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b N OFBASREIL, BIERORE & & HIZ20mEEZ E—7 & LTREL, LRI
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RORLT VWY T X, FHEMREOREICLY BEAENSRICIHEENLL Z
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B2 T NA IR ORI IE & IR B O W

AD 1, 1906 £EIZ KA Y OFEHFEEE Alois Alzheimer (2 X V) #13 CTHA ST LA
d,) ST ORTE & RIERET SRR STV S, White © OIFZETIX, AD B
MCTal 7 vF VEEfEESE (Choline O-acetyltransferase, ChAT) DIFEMER T 23E1%2
SN I, RIMEEER O 2 U AFEMERR RO RS !) o2
& XV, ChATIZ X W B &5 7 & F /L2 U 2 (Acetylcholine, ACh) Db 7% AD J5
RROKRE L ZE XD AChIE A TREB S, HARTIL, ACh 2022l o7
—¥ (Cholinesterase, ChE) [H5E 3£ donepezil 25 1999 4E (2 KRR & 721213 LISk, ChE
PHLEIEIT AD IO R ¥ 2 — R & 720, 2024 “FHI(E, 3 Fio> ChE FHEFEHE W
HAL TS (Table 1). ChE [HELSNOEF 2 AT 5 AD 1A% IE L L TlE, N-Methyl-
D-Aspartate Receptor (NMDAR) [HE 3£ Td % memantine 738 % (Table 1). AD fEF I
T, JVEIVBRNT VAR—=Z—DOFRBANBDO L, IVEI B VT TR
KT LTS, imFElIZ 7 vy I U, imEl7Z2 NMDAR OIEM L5 2 L,
FREEHER N~ DRl 72 Ca®" A Z AR T 5 Z & THRMIIUEEZFE T 5 L& %
B35 L7235 T NMDAR FEHUHIE, @72 BUAE ML A 123 2 Ak O 1E
EFRFOEHIF I, AD BEE~ZHE THOW LA TN S



Table 1. Approved AD medicines based on the ACh hypothesis and the glutamate hypothesis.

—HA iE fEFIRFF ES
AD,
donepezil ACh [HE L b — /AT
O HE
alantamines ACh [, BEBs LU
; nAChR 1 P& AD
rivastigmine AChE, BEBs LU
& BChE [HEE HEERE AD
NH,
i FEEE LW
memantine NMDAR i T
: = AD

nAChR, nicotinic acetylcholine receptor; BChE, butyrylcholinesterase.

AD ® Computed Tomography (CT) <> Magnetic Resonance Imaging (MRI) % FHV 7=
FRATPIT LTI, VS CTHTEIE & & T KIMALRR O ZHE 23580 541 51817 i ZEHE 1%
MR DO ZENE, B L Db DO TH D720, BMOZEMEE AV & BAMBEEEOIK T iX
BT 2 LB DN TS, JRBEEFTR & LC, BMOZEMEALIIE, FhReHie o Bl %
ROREME 7 ) A —3 &, # NBE (senile plaque) ¢ JFARAEZ L (NeuroFibrillary
Tangle, NFT) 2358 541518 1980 FARICAALFFIENEA SN EI12 LD,
# ANBEA Amyloid beta (AB),"2VNFT 73 tau??>?? TEITHR STV D Z ERFIE S
N7 ABE tau OEFREIL AD BEOMTHIZROOENDH Z &b, ELLNIHED
KETHHLIPRIEEH RSN TOD XY L LARLEEENT 7 a—F o b
2k, FEE AD OF R T ABORIERY /X7 B ToH % Amyloid Beta Precursor
Protein (APP) B DOEBMNRF LI N2 &8 ABHAIZ LV tau JHADEIR S
el el hh, BUEIX ABDARK R % AD REEOARE L T57 I A RO A



2r— R 33D NER & 72> TV DL ABIE, | BIRE @A % R ETHh D APP 3,
MiasCcp-t 27 L ¥ —+E (B-secretase) & L CTH1 5415 BACE] (Beta-site APP
Cleaving Enzyme 1) (2 X 0, HIIEEN CTy-& 27 L X —F¥ (y-secretase) 12 LY T L
DO S n Z & TREA S, MM S 415 3D ARG T T, AR IS Y
U LT v XL OBEIHNIC X DM O T R — 2 ZADREDR) EICBIT D
EWIH58 (Long-Term Potentiation, LTP) O{EHEIC L 2 FLE I D m) |39 72 P o/EH
oy £7o, PR MEK M O REr, SMEHR OMBE b O EIERER &
DIERDPImE SN TWD 7 IaA Fr— FMREUSEBW T, i Sz AB X
EFRRETIEII Z a7 U TIZL DB iAHZRL3) TV F 4 22 X550 R0
U >R &S L7 BRI (glymphatic system)*4? 722 SN2 K0 NN S HEBR S LD
— 5T, MERCBR T AR ERFET AR HEHORE S AR FEEADINNE X %
ELARBRENCER L CBEL, BAKOERICFEFTHEEXLN TS (Fig.
1). AR HBEEEIK (oligomer) 13X, BHH#EHHWMII 7 v/ U 707 A hat A FOJEHE(L
I LT, MR OEEEEZE S D2 LICEY, FT BT+ R T 7 F—
POFEMEZLSE D, Zhick Y, U il tau (p-tau) OFFRE & NFT 58 S,
IRACHNARRR M A s S 2§ & Sh b B

—| Aggregation
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Figure 1. Schematic diagram of the amyloid cascade hypothesis. AB produced from APP by
secretase is normally excreted and degraded, but when the amount of AP increases due to
abnormal AP excretion or production, neuroinflammation is induced by the formation and
deposition of aggregates, and NFTs are increased by the enhancement of tau phosphorylation,
which is thought to induce neurodegeneration.



FHl AD 1B OBEORE Y L & BT, TIvA RARF— REFHTH
D& 72 % APP, BACEL, AR OFFEIZOW T ORFZE bR L7-. APP I1ZAENIZBIES
DI A EER Y VR ET, ZBRERE LTV TN ERETDH—HT, 7 VX
—EBIZED APP 2o Sl n, VI e LTl 2 vmoinTn
% %) APP770, APP7s1, APPgos, 72 E DT A YV 7 4 — L35 0, IENIZIL APPeos 23t B
SEICAAET .99 APP I3 I, hsR - BRRZEE o i 512 RTE L,* NMDAR
& AMPAR %1 U7- BB (RO HIENIC K 0, M8 o ia o rr 3P I BE G- L
TN EEBZHILTN DA APP IZIFRERIZ LV Gl S D EA 3N < D02 D73,
APP770 |28 W TIE, 672 551D BACEL VA F B 712 B EA T D y-secretase V1
FCOEBIIUINIC LY AR ZEAET D, ZoEHOT 2 BRE L, FEAp D
PEASNINSCREEERE OB A2 FHE L, AD OB+ & L TRk S TEB 0, APP &
HOAD BT~ U AL, TOMEBOERE NTHICEALZDORZ N P (Fig. 2,
Table 2). —J5C, Ap DREABENBATH Z &1 X 0 RBAKER FTAME S b2
FL (Icelandic 28528, A673T)°Y LRI TI Y, AD FIEICEIT 5 AP DEENM A iR
FHLTWD,

Cell membrane

PNk Cystein rich | Acidic domai

B-cleavage

Figure 2. Structure of APP779 and mutations around the A region (light red). The amino acid
variations shown in dark red affect the amount and ratio of A produced.



Table 2. Mutations in APP that affect the generation of AR and the mouse strains in which these

mutations are introduced.

PR AB ERE~DF LREBEA< T ZAHRH
KM670/671NL Swedish TAB42, TAB4o Tg2576, 3xTg 72 £ 445
A673T lAB42, lAB40

D678H Taiwan
E682K Leuven
K687N

A692G Flemish
AE693 Osaka
E693K Italian
E693Q Dutch
E693G Arctic
D694N lowa
L705V ltalian
G709S

T7141 Austrian
V715M French
V715A German
1716V Florida
[716F Iberian
V7171 London
V717L Indiana
V717F Indiana
L723P Australian

K724N Belgian

TAB42, TAB40

TAB42, TAB40

TAB0

TAB42, TAB4o, TAB42/ APao
LAB42, LAB4o

LAB#2, LA

LAB42, LAB4o

LAPB42/ AP4o

TABa0in plaques

} Amyloid plaques

LAB40, TABs3s, TAB39
TAB42, LABao, TABa2/ ABao
JAPB4o, TAB42/ APao

TAB42, LABao, TABa2/ ABao
TAB42, TAB3s, TAB42/ APao
TAB42, L AB4o, TAB42/ APao
TAB42, LABao, TABa2/ ABao
TAB42, L AB4o, TAB42/ APao
TAB42, LABao, TABa2/ ABao
TABa

TAB42, LABao, TABa2/ ABao

APPNL-G-F

5xFAD
APPNL-F APPNL-G-F

5xFAD

PDAPP, J20, TgCRNDS




BACEl (27 AT X U BT 0T 7 —EO—FET,APP OIS N A A v &G4
% . APP LIAMZ b neuregulin 1 (NRG1), P-selectin glycoprotein ligand 1 (PSGL-1), FEAi
WAFMET N Y U LAF v 37 ENEE T, iR - SRR S5 LT 5D
BACE! (IffalE EORRE 7 7 MIRTE L TEMELT 5720, 2L AT r— /LD
WIZKVIRE 7 7 N OB T 5 &, &ML BACEL 23 L, AR D PEA M3 HY
M52 ENWEINTND BACEL 2807 ANT X UBETar 7 —EI,
pH4-5 DIEVESAE T TT ART F IR K S F 2 BN S, K D REZBOG
ENLTRTF MEGZOB L TCVWEEZEZL LTS

AB 1%, BACEl 3 XU y-secretase |2 L 5 APP OYJEGIC L 0 4 U % 723, y-secretase |
LD UMD SHENEIZ L0, W ODDT A Y 7 4 — AWFET 5555 thTh,
ABan LB WVERERE & A /R T 2 E D DIE IR STV 5 D AB ITFFE D
UG 2 R, pH PR 72 & DJABREIIC & 0 A2 IS 2 7R 3205, APa 13571
B-sheetsheet HiiE A FZRL L9 <, BEEERZ & LTLD AR XT7'F REBXIALRILN
HRE L, fibril 2T 5 (Fig.3).? ZiL b OEHMEMRIL, WE JOWkA L
A, HRIES NER BE DR, RN Y 7 AR E DO MLE 72 O Rk 2 2R TR
HFET D AREMEDUR AT 5 0009 KRR EOFRE AD (21T DRI MEL
FHT D MNTEROB A T2V, WTNIZEBN TS, AR BEHE TR MR T O H
BB TH D,

B-cleavage y-cleavage

U

A4, (monomer)

Cleaving E Combining
Folding

— AR, fibril
(B-sheet)

AP, (toxic conformer)

Figure 3. Schematic diagram of AP structure and aggregation mechanism. AB cut from APP, and
aggregates and forms [3-sheetsheetsheetsheet structure.



TIvA RARAr— NMEEIZES &, ABOAER, BELZHET LI LN TEN
X, TIOMBREMEZMEITHZENTED. LEENR-T, Fii® AD RSB
TIX, ABDOAERL, BHEDOMEICESN S THN TS, ABDAERMERIE LT, v-&
7 LA —VHEEMICODICERINTN, -8 7 L X —FOREIZIX Notch 235
£, Notch ¥ 27 F /L OEITMIROEFOHBICERREEL 52 2.9 -k L
2 —BHEHKTH S semagacestat [TFHMARTRERE THATZD, 7T AR L AT
SIRERE & B EAETEEIE (Activities of Daily Living , ADL) DK T, &S AFRIE Y A
7 OITLER I X VBB IEINTHWD D AR EE~ORREEZ LD &7
avagacestat HBRJE SN 722, T b THRRK TH, EEAPIEESA TV D
(Table. 3).%®)

AR FEAEMENC BT AT 7o —F & LT, BACElI BHEHK LB I,
Lanabecestat %, 25 [ FHEBRIC IV TINF R O AR Z b & 201 dE S
2D ZOH%OEKRRR CIIEE AD B 25 SR N AT,
Atabecestat " <° umibecestat,”! elenbecestat,’ verubecestat’> & [Fl4£ D AR W EM %
RLTEZ Ennh, B AD, BEEFRAIFESE (Mild Cognitive Impairment, MCI), 7L 7
U=J/v AD #xf5 L LR RBR N Thh. v 27 U =%/ AD %, BRIER
WI2NE DD, ABDOEREZ e 1 i @8 (Positron Emission Tomography, PET)

THRDLREEET P LrL, WIThbREERIC L2 8FELR ALK
T, HEICL2ARMEITRAEN RV E T HEGEZZIT 22 &G, FRHBRDARE
OB IEPIE S 7z (Table 3). ZNFETORREF DD L, B L X —FIHEIC
K% AB PEAEIIHNZ, MM AR DIARETT OO, FHEOUGEIZITE > TR
VN, BEEEARG 2 BN T AT T, APP O BACEL B2 D25 5 (A637T, Ieelandic 25
B A2 X0, ABOERDK 40% K T35 Z LM SN TND50 £, AR
(ZBA LT, TR D AT 6T, I & ORKE CTAFE S L7z AR DI~k
ENDHZEDRRESINTHD D EomLaEx L, B2 ¥ —BHEFEIKIC
DN, BB AL D BACEL BX N APP O 7 X/ BEEHAS, FAH THNF
Bl EaBET D2 LT, Bl RIBRSEBM ORI SN D ARt & 5.7



Table 3. Clinically tested secretase inhibitors.

—f£ & B+ BAFEIR I
o
P yLx—% IR
semagacestat N e v+t — % £ e
m B
cl
O-N
avagacestat N ! 0=8-0 r Y-k L X —% ERIREEN
PO
P 0PNk,
/o //
lanabecestat NN a BACE1 ENIEERE LS
e nY
NH,
F 0
atabecestat PN A NS BACE1 TR Ik
S ~ N~ -
SN

Cl
umibecestat H;NEN )ké\{ BACE1 FAHE R 1k
elenbecestat ];©\ J\j\ BACE1 FBIAR Ik

HQN
verubecestat )K[ ]\/ BACE1 SRR R

TIvaA RAAT— RGRIZEW T, ABOEFE L AD FIEOMICIX, BERER - KF
MTEEEN 5 203, RERIC ABOERITEERIEIROFRIE LV 15~20 7552 L
S, BT @ % (Positron Emission Tomography, PET) 72 & O Ei{4 Fas T
MO HITND T Uy T, RN ARFITIT Ap R&EB S TV OIREE L
EZ B, AR OFEAEMGITZ T T, BEICEAESNT ABICL DR EZPERT D Z &
[THRZR V. 2 2 CER LT AR OHE - AT A BT & 3 DRSO RIS 3 i
DB, FTHRFICERNEA THDON, Ji AR PLAEILETH D (Fig. 4). i

AB HUIEDY AP DUESE - EFE 2 H 9 2 FE M 22 AE BT X R T H 2 A3,

'EIH



AP monomer 3 5 WITEFEMRIZHE S L, AP DEFEEZWELAICET S & & 112,730
/v T IUTICED AB DBEREEEE L TESE L7 ABE R LMD N AB
BEABAD ST LB HD. BT AB FUATHIMNCBARE S 4172 solanezumab 13,
FINMRETT I 2 A K PET O 72 &, AD NA F~— T — % fRE L LikE W
RDBBO HNT=T2D ) BEEDGHEE AD ZXRIC LB IERER N Thh, %
BE AD (2[R Y FEEIBERRAR T OMEITHIHI AN R & 472 8 BIEITRE AD & 7L U =
71V AD & &G & LT S IMAHRRER D3 HETT L T 5 723, solanezumab DR EIBERE(K T #11
HZh R F 2R ST 720039 Solanezumab X AP monomer Z A2 & 4 2 HiA T
& o772, AP oligomer X° AP HRHE7: EDEFEMREZEMN & L-H AR HUANRICEE
H S 4172, Aducanumab®® % AP oligomer #4121 & LTV, MCI 35 L OMREE AD &
FIZBT A FEIMAERBR CTIET7 2 0 A RPETIC LS AR 77— 7 O & iRmEEREIR
HEATIHI DR SN2 2 O®%ITON T KERERBR IR C, AT TIERR
KBS RELE R R & 7R T AT REME DM &l SV TIRBR A I 5 &, &7 — Z fifhr
TEME (10 mgkg) &GREDFRHBEREIR N OMEAT 2 A RITHH L T2 2 &R
iz, ZORER %% 1F T, aducanumab (X 2021 4 6 HIZT A U B EMERKGLE
(Food and Drug Administration, FDA) T4 {AF & & S 41,% HARTH 2020 4RI
HKGRHGFE ST, AKRIZOWTII R S LTV b O 0, KETORZE - ke
ISREECHIETIC KD 2024 FEOFEIVAHRBRE T & & IS T L72.¥ Lecanemab 13,
AB oligomer & AR #iiffE D T ALE T 5, AP protofibril ZHER) & L T 5.
Lecanemab  aducanumab & FIERIZANN T X v A REEA A S8, B E 725
R T OMATIIHIER 2R L7 2 &225.,°D 2023 4 7 121X FDA 2378 L, R4 9
AIZiE, AD 12X % MCIL & ERRFIEI 9 2 EFTHHIEE & LT, AT &k
FERKR E N2 2024 FHILE, lecanemab (LEQEMBI®, ——4 1) X HA, XKE,
=, wE, FE, A ATV TARZIRL, BAR, KE, FETEEINLTNDS
Donanemab (KISUNLA®, £ —Z A U U —) % lecanemab (Zft< 2 flH D AD 12 X %
MCI & HRFERRAVE 2 %9~ D EETTHIZE & L C, 2024 45 9 AIZ H AR CRLE IR 7E AR &
72949 Donanemab (%, REEME AR BEEMICE 415, N KIS Gl S U bisKiE &
Licva 72 I (b AB (N3pGAB ) #HEHIE LTW5D  (Fig. 4).°%°7 Zd X Hig,
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AP BEERZFER & LT iRREEBR T, RIROFW =T 2 a A RO A — RGEIZ
S JRPERBAF O THE —FEER L, BEDOHT AP FUAORKRREBR LA TS Z
END, A%OBEENER STV,

I S e

)
APP monomer  oligomer  protofibril AB fibril Plaque
Y ¥ Y ¥ ¥

solanezumab |aducanumab | | lecanemab | crenezumab

amilomotide crenezumab gantenerumab

gantenerumab

amilomotide

Figure 4. Clinically tested anti-Af antibodies and their targets. Antibodies in bold are approved.

