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CDC42 cell division control protein 42

cDNA complementary DNA

CDX cell line-derived xenograft

CHX cycloheximide

daphnetin 7,8-dihydroxycoumarin

DAVID The Database for Annotation, Visualization and Integrated Discovery
DHC 7,8-dihydroxy-3-(4'-hydroxyphenyl)coumarin
DMEM Dulbecco’s modified Eagle medium

DMSO dimethyl sulfoxide

elF2a eukaryotic translation initiation factor 2a
FBS fetal bovine serum

FBXL19 F-box/leucin-rich repeat protein 19

FGFR fibroblast growth factor receptor

GAPDH glyceraldehyde-3-phosphate dehydrogenase
GDP guanosine diphosphate

GEF guanine nucleotide exchange factor

GFP green fluorescent protein

GO gene ontology

GTP guanosine triphosphate

H&E hematoxylin and eosin

HIFla hypoxia inducible factor 1a

HIV human immunodeficiency virus

ICso median inhibition concentration

Irf7 interferon regulatory factor 7

IVIS in vivo imaging system

KEGG Kyoto Encyclopedia of Genes and Genomes
MAO monoamine oxidase

MHC major histocompatibility complex

MMP matrix metalloproteinase

NGS next generation sequencing

NMR nuclear magnetic resonance

OS overall survival

PBS Ca?*, Mg?'-free phosphate buffered saline
PDGFR platelet-derived growth factor receptor

PFA paraformaldehyde

PFS progression-free survival

PI3K phosphatidylinositol-3 kinase



PIGF
PVDF
QC
qRT-PCR
RACI
RHOA
RIPA
ROCK
SCF
SDS- PAGE
Sting1
TAZ

TLC

T3

TPM
VEGF
VEGFR
YAP
WST-8

placenta growth factor

polyvinylidene difluoride

quality control

quantitative reverse transcription PCR

ras-related C3 botulinum toxin substrate 1

ras homolog family member A

radio immunoprecipitation assay

Rho-associated protein kinase

SKP1-CULI1-F-box protein

sodium dodecyl sulfate polyacrylamide gel electrophoresis
stimulator of interferon response cGAMP interactor 1
tafazzin

thin layer chromatography

Toll-like receptor 3

transcripts per million

vascular endothelial growth factor receptor

vascular endothelial growth factor

YY1 associated protein
2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-

tetrazolium, monosodium salt
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e, EF = v 7 IRA v MRER=R L~ T (7 VR (3) OBIGIT LD RN 72158
AR D8] E AT T D,

UL, DAEBORBITEREGEICRE REEL 52, DABBO L LEBEOEM T
IRBEDEETHD (4,5, ZMRHIIN AR LR O WVWRAVEBFIZBNT, LBAZIZILD
E LT ONAFETIT 5 AR 80%LL L& EWIREMEZ R L TEY | HERASCRIE
WA 72 E—EONAFEIZEBIT D 5 HFAEFR S0%LL FTHDHHOD, 2005 405 2015 4(2Hh
T 10%2L EOSBEERFRD i TW 5, ZWiRICERIEE AT 20 ABE D S FAEFRIT
WFROBAFEIZBNT 40%LL FTH Y, 2005 405 2015 42T T 10%LL EDOSENR
D HIDBAFRILRY (5), FTo. WEMBILFRIERICHAD A DOEBHEFE L Z LoBED
A AF R 2 30 U 72 A Tl DSABE DA OLERE IR ESNT (6). BB
HE D ANCK T DRI 2 T T B OB F IR 250 L 72 Z A T H . (b siko 5
FEOENIIAGIB OIERIZ SRR S 7272 (7) LEDZ EnD . 2 < OB AN BFE
., BAALFERIEDRESR L TN Db 0hb 5T, BAEEE HT 5 BABEDEMTH
I E SN TRV, BADOIRIEE BT E TR ADOERR 2B 1E 3 2 23 AR B 2O BH %
IREERETH D,

AR DRI TN O DEEREDR B 5, WIOIZJRF R HEEIL, BAMBELABEIT 5
ZoEx NEED Lo, BAMBIEES DERICEE & R D MRaSNEE & N B & o iR
o 2O EE NRE L\, TO®RMENIRAL, MENEBE) L CElRomENEIZ
AL, BONRMEB L OWEET 5 2 & THRISHR L IZR R 25 CHEBIER AT D (8). DA
I T DIRICB N T, ITEOH R TIEINAMIEA 72T ICEREZ S THOTIHRL,
PN AUKIREJE P O BRER IS0 NS & DS ARB A HH 95 9 X TEHEL LHE SN TND (9),
ZO LI, BAEBEZHIET AL LTV Db DBERMAET b, NAEBICEEL
DB BREAENE LIS AT ORI TOhTW5,

A F THBE SN TEARWL N AEBIHZE L LT, matrix metalloproteinase (MMP) %
)L U IRIEE N 21T S5 (Table 1), MMP (Xl /M Mg A A /T D X 37
Bl Th 5, b MaIX 23 O MMPs 7 7 2 U —2FEEL (10). 52 MMP-2 <
MMP-9 [ ZEEERDO LR THD T I =RV a T — 7 o7 EOMBANEE % X7 B D
SRICEAE L TERY | BNAMIOREIZES B5- 32K 1L 725 (1), Batimastat /L U &
L729BEINEY MMP BHLEIRSBIR S22y (12,13), BRI 230G . IR
THT LTz (I3), DB, B RICHT 282590 5 Z LI LIZFERING MMP [H5E
3 (Rebimastat) 23BA%E S L7-23, BHEMHENICHRKT 2FEMEICEI D, BIHHRBR TR T L
(14), VHETIX. BT MMP-9 HiiATH 5 Andecaliximab 23BH%E S 7228, AN R ENTH
NAHRBR TR T L TEY (15, MMP [HERFEEG E L TETINDIZE STV,
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Table 1. MMP inhibitors developed to date.

