGHE, EELOMER - BifE - RAE L OBb ) CBEIC
L7 OIR - FE - A&7 L, EROBEICHED LR
DR OIEFHE & 1T 7> T, HAEEF TR DA
WEZTBHIZIEE D Lab XV oWV TR PRI
HIEEN D 2= — 7 RIFPFILTH D, [k, FEENISE
HEE & LT, HDWVITEARIN & U THESRICHEN - BT,
FEHMOFAZ L L THESICEMRT 5 Z S 1TURTH 503,
R EFRFC R, ATEE IS, ATREREE & & o 0 2B
R L7 TEREZ PRI AEEFROBEMSE ] L LTCHERR LR
P EA R AAN
ISR 1) Cix, ezt s LTRKE TR L., iR
T A AT IE, BERICOWTEE T Lo,
& T IRYSE R ATE BB/ B O FREIC OWTCEMiET 5 =
LERHME LTS, LIERo T, Ak, #MEm=s, TF
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P ERET, AT BT TR LIoNA & B
DT RNBEFEREHN, 7Y NEFRIH L TFER LT,
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TEND N bR ED T,
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11213 CDCA R° CA TH 25, M TORRIFHEROM & DFE
MIREARHATH D, 72, BIHHFROZHKTH % famesoid
X receptor (FXR) & Takeda G-protein receptor 5 (TGRS) &
MATHRIHEN TS, LHL, ZhbORHEEOZER
DN TOREI S THTH D, £z, JEHFERIZT VYA
YIS LTUET I e A R B AT F ROFEROME], /3
—F Y URTIEI bar R T oEEOME, T
PR TIRET A b= 20 b= FU 7T oEFED
Ml ALS THT R b= A& T 5 Z RS T
BY . REVFEEDS 2 S OGRS MR B OIHNT#) < FTREME
DIRIBE TN D, M TOREHBE O A BEEERE & B © 2
THZLIX, IR D DRBOFREOMAICELSL D EE
ZTEY, F LIV OffHT 2 S BIZHED TV 5,

SEREE RS (2016 4F 4 F~2021 4E 3 H)

2020

1._Kiriyama Y. and Nochi H. Induction of PD-L1 by Nitric Oxide
via JNK Activation in A172 Glioblastoma Cells. Biol Pharm
Bull. 43(6):1020-1022, (2020)

2. Iwashita S, Suzuki T, Kiriyama Y, Dohmae N, Ohoka Y, Song
SY, Nakashima K. Overcoming off-targets: assessing Western
blot signals for Bent/Cfdpl, a tentative component of the
chromatin remodeling complex. Biosci Rep. 40 (6):
BSR20194012, (2020)

2019
1. Kiriyama Y. and Nochi H. The Biosynthesis, Signaling, and
Neurological Functions of Bile Acids. Biomoleculess.9:6, (2019)

2018

1. Kiriyama Y. and Nochi H. Intra- and Intercellular Quality
Control Mechanisms of Mitochondria. Cells.7:1, (2018)

2. Kiriyama Y. and Nochi H. IRole and Cytotoxicity of Amylin
and Protection of Pancreatic Islet B-Cells from Amylin
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2016

1. Yokota-Nakatsuma, A, Ohoka, Y., Takeuchi, H., Song. S.-Y.
and Iwata, M. Betal-integrin ligation and TLR ligation enhance
GM-CSF-induced ALDH1A2 expression in dendritic cells, but
differentially regulate their anti-inflammatory properties. Sci.
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2. Kiriyama, Y., Kasai, K., Kino, K. & Nochi, H. Induction of the
expression of GABARAPLI by hydrogen peroxide in C6 glioma
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Endocrine Systems. Scientifica (Cairo), 6494621 (2016).
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Cellular Neuroscience %

2) Reviewing Editor Frontiers in Cellular Neural Circuit (2014-:
IF4.3)

3) ESERFAHENERBRFHE A K8 GEA EEE
4) AARLEYMETE SEHNEMER

- EBIRD L |

HBTBARTE FHMIFD B ASZ%EH . CBT EEESZEH.
Fyv NU—I RERE, &M RHEERE S, BEILHRAR
B CBTZA

Z Ol FHBES |

‘& 7K : Nature Publishing 2 /L—77® Frontiers in Cellular
Neuroscience (Impact Factor 4.2) Reviewing Editor & L T
Editorial Board IZ& /L CW\W5, 201449 H 10 H XLV
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Preface to the tenth issue of The Annual Report

The Faculty of Pharmaceutical Sciences at the Kagawa Campus was founded in April, 2004. Our purpose
is to educate students to become professional pharmacists and basic scientists with sufficient knowledge of
chemistry, biology, and pharmaceutical thought to practice with humanity and a high sense of ethics and social
responsibility. In April, 2005, the Kagawa School of Pharmaceutical Sciences was established with masters
and doctoral programs. The undergraduate course of the Kagawa School of Pharmaceutical Sciences was
reorganized in April, 2006, into two departments, the Department of Pharmacy (with a six-year training
program) and Pharmaceutical Sciences (with a four-year training program). The mission of the Department of
Pharmacy (the six-year program) is to train highly qualified pharmacists who are knowledgeable about
advanced medical treatment, and who also can contribute to the prevention and treatment of diseases.
Society’s view of pharmacy education has changed, not only in medical fields but also in other fields, to the
fostering of a healthy and safe society. In order to fulfill this mandate, the Department of Pharmaceutical
Sciences (the four-year program) educates students to become key members of society who can play an active
part in all social fields with their broad background in pharmacy, and who can become outstanding life
scientists by making signal contributions to basic science. But Kagawa School of Pharmaceutical Sciences has
turned into only the program of the Department of Pharmacy in April, 2012, in order to match the needs of the
region. Our faculty, which has cutting-edge equipment, succeeds the principles at the foundation and has
trained professionals with a research mind who can respond the social demands, and a variety of human
resources who can contribute to the promotion of health of the people.

Guided by these principles, we laid the foundation for the Kagawa School of Pharmaceutical Sciences
and dedicated ourselves to this effort. We established Institute of Neuroscience in the Kagawa School of
Pharmaceutical Sciences, and the Institute of Neuroscience was reorganized and has now been expanded into
four divisions in April, 2007. We published the first issue of The Annual Report of the Kagawa School of
Pharmaceutical Sciences, highlighting our educational, research, management, and philanthropic
achievements, by looking back upon the past three years of our activities, in 2006. We are now publishing the
eleventh issue of the Annual Report by looking back upon the past five years of our activities. I would like all
of the staff to utilize these issues to perform a self-assessment and to look forward to the future development
of their activities. In addition, I expect that this issue will assist our staff in expanding both intramural and
extramural interdisciplinary exchanges.

The Kagawa School of Pharmaceutical Sciences is always making progress on the road toward realizing
our goals. I would be very grateful if all the people who read this annual report would kindly give me their
opinions and/or comments with a view toward continuing to improve the Kagawa School of Pharmaceutical
Sciences.

Hiroshi Miyazawa, Ph.D., Dean
Kagawa School of Pharmaceutical Sciences

Tokushima Bunri University
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A Short History of the Kagawa School of Pharmaceutical Sciences

Sai Murasaki founds a private vocational school in the city of Tokushima. e

. , L
Tokushima Women’s University is founded. SINCE 1895

Faculty of Home Economics admits its first students.

Faculty of Music admits its first students.

Tokushima Women’s University is renamed Tokushima Bunri University.

Faculty of Pharmaceutical Sciences admits its first students.

The Kagawa Campus of Tokushima Bunri University opens.

Faculty of Literature admits its first students on the Kagawa campus.

Faculty of Engineering admits its first students on the Kagawa campus.

The 100™ anniversary of the founding of the Murasaki Gakuen.

Faculty of Policy Studies admits its first students.

Faculty of Pharmaceutical Sciences at Kagawa Campus admits its first students on the
Kagawa campus; the Department of Pharmaceutical Technology opens 10 laboratories.

The rooms for teaching staff open on the fourth floor of the Research and Media Library.

The office of the Faculty of Pharmaceutical Sciences at Kagawa Campus opens on the first floor
of the Lecture Building.

The Kagawa School of Pharmaceutical Sciences is established on the Kagawa campus.

Masters and doctoral programs begin at the Kagawa School of Pharmaceutical Sciences.
Pharmaceutical Sciences Research and Laboratory Buildings are completed.

The Center for Instrumental Analysis opens in the Pharmaceutical Sciences Research Building.

The Center for Radioisotope and Laboratory Animals opens in the Pharmaceutical Sciences
Laboratory Building.

The Medicinal Plant Garden is established.

The 110%™ anniversary of the founding of the Murasaki Gakuen.

The six-year undergraduate program in the Department of Pharmacy, Kagawa School of
Pharmaceutical Sciences accepts its first students.

The four-year undergraduate program in the Department of Pharmaceutical Sciences, Kagawa School
of Pharmaceutical Sciences accepts its first students.

A mock pharmacy opens in the Lecture Building for student training.

The construction of eighteen laboratories and one research institute for the Kagawa School of
Pharmaceutical Sciences is completed.

SENKA Endowed Chair for "Practical Drug Discovery and Development" was established.

The research institute (Institute of Neuroscience) was reorganized and expanded into four divisions.

The four-year Graduate School of Pharmaceutical Sciences (Department of Pharmaceutical Sciences
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Doctoral program) was installed.
2014  The 10™" anniversary of the founding of Kagawa School of Pharmaceutical Sciences
2015  The 120 anniversary of the founding of the Murasaki Gakuen. o
2020  The 125™ anniversary of the founding of the Murasaki Gakuen. 125{:;]&1,3@5I
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Kagawa School of Pharmaceutical Sciences »E%

Tokushima Bunri University

Laboratory of Medicinal Chemistry

Staff

Int. J. Mol. Sci. 2020, 21, 7645.
S. Fujishima, T. Synthesis of novel vitamin D3 analogues having a

Toshie Fujishima, Ph.D.
Professor since 2016

Associate Professor since 2004

Masayuki Morikawa, Ph.D.

Assistant Professor since 2016

spiro-oxetane structure, Kagaku to Seibutsu, 2018, 56,
589-590.

6. Kino K., Hirao-Suzuki M., Morikawa M., Sakaga A., Miyazawa
H. Generation, repair and replication of guanine oxidation
products, Genes Environ., 2017, 39, 21-27.

7. Suenaga, T.; Nozaki, T.; Fujishima, T. Synthesis of novel
vitamin D; analogues having a spiro-oxetane structure,
Vitamin, 2016, 90, 109-114.

Research

Design and synthesis of the novel vitamin D receptor ligands

We have been interested in functions of the nuclear receptors

modulated by small molecules, which can be critical to certain

disease states. In particular, novel analogues targeted to vitamin D

receptor (VDR) were designed and synthesized to understand how

the subtype-free, singular VDR can deliver the diverse biological

activities vitamin D, as well as to allow the development of

potential therapeutic agents with selective activity profiles for the

treatment of cancer or osteoporosis. Syntheses of the analogues

were carried out by a convergent method using a palladium catalyst.

Separate preparation of the requisite A-ring enyne precursors has

developed from the 3-buten-1-ol derivatives. Modification in the

A-ring, as well as in the side chain of vitamin D, resulted in

exceptionally potent compounds with unique activity profiles.

Publications (2016.4~2021.3)

2019

1. Fujishima, T.; Komatsu, T.; Takao, Y.; Yonamine, W.; Suenaga,
T.; Isono, H.; Morikawa, M.; Takaguchi, K. Design and
concise synthesis of novel vitamin D analogues bearing a
functionalized aromatic ring on the side chain, Tetrahedron,

2019, 75, 1098-1106.

2. Fujishima, T.; Suenaga, T.; Kawahata, M.; Yamaguchi, K.
Synthesis and characterization of 20-hydroxyvitamin Dj
with the A-ring modification, J Steroid Biochem Mol Biol,

2019, 27, 27-33.

2018
3. Suenaga, T.; Fujishima, T

9,10-seco-5,7,10(19)-cholestatriene

The  C4-functionalized
derivatives: Concise

synthesis and characterization of novel vitamin D analogues
with a four-membered heterocyclic ether, Tetrahedron, 2018,

74,1461-1467.