— 5T, i AB FLIRFIEIC L IENE > TV 5. FrAEORIEM TH 25 Amyloid-
Related Imaging Abnormalities (ARIA) &, BES MRI THEFE S 4125 AX {5 o 55 Fr B
ThHY, MEFMEFE (edema) 1 HKATH (effusion) % M3 2P 7 % ARIA-E,
UMMM ~E T U L% (hemosiderisis) & B3 DA L2 ARIA-H & I
5. % Lecanemab @ R3] AD Z %52 & U 7= 55 IAR B RGBS SRIC L AUE, ARIA-E I
12.6%, ARIA-H 1% 17.3% @ lecanemab 5 H (24 Uz, £ D 80%LA I3 MESE 5
THDONM FRLOE, SHoX, HERE, BTESE, MIoEsrE/-JH
FEG & ME STV D, ARIA OFERIZR A 1 = X LIIARARED, mEREICER LT
AB ICHIUASRE AT 5 2 & TEDMETHE L, My SMEE ISR T 5700 &
EZHLNTND I LT, 5L AR FLEOEEGIZ LD KA~ Y 27 538
4 2% W REMEDS & 1V, lecanemab % G- 1% (T I #2 %5 fiF 7 (recombinant tissue-type
Plasminogen Activator, rt-PA) Z i/ L C, ZIMMN I 2 F85E LIE T L 7= B3 s
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SN TWVDI AARMMZEHS21E, ARIA FTH.O® 5354613 lecanemab fFHH O rt-
PADEHZEER L L, TADNBRWGAITIEER G LT 5EHZHE L, I XET

PUEEREISE - PUl/ BRI OFHER & ST\ 5. E72 lecanemab £ 5-121%, mini-
mental state examination (MMSE) A =17 22 Ll EOFRABEREZ A L, BERZREERF
i L EE (clinical dementiarating : CDR) 0.5 £721% 1 TH D Z &, 4B RUEFREIROIK
NEENES MRIBRENEMTEDZ L, 7 IvA N PET £72IMERERRAIC
L0 ABRBRZ RS T AT AR CTE L Z ENRMETH D19 Z 05N 2
729 AD BE L, BRRBROLMEcHilRE 2R — MLV REHT 5 &, Fi AD &
FO 8wt E N, BONTZEBEFIZLNHAND Z ENRTERWNWI® X5, [
172 18 4 H OIFHE T3 D5 lecanemab D FEHIE 234 400 T T U, donepezil &
RTHI 50 fEEBETH D Z L1 BB FIENAHEEORTH D Z L EOMED
b, LIzRNoT, HL ABHFUARBITEAED AD BED =— X &7~ T1HEREK & 1
2L, REHO AD BFITHIETE, ZMMi TH A 5K L 7 iafEEIT
LSHOBBRBINDINLENRD D,

F£72,AD OFREA BT D5 &, BEDOKRSE A LD D sl ~O b % QB
SWERH L. mFnEIZB T, AD LM G FREERD D 2 wRetErm <, 5
RN SHIOEINC L DIREBAIHEE 72D, £, AD BEITRRSLOFRE R R SI1C &
DIREET Fe T 7 U ANRRROMMDE <, I 51T, @EIC AD 31T L72Y;
XET-Z D ORRETH 2 Al REMEDN mW T2, MR I X DREOEHNMLERGE
M. LIeio T, MM AEERACRIET Ne 7 T U ZA0BUEN L S, AD DFRIE
(B0 2 EEDOVEM A & RIS LS 3 2L &%, BAISDETHRETRT L
5T, LV ARRBEEOEME /2D, — T, ALBEMBIEROER 2R T5EE,
AIVEASCEIRME D RINAERE S BN, 2SI ORE 23R L, =
IE TR SN ALEME T 52 212k, —EOTRINAREE B X b
no.

W
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B2E TAYNA 2 —ROFHIREIEERM LS OBRE
1 RIRMHESRAEEM oA A

WL ANHEIE, RIEMZERGLE LTHWTRY, ARIZ0R-50EE %
LD, RWICE END BN 2R DB, il - 8 - REsdiom L &
HIZ, AIFEOFIL & 2p o7z, EERZ, 1981 4005 2019 4F F TIZBF Sz R3O
96, BIRDK) 50%H3 KW HIR L, K0 FEISIZIRIVTH 70%25 KR H
KL TNDZENME STV D BRI O HFIZ X VLB O BN ES
(272572 1980 AFRICIE, BEIRMICB T 5 RAW B KLY OEIG X B TH
ST, 2010 FLRRITIIMERIZH 0, 5% S RRWITAFKICK T 2 BEERER T
bHbHEFE X519 REMPBAEGER SNHEBOOEDIZ, EMFEIZ L > TER
RIESCEBIZARMEN KR E < BAR S 2 & T, MR iECAR G 23 KWK
KACEWHE AT D 2 ENFT B L. R RILEDILE D SRR E )
b, BILEMNTA T TV EIXRRDTIINNAR=AEHFLTEY, Elishiz
RIS OREE S REII R O SHEICHRT 2 Z AR EN TN DD &5,
KIMBRACEN T A 75 ) 2 TF — 2 =24k L, EHEL > — MeAWIER %=
b 28Ex & 5. 108109

EHECHT S D R SRIE A D% < 1%, (LR EMi2Z 0 5 2 L TF
PEDOBESRCRINE A OWEI N 72 S du, REWFHERL 720 EiahTingd 10 Z2olg,
EOEMICEY, BOBEEII LD E Lz, SESEAFGREICK Lol
THZENTE, REY Re 7 7 A0m LB TE 5.

FEBRZ, %< ORRBRILEWA AD TR & L TIRE SN, W< D00l
RRBR DN THOI TV DD MERED 7 1 A (ecklonia cava ssp. kurome) 7> B S
AU7= sodium oligomannate (%, 7 ==/V7 T =t A VA vV REARTEES D
& T, RIEMEASL =T MIROTEMALZ BIHI L, AD TR.OND K 5 72k RE &
KRN 220 A 779112 Sodium oligomannate (% GV-971 & LT 2019 4E 11 AIZHE
T AD VR L U COKR S e ALEEICE £ 5 tramiprosate |3 GABA JH{EE
A C, AR monomer (ZfEA L CLEAL SW D Z & T AR BEE & I 2 RS Al
STV DM BB T AHEER CIREE AD FBE 1T D38 RE DHERT - S AR
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DO, FBIAHRBR TIE 7 7 B REEL il L CHEBEREDG LR D - 72119
YR OMPIZE D rosmarinic acid 1E, RY 7=/ —/LDO—FETH Y, AP DEE
A2 RTINHT D1E 0, HEBNO INK > 7L 2 BICHIE U CRIE 2 il 5
Z LT, RAMRE A S ET RN RIAE NS .1 Rosmarinic acid 135 MFHFRER &
TR I, 77 BAREE L g U CEEFICHFERZET A SN -7 (Table
HMD A F 3 v (Ginkgo biloba) BET X R (egh761) 1%, BMEEHDO 7 IR /A4 KT
N A Radgd, FURLIER & APEERINEIZIR 2779 2 & 0 LRRFEICKT T2
PFYRAFELTHOOLATWS, LALINh, BERBRTIZT 7 B REEL
B L CH BRI RESCE RN RIT R D7 o 72 118D

Table 4. Natural compounds clinically tested for the treatment of AD.

— &4 & E R BRI
* Oj;lf M I/Hf =9
" Sgi?;:ate P
g 1: % (+f2 1)
. /\/\ ” _OH \ A
tramiprosate H,N AP EEEEHN
o 1eER A Ik
OH AP EEEEANH
- 0 Oioj@((’” A
rosmarinic R
. HO X INK > 7 v
acid :@A)LO 1eER A Ik
HO £kl
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F2H AIFEERICBIT S X

AR O B0, REMITAIEOFLE L TREFEMIESINTEZN, ZAIATR
Ko ThOHHEW I EORKRERE G L LTRY, REFROERLE L HIZING
DRIREPRNDITHHO > — MM a 55 Z ERREIZR Y 5o0H 5120 x5
(2, EU LR W IEBEICIF R SRS LTS 2 Enh, 2o O RRERD
DEHULEDREONTE LTH, NWRIZFZILKAETHLZ ENEESND. il
bE W O A BREEMFIE-OM S B IEIZIE, FHIIC 0 72 b B E 2 iR 2 8
Moo LaBETLHE, REOERZHE L TLE I AR EmW». 2O X957
TR0 D, FHULAEVERRFRORKERE LT, ¥/ aPiiFER SR T05,

¥ 2k, —HOEREPIT AR, BT 572DICBRT 5 KMOME 2467
BRICOBINDEWITAEY S Ko THEA (fung) IZELTEBY, PR
(metaphyta) CENIR (metezoa) & ITEIBMIICKE < B2 512D fav-CH 2 2 B A
DEMDZL IE, Bk &V O RIRToHIET 2 R B TR S, BEARNEIE LR
AT EEIESZ ERZW. HHRAOHFTYH, F5ERP (ascomycota) & FH 7 Y
(basidomycota) (ZJE T D HE L, FFEDKRKICIE T2 MHT 2 KEOBE TH H £
BREKT D, ZOFEREE AN TF ) 3] EMEFRL TS, FEENG IS
NI AR ICHE LI RE CRIEFL, BORRE L 222.122 FEEEZRKRT LM
FHEMPETTH3 HEBADFENGFIEL TND. 1P X ) 3% 0L, EFHNR
BNDTZDICAFERREST, TR EEiRT 22 LR8N, ZivE T
TRHEVERL TZRhoTc. LonL, B ofrEdfrom Ri2k v, 7Ekk 0 6
DETOMITN RIS 72 2 & T, ¥/ 2 b AHRIEERZFS ZIRREED O
WAENE 2 T& TUWD 1120 v <7 o % 5 (Hericium erinaceus) 28 £ 15
hericenone D <X erinacine C |F#H#%AKE K F (Nerve Growth Factor, NGF) D #%E G
RS, MR ORI EEDE DA A RET 5.1 FE (Ganoderma
lucidum) 7> BB & 4172 methyl ganoderate G1, lingzhine E, lingzhine F |3, Ap 23 #51&
TOMEVERR S Z2PRE L Tttt 28845 2 & I2 k0, iRt 29 2 &
A X 4172129 Chaga (Inonotus obliquus, 71757 7 F 2 /) (24 £ 5 ST,

ABa & p-tau DILHEEH BT &1, AD 7 /L~ 7 A(APP/PS1 ¥ 7 A) THIZ X
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N5 ZERFIEREEOEMEZ R LB 51, AUX/ anbHBfshz 34-

dihydroxybenzalacetone |, Nrf/glutahion HTE2{LFREE DOTEME(L & AKY/PIBK OFHFIZ X

0, MIRREGEER 2R T8 = N 2RO Sarcodon cyrneus 7D HEfE S duTz

cyrneine A %, Racl Z#IEMAL L, 77 F U BIREDOHIEIC L B iR im0 R %

B D ENHLNIEN TN D (Table 5).132

Table 5. Mushroom secondary metabolites with neuroprotective properties.

a=x7Z2

HJR TEH

hericenone D

Y~ KA NGF #5875

erinacine C

Y~ E A NGF #5851

methyl = i VM- ==

ganoderate G1 ®i I PERRSRERE

lingzhine E E£Z E e E S

lingzhine F EE IEMERESR IR
i Y\/@OH AR LR

,4-dihydroxy- N T F R
benzalacetone X OH N

5 &AL
cyrneine A Sarcodon cyrneus  FHFRZEE K
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BIE TIAINA T —IROFHIERIER DERR
B TN IR E T AR

AB PUARIAIOBIGIZ L0, AR #IHIIC & 2 A REIR THHIRI AL 2R S 7= 28,
TN NG SN DRI AD JRED BN HN TR Y, HEE AD LD
FITUERTE A D B2, 2O X 5 7R A TR 5720, tau (KEL-CHRAE, M1l
ARVA, TA NP U ARGRE, TIaA R A7 — RS o7 7 a—F(C
LDAIBELWATL CTHED LN TNDIP UL s, REEREREE 25589 50
PEAEME DRI E 72 T S T/,

A O BB REL, ARRIEIEE DRSO XU X 0 AR OB R BLE N EH & LT
(R - WIS NS Z LTRSS, RLEOTFHE 2 & OEEIT, MEHEICH D
W A2 & LIRERRIC VB S TND L2 HAL TN 5 .B3489 5
FEBICBWTEHETHD Z L1, BF HMOEFIZ L VAL E 72572139 Bio
WFFECUL, MR- = —FL B R —FLER IR IR BE LR B - BLR AR RIS — AR [R5
RTINS & AR SN D papez BRI A= B Y — REEHBICEE THDH Z &
R ST BT Papez [FIRRICE N D EEAEE S5 &, AiMMHEEEE & 727
UTEET 5 RRIERIS IS, Wk Z il & L7z yakovlev I 238 0,130 = O [AIHKIZHEES
ITEENROD, IHFEELEOEICIE papez [A1#E & yakovlev [FIEE OBIHE N LB & X
oM FE, WHOEBRICK LT, A R0 P IREEZSCHAIRREL & & TRk s
JEE & ACh FEEHPERRR DB L TR Y, Z4H D ACh fEEMEMERIL AD T
THZERMBILTND 4D

Wi 5%, #eIRE (dentate gyrus, DG), ¥ 55 S (subiculum), A #E 55 3¢ B
(presubiculum), 755 < (parasubiculum), 2PN FZE (entorhinal cortex) & & & 12
WSR2 MR L TV DL YRS IR fa O RE A a2 I K i S Tl v,
FHIE O R & & LIRS CA1-3 (cornu ammonis, CA: 7 > EAICHEKT D) O
3 OOBEIRICHIH SN D CA IR LD SEAHIINIE, Ml 3~ 6 [EFEAE
LR L, R4 D -5 D X 5 I STERBFARHS AR, MldisE o 177
IR 22 2 OV CT s 0, MR D B S O F 0 J5 m~ i OV 5 & V) (apical
dendrite) & MR B AMANT AR N D BV FLERERR 22 (basal dendrite) 2431 HAL 5.
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CA SEMRHINE DORh R LRI K > THISEDR 72 - TV 5. CA3 DSEAHIEI, R
B AR D PR ARAE D & SR BIRZEE I A S 7= 1§ &, SCEMAIEL (recurrent
collateral) |Z & ¥ Blld> CA3 $EEHM~H T 50, % v 77—l (Schaffer
collaterals) & PFEXI D8I %2 LC CAL 1T 5. —J, CAl SRR IXHhEE %
WEBE~MRIL, WEBDND 2 U THLIEER A~ D72 23 D M~ i & 5z
3% (Fig. 5).!%

Rz

T fERa 7}“'
—p———— pe
[T T

Figure 5. Schematic of hippocampal neuron connections.

PR L1 X > T A BN U CHRE L, BT > N U — 27 TH HIRREIR %
FERLL TV 5. SEARHIIIE, MR EOBRIEE T 7 A2 L TEY, 2
DORELE TR, BHIRZEES R /X1 > (dendritic spine) & FEEAL TV 2 (Fig. 6).149 fhik
T A NSA AT, BEBWEDO VT T AZTER L TEY, AN VEEF OB FIZ
AMPAR X° NMDAR 72 EDA F 2 F ¥ FNMT NG I UIRZREZFEH L T D
INHOZREERIL, vF T AEIEE (Post Synaptic Density, PSD) # > /%2 95 (PSD-
95) 72 T L 0 MIIEME EICERFF STV D199 FTe, AR U INITARRR R L b
TT 7 FUNEBEIHFEL, WHLDIREIC RSN TWDR, 20T 7 F U#f
HEVE, 77 FURER 2 37 DIED> RhoA, Rac 72 & OIS 1- GTP fi & & > /37 BT
EVHESND ZERMBNTND M JEHFTRE R E LT, BRRZEE A 1 1%
AN SN D EEEHRIEICIS C TN R A B (S E D, v F 7Rtz AL T
WD M) e ot BRI E 73R LI BRI A 31 AT &b &,
AL L DIERACRL TNV S XL R D YT T A BEEA~OER R ER R, &

b
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158 (Long-Term Potentiation, LTP) & FRIX D ERFHI~H0 A IZ Kk SMBIZERFE D
HmATFE S 2.0 & 20, TEERE OB L0 20 UL, B
#IE (Long-Term Depression, LTD) 23 iEE S L 510y, 7V TG L D 251
MREINDZEHHDLPMD 20Xy 7 AT, KELEFEICK
D BRI S L2 MR EH OMEE LB L TR0, 8 LRLE O R
Mg L B2 b 5.

VGLUT1

Figure 6. Schematic diagram of dendrites (left, scale bar: 20 um) and synaptic structures (right) of
Golgi stained mouse hippocampal pyramidal cells.'*> A structure that protrudes from a dendrite like
a spine is a dendritic spine.

CHBNT, MESIEEMIICER G2 O N DR TH D, KO F 72
BEEBILOVT T ARB IOV T T A% 3T E O L~ JUTIER 7RI e ~K
TLTWAZ EWNRBENTND.) 5|2, T 2O ITHIRSEIZ e > T
B2V, AD 721 T < MCILEFEIZH A6 D (Fig. 7). oD &bk, ik
BEHWOFNS, VT T AOBELRIKT S5 L) BN FET 2 2 L Rg SR,
PR MEIRBICEB T D, v F T RERRA =X ATNL DIvRENTWD. filz21E
MR Clg R C3 I X 2 HMAHiARKZ T LI 7 e 7V TOARICE D VT 7 A
DOFREOFHFED JEWBEFRIC LAV T T AOT R N— AFHE, @Rl S L Z I

BRIC K DERBERT, I b FU T OWRERKE LA — F7 7 V—OFE R )3
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WE SN TWD (Fig. 7). L2LAR S AD IZBWT, MREMORNICY 7 AR E
DX A B = AL THAD LT DN S Tnnt»

Axonaland |
presynaptic
degeneration

Astrocytic synapse
elimination

[
Glutamate s’

L P ——
D et

Microglial synapse
elimination

Microglia

\
/ ot Misfolded %
"