MMP MMPs targeted
o o Outcomes Reference
inhibitors by inhibitors
) + cancelled in phase III clinical trials by
batimastat 1,2,3,7,9, 14 ) —
development of marimastat
+ cancelled in phase III clinical trials
marimastat 1,2,3,7,9 + musculoskeletal toxicity (+) (13)
* plolonged PFS (-)
» cancelled in phase III clinical trials
prinomastat 2,3,9,13, 14 + musculoskeletal toxicity (+) (16)
* plolonged OS (-)
» cancelled in phase III clinical trials
, 1,2,3,8,9,13, :
rebimastat 1 * neutropenia (+) (14)
* plolonged OS (-)
andecaliximab 9 * plolonged OS (-) (15)

PFS, progression-free survival; OS, overall survival

R 1Z , vascular endothelial growth factor (VEGF) & % D5 5K Td % vascular endothelial growth
factor receptor (VEGFR) ZA%EHY & L7 IRIEEDOBAFE A 2T H 5, VEGF IR HrA B 54
HEERTTHY . MEFEIIN AL T (17), WK TIL, VEGF [LEHKE X OV VEGFR
PRS2 A ~ DR RO R R K F DG 2 HE T 2 THIRGR 2 AR L L TEM &
NTHED (Table2) T 0EF = v 7 KA > FLEKE OFHEELITDORL TS (18-23),
VEGF ZAFEHID 1 DITHIMAATE~ A TF FF—EEFELHE SN THDR, Wb A

EBIHIIRITFR O DTV, S HIT, lERAY T ZAETITEWT, Yegf REIZED

hypoxia inducible factor 1a (HIFla) KAFANTIRIES 2 23 UMIIAME(ET D 2 LA IE ST
% (24), £7o. "NV A= T7(X VEGF FHEEH & & HITRER R 2 HII L. VEGFR OB 72
P L VEGFR OiEMALZ 5| S 2 LR, 2N AMIdo@EEilE & i2iEM 4 md 5 2 L2V

HENTWD (25), L7273 -> T, VEGF X° VEGFR [HEHIL 2 ABEBAMH 2 RI T T & 9,
To L AN ADIEMALCEERE 2 R 5 AR R ST 5,




Table 2. VEGF and VEGFR inhibitors used in clinical settings.

VEGF/VEGFR S Year
o VEGF/VEGER targeted by inhibitors
invibitor approved
bevacizumab VEGF-A 2007
_ VEGFR-2/3
regorafenib ) 2013
(PDGFR-b, FGFR-1/2, c-Kit, RET, B-Raf)
ramucirumab VEGFR-2 2015
VEGFR-1-3
lenvatinib 2015

(PDGFRa, FGFR-1-4, ¢-Kit, RET)

_ VEGF-A, VEGF-B
aflibercept 2017
(PIGF)

PDGFR, platelet-derived growth factor receptor; FGFR, fibroblast growth factor receptor; PIGF,
placenta growth factor

ZDE T, BABBRBIZHT DIREIEN E LTV OO0 0N EH S CE RN, K
EBtBEIZ 1T 2 3 VIR IHI R ITFEO BT M2 REIER &R S HUIREEICE TlEE-
TRV, fiE- T, MMP X° VEGF/VEGFR & 13572 2 B2 & R0 23 ASs I K OB & A3 R
HHND, REETTREEICHES T N AMBOERMEIX, AAOFEIZED ST,
AR LTRSS BIE LTV D (26), DE V. DADOHMIERZHIET 5 2 LIk 2N AER
AT 5 2 Lk, BRI A EIRIET D2 ARG & 72 D RTREMED B D (26-28),

AIEEIHRB T OT 7 F 7 4 T Ay MZE DRSNS MaE KON Ic LY
JlERZEnDd (2930), E7o. EEBUNREOZE(TAEL DT, IS, BAHET TR, K&
BOMES, HEEMED D 72 DHEMATITG 2 T, MiaEsoZnsl sk sivd, 2o
UNEREEIZ 5| & i 2 S D BRI IR RS2 5 T v RV DFE RS LT 1984 AE BAFSE S
NTCET 31 A, MEMRRS & X 5 ITHERRRL Z A H L TWD D00, 203 M
EO XD ITHERTEZ A L TV D ORI SN THRNT &b 20, L LinF, H
RISy 1 & GTP #5A 8 & /7 E (32) X° YAP/TAZ #%# (33). phosphatidylinositol-3
kinase (PIBK)/AKT #2#& (34) 72 E %0 L CHII B OELZ 5| SR T Z LB LN ERD |
e T D 0D B A3 23 ABRRS LS D TR BRI & L CHEH ST A,
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Figure 1. Factors associated with cancer metastasis.

Cancer cells in primary tumors migrate from a primary lesion and invade the surrounding area before
intravasation. Then, metastatic cells travel as circulating tumor cells through the vasculature and exit at
a distant site by “extravasation” to form metastatic tumors. Cell motility, which is involved in migration

and invasion, is one factor that regulates cancer metastasis.
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A2~V B EATDICEWIEOR 7 ) —= 7 2@ LT, RNAMidicxt L TRl
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(2B T DB O, in vivo \Z31F 2 M MBS N R OB 21T - 72,
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1981 FE/ 5 2019 2BV T KR SN2 R TOEEL D 5 B R ROLEW D 49.2%
ZED 5D L TUKRB S IIETB ARKD 5 L RIMBROIEEMIT 63.2%% HHTEY |
P VBB IZB W T KRR O EMITERE AT A 77 U —L 725 (35), KIRH
KibEmoFTH, 7~ U R~ VBRI PEEEE AT DI L LERO ST AR
& L, JIRIEER (36) <°Ht human immunodeficiency virus (HIV) {fEH (37), ~U Z Uk
RIKTFIER (3839 #AT 52 s shTnd, 7~V D 70k 8 (il/KEEIEZ AT
% 17,8-dihydroxycoumarin (daphnetin) (£ F 2 U4 (LT 4E. Daphne odora Thunb.) D FHE 7
“IRRHFEMTH Y (4041, T IvA R B OEMIMEINER (42) OB OB ME LANHIE
(43). VAT T FUBRMEBFEEITT T 2IHEEN (44 AT 52 ERmEINL TV D,

ARPRRBAB T SIFICB N, v NI A Ta—TFT 4 SN N T AT 2 v TF v
N—Ye W ORI RRIC kT 2Rl R 2 32D B, RSB ASHEEE L 7 RIRH Sk
{CEMT A7 TV —OBAMEBIESRZ R LT, EOREE. daphnetin 2373 AUARAE O A
HEE A G L, R - EEMRERZ R LI E R R L (45), LU, ffeES) o il
(23T % daphnetin OFEMRAEAT RSN TR LT, £72 in vivo IZBIF 203 AR
HlH L L TORBMELH LN S THRNY,

7= U URIEEWIT, SIRIEERCTIRLIER 72 E O ZARR AR 2R T 2 e £
OFHEHIZBE L T, #Rx MR/ ThIv TS, £, HER, YRR AN G, 3-
phenylcoumarin |X, 7 < U U HHO I ERXCBUBRTEBET LS LICED, AT A REL
EFUUFRICZ A ba s L O EMEIZE H STV D (46), 3-Phenylcoumarin (%9 2 i #a%E
DBEANEATHT-WFFETIX, 78 M EOE AT L0 28 AR 2 Mifa s e iR S
5 (4748), EHiT, T aEFERLA X UEAE AT S Z & T monoamine oxidase (MAO) [HFE
TEVEDS B L, KEEIE A A MU RICEMRT 5 2 & T MAO-B @RI FEMELS EAT5
(49,50).