[Review]

4. Katsuhito Kino, Taishu Kawada,
Masayuki Morikawa, Hiroshi

Masayo Hirao-Suzuki,

Miyazawa. Products of

Oxidative Guanine Damage Form Base Pairs with Guanine,
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Laboratory of Biophysics

Staff

Yasushi Kishimoto, Ph.D., Professor

2001 Ph.D. in Biophysics from The University of Tokyo

2001-2003 Postdoctoral Fellow from Mitsubishi Kagaku Institute
of Life Sciences to Kanazawa University

2003 Visiting Fellow, NIH/NIHM

2003-2005 JSPS Fellow, Kanazawa University and Osaka
University

2006 Assistant Professor, Tokushima Bunri University

2013 Associate Professor, Tokushima Bunri University

2020 Transfer to Teikyo University

Takashi Kubota, Ph.D., Assistant Professor

Kentaro Nakashima., Research Assistant

Master of Engineering of Yokohama National University, 2005
Research assistant since Nov. 1, 2006

Ph.D. in Pharmacy by dissertation from Tokushima Bunri
University, 2020

Research

Molecular and neural mechanisms of placebo response

The placebo response is a favorable physiological response to the
administration of a pharmacologically inactive "sham" drug. This
phenomenon is thought to result from some kind of learned
expectation. Clarifying the molecular mechanisms of the placebo
response in the brain could contribute to maximizing drug efficacy,
reducing medical costs, and refining clinical trials. However, at
present, the detailed molecular mechanisms in the brain have not
been clarified because the research targets are almost exclusively
human and the methods are mainly limited to functional brain
imaging methods such as fMRI. In this study, we aimed to 1)
evaluate the usefulness of the placebo conditioning system in mice,
and 2) use this system to clarify the effects of antagonists and
agonists of dopamine receptors involved in the reward system. On
the morning of the 5th day, the condition was changed to "saline
injection + chamber". In the morning of the fifth day, we changed
the condition to "saline injection + chamber" and evaluated the
latency until the onset of the escape response (evaluation trial). In
addition, we looked at the effects of naltrexone, a p-opioid receptor
antagonist, Amisulpride, a dopamine receptor D2 and D3
antagonist, and Pramipexole, a dopamine receptor agonist, in the
evaluation trial. In addition, we compared the pain latency between

the untreated group and the drug-treated group to see if the drugs

139

affected the pain threshold itself. A significant placebo response
was observed in the evaluation trials. In addition, this effect was
almost completely blocked by naltrexone. This result is consistent
with the inhibition of placebo response by p-opioid receptor
antagonists in clinical studies, thus demonstrating the usefulness of
the mouse conditioning system in placebo studies. Furthermore,
administration of Amisulpride significantly attenuated the placebo
response, demonstrating the importance of dopamine receptors in
the placebo response and suggesting the involvement of the reward
system in the placebo response. When we checked whether the
drugs affected the pain threshold itself, no significant difference in
latency was observed among all the drugs. This suggested that
Amisulpride did not affect the threshold for pain, but acted on the

placebo response. .

A Dbibliometric study of research paper productivity in
pharmacy schools.
Since the early 2000s, it has been frequently discussed in recent
years that Japan is the only country among about 20 major
countries where the number of published papers has been
stagnant. During this period, there have been major changes
especially in the pharmacy school, such as the shift to a
six-year system and the rapid increase in the number of private
pharmacy schools. However, few studies have focused on the
academic productivity specifically for the pharmacy schools.
Therefore, in this study, we analyzed the productivity of papers
in the field of medical or biological sciences in pharmacy
schools nationwide in 2017, the last year when the increase in
the number of pharmacy schools had once settled down.
Professors, associate professors, and lecturers were considered
as faculty members; the average number of papers published
per faculty member was 2.75 for public universities and 0.87
for private universities, with a significant difference between
them. When private universities were divided into schools of
pharmacy established after 2003 and established schools before
that, the production coefficient of the former was 0.62 and that
of the latter was 1.18. Thus, newly established schools of
pharmacy were found to be significantly less productive in
terms of papers than traditional schools. The increase in the
number of private schools that have adopted a six-year system
since their establishment has contributed to some extent to the
discharge of clinically competent pharmacists, but it has also
brought to light problems related to the decline in basic

research capabilities.



Laboratory of Biophysics

Effect of microRNA-132 on object recognition memory in an remyelination following cuprizone-induced demyelination. In

tauopathy mouse model order to examine the role of LDM in detail, we generated a

MicroRNA-132 (miR-132) plays an important role in neuronal
plasticity and memory performance. Previous studies have
shown a marked downregulation of miR-132 in Alzheimer’s
disease (AD) patients and low memory performance in triple
transgenic-AD mice lacking the miR-132 gene. In this study,
we investigated the effect of intracerebroventricular (i.c.v)
administration of locked nucleic acid (LNA)-modified miR-132
on object recognition memory (ORM) and subsequent gene
expression in rTg4510 mice. Ten-month-old rTg4510 mice
failed to discriminate novel and familiar objects in the retention
trial carried out 2 h (short-term) and 24 h (long-term) after
sample presentation. Treatment with miR-132 improved the
short-term retention of ORM. However, miR-132 did not
improve the long-term retention of ORM. The amount of
acetylcholinesterase (AChE) mRNA in the prefrontal cortex
(PFC) decreased 24 h after exposure to miR-132 in rTg4510
mice (the same time as the sample trial of object recognition
test), which was subsequently restored to normal by 48 h
(timed 24 h after the trial of object recognition test). The
amount of silent information regulator 1 (SIRT1) mRNA in
both the PFC and hippocampus decreased 48 h after treatment
with miR-132, whereas no difference was observed at 24 h. The
expression of CREB mRNA decreased in rTg4510 mouse brain.
Treatment with miR-132 restored CREB expression to normal
levels at 24 h, while it decreased at 48 h. These results showed
that the expression level of CREB mRNA is determined by the
balance between the silencing level of AChE and SIRTI.
Furthermore, time dependent effect of miR-132 on ORM is
because of temporal regulation of these distinct target gene

expressions.

transgenic mouse in which LDM-transgene is driven by
oligodendrocyte-specific myelin proteolipid protein (PLP)
promoter, (LDM-Tg mouse). Demyelination in the corpus
callosum was moderate in LDM-Tg mice treated with
cuprizone for 6 weeks, while it was severe in wild-type mice.
Moreover, remyelination following cuprizone-induced
demyelination was promoted in LDM-Tg mice as compared
with wild-type mice. On the other hand, high expression of
LDM did not

development. These results suggest that LDM is one of critical

induce hypermyelination during normal

enzymes for remyelination and that augmentation of LDM

expression in oligodendrocytes may have therapeutic

significance in demyelinating disease such as multiple

sclerosis.

Studies on preventive effects by dietary intake of green algae on

cuprizone-induced neuroinflammation

Long-term exposure to cuprizone (CPZ), a copper chelator,
has been employed to build a mouse model of demyelinating
disease such as multiple sclerosis. It has been reported
that CpzZ

neuroinflammation without demyelination in the brain, which

recently short-term  exposure to induces

was  associated  with  cognitive  dysfunction  and
schizophrenia-like symptoms. We examined mice fed with
normal chow or chow containing 0.3% (w/w) CPZ for 7 days
by immunohistochemical analysis using an anti-Ibal antibody,
a marker of microglia, an anti-GFAP antibody, a marker of
astrocytes and an anti-proteolipid protein (PLP) antibody, a
marker of myelin. Ibal- and GFAP-immunoreactivities were
while

increased in whole brain of CPZ-treated mice,

PLP-immunoreactivity and FluoroMyelin Green staining

showed no changes as compared with mice fed with normal
diet.

Analysis of functional role of lanosterol 14a-demethylase
(LDM) in

demyelination using transgenic mice that highly express LDM.

remyelination following cuprizone-induced These data confirmed neuroinflammation without

demyelination induced by short-term exposure to CPZ.

Lanosterol 14 alpha-demethylase (LDM, CYP51) is the only
cytochrome P450 enzyme that is involved in cholesterol
biosynthesis in eukaryotes. It is expressed abundantly in the
liver and moderately in the brain. Cholesterol is not only a
major component of plasma or endoplasmic reticulum
membrane but also an essential component of myelin sheath in
the nervous system. Cholesterol required for myelination is
newly synthesized in oligodendrocyte, because cholesterol
synthetized in the peripheral organs cannot cross the blood
brain barrier. Our previous study revealed that LDM was
predominantly expressed in oligodendrocytes and Schwann
cells in the central and peripheral nervous system, respectively,
and that its increased

expression in the process of
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Previously, it was reported that some species of green algae
rich in nutrients have preventive effects against several
diseases. Extracts from Ulva conglobata, for example, show
anti-inflammatory or neuroprotective effects in cultured
Ibal- GFAP-

immunoreactivities by the CPZ treatment was less in mice

neuronal cells. Increase in and
with preceding dietary intake of chow containing 1%
Monostroma nitidum (MSN), a species of green algae, for 7
weeks as compared with mice fed with normal chow,
of MSN.

disease

suggesting anti-inflammatory effects Since

schizophrenia and Alzheimer's show

neuroinflammation correlated with their progression of

symptoms, preventive effects of MSN on neuroinflammation
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is expected as a prophylaxis against these disorders.
Studies on a common epitope between two non-homologous
proteins, Bent/Cfdp1 and glutamine synthetase.

We had reported that an antibody against a peptide,

EELAIHNRGKEGYIERKA, of the evolutionarily conserved
domain of Bent/Cfdpl (anti-BCNT-C = Ab)

specifically cross-reacts with glutamine synthetase (GS,

C-terminal

glutamate-ammonia ligase) by Western blotting of brain
extracts, while other anti-Bent/Cfdpl antibodies do not. No
significant homology of amino acid sequences was found
between Bent/Cfdpl and GS. However, we identified a key
amino acid sequence, KKGYFE, localized in a limited region
of the C-terminal of GS, by a combination of Ab binding
analyses using deletion mutants, amino acid-substituted
mutants of GS and binding competition using peptide
fragments of GS. We considered KEGYIEA of the antigen
peptide as its counterpart. Furthermore, substitution of
Phe-337 of GS with several amino acids suggests that Phe-337
is not directly engaged in the epitope-paratope interface
responsible for the cross-reactivity with the anti-BCNT-C Ab,
but its steric bulk is important to maintain the stereochemical
environment of the interface. These findings show that the
anti-BCNT-C  Ab two
Bent/Cfdpl protein and GS through a common spatial linear

recognizes distinct molecules,
epitope and that such a cross-reactivity is mainly due to the
physicochemical environment formed by amino acid residues
of the epitope rather than the primary sequence of the epitope,
giving a novel insight into the specificity of antigen-antibody

reaction and protein-protein interaction.
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Research

We conduct chemical and biological research on the components of
medicinal plants and crude drugs in order to advance the
development of therapeutic pharmaceuticals. The lab focuses on
determining the structure of potential compounds, the relationship
between that structure and their biological activity, and the role of
genes in the biosynthesis of compounds and their function in
human physiology. In addition, new avenues in systems biology
and metabolomics are being explored and there is ongoing research
on the prevention of illegal drug circulation and use, and on the
evaluation of drug quality.

I. Research on the biological active chemical constituents of
health foods

We found that royal jelly acted at the early stages of the G; phase
and the S phase of a cell cycle and controlled multiplication of
human osteosarcoma cell line, MG-63 cell. Separation of the active
water extract by a dialysis membrane and a solid phase extraction
suggested that active substances were high polar low molecular
compounds. Furthermore, the existence of nitrogen-containing
compounds having acidic groups was suggested by LC/MS (ESI)
analyses. Further isolation procedure identified that the main active
component was AMP N,-oxide. Continuous examination revealed
also the existence of adenosine N;-oxide, ADP N;-oxide, ATP
Ni-oxide, and NAD N;-oxide as active ingredients. AMP N;-oxide
and adenosine N;-oxide inhibited multiplication of MG-63 cell
strongly, and their control of the G, to S phase comparing with
AMP as 1/100 low concentration was found. From these facts,
AMP N-oxide, adenosine N;-oxide, and other N,-oxide are
considered to be the main ingredients that contribute at MG-63
cell-growth control of royal jelly.

I1. The search of the Alzheimer therapeutic drug from natural
resources

Donepezil hydrochroloride of the choline esterase inhibitor is used

as Dementia and Alzheimer therapeutic drag. Galantamine, the
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metabolite of the Amaryllidaceae plant acts in similar mechanism,
and approval in the country is examined. In addition, Kampo
medicine nominates an effect for condition improvement. We
perform construction pro-screening to search for the therapeutic
drug from a crude drug and a medical plant.

IIL. The study of anti-Leishmaniasis therapeutics

Leishmaniasis is a parasitic disease caused by species of the genus
Leishmania. Over 20 of which are known to be pathogenic to
humans . and the disease is endemic in some tropical and
subtropical regions of the world. Leishmaniasis is transmitted by
small biting sandflies (Phlebotomus spp.), causing a disease which
currently afflicts twelve million people in 88 countries. Leishmania
major, the causative agent of cutaneous leishmaniasis, is a
digenetic parasite that exists as an extracellular promastigote within
the insect vector (sandfly), and as a nonmotile intracellular
amastigote within the phagolysosome of macrophages and other
cells of the reticuloendothelial system of the mammalian host.
Treatment for leishmaniases include

options pentavalent

antimonials as first-line drugs, and amphotericin B and
pentamidine as second-line drugs. However, these drugs are
extremely toxic and usually too expensive for general use, and
We

have been searching for plant compounds that are active against

more economical and less toxic drugs are thus being sought.

Leishmania major, L. panamensis, L. guyanensis, and L. peruviana,
exhibited significant activity against the pathogenic protozoan, and
newly assay method.