N
S

L and aggregate: \\ Astrocyte
o roteins, e.g. tau
,/ Reduction of core g < hY
! presynaptic B
%\ | proteins — ]
L 1% /7
\“ \‘\:0. % e
~~~~~ \ %6 e
AB-mediated -~: """ Heemmeee- | Protein L
toxicity L © |aggregation at

® Na » o
%8 o Ca? . N the presynapse —e-» -

and postsynapse® |
— --: :.:---... —.l” B0 '.‘ Toxicity through
" ==~/ foo ‘ excessive levels
£ o of glutamate

Reduction of core /’
‘\ postsynaptic /
N proteins | 4
. ’
\ ’
Y ’
\ \ ]
. \ !
e H H
[}
— L] :

Figure 7. (Left) Decreased dendritic spine in AD."? (Scale bar: 5 um) The number of dendritic spines
is reduced in patients diagnosed with AD compared to controls; CTL: controls (healthy subjects);
CAD: patients with AD pathology but normal cognitive function; AD: patients diagnosed with AD.
(Right) Schematic diagram of the proposed mechanism of dendritic spine loss.!®”
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% 2 #i  Neuro-vascular unit & [fi % PN Rl E3 SR IR 1

MM R, 723k L RS E 2 e T 2 EEAEE 2 H o T H7e),
FEFRAERFIC AR Th 2. BEER, BRE RIS S IEF 7 fiX i 4 13 i i BE 1Y
(Blood-Brain Barrier, BBB) Z##hk% L, PN ~DOIEERN A O H & BREIZH14E L T
W5, E7z, “Neuro-vascular unit” &\ ) BEEOMEARIZ LV, i PG 2 & T
oM 2 A 7 O EAER B IEREIZ AR Th 5 2 & B35 STV 5. Neuro-
vascular unit (%, FIZME NG, ke, 7 TR CHER SN TEY, 21
b O M O AL, BBB O#ERr, MLk OFRE, J& ML~ & it
ka, OB, < OBREICHES LTV (Fig. 8).10D

Endothelial cell Neuron Oligodendrocyte

® Microglia
\

Pericyte §

Astrocyte ’

Figure 8. Schematic diagram of the Neuro-vascular unit.

IEWRMAEET A o b, SR, JE AR Lo & M K-
THEDIVTW D, FIYZRIL T TR F AR BT 258030 0, E N
B E O =a—m L OEENR A 2= —2a VSAEREL 72519 i
EHSREREE X AD ORINCELN, MMM OIKHERIC LV BBB O AREECIMN - D

PR AR 42 I U TR RAECHR A ME 2 40 &, AD JWBEEZ 2 2 L VR S 1L
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T 5.1 Jin 2 T, apolipoprotein E (APOE) <° phosphatidylinositol binding clathrin
assembly protein (PICALM), phospholipase C gamma 2 (PLCG2) 72 &, %< ® AD U &
7 RF-H AD BEOMENEMN TRET 5 Z LAMRE SN TRY, BEPLHT
DA O—HIE, F# X7 B ORI SOS 7R E O MEEREIZE S L Tu
DT EMIRBEESNDIY Fi2, AD BE OME NI CHRILE T 585 I2iE
RIEMET A N IA 72 EOGUWIR T3 < & F 4, ZiD Neuro-vascular unit DA
RiABIRZe &, i AE N BRI LIS OABIEIC & B28 % K IE L, AD OIRREIZ a7 59 5 FlHE
WENREZBND. U EZBEx 2 &, MENBMIBE RO AD JHiEHEIA 12 PR
THZ LT, Bl AD IBREOIERNZ BT Z ENARETH H L HIFFTE 5.
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BIE AHZEOHH

ZHETITIRARTZ & B Y, AD 13, MRRZAEMEIC K 0 EREIBEREME T3 25T, =
EAOOEME & HITBERDNEMT 5 2 L3 MRS D Z &0 h, IRRIERREN
L INTWEZ AD ORKEGEE L TR XFSNDLT I a A RUATr— R
BT FESNT, BT ABHUAFIE DS PID AD FBEMZK & L CR% SN =23, el OF
TERSO B G- R E IS e BE RN DB EOMBEE B L T D, LIRS T, IRAW
AD BFIZHEGNFIREZ: AD HABEMEOHMIL, IKRE L TRETHD. 22T
AWZETIL, B AD IBREORF A BINIZ, K& 200584179 2 & & LTz,

H—OMRIE, T InA RAIAS— MO H.LTHD AR Ik 2TEMHILEY
DERFTHD. 7IvA FHART— FMREHICHED S EHMABAFE O 2 £ TOH R
5, AD OJRHEICBE G- 3 5 DOIEN) & [FIRFIZBLE T 2L & ThH UL, BURDOIER
(X DIEME LV bR IRIER N R 2R &5 %, multi-acting 7L A DERR A3
Friz ALEHORBEIUL, RFESRIET e 770 2A2BBLTRAME L,
RER DT HFFER R 7 22 H L.

ORI, FiEL AD IREIER OIRR Th 5. ABOERIR, MIRZAMENE X 2 Al
(ZF T AW T D FREME SR STV D DS, T ORI RS S22 IR
SALTWIRUN 2T 7 A A 5 T RE O Il RS & L C, neuro-vascular unit P
OFIARIF EAERA OG- 23 /8 ST 5. ABFZETIE, &N AR S i &
LD WRMEIR 121X, Rl D34, JE, T 7 A A HIET 2 b OBFEET
% Z & 10D F 7 AD DI N EHERE TITIRMER 1 % & o kk 2 7285 7 D33 B A
BT 5 2 805,18 AD O 2T 7 AT ILAE PRI SR O HEPER 7 3B 59 %
FREMEZE B X T2, T D72, AD T7 /v~ 7 A DA N E R TR BB 4 2 kMR
FZEERL, VT T ACE 2 AER G LT,
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T 2E RHF A RHFY (Thelephora aurantiotincta) MeOH ext. 2D DHFLT I v A

R 2 r— RIEHELE Y OBRE
BT X afhi=d 2087 I v A IR 7— RGN

AWFFETIE AD DREEICEEH G 2EHOERE LT, 7 InA RO A7 — NG
(IO X AR A RkEESE Td D BACEL OFLEIENE, ARk L7z A OBEELEILME, B
LN AB IC X DN D ORHEFRMICER Lz, 25 3 R0EEE2EL 0T
P77 IvA ROART— RNiEME] T 5. 7 X0 RO A7 — RiEEZ RS
LB 2 HEHNIRBET D720, RFRTIZET, F/ i =% 2A0REIZE T
DIEMECTER L7, I RR R PAR M EE TRAT D 64 HOX ) a2l L
Pt L7-#%, CHCl; & MeOH THEXRAHH L7z, Zaub ¥ 7 afifith— % 22t L C,
Y22 A 51X BACEI FRET assay (2755 < BACEI [HEEMEIZOWT, Tk & 13k 2
S HU7z Thioflavin-T (Th-T) assay'®'79 [ZJ-5< AR BEEMGNEIEIC OV TR Y —
=7 FE L.

BACE!I FRET assay I&, #% KJ— (thodamine #F#fK) L/ =oF L 77 /v
X —[ToOE IS T R L —H) (Fluorescence Resonance Energy Transfer, FRET)
D EFIA LR THY, RF—L T 77 ¥ —TEfMiS /- APP-Swedish &
RS EH T HNTF FEHER WD, ZHIC 530-545 nm O fhiE k& 32 &,
B OWREBTIIFRET IZL Y =R AF—2 B8 L THES 415723, BACEL ITX D~
TF RENUIT S NS L, RP—LT7 2772 —OEENZ{L LT FRET M2 Z 5
72 < 72 D728, 530-545 nm D FHE L H T 570-590 nm DE AT H Z LR T
5 &% (Fig. 9). BOLMEITIE O ERIZHEIT 5 Z L2 6, BACEL @
IEMEZ R CE 5. AL TIL, BACEL LETEHEOR 7T 4 72 e —L b LT,
B-Secretase Inhibitor IV!7>17) (ICsp: 0.015 uM) & HVy, =2 b @ —/ /L O LR E 2 %f

THY T ILOHIEIRE DS BACEL [HERZHEH LT,
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FRET Sample b

J- Ex
Ex BACE1 °~ S

Em
BACE1 substrate

S
o
0 : Quenching acceptor ., Lo,
N N\/:\/N
Q : Fluorescence donor H W

Positive cont. 3-secretase Inhibitor IV
Figure 9. Schematic diagram of BACE]1 assay principle. Ex indicates Excitation and Em indicates
Emission.

Th-T assay I%, Th-T 7% AB fibril ®p—sheet A 1&E T ICAFAET D RAFE SRS
T &, Th-T OEIEHRIC K 5 =RV F—fEMPEEFIC L VE BRI R L
TR EE S 41, 446-450 nm DFHEEITX LT 480490 nm DHOEZ T D Z
EEFIFA LTS (Fig.10)."70 #5650 1% AR fibril OFEERICHHEIT S Z &b,
2y b L OENIREIIRT D TV OB NIRED S AR ERERER M L.
728, AW THV N Th-T assay TI, JEATHIIE T Ao & ABa Ml L7oFERIC
AEENRO LR T-Z L B LOEEME, BEEOBLEND AP & A,
Ot 24 BRIt ORHERZ L LTz, RYT ¢ 7 2> b v —/L{ZiX myricetin (ICso:

9.9 uM) Z iz,
Ex

/) N Cl
N+ \
\ @
Th-T: thioflavin-T

=
<=

aggregation
AB peptide

Figure 10. Schematic diagram of Th-T assay measurement principle. Ex indicates Excitation and
Em indicates Emission.
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KRR ZERIERNFITA T 5 64 FEEHOF 7 2 CHCl, 355N MeOH filiH— %
2 % BACE] FRET assay 35 & U8 Th-T assay (2L Y, Z#EH BACE]L 35 LT AB #E
HEHEEMEZFM L. 22V —= T ORE, RZ A REZH Thelephora
aurantiotincta MeOH i = A2 BACE1 FLEIEME (10 ug/mL T? BACE1 fHE =
64.7%) B L AR EHEIHITEME (10 pg/mL TO AP EBEESR 1 353%) ZRAHL7-2
D, RBFFETIEAR ¥ > A R 4 Thelephora aurantiotincta MeOH JliH — 2 A (2
EHL, WFEEiT-o7z.
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F2H RY A RHYr Thelephora aurantiotincta

RE A RE Y (Thelephora aurantiotincta) 13- 784 /7 H (Thelephorales) 1 78 %
7#} (Thelephoraceae) A RNZ FBIZIET H2HFEIEATH L. 7~V 72 EORAIZ
TREEEZEHRL, TOREIILES 5~8cm, E 5~10cm (T ETH L. AFIZIHNT
XA, BRSNS Z 2 nwE SN s R, FETIE BEERE] LT, i@
B, BE, BRiMie S04 E LTHOWON1ED, RO 2EmMAE Tk

[BEHE] EFHENBREINDLZ b d D, BAHMTIZOWVNTIIWN S DO EITIF
DY, ZED p-therphenyl (LA HE STV (Fig. 11).1>17D Aurantiotinin
A L 2,2-Diphenyl-1-picrylhydrazyl (DPPH) 7 ¥ I/ EEERNHE SN TEY, £
DOIEME, TEMERRF RIS E 5 4L D a-tocopherol (ECso: 0.25 mM) & [7% @ ECso:
027 mM %7~ L72.1 F 72, thelephantin O & vialinin A 1%, & b F#E H A ARER
HepG2 % AW 7= HUiTFls s MERRBR I 3\ €, AFlgiE @I e busis it 2 /R 3717 =
X, MIlN D Fe?' A 4 % p-therphenyl "% L — b5 Z LIk DEEZLNT
WA X502, vialinin A (X B X F URRP)T 27 7 —E 4 (Ubiquitin-Specific
Protease 4, USP4) D5 ) 7efHERE L THEINTEY,B) Ryx o 7245 1|C
& ¥ thelephantin O X° aurantiotinin A & %7172 USP4 fi G He X FFD Z LV RIE S L
T 5.8 USP4 (TAM 01 70 IS B % 5. %, TNF-az /i L C, FERoRIEM:
FRRICBOWTHREELR - LTEHS 2RO TSI LichsT,
aurantiotinin A <° thelephantin O, vialinin A 72 & @ p-therphenyl /L&, HUEAISC
PRIEHOBM E LTHIEHEE SN TWVD, 2O LI, RE VA RZFIZEEND
p-therphenyl {LE1%, WELRYFREME & AR O [l TRk 2 72 EBRTEME 2 L T
WA Z D, BACEL BHEEM I LY AR SEMFIEEICBVNTH, b p-
therphenyl (LA NTEMEIC T G35 Z LIS .
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|
O OH
OH OH
HO OH
- o] o]
HO OH
0 o]
OH OH
U QU e
0] OH 0 OH
bl () g
OH OH
aurantiotinin A thelephantin O vialinin A

Figure 11. Bioactive p-therphenyl compounds isolated from Thelephora aurantiotincta.

28



BIE ARH AR MeOH it = 2 2 D4yl & BB L &Y DR &R E
Thelephora aurantiotincta MeOH i — % 2 % Silica gel Columun Chromatography
(Si. C. C.), Octa Decyl Silyl Columun Chromatography (ODS C.C.), ¥ X O3t HPLC T
STHERERL L, 3 FEDFTHL p-terphenyl 1L 547 % Hif L thelephantin P (1), thelephantin Q
(2), 3 L ' thelephantinR (3) Em4 L. £72,4 FOBEH{LEY) thelephantin A (4),

terrestrin D (5), thelephorin A (6), 4-hydroxybenzoic acid (7) % H.Ef, [FE L7z (Fig. 12).

Thelephora aurantiotinca 414.0g Thelephora aurantiotinca MeOH ext. 44.0g
CHCI3 2L x 3 times Si. C. C. (CHCI3-MeOH)
CHClI5 ext. residue Fr.A Fr.B Fr.C Fr.D Fr.E
10.7mg 22g 48g 285g 471.7mg
MeOH 2 L x 3 times | Si. C. C. (CHCI3;-MeOH)
Leeil th- residue Fr. D1 Fr. D2 Fr.D3 Fr.D4 Fr.D5 Fr.D6 Fr.D7
. 31.7mg 199 279 6.2¢g 729 3.2¢ 569

0DS C. C. (MeOH-H:0)
HPLC (MeOH-H,0) Si. C. C. (EtOAc-MeOH)

2 (11.1 mg) \
5 (5.2 mg)

Fr. DSA Fr. D5B
50g 612.6 mg

Si. C. C. (CHCI3-MeOH) l

Fr. DSA Fr. DSA
(1) (2)
3.0g 2.0g

0DS C. C. (MeOH-H,0)
0DS C. C. (MeOH-H,0) [ T T T T T 1

Si. C. C. (CHCI;-MeOH-H,0) | Fr D5A Fr.D5A Fr. DSA Fr.D5A Fr. D5A Fr.D5A Fr.DSA Fr. DSA
Sephadex LH-20 (CHCI;-MeOH-H,0) 21 (2)2 2)3 (24 (24pw  (2)5 (2)6 (2)7
Chromatrex COOH (CHCI3;-MeOH-H,0) 15.4mg 43.5mg 41.8 mg 70.1 mg 52.9 mg 113.8 mg 842.2 mg 727.7 mg

Reprecipitation
Si. C. C. (n-Hex-EtOAc-MeOH) 0DS C. C. (MeOH-H,0) (CHCI3-MeOH)
HPLC (MeOH-H,0) HPLC (MeOH-H,0)

3(1.6mg) 1(5.2mg) 6 (617.1 mg)
7(26mg) 4(8.2mg)

Figure 12. The Isolation Procedure of MeOH extract from Thelephora aurantiotincta.

1-3 ® 'H B LU BC-NMR, IR, UV A7 kLT — & 2T L=k 5%, BEAO p-
terphenyl L&) 4-6 & OFELRIMENIH 520272 0, 1-3 1 p-terphenyl HEEE AT 5 Z
&R S T2, 1-3 O NMR OFHM 72 fi#HT1E 'H-, "C-NMR, DEPT & Xt 2 &kt
NMR ('H-'H COSY, HMQC, HMBC, NOESY) (Z X v 3fifi L 7=.

Thelephantin P (1) 1ZEADOTEL T 7 2L LTHE LN, £ D4+ XT HRESIMS
128D CHnOy EHEE S 7= IR DHIEE R 3184 cm!) & VAR = LA

(1733 em™") OIFEI/RIBR S 72, 1 D CD;0D (28T % 'H-NMR A hLZEW
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T,30D 14 EHSEFERE T2 81 6.58 2H, d, J= 8.9 Hz), du6.72 (2H, d, J = 8.6
Hz), 81 6.73 (2H, d, J = 8.6 Hz), 81 7.24 (4H, d, J = 8.6 Hz), 81 7.59 (2H, d, J= 8.9 Hz), <
LCHEEHE T o b LT, 8u7.26 2H, t,J=7.8 Hz), 3u7.44 (1H, t, J=7.5 Hz), 8n 7.72
(2H, dd, J=7.8, 1.4 Hz) %7k L7=. BC-NMR, DEPT 135, DEPT 90 A7 LNk, ¢
166.5 (C=0X2) 122 D4 DH ViR =)VR#E, 8¢ 163.9, 8¢ 158.00, 8¢ 157.97, 8¢ 142.7, 8¢
142.5, BEN 8¢ 135.1(CX2) I[ZfEFE L#EG LI2 T DD sp? (R, I LU 23 fHD sp?
R 7T 8¢ 134.6 (CH), 8¢ 133.2 (CH X 2), 8¢ 132.6 (CH X 4), 8¢ 130.7 (CH X 2), 8¢
130.2 (C), 8¢ 129. 4 (CHX2), 8¢ 125.1 (C), 8¢ 125.0 (C), 8¢ 124.2 (C), 8¢ 124.1 (C), &¢
120.8 (C), 8¢ 116.04 (CH X2), 8¢ 115.95 (CHX4) Ll St 7~ (Table 6). 2DNMR O i
BT Fig. 13 (2R L7, 81 6.58 (2H, d, J= 8.9 Hz) I 8¢ 116.04 &, 6 7.59 (2H, d, J =
8.9 Hz) % 8¢ 133.2 &£ @ HMQC MHEANR G L. £z, 6u 6.58 (H-4, 6) 7D 8¢
120.8 (C-2") B L 8¢ 163.9 (C-5") 1T, du 7.59 (H-3', 7)) 235 8¢ 166.5 (C-1') F LN
8¢ 163.9 (C-5") ~® HMBC fHEAHE b7z, S HITA T, 8¢ 163.9 (C-5') & 3¢
166.5 (C-1'®> C=0) Ot 7 kH>6, p-hydroxybenzoate unit DIFAEDNRIE S U7,
WIZ, 8u7.26 (2H, t,J=7.8 Hz) % 8¢ 129.4 &, u 7.44 (1H,t,J = 7.5 Hz) 1% 8¢ 134.6
&, 0n7.72 (2H, dd, J=17.8, 1.4 Hz) % 8¢ 130.7 & ® HMQC FHEEN B S 7. &5
IZ, 81 7.26 (H-4", 6" 75 8¢ 130.2 (C-2") BL W 8¢ 130.7 (C-3", 7"), du 7.44 (H-5") 7H>
8¢ 130.7 (C-3", 7", 8u 7.72 (H-3", 7") 75 8¢ 166.5 (C-1") ~D HMBC #HRI H 15 5 41
7o, SIS, C-1" IZImB L7z 8¢ 166.5 DL 7 NI NV R=NVIRFETHDH EE R
b, YL DG benzoate unit DAFAENRIB I 4L72. & HIZ,816.72 (2H) 1 8¢ 115.95
&, 8u6.73 2H) 1X 8¢ 115.95 &, 8u 7.24 (4H) X 8¢ 132.6 & D HMQC FHBIGZED &
7. Z LT 8u6.72 (2H, d, J=8.6 Hz, H-2, 6 or H-15, 17) & &4 7.24 (4H, d, J = 8.6
Hz, H-3, 5 and H-14, 18), 8n 6.73 (2H, d, J = 8.6 Hz, H-15, 17 or H-2, 6) & &u 7.24 (4H,
d, J=8.6 Hz, H-14, 18 and H-3, 5) |2 1,4- _@E#DOFHFR T b M EE 2 b5 'H-
'H COSY #H B 23l < 417=. HMBC AHESIZ, 81 6.72 (H-2, 6 or H-15,17) 775 8¢ 125.0
(C-4 or C-13) BL W 8¢ 157.97 (C-1 or C-16), &y 7.24 (H-3, 5 and H-14, 18) 7°5 8¢
124.1 (C-7 or C-10) B LT 8¢ 157. 97 (C-1 or C-16), du 6.73 (H-15, 17 or H-2, 6) /5

8¢ 125.1 (C-13 or C-4) LT 8¢ 158.00 (C-16 or C-1), 8 7.24 (H-14, 18 and H-3, 5) %>
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5 8¢ 1242 (C-100r C-7) B LN §¢ 158.00 (C-16 or C-1) 23HM S 41721 D551
5, BV D450 4 |IRFE (5S¢ 135.2, 8¢ 135.2, 8¢ 142.5, 8¢ 142.7) 1%, 8¢ 124.1 (C-7)
BED 8c1242(C-10) & L BITO6BEAFTRZIL TWDH I EARBINT. &
51Z,8¢157.97 (C-10r C16) & 8¢ 158.00 (C-16 or C-1) Db 7 k)26, p-terphenyl
BROEIENTBE T, LLED 1 DAY MLF—2 1%, BEE10 p-terphenyl (LA
¥)T& % thelephantin G '7® & R\ —E %7~ L7-. Thelephantin G & 1 DOH§IEDE
IL, thelephantin G 7 2 -2 p-hydroxybenzoate unit ZFF>DIZxF L, 11X 1 DD p-
hydroxybenzoate unit & 1 2@ benzoate unit % 7> Z & T¥ 5. Thelephantin G | I 1E
MMEIEZSNTEY, ZOBRIZRKREAEMB LGRS 2 SDOfrERMEERO H
BELO BC-NMR 77— R ESNTNEI 22T, 2hboTr—42E& 1 OFEH
EZEE Lz & 2 A 11E, KIRD thelephantin G O NMR 7 — 4% & B —F &2 /R L7=