AL TlL, 3-phenylcoumarin Z JEARFH & LT, Hix @28 A L7~V MLEW
Za L, MR Z R S 2V REE CRIBMGER 2683 2 08 AViEBIHEEO X 7 ) —=
VT EATo 7 (Figure2), £72. A7V —=0 7 %@ L TELNENAEBIHIERE L THY
RAEENZ DN T, RIETZT Cre < WEEZFIET 2 23 VEEBIHIZE T 22>\ TCilEET
v A 0P L CEHM L 72,

daphnetin 3-phenylcoumarin

Figure 2. Structure of daphnetin and common structure of 3-phenylcoumarin derivatives.
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~ U AH REHIIEEE Dunn %2~ 7 A2 2ERIRES U BEsR L7 ila D 22420 5 TR % 8 1]
M4z LT, R LT Witk o A 2R L7l Th 5, LM8 Mifld 4 IEH 7~ v
ADRL BT 5 & Bl TIZIE 100% M8 R 2 TRk 5 (51), minBite ME AR
HHAE 143B AMAE (52,53) 1%, Public Health England (London, England) 75 HEEA L7,

LMS i ds L OF 143B flfidi%, 37°C. 5% COa. 95%ZEXRDERELIZRE SHL72 CO 1 > F =
N—F—NT, 10% FEE ™ IR Mm% (fetal bovine serum; FBS: Sigma Aldorich, St. Louis,
MO, USA). 1% penicillin-streptomycin (penicillin @ &2 : 100 units/mL, streptomycin O &5
FE: 100 pg/mL, &7 4 L AFYEHIEE, ) A& A7C Dulbecco’s modified Eagle medium
{DMEM High Glucose (L-Z VX I BL U7 =/ — Ly REHR, THITA4T A7 5HE)}
(TR, MERF LT,

2-2. 7,8-dihydroxy-3-(4"-hydroxyphenyl)coumarin (DHC: {L5%) 1) DAk

2,3,4-Trihydroxybenzaldehyde (A) % HZ&JFUEHZ VY, 4-methoxyphenylacetic acid & D#fiH 35
FOPABRKISIZ £V 7,8-diacetoxy-3-(4'-methoxyphenyl)coumarin ({54 8) %157, IRWNT, ik
AFNALEB L OB T B F 1 kiZ L v | 7,8-dihydroxy-3-(4'-hydroxyphenyl)coumarin (DHC: {t&
1) ~LE\ (Figure 3), L&MW 113, (LA A DD 2 TR, N 35% THERTHZ &
N T&E72(54) NMR OF—4 (55-70) (%, Table3 & Table 4 |25tk L 7=,

/@ACOOH
CHO  MeO

HI

HO OH g

H NaOAc, Ac,0 AcOH

+ Ac,0
CH4OH, H,0
. 5 . , (35% from A) . ,

2,3,4-trihydroxy 7,8-diacetoxy-3-(4'-hydroxy- 7,8-dihydroxy-3-(4'-hydroxy-
benzaldehyde (A) phenyl)coumarin (8) phenyl)coumarin (1)

Figure 3. Synthesis of DHC (1).



Table 3. 'H-NMR and '*C-NMR data of compound 1-13

Compound # name TH-NMR and *C-NMR data Reference

1 7,8-dihydroxy-3-(4"-hydroxyphenyl)coumarin TH-NMR (CD;0D, 500 MHz) dH 6.81 (1H, d, J= 8.5 Hz, H-6), 6.83 (2H, d, /= 8.0 Hz, H-3',5"), 7.02 (1H, (55)
d,J=8.5Hz, H-5),7.53 (2H, d, J = 8.0 Hz, H-2',6", 7.85 (1H, s, H-4); *C-NMR (CD;0D, 125 MHz) dC
113.8 (C-6), 114.9 (C-3', 5", 116.1 (C-10), 120.0 (C-5), 124.3 (C-3), 127.8 (C-1"), 130.8 (C-2',6"), 133.1 (C-
8), 141.5 (C-4), 144.2 (C-9), 150.4 (C-7), 158.9 (C-4") 163.1 (C-2).

2 7,8-dihydroxy-3-(3'-hydroxyphenyl)coumarin TH-NMR (DMSO-d,, 400 MHz) dy 6.73 (1H, ddd, J = 8.3, 2.4, 0.7 Hz), 6.79 (1H, d, J = 8.4 Hz), 7.04-7.07 (66)
(2H, m), 7.10 (1H, tlike, J = 2.0 Hz), 7.18 (1H, t like, J= 7.8 Hz), 8.03 (1H, s), 9.20-9.50 (2H, brs), 10.00-
10.20 (1H, brs).

3 7,8-dihydroxy-3-(3'-chlorophenyl)coumarin TH-NMR (DMSO-d,, 400 MHz) d; 6.81 (1H, d, J= 8.5 Hz), 7.08 (1H, d, J = 8.5 Hz), 7.40 (1H, dt like, J = (55)
7.9,2.0 Hz), 7.44 (1H, t like, J= 7.4 Hz), 7.65 (1H, dt like,J= 7.1, 1.7 Hz), 7.76 (1H, t like, J= 1.9 Hz),
8.20 (1H, s), 9.44 (1H, s), 10.21 (1H, s).

4 7,8-dihydroxy-3-(3',4"- TH-NMR (DMSO-d, 400 MHz) dy; 6.79 (2H, d, J = 8.4 Hz), 6.99 (1H, d, J=9.2 Hz), 7.07 (1H, d, /= 8.3 (63)

dihydroxyphenyl)coumarin Hz), 7.17 (1H, s), 7.95 (1H, s), 9.04 (1H, s), 9.14 (1H, s), 9.34 (1H, s), 10.06 (1H, s).

5 7,8-dihydroxy-3-(4'-methoxyphenyl)coumarin TH-NMR (CD;0D, 400 MHz) dy; 3.78 (3H, s), 6.77 (1H, d, J= 8.8 Hz), 6.92 (2H, d, J = 8.4 Hz), 7.00 (1H, d, (55)
J=8.8Hz), 7.59 (2H, d, J= 8.4 Hz), 7.85 (1H, s).

6 7,8-dihydroxy-3-(4'-chlorophenyl)coumarin TH-NMR (DMSO-dg, 400 MHz) dy 6.84 (1H, d, J= 8.4 Hz), 7.11 (1H, d, J= 8.5 Hz), 7.51 (2H, dt like, J = (55)
8.6,2.1 Hz), 7.75 (2H, dt like, J = 8.6, 2.3 Hz), 8.18 (1H, s), 9.47 (1H, brs), 10.23 (1H, brs).