IV Research on the chemical components of illegal drugs of plant
origin

Khat is a fresh leaf of evergreen shrub Catha edulis (Celastaceae)
that grows naturally or is grown in Ethiopia, East and Southern
Africa, and Yemen, etc., and a lot of people in Africa and Arabia
nations use this leaf traditionally as a stimulant biting, and, as a
result, it is assumed to obtain the feeling of well-being at the same
time as hungry and tiredness's softening. The stimulating
component of Khat was believed to be d-norpseudoephedrine until
cathinone was identified as a main active constituent at the end of
1970's. This cathinone is regulated as narcotics and psychotropic
drug, and there is an action similar to (+)-amphetamine that is the
synthetic central nervous system stimulation medicine and the
strength is assumed to be this level. I synthesized cathinone and
ephedrine as an authentic sample to use for the analysis of the drug.
2. Salvia divinorum which belongs to Labiatae family is used in
traditional spiritual and curative practices by the indigenous
Mazatec people of southern Mexico. Salvinorin A (Sal A), which is

the neoclerodane ditrepene and is an extremely potent and highly
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selective kappa opioid receptor agonist, is the main active
constituent isolated from the leaves of S. divinorum. The sale of S.
divinorum has become prohibited due to its psychoactive effect in
Japan in recent years. The main objectives of this research are to
develop immunoassays using anti-Sal A monoclonal antibody
(MAD). The icELISA, which has a measuring range from 0.156
pg/ml to 1.25 pg/ml for Sal A, was developed to distinguish S.
divinorum among various Labiatae plants. In addition, we are
preparing the immunochromatographic strip to realize much more
rapid analysis. These immunoassays using anti-Sal A must be a

convenient authentification method for S. divinorum samples.

V. Research on Development of Preparative Separation Method
of Biologically Active Natural Products by Centrifugal Partition
Chromatography : Preparative separation of lancemaside A from
Codonopsis lanceolata by CPC

The roots of Codonopsis sp. (Campanulaceae) have been used in
folk medicine in China, Korea, and Japan for the treatment of
bronchitis, cough, spasm, and inflammation. Recently, it was
demonstrated that a hot water extract of C. lanceolata roots
promoted spermatogenesis and improved sexual motion. Moreover,
three phenylpropanoids were identified as the active compounds
that promoted spermatogenesis, while several saponins, including
lancemaside A, were isolated, and lancemaside A was identified as
the active compound that improves sexual motion. Although it is
assumed that C. lanceolata roots are highly safe since they have
been used for a long time, general and specific toxicity tests for
safety assurance of the active integrants are required. In general, a
large amount of purified compounds is required to assess the
effectiveness and to perform safety tests. Therefore we attempted to
develop a simple and efficient method for the preparative isolation
of lancemaside A from the hot water extract of C. lanceolata roots,
and resulted in the successful preparative separation of lancemaside
A along with two other saponins from the saponin fraction of C.

lanceolata by CPC.
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Research

Design and synthesis of the novel vitamin D receptor ligands

We have been interested in functions of the nuclear receptors

modulated by small molecules, which can be critical to certain

disease states. In particular, novel analogues targeted to vitamin D

receptor (VDR) were designed and synthesized to understand how

the subtype-free, singular VDR can deliver the diverse biological

activities vitamin D, as well as to allow the development of

potential therapeutic agents with selective activity profiles for the

treatment of cancer or osteoporosis. Syntheses of the analogues

were carried out by a convergent method using a palladium catalyst.

Separate preparation of the requisite A-ring enyne precursors has

developed from the 3-buten-1-ol derivatives. Modification in the

A-ring, as well as in the side chain of vitamin D, resulted in

exceptionally potent compounds with unique activity profiles.

Publications (2016.4~2021.3)

2019

1. Fujishima, T.; Komatsu, T.; Takao, Y.; Yonamine, W.; Suenaga,
T.; Isono, H.; Morikawa, M.; Takaguchi, K. Design and
concise synthesis of novel vitamin D analogues bearing a
functionalized aromatic ring on the side chain, Tetrahedron,

2019, 75, 1098-1106.

2. Fujishima, T.; Suenaga, T.; Kawahata, M.; Yamaguchi, K.
Synthesis and characterization of 20-hydroxyvitamin Dj
with the A-ring modification, J Steroid Biochem Mol Biol,

2019, 27, 27-33.

2018
3. Suenaga, T.; Fujishima, T

9,10-seco-5,7,10(19)-cholestatriene

The  C4-functionalized
derivatives: Concise

synthesis and characterization of novel vitamin D analogues
with a four-membered heterocyclic ether, Tetrahedron, 2018,

74,1461-1467.

[Review]

4. Katsuhito Kino, Taishu Kawada,
Masayuki Morikawa, Hiroshi

Masayo Hirao-Suzuki,

Miyazawa. Products of

Oxidative Guanine Damage Form Base Pairs with Guanine,

147






Kagawa School of Pharmaceutical Sciences
Tokushima Bunri University

PE= N

Laboratory for Molecular Biology

Staff

Hiroshi Miyazawa, Ph. D.

Professor since 2004

Ph.D., The University of Tokyo, 1986

Previous position: Division of Cellular and Gene Therapy Products,
National Institute of Health Sciences, Section Head

Katsuhito Kino, Ph. D.

Associate Professor since 2012

Instructive Professor (Lecturer) since 2004

M.S in Engineering, Graduate School of Engineering, Kyoto
University, 1998

Ph.D. in Medical Science, Tokyo Medical and Dental University,
2002

Previous position: Cellular Physiology Laboratory, RIKEN, Special
postdoctoral researcher at RIKEN

Takanobu Kobayashi, Ph. D.

Lecturer since 2018

Assistant Professor since 2005

Ph.D. in Pharmaceutical Sciences, Tokyo University of Science,
2015

Previous position: Graduate School of Pharmaceutical Sciences,

Tokyo University of Science, graduate student

Research

1. Gene expression analysis of mouse embryonic carcinoma P19
cells induced to form neural cells. (Takanobu Kobayashi and
Hiroshi Miyazawa)

Mouse embryonic carcinoma P19 cells are pluripotent cells that
can be induced to differentiate into multiple cell types by cellular
aggregation in the presence of differentiating agents. When
aggregated in the presence of all-frans retinoic acid (ATRA), P19
cells differentiate into neural cells (including neurons and glia
cells), whereas the same cells aggregated in the presence of DMSO
differentiate into cardiomyocytes. These cells can simulate the
molecular and morphological events occurring during early
embryonic development, and have been used extensively as a
model to study the molecular mechanisms controlling the process
of differentiation into cardiomyocytes or neural cells.

To identify the genes associated with induction of neural
differentiation, we carried out a transcriptome analysis of P19 cells
induced to form neural cells by ATRA. We employed the DNA
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microarray method, which can produce an accurate and derailed
profile of gene expression. Numerous genes were activated in P19
cells in response to ATRA treatment. We compared the expression
profiles from control (undifferentiated) and ATRA-treated P19
cells, which provided an abundance of information about the gene
products involved in neural differentiation. We confirmed the
sequential expression patterns of some genes over the course of
differentiation. We are investigating the relationship between
ATRA treatment and expression patterns of these genes,
interactions with other factors, and functions in neural
differentiation. These findings will provide useful clues to a more
comprehensive understanding of the complex processes involved in
the induction of neural differentiation. We are undertaking
additional investigations to better understand the role played by
these genes during the induction of neural differentiation.

Recently, we identified a candidate gene associated with induction
of neural differentiation. We found that the expression of Csn3 was
induced by all-trans retinoic acid (ATRA) during neural
differentiation in P19 cells from our study using DNA microarray.
We describe the induction mechanism of Csn3 transcription
activation in this process. In conclusion, the Csn3 expression is
upregulated via ATRA-bound RARa and binding of this receptor to
the RARE in the Csn3 promoter region. This will certainly serve as
a first step forward unraveling the mysteries of induction of Csn3

in the process of neural differentiation.

1I. DNA Oxidation, Point Mutation and DNA repair. (Katsuhito
Kino)

The genome is constantly assaulted by oxidation reactions that
are likely to be associated with oxygen metabolism, and oxidative
Such

genotoxin-induced alterations in the genomic message have been

lesions are generated by many of these oxidants.
implicated in aging and in several pathophysiological processes,
particularly those associated with cancer.
1. Guanine Oxidation

Photosensitized oxidation of guanine provides various
(8-0x0G)
imidazolone. Riboflavin (vitamin B2) is known to be an effective
the We
demonstrated: the user-friendly synthesis and photoreaction of a
the of

hydroxyethyl-flavin from commercially available riboflavin; and

oxidation products, including 8-oxoguanine and

photosensitizer for oxidation of guanine. have

flavin-linked  oligonucleotide; practical ~ synthesis

the preparation of a flavin-linked oligonucleotide using a
phosphoramidite of hydroxyethyl-flavin. To demonstrate the

usefulness of this method, the flavin-linked oligomer was
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synthesized. The flavin-linked oligomer and its complementary
oligomer containing 8-0xoG were then irradiated under UV light
(366 nm) at neutral pH. Enzymatic digestion of the irradiated
mixture indicated that the 8-0xoG residue was oxidized to
imidazolone. These results demonstrated that 8-0xoG is effectively
oxidized to imidazolone by photosensitization of the terminal flavin
via a hole-transfer mechanism, and imidazolone is formed by
one-electron oxidation of 8-0xo0G at neutral pH.

In addition, 8-OxoG was specifically oxidized by iodine with
aqueous KI. Under acidic conditions, the major product was
Under

diastereoisomers of spirohydantoin were chiefly obtained. In

dehydro-guanidinohydantoin. basic conditions, two
addition, unstable diimine was detected for the first time.
2. Point Mutation by Guanine Oxidation.

The guanine base (G) in genomic DNA is highly susceptible to
oxidative stress because it has the lowest oxidation potential.
Therefore, G-C-->T-A and G-C-->C-G transversion mutations
frequently occur under oxidative conditions. One typical lesion of
G is 8-oxoguanine (8-0xoG), which can pair with A, and this
pairing may cause G-C-->T-A transversion mutations. Although the
number of G-C-->C-G transversions is rather high under specific
oxidation conditions such as riboflavin photosensitization, the
molecular basis of G-C-->C-G transversions is not known.

We have shown that 1z is a key oxidation product of G when
8-0x0G in DNA photosensitized with riboflavin or anthraquinone.
Primer extension experiments have demonstrated that Iz can
specifically pair with G in vitro. Thus, specific 1z-G base pair
formation can explain the G-C-->C-G transversion mutations that
appear under oxidative conditions.

Moreover, we found that guanine is preferentially
incorporated opposite 2,2,4-triamino-5(2H)-oxazolone (Oz) by
eukaryotic DNA polymerases alpha, beta and epsilon, and we first
propose the chemical structure of an Oz:G base pair having
hydrogen bonds. Especially, since DNA polymerases alpha and
epsilon play an important role in eukaryotic DNA replication, our
results indicate that Oz is the premutagenic lesion that causes
G:C-C:G transversions. Our results first clarify the mechanism of
G:C-C:G transversions in eukaryote, and we mention the chemical
consideration in guanine insertion opposite Oz. Thus we believe
that our present study has novel insights into the molecular
mechanism of point mutations underlying the first trigger which
causes several diseases.

In addition to Oz, guanidinohydantoin (Gh)/iminoallantoin
(Ia) and spiro-imino-dihydantoin (Sp) are known products of
oxidative guanine damage. These damaged bases can base pair with
guanine and cause G:C-C:G transversions. In this study, the
stabilization energies of these bases paired with guanine were
calculated in vacuo and in water. The calculated stabilization

energies of the la:G base pairs were similar to that of the native
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C:G base pair, and both bases pairs have three hydrogen bonds. By
contrast, the calculated stabilization energies of Gh:G, which form
two hydrogen bonds, were lower than the Ila:G base pairs,
suggesting that the stabilization energy depends on the number of
hydrogen bonds. In addition, the Sp:G base pairs were less stable
than the Ia:G base pairs. Furthermore, calculations showed that the
0z:G base pairs were less stable than the Ia:G, Gh:G and Sp:G base
pairs, even though experimental results showed that incorporation
of guanine opposite Oz is more efficient than that opposite Gh/Ia
and Sp.

Next, we demonstrated that hNEIL1 and hNTH1 cleave Oz
sites as efficiently as 5-hydroxyuracil sites. Thus, hNEIL1 and
hNTHI1 can repair Oz lesions. Furthermore, the nicking activities of
these enzymes are largely independent of nucleobases opposite Oz;
this finding indicates that removing Oz from Oz:G and Oz:A base
pairs might cause an increase in the rate of point mutations in
human cells.

3. Product analysis of photooxidation in isolated quadruplex DNA

(M
reactivity and the kinds of guanine photooxidation products of
d(TGGGGT).
(80x0G) and dehydroguanidinohydantoin (Ghox) were mainly

The formation of quadruplex structure changed the site

In quadruplex DNA, 8-oxo-7,8-dihydroguanine

formed, although 2,5-diamino-4H-imidazol-4-one (Iz) was mainly
formed in single-stranded DNA. In addition, 3’-guanine was
specifically oxidized in quadruplex DNA compared with
single-stranded DNA, which depended on the localization of the
HOMO.