(Table 6). = Z T, Fig. 15 (Z/r L72 & 9 IZ, thelephantin P (1) O & #i 3 DAL & 1%

thelephantin G &£ [F] U Ch 5 L R7E L7z (Fig. 13).

Synthesized thelephantin G Synthesized thelephantin G
(natural type) (non-natural type)

Figure 13. Structure of Thelephantin G and Compound 1.
HMBC (blue arrows), 'H-'H COSY (red bonds).



Table 6. NMR spectral data (500 MHz for 'H, 125 MHz for '3C in CD;0D) of synthetic

thelephantin G (natural type), thelephantin G (non-natural type) and thelephantin P (1).
synthesized thelephantin G synthesized isomer of thelephantin G Thelephantin P (1)
(natural type) (non-natural type)
Position d¢ type oy (J in Hz) dc type oy (J in Hz) dc type oy (J in Hz)
1 1580 C 1577 C 157.97% C
2,6 1159 CH  6.75d(8.8) 1159 CH 6.73d (8.8) 11595  CH  6.72d(8.6)
35 132.6 CH 7.26 d (8.8) 1327 CH 7.22d(8.8) 132.6 CH 7.24 d (8.6)
4 1251 C 1253 C 125.09 C
7 1241 C 1257 C 124.19 C
8 1424 C 1413 C 142.59 C
9 1424 C 1372 C 142.79 C
10 1241 C 125.7 C 124.29 C
11 1351 C 1413 C 135.1 C
12 1351 C 1372 C 135.1 C
13 1251 C 1250 C 125.19 C
14,18 132.6 CH 7.26 d (8.8) 132.7 CH 7.22d(8.8) 132.6 CH 7.24 d (8.6)
15,17 1159 CH 6.75d (8.8) 1159 CH 6.73 d (8.8) 115.95Y CH 6.73 d (8.6)°
16 1580 C 1579 C 158.00V C
I' 166.5 166.6 C 166.5
2' 1209 C 1216 C 120.8 C
37T 133.1 CH 7.62d (8.8) 1334 CH 7.80d (8.8) 133.2 CH 7.59d(8.9)
4.6’ 116.0 CH 6.62 d (8.8) 116.0 CH 6.77 d (8.8) 116.04 CH 6.58 d (8.9)
s' 163.8 C 163.8 C 163.9 C
r 166.5 166.6 C 166.5
2 120.9 1216 C 130.2
377 133.1 CH 7.62d (8.8) 1334 CH 7.80d (8.8) 130.7 CH 7.72dd (7.8, 1.4)
47,67 116.0 CH 6.62d (8.8) 116.0 CH 6.77d (8.8) 129.4 CH 7.26t(7.8)
5” 163.8 C 163.8 C 134.6 CH 7.44 1 (7.5)
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Thelephantin Q (2) 1T DT E/L 7 7 A & L THEE S 3, HRESIMS 7° 5 55+
CoHisOs T D52 EH L7 IR »5id, B Fr¥ ok (3443 cm!) & BLAR
=V (1721, 1660 cm™) OAFTENTRE S 417, CD;OD @ 'H-NMR A7 hLZE
WTC, 8u3.83 BH,s) ICA PFVEDAF LT B hATHKT ST 7L, 8y 6.79
(2H, d, J=8. 6 Hz), 81 6.83 (2H, d, J = 7.7 Hz), 8u 6.85 (2H, d, J = 8.6 Hz), &1 7.22 (2H, d,
J=8.9 Hz), 84 7.27 (2H, d, J= 8.9 Hz), 5 7.88 (2H, d, J=8.9 Hz) (Z 12 {H D 1,4- " &#
DEBFBRICHKTHV 7T AEBEILEZ. 26D TFT =205, 3 D0 p-
hydroxybenzoate unit 23MF7ET 5 Z & 3R X172, BC-NMR & DEPT A7 kL
TIE, 8¢ 184.5 & 8¢ 1825122 DD H VIR =)VIRFE, 8¢ 165.7 I AT )L A7 JVR =)L
[R5, 8¢ 164.6, 8¢ 159.9, 8¢ 159.2, 8¢ 156.3, 8¢ 148.5 ITIFMENFEA L TWVHEEZX D
D 5 OD sp? k3, 8¢ 134.7 (C), 8¢ 133.8 (CHX2), 8¢ 133.3 (CH X 2), §¢ 132.9 (CH X
2), 8¢ 129.3 (C), 8¢ 122.1 (C), 8¢ 120. 9(C), 8¢ 120.1 (C), ¢ 116.5 (CHX2), 8¢ 115.9 (CH
X2), 8¢ 115.7 (CHX2) (2 17 D FFHRFE, L 8¢ 61.8 (-OCH3) (T A FF T3
DAFNVIRFEEEGTe, BFF 26 DRFL 7 FURNBIHIS N (Table7). 2 D 'HEB X
OV BC-NMR A7 h VI, 8¢ 1845 B LN 8¢ 182.5 D 2 DD ANVAR=)VERFHE &, 8¢
61.8 DA NFTFD L T F N EFRWVT, thelephantin P (1) EFEPILTEY, 2 1% p-
terphenyl F58/A T 5 T & DIRIE I 41, 8¢ 184.5 £ 8¢ 182.5 D 2 DD I VAR =)V iR
IL, p-quinone unit DIFEERIE LTZ. X512, 2 DAY FUE, R A VEE R
VT, thelephantin I 890D 27 h L LIEFIEELL L Tz, L7 - T, 2 D&,
1 DR A VI p-hydroxybenzoate ICE I N7-HETH DL LHEES N, £
T, HMQC, HMBC, 5 X O 'H-"HCOSY #HES % VT, 2 OREIEDFEM 72 fg i 247 -
7= (Fig. 14). HMQC (28T, 8u 6.79 (2H, d, J = 8.6 Hz) & 8¢ 115.9, 81 7.27 (2H, d, J
=89 Hz) & 8¢ 132.9,8n7.22(2H,d,J=8.9Hz) & 8¢ 133.3, n 6.83 (2H, d, J=7.7 Hz)
& 8¢ 115.7,817.88 (2H,d, J=8.9Hz) & 8¢ 133.8,8n6.85(2H,d,J=8.6Hz) & &¢ 116.5
(ZFEBE NS B U7 (Table 7). HMBC Tl, 81 6.79 (H-2,6) 75 8¢ 132.9 (C-4) B LW
8¢ 120.9 (C-3 B L US), 81 7.27 (H-3,5) 205 8¢ 159.9 (C-1) F L 8¢ 134.7 (C-7), 8
7.22 (H-14, 18) 75 8¢ 159.2 (C-16) F LT 8¢ 122.1 (C-13), du 6.83 (H-15, 17) 75

8c 159.2 (C-16) F L TF 8¢ 122.1 (C-13), 81 7.88 (H-3', 7") 775 8¢ 165.7 (C-1") L

33



Sc 164.6 (C-5'), 811 6.85 (H-4", 6') 7B 8¢ 120.1 (C-2") LN 8¢ 164.6 (C-5"), 51 3.83 />

5 8¢ 1563 (C-1IN~DOFBEANBHl &Nz, 14 EHRSEEKE 72 b Mo 'H-'H

COSY T3, 8u6.79 (2H,d,J=8.6 Hz) & &u7.27 (2H,d,J=8.9 Hz), 61 6.83 (2H, d,J=

77Hz) & 6u7.22 2H,d,J=8.9 Hz), 51 7.88 (2H, d, J=8.9 Hz) & 61 6.85 2H, d, J=

8.6 Hz) OAHBANE B L7z, LA LXK D, thelephantin Q (2)D#%1E1E Fig. 14 D X 5 1Tk

7E L 7. p-Quinone unit 1326 < DA, p-hydroquinone 553 D ZE % BELIZ L - TR &

NAHZENMBNTWND B Lo T2 ITBWT B 2 W T4 EE TR
fa{b. X 47~ artifact T D AIHEMEIZEG E TE 720,

Table 7. NMR spectral data of compound 2 (500 MHz for 'H, 125 MHz for '*C in CD;0D)

Thelephantin Q (2)

Position dc type Oy (J in Hz) Position dc type oy (J in Hz)
1 159.9 C I 165.7 C
2,6 115.9 CH 6.79 d (8.8) 2 120.1
35 1329 CH 7.27d(8.8) 37 133.8 CH 7.88 d (8.8)
4 120.9 C 4,6’ 116.5 CH 6.85d (8.8)
7 134.79 C 5 164.6 C
8 148.59 C 11-OCH; 61.8 CH; 3.83s
9 182.5 C
10 129.3 C
11 156.3 C
12 184.5" C
13 122.1 C
14,18 1333 CH 7.22.d (8.3)
15,17 115.7 CH 6.83d(8.3)
16 159.2 C

thelephantin Q (2)

Figure 14. Structure of compound 2 and 2D NMR correlations.
HMBC (blue arrows), '"H-'"H COSY (red bonds).
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Thelephantin R (3) 1ZfEEAD T €/ 7 7 A L L CHEfE S, neg. HRESIMS 7> 547
FH CoyH2000 THDH Z E DD o7 RN HE R ¥ 3 (3191 ecm™) &L
A= VL (1733, 1716 cm™) OFENRBR E N, TNETOEW EFREEIZ, 3 b
'H B L BC-NMR A7 KL G p-terphenyl (LG TH D Z L RIB ST,
DMSO-ds 1D 'H-NMR A7 kJLiZ, 8u 1.66 (3H, s, 2'-CH3) ([T A F /7' k2 IZH
K5 T FARBRI S, Sn 6.65 (2H, d, J = 8.9 Hz), du 6.75 (2H, d, J = 8. 6 Hz), du
6.78 (2H, d, J = 8.9 Hz), 84 7.04 (2H, d, J = 8.9 Hz), 84 7.08 (2H, d, J = 8.6 Hz), 3 7.66
(2H,d,J=8.9Hz) |Z 12D 14- _EHOFHFEHE T v N ANHKT D 7%, S
8.37 (2H, s), 51 9.32 (1H, s), 81 9.45 (1H, s), HB L' 14 10.40 (1H,s) (24 DDt K
DOV SED T 7 VBB & 77, P*C-NMR, DEPT 135, DEPT 90 A-X7 R~ Linb,
8c 168.3 & 8¢ 163.7 122 DDA IVAR = /LRI, 8¢ 162.5, 8¢ 156.6, 8¢ 156.4, 8¢ 141.4, 8¢
141.3,8c133.3,8c 1332 ICEAZEDEA L TWVWDH EB X LD T ODRFE, 5c131.8 (CH
X2), 8¢ 131.1 (CHX2), 8¢ 131.0 (CHX2), 8¢ 123.22 (C), 8¢ 123.18 (C), 8¢ 122.8 (C), 8¢
122.5 (C), 8¢ 118.9 (C), 8¢ 115.5 (CHX2), 8¢ 114.8 (CHX2) B L 8¢ 114.7 (CHX?2)
(217 B D sp? IRFETR BT 8¢ 19.8 IZAFNVERICHKT D EEZLND VT L%
G EE 27 BORENBIHI S 7= (Table 8). LLEIZ/RL7ZLH1Z,3 D 'HEBIW
BC-NMR A7 kL7 —# |3, terrestrin D (5) ' 35 JLOY concrescenin A ¥ & FA{EL L
TU 7z, Terrestrin D |d phenylacetoxy unit ZH 325728, 3 (&0 F& & H BL O BC-
NMR 7 — & /5 p-hydroxybenzoate unit % H 3 2% & HEZZ S vz, % Z T, HMQC,
HMBC, 'H-'H COSY, # LU NOE ##lE L, 3 DOg1EDFEM 72 il b 217 > 7.
HMQC TIZ, 81 6.65 (2H, d, J=8.9 Hz) & 8¢ 114.7, 84 7.08 2H, d, J=8.6 Hz) & &¢c
131.1,847.04 2H,d, J=8.9 Hz) & &c131.0,8n6.75(2H,d,J=8.6 Hz) & &c 114.8 (T
FABAAMG B A7z, 'TH-'TH COSY T, 8u 6.65 2H, d, J = 8.9 Hz, H-2, 6 or H-15, 17) &
81 7.08 (2H, d, J = 8.9 Hz, H-3, 5 or H-14, 18) DT, 8u 6.75 (2H, d, J = 8. 9 Hz, H-15,
17 or H-2,6) & &u7.04 (2H, d,J=8.9 Hz, H-14, 18 or H-3, 5) DT, 81 6.78 (2H, d,J=
8.9 Hz, H-4', 6") & 8u7.66 (2H, d, J=8.9 Hz, H-3", 7') DEICZNEN 1,4- EHSEK
7' e b EOMBANE B AL7-. HMBC Tliddy 6.65 205 8¢ 123.18, 8u 6.75 775 8¢

123.22 & 8¢ 156.6, 81 7.04 725 8¢ 122.5 & 8¢ 156.6, 8u7.08 775 8¢ 122.8 B LN 8¢
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156.4 ~DOAHEENEBINI X4, 81 9.32 (1H, s, -OH) 725 §¢ 114.7 B LY 8¢ 156.4, du
9.45 (1H, s, -OH) 7>5 8¢ 114.8 & 8¢ 156.6 ~? HMBC AHES b Bl & 7=, 3 Do+
KHLEEL, 4 DD 4 fERFE (8¢ 133.2, 8¢ 133.3, 8¢ 141.3 B L UG 141.4) 2% 5c 122.8
(C-7) BEW 6c122.5(C-10) & & BITANBEBHRTHFREZER L TND I ENRE I,
ZNSD YT p-terphenyl ‘BREDO B D TH D Z EDRB I NTZ. £, du 6.78
D 8¢ 118.9, 8u 7.66 735 ¢ 162.5, du 10.40 (1H, s, -OH) 705 8¢ 115.5 B LW 8¢
163.7 D J1 VR =)ViRFE~0D HMBC FHBEE72> 5, p-hydroxybenzoate unit DF&i&ED3, Sy
1.66 (3H, s) 75 8¢ 168.3 ~? HMBC FHB7> 5 acethyl unit DIFFEN/RIB S FL7=. p-
Hydroxybenzoate unit & acethyl unit D& 1%, 7= NOE fHES2Y 8u 1.66 (2'-CH3) & 8u
6.75 (H-15, 17 or H-2, 6), 81 6.78 (H-4', 6"), Sy 7.04 (H-14, 18 or H-3, 5) 3 L' 81 7.66
(H-3, 7) IZBH SN2 EMBIRE LT, 51T, C-8 £ C-9 (8¢ 133.2 &8¢ 133.3)
BLOC-11 & C-12 (8¢ 141.3 & 8¢ 141.4) DfbZFT 7 MEX 1 EFRUETH-7=2
&, u837(2H,s,-OH) Ot FrXo 7o bk, 8¢ 141.3, 8¢ 141.4, 5¢c 122.5,
LY 8¢ 122.8 ~ HMBC BB S 7= 2 &, 3 OfE& IS Fig. 15 IR L7z &
INIPRIE LTz,

Table 8. NMR spectral data of compound 3 (500 MHz for 'H, 125 MHz for '*C in DMSO-dj)

Thelephantin Q (2)

Position dc type Oy (J in Hz) Position dc type oy (J in Hz)
1 156.49 C I 163.7
2,6 114.7% CH 6.65d (8.8 |2 118.9
3,5 131.19 CH 7.08d(8.8)) | 3.7 131.8 CH 7.66 d (8.9)
4 123.189 c 4.6 115.5 CH 6.78 d (8.9)
7 122.89 C 5 162.5 C
8 133.20 C ” 168.3 C
9 133.39 C 2 19.8 CH; 1.66 s
10 122.59 C 1-OH 9.32s
11 141.39) C 11, 12-OH 8.372H,s
12 141.49 C 16-OH 9.45s
13 123.229 C 5’-OH 10.40 s
14,18 131.09 CH 7.04 d (8.8)
15,17 114.8Y CH 6.75 d (8.8)”
16 156.6% C

aD: Assignments may be interchanged.
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thelephantin R (3)

Figure 15. Structure of compound 3 and 2D NMR correlations.
HMBC (blue arrows), '"H-'H COSY (red bonds), and difference NOE (green dashed arrows).

{LEW 4,5,6 B ONT 1, FATHIIE L DO LE#ERIZ K U, thelephantin A (4),'77 terrestrin
D (5),'87 thelephorin A (4),'*” 4-hydroxybenzoic acid (7) ¥ & [EI&E L7=. (Fig. 16, 17,

Table 9, 10)

Figure 16. Structure of Compounds 4—6.
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Table 9. NMR spectral data of compounds 4 and 6 (500 MHz for 'H, 125 MHz for '3C in CD;0D),
and 5 (400 MHz for 'H, 100 MHz for '*C in CD;0D).

Thelephantin A (4) Terrestrin D (5) Thelephorin A (6)
Position dc type oy (J in Hz) dc type oy (J in Hz) dc type oy (J in Hz)
1 1578 C 1581 C 1578 C
2,6 1163 CH 6.71d (8.8) 116.0 CH 6.81d(8.7) 1163 CH 6.72 d (8.6)
3,5 132.6 CH 7.23d (8.8) 132.6 CH 7.13d (8.7) 132.6 CH 7.21d(8.6)
4 1250 C 1249 C 1249 C
7 1241 C 1238 C 1240 C
8 1350 C 1348 C 1349 C
9 1423 C 1348 C 1424 C
10 1239 C 1238 C 1238 C
11 1350 C 1426 C 1350 C
12 1423 C 1426 C 1425 C
13 1250 C 1250 C 1249 C
14,18 1326 CH 7.17 d (8.6) 1326 CH 7.14 d (8.8) 1326 CH 7.16 d (8.6)
15,17 116.0 CH 6.80 d (8.6) 116.1 CH 6.81d(8.8) 116.1 CH 6.81d (8.6)
16 1581 C 1582 C 158.1
I 1662 C 170.6 C 166.2
2' 1209 C 20.0 CH; 1.62s 120.9
3.7 1159 CH 6.74 d (8.6) 1333 CH 7.70 d (8.6)
46 1333 CH 7.73 d (8.6) 1159 CH 6.77 d (8.6)
5' 1641 C 1640 C
1 1733 C 1712 C 1714 C
A 363 CH, 1.97t(7.1) 41.5 CH; 3.34s 412 CH, 3.30s
3” 19.0 CH, 1.28dd (7.1,7.5) 1347 C 1343 C
4 13.6 CH; 0.55t(7.5) 1304 CH 7.08 dd (8.1, 1.5) 130.1 CH 6.79 m
57,77 129.6 CH 7.22-7.26 m 1293 CH 7.00 t (8.7)
6” 1282 CH 7.22-7.26 m 1279 CH 7.02t(8.7)
8” 1304 CH 7.08 dd (8.1, 1.5) 130.1 CH 6.79 m

Table 10. NMR spectral data of compound 7
(500 MHz for 'H, 125 MHz for '*C in CD;0D)

4-hydroxybenzoic acid (7)

Position dc type Oy (J in Hz)
1 1219 C

2,6 1315 CH 7.77d (6.9)

3,5 1151 CH 6.80d (6.9)

4 1615 C

7 167.4

Figure 17. Structure of compound 7

38



FAR HEHLAOMT R v R A — NI

%1 81Tk ~7= X 9 2 Thelephora aurantiotincta MeOH ext. 1 BACE1 [LETEME &
AR BHELEEMEZ /R L TR Y, WL 20D p-terphenyl {LA)1X BACE] FLETEME &
AR BHEEILEIEMEZ T Z ERHESINTND Z &06,P) HEEL 72L&z >»
THINLDOIEEEZFHMET A2 & Lie. LU0 56,31 OIENEEFHNIZ
W E A FEl> TWelzd, (bE 1,2 B L 4-7 O 6 {LEIZHOW TG L 7Z.

BACEl FAEIEMEIX, A7V —=0 7 LRERICARY T 73 br— & LTB-
secretase inhibitor IV % A\, BACE1 FRET assay {Z & ¥ 5 L7=. & DfER, Kok
A1 (ICs0=63 uM) & 4 (ICso=17.0 uM) {Z BACEI (X LT, R¥T 472 b
72—/ L@ myricetin & D HF TN 5 b BHEERZR L2 (Fig. 18). £ Dfthofk
B D ICso fEIZ Table 11 (1ZF & 7=,

thelephantin P (1) IC5, = 6.3 UM thelephantin A (4) ICs9 =17.0 uM

< 100+ o < 100 ‘ -
T 80 = 80 ~
2 S i
Z 60 5 o0 «g/ O -
= = 1/ dio o.
£ 404 £ a0 A /\)% O of
T T A

. =
: e 0

0071 i 70 100 OH 01 1 T0 100 OH

Concentration (UM) Concentration (uM)
terrestrin D (5) ICs0 = 39.1 uM thelephorin A (6) ICs = 72.8 UM
100 100 :
% 80 . ? % 80 OH
S S
:_‘5 60 O S 0 Y@/
= < o HO.
£ a0 £ a0
hT! HO' m/\©\ ] 20 P @
o 20 Q
O~ "CH3

S O 5 0

T T 1 T T T 1
1 10 100 e} 0.1 1 10 100

o4

OH
Concentration (uM) Concentration (UM)

Figure 18. BACEI inhibition rate of active compounds. Data are presented as mean + standard
deviation. (n = 3)

AB BEEEFAETEMEIE, X7 U —= 7 L[AERIC Th-TIEIZ LY AR OREE AR
% Z & TR L 7. p-Terphenyl {L&#1E 1-100 uM O #aFH i FE KT 225 2 7R
L, 21 (ICso= 129 uM) & 5 (ICso = 4.4 uM) (FHR YT 4 7> ta— L ThD
myricetin (ICso = 9.9 uM) 2 (ZILE 3 2 1EMEZ R L7 (Fig. 19). tLo{bE# DiEH:

(2 DUNT L Table 11 (278 L 77,
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thelephantin P (1) ICs50 = 12.9 yM thelephantin A (4) ICsq =25.5 M

o

S
o
5

OH

O OH

610 0.
A)J\o O o
Q)

T T !
1 10 100 OH

AB aggregation (%)
{e] 03/2;):}
2
A aggregation (%)
g

HO'
O o)'\@
OH

Concentration (uM) Concentration (uM)

o

T T 1
1 10 100

o

terrestrin D (5) ICs5 = 4.4 UM thelephorin A (6) ICyo = 13.2 M

< 100
OH

S
2 O OH
” O OY@
(o) OHO
: 9

OH

AR aggregation (%)
g
3 3
d o
28
E
AR aggregation (%)

0.1 i 10 100 ° 01 i 10 100
Concentration (uM) Concentration (uM)

Figure 19. AP aggregation rate of active compounds. Data are presented as mean =+ standard
deviation. (n = 3)

Z 2 ETOMRTT, SEIEEE L 72 p-terphenyl {LEHDIE L A LT, BACEL [LEE
PEE AB BEEEMIHNEME DM S 25O Z L DR SNTZD, BLEMOFHEE S BT
B9 2 728, PRSI 2B 2 ETT 5 2 & & L7z BACEL IZ X » TARS
iz AB ISR ENEIC Ko THRRZEMEZ SIS Z T2 LR REIN TN D309 &
72, AB IIFIERTD DERET 5 2 LN SN TRV, B L7z ABIZ L 20k