7 7,8-dihydroxy-3-(4'-bromophenyl)coumarin TH-NMR (DMSO-dg, 400 MHz) dy 6.84 (1H, d, J= 8.5 Hz), 7.11 (1H, d, J= 8.5 Hz), 7.62-7.70 (4H, m), (55)
8.18 (1H, s), 9.47 (1H, s), 10.23 (1H, s).

8 7,8-diacethoxy-3-(4'-methoxyphenyl)coumarin TH-NMR (CD,0D, 400 MHz) dy; 2.33 (3H, s), 2.40 (3H, s), 3.84 (3H, s), 7.00 (2H, d, J = 8.0 Hz), 7.22 (1H, (55)
d,J=8.0Hz), 7.61 (1H, d, J=8.0 Hz), 7.69 (2H, d, /= 8.0 Hz), 8.05 (1H, s).

9 5,7-dihydroxy-3-(4"-hydroxyphenyl)coumarin TH-NMR (DMSO-d,, 400 MHz) diy 6.17 (1H, d, J= 2.0 Hz), 6.23 (1H, d, J=2.1 Hz), 6.76 (2H, dd, J = 8.7, (64)
1.6 Hz), 7.46 (2H, dd, J=8.7, 2.0 Hz), 7.90 (1H, s), 9.57 (1H, s), 10.31 (1H, s), 10.64 (1H, s).

10 5,7-dimethoxy-3-(4'-methoxyphenyl)coumarin TH-NMR (CDCl;, 400 MHz) dy 3.84 (3H, s), 3.86 (3H, s), 3.90 (3H, s), 6.30 (1H, d, /= 2.2 Hz), 6.45 (1H, d, (64)
J=2.2Hz), 6.95(2H, dd, /= 6.8,2.1 Hz), 7.66 (2H, dd, J = 6.8, 2.1 Hz), 8.05 (1H, s).

11 5,7-dimethoxy-3-(4'-chlorophenyl)coumarin TH-NMR (CDCl;, 400 MHz) d}; 3.88 (3H, ), 3.92 (3H, s), 6.32 (1H, d, J= 2.2 Hz), 6.47 (1H, d, /= 2.1 Hz), (65)
7.39 (2H, dt like, J= 8.6, 2.7 Hz), 7.67 (2H, dt like, J= 8.6, 2.3 Hz), 8.12 (1H, s).

12 6-hydroxy-3-(3'-hydroxyphenyl)coumarin TH-NMR (DMSO-d,, 300 MHz) dy 6.83 (1H, ddd, J = 8.0, 2.3, 0.9 Hz), 7.06 (1H, dd, /= 8.9,2.9 Hz), 7.11- (76)
7.17 3H, m), 7.25 (1H, t like, J= 7.9 Hz), 7.27 (1H, d, /= 8.9 Hz), 9.54 (1H, s).

13 6-hydroxy-3-(4'- hydroxyphenyl)coumarin TH-NMR (DMSO-dj, 400 MHz) dy; 6.79 (2H, d like, J = 8.8 Hz), 6.96 (1H, dd, J= 8.8, 2.8 Hz), 7.03 (1H, d, (67)

J=2.8Hz),7.21 (1H, d, J = 8.8 Hz), 7.55 (2H, d like, J = 8.8 Hz), 8.02 (1H, s), 9.68 (2H, br s like).




Table 4. "H-NMR and '*C-NMR data of compound 14-27

Compound # name 'H-NMR and *C-NMR data Reference

14 6-methoxy-3-(4'-methoxyphenyl)coumarin TH-NMR (CDCls, 500 MHz) dy; 3.86 (3H, s), 3.87 (3H, s), 6.97 (1H, d, J= 2.8 Hz), 6.98 (2H, d, J = 8.4 Hz), (68)
7.09 (1H, dd, J=8.8,2.8 Hz), 7.29 (1H, d, /= 8.8 Hz), 7.68 (2H, d, /= 8.4 Hz), 7.72 (1H, s).

15 6-hydroxy- 3-(4-fluorophenyl)coumarin TH-NMR (CD;0D, 500 MHz) dy; 7.04-7.06 (2H, m), 7.16 (2H, t like, J = 9.0 Hz), 7.23 (1H, d, J = 8.5 Hz), (69)
7.74 (2H, dd like, J=9.0, 5.5 Hz), 7.98 (1H, s).

16 6-methoxy-3-(4'-fluorophenyl)coumarin TH-NMR (CDCls, 500 MHz) dy; 3.87 (3H, s), 6.97 (1H, d, J= 3.0 Hz), 7.11-7.16 (3H, m), 7.30 (1H, d, J = (70)
9.0 Hz), 7.70 (2H, dd like, /= 9.0, 5.5 Hz), 7.75 (1H, s).

17 7-methoxy-3-(4"-chlorophenyl)coumarin TH-NMR (CDCl;, 400 MHz) dy; 3.88 (3H, s), 7.75 (1H, s), 7.63 (2H, d, J= 8.2 Hz), 7.43 (1H, d, /= 8.5 Hz), (57)
7.39 (2H, d, J= 8.3 Hz), 7.84-7.88 (2H, m).

18 8-hydroxy-3-(3'-hydroxyphenyl)coumarin TH-NMR (DMSO-d,, 300 MHz) dy; 6.84 (1H, d, J= 7.7 Hz), 7.10-7.29 (6H, m), 8.16 (1H, s), 9.57 (1H, s), (56)
10.24 (1H, s).

19 8-hydroxy-3-(4'-hydroxyphenyl)coumarin TH-NMR (CD;0D, 400 MHz) dy; 6.83 (2H, d, /= 8.8 Hz), 7.03 (1H, dd, /= 7.2, 2.4 Hz), 7.10-7.16 (2H, m), (58)
7.58 (2H, d, J=8.8 Hz), 7.92 (1H, s).

20 8-hydroxy-3-(4'-chlorophenyl)coumarin TH-NMR (CDCl;, 300 MHz) dy; 6.17 (1H, brs), 7.09-7.22 (2H, m), 7.44 (2H, dd, J = 6.8, 1.9 Hz), 7.65 (2H, 59)
dd,J=6.7,1.8 Hz), 7.83 (1H, s).

21 8-methoxy-3-(3"-methoxyphenyl)coumarin TH-NMR (CDCl;, 400 MHz) dy; 3.84 (3H, s), 3.97 (3H, s), 6.94 (1H, ddd, /= 8.5, 2.5,0.7 Hz), 7.06-7.11 (68)
(2H, m), 7.21 (1H, tlike, J= 8.0 Hz), 7.25-7.28 (2H, m), 7.34 (1H, t like, /= 7.9 Hz), 7.78 (1H, s).