@)
bases, and some guanine-rich sequences can form quadruplex

structures. In a previous study using 6-mer DNA d(TGGGGT),

Guanine is the most easily oxidized among the four DNA

which is the shortest oligomer capable of forming quadruplex
structures, we demonstrated that guanine oxidation products of
quadruplex DNA differ from those of single-stranded DNA.
Therefore, the photooxidation products of double-stranded DNA
(dsDNA) may also differ that
single-stranded DNA, with the difference likely explaining the

from of quadruplex or
influence of DNA structures on guanine oxidation pathways. In this
study, the products of the dsDNA
d(TGGGGT)/d(ACCCCA) were analyzed using HPLC and
electrospray ionization-mass spectrometry (ESI-MS). As a result,
in this dsDNA were
2,5-diamino-4H-imidazol-4-one (Iz), 8-o0x0-7,8-dihydroguanine
(80x0G), (Ghox),
guanidinohydantoin (Gh). The major oxidation products in dsDNA

guanine oxidation

the oxidation products identified as

dehydroguanidinohydantoin and
were consistent with a combination of each major oxidation
product observed in single-stranded and quadruplex DNA. We
previously reported that the kinds of the oxidation products in
single-stranded or quadruplex DNA depend on the ease of

deprotonation of the guanine radical cation (Ge+) at the N1 proton.
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in dsDNA.
Deprotonation in dsDNA is easier than in quadruplex DNA and

Similarly, this mechanism was also involved
more difficult in single-stranded DNA, which can explain the
formation of the four oxidation products in dsDNA.
4. Chemistry of flavins

Photoirradiation in the presence of riboflavin led to guanine
oxidation and the formation of imidazolone. Meanwhile, riboflavin
itself was degraded by ultraviolet light A (UV-A) and visible light
(VIS) radiation, and the end product was lumichrome. VIS
radiation in the presence of riboflavin oxidized guanine similarly to
UV-A radiation. Although UV-A radiation with lumichrome
oxidized guanine, VIS radiation with lumichrome did not. Thus,
UV-A radiation with riboflavin can oxidize guanine even if
riboflavin is degraded to lumichrome. In contrast, following VIS
radiation degradation of riboflavin to lumichrome, VIS radiation
with riboflavin is hardly capable of oxidizing guanine. The
consequences of riboflavin degradation and guanine photooxidation

can be extended to flavin mononucleotide and flavin adenine

dinucleotide. In addition, we report advanced synthesis;
carboxymethylflavin ~ was  obtained by  oxidation of
formylmethylflavin with chlorite and hydrogen peroxide;

lumichrome was obtained by heating of formylmethylflavin in 50%
AcOH; by of
formylmethylflavin in 2 M NaOH, followed by isolation by

lumiflavin ~ was  obtained incubation
step-by-step concentration.
5. Radiateon hormesis’ theory

It has yet to be determined whether or not the probability of
developing cancer due to radiation exposure levels of low doses is
proportional to the dose. Herein, for radiation hormesis occurring at
low doses, mathematical models using functions that take a
mountain-like shape having two inflection points are considered.
The following perspectives were obtained: (i) When the probability
of developing cancer decreases at radiation levels above the natural
background dose, the radiation hormesis effect occurs up to ~ 12.4
mSv. (ii) When there is a proportional relationship at >750 mSv, the
radiation hormesis effect occurs up to ~ 225 mSv. Thus, by
performing studies at the molecular and cellular levels for radiation
doses at <16.8 or 307 mSv, it is possible to investigate
carcinogenesis resulting from low radiation doses.
6. Implications for SARS-CoV-2

We describe base pairs that target the RNA-dependent RNA
polymerase (RdRp) of RNA viruses and describe implications for
the 2019 novel coronavirus (SARS-CoV-2): When products of
oxidative guanine damage are adapted for the ribonucleoside
analogs, mimics of oxidative guanine damages, which can form
base pairs, may become antiviral agents for SARS-CoV-2. In
addition, we described a strategy for finding new medicines against
the novel coronavirus disease (COVID-19) derived from base

pairing with DNA damages.
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111. Identification of novel low molecular compounds that inhibit
binding of NF-kB to DNA (Takanobu Kobayashi)

The nuclear transcription factor-kB (NF-kB) is one of the
central regulators of an organism’s response to various stress
signals. In response to an extracellular signal, NF-kB translocates
into the nucleus, binds to DNA, and activates the transcription of
specific genes. NF-kB regulates the transcription of a number of
genes involved in immune and inflammatory pathways and in
apoptosis. Dysregulation of NF-kB contributes to a variety of
pathological conditions. Therefore, the down-modulators of NF-kB
could have important therapeutic implications. One of the strategies
for the down-regulation of NF-«kB transcriptional activity is the
specific inhibition of the DNA binding of NF-«kB.

We have screened a virtual library using our structure-based
computational screening method, thus enabling us to identify
several compounds that inhibit DNA-NF-kB interactions. In our
most recent studies, the inhibitory effects of the hit compounds
selected from the virtual library were measured using fluorescence
correlation spectroscopy (Olympus MF20) and an Electrophoresis
Mobility Shift Assay. Using these methods, we found some
compounds that inhibit the DNA-NF-«B interaction. We expect that
these compounds may down-modulate the transcriptional function
of NF-«B.

IV. Regulation of DNA
Miyazawa)

replication machinery (Hiroshi

DNA contains the genetic information which can be viewed as
the organism’s vital plan. Maintenance and replication of DNA,
and the expression of the genetic information in DNA are the bases
for life.

packaged and condensed in the nucleus of living cells. The

In addition, information units of more than 10° are

condensation/decondensation of DNA molecules is dynamically
repeated in growing cells during development and differentiation,
necessitating strict control of the expression of genetic information.

Our purpose is to elucidate the functions of DNA replication
factors and the proteins interacting with replication factors, and to
ask how these factors act in various reactions occurring in DNA,
such as DNA repair or transcription. We are investigating the
behavior of these factors in nuclear structure, and studying how the
DNA replication machinery is regulated during the cell cycle and
cell differentiation.

So far, we have found that the second largest subunit of DNA
polymerase & (DPE2) interacts with SAP18, a polypeptide
associated with the co-repressor protein Sin3. DNA polymerase € is
involved in chromosomal DNA replication, DNA repair and
cell-cycle checkpoint control in eukaryotic cells. The Sin3 complex
consists of several peptides containing the histone deacetylases,

HDAC1 and HDAC2. By deacetylating histones in the
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chromosome, HDAC condenses chromatin structure, resulting in
The interaction of HDAC
activity with replication factors predicts that DNA polymerase € is
of
transcriptional silencing during DNA replication. Thus DNA

the repression of gene expression.

involved in the maintenance chromatin structure and

polymerase ¢ appears to be involved in epigenetic regulation. We
are investigating how the interaction of DNA polymerase ¢ and the
replication complex with proteins involved in epigenetic regulation
(i.e. DNA methyltransferases, histone acetylases and deacetylases,
and so on) change in the process of DNA replication and cell

differentiation.
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Research Themes:

The mechanisms of immune cell trafficking and the regulation of
immune responses are our main themes to clarify. Especially, we
study roles of nuclear receptor ligands including vitamin A & D
and various hormones in regulating immune functions especially in
mucosal systems including the gut. By pursuing these biologically
fundamental questions, we set a goal to establish a solid basis of

new remedies and drug discovery for various diseases.

Recent Study:

For efficient immune responses, immune cells with proper
functions need to migrate into right sites in the body. T cells,
known as the control tower of the immune system, patrol the whole
body along with the blood vessels and lymphatic vessels. However,
they cannot migrate into non-lymphoid tissues before they are
activated with antigen in the secondary lymphoid organs. Once
they are activated and become effector or memory T cells, however,
they can migrate into non-lymphoid tissues. They tend to migrate
into the tissue that is associated with the secondary lymphoid organ
where they are activated. This type of migration is called “homing”.
For example, T cells that are activated with antigen in the small
intestine-relate secondary lymphoid organs, Peyer’s patches (PP)
and mesenteric lymph nodes (MLN), tend to migrate into small
intestinal tissues including the lamina propria. In 2004, we found
that vitamin A-derived retinoic acid is the physiological factor that
imprints gut-homing specificity on T cells. We also found that
subpopulations of dendritic cells (DC) in PP and MLN express the
key enzyme of retinoic acid synthesis, RALDH (retinaldehyde
dehydrogenase), and are capable of producing retinoic acid from
vitamin A (retinol). They imprint T cells with the gut-homing
specificity by delivering retinoic acid to T cells during antigen
presentation. In 2006, we also found that a similar mechanism is
involved in the imprinting of B cells with gut-homing specificity

by a collaboration mainly with Dr. von Andrian’ s group and Dr.
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Adams’ group.

In 2009, we established a method for estimating the enzyme
activity of RALDH in each DC, and identified the retinoic
acid-producing subpopulation in MLN-DC and PP-DC. The
RALDH2 isoform was mostly responsible for the activity.
Depending on these results, we searched for the physiological
factors that induce RALDH2 expression in DC in the gut or in
MLN. We that

colony-stimulating factor) plays a major role in the induction, and

found GM-CSF  (granulocyte-macrophage
that retinoic acid itself plays a role as an essential cofactor. IL-4
and IL-13 exhibited effects similar to those of GM-CSF on
RALDH2 expression, but are found to be dispensable by the
analysis of their receptor-deficient mice. The stimulation through
Toll-like receptors enhanced the RALDH2 expression in DC as
well as DC maturation.

In 2007,

acid-producing DC also enhance the differentiation of Foxp3"

several groups reported that the retinoic

inducible regulatory T cells (iTreg) and suppress that of
pro-inflammatory Th17 cells. that

GM-CSF-treated DC that expressed RALDH2 could enhance the
differentiation of Foxp3" iTreg and suppress that of Th17. These

Accordingly, we found

results suggest that retinoic acid contributes to oral tolerance and
regulation of immune responses to specific antigens. We have
recently found that vitamin A deficiency affects not only the nature
of T cells but also that of DC, and that MLN-DC in vitamin A
deficient mice can induce oral antigen-specific CD4" T cells that
produce high levels of IL-13 and tumor necrosis factor-a (TNF-a).
Under vitamin A-deficient conditions, although it has been
generally known that antibody responses are reduced, we found
that markedly high levels of IgGl antibody responses and IgE
antibody responses against oral antigens can be induced. It is likely
that these antibody responses involve the above-mentioned new
IL-13-producing inflammatory helper T (Th) cells. Currently, we
are investigating the molecular mechanism of differentiation of
these Th cells and their role in allergic and inflammatory diseases.
We have been also analyzing some other aspects of retinoic
acid effects on immune functions and regulation, including 1) The
molecular mechanism of retinoic acid effects on the expression of
gut-homing receptors on immune cells, 2) The role of a retinoic
acid-metabolizing system in the regulation of T cell functions, 3)
Amplification and disruption of retinoic acid signals by RXR
ligands and environmental chemicals, 4) The molecular mechanism
of RALDH isoform 2 (RALDH2, encoded by A/dhla2) expression
in DC and the roles of a retinoic acid-bound RAR/RXR
heterodimer and a retinoic acid response element (RARE) half-site
at the proximal promoter of the Aldhla2 gene. The RARE half-site
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in this gene promoter was commonly found in many animal
species.

We found that, in vitamin A-deficient mice, dextran sulfate
sodium (DSS) induced more severe colitis, and a higher rate of
development of colorectal carcinoma with colitis following

treatment with azoxymethane, compared with vitamin
A-supplemented mice. Therefore, vitamin A is likely to inhibit the
development of chronic inflammation and cancer. These vitamin A
effects may also be dependent on retinoic acid production. As we
mentioned above, GM-CSF and retinoic acid itself play important
roles in the development of retinoic acid-producing DC, and
Toll-like receptor-mediated stimulation enhances their maturation
and retinoic acid-producing capacity. However, we recently found
that Toll-like receptor stimulation also induced production of
inflammatory cytokines. As retinoic acid-producing RALDH2"e"
MLN-DC in steady-state mice do not produce inflammatory
cytokines, we searched for a stimulation condition that can induce
maturation in GM-CSF/retinoic acid-treated semi-mature DC and
their RALDH2
We

immobilized proteins such as E-cadherin/IgG-Fc chimeric protein

can enhance expression without

that

inducing

inflammatory cytokines. found stimulation ~ with

fulfilled the requirement. These proteins induced signals through

integrin B1 in DC. E-cadherin expressed on epithelial cells in gut

tissues might contribute to the development of the RALDH2"¢" DC.

These DC induced in vitro could efficiently induced gut-homing

iTreg, and could significantly suppress DSS-induced colitis.
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Research

Research project: Analysis of the molecular mechanism by which
extracellular acidification induces inflammatory responses in
rheumatoid arthritis synovial cells. (Nochi )

The local acidification of extracellular pH is caused by
augmentation of cell proliferation as observed in the cancer tissue
and the inflammatory site. In RA, the proliferation of synovial cell
is abnormally augmented and the pH of synovial fluid from RA
patient is lower than that of normal synovial fluid. Therefore, we
examined the possibility that the intraarticular acidification may
affect the inflammatory responses and contributes to exacerbation

of pathological condition in RA.