PEIE, 3 TIZ AD DJERZ 2 L TV D EBFITHT DIERIEORREICE N T, ZET
NERFERDOOE D TH L. £ 2T, AWFETHEE L 72/t G O ABa Ml
%32 PR AR AL SEANHI 2R A, b MR REEMAAE SH-SYSY AR A v CEME L
72 199 TR e SEA ) B0 R 2 REA 9 B RS, LA S RE O ER 20 M T &
SH-SY5Y Mifid z W THEES L, W ofbamicls v Tb BB/ & ik L ThE
WM EFEHRIT 80%LL EOMIIE M BIEE S VIR 2 FIR & U CHRR R /E H 2 Sl
L7=. TR, AbEW 1, 2, 51%, BIRIMO L DIZHA, APsn &% O SH-SYSY #i
faDEFRE 50%LL EtkET 5 2 L RNbho 7= (Fig 20). SALEWD 50%%0 Fe ik
F£ (half maximal (50%) effectiveconcentration; ECso) & [l L7- & Z A, {b&® 1137
RTCTOLEWDO T T HIRWIEE (ECs = 8.0 uM) THBMINIEIER 2/~ L1
(Table 11).
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thelephantin P (1) thelephantin Q (2) terrestrin D (5)
ECso = 8.0 uM ECso = 21.8 uM ECs, = 35.0 uM

f

1

T
10

=)
=3
=)
=3
1

Relative cell viability
to control (%)
@
< T
Relative cell viability
to control (%)
@ =y
i i

Relative cell viability
to control (%)
&
3

o

T + 1
10 100

od
1=
od
1=

10
Concentration (uM) Concentration (uM) Concentration (uM)

Figure 20. Relative cell viability of active compound relative to control. Data are presented as mean
+ standard deviation. (n = 3)

F72, AR BEEMLEEM IR W TC, RV T 4 T ar hr— b LTHWTWE
myricetin DFFFREVER & 3B L7223, 25 uM £ TiX APa k45 SH-SYSY #iiaod
RENR LRI 0o T, E 51,25 uM L E D &R ClE myricetin B K23 773450
nm T OWRSEAREE 720, {EELZ IEMEICEHI S5 2 LR TE oz, £Z T,
7y IvnAg ROAr—NERTHET L2700 RY T 4 7ar bu— b LT
aurasperone F % U 72190197 Aurasperone F I ZHFFEE [ Aspergillus sp. MPUC239 725
HBE X4, SH-SYSY Alaic 8T AB EEE3 L O BACEL FHETEME, 72 5 ONC AB
BT o REEHZ R LT bEMTH S,

AWFFETIX, Thelephora aurantiotincta 7)> 5 BB L 7= 6 FEEDILET, APao KEE
PHETEM:, BACEL [HETENE, ABa FFEANREFEME T3 2 i ia SE A i E M 2 FLH
L7z, 73vA R A7 — FGRIZESWT AD 2158 T 258, 2o OiEMEx
ML TR AERET DMEN DD, L L, M SMFEICRET D70,
BBB Z @i L2 F i b7, £ 2°C, HEH k&% BBB &btk a Tl 57
DI, KA B2 ) —IVoEREC (LogP) %, XlogP & W THE L=, TDfEE, 1,

2,4-6 O XLogP fElX 4.0-6.5 & FA X7~ (Table 11).
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Table 11. AP and BACEI inhibitory activity (ICso uM), neuroprotection (ECso uM) and XLogP
values of compounds 1, 2, 4-7, myricetin, inhibitor IV and aurasperone F.

AB . AT Neuroprotecti XLogP
aggregation on
Thelephantin P (1) 12.9 6.3 8.0 6.2
Thelephantin Q (2) 30.2 >100 21.8 4.0
Thelephantin A (4) 25.5 17.0 >30 5.4
Terrestrin D (5) 44 39.1 35.0 4.9
Thelephorin A (6) 13.2 72.8 >30 6.2
4-hydroxybenzoic acid (7) >100 >100 >60 1.6
Myricetin 9.9192) 2.819%) 25 195) 12
Inhibitor IV >100 192 0.015 192 R _
Aurasperone F 8.1199) 28.0 199 37.3 19 5.1
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HOH REROBL

AREDOMILTIX, R A RH¥ 5 (Thelephora aurantiotincta) MeOH fliH — % &
L0, 3 FEOFH p-terphenyl (LA E L4 OB LEW 2 BB RELE. &6
2, 2B DEEMD 5 B, thelephantin P (1) 1% A BN, BACE1 BEEEM:, ABa
(2 & D AR RSN VR O3 C TG & Ml B R B DL TR LTz,

AWFZETHER L7e 7 v A FAAT— FEHZ TN TORLEZDIFI1IB LTS D
HTHoT=. ZD 2 DOILEWIZL, p-terphenyl #EEDHF RO UBBITAHE R
2 EN, MOLEW L ITHR Y, o IIT/FIEL T, LER-T, i7 ImA
RB A — RIEMEZRTICE, ZODT7a— U EEREETHLAREENE X 6
%. 1z, MRGMISEHHITEERBR T AR L AICLAME BB ST L b,
{EEHIR LT sl zh Bl L, ABOREEIMGNT K 2 5 ABEREEIR D ARk E
DFEEDRENEDLEEZLND. LM LARRS 1 & 5 TiE, ABEEEIMHIFEM & 4
AR ZESNHIVEF O#E BLANWHE LTV 2. 1 & 5 13 p-terphenyl EED e~ ¥
VEBRICRES T D EMEOBEOLPMIEL TWDH I END, BRAICL D APEEE
P LS DOVERDBIFAET D FTREME D R Sdvie. 5%, ABL GO RBE Y A4 I v
7% LI sEmsilE R 2 a0 2 kv, 1 & 5 ofFEoEN
ZVERETFOmNOBELETEHEEZND. Fio, AR TIIIEMFHN NS TE 72
o7 3 %0, BEAID p-terphenyl (L&MW % W T-EEIETEFBI 2 MFtT 5 2 & T, &
D BLREWER RGO THA .

p-Terphenyl {LE#) D BBB B MEIZ T 2 A ILE RN, WL DD RIRNR
U7 =)= O H BBB 2% T 5 2 L AVHE STV 5.1 ko £
JFHEW) CTd D TR Y /% (Magnolia officinalis Rehd. et Wils.) DO ZIZ& £ 5D
honokiol &, BBB Zifith L TARLEFCMIEEFICHIRNHH T LR TE
D200 Z@ LogP 1% 5.0 ThDH. KIKD stilbene T 5 pterostilbene 13, &V VEYFE
IFIFHRE & MR IRFEIER 2 B okl 2 R AEBEMEEZ AT 5 Z e HESNTEY, £
® LogP (% 3.8 TBBB #%id 52 LN TE 52 517, £ D7 =/ —/hKk
iz 5> 7 TR ) A4 ROH|ZIZ, hesperetin (LogP: 2.4),22 genistein (LogP: 2.7),2%%

fisetin (LogP: 2.0),2%Y 4'-demethylnobiletin (LogP : 2.7) 2% 72 £, BBB # %4 5 & D
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NHDHZERHREINTVWD (Fig. 21).2%9 LogP 23T\ honokiol X°, Kfgka %< b
DT TR A RBBBBZHEIE L TWDHZ Enb, (bEW1,2 8L 0N4-6 1%, 1N

5 BBB Z il L TIMA~EIE SN D AEEMNHD. LR -> T bEW 1,2 BLO
4-6 1%, HIBID72WNBIEMERID AD {RHESEER & 72 5 ATREME /RIB X LT,

honokiol pterostilbene hesperetin

genistein fisetin 4'-demethylnobiletin

Figure 21. Phenolic hydroxyl compounds, which pass through BBB.
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PRAIBEREIR T 23589 5 ME PN A F SR IR F DERR

0

i

%3
H1E

T I NA = —JREIT I IS BN 5 K OB

=7

Frim Ci_72 &30 ,AD TIXT T T ABOBWOBBLE I ND D, ZTD AT =K L
DEFITH LN TRV, RETIE, IE-HREMEEEMNICER L, AD JWBR O fiLE
N EHENE TR EBLZE I MR T O8RR, BLO, £O LT 7 AEMHEERIZHONT
fERT L7z, ZAVE Tk A 72 AD E7 /L~ U ADBHFE STV 528,20 RBFSE Tl
AppNEt = o 2 & T2 App™Ot = T 20X, App AR 7723, Swedish 25 5 209
(KM670/671NL), Arctic 285 299 (E693G), Iberian 285 219 (1716F) @ 3 F¥H D F ek
AD ZRADE b APP Bl HE SN~ T A THY, APP ZBFNHKET 5 Z &
<, W TENE AR T (ABw) ZEATD. 7T IvA NEEOEEITER 3 »
Hiin) MO EY OBk E & HIZHINT 5.6 » HlsE) HRERRIR T 72 &
DOFRFER DB D Z & DB S LT 5 21D

£3°, AD JRHEREIC M NI CREL L7 DR T2 R R T 5729, 3 » A
in & 6 7 AR AppN-OF < 0 2035 K% [E1IX L, Magnetic cell sorting (MACS)
LY CD31 [l Z2 BEE L 7= D5, RNA-seq % FVCHMIMLE N2 AIIRIC 35 1) 5 &
I FEBL 2 MR CENT L7z, 3 » Hin & Lz LT, 6 # Al CIXFREL T 218
B8 324 F, FEENK T 28B4 9 FfhH Sz (Fig 22A). BB LR
F1Z2U T Gene Set Enrichment Analysis (GSEA) Z4T-> 7=/ 5, 6 » A~ 7 AD L
BN TIE, RIER X OMRRIEICBE T 5512y MIEEN BB TR
EHRIEENTWD Z EBH LT > 7 (Fig. 22 B, C).
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Tnfa signaling via nfkb | ] Glial cell activation -
Epithelial mesenchymal transition | | .
Neuroinflammatory response -
" Reactive oxigen species pathway | ] A .
40 Hypoxia Leukocyte activation involved in -
'YPOXI - inflammatory response
a KRas signaling up | | Chemokine production -
B 30- Cst7 Cholesterol homeostasis || Interleukin 6 production |
- ) Complement | ] i i
17} Tumor necrosis factor superfamily -
=X Coagulation - cytokine production
g 20 Ccn1 Spermatogenesis ‘:’ Positive regulation of chemokine production -
IL2 Stat5 signalin iti i i i i i
c% Veam1 Ctsg Trem?2 P 9 t‘ 9 ] AdJ p  Positive regulation of interleukin 1 production e AdjOP
o 00,3 Col4 ograft rejection . Macrophage activation [ ]
- 10- Sdc4 Sorl P53 pathway - - N
oL F3 Positive regulation of interleukin 1 -
UV response beta production
Prpd Mmp25 B P . ) product
PR '-'..-_~' . Interferon alpha response - Morphogenesis of an endothelium \:] 0/
b
S 0 1 2 3 4 210 1 2 1 2-10 1 2
Log, Fold Change (6 mvs. 3 m) NES

Figure 22. Gene profiles of genes with altered expression in cerebral vascular endothelial cells
from 6-month-old App™-"SF mice compared to those from 3-month-old mice. (A) Volcano plot
showing RNA-seq results. (B, C) Results of GSEA using DEGs in A. (B) Bar graphs showing the
normalized enrichment score (NES) of the bias of DEGs in each gene set in (B) inflammation-
related gene set and (C) neuroinflammation-related gene set.

Wiz, REEET L0705, ERTZ 23— F4 25 0@ oM
RALRTWEEBZ, ZEEETFOWELZHAE L. A& LICH T, RIFFETIE, 6
H i TH 1.68 5 DRBLHINAGRD B, M7+ TédH % Cellar Communication
Network factor 1 (CCN1) (2 H L7z, fafEiilfkib 7 qu @l L v, App™-oF = o 2o
CD31" MENEAIIZIIT D CON1 ORBLAMER LIz & 2 A (Fig. 23A), 6 » H ik

BIFAREAEIT 3 » ALY L@V LRS- (Fig. 23B). —F, MEDOE
RRIZ DWW T, MEEMICAERZITRO b~ 7o (Fig. 23C).
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Figure 23. In vascular endothelial cells, CCN1 expression increases with progression of AD.
(A) Stained images of CCN1 (green) and CD31 (magenta, cerebral vascular endothelial cells) in
the hippocampus of 3-month-old (3m) and 6-month-old (6m) App™-F mice. Scale bar indicates
20 um. (B, C) Bluff quantifying (B) relative fluorescence intensity of CCN1 and (C) length per
unit area (um) (4 at n =3 m, 3 at 6 m) of CD31 positive endothelial cells in hippocampus. Data
are presented as mean =+ standard error. Student's t-test was conducted and *p < 0.05 is considered
as significant difference. NS is not significant.
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% 21 Cellular Communication Network factor 1 (CCN1)

CCN 7 7 X U — I HHEEMDIZ D HAFAE L, cysteine |8 AT HIabERE 2 HIlH 9~ 5
BUIRTIED 6 DDA L= 725, CONL I, REEFOED TH Y, £
FEFNZ 1T 2 S B R BB RINE & R AF S A7 4 DD R A A %D 40 kDa D43k
B URTETHDHM) ZOREX, N KGO 7 F_TTF RITREWT, 4 DO
fFENTHEE R AL D BERINTWD (Fig. 24). WS 72 CCNT [T RS
Mfask~ NV v 7 A (Extracellular matrix , ECM) (256 L, k& 7¢ il i 2% i o
integrin Z AR EMHBENERT 52 LIk, Mo, W&, B, 417, TR h—
A, Mt - B, SRR EOZ AR MIaHRE A4 5] X 2 97212 CCN1 (TR
FAEIKAETH DM BETHHEL TH Y, BIZIW Tl NI R 81
NFHHIVD 2 CON1L OFBUIMEG & & HITHEINT 5 2 LR BTV D232 I
BRI PE O PR BT 2 CONL O&ENTI & TidZzwy. £ 2T, LRI CCN1
DY F T AT HIEH, BLOAD TF /L~ 07 A BT HHEREZ @t L 7=,

Extracellular matrix

SP Hinge
OiereP_H [we }~[TTsP_HJ[ cT ]
/

~ Integrin a,B; B qqp

1 651/ QgBy asBy

- receptor a,Bs HSPG | oo |

~ subtypes B3 ayB; HsPG
SP: Secretory signal peptide H/ ggggg
IGFBP: iNSulin-like growth factor binding protein domain

VvWC: von Willebrand type C repeats domain Plasma membrane
TSP: thrombospondin type 1 repeat domain ) )
CT: C-terminal domain Integrin af8 heterodimer

Figure 24. CCNI1 structure (left, modified from Chen et al., Int. J Biochem. Cell. Biol., 2009) and
localization (right, modified from Alyloo et al., Nueron, 2022).
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B 3 Hi  CCN1IZ & 2 WM AR iR D RTIR 28 E 2 /A L %8 BE D E
RIZ, CCN1 DOFETUEH MDA REAIC B2 5 2 % et L7z, B642 17 H im0 By
AR~ 7 2 (Wild type, WT) 75, VESARRGHIGORIGZR 21T o 72, 14 HREGEE
T, T RAEFRES %, BERIRIC CCNL 2RI L7, 24 B ICEE LT
REMBE PR A E T oo, RBHEOM/NE ~— 7 —Toh 5 microtubule-
associated protein 2 (MAP2) FaMERZeE RICR 6D, v F T AFIK~ — 1 —
(Vesicular glutamate transporterl, VGULT1) & 3 F 7" X% i~ — % — (Postsynaptic
density protein 95, PSD95) DIL/RfE 4 BIEEM: < 77 2% & U TR L 72. CCN1 &N
Z XY VGULTI1 & PSD95 23 Ak S L2 R OFns B3 28k -3 @BlE2 S 4u (Fig.
25A,B), CCN1 BN F 7 A Z2 WD S H1ERHEZFF S Z LR Sz, —J5, MAP
BEPEHIIREUCIZZEIT A BT (Fig. 25A, C), MEHIIROATFIZITRE L 22\ Al ErE
NHEZ BT
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Figure 25. CCNI1 reduced spine density in cultured hippocampal neurons.

(A) Representative images showing PSD95 (cyan), VGULT1 (red), MAP2 (green), and DAPI
(blue) staining of cultured hippocampal neurons. Cells were treated with CCN1 for 24 hours.
Arrows indicate PSD95 and VGULT1 co-labeled punctures on MAP2-positive neurites. Scale
bars indicate 50 pm for low magnification and 5 pm for high magnification. (B) Quantification
of the number of PSD95 and VGULT1 positive punctures on MAP2 positive neurites (n = 3
for each). (C) Quantification of the number of MAP2-positive and DAPI-positive cells (n =3
each). Data represent means + standard error. Analysis of variance by Tukey's post hoc test is
performed. **p<0.01, *p<0.05 are considered as significant differences. NS is not significant.



VT, CON1 MEFEMEBAMRMIED v 7 2 2 ST 2 BT 5720,
CCN1 DRFEIC X 285 T F B & HEREAIICMEHT L 72. RNA-seq & it L 7o #& 2,
CCNI1 HFIC XV HFEICEBT 58BT3 Sz (Fig 26A). BEEE I
VT Gene ontology fi#AT 247 > 72/ R (Fig. 26B, C), ZE LAl S i Em 11T
XV AR Y —LAEAKICEEE T 28R 78 (GO: 0042254) NEEICE ENL TV
(Fig. 26B). Z OREEEIT T 7 AffERF72 & D JRFTH & 287 B A KIS RIS 5 210
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Figure 26. Gene expression changes in cultured hippocampal neurons exposed to CCN1. (A) Volcano
plot showing gene expression changes in cultured hippocampal neurons exposed to CCN1 (n = 3).
Red dots indicate upward regulated genes and blue dots indicate downward regulated genes. (B, C)
Bar graphs showing the results of Gene ontology analysis of genes whose expression changes are up-
(B) or down- (C) regulated.
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FAH ADET /L~ U AT H CON1FEBUNHIC K D A4 VB~ 5

FEWT,AD E7 /b~ U AZH T 2 MENEH KD CON1 OEFN 2/~ L5720, 7
7 J BEfE T A L A (Adeno-Associated Virus, AAV) X7 ¥ —Z{# ] L 7= CCN1 D35
il & ke U7z, BARBCIE, HARAR R o0 s PN BRI FR T e 28 & 5 1 i
& % AAV-BRI1 (221 (/8 N AR B AY 72 CD144 'R E— 4 — 1 C, 40 # o3
2 & GFP &, CCN1 %A & 3% micro-RNA (miRNA) % FEELS 5 Rl & kA IA 7,
I A1 7 PN R A L s JR 9IS CCONT &2 J8 BTN 5 7 A /L A (AAV-BR1-miCenl) % AF
ik L7 (Fig. 27A). 6 » HHo AppN-SF < 7 212 AAV-BR1-miCenl E£7z1d= b
—/V AAV (AAV-BR1-miCirl) Z #NRIEHIZ L0 25 %5 L, 3 HRE®Z KNS
CD31 [ & PN FZ #i 2 Magnetic cell separation (MACS) (Z & 0 BEEL, Cenl @
mRNA OFHlE%, TE'EA Y A 7 —FBHEE (quantitive polymerase chain reaction,
qPCR) CTHEFR L7=. T DfER, AAV-BR1-miCenl #%5-~ 7 ATl mRNA L~UL T
Cenl OFIBIE S 7= (Fig. 27B). & 51T, oMb de % HVv T CCN1 3§