22 8-methoxy-3-(4"-methoxyphenyl)coumarin TH-NMR (CDCl;, 500 MHz) dy; 3.84 (3H, s), 3.97 (3H, s), 6.96 (2H, d, J = 8.8 Hz), 7.04 (1H, br d, J= 8.0 (60)
Hz), 7.10 (1H, br d, /= 8.0 Hz), 7.19 (1H, t like, J= 8.0 Hz), 7.69 (2H, d, /= 8.8 Hz), 7.74 (1H, s).

23 8-methoxy-3-(4'-chlorophenyl)coumarin TH-NMR (CDCl;, 400 MHz) di; 3.97 (3H, s), 7.07-7.20 (2H, m), 7.24 (1H, d, /= 9.6 Hz), 7.40 (2H, dd, J = (68)
6.6, 1.9 Hz), 7.66 (2H, dd, /= 6.7,2.0 Hz), 7.78 (1H, s).

24 3-(3"-hydroxyphenyl)coumarin TH-NMR (DMSO-d,, 400 MHz) di; 6.78 (1H, dd, J= 8.1, 2.3 Hz), 7.08-7.13 (2H, m), 7.22 (1H, t like, J = (61)
7.8 Hz), 7.34 (1H, t like, J= 7.5 Hz), 7.40 (1H, d, /= 8.2 Hz), 7.58 (1H, dt like, /= 8.4, 1.5 Hz), 7.75 (1H,
dd,J=7.7,1.3 Hz), 8.19 (1H, s), 9.54 (1H, s).

25 3-(3"-methoxyphenyl)coumarin TH-NMR (CDCl;, 300 MHz) dy; 3.99 (3H, s), 7.09-7.17 (3H, m), 7.19-7.25 (3H, m), 7.35-7.42 (1H, m), 7.58 (62)
(1H, dt like,J=17.5, 1.8 Hz), 7.83 (1H, d, /= 1.3 Hz).

26 3-(4'-methoxyphenyl)coumarin TH-NMR (CDCl;, 400 MHz) dy; 3.84 (3H, s), 6.97 (2H, d, J = 8.3 Hz), 7.28 (2H, t like, J= 7.5 Hz), 7.35 (2H, (62)
d,J=8.3 Hz), 7.48-7.53 (2H, m), 7.75 (1H, s).

27 3-(4'-chlorophenyl)coumarin TH-NMR (CDCl;, 300 MHz) dy; 7.32 (1H, dt like, J=7.9, 1.1 Hz), 7.42 (1H, d, J= 8.7 Hz), 7.36-7.45 (2H, (57)

m), 7.52-7.58 (2H, m), 7.66 (1H, d, J = 6.7 Hz), 7.64-7.68 (1H, m), 7.82 (1H, s).




2-2-1. flEARERFICR LT

g7 n~ k27 7 (— (thinlayer chromatography: TLC) %, Silica gel 60F2ss (Merck, JIEAH)
¥ L " Silica gel RP-18 F254S (Merck, 0.25 mm, #ifH) ZHW\ 7=, YU AW FZ VT L7 v~ b
72 7 4 —IZi% Chromatorex ODS DM1020T (particle size, 100-200 mesh, & 12U 7L,
) ZRHWT T T2, o#TiEE 7 v~ k7 7 ¢ — (thin layer chromatography: TLC) |Z Silica
gel RP-18 F254S (Merck, 0.25mm, WifH) ZHW\W/=, YU SN BT Lhra~ 777 4—|C
IZ Chromatorex ODS DM1020T (particle size, 100200 mesh, & -3V 7 {b5) 2\ TiT-
Too KRFEBBKIEH AT FL (H NMR), RFEEHEKILB A7 kL (3C NMR),
Distorsionless Enhancement by Polarization Transfer (DEPT) A-~7 k/L| Hetero-nuclear Multiple
Quantum Coherence (HMQC) A-X7 k/L Hetero-nuclear Multiple-Bond Conectivity (HMBC),
Double Quantum Filtered-COSY (DQF-COSY) A-X7 hLix, A X /—/L (CD;OD), &/ 1
a7k /V A (CDCly), Y A F /LA KRF T K (DMSO-ds, CD3SODs) OV iz LV, JEOL
JNM-ECA600 (600 MHz, HAHE 7=l ), INM-LA500 (500 MHz, HAHE F#R
1), JEOLJNM-ECS400 (400 MHz, H AFEF#k=\=1t), Bruker Avance I11 (300 MHz, 7 /71—
U U S, MR ZHOCTHIE L, 'H NMR B X OV BC NMR AX7 hLTii,
TRIAFNT T oD IHNTT MidDWIE, BEHIZH W2 CD;OD OHLHED 7 I 7
N7 MEEZNEEEME OREMEME Uz, /o, Ay 7V 7 ERITIE Hz 248 LTz,

2222 {bEW 1 & 5,8 DERIE

ERKL T 2,3,4-trihydroxybenzaldehyde O fE/KFERE (Ac0) KT p-methoxyphenylacetic
acid (1.0 eq.) 3 XL sodium acetate (7.5 eq.) XX, 140°C T 4 FFRIEREZIT> 70, KIZ,
H,O Z/V&ETOMA T A0 ODNKDREITST2%,. BONTWRERIE T CREELE, £
D, CH;OH & IMHCI 2%, HOVSRZBIE T THE L, 5o lARYIC HO B
KO ) — v Z TS| A THEE L, 7,8-diacetoxy-3-(4'-methoxyphenyl)coumarin ({1t
G 8) H457-, L& 812 CH;0H & 3MHCI # /1%, 65°C T2 REfMEAAEIT -7, 551
TR T T T ER, EHEI 7570~ 777 41— (H,0 — CH;OH) Z HWRERL |
7,8-dihydroxy-3-(4'-methoxyphenyl)coumarin ({t- &4 5) %#157-, —FH T, {t&¥W 8 [Tk T
hydriodic acid (HI, 57%) Z /%, 110°C T 3 KFEINEAELT 572, KOGHRIZELFN NaHCOs Ak
ZMAHFF L7, 2MHCUMA et & L7z, B bk 2 e T CHER, WHE T L7
n~ h777 44— (H,0— CH;OH) Z W L, DHC (L& 1) 157 (59).