Research project: characterization of retinoid X receptor signaling
on T cell differentiation. (Takeuchi)
Retinoic acid (RA) is an immune-modulating molecule, and its
signaling is known to affect T cell differentiation. It can enhance
differentiation toward regulatory T cell (Treg), and suppress that
toward Th17. RA receptor is consist of two components, RAR and
RXR. Although RXR has a ligand-binding domain, it does not bind
RA at physiological condition. It is not well-studied whether
RXR-specific signaling can affect T cell differentiation.

We found that RXR signaling actually played some roles on T
RXR
RA-mediated Treg differentiation. On the other hand, it suppressed

cell differentiation. signaling dramatically enhanced
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that of Th17 in cooperation with some nuclear receptor signaling.
The effect of RXR signal was observed in vivo as well as in vitro.
Thus, this finding can apply to develop new methods to regulate

immune-response and inflammatory diseases.

Research project: Analysis of the molecular mechanism of Bile
acids in the brain. (Kiriyama, Nochi)

Bile acids (BA) are amphipathic steroid acids synthesized from
cholesterol in the liver. They act as detergents to expedite the
digestion and absorption of dietary lipids and lipophilic vitamins.
BA are also considered to be signaling molecules, being ligands of
nuclear and cell-surface receptors, including farnesoid X receptor
and Takeda G-protein receptor 5. Moreover, BA also activate ion
channels, including the bile acid-sensitive ion channel and
epithelial Na" channel. BA regulate glucose and lipid metabolism
by activating these receptors in peripheral tissues, such as the liver
and brown and white adipose tissue. Recently, 20 different BA have
been identified in the central nervous system. Furthermore, BA
affect the function of neurotransmitter receptors, such as the
muscarinic acetylcholine receptor and y-aminobutyric acid receptor.
BA are also known to be protective against neurodegeneration.

We found that Chenodeoxycholic acid (CDCA), which is one of
bile the the of
Monocarboxylate transporter 1 (MCT1) and vascular cell adhesion
molecule-1 (VCAMI1). MCTI is related to the regulation of
Long-term potentiation (LTP) and VCAMI is related to the
differentiation of neural stem cell. Further studies on the
mechanism of the expression of MCT1 and VCAMI1 by CDCA are

under way.

acids in brain, increased expression
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Main Project (Maki K. Yamada)

Seeing through the brain mechanism for memory using
transgenic mice

Background

We showed that an F-actin stabilizing protein CapZ accumulated
and stayed around synapses (spines) that underwent long-term
potentiation (LTP) (Genes to Cells 2010), thus the place for
memory-related change in neuronal synapses is expected to be
labeled by EGFP-CapZ even in-vivo. On the other hand, we
published another paper (Cerebral cortex 2009) suggesting that
memory-coding neurons are included in a part of Arc-expressing
neurons, thus, Yamada made the transgenic mouse of EGFP-CapZ
driven by the Arc-promotor, Arc::EGFP-CapZ, to mark the
memory coding synapses and neurons. In the resulting mouse
having blight fluorescence and normal learning ability, the
EGFP-fluorescence is mainly found in some of synaptic structure,
spines, and the cell body.

Till now,

1. In-vitro confirmation; It was confirmed that the LTP-inducing
stimuli increased the level of the green fluorescence in a part of the
synaptic structure (spines) and the neuronal cell body in the
hippocampus sections from the TG having Arc::EGFP-CapZ
(AiICE-TG) as expected.

2. In-vivo observation; we observed that a small number of
strongly green neurons emerged after the visually-cued learning in
the primary visual cortex of the AICE-TG.

3. Ex-vivo analyses; we analyzed the changes of the green neurons
and spines in the primary visual cortex and sensory cortex by
making fixed sections from AICE-TG, 15-20min after unilateral
visual or sensory inputs and then found the differences between
right and left cortices of the brain. (SciRep 2020)

References from Yamada's group in Tokyo Univ.

1.Cereb.Cortex

Experience-dependent, rapid structural changes in hippocampal
pyramidal cell spines.

Kitanishi T, Ikegaya Y, Matsuki N, Yamada MK*
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Theme 1. The molecular mechanism of complexin (Hiroshi
Tokumaru, Hisayo Sadamoto)

Action potential-evoked neurotransmitter release is triggered by
Ca*" influx through voltage-gated calcium channels located next to
the active zone. The increase in Ca®>" concentration initiates rapid
signaling cascades that lead to the exocytosis of synaptic vesicles
containing high concentrations of neurotransmitter. Two soluble
N-ethylmaleimide-sensitive factor attachment protein receptor
(SNARE) proteins from the presynaptic membrane, syntaxin 1 and
SNAP-25, and one SNARE protein from the synaptic vesicle
membrane, synaptobrevin-2 (also known as VAMP-2), form a
(called the trans-SNARE
SNAREDpin) that catalyzes membrane fusion. The synaptic vesicle

four-helix bundle complex or
protein synaptotagmin 1 (Sytl) serves as a major Ca*" sensor for
fast action potential-evoked synaptic vesicle exocytosis. The rapid
interactions between Sytl, the SNARE complex and membrane
phospholipids induced by Ca®* are critical for membrane fusion.

The precise control of evoked neurotransmitter release requires
several cytosolic proteins including complexin (also known as
synaphin). Complexin and its binding to the SNARE complex are
critical for fast neurotransmitter release, as demonstrated by studies
in knockout mice and in Drosophila mutants. In addition,
intra-presynaptic terminal injection of a SNARE-binding domain

peptide that blocks complexin binding to the SNARE complex also
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inhibits rapid neurotransmitter release. Despite this evidence,
complexin’s function remains controversial. Furthermore, recent
studies suggest that complexin contains several functional domains
that either stimulate or inhibit neurotransmitter release. Thus, the
function of complexin is likely more complex than expected from
its small size (134 aa for mammalian complexin 1 and 2).

Like Syt1-deficient mice, complexin 1/2 double-knockouts exhibit
an impairment of action potential-evoked synchronous (but not
asynchronous) neurotransmitter release. However, an important
difference exists between the two types of knockout mice: elevated
external Ca”" can rescue synchronous release in complexin 1/2
double-knockouts but not in Sytl knockouts. Thus, the functions of
Sytl

neurotransmitter release are intimately related to each other yet

complexin  and in action potential-evoked fast
distinct.

Biochemically investigating the relationship between the two
proteins, we previously demonstrated that complexin directly binds
to Sytl even in the absence of Ca*". Because Syt1 binds to SNARE
complexes weakly in the absence of Ca®', we proposed that
complexin recruits Sytl to the SNARE complex prior to Ca*"
influx. Recently, we examined the interaction between complexin,
Sytl and the SNARE complex using recombinant proteins. Our
results indicate that Sytl recruitment to the SNARE-driven fusion
machinery by complexin is essential for vesicle exocytosis.

Sytl bound weakly to complexin alone, but the addition of three
SNARE 1, SNAP-25

VAMP/synaptobrevin-2) in combination, but not individually,

proteins (syntaxin and
markedly enhanced binding. Unlike full-length complexin (amino
acid [aa] 1-134) and an NH2 (N)-terminally truncated complexin
(aa 46—134), carboxy (C)-terminally truncated complexin s (aa 1—
104 and 1-124) could not support Sytl binding even in the
presence of the SNARE complex. These results indicate that the
binding of Sytl to the C-terminal region of complexin promotes its
recruitment to the SNARE-driven fusion machinery, and that this

process is crucial for Ca**-dependent vesicle exocytosis.

Theme 2. Differential localizations of GKAP/SAPAP1 isoforms
in developing hippocampal neurons (Hisayo Sadamoto)
Guanylate (GKAP)
SAP90/PSD-95-associated protein 1 (SAPAP1) proteins form
complexes with PSD-95 and Shank at excitatory postsynaptic sites,

kinase-associated protein and

and are implicated in synapse formation and synaptic plasticity.
GKAP/SAPAPI1 proteins, which displayed different N termini,

have appeared as multiple alternatively spliced isoforms.

However, specific functional roles of individual isoforms still
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of

in formation and maintenance of

remain unclear. functions
GKAP/SAPAPI

synaptic connections,

To understand particular
isoforms
we here investigated expression and
subcellular distributions of these isoforms in hippocampal neurons
during synaptic development. First, we identified two isoforms of
SAPAP1 (named as SAPAPI1b and 1lc) in mice hippocampus,
which exhibited an alternative usage of two exons in the middle
part of SAPAPI1 transcript. Using primary culture of mouse
hippocampal neurons and confocal microscope, we sought to
examine localizations of each EGFP-tagged GKAP/SAPAP1
isoform (GKAP, SAPAPI, SAPAPIb or SAPAPIc).

synaptic maturation, GKAP/SAPAP1 isoforms were found to

During

display differences in cluster formation at the dendritic spines.
EGFP-SAPAP1 formed clusters at dendritic shafts on an early
stage of synapse formation and did not change the rate of
accumulation (clustering index) in mature dendritic spines at later
Clusters of EGFP-SAPAP1b and EGFP-SAPAP1c were

also found to occur at an early stage, but tended to disappear during

stages.
synaptic maturation. In contrast, GKAP clearly accumulated in
These
results suggest the possibility that each spliced isoform of
GKAP/SAPAPI has a specific function in synapse formation.

dendritic spines at a later stage of synaptic maturation.

Theme 3. Synaptic modulation and synchronous oscillatory
network modulation in odor information processing (Suguru
Kobayashi)

Synchronous oscillatory activity is common in multiple cognitive
and neural functions of both vertebrates and invertebrates. In the
olfactory center of terrestrial animals, changes in the oscillatory
frequency of the local field potential (LFP) are thought to be
involved in olfaction-based behavior and olfactory memory. We
study GABAergic and FMRFamidergic neuromodulation of
oscillatory activity in odor information processing of the
procerebrum (PC) in the land slug Limax valentianus. We found
that GABA and FMRFamide are present in the PC and these
modulatory roles are involved in the oscillatory neural network of
the PC. A part of results for excitatory GABAergic and
FMRFamidaergic published J.
(2012) and Eur. (2010). Other

physiological study with fine histological analysis showed the

neuromodulation  are in

Neurophysiol. J. Neurosci.
presence of cholinergic excitatory modulation for PC neurons via
nicotinic ACh receptors activation (J Comp Neurol, 2014) and
feedforward inhibition in the cholinergic afferents from the
tentacles to the PC. In comprehensive analysis with in vitro
cultured PC preparation, the role of biogenic amines and
cholinergic activation in synchronous oscillatory networks were
discussed (Matsuo et al., 2016a, b; 2020; Kobayashi 2017; 2019).
We use electrophysiology and optical recording methods to
understand the role of oscillatory dynamics in odor recognition and

memory storage.
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[Research aims]

Our research goal is the novel molecular target for new
antiepileptic drugs. To achieve this goal, we are working on
molecular mechanism for the epileptogenesis of partial and
generalize epilepsy through the several approaches such as
pharmacological, behavioral, cell biological, biochemical and in

vivo imaging techniques.

[Research Scopes]
1. Prevention of status epilepticus-induced brain edema and
neuronal cell loss by new antiepileptic drugs.

Status epilepticus (SE) refers to neurologic emergencies that
may lead to death or permanent neurologic injury. To avoid life
threating injury, patients must be properly and quickly treated.
Furthermore, SE causes 3~5% of symptomatic epilepsy (~35% of
epileptic syndromes), thus SE patients are at a high risk of
developing acquired epilepsy (Hesdorffer, 1998; Temkin, 2003;
Jacobs et al., 2009).

prevent mortality and the development of post-SE symptomatic

The management of SE is important to
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Seizures must be treated as soon as possible and

typically
However,

epilepsy.

benzodiazepines (lorazepam or diazepam) are
administered as first-line antiepileptic drugs (AEDs).
when these drugs fail, second-line AEDs (phenytoin; PHT,
fosphenytoin; fosPHT, valproate; VPA, and midazolam) are
administered in refractory SE prior to giving phenobarbital; PB
(Manno, 2011). have indicated that
conventional AEDs (e.g., DZP, PB, VPA, or PHT) suppressed

acute seizures, but thus far there has been no success at preventing

Various clinical trials

the development of post-SE acquired epilepsy under various
(Temkin, 2001; 2003; 2009). Although the

mechanisms underlying the development of acquired epilepsy as

conditions

part of the epileptogenic process are not well understood, the lack
of efficacy of the AEDs suggests that the biological mechanisms of
the acquired epilepsy process may be quite different from that of
the established epileptic brain (Pitkanen et al., 2009).

Levetiracetam  ([(S)-a-ethyl-2-oxo-1-pyrrolidine  acetamide])

with broad-spectrum antiepileptic effects is an established
second-generation AED that is widely used in patients with either
generalized or partial epilepsy (Lyseng-Williamson, 2011). In
addition, levetiracetam is one of currently available candidates as
AED for SE (Manno, 2011)
anti-epileptogenic drug (Pearl et al., 2013; Klein, et al., 2012).