BEOELZIER Lz L A, AAV-BRI-miCenl $5HEDM CD31 BG4 % PN Ez il
WIZHE1TH CON1 OFBUE, =22 e — G ik LTI L7z (Fig. 27C, D).
—J7. BEMICEBIT S CD31 BEME O SITIFAERZIIRE &z~ 7= (Fig.
27E). 2D Z &b, CON [T E N EGIIADTZREIC 1T B L 72\ 2 L AVRIR S L
7z
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Figure 27. Suppression of CCN1 expression in cerebral vascular endothelial cells by adeno-
associated virus.

(A) Schematic diagram of AAV-BR1-miCcnl or AAV-BR1-miCtrl. (B) Graph quantifying the relative
expression of Cenl mRNA in CD31-positive cells isolated from APPNL-G-F mice treated with AAV-
BR1-miCcnl or -miCtrl (n = 3). (C) Stained images of CCN1 (magenta), EGFP (green) and CD31
(cyan) in the hippocampus of APPNL-G-F mice treated with AAV-BR1-miCcn1 or -miCtrl. Scale bar
indicates 20 um. (D) Graph of quantified CCN1 relative fluorescence intensity (miCtrl = 1) on CD31-
positive vascular endothelial cells (n = 3). (E) Graph of quantified length of CD31-positive vessels (n

= 3). Data are shown as mean =+ standard error. Student's t-test was performed and *p < 0.05 is
considered as significant difference, NS is not significant.
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MV T, CONL 238t EZEGE ED A A VIS G X DIERZ G L2, 6 » Ao
AppNOF = 2T LT RIR D AAV Z 5 LT CCN1 Z 5 BUMI L 72, Kts
AN 2 Goldi-Cox et 218 & VTR L, MEFS CA1 fHIk D 231 285 L
7= (Fig. 28A). AMIf & PN R AR B A0IC CON1 Z2 R B L 7= App O~ o 2 T,
SHHBRE L Ll L, Ao OBENE -T2 (Fig. 28B). 2D L7vb, AD £F /L
~ U AZBWT, MAENEZHAE D CONT XA A ORI FH 5§ 2 "l etk
PR S T
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Figure 28. Spine density is increased in APPNL-G-F mice with suppressed CCN1 expression

(A) Golgi stained images of spines on apical dendrites of hippocampal CA1l pyramidal cells from
APPNL-G-F mice treated with AAV-BR1-miCcnl or miCtrl. Scale bar indicates 5 um. (B) Graph of
quantified spine density. Data represent mean + standard error. Student's t-test was performed and *p
< 0.05 is considered as significant difference.
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581 AD ET /L~ U RIZEBITSH CCNI1 BEIMGENC L 2 7Y 7 HEMA « 7
S A BRI 52

H

AppNOT U X TIE, T I A REEOEELY ST ADORITINAT, 7Y T
RO BIEE S D 2D 70 7 I ORI 2215 A K DA RAEIX AD DfRF
72 AR R T d 5 21D 72 2 oIz, A NI Sk CCNT 2327 ) 7 i
(R A 5.2 B et L=, AAV-BR1-miCCN1 Z#5- L7z App"voF < o7 2 DS
CAl F 7213 DG 128\ T, ITonized calcium-binding adapter molecule 1 (Ibal) F5fE < 7
ns/ )7 /~7n7y— %L SRY-box transcription factor 9 (Sox9) BT A bt
N DO B PR L Y I L D R L7 & 2 A (Fig. 29A, C), W unwhvh 2 b
0 —/L & [RREE Th -7z (Fig. 29B, D).
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Figure 29. No change in glial cells in AppN-SF mice with suppressed CCN1 expression

(A) Ibal (magenta) and DAPI (blue) staining in hippocampal CA1 and DG of App~-S°F mice treated
with AAV-BR1-miCtrl or miCenl. (B) Quantification of the number of Ibal-positive cells per unit
area (n=3). (C) Sox9 (magenta) and DAPI (blue) staining in hippocampal CA1 and DG of App™N-S-F
mice treated with AAV-BR1-miCtr]l or miCcnl. (D) Quantification of the number of Sox9-positive
cells per unit area (n=3). Scale bar indicates 200 um. Data are shown as mean + standard error.
Student's t-test was performed. p < 0.05 is considered as significant difference, NS is not significant.

F72, T IvA REICKHT 2 S MEt L7223, CCN1 #1f## @ CA1 B L O'DG IZ
BITD ABx GHEFIROEIGIC S AEREITFRD i o 72 (Fig. 30A, B).
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Figure 30. CCN1 does not alter Ap accumulation.

(A) AB4> (magenta) and DAPI (blue) staining in hippocampal CA1 and DG of App™N““F mice treated
with AAV-BR1-miCtrl or miCenl. (B) Quantification of AB4; region (n=3). Scale bar indicates 200
um. Data are shown as mean =+ standard error. Student's t-test was performed. p < 0.05 is considered
as significant difference. NS indicates not significant.

IHRHDOZ LN, MENKHERED CONL 1T APPNCOF < o7 2 DR IBIES AP &
FRICIZBA G L2 EAURIE S T,
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HH6HI AD ET /L~ AIZEIT D CONI ZEEMHIC X 2 A RE~ D H28

BRI, MENEMITHRILT S CON1 ORBMBEEE~DRBLZ M T 5720
AppNrOF = 7 A TREE SN D &S D H D RAEEREIC OV T 21 CONT FEHAMH] I

RoEaE Lic, £, 2278 - RIBE N 23 HE T 2 728, /S— 2 XA JEREE
Bk (Barnes maze test, BM) 220 %5 L7=. ZORBRTIX, ~ 7V A& RXDZEWZH
fiE LICE X, K IC OB D NROMEZFLET 2 £ TORRLZFHMET 5. &5

HIZBT 2= —0 R 25 L7z & 2 A, miCenl #5HETIE, 2> hr—L
LT, B O T —BN AR o7 (Fig. 31A, B). — T, 24 K]
BT v —7 R TIE, BEEROBEISHE LIRFFICHER THEEITEO bk
o7z (Fig. 31C). 2D Z &h, MAENEZAMAED CCNT ZRBLHI4 25 &, APPN-
OF -7 2D ZEMFREE N SET 55T, HHEROEMEEBRICITREL 2
AIREMEDN B 2 B LT,
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Figure 31. App™F mice with suppressed CCN1 expression show higher spatial learning

ability than the target group.

(A) Trajectories of 6-month-old App mice treated with miCtrl or miCcnl in the Barnes
maze test (day 3 of training). Black circles indicate target locations. (B) Quantitative results of
the number of errors in searching other holes before entering the escape box (means of 6 trials/
day). (C) Quantitative results of the time spent around the target in the probe test 24 hours after
the last training. n = 9 (miCtrl) or 10 (miCcnl) animals. Data are shown as means + standard
error. In (B), Tukey's post test was conducted after two-way repeated measures analysis of
variance, and in (C), Student's t test was conducted, with *p < 0.05 significant difference. NS is
not significant.
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BT, MFERIBREN 27T 2720, FamREZ AR (Novel Obect
Recognition Test, NORT) % %Efi L7=. ZORERIL, HL Bl LE=wikiEs, <o
AN LY EEZRT &0 JRIIZESN TN D, 2 DO LI=ERICEL S 7

— G EFEMIRICE XX D L, WE R~ U A TR & BRI T 5 IR A
B<72%.6 » AU LD AppNOf <7 2 TIX, Hiaik & B0 & 2 Wik o B
R D ZENTERT D2 2 ENHM BN TND 2P UL, CONL Z3BUH L7z~ o A
TIX, FAFEEO 2 b r—/L & W U ORI 3 2 BB R OFI G 23 @ h o
7= (Fig. 32A, B). — /5 T, MEREMICHABERBERMZITRO bNRhoTc 2 &b
(Fig. 32C), IM&ENEZMIEE D CONT IT/EERBEZEET 5 Z LB RB I LT,
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Figure 32. App"“CF mice with suppressed CCN1 expression show higher working memory
performance than the target group.

(A) Heatmap showing the exploration results when presented with a novel object in the NORT test of
6-month-old App™“SF mice treated with miCtrl or miCcnl. The color red indicates longer residence
time. (B) Quantitative results of the percentage of time spent exploring around the novel object out
of the total exploration time in the NORT test. (C) Total time (in seconds) spent searching for any
object during the NORT test. n = 5 animals. Student's t-test was conducted and *p < 0.05 was
considered as significant difference. NS is not significant.

TEERIE~DEE L S LIZFHMIT 5 720, Y F TR K R (3@%' EPGR ) %

i
s L7z 22222 CCN1 2388 L7z 7 v — 7 Cld, *THREE L i L C, Frfloas

% b

(ZIAET DR N E 2> 7= (Fig. 33A, B). — 5T, Zv— 7B OB e A E
ZITRO LN o 72728 (Fig. 33C), Z OERIFM OEINL, EEHEOHIN T
72 ZERWEERBREEDEM L & E X biD.
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Figure 33. Suppression of CCN1 expression alleviates spatial working memory deficits in AppN-&-F

mice.

(A) Heatmap showing exploration results in the Y-maze test of 6-month-old APPNL-G-F mice treated
with miCtrl or miCenl. Red indicates longer residence time. (B) Quantitative results of the percentage
of time spent exploring the novel passage out of the total exploration time in the Y-maze test. (C)
Total distance traveled during the Y-maze test (cm). n = 5 animals. Student's t-test was conducted and
*p < 0.05 was considered as significant difference. NS is not significant.
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BTH REROBLE

AREDWFIETIL, CCN1 28 AD ET7 /L~ U ADMAENKRTHRE LA+ 252 &
Z R L7z, CON1 1350w /X7 T, ECM F6 LUl s & H B L
TV 5.2 CONL IFFE YY), IERFIZ L > THEINDIRMIFERT L L TR
RSN TE D2 WRAEIZBT D LMERDBEEICRAIR IR+ Th D 2 & RH
HINTND ) FLANADOREBMHICEET 5L 0HmELH Y, 2L CONIL 2
VEGF ORBELZEINEEH &2 E% N LT, MEOIREFREZENIEL70 L
Z 2 b 52 CON1L DOFEELZ HIH T 5 BRI SV T, SF 8, MlaEkic
CCNI1 OFBIMMBINT 2 Z L APIRIB E TN A 32728 i 4 _& Z Lz, #bL
fo~ 7 ADRK M Tl, guanine PUESH (G4, BN EFE T 200D 2 Aki)
(2 £ > T CCN1 DEEERFIH S 41, HELN BT 2 ENRBENTNDH 2G4 D
“rElE, AD 2 E 0 S £ S ERMREMEREOHREERFTHLEBZEZXHINLTEY,
(@230 AD OAFFEAIIL TS G4 OFFEMABEZ SN TV 523259 512, AD BH
BELOAD v 7 ZET/VTIRIKILE NGO TTHEL TV D Z ERHE SN
THY,2Y AD OMEATIIE D N EGMIRIZ 31T 5 CCNT RBLOBINIL, MinEkic
9 G4 BEMITETFEL TV D ATREMENE 2 5N 5.

AMWFFED in vitro FEERTIE, FEEIRSS AR IZ IV T, CONL 232 T 7" 2 5 % 6
HEREDH T EER L BICRIT D VT T ABORDIE, RO YT T A
PR, EIFBEHE DT 7 A DOHERFOIE, 2 WVIEV T T ARSI E D H O
& &2 H5. CONL 25FEAT % integrin @ 9 b, integrin B1 38 L OBs 1377 A G
K7 & L COMRED X < T ST T2 2588 KAFJECIE, CCN1 B2 27
T AP DIy T AT = ALERFET H T EILTE R -7, RNA-seq D HIT
S TR D —2 & LT, BFTHIZR Y v 7 ERRZHI4 5 U R Y — L HkfE
BIENEZ L2 FEiR ) R Y —2FRIE T T AR ETH D 20
U AR Y — DHERE D B 13 AD OIS DB T 5 24D

in vivo D EERTIE, Wil E N EIIZE 1T D CONT RBBLOMFNZ LV, AD ET /L
~ U ADWERITIIT D T T AN L, FREEEERE E AN GE T D FIREME S AR
ST AD BTV~ U ZA DML E N EARIIZ 3T CCNL FEBLOIHIN 7 ) A —

58



VAN Lo o 2 & & invitro WFRORE R 6, ML KO CCN1 I3 in vivo
THEEMICHRHIRIC R EEY 525 Z EREESND. — 5T, CCNI IZxT 5%
HETH D integrin avp3, a5B1, aMB2OFEBLL, MM TR< T A A
FBEOIZr 7Y 7 Thicn T Zhbo 7 ) THIRIZ T 21E %
TEIE— MR AR RE 2 25k S 5 2824 CONT IS 5 2 2 IR 8 PN R
HIBLL TH Y, CON1 ITIMAEFE 2 RIE D&M 29 25T & b 21k
SEDLZEWRRINTWD., ARIOHZETIE, & NEGMdH kD CCN1 23L&
NEZHIRRICVER L CHERE 2 2L S8, OG5, MR IER 4 2 aTREME 2 5
LT, Lo T, mMENMIRERD CON1 1F, BEEMICHREMiaEE L 5.
Z DL, ORI E N L CHREREA S L CW D AREMERE 2 b b, &
7z, THEARRSRICH T D CON1 O ERMHEIRITME NI TH 5 2 L AlE S
TWLEBRM 72 hatA b CONL 2R BLLTRY, BLLZT A hrH A T
I% CCN1 OFBNEENINT 5.2 Lo T, MENKHKD CCN1 D,AD IZ51T 5
PR RERE E A~ DT EITE I TH D AT B 2 bivd. 41%, CCN1 IZ XK D AD
IR HETE RS <2, oD D BY G- A& ZEAIC A H2MZ % Z & T, CCN1 @ AD O#HH#
IBIFIER L L CoRAMERGET 2 LR H 5.
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ARSI, AD {BFEOAIH 2 BRI, KRBT RNERICAER Lz, 7IvA B4

A — R 2 IRF 7205 2 R AL B OPRR & 2 BT 36 1T 2 ik
REPRE 28 K128 B Lz, Fillin AR O PRRHFTEIC SV Tk~ 7z,

B 1ETIL, R¥ A RE Y (Thelephora aurantiotincta) MeOH ext. U, 3 FEDHT

3

#1 p-terphenyl {54, thelephantin P (1), thelephantin Q (2), thelephantin R (3) 3 X 1% 4
FEDBEEN{L S, thelephantin A (4), terrestrin D (5), thelephorin A (6), 4-hydroxybenzoic
acid (7) ZHBE RIE L. 6118, ZNLDIEEMOIT I u A N A7 — RiEME
& LogP %l L7= & Z A, thelephantin P (1) 1% AP #EEENH] (ICso=12.9 uM), BACEI
BLEIEME (ICs0 = 6.3 uM), HREREIE (ECso = 8.0 uM) D~ T O 2l 7
PEREELLT TR L, 730, BBB i iy SN o b a¥ L RI% D LogP /R L7z, K
WFFE CTHEE L 72 p-terphenyl {LEMIE, SMEEMDIIEFITIAB LIcEZ /A L THY,
[FAR D thelephantin FUZ I 1T DHEETEHAMBEZ G52 LT, 7IvnA RI AT
— FIZBIF 2 multi-active 72{EPEIZ M B MEFAEEIZ OV THIAN RO D & iy
TE5. AWZECTHBEEL 7ALEWIE, 7 IvA NI A7 — ROT X TORME CiEME
BT ED D, MCI 705 AD %I E TORILWEEIC & > T, AR EBEAR
LD EDWIFRFEND.
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Figure 34. Summary of exploratory research on compounds with anti-amyloid cascade activity from
Thelephora aurantiotincta.
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WoETIL, MR o —a L ORBMRZERE 23 ORAICE R L, AD EITICRIT
% CCN1 O&EIZEE L. AD EF /L~ 7 ZADOMANEMED 5 227 ) 7 h—
LEHT T, CON1 BELHIEOHEIT L & HITWINT 22 LA A L. &b
CCNI LI XY, HREE =2 — 0 v DA, VBN BD T 2R LT, %
7z, B MENEAIIZISIT S CCN1 OFRBZMEIT 5 &, AD £7 /L~ 7 2Dk
RIEHE A A DD LRI E REMIND Z L 2R LTz, ZRbDORR K
,CCNI 3 AD DIFREHETTIZ ISV T, BHRZEE A 3o > ORI 241 L TRJHE
FEIX F27FE T 5K 7 TH Y, CON1 25 AD OF 7= 72 IB0 ISR L 72 5 Al RErE 23 R
STz,

p——

Spine density "v

Endothelial cell Neuron // Spatial learning .‘

Figure 35. Summary of research to identify factors derived from cerebral vascular endothelial cells
that induce cognitive decline.

L AR FUADRLEAGRIZ LV, AD BRI BB SO BY L2 b D
D, AB FURFRIE CTIIRGIERI DR EN) T D 2 & RERE O RIE RS S
NTND. A% S LICHAT T AD BENRMICHNT 2 2 & 25 x5 &, JLHiPH
PRI R TR TR IEORT 7o R TR OB 1S, SIS M EN D X}
BThHDEEZD. AR TIE, APEE A B & L728172 72 AD 1893 — NMEEW
& HTHL AD TRIERER) DBRFEIT D723 2 FfE R e LA B a2 Lz, A1k, HEEL
BEMNZHONTET L~ 2% W= invivo 7 —F OEE, & 2\ T4 N R
? CCN1 Z il 2B OREIZ LY, AFRIZEIVERT L LEZIDND. S
DIACAMFFER L, 8 NI OB REC IR TR BL A Hilf 35 = & C, BBB 0%
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WAEBRE LR TH LWERGOBFESC, Mita I L7 RS & M6 PR Hih
OB A I U7 B O il 70 &, (L PN EGRIE A i U 7= ik RE O R 12 55 B
L7 ZNE TIZRW ADWEREDOHIE Y 7n—FIUSHT 22 ERnTE 2B 2
HILD. DY RIFFE TR DI HER D R L iR PP O RICH 535
EHAVRERE L T 5.
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EBROE
B®1E RZ A RFY (Thelephora aurantiotincta) MeOH ext. 7>5 DHLT /LY /N
A < —IRIEELE M DERE
MO AF 2016 £ 9 AIZIUELR T Thelephora aurantiotincta D FRZHAE LT,
N F v —IEAR (TA-2016) IXINAEIB R P FEIMA KPR RICHFE SN, HE