2-2-3. {5 2-4,6,7 3 L OMEEW 9-27 DG RkE

ZFHRZIE T salicylaldehyde #%E{KD CH,Cl ##ZIZ. dicyclohexylcarbodiimide (1.5 eq.).
dimethylaminopyridine (0.5 eq.) 33 & O" phenylacetic acid #5E(K (1.4 eq.) ZMZx., =HIRIZT 24
REfEEE Lo, ROSHE T, Celite®Z W T A L, CHCL (2 Tl L7, BT NIRIE A 3%
%, CHCL & %\ M3 CHCL & HoO Z Wik Lz, AHJE 2 /K NaxSO, TR L, JE
T AR E LTz, BOoNTHERMEZ SV BTNV T L7 a~ 7T 7 4 — (n-hexane :
ethyl acetate) ([CTHEH L, A MR EAFT L7~ U ViFEARA~LF N [MethodA: LEY
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2-4,6,7,9-12,17,18, 20, 21, 23-27], — /5 C, ¥HRK [ salicylaldehyde 7% 54D DMSO ik
(2. 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (1.5 eq.). ¥ XU phenylacetic acid
PER (1.25eq.) Z/MZ, 110°C (2T 20 BEEMEA L 7=, £ D%, HO & acetic acid (AcOH)
Z OSBRI A 1 FEASEIRIC TR L, TORSRICY = F N2 —TF V2 M2 5K LT,
A & K NapSO4 THzIRE L, BE MR A R E LT, GonTMAERYE ) B 7V 5
L7~ NJZ 7 ¢ — (n-hexane : ethyl acetate) |[Z TR L, A NI EEZFT L7~V U
KA L [Method B: L& 13-16,19,22], %12, BHEFEHRTKBICT, A ¥
BraFGT D7~V UFERD CHCLIRHIZ boron tribromide (BBr3, 1.0M in CH,Cly, 10 eq.) %
WL, 2RI Z1T 72, £ D%, CH;OH 2%, 15 &RICETE Ptz E L7, K
W& T 1%, UG % ethyl acetate & HoO % W3R L7-, AHESE % K NaSOs TRZEE L.
E T aRBELE, Bon-HERMES Y WX N T L0~ 757 4— (CHCL :
MeOH) (ZTHERL L, 3-phenyl-7,8-hydroxycoumarin #53& {AR~ & &y 7=

2-3. WST-8 assay

=i - 5 ET v eA 2T OB, RIS L IFilEd Lo iladi 2 39 5 25, L& % os ik
BEEZ R TIREOLGG, (LEMHNREE XL OEEMRERZ A 372 &b, RilB L ONEE
T O T 5, AL T, MlaEEZRT 2 & e < LMS fifaOIRMaE % 1l 3 51k
B ERET D728, WST-8 (2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfopheny)-
2H-tetrazolium, monosodium salt) assay % H\ N TRl m M 2 7s S 72V MEE W) D PR 2 3 L 72,
WST-8 (THIfINBKEIERIC LV E TS, KEMEDORL P 2EKT D, ZOoRL~H
> ? 450 nm ORI 2 EHENE LU, FEMARLEREC BT WO 2 100% & L CTAEME A
WE L=, BREMIEAZ K 96 7 =/ L — K (Thermo Fisher Scientific, Waltham, MA,
USA) D% = /LT 3.0x10° cells THEFE L, BEPEAIR & 4172 DHC IR T 72 BRRIALEE L, cell
Counting Kit-8 &%E (DOJINDO Laboratories, FEA) % 3 BFfJiLER, ~A( /1L — K1 —
X — (GloMax, Promega, Madison, WI, USA) TWEE ZHIE L1z,

2-4. BB L QLT v A

B 8um DfLEH T HHMlaE 5 A > % — ~ (BD Biosciences, Franklin Lakes, NJ, USA) (Z
B REMIEZ 1.5%<10* cells THERE L, MlamtEL R S RWREO 7 < U R LG 4 B
TG EE i CALPE L 7=, Matrigel Basement Membrane Matrix (BD Biosciences) T2 —7 o > 7/ &
NleA oY — M E2RET v EAITHY, a =T 4 7SR TWRWA Y — hEEET vk
ANVHER Lz, A ¥ — MiE, BRRF & LT 1%FBS &1 DMEM % A7z 24-well = &
N=F 7 L— b (BDBiosciences) |ZiR{E L7z, 24 FifiliEE%R, LHOF ¥ o X—HNO~ |k
U 7w, FEREMI R KON ML 2/ ThRE Lz, 7 v /3 —EEOMIEIT 100% 2 # /
—/LTCHEE L, FLAVPYEER (57 ¢ /VAFOEMSE) CYe Lz, DPT2 TV XV AT
(Olympus, HIX) Z## L7 FEBMEBE (BXS50, Olympus) T 1204 P — MIx L TR
ZWEBEDOND 3BT A L, A o — i@ Liciiiatica 1w ok L7z (Figured), 1k
B ORFEIHIEH OFEEEIIE, M ARILERE & i L 72RO D 5 0 R TH Lz
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ZRW, RIEROMEAMEWIE SRBEIHEER S SN 2 L& 2RT,

(A) (B)
0% FBS High Glucose DMEM 0.45 mL
some compound Total 0.5 mL
0.05 mL
LM8 cells
3.0 X10* cells/mL
or —
g . 1438 cells - °
~ 1.0 X 10* cells/mL =
% . o) f BD Matrigel basement P . S
o Membrane matrix 0.1 mL ® o
|~
® (invasion—+ or migration—-) °
[ ] L ]
e BD MFalcon™ cell culture insert v @ ¢
i (pore size of transwell 8 um) » S e
1% FBS (+)
High Glucose DMEM 0.75 mL
«— BDMFalcon™ cell cultureinsert  _
companion plate
Invasion assay Migration assay
[ ] L ]
02 e %
ejojaje

Figure 4. Experimental methods for invasion and migration assays.

(A, B) Osteosarcoma cells were seeded in cell culture inserts containing 8 um diameter pores and treated
with coumarin compounds in serum-free DMEM. Inserts coated with matrigel were used for invasion
assays (A), whereas non-coated inserts were used for migration assays (B). The inserts were placed in
24-well companion plates with DMEM containing 1% FBS as a chemoattractant. (C) After 24 h of
incubation, the matrigel and non-invading and migrating cells in the upper chamber were removed with
a cotton swab. Cells on the bottom of the chamber were fixed with 100% methanol and stained with
Giemsa solution. The three fields of view seen most frequently per insert were selected and the number

of cells counted.
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2-5. fratsLEd

fi#HT 1% GraphPad Prism 5 (Graphpad software, San Diego, CA, USA) ZH\\T{T~>7=, %H
HE# 13— e Bl i 53 B0 T Bonferroni O B LR E &2 IV TIT 272, p <0 .05 Z#EaHHIICH
BE L,
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3. FEERAE R
3-1. 3-Phenylcoumarin M4 fik,