Animal studies that

second-line and as an

have shown levetiracetam possesses
anticonvulsant activity and results in neuroprotective effects
(Mazarati et al., 2004; Zheng et al., 2010).

levetiracetam has been considered for the treatment of pilocarpine

In addition,

(PILO)-SE due to its anti-epileptogenic effects in basic and clinical
studies. Two phase Il clinical trials for levetiracetam indicated
the possibility that it may decrease the risk of acquired epilepsy or
prevent the development of acquired epilepsy (Pearl et al., 2013;
Klein, et al., 2012).

models has been conflicting and whether levetiracetam can prevent

However, the previous evidence in SE animal

or modify epileptogenesis remains controversial (Loscher et al.,
1998; Glien 2002; Klitgaard, Pitkanen, 2003; Stratton et al., 2003;
Gibbs et al., 2006; Brandt, et al., 2007).

Temporal lobe epilepsy (TLE) is the most frequent type (75%)
of symptomatic partial epilepsies that originate from the limbic
regions (e.g., hippocampus and amygdala) after an initial brain
insult, such as SE, stroke, and traumatic brain injury (TBI).
Additionally, it is also one of the most refractory forms of epilepsy
with approximately 30% of patients being unresponsive to AEDs
(Engel, 1996; Kwan and Brodie, 2000). In this present study, we
used PILO-induced SE mice as a model of TLE to determine the

effects of repeated administration of high-dose levetiracetam after
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the termination of SE by DZP. We observed that repeated
high-dose levetiracetam prevented the development of brain edema
in the limbic regions at the initial period of post-SE, and the
incidence of spontaneous recurrent seizures. In the present study,
we determined the possible molecular and cellular mechanisms of
LEV treatment after termination of SE. To assess the effect of LEV
against the brain alterations after SE, we focused on blood-brain
barrier (BBB) dysfunction associated with angiogenesis and brain
inflammation. The consecutive treatment of LEV inhibited the
temporarily increased BBB leakage in the hippocampus two days
after SE. At the same time point, the LEV treatment significantly
inhibited the increase in the number of CD31-positive endothelial
immature cells and in the expression of angiogenic factors. These
findings suggested that the increase in neovascularization led to an
increase in BBB permeability by SE-induced BBB failure, and
these brain alterations were prevented by LEV treatment.
the of the

pro-inflammatory responses for epileptogenic targets in microglia

Furthermore, in acute phase latent period,

and astrocytes of the hippocampus activated, and these

upregulations
inhibited by LEV treatment. These findings suggest that LEV is

of pro-inflammatory-related molecules were
likely involved in neuroprotection via anti-angiogenesis and
anti-inflammatory activities against BBB dysfunction in the acute

phase of epileptogenesis after SE.

2. Study on the relationship between blood brain barrier (BBB)
disruption and epilepsy.

In recent years, it has been well recognized that the therapies for
epilepsy by the AEDs, which is represented by valproate, have
been definitely effective. On the other hand, no less than 30% of
epileptic patients were intractable, so there are difficulties in
achievement of high level of QOL for them. In order to dissolve
this problem, the development of new AEDs with novel
mechanisms is an important for drug-resistant patients. We aim to
find out the novel molecular target for new drugs. Recently, we
have focused the relationship between BBB disruption and
generalized epilepsy. Although conventional evaluation methods of
BBB disruption are to measure the diffusion of low molecular
weight dye (ex. Evans blue) to brain parenchyma, they are not
available in animals alive. In our laboratory, the spatial and
sequential changes of the BBB disruption in PTZ-induced
convulsive alive mice were elucidated by the technique of
gadolinium-enhanced magnetic resonance imaging using the MRI
for rodent (MRminiSR, 1.5T). In addition, we have investigated the

involvement of NO in the BBB disruption in generalized epilepsy.
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. Integrated study on pharmacokinetics and pharmacodynamics
for efficient drug discovery and on the optimum drug therapy

. Basic and clinical analysis of drug-metabolizing enzyme and
transporters  influencing pharmacokinetics and pharmaco-
dynamics

. Basic research on the toxicity mechanism of drugs, xenobiotics
and their active metabolites

. Curcumin and doxorubicin co-encapsulation liposome effects on

cell growth, apoptosis, and angiogenesis

The elucidation of relationship between pharmacokinetics (PK)
and pharmacodynamics (PD) of drugs is critical not only for the
discovery of novel drugs but also for their optimum uses in clinical
settings. The effects of clinically used drugs are influenced by
drug-metabolizing enzymes and drug-transporters. Therefore, one
of our major research projects is to push an integrated analysis of
PK and PD for investigational drugs by characterizing in vivo
drug-metabolizing enzymes and drug-transporters  under
physiological and pathological conditions.

We are also conducting the research of mechanism(s) for the
decrease in levels of serum thyroid hormones by xenobiotics and
their active metabolites, and the species difference and
extrapolation to human in these compounds-induced alteration of
the hormone levels.

In addition to these projects, we have also focused on
simultaneous determination of polybrominated diphenyl ethers
(PBDEs), hydroxylated (OH-) and methoxylated (MeO-) PBDEs
found in marine sponge by atmosphere pressure chemical
ionization tandem mass spectrometry (APCI-LC/MS/MS), and
immunotargeting of liposome to tumor and endothelial cell
membrane  type-1  matrix

expressed metalloproteinase

165
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Research

We the

Pharmaceutics, Kagawa School of Pharmaceutical Sciences,

have research philosophy for Laboratory of

Tokushima Bunri University. Research projects were chosen
based on the philosophy. The selected projects and those results
were as follows:
(1) Preparation and evaluation of liposomes with fluticasone
propionate for inflammatory of the kidneys
Glucocorticosteroids were administered orally to patients with
inflammatory of the kidneys, but due to adverse events, their use
was limited. However, new formulations of glucocorticosteroids
have been developed to reduce systemic action. Fluticasone

propionate (FLT) is an inhaled corticosteroid with high

anti-inflammatory potency, used for the topical treatment of asthma.

The purpose of this project was the preparation and evaluation of a
new liposome with FLT for patients with inflammatory of the
kidneys. Liposomes with FLT were tried to prepare by a common
method. However, it was found that the preparation of the
liposomes with FLT in phospholipid membrane and in water
vesicles were difficult.
the LibMec method.

(2) Cleaning validation for machines used in the dispensary of

We have tried to prepare the liposome by

pharmacy

When machines used in the dispensary, for an example, a
dividing and packing machine was applied for a granule or a
powder, it was easily considered that the little amount of the
granule or powder was left in the machine. Therefore, cleaning
the machine was required. This cleaning will be performed

according the procedure which is decided by each pharmacy. In
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the case of a pharmaceutical plant, cleaning validation was required
for machines for manufacturing pharmaceutical preparations by
GMP. The purpose of this project is to introduce the concept of
cleaning validation to pharmacies. The preparations indicating
the higher residual percent were researched on the basis of the
the

fumarate,

result of questionnaire for pharmacists, which were

preparations of pranlukast hydrate, ketotifen

acetaminophen, and nicotinamide. The residual amounts of drugs
on the machines have been determined. In addition, cleaning
effects of a cleaner with a dividing and packing machine, and
cleaning using lactose on the amount of drugs in the machine have
been examined. The determination methods in these studies were
submitted and published. We developed a method to determine
the amount of Ca"ion on the machines and found a new cleaning
agent which was applied for a patent.
(3) Development of new preparations with sildenafil for newborns
in NICU

Sildenafil is a phosphodiesterase type 5 inhibitor that selectively
reduces pulmonary vascular resistance in animal models and adult
humans.
sildenafil

mortality with no clinically important side effects in infants with

Recent studies reported that the administration of

significantly increased oxygenation and reduced
persistent pulmonary hypertension of the newborn.

A pharmaceutical preparation containing sildenafil citrate (SIL)
for pulmonary arterial hypertension, Revatio Tablets 20 mg from
Pfizer Japan Inc., is available for adults in Japan, whereas that for
children was not. Therefore, when sildenafil was administered to
infants with persistent pulmonary hypertension of the newborn, a
Revatio Tablets 20 mg was ground in a mortar to make a powder.
Lactose was added to the powder as a diluent, and was mixed well
in the mortar. The mixed powder was packaged for each dose
using an automatic packaging machine. The contents of the drug
in the packages were determined by HPLC. The determination
method by HPLC was submitted and published. From this study
the decrease of the content of sildenafil in the powder was found,
which was submitted and accepted. A method for preventing the
decrease was developed and reported. In the studies, the decrease
of the content of sildenafil in the powder was found. A method
for grinding tablets was developed, which was published.
Furthermore, a method for preparing an oral liquid dosage form
from Revatio Tablets was developed. The paper was prepared and
submitted for this finding. The same study was performed for

Cortril tablets 10 mg.
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(4) Design and preparation of tablets containing drug A
A pharmacist and a dentist needed a tablet with drug A. This
tablet will be used for a clinical test. We tried preparation of a
tablet and several kinds of tablets were prepared. From the data
of these tablets the content of drug A in tablets was decided to be
30%.

preparing a new drug A’s tablet which control the disintegration

We designed a formulation and prepared tablets. We are
time freely.
(5) Design and preparation of tablets containing 8 kinds of
vegetable powder

Preparation of tablets containing 8 kinds of vegetable powders
was required. We tried to prepare tablets containing each
vegetable and 8 kind of vegetable powders. Under keeping water
content we obtained data with reproducibility. A patent for the
preparation with 8 kinds of vegetable powders was applied .
(6) Analysis of nonlinear phenomena of mathematical models of

neurons
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Research

(1) Patient—Healthcare Professional Relationship
Patients accept or refuse their medication therapy based on their
personal beliefs. We analyze relationship between patient’s
perceptions of medication therapy and their behavior such as
medication adherence.

We
Adherence Scale (MAPAS), which assessed each patient’s beliefs,

values and ideas concerning their acceptance and preference for

developed Medication Acceptance, Preference and

medications and treatments. We found that patients’ dissatisfaction
consistent determinants of intentional non-adherence to medication,
but not unintentional non-adherence. In addition, we found that
cancer patients prefer aggressive therapies, even when
self-estimations of ADR endurance are not very high, especially if
they have been receiving chemotherapy for a short period of time.
(2) Real-World Data Analysis to Evaluate Medications and

Encourage Proper Use of Medications

171

We are analyzing real-world medical information, including claims
data, to evaluate the effectiveness and safety of medications, to
encourage proper use of these medications, and to identify new
therapeutic effects of existing medications (drug repositioning).

Using the National Database of Health Insurance Claims and
Specific Health Checkups of Japan (NDB Japan), we clarified the
following: (1) patients who used driving-prohibited and/or
driving-cautioned medications accounted for approximately 70% of
outpatients 25 years or older to whom medications were
administered; (2) these medications were often used at dosages
exceeding the recommended limit for older patients; (3) an older
patient concomitantly used 20 driving-prohibited medications per
month; (4) in relatively healthy older patients, 840,000 people/year
experienced fractures, 350,000 people/year experienced fragility
fractures, and approximately 20% of older patients experiencing
fragility fractures received hospitalized care (restricting patients to
older patients experiencing femoral neck fractures, approximately
80% received hospitalized care); and (5) concomitant use (i.e.,
polypharmacy) of central nervous system agents linearly increased
the risk of experiencing fragility fractures, and the increased risk
was even more prominent as age increased. The findings from (3)
to (5) were supported by JSPS KAKENHI (grant no. JP15K08121).
(3) Chem- and Bio-Informatics of Traditional Medication
Systems, and Their Related Medicinal Resources

We perform the informatics and computational science based on
evidences related to medical and pharmaceutical issues. This
research has been mainly demonstrated by chemical and biological
experiments, database construction, and multivariate statistical
analysis. In recent studies, we focus on the theoretical analysis of a
traditional and an empirical medication system in Kampo
(traditional Japanese medicine), and the transcriptome and
metabolome analyses of medicinal resources related to Kampo.
(4) Modulation of multi-drug resistance related protein
transport by interaction with dietary supplements

An the

administration of a drug or substance induces changes in the

interaction is taken to be situation in which
pharmacokinetics of another simultaneously administered drug —
by increasing either the plasma or intracellular concentration of the
latter, and thus giving rise to the possibility of an adverse reaction.
The ABC-transporter superfamily, which functions as a drug
efflux pump, is known to limit the absorption of a variety of drugs.
We investigated the effects of food extracts on anticancer drug
transport by the multi-drug resistance related proteins (MRPs).

MRPs are efflux transporters expressed in human glioblastoma cell
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line T98G. The effects on MRP mediated transport were also
evaluated using calcein, which is the substrate of MRP. Acute
exposure to kaempferol caused a concentration-dependent decrease
in the extracellular efflux of calcein compared with the control As
for the simultaneous exposure to kaempferol and cisplatin, the
cytotoxicity of cisplatin was expected to be potent because MRP
and glutathione S-transferases (GST) are both inhibited by
kaempferol. However, the cytotoxicity of cisplatin decreased
Western blot analysis and reverse transcription—polymerase
chain reaction (RT-PCR) showed that treatment with 10 and 20
uM kaempferol for up to 72 hr was able to significantly lower
MRP2
concentration-dependent on GST mRNA and protein levels.

expression, whereas increased expression in a
Furhermore, GST was strongly activated in T98G cell treated with
kaempferol.