DIEENE, FFZEEO/NINZ X > THEgd S 7.

X AOHM & 5Bt W% U7 Thelephora aurantiotincta (414.0 g) L7205,
+43 8D CHCI3 (2 1 BRRIE L, Al L7 2 i ONRIEfh 5 2 & 2551 3 |
0K L7z, CHCL Thi M U 7oA 126 L CIRBRORIESE 2 MeOH THFF 3 [H]

=

PAs)

0K L, MeOH % = \7R L— N9 5 2 & T L T MeOH ext. 44.0 g Z#157-.

T. aurantiotincta MeOH ext. % £ Si. C. C. % FH VT CHCI3-MeOH (100:1, 50:1, 25:1,
15:1,10:1, 5:1, 3:1, MeOH 100%) T4 L, 4 >D 7727 3> (A:10.7mg,B:2.2 g,
C: 48 g, D: 28.5g) #437-. Fr. D (28.5 g) % & HIZ Si. C. C. % T CHCl3-MeOH
(30:1, 20:1, 15:1, 10:1, 5:1, 3:1, 1:1, MeOH 100%) T4r@E L, 7 FEO7Z 7 v a
(D1-D7) Z437=.

Fr.D4(6.2g) % (1)Si.C.C.,CHCl-MeOH (30:1,20:1, 15:1, 10:1, 5:1, 3:1, 1:1, MeOH
100%), (2) ODS C.C., MeOH-H,0 (MeOH 50%, 60%, 70%, 100%), ¥ & % (3)% it
HPLC , MeOH-H20 (70%, 100%) @ 3 D7 v~ 7T 7 4 —ToHiEL, (L&Y 2
(11.1 mg, tR 18 min) ¥ L * 5 (5.2 mg, tR 16 min) % 157-.

Fr.D5(7.2g) % (1)Si. C.C., EtOAc-MeOH (100:1, 75:1, 50:1, MeOH 100%) # X O}
(2) ODS C. C., MeOH-H20 (MeOH 50%, 100%) D2 s/ n~ 757 4 —Th
B L,7>D7Z 7= (D5SA1-7) #4372, Fr. D5A4 (152.0 mg) % (1) ODS C.C.,
MeOH-H,0 (MeOH 40%, 50%, 60%, 100%) }3 L 2) 7 ==/ H T L% HWi=/5
HPLC, MeOH-HO (MeOH 65%) (2L 1, 1 (52 mg, tR 27.243) 3L 4 (8.2 mg, tR
20.4 43) %437-. Fr. D5A6 (842.2 mg) % CHCl3-MeOH THILE X1, 6 (617.1 mg) %
7. Fr.D5A2 (103.4mg) % Si.C.C. %\ T n-Hex-EtOAc-MeOH (100 : 100 : 1,75 :

75:1,50:50:1,40:40:1,30:30:1,20:20:1,10:10:1,9:9:1,8:8: 1,7:7:1,
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6:6:1, 5:5:1, 4:4:1, 3:3:1, 2:2:1, 1:1:1, 0:1:1, MeOH 100%) 7°"> 5 2D 7 77 a v
(D5A2A-F) %1%7-. Fr. D5A2B (3.9 mg) % MeOH-H.O (MeOH 40%) CT¥ 7% 43 Ht
HPLC THEH#IL, 7 (2.6 mg, tR 16.0 min) % 737=. Fr. D5SA2D (49.6 mg) % & 51T (1)
ODS C.C., MeOH-H,O (MeOH40%, 50%, 60%, 100%), (2) 43 Bt HPLC, MeOH-H,O
(MeOH50%), 3L 3) 7 ==/L 7 T AT XL 547 H HPLC, MeOH-H20 (MeOH60%)

2470, 3 (1.6 mg, tR 12.8 43) & 157=.

HEE LT LEWD AT b T—%

Thelephantin P (1): Colorless amorphous; UV (MeOH) Amax (log &) 229 (4.37), 236 (4.36),
242 (4.37), 248 (4.37) nm; IR (ATR) Vmax 3184, 1733, 1608, 1524 cm™!; 'H and 3C-NMR,
see Table 2; neg. HRESIMS m/z 549.1183 [M-H] (calcd for C32H2109, 549.1186); pos.
HRESIMS m/z 573.1139 [M+Na]" (caled for C32H22009Na, 573.1162).

Thelephantin Q (2): brown amorphous; UV (MeOH) Anax (log &) 216 (4.24), 249 (4.33) nm;
IR (ATR) vinax 3443, 3260, 2518, 2159, 2033, 1977, 1721, 1660, 1639, 1606 cm™'; 'H and
BC-NMR, see Table 2; pos. HRESIMS m/z 481.08931 [M+Na]" (calcd for C26H1sOsNa,
481.0839).

Thelephantin R (3): Colorless amorphous; UV (MeOH) Amax (log &) 203 (3.40), 262 (3.17)
nm; IR (ATR) vinax 3278, 3119, 2804, 1733, 1717, 1608, 1525 cm™; 'H and '*C-NMR, see
Table 2; neg. HRESIMS m/z 487.1026 [M—H] ™ (calcd for C27H1909, 487.1029).

Thelephantin A (4): Colorless amorphous; UV (MeOH) Amax (log &) 216 (4.22), 265 (4.14)
nm; IR (ATR) vinax 3239, 2916, 2032, 1977, 1611 cm™'; 'H and *C-NMR, see Table 4; neg.
HRESIMS m/z 515.1333 [M—H] (calcd for Cx9H2309, 515.1342); pos. HRESIMS m/z
539.1303 [M+Na]" (calcd for C20H2409Na, 539.1318).

Terrestrin D (5): brown amorphous; UV (MeOH) Amax (log ¢€) 216 (4.22), 265 (4.14) nm; IR
(ATR) wmax 3190, 2160, 2032, 1977, 1611 cm™'; 'H and '*C-NMR, see Table 4; pos.
HRFABMS m/z 487.1386 [M+H]" (calcd for C2gH230s, 486.1393).

Thelephorin A (6): Grayish amorphous; UV (MeOH) Amax (log ¢€) 231 (4.38), 255 (4.38),

283 (4.34) nm; IR (ATR) vimax 3239, 2916, 2848, 2522, 2519, 2031, 1977, 1744 cm™; 'H and
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BC-NMR, see Table 4; neg. HRESIMS m/z 563.1344 [M—H] (calcd for C33H230o,
563.1342); pos. HRESIMS m/z 587.1282 [M+Na]" (calcd for C33H2409Na, 587.1318).
4-Hydroxybenzoic acid (7): Colorless amorphous; 'H and '*C-NMR see Table 5; HREIMS

m/z 138.0316 [M]" (caled for C7HsO3, 138.0317).

BACE1 FRET Assay BACEI assay (£, BACE1 FRET assay kit, Red (Thermo Fisher
Scientific, USA) Z H\W\TIT>72. 9 uL OFERFEL, 9 ul @ 750 nM BACE1L /E (50
mM HERFET F =7 LD Rh-EVNNLDAEFK-Quencher), 35509 pL @ BACEI
B2 (1UmL) &30 384 7= LRY Fubr'LrFL—k ETRAL, =SET 1K
S S8 72, @2 658 FE 1, Synergy HTX Multi-Mode Reader (BioTek, USA) % T,
JibiE 540 nm, F) 590 nm THIE L7-. BACE1 BAERIILL FOXTHH L :

BACEI inhibition rate (%) =[1 — {(S — So) — (B —Bo)} / {(C - Co) — (B—Bo)}] x 100

C I IBUGBRSA 1 B o = h e —/L (10%DMSO assay buffer, FEE, B£3E) 128
T DENHREE, Co 1ISURBIMEZ D 2 hr— B 28 NMEZ /R~ B |
JERBRAE 1 FE 07 > 7 (10%DMSO assay buffer, 58, i% 3 % & £ 72\ assay buffer)
BT HENIRE, Bo lZSRBIRER DT T L 7 BT AMNERETH 5. S ITK
JEBRAG 1 BRI O GRUEFD 10%DMSO assay buffer ik, FLE, B43E) |
T IR, So 13 SEBRARIELE2 D PR FEHT 3 1T 2 OB TdH 5. 1Cso fHl

Prism (version 5.02; GraphPad, USA) TH.H L7z,

Table 12. Equipment and reagents for BACE1 inhibitory activity assay.
Phes - W3 (oE)

[ s BACE] (B-Secretase) FRET Assay Kit, red (P2985, Thermo Scientific)

B-Secretase Inhibitor IV (565788, Sigma-Aldrich)

T OO « BRI, — i K O OTEMERER & [FIER.
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Th-T Assay Thioflavin-T (FUJIFILM Wako Purechemical Co., Ltd., Japan) 3 T ABao
(Peptide Institute, Japan) % T, fliHi9), W3k X OHEE S 7/bE&® D Th-T
assay #1772, AP DEEEEIL, Naiki HIZ X > TR &7z Th-T & ' 2L L7
H D& FAWTHEf L7z, pH 7.4 T 100 mM NaCl Z&%r 50 mM U » g ~ U 7 AkE
i 80 L % 0.5mL F = — 7124 7E L, DMSO TIAafg L7-4#E 10 uL 2z 7-.
ABa0 (0.02% NH4OH (T 250 mM (2725 X 9 fE) Tk 10 ulL & F =2 —7I2R, &
HEPRFE DN 25 MM APao E 72D L ORI L7z, TR COEEIIKk ETITo 7. Hbhiz
Wi % 37°CC 24 BB RS &8, 5.0 mM Gly-NaOH FEEi% (pH 8.5) ([ZIAfE L 7= 5.0
mM Th-T % 300 pL X TRE L7z, IREWM%E 96 7 = /L7 L — MZ 100 pL T o8
L, 30 s30T ANV T v 7 A LT, @SR EE L Synergy HTX Multi-Mode Reader
(BioTek, USA) % FHV N TIhEE 440 nm, F8) 485 nm THIE L7, AR BEEEFIZLL F D=
THRMHELE

AP aggregation rate (%) = (S — B)/(C — B) x 100

C 1% 24 B4 v F 2_X—2 3 %D DMSO 22> b —/L (assay /N> 77—, 25
mM ABao, BBRFRENEE £ 7220 DMSO) O EHRE BIIA v Fa— g LT
IRNT T (assay /Ny 77—, 25 mM APao, #EEREENZ G £ DMSO) D
FERE, S IIWEBRFREL (assay /¥ 7 7 —, 25 mM APao, #ERGREL & & Te DMSO) ™ 24
KA > F a2 _X—v a VEBROBEBRETHD. RYVT 472 br—1Ee LT
myricetin (Tokyo Chemical Industry Co., Ltd., Japan) % HV 72. ICso fE|% Prism (version

5.02; GraphPad, USA) % W CHH L7
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Table 13. Instruments and reagents for Th-T assay.

e - L (lkoe#H)

A FaN—F— Fine /N 1 > % = ~X— ¥ —FF-10 (TGK Co.,
Ltd.)

0—7—4%— Mini Disk Rotor BC-710 (BIO CRAFT)

wHT— N —H— Synergy HTX Multi-Mode Reader (Bio Teck)

RLF w7 2 MS3 digital (IKA)

TL—hFIFH— Micro Plate Mixer NS-P (ASONE)

pH A — 4 — pH METER D-13 (HORIBA)

96 JHE LT L— | 96F Nontreated Black Microwell Si (Thermo
Scientific)

~A 7By K Pipetman (P20, P100, P200, P1000, P10mL,
GILSON)

~Af/aFa—7 Treff Lab (0.5 mL, Nolato),
QSP (1.5mL, Thermo Scientific)

a—= T 15 mL, 50 mL, 100 mL (TWAKI)

A% | Amyloid B-protein (Human, 1-40) 0.54 mg/vial (PEPTIDE INSTITUTE, INC.)
Myricetin (529-44-2, TCI chemical trading Co., Ltd.)

Thioflavin-T (202-01002, Fujifilm Wako)

Dimethyl sulfoxide (10378-00, Kanto Chemical)

25% Ammonia Solution (017-03176, Fujifilm Wako)

Potassium Dihydrogen Phosphate (169-04245, Fujifilm Wako)

Glycine (077-00735, Fujifilm Wako)

Phthalate pH Standard Solution pH4.01 (028-03185, Fujifilm Wako)

Phosphate pH Standard Equimolal Solution pH6.86 (025-03195, Fujifilm Wako)
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MRIEEE b MRREMILE SH-SYSY Mifdix ATCC DAL, 10% fetal bovine
serum (FBS), 30 U/mL penicillin, 30 ug/mL streptomycin, 15 mM HEPES % ¥RANL 7=
Dulbecco’s modified Eagle’s medium/Ham’s F-12 medium (DMEM/F12) TH:# L 7=.

AL T75 flasks TEEEE L, 37 °C, 5% CO2 DA > F 2 N— X — N THERF L 7-.

SH-SYSY HALICIIT 5 ABe I T AREEARR 25X DMSO 1T
fifg Uz, RE KT OBk DMSO I 0.1% AT Th v, Z OREIL SH-SYSY Mk
DRI E L 52 72> T2 (7 — 2 K Hei). ABRTIE, 55# L7z SH-SYSY e
% Type I collagen-coated 96-well cell culture plates (Nippi Inc., Tokyo, Japan) (Z 3.0X10*
cells/100 pL/well D% THAE L7-. 72 FEfE: %, @ OR#AFRE L, 2% FBS,
30 U/mL penicillin, 30 pg/mL streptomycin % #&/J1 L 7= phenol red-free medium (Z45{%
FEDY 7, 0.02% NHsOH (2R L 7= 250 uM A4z (ABax DECHLIRFE L 10 uM) %
B LToRE I ANURR 272, 5% CO,, 37°C T 24 R SIS L 724, M4 % WST-
8 Assay (Dojindo, Kumamoto, Japan) % F\C, B& T OFRRICHE> THIE L7z, i
HizEldsn e, 10 uL © WST-8 A% well I2MAT, 71— k% 5% CO,,
37°CC 3 BRSOt L 72 %%, Synergy HTX Multi-Mode Reader % FV T 450nm OW &
(reference: 655nm) ZHIE L7=. KV 7V OWIE (450-655nm) %, Vo 7V
Bz b —)LOWOCE & ik d 5 2 & THRXBaAFR 2R L, bl
AAFERDS 80% % Tl 2 [ AT O AR E A Ml m g B & B 28 L7z, PR OREIEMIE
UTFoXTHERHLE
relativecell viability to control (%) ={(ABSs — ABSv)/(ABSc — ABSv)}x 100

Z 2T, ABSs (3 3 BSOS OFRER Y > 77 1(0.1% DMSO, NH4OH D ABs, H v
TV TR e ) DOWOEEE, ABSy 1% 3 RfHI US4 @ vehicle (0.1% DMSO,
NH1OH H D ARy, skBREFH) OWEE, ABSc 1% 3 RifEI S H% O ARy IR = > b
2 —/1(0.1% DMSO, sBRE:H) OWIEE TdH 5. ecso fE (X Prism (version 5.02;

GraphPad, USA) % A\ CRH&E L7z,
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Table 14. Instruments and reagents for testing neuroprotective activity.

dnd (RIEE)

mEIE~Ny bk Pipet-Aid XP2 (Drummond)
TAAR—F T LBy 5mL, 10 mL (IWAKI), 50 mL (VWR)
IS T A% T75 tissueculture flask (TPP)

96-well cell culture plate (353072, FALCON)

s (FEH)

SH-SY5Y (American Typeculturecollection, A=A b FAM9EEE X 0 H52)

Amyloid B-protein (Human, 1-42) 0.55 mg/vial (PEPTIDE INSTITUTE, INC.)
HEPES, L-glutamine, DMEM/F12 (1:1) (Thermo Scientific)

HEPES, L-glutamine, no phenol red DMEM/F12 (1:1) (Thermo Scientific)
Fetal bovine serum (Thermo Scientific)

PBS (-) (166-23555, Fujifilm Wako)

0.53 mM EDTA &4 0.05% kU 7’3 (nacalai tesque)
Penicillin-Streptomycin, Liquid ( Thermo Fisher Scientic)

Cell Counting Kit-8 (343-07623, DOJINDO)

LDH Cytotoxicity Detection Kit (MK401, TaKaRa)

LogP FHUEDFE (LAEMIDK, A7 % 7 — 55k (LogP) (%, PubChem THr
957, XlogP3 (v3.2.2.) 20 ZfEH L CHE L.
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Table 15. General laboratory equipment and reagents.

P - AR (Woed)

AL (IR) A7 kL]

i

AN (UV) A2 RVH

il

i

B850 (MS); FABMS
: ESIMS

FiRi A 3L (NMR) A7 k

NMR V> v Fa—7

NMR HIE AL DMSO-ds

; CDs0D

FT-IR Nicolet iS5 spectrophotometer (Thermo
Scientific)

GENESYS 10S UV-Vis spectrophotometer (Thermo
Scientific)

JEOL JMS-700 spectrometer (JEOL Ltd.)

JEOL JMS-T100LC spectrometer (JEOL Ltd.)

JEOL JNM-ecS 400 MHz (JEOL Ltd.)

JEOL JNM-ecZ 500 MHz (JEOL Ltd.)

Willmad Lab Glass (5¢ x 7-inch, Kanto Chemical)
dimethyl sulfoxide-ds 99.9% D with 0.03% TMS
(Kanto Chemical)

methanol-ds 99.8% D with 0.03% TMS (Kanto

Chemical)

'H-NMR 35 LY BC-NMR (235

F ALy 7 FOIREEEICOWTIE, ELENR

DB HRT 2 7 F Aok F > 7 M (DMSO-ds, 8u 2.49 ppm, 8¢ 39.5 ppm;

CD;O0D, 8y 3.30 ppm, 8¢ 49.0 ppm) % JEUEE & L 7=,

TRt L

ZyHU HPLC; Has

HPLC %1 5 & (104 x 250 mm)

PDU-1100 (EYELA)

SSC-3461 pomp and SSC-5410 UV detector
(Senshu Scientific Co., Ltd.)

Jasco PU-2080 Plus pomp and Jasco UV-2075 Plus
UV detector (Jasco Co.)

InertSustain Cig column (GL Sciences Inc.)

InertSustain Phenyl 5 um column (GL Sciences Inc.)

Senshu Pak ODS-4251-N (Senshu Scientific Co., Ltd.)
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Table 15. Continued

F—7 C.C. B> U AT

HE/ /a~ NI 74—

3 BT

Silica gel 60N (63-210 um; Kanto Chemical)

ODS silica gel YMC-GEL ODS-A (75 um; YMC Co., Ltd.)
Sephadex LH-20 (GE Healthcare)

Chromatorex COOH MB100-75/200 (100 pm; Fuji
Silysia Chemical Ltd.)

Silica Gel 60 F254 (Merck)

RP-18 F254s (Merck)

Chloroform (07278-80, Kanto Chemical)

Methanol (136-01837, Fujifilm Wako)

Ethyl acetate (056-00367, Fujifilm Wako)
n-Hexane (18041-81, Kanto Chemical)

Sulfuric acid (192-04696, Fujifilm Wako)

71



E2E RAEARETZTHE T 5 MBI R E 7 OFER

EBEY AR~ T 2L LT, CSTBL6] ~ 7 A% K EBREM L HA SLC LV
BEAL72. AD TF L~ A L LTHWZ AppNtOF = 7 3B L 2R FE A A pep 2 e
FHET 2= D AF LY w0 R T 2CHOREEHRIN-RECHE L,
12 B OBRE YA 7 2, B LOKITHIRRSEBRTESL L H I L.
% 7=, Specific pathogen free (SPF) EREZD sk N CHIE « BHH L7-. T X TOEMYHE
BRIL, ENCKERR - ARRRERAT I o 2 — ISR EN ) B PR B O KR 2 15

72 (2021011R2) .

CD31 (AL D B » RNA-seq [MENEZMIEIL 3 2Hlin e 6 2 Alind AppN-o
Foo 26572, = A1%, A5 b VU HEEYE (0.3 mg/kg, Orion Pharma), X %>
7 (4 mg/kg, Maruishi Pharmaceutical), 7 kL7 7 / — /(5 mg/kg, Meiji Animal
Health) 2 & {eJR 6 BRI TR < BRIER L, K L7 U o Wi 7 AL P A HE /K (PBS) TRk ER
FHHTRETR L7z, RIMBCE # PBS iR TIREAY T 2 W TR~ < 810, Neural
dissociation kit (P) (Miltenyi Biotec) CHLEL L CHlQRR IR 2 gHE L 7=, Mifa i =
Myelin removal kit (Miltenyi Biotec) TALEE L 7=4%, CD31 Microbeads (Miltenyi Biotec) T
JLER L C, Magnetic cell sorting (MACS)(Z & U 45 PN B2 M 2 BLRE L 7.

FARE U 7= 1 PN RZ i 2> & RNeasy Mini Kit (Qiagen) % FV T4 RNA #[alIY L 7=,
X 1Z, NEBNext poly(A) mRNA magnetic isolation module (New England Biolab) % H T
4 RNA 75 Poly AmRNA % Hifff L, NEBNext Ultra RNA Library Prep kit for Illumina
(New England Biolabs) Z W\ T RNA-seq 714 7 7 U Z{Ek L7z, 7477 V%
NovaSeq (Illumina)% AW T —4 > A L7, U—RiL STAR?Y 2LV ke 7/ A
hg38 (2~ v B 7 S 2. RNA-Seq 7 — ¥ OFRBIFENTIZ HOMER 2 % W CfT