3-Phenylcoumarin ‘§ 4% A B35 X OB BRICE AL 238 A L 7= 27 fifH O 3-phenylcoumarin #
EIRE AR LT (Figure5), £9°. DHC ({b&# 1) % 2,3,4-trihydroxybenzaldehyde 7> 5 2 B[
THK LT, ZDIbE% 113 3-Phenylcoumarin F#5D A B LD 7, 8 fLIC/KEEFEZ 2 {H, B ER
Fo 4 fLOKEEREE 1 ERFD, ZO(bEY 1 OREERE DM, 33 L U'NMR 227 L
Figure 6 & Supplementary Figure 1, Supplementary Figure 2 (Z/ R L7c, BT, ABRLED S, 7,
SALIT/KEEIERCA R, 7R MR EA BER LD 3 4 (LITKEBESA MU,
7o B R0 26 I OFFER G RIERIZ G R L 72 (Figure 5),

S

HO 00
OH

7,8-dihydroxy-3-(4'-hydroxy- 4 5:R=0CH; 7:R=Br
phenyl)coumarin (1, DHC) 6:R=Cl

O
OCH, OH R O
N O OCH, R \
HO O 00

R2

AcO 00 N O X
OAc H;CO 00 00 13: R'= OH, R2= OH
8 14: R'= OCH,, R2= OCH,
10: R= OCH, 12 15:R1= OH, R2= F

1:R=Cl 16: R1= OCH, R2=F

00

/‘\/i(‘/ 18: R1= OH, R2=H 21:R'= OCH, R2=H 24:R'=OH, R2=H
H;CO S 19:R'=H, R2= OH 22:R'=H,R2=0CH,  25:R'=0CH, R2=H

17 20:R'=H, R2=Cl 23:R1=H, R2=Cl 26: R'=H, R2= OCH,
27:R'=H,R2=Cl

Figure 5. Chemical structure of 3-phenylcoumarin and synthetic compounds 1-27.
Modified from Sugiyama, Y., et al., Biochem. Biophys. Res. Commun., 2023, 638, 200-209.
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T.8-dihydroxy-3-(4"-hydroxyphenyljcoumarin (1)

"H-MMR (500 MHz COR00)
BeMMR (125 MHz, C0a00)
DOF COSY. HMOE, HMES

OH OH < % HMBC
w— OOF COSY

Figure 6. 1D and 2D-NMR data of compound 1

3-2. LMS #ifEiZ %925 3-phenylcoumarin O #NHI1EH OFEAmR

X U®IZ, WST-8 assay & H U THE B L 7= 3-phenylcoumarin 7 E{K7% LMS8 a2 %) L THl
TR 2 o7 & 70U 2 ST uz (Table 5), AHFZETIE, (LAMARIIERE L Hlit LT 90%%
T ORI & 78 C & 1235 . MEEITREEEZ RS2V EEE LT, (LEWDHE
faEE 2 R TIRE O A 1|3A%75>{2{F'EJ - EEIMEWER 2 A S < &b, Bl L ONEET
LA T D7 Th D, WIT, BT > A & H T LM izt 2 iz #i1E

ZaHil L7z, 278 18 LEaMhs LM M2 L CiRIEIHITER 278 L 72 (Table 6), il
D 9 bEWIE LMS Ml ORI 2 % KIFE & 72 o 72 (Table 7),

FEETEPEABE & LT 3L E7IT ANLICKIREZ AT L6 1 LMLEaW 2 28 30 upM LLF
DYRETRARBHEMEERN 2R T2 e3binolz, A MFVEL 1 E1D 3 fHFF 3-
phenylcoumarin 75 EAROTEMEIL, KEEEAZ 1 [l 6 3 EEFALEHOREMENEH LV $55
Mol EEW 1vs 5, 9vs 10, 13 vs 14 35 KX TN 19 vs 22),
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Table 5. The effects of the synthesized compounds on cell proliferation

Proliferation (%)

Compound # 3 (uM) 5 (uM) 10 (uM) 30 (uM) 100 (uM)
1 100.7 96.4 63.0
2 94.9 31.9 55
3 105.8 58.9 40.5
4 108.2 103.7 107.3
5 100.7 84.9 48.0
6 94.2 42.1
7 99.8 103.4 63.7
8 102.8 79.1 51.0
9 101.7 102.3 111.1
10 101.4 96.9
11 109.8 114.1 115.1
12 106.7 10.2
13 102.0 102.2 103.6
14 100.9 101.8 102.6
15 99.8 99.7 85.4
16 98.7 98.0 97.7
17 98.7 98.7 100.2
18 96.8 97.1 98.2
19 102.4 103.0 79.4
20 113.7 109.9 119.2
21 98.6 98.6 89.6
22 102.1 99.4 97.5
23 97.9 99.9 100.5
24 99.1 96.8 57.6
25 99.0 96.4 100.0
26 113 112.9 106.9
27 101.2 99.5 98.1

Data show the percentages of live cells in response to the test compound compared with vehicle-treated

cells (100%). Values represent the mean of four wells per experiment.
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Table 6. The effects of the synthesized compounds on invasion were evaluated at doses that did

not affect the proliferation of LMS cells.

Invasion (%)

Compound # 1 (uM) 3 (uM) 5 (uM) 10 (uM) 30 (uM)
1 - 5348%** - - JPEWEEES
2 64+10%** 48+£33%* - - -

3 46£25%* - 18418 - -

4 - 66£16%** - - QD k%
5 - 98+19 - 30£7*** -

6 40+£10 - 10+3 - -

7 47H6*** - 1442 %** - -

9 - 50+£9%** - - 3148***
11 - 93+51 - - 39+14%*
13 - 75+13 - - 2551 7H**
14 - 89+15 - - 174%%*
15 - 6343 %** - - 2443 %%%
18 - 60+9%*** - - 4] HH*
19 - 703 %** - 37 *H*
24 - 5247x** - 38+3k** -

25 - 106+13 - - 86+9*
26 - 90+13 - - 75+12%
27 - 96+13 - - 68+12%**
Daphnetin® - TOLTHH* - - 56+8%**

Data show the percentages of invaded cells in response to the test compound compared with vehicle-
treated cells (100%). Values represent the mean + SDM of four inserts per experiment. Data were
analyzed using one-way ANOVA and multiple comparisons of means were performed with Bonferroni’s
correction. p < 0.05 was considered significant. *: p < 0.05, **: p <0.01, ***: p <0.001.
aNo significant changes were observed in response to compounds 10, 12, 16, 17, and 20-23.

Modified from Sugiyama, Y., et al., Biochem. Biophys. Res. Commun., 2023, 638, 200-209.
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Table 7. The effects of the synthesized compounds on invasion were evaluated at doses that did

not affect the proliferation of LMS cells.

Invasion (%)

Compound # 1 (uM) 3 (uM) 10 (uM) 30 (uM)
8 - 102+12 82+14 -
10 - 100£30 93431 -
12 - 98+12 - 88+11
16 - 81+3 - 79+7
17 - 109+£32 - 108+28
20 - 115+12 - 79425
21 - 79+27 - 72431
22 - 124424 - 101+16
23 - 162443 %* - 124430

Data show the percentages of invaded cells in test compound-treated and vehicle-treated cells (100%).
The listed compounds did not inhibit the invasion of LMS cells. Values represent the mean + SDM of
four inserts per experiment. Data were analyzed using one-way ANOVA, and multiple comparisons of
means were performed with Bonferroni’s correction. p < 0.05 was considered significant. **: p <0.01.