The results of the study also point to possible kaempferol-drug
interaction, especially when the cytotoxicity of anticancer drugs are
dependent on glutathione S-transferases and MRP-mediated
transport processes. Hereafter, these possible efficacies need to be

examined under in vivo conditions in detail.
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Okada T, Afendi FM, Yamazaki M, Chida KN, Suzuki M,
Kawai R, Kim M, Namiki T, Kanaya S, and Saito K (2016)
Informatics framework of traditional Sino-Japanese medicine
(Kampo) unveiled by factor analysis. J Nat Med 70(1),
107—114

Watabe, S., Morikawa, M., Kaneda, M., Nakaishi, K.,
Nakatsuma, A., Ninomiya, M., Yoshimura, T., Miura, T., Ito,
E.(2016) Ultrasensitive detection of proteins and sugars at
single-cell level. Commun Integr Biol. 9(1) e1124201

Okada T, Takahashi H, Suzuki Y, Sugano S, Noji M,
Kenmoku H, Toyota M, Kanaya S, Kawahara N, Asakawa Y,
and Sekita S (2016) Comparative analysis of transcriptomes in
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high-throughput mRNA sequencing. Genom Data 10, 4—11
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Research

Theme 1. Functional regulation of proteins by
post-translational modifications (Ohshima)

Post-translational ~ modifications such as ubiquitination,
phosphorylation, and acetylation regulate the function of many
proteins. Recently, a number of ubiquitin-like proteins (Ubl) have
been identified that are covalently linked to lysine residues in target
proteins. One Ubl, SUMO-1, also known as PIC1, UBLI, sentrin,
GMP1, and SMT3, is an 11-kDa protein that is structurally
homologous to ubiquitin. SUMO-1 modification plays an important
role in altering the function of modified proteins, including
transcriptional activation, nuclear localization, and decreased
turnover. SUMO-1 is conjugated to proteins through a series of
enzymatic steps. Initially, the ATP-dependent formation of a
thioester bond between SUMO-1 and the E1 enzyme complex
(SAE1/Uba2) is formed, and SUMO-1 is then transferred to the
E2-conjugating enzyme Ubc9. Finally, SUMO-1 is conjugated
from Ubc9 directly to a lysine residue of target proteins. The E3
ligase that conjugates SUMO-1 to target molecules in vitro and in
vivo has only recently been identified. One group of such E3
ligases, protein inhibitor of activated STAT (PIAS) family proteins
homologous to the yeast Siz family protein, has a conserved
RING-finger domain, which regulates transactivation of many
transcription factors by conjugating SUMO-1. In order to
understand the molecular mechanisms by which transcriptional
through SUMO-1 the

transcription (co)factors involving in cell growth, differentiation,

regulation modification, we focus
immortalization and attempt to define the biological significance of

sumoylation in carcinogenesis.

Theme 2. Analyzing the molecular mechanisms by which
human T-cell leukemia virus type-1 (HTLV-1) infection is the
cause of morbidity and mortality in adult T-cell leukemia
(ATL) (Ohshima).
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Human T-cell leukemia virus type 1 (HTLV-1), a human retrovirus,
is the causative agent of adult T-cell leukemia (ATL), an
aggressive malignancy of CD4" T lymphocytes. HTLV-1 is also
closely related to HTLV-l-associated myelopathy or tropical
spastic paraparesis (HAM/TSP). Although most HTLV-1-infected
people are non-symptomatic, approximately 4% of patients develop
ATL after a long period of latent infection (over 50 years). To date,
there are few effective therapies available for ATL patients,
possibly due to a lack of detailed information about the molecular
mechanism of cell growth regulation by HTLV-1.

HTLV-1 basic leucine-zipper factor, HBZ, which is encoded in the
complementary strand of the HTLV-1 genome, has been identified.
HBZ is a nuclear protein that contains a transactivation domain and
a basic leucine-zipper (bZIP) domain in its N- and C-termini,
respectively. HBZ interacts with cellular bZIP proteins, in
particular with the AP-1 family of transcription factors, and
regulates their transcriptional activities, resulting in the control of
viral gene transcription from the HTLV-1 promoter. In contrast to
other viral ptotein, HBZ is constitutively expressed in all ATL
patient samples because its 3’-LTR is conserved and unmethylated
in ATL cells. HBZ may play a central role in the pathogenesis of

ATL, however, its function has not yet been understood.

Theme3. The Study of the structure and the dynamics of

proteins by means of site-directed spin-labeling ESR
The spin label reagent attached to cysteine residue tells us its
environment and the structural information of the protein
through the ESR spectrum. In other words, the spin label acts
as a reporter. In the case of two spin labels introduced into a
protein, we can get the distance between two labels by the
spectrum. The merit of this method is that we can monitor
only the spin label whatever the sample condition is. So we
can measure the membrane protein in lipid for example, that is

difficult to measure by other spectroscopic method.

Publications (2016.4~2021.3)

[Original papers]

2021

1. Hagihara, R., Umeno, T., Ueki, S., Yoshihara, D., Fuchi, Y.,
Usui, K., Sakuma, M., Yamada, K. and Karasawa, S. (2021)
Push-Pull Bisnaphthyridylamine Supramolecular
Nanoparticles: Polarity-Induced ~ Aggregation and
Crystallization-Induced ~ Emission =~ Enhancement  and
Fluorescence Resonance Energy Transfer. Chem. Eur. J. 27,
3039-3046.

2020



Laboratory of Pharmaceutical Education

2. Tanaka, Y., Mukai, R., Ohshima, T. (2020) HTLV-1 viral
oncoprotein HBZ contributes to the enhancement of HAX-1
stability by impairing the ubiquitination pathway. J. Cell.
Physiol. in press.

3. Iwamoto, M., Sano, W., Nishioka, K., Ohashi, H., Sugiyama,
R., Ryo, A., Ohki, M., Yun, JH., Park, SY., Ohshima, T.,
Suzuki, R., Aizaki, H., Muramatsu, M., Matano, T., Iwami, S.,
Sureau, C., Wakita, T and Watashi, K. (2020) The machinery
for endocytosis of epidermal growth factor receptor
coordinates the transport of incoming hepatitis B virus to the
endosomal network. J. Biol. Chem. 295, 800-807.

4. Kino, K., Ohshima, T., Kawada, T., Kobayashi, T., Miyazawa,
H. (2020) A strategy for finding new medicines against the
novel coronavirus disease (COVID-19) derived from base
pairing with DNA damage. Global. J. Infectious Disease and
Clinical Research. in press.

2019

5. Zhao, C., Somiya, T., Takai, S., Ueki, S. and Arata, T. (2019)
Structural dynamics of the N-extension of cardiac troponin I
complexed with troponin C by site-directed spin labeling
electron paramagnetic resonance. Sci. Rep. 9, 1-13.

2018

6. Morishita, K., Ueki, S., Fuchi, Y., Murayama, S., Kaneko, T.,
Narita, N., Kobayashi, S., Hirai, G., Aoki, I. and Karasawa, S.
(2018) Self-assembled biradical ureabenzene nanoparticles
for magnetic resonance imaging. ACS Appl. Nano Mater. 1,
6967-6975.

7. Abe, J., Ueki, S., Yamauchi, S., Arata, T. and Ohba, Y. (2018)
Double  quantum  coherence = EPR  reveals  the
structure-function relationships of the cardiac troponin C -
troponin I complex regulated by Ca2+ ions and a
phosphomimetic. Appl. Magn. Reson. 49, 893-910.

2016

8. Mukai R., and Ohshima T. (2016) Enhanced stabilization of
MCL1 by the human T-cell leukemia virus 1 bZIP factor is
modulated by blocking the recruitment of cullin 1 to the SCF
complex. Mol. Cell. Biol.36,3075-3085.

9. Klionsky, D. J., et al (including Ohshima T). (2016) Guidelines
for the use and interpretation of assays for monitoring
autophagy (3rd edition). Autophagy 12, 1-222.
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2019
1. Hayashi, Y.; *Ohara, K.; Taki, R.; Saeki, T.; Yamaguchi, K.

(2019) Crystalline sponge-laser desorption ionization

(CS-LDI) of unsaturated cyclic organic compounds
encapsulated in different electronic environments in pores
Analytica Chimica Acta, 2019, 1064, 80-86.

2. Ishizuka, T.; Kogawa, T.; Makino, M.; Shiota, Y.; Ohara, K.;
Kotani, H.; Nozawa, S.; Adachi, S.; Yamaguchi, K.;
Yoshizawa, K.; and *Kojima, T. (2019) Formation of a

Research

Ruthenium(V)—Imido Complex and the Reactivity in

Observation of the giant molecules by means of mass
spectrometry:

Mass Spectrometry (MS) has been developed and adopted to
wide variety of analytical chemistry in recent years.

Although MS was basically developed for high molecular weight
substances in the field of biochemistry, the measurement of huge
molecules over 10k Da is still very difficult. This is caused by the
ionizing problems, stability of the compounds and the existence of
various impurities.

We develop some new techniques to overcome these problems by
using newly equipped FT-ICR mass spectrometer.

Crystalline Sponge-Laser Desorption lonization:

Recently, crystalline sponge (CS) method was discovered to
analyze non-crystalline compounds by means of X-ray
crystallography. The laser desorption ionization (LDI) mass
spectrometry (MS) is first adopted to use this CS as a matrix for
ionization. Since then, this new ionization method (CS-LDI MS)

has been developed in this laboratory.

Publications (2016.4~2021.3)

[Original papers]

2020

1. *Danjo, H.; Masuda, Y.; Kidena, Y.; Kawahata, M., Ohara, K.;
and Yamaguchi, K.(2020) Preparation of cage-shaped

hexakis(spiroborarate)s
Org. Biomol. Chem., 2020, 00 1-7
2. *Qhara, K.; Hayashi, Y.; and *Yamaguchi, K.(2020) Laser

Desorption Ionization-Mass Spectrometry of Linear

Diphenylenes Encapsulated in Crystalline Sponge
Bull.Chem.Soc.Jpn. 2020, 93, 963-968.

Ohara, K.; and *Yamaguchi, K.(2020) Combined Aanalysis
Based on a Crystalline Sponge Method

3.

Substrate Oxidation in Water through the Nitrogen
Non-Rebound Mechanism
Inorg. Chem., 2019, 58, 12815-12824.
3. *Tominaga,M.; Kunitomi, N.; Ohara, K.; Kawahata, M.; Itoh,
T.; Katagiri, K.; and *Yamaguchi, K. (2019) Hollow and Solid

Spheres Assembled from Functionalized

Macrocycles Containing Adamantane
J. Org. Chem., 2019, 84, 5109-5117.

2018

1. *Tominaga, M.; Iekushi, A.; Ohara, K.; Kawahata, M.; Itoh, T.;
*Yamaguchi, K.; *Azumaya, I. (2018). Crystallization

Processes through Self-assembled Materials Dependent on

the Substituents of Tetrapodal Adamantanes
Chem. Lett., 2018, 47, 1279-1281.

2. Hayashi, Y.; Ohara, K.; Taki, R.; Saeki, T.; *Yamaguchi, K.
(2018). Combined analysis of 1,3-benzodioxoles by

crystalline sponge X-ray rystallography and laser desorption
ionization mass spectrometry.
Analyst, 2018, 143, 1475-1481.

3. Hirao, T.; Kim, D-S.; Chi, X.; Lynch, V-M., Ohara, K.; *Park,
J-S.; *Yamaguchi, K.; *Sessler, J-L. (2018). Control over
multiple molecular states with directional changes driven by
molecular recognition. ~ Nat. Commun., 2018, 9, 823.

4. *Tominaga, M.; Ando, H.; Ohara, K.; Itho, T.; Yamaguchi, K.
(2018). Crystal Formation of a Coordination Cage through

Spherical Particles Derived from a Tripodal Ligand
Containing Adamantane Moiety and Silver(I) Salt.
Chem. Lett., 2018, 47, 315-317.

2017

1. *Tominaga, M.; Takahashi, E.; Ukai, H.; Ohara, K.; Itho, T.;
Yamaguchi, K. (2017). Solvent-Dependent Self-Assembly
and Crystal Structures of a Salen-Based Macrocycle.
Org. Lett., 2017, 19(7), 1508-1511.
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1. *Tominaga, M.; Kawaguchi, T.; Ohara, K.; Yamaguchi, K.;
Katagiri, K.; Itoh, T.; *Azumaya, 1. (2016). Vesicle

Formation of Three-dimensional Trinuclear Silver(I)

Complexes Built from Tris-NHC Ligands Bearing Long
Alkyl Chains. Chem. Lett., 2016, 45, 1201-1203.

2. *Tominaga, M.; Noda, A.; Ohara, K.; Yamaguchi, K.; Itoh, T.
(2016). Synthesis, Hollow Spherical Aggregation, and

Crystallization of an Adamantane-derived Azacyclophane
Containing Triazine Rings.
Chem. Lett., 2016, 45, 733-775.