W, FEIEBEENTIT DESeq2 2 & W TIiT o 7. BEIEEER T Tix, Wi
NDY T THY MRS 20 Kl OBARFIIBRIN LTz, BRI S ARG L o
Tty MZOWTIX, Ny FHREZRET H70OIC sva 2V 2 L7z,
GSEA®32%9) |3, i&{51 % log (fold-change) x logl0 (P ) DfE%E & &I T7 7 FFHF L

T L7,
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GRRARML TR ~ U R A T3V T PBS TRDIICHER LI=D b, %
[EIUX U 7=, [ L 72 fiXid 4% paraformaldehyde (PFA, Merck)-PBS C 3 K[ # [E € L,
Z D%, 4°C D 30% sucrose / PBS K IZiR L7z, £ D%, iiZ Optimal Cutting
Temperature =X > 377 > R (Tissue-Tek, Sakura Finetek Japan Co., Ltd){Z a3 U T Hifs
L, 7 744 A% v b(Leica, CM1860) % VT 25um OUIF Z1ER L. AT A R4
7 A(Matsunami Glass) (Z8E Y 51772, B1R71Z, 0.3% Triton X-100 (12967-45, Nacalai
Tesque) & 3% IEH 2 /NMILlE (NDS; IHR-8135, ImmunoBioScience) % & 1¢ PBS %
WHFLTERT 1 7 ey X 7B LG ZITY, Z0%%, [F MO
PBS &K CAR LT — kPR & & b —BG Sz, Z D, PBS (-) T 10 4[]
? wash Z 3 BTV, Y17 A SR OB H T 1 RFR], SO IR 2 FUG
SH7-. HE PBS () T 10 47 wash % 3 [BfT-72%, =W T 5 i, 4,6-
diamidino-2-phenylindole (DAPI, 1 mg/ml, Dojindo Laboratories) CHflfat% 2 Yuta L 7=.
Wi x, L—Y—EEA IS S PEMEE (FV3000; Olympus) 2 W T, 7L 7 ~-1.3
mm 7> 5-2.8 mm O#EIFHZ 150 um BT, D72 < & H 10 HOU I N HIRE L=, H
B OfRNT, EEIX Image J MEAENT Y 7 b7 =7 (Fiji, verl.54g) % H\ 7=, CD31" 1
BNBMIEIZF51T 2 CON1 OHOGIREE L, CD31" A& PN R MmO |t 4 —fEfk L 7=
DB, BERABRIREME & LTH Y H L, CONTY B o> B4R PH PN 0 il R e %
mesure 77 VAV CER LI NBESHTZV 3EEEZMNT L, 1 E{EH7=D 300 A (Fig.
23) BLUVS500 K (Fig. 27) O CERE L7z, CAl BL DG fE@IkicHi 5, 7'V
7 HIfEEL R KON AB plaque iHifEIE, DAPIY it C CAl 7213 DG fEI 2 B4R L7=D
L, BIRFEHNICB T D&~ — b —BPED % analyze prticles TH V> b, £7z
I% mesure 7’7 /A CHEEER L. 1 BEHZ 0 3EETHEN L7z, FH L5

KX Table 16 |Z~x L7~.
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Table 16. Antibodies used in immunohistochemical staining

—IRPUA %, eI RN
Anti-f Amyloid (1-42)-Conformation GTX134510, Gene tex 1:400

Specific, Rabbit-Poly

CYRG61/CCNI1 Polyclonal antibody 26689-1-AP, Proteintech 1:400
BD Pharmingen™ Purified Rat Anti- 557355, BD Biosciences 1:1000
Mouse CD31

Anti-GFP antibody (Goat polyclonal) ab6673, Abcam 1:400
Anti Ibal, Goat 011-27991, Wako 1:400
Anti-Sox9 Antibody ab5535, Abcam 1:600
TIRHUE %, Aot AR EE
Donkey anti-Goat IgG (H+L) Cross- A-11055, Thermo Fisher Scientific | 1:2000

Adsorbed Secondary Antibody, Alexa
Fluor™ 488

Donkey anti-Goat IgG (H+L) Cross- A-11057, Thermo Fisher Scientific | 1:2000
Adsorbed Secondary Antibody, Alexa
Fluor™ 568

Donkey anti-Rabbit IgG (H+L) Highly | A-21206, Thermo Fisher Scientific | 1:2000
Cross-Adsorbed Secondary Antibody,
Alexa Fluor™ 488

Donkey anti-Rabbit IgG (H+L) Highly | A-10042, Thermo Fisher Scientific | 1:2000
Cross-Adsorbed Secondary Antibody,
Alexa Fluor™ 568

Donkey anti-Rabbit IgG (H+L) Highly | A-31573, Thermo Fisher Scientific | 1:2000
Cross-Adsorbed Secondary Antibody,
Alexa Fluor™ 647

Donkey anti-Rat IgG (H+L) Highly A-48272, Thermo Fisher Scientific | 1:2000
Cross-Adsorbed Secondary Antibody,

Alexa Fluor™ Plus 647
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WBEARMROIREEE Ih4 17 HHO C57 BL6T v~ v A0WE 4t L, IRF
AN Z2 W TS ZNATE. 0.125% trypsin (15090-046, Thermo Fisher Scientific) 35
& Y 1mM ethylene diamine tetraacetic acid (EDTA; 6381-92-6, Dojindo) % & &e PBS I
M) L 72l 2 AL, 37°CC 5 pHOs & 7z, RStk O MBI, 10% fetal
bovine serum (FBS) & A Dulbecco’s modified Eagle’s medium (DMEM;12800082,
Thermo Fisher Scientific) %% &E14x T trypsin & K& I E 7214, 70 pm DE/L A kL
A —TAila LT~ Bk % 408xg T 10 i o BE L7=%, #i% Neurobasal
EEH (2% B27 (17504-004, Thermo Fisher Scientific), 2 mM L-glutamine (35050061,
Thermo Fisher Scientific), ¥ X TF 0.5 mg/ml penicillin / streptomycin (164-25251, Wako)
% &4 L72 Neurobasal (21103-049, Thermo Fisher Scientific (Z 5 %% L 7=. Poly-L-
lysine (P4707, Sigma-Aldrich)y T2—F 4 > 27 L7224 7 = /L7 L — KNI 1.0x10° D
Ml A BRI L, 34 H 2L ICHEIAZSH L7278 5, 37°C, 5% CO,2 C 14 H[ME5#E L7z,

4% 14 BT, b MEHA X7 CCNI (ab50074, Abcam) % Neurobasal 55 Hi i FsiN
L, ¥67E Lo iR B> CON1 THENE 2 FIT L7z, il d S 612 24 A (gt
LRI ) 6 J U 8 ] (RNA-seq M) 553% L7-. Heaethitiiie 2 HV 72 RNA-

seq b, AIRDOEZ v a rTHHALEZX 1T o 7.

Sl b e MIaIE, ==IR T 30 40, 4% PFA & ¢e PBS CREE L, £ D%
FIEL T30 0, 7 v v 7RI (3% NDS 35 L 00 0.1% Triton X-100 2% 3¢ PBS)
THUE LT, X, 7r X IR AR LI — Rtk & & b 4CT—
WSS S 7. —RPUAIE, PBS THMR L 728t “RPuiE A VTR T 2 FEF X
JE ST U7e. st 3388 SR (FV3000, Olympus) % FHVTHUS L7z,
EREAHICIE, BIRE20H O =2 —1 2250, MR D 5 40~80 pm BEAL 7= 5
i 2070 &b 3 ROBMREREZ ML, v F T A~ —I—DFTEE K L
7= FER L 7= HiiRiX Table 17 1277 L7z,
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Table 17. Antibodies used in immunocytochemical staining

ER/STIREN R, Bt RN
Anti-MAP2 antibody GTX133109, GeneTex 1:1000
VGLUTTI antibody 135304, Synaptic Systems 1:1000
Anti-Post Synaptic Density Protein 95 | MAB1596, Millipore 1:500

Antibody, clone 6G6-1C9
TIRHUE 3%, Mxgeoc T BREE

Donkey anti-Rabbit 1gG (H+L) Highly | A-21206, Thermo Fisher Scientific | 1:1000

Cross-Adsorbed Secondary Antibody,
Alexa Fluor™ 488

Goat anti-Guinea Pig IgG (H+L) Highly | A-11075, Thermo Fisher Scientific | 1:1000
Cross-Adsorbed Secondary Antibody,
Alexa Fluor™ 568

Donkey anti-Mouse IgG (H+L) Highly | A-31571, Thermo Fisher Scientific | 1:1000
Cross-Adsorbed Secondary Antibody,

Alexa Fluor™ 647

7T BEET A VA (AAV) X7 Z—DIERL LG MBI AR & 9D AAV-
BR1 @ rep BInF & cap Bin & =2 — FT 2577 XX RiF, Jakob Kérbelin fH 175
TN 72221 1 2 AAV-BR1 N7 X —E BT B 72912, AAV-BR1 75
A3 K,CD144 7' & — % — Ol F TEGFP & CCN1 &8 (miCenl) &35 (F
72X EE M (miCwl) @ ) microRNA (miRNA) % 3 Bl 4 2 f 5 (5-
GCGAACTTCTGTCAAAGGACAAG-3’) % 22— K3 % pAAV-CD144-EGFP-mir30a =
FAINR, BEOT T/ UA VAN N—TFF X3 R(pHelper; Takara Bio Inc.) %,
polyethyleneimine & & & (Z 2:2:5 D LL3 T AAVpro-HEK #fiflid (632273, Takara Bio Inc.)
ChFv A7 var L, lIZNT7 AT 27 v a % 96 K TRILL,

AAV X AAVpro Purification Kit (Takara Bio Inc.) Z WL L 7=, i, 2FD
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727 4 ~ — (ITR forward: GGAACCCCTAGTGATGGAGTT; ITR reverse:
CGGCCTCAGTGAGCGA) # W E BRI G R U A T — B HE#H G (RT-
qPCR) (Z X W EH L7z, ~ 7 A3, MikFHd L OMTEIE RO 3 BEETIS, L&
THERK L7z AAV AR 100 pl (J71ffi: 5.0x10' genomecopy) % B Ef k% 5- L 7-.

EEBHFERERY 2 7 —E#EEK)E (RT-gPCR) CD317#lifzA> & RNeasy Micro Kit
(74004, QIAGEN) % I\ T total RNA % Hiffff L, QuantAccuracy®, RT-RamDA® ¢cDNA
Synthesis Kit (RMQ-101, TOYOBO) % F\» THHAHi ) DNA (complementary DNA,
cDNA) Z &k L7-. cDNA Wi 1%, =% 2 Cenl 754 ~—% M\ T KAPA SYBR
Fast gPCR Mix (KK4602, Kapa Biosystems) CHiliE L 7. gPCR Tix##% & L C Fasmac

HTERLTEUTOT 74 ~v—2EH L.

Table 18. Primer sequences used in qPCR

g2 Bl 5]
Cenl

forward AGCTCCACCGCTCTGAAAGG
Cenl

reverse CCACGGCGCCATCAATACAT
Actb

forward AGTGTGACGTTGACATCCGTA

Actb
reverse

=LY A 7 I, 98°C T 120 EI O PN EM N HIEE D, D% 98°CT 10 7

GCCAGAGCAGTAATCTCCTTC

fHl, 60°CT 10 #[H, 68°C T 30 B DA 7 /L% 40 [El#k V& LTz, HEIE O R 244 %

A9 5 7212, PCR Z M L CRlE T 21T > 72, mRNA OARXHIZEIIL, [F

Y TIVND Actb 77 F 0 mRNA & THEHE(L L, AACt EZ IV THRE LTz,
(RHFBRELC S5 o T L O s 7Bl L) = 2784¢t

AACt = (Ctsample - Ctreference, sample) - (thontrol - Ctreference, control)

Ctsample: P TVICE T D BREG O Ct i
Ctreference, sampl @ 7~ 7 /VICBIT D) 7 7 L AB5F (detb) D Ct fH
Cteontrol: XTHREEIZ 31T 2 BB 7O Ct il

Ctreference, control: MR T2 U 7 7 b ZABsA (Aeth) D Ct H
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ITEVRAT N — 0 XKL, @SS 1 m, B 1 m T, &I 12 MO RPN EREIC
WA WIEOT 7 v b7 4 — A THIR SN, BRORI S, FFED 1 DORD
T HRRERE 2 B L, MRS E SN R E BN E L, £~ T A ZidE Yy v
a U EEELTCEED BEARED B THN, 77y b7+ —AFHEH 90°H#E
SH/. Ty T — L0 ROIEITD < LB 800 lux ITRRIE LTz, vy
3 VO TIHZIE, 77 v M7 4 — 2% 70% ethanol TIFH L 7-.

~ U AIX3 A (1B 6E) FIFEL7Z. JIHEETIE, ~UVRAEZT Ty T+ —A4
OHFRIZHDZHEWT 7 U VERIEE (8 14 cm, B 11 cm) PIZ 30 F2RE A=, 30
BZICHARZI0BRE, v RACKEE 5 DEER ST, T To~ 7 A8 HIE
R BB IS Ao 7214, 30 BPRIA v 7 AWNICH £ b8 7. 0%, v U A% ik
FNOEO L, fFir— I ANz, v~ U AR EEERE O oo eiGa
L, FEICARETHEL, Ry 7 RAZALGELE. & L—=78y a0 24
%I 7 n—7 7 A P a2Ef L, ~ U A ZEEFH P ENTT v N T — L% 35
MEHBER S Y. ~ v 2A0FTENTH B EGBBF 2 27 & (SMART3.0, Panlab) %
flE L Cokm L, BBHICAD ETO T8 O EHW - Z5H L 7.

AR T A MIAWER v 7 A (50 x50 x 30 cm) O CENM L7, AL
ML, SLHR (10 x 10 x 10 cm) & A (@10 x 10cm) ThH 5. WKITAR > 7 2D
BE7ND 10 em BEAL7ZAZE ICACE L, 20 cm AR CHRCE L7z, AN v 7 ZFDERO LR
K 50 lux (SHERF L7z, &t v a VO TEICIE, WKL Ry 7 20T % 70%
ethanol TIHER L, MEHZZ PR L. FL—=vT kv a v, £~ 2%&R
v 7 AZHAL, 10 73[R B HICWIE 2 8RE S8, IREFTE 27tk L7z, 24 B O]
ATtk H~ U RER Yy 7 RS pMFEAT LT A ey v a v EFEML
. 2oty varTiE, RIBAYIEZFR CEATIEH 2082 5TROF L
KL LT, B LT R by a i, RIBRWIE L H LWk % %
BRI LREEZPET HZ LT, ATET — X BNE LT BBBRRIIER I L—T T L
(R LT

Y FHRBREE O EIE ARG L, JKEAT T AT > 7 8o Y FHREK RIS E
LTS Lz, ZoXREE, FRO=ZATUT (5x5x5cm)d)bHEEHRITHTS

\
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3507 —25 (5x25cm) THERL S LTV D, 2REEO IO LR 1X 10045 lux (ZHE
Franiz. v a U TH, KREEIL70% ethanol TIERL L, MR I 2 HERR L 7-.
Ky varf, $XTOYTREE LRSS — MR BERREZ Bl L7z,
FNor—=u7tyva o, £~U A% 10 SHEKEE BHICERT 52 &0
TEDLBNDDOT —L&TTAF 7 7L — Tl L, #EATERNE T L.
2 B DA 2 — D%, MR L — R AR BRE, v U ANRKEERE B HIC
BRTEDLT A MYy va v EER L. £~ U ADITEZEL, TA By v

2 HIZHT LW T — A ICHE L2 R 2 8 L 7=,

SN PYufs =L Ysa), FD Rapid Golgi Stain kit (PK401, FD Neuro Technologies)
AR LT L. O PBS 2K Lo~ U A0 b2 E i L, Golgi-
Cox WiRZ GiR SH 7. BRERIZERICH LW OIAM L, BT T2 lMER
ST, MR A B OREE IR LR 2, WA, |IR R L2, 1 oA
FaX—vg %%, 717 <-1.0mm 5 -3.0 mm OFFHOMKAZE X 80 um TUIT
{k L, Gelatin-Coated Slides (PO101, FD Neuro Technologies) _FIZELE L7=. B5Ar, =R
T—WeRL I S 72%, U I3BBE CoYets, =% ) — VAR TORL/K, Histo-Clear
(HS-200, National Diagnostics) (Z X % & it % #% T, Permount medium (SP15-100-1,
Falma) T~ v b L CEIE L. WL, L—V—E&RILESBEMEE (FV3000;
Olympus) & HW\T, L —F =K 640 nm, 55 FIHEIE TR Lo, BB OMTIX
Image J E{&A#AT Y 7 + v = 7 (Fiji, verl.54g) % AV 7=, CA1 fEIR D Rk 224t (2
BT DRARZERE D A A O %, 1 IR SH T2 D7 < &b 50 ROBRRZERIZ D0
TSNT (42.0) 777 A v &FEH LT R L.

EHERNT  SEHEEMNTIE Excel (Microsoft, /3—37 = > 1808) F /2L R (/X—V 3 v
42.0) #HWTITo 7. 7 —Z T FEXIME S HEHERR 72 (standard error of the mean,
SEM) TR L7-. KR OMFHMAEZEL, AT 2—F > b tREF =13tk
BN (ANOVA) ICEVREL, 20%, Fa—F— - 7 L—v—REICLD
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HL B 21T > 72, PED 0.05 RIGDOBE, BEEND D & I/ L2(*p <0.05, **p

<0.01).

— RIS K OSBRSS Table 19,20 (2~ L 7=,

Table 19. Reagent

iE S

s (R7EIT)

1,4-Diazabicyclo[2,2,2]octane

10x RB

100 x Glutamax

100 x Penicillin/ Streptomycin

20% Triton X-100

2-propanol

4’ ,6-diamidino-2-phenylindole (DAPI)
50 x B-27 supplement

AAVpro purification kit maxi
Butorphanol tartrate

CD31 Micro Beads

Chloroform

DNasel

Dulbecco’s modified Eagle’s medium
EDTA - 2Na

Ethanol (99.5%)

FD Rapid Golgi stain kit

Fetal bovine serum (FBS)

Glycerol

Histo-clear

KAPA SYBR Fast qPCR Mix

#D2522-25G (Sigma)

#74004 (Qiagen)

#35050-061(Thermo Fisher Scientific)
#164-25251 (Wako)

#12967-45 (Nacalai Tesque)
#166-04836 (Wako)

#D1306 (Thermo Fisher Scientific)
#17504-004 (Thermo Fisher Scientific)
#6666 (Takara Bio. Inc.)

(Meiji seika pharma)

#130-097-418 (Miltenyi Biotec)
#038-02606 (Wako)

#79254 (Qiagen)

#12800082 (Thermo Fisher Scientific)
#6381-92-6 (Dojindo)

#057-00456 (Wako)

#PK401 (FD Neuro Technologies)

# F7524 (Sigma-Aldrich)

#058-00986 (Wako)

#HS-200 (National Diagnostics)

#KK4602 (Kapa Biosystems)
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Table 19. Continued

ZFA (RHLER)

A (IkoEor)

KCl

KH>PO;

Luria Broth Base

Medetomidine Hydrochloride
Midazolam

Myelin Removal Beads II
NaHPOs + 12H>0O

NaCl

Neural Tissue Dissociation Kit (P)
Neurobasal medium

Normal donkey serum
NucleoBound Xtra maxi
Optimal cutting temperaturecompound
Paraformaldehyde (PFA)

PEI Max (in dH20O, pH 7.2)
Permount medium

Poly-L-lysine (PLL)

Proteinase K

RNeasy Micro Kit

RT-RamDA cDNA Synthesis Kit
Sodium acetate

Sodium dodecyl sulfate (SDS)
Sucrose

Tris-HCI (pH 8.0)

Trypsin (2.5%)

#163-03545 (Wako)

#166-04255 (Wako)

#12795-027 (Thermo Fisher Scientific)
(Orion Pharma)

(Maruishi Pharmaceutical)
#130-096-733 (Miltenyi Biotec)
#196-02835 (Wako)

#191-01665 (Wako)

#130-092-628 (Miltenyi Biotec)
#21103-049 (Thermo Fisher Scientific)
#IHR-8135 (ImmunoBioSciencecorp)
# 740414 (Takara Bio. Inc.)

#45833 (Sakura finetek japan)
#104005 (Merck)

#24765-1 (Polysciences, Inc.)
#SP15-100-1 (Falma)

# P4707 (Sigma-Aldrich)

#29442-14 (Nacalai Tesque)

#74004 (Qiagen)

#RMQ-101 (Toyobo)

#192-01075 (Wako)

#196-14045 (Wako)

#193-00025 (Wako)

#013-16385 (Wako)

#15090-046 (Thermo Fisher)




Table 20. Experimental Instruments

iiES A (W&o
Cryostat CMCI1860 (Leica)
Confocal microscope FV3000 (Olympus)

Microvolume Spectrophotometer
Thermal cycler (cDNA synthesis)

Thermal cycler (qPCR)

ND-2000 (SCRUM Inc.)
TP-600 (Takara Bio. Inc.)

CFX connect (Bio-rad)
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