3. *Ohara, K.; Tominaga, M.; Masu, H.; Azumaya, I.; ¥*Yamaguchi,
K. (2016). Adamantane-based Bidendate Metal Complexes
in Crystalline and Solution State.

Anal. Sci., 2016, 32(12), 1347-1352.

4. *Kawahata, M.; Komagawa, S.; Ohara, K.; Fujita, M.;

*Yamaguchi, K. (2016). High-resolution X-ray structure of

methyl salicylate, a time-honored oily medicinal drug,
solved by crystalline sponge method.
Tetrahedron Lett., 2016, 57, 4633—-4636.
5. Sawada, T.; Yamagami, M.; Ohara, K.; Yamaguchi, K.;
*Fujita, M. (2016). Peptide [4]Catenane by Folding and
Assembly. Angew. Chem. Int. Ed., 2016, 55, 4519-4522.
6. Ishizuka, T.; Watanabe, A.; Kotani, H.; Hong, D.; Satonaka, K.;
Wada, T.; Shiota, Y.; Yoshizawa, K.; Ohara, K.;
Yamaguchi, K.; Kato, S.; *Fukuzumi, S.; *Kojima, T.

(2016). Homogeneous Photocatalytic Water Oxidation
1l

with a Dinuclear Co
Inorg. Chem., 55, 1154-1164.
7. Wang, S.; Sawada, T.; Ohara, K.; Yamaguchi, K.; *Fujita, M.
(2016). Capsule—Capsule Conversion by Guest
Encapsulation. Angew. Chem. Int. Ed., 55, 2063-2066.
8. *Tominaga, M.; Kawaguchi, T.; Ohara, K.; Yamaguchi, K.;

—Pyridylmethylamine Complex.

Masu, H.; *Azumaya, 1. (2016). Synthesis and crystal
structures of twisted three-dimensional assemblies of
adamantane-bridged tris-NHC ligands and Ag".
CrystEngComm, 18, 266-273.
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Research

Since the expansion of the Institute of Neuroscience, Tokushima
Research areas of the laboratory

I. Study of neural circuit mechanisms of learning and memory with
optical recording methods

The primary interest of the laboratory is the neural circuit
mechanisms of higher cognitive functions, such as learning and
memory, in the brain. A measurement method that makes the
laboratory unique in the field is an optical recording method that
uses voltage-sensitive dye (VSD) with electrophysiology. As one
of the leading laboratories in the use of this technique, we have
been continuously developing the method since the 90s and have
provided established tools to colleges throughout the world.

II. Analysis of the electrophysiological control of excitable
membranes in connection with ciliary structures.

By focusing on the role of information integration in the membrane
potentials of cells, we have used the model organism, paramecium,
which is the simplest single-celled animal, to study the mechanisms

of the membrane potential control of cilia.

Specific research aims

Areal

1. Neural circuitry mechanisms of the limbic system: Optical study.
The limbic system is a brain structure that is critical for emotion
and declarative memory. The limbic system consists of many areas,
including the hippocampus, amygdala, and associated cortical
systems, such as the entorhinal and piriform cortices. We are
analyzing the function of these circuits by visualizing neural
activity with the VSD optical recording methods.

We reverberation circuits and information

have revealed
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integration mechanisms in the deep layers of the entorhinal and
piriform cortices in association with the hippocampal neural circuit
(Science, 1996; Neurosci. Res., 2008) with Professor Toshio
Iijima's group at Tohoku University. In addition, we have found
that neuronal signals from layer III of the medial entorhinal cortex
are critical for temporal association memory formation (Science,
2011) with Professor Susumu Tonegawa's laboratory at the
Picower center for learning and memory at MIT. We have also
revealed information integration processes in the entorhinal cortex
(Eur. J. Neurosci., 2007) with Dr. Riichi Kajiwara and Dr. Ichiro
Takashima's group at AIST Japan. We showed that the D-current
plays an important role in the integration of neural activity in the
entorhinal cortex in collaboration with Dr. Riichi Kajiwara (Japan
Society for Neuroscience, 2012; Society for Neuroscience, 2012;
supported by KAKENHI).

2. Development of an optical measurement microscope: stimulation
pattern with a confocal microscope system and a new optical
measurement.

The optical recording method with VSD requires high-speed and
low-noise imaging. This requires new special optics. We have been
developing special optics that meet these requirements (J. Neurosci.
Methods, 2000; now commercially available as THT-microscope,
BrainVision).

We have also developed special new ultra-high-speed and
low-noise confocal optics (submitted; supported by JST tansaku,
A-STEP). We have developed a microscope that allows us to
conduct light stimulus patterns to the neural networks (SFN abstr.,
2011). Recently, we have started a project to develop a special
chamber that is suitable for these experiments (Supported by JST
A-STEP, 2012-2013).

3. Mechanisms of late-onset brain dysfunctions caused by early
transient exposure to chemicals and drugs.

There are several lines of evidence that indicate that the early
transient exposure to certain chemicals during brain development
results in the malfunctioning of cognitive function in adulthood.
The neural mechanisms of these effects are largely unknown. We
are evaluating these neural mechanisms with our optical recording
methods as part of the research team that is supported by the
Ministry of Health, Labour and Welfare (2008-, 2015-).

We have shown that the administration of valproic acid, which is
the first-line drug used in the treatment of epilepsy, during
pregnancy causes a collapse of the balance of excitation and
inhibition in children born to these mothers (Japanese Society of

Toxicology, 2012). This study is joint research that is being
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conducted with Kentaro Tanemura sensei of Tohoku University, Dr.

Yoshikazu Nakajima of Nara Institute of Science and Technology,
and the teacher Katsuhide Igarashi of the Japan Institute of Health
Sciences. We organized a symposium at the Japan Neuroscience
Society in Kyoto in June 2013.

4. Study of the Application of optical measurement methods to test
ES cell function.

This study was initiated in 2012 and is intended to use the optical
recording method with VSD to characterize cells that are
differentiated from human ES cells. This is joint research that is
being conducted with Prof. Katsunori Sasaki, Shinshu University
[supported by KAKENHI (A)].

5. Visualization of cell-specific membrane potential responses by
the introduction of voltage sensitive fluorescent protein (VSFP),
which is a new membrane potential-sensitive protein.

In collaboration with Dr. Thomas Knopfel at RIKEN BSI, we have
succeeded in detecting optical signal-specific hippocampal
pyramidal cells by introducing a new VSFP from 2012. The
detection of cell-specific signals are made possible in specimens in
vivo by the further development of this technique.

6. Detection and use of the optical signals from neural excitation
with a polarized light microscope.

This is joint research that is being conducted with Dr. Tomomi
Tani and Dr. Oldenburg of Woods Hole MBL. In this study, we
aim to detect changes in nerve optical properties, such as
polarization, that are caused by nerve excitation. In March of 2013,
we will visit the MBL for this purpose.

7. Studies of the mechanisms of regulation by a variety of factors
and the neural responses of hippocampal neural synapses.

We are collaborating with various laboratories to apply our method

in order to examine the neural pathologies of diseases, such as

Alzheimer's disease, and other factors (J. Neurosci., 1996; Neurosci.

Letters, 1997; J. Neurosci, 2002; PNAS, 2004; Neuropharmacol.,
2005).

8. Regulation mechanisms of neural activity by inhibitory synapses
in the hippocampus.

The unique feature of VSD imaging compared to other biological
imaging methods is that it can measure hyperpolarization and, thus,
inhibitory neural responses. From this point of view, we found
depolarizing GABA responses in area CAl in response to tetanic
stimulation (J. Neurophysiol., 2002; Pfluger's Arch., 2010). In
addition, we found perisomatic inhibitory actions with feedforward
inhibition (Neurosci. Res., 2009).

Area Il

1. Physiological studies of osmoregulatory mechanisms and
contractile vacuoles of Paramecium.

For the first time, we have applied electrophysiological methods to
the study of the Paramecium organelles, the contractile vacuoles,

and have revealed the membrane dynamics that are involved in this

periodic activity (J. Exp. Biol., 1997a, b; 1998a, b; J. Cell Sci.,
1999; J. Exp. Biol., 2005).

2. Physiological studies of membrane proteins and cilia of
paramecium response mechanisms.

The use of recent techniques of RNA interference knockdown in
combination with the whole genome project of the Paramecium has
enabled us to knock down particular proteins that are associated
with cilia disease (so-called ciliopathy). We have found that the
absence of some molecules that have been thought to be structural
applying
electrophysiological methods to this mutant, we have examined the

proteins  induces  behavioral = changes. By
relationship of that behavior and the membrane responses and
found that some of these "structural proteins" are actually involved
in membrane potential-mediated signal transduction (e.g., Eukary.
Cell, 2012). This is joint research that is being conducted with Prof.

Hori of Yamaguchi University.

Publications (2016.4~2020.3)

[Original papers]

2021

1.  *Ishida M, Hori M, Ooba Y, Kinoshita M, Matsutani T, Naito
M, Hagimoto T, Miyazaki K, Ueda S, Miura K, Tominaga T. A

Functional Aqp1l Gene Product Localizes on The Contractile

*Corresponding author

Vacuole Complex in Paramecium multimicronucleatum. J
Eukaryot Microbiol. 2021;e12843. PMID: 33501744

2020

2. Hayase, Y., Amano, S., Hashizume, K., Tominaga, T.,
Miyamoto, H., Kanno, Y., et al. (2020). Down syndrome cell
adhesion molecule like-1 (DSCAML1) links the GABA
system and seizure susceptibility. Acta Neuropathologica
Commun 8, 206. doi:10.1186/s40478-020-01082-6.

3. Kajiwara, R*., Tominaga, T. (2020). Perirhinal cortex area 35
controls the functional link between the perirhinal and
entorhinal -hippocampal circuitry BioEssays

https://dx.doi.org/10.1002/bies.202000084 (Featured cover)

4. Kawano, M., Tominaga, T., Ishida, M., Hori, M*. (2020).
Roles of Adenylate Cyclases in Ciliary Responses of
Paramecium to Mechanical Stimulation Journal of Eukaryotic
Microbiology 67(5), 532-540.
https://dx.doi.org/10.1111/jeu.12800 (Featured cover)

5. Luyben, T, Rai, J., Li, H., Georgiou, J., Avila, A., Zhen, M.,
Collingridge, G., Tominaga, T., Okamoto, K.* (2020).
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Optogenetic Manipulation of Postsynaptic cAMP Using a
Novel Transgenic Mouse Line Enables Synaptic Plasticity and
Enhances Depolarization Following Tetanic Stimulation in the
Hippocampal Dentate Gyrus Frontiers in Neural Circuits 14(),
24. https://dx.doi.org/10.3389/fncir.2020.00024

Koike-Tani, M., Tominaga, T., Oldenbourg, R., Tani, T.(2020).
Birefringence changes of dendrites in mouse hippocampal
slices revealed with polarizing microscopy. Biophysical
Journal 118, 23662384, May 19, 2020
DOTI:https://doi.org/10.1016/j.bpj.2020.03.016

Tominaga, T., Kuhn, B. (2020). Cutting-edge brain research
from a biophysical perspective: symposium synopsis of
Session 1SCP at BSJ2019 in Miyazaki, Kyushu, Japan
Biophysical Reviews 12(2), 261-262.
https://dx.doi.org/10.1007/s12551-020-00637-0
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10.

Saito, H., Hara, K., Tominaga, T., Nakashima, K., *Tanemura,
K.(2019). Early -life exposure to low levels of permethrin
exerts impairments in learning and memory with the effects on
neuronal and glial population in adult male mice Journal of
Applied Toxicology https://dx.doi.org/10.1002/jat.3882

(Featured cover)

Tominaga, Y., Taketoshi, M., Maeda, N., *Tominaga, T.
Wide-field Single-photon Optical Recording in Brain Slices
Using Voltage-sensitive Dye. J. Vis. Exp. (148), €59692,
doi:10.3791/59692 (2019).

(2019) Network

plasticity involved in the spread of neural activity within the

*Kajiwara R, Tominaga Y, Tominaga T

rhinal cortices as revealed by voltage-sensitive dye imaging in

mouse brain slices Front. Cell. Neurosci. doi:

10.3389/fncel.2019.00020

2018
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Tominaga, Y.,, Taketosh M., Tominaga, T.*., (2018) Overall
assay of neuronal signal propagation pattern with long-term
potentiation (LTP) in hippocampal slices from the CA1 area
with fast voltage-sensitive dye imaging Front. Cell Neurosci.,
12:389 doi: 10.3389/fncel.2018.00389

6
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Yoshimura, H., Sugai, T., Kato, N., Tominaga, T., Tominaga,
Y., Hasegawa, T., Yao, C., and Akamatsu, T. Interplay between
non-NMDA and NMDA receptor activation during oscillatory
wave propagation: Analyses of caffeine-induced oscillations in
the visual cortex of rats. Neural Networks. 79:141-149 (2016)

179

PE= N

DOI: 10.1016/j.neunet.2016.03.012

*Tominaga T and Tominaga Y (2016). Paired burst stimulation
causes GABAA receptor-dependent spike firing facilitation in
CAL of rat hippocampal slices. Front. Cell. Neurosci. 10:9.
doi: 10.3389/fncel.2016.00009
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