Modified from Sugiyama, Y., et al., Biochem. Biophys. Res. Commun., 2023, 638, 200-209.
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3-3. B RAEMAEIZ %3 % DHC O#IIEEENE O FH

AR T, LRI R A AT 5 2 LA &7z DHC ((bEW 1) o A EAE 0O i
X L ORI R 5 EEN R B E TS 72012, WST-8 assay % V> C DHC 23E PSR
Rzt U CRIIR AR 2 /8 S 7 WREER A 72, SEMARLERECR T 2 WEEZ 100% & L
72, DHC @ ICso fEIX. LMS8 M@ T 177.3 uM, 143B Hifd T 40.2 uyM TH Y, LM #ifld Tl
100 uM.,  143B i TIX 30 uM T, 24 72 R OALERIC X 0 MR HE5E 2 A = (2Bl L7z
(Figure 7)., LAREOSEERCIX, LMS fifd Tl 30 uM LAF, 143B i@ TiX 10 uM LA T DR E %
A=,

&

-
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Y
=
(=]

o
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Figure 7. Effect of DHC on cell proliferation.
Osteosarcoma (OS) cells were treated with the indicated concentrations of DHC for 72 h and cell
proliferation was assessed using the WST-8 assay. Data represent the mean + standard error of the mean
(SEM) of three independent experiments. Data were analyzed using one-way ANOVA and multiple
comparisons of means were performed with Bonferroni’s correction. p < 0.05 was considered significant.
**: p<0.01, ¥**: p <0.001.

Sugiyama, Y., et al., Biochem. Biophys. Res. Commun., 2023, 638, 200-209.
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3-4. LMS Al ki 9% DHC D=3 J OVl VEH O

BT A LiEET v A ZHWT, DHC @ LMS8 Ml %3 2 2B L OWEE~DE
B ST U 7o, 23S L ONEEAE L7z ARk LT AP @i s v C, LMS M ool fais
woREE, MIRE AR A LT, TORE, R L ONWEE U7 MRS IR IR
I LTz 2 & % WSS FICHER T & 72 (Figure 8A, B), W RALERE & Lol L2 £ 721
WAL D E 52 T DR F 71 XEER 2 AV CHRGHLEL A 1T 5 7=, Z DR, DHC
T AALETE & el LT 3 pM ClEEMHIEH 2. 30 uM CTIXIREMSIEN &b EmsiE
M%7~ L7z (Figure 8C, D),

O T
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Figure 8. Effects of DHC on invasion, and migration of LMS cells.
(A, B) Images showing invaded (A) and migrated (B) cells after 24 h of treatment with DHC. (C, D)
LMS cells were treated with the indicated concentrations of DHC for 24 h, and invaded (C) and migrated
(D) cells were counted manually. Data represent the mean + standard error of the mean (SEM) of three
independent experiments. Data were analyzed using one-way ANOVA and multiple comparisons of
means were performed with Bonferroni’s correction. p < 0.05 was considered significant. *: p < 0.05,
**: p <0.01, ***: p <0.001. Scale bars: 200 pm.

Modified from Sugiyama, Y., et al., Biochem. Biophys. Res. Commun., 2023, 638, 200-209.
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3-5. 143B il %92 DHC Dzl s J ONGEEHNH/E FH O 7k

LMS Al &[RRI, 127 > &A1 LilEET v & A 2T, DHC @ 143B fifaicxt+ %=
T L ONEE~DOFELE TN L7z, 2RI L OWEE L s B E R AR Lz &
Z BAMER T CHERR T 7= (Figure 9A, B), DHC [T ARULERE & bhifg LT 3 uM TH B RilEE
PHER Z . 10 uM CH B2 ZMEIGIER & i EMHIEM 27~ L7z (Figure 9C, D),

(A) 0 uM 10 uM

Ry

(B)

(©) 4 . (D) ,, :
S ' 8
T 100 - = 100
g2 < 2
ot gc
Do zZo
£EO £o
w5 50 e 30
530 i
5= 3%
E E
3 0 2 0
z 0 3 10 0 3 10
Concentrations (pM) Concentrations (uM)

Figure 9. Effects of DHC on invasion, and migration of 143B cells.
(A, B) Images showing invaded (A) and migrated (B) cells after 24 h of treatment with DHC. (C, D)
LMS cells were treated with the indicated concentrations of DHC for 24 h, and invaded (C) and migrated
(D) cells were counted manually. Data represent the mean + standard error of the mean (SEM) of three
independent experiments. Data were analyzed using one-way ANOVA and multiple comparisons of
means were performed with Bonferroni’s correction. p < 0.05 was considered significant. *: p < 0.05,
**%: p <0.001. Scale bars: 200 pm.

Modified from Sugiyama, Y., et al., Biochem. Biophys. Res. Commun., 2023, 638, 200-209.
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4. BE

VEGF/VEGFR L3013, Ml tE EH 2584 L, MBS RIS X0 B8 2 365 5
PR TH D05, 4 F TORKRR CIIRRICD AR LIHT 5 2 L IXTE 2o T,
Fio, DAKBRORZEMEWEHR 2 A7 2 MMP [HEIRICIE, BHWER e EORIEN D | RIETER
FELTHEHSINDICTESTHRY, TNETEHERSINTI RPN AR T 1t X 2l
T BN AFEDOFE & ZN A IR FOREITEETH D,

7<) NIV EEE TH DT DX RIE LG L, TOMEER, 7~V U R{LEYD
TRk A 72 BRB I ER 2635 2 &3 STV 5, 3-Phenylcoumarin 738K & F 72, Hid AAE
HEZIZLO L Lo, BAx REBWERZ AT 5 Z L EIZ K VLT > TE Y (46), HH
XX RS 7 REIMEER 2632527~V U RbEME R 72912, 3-phenylcoumarin % Al
FEDEARFH L L CTHW, 3-phenylcoumarin (ZALFERT 2 Z & THHBIA AR I HE D B RS
TEDL LA T2, £ 2 CTARMZETIE, TORERORMEEE LT, 28 ARSI/ 2B
59 % 3-phenylcoumarin O ETE AR 253 2720, 27 k&M 2GR L. RIEMHEH
et Lo, Mtz R SR WIRE L CIRIEMEHEN 2> 7 <~ U U REEWEFET 5
ZENEBNThH Tl MmNt 2 R S 7 WIR B TR L7z, EOREER, 3L E 721X 407
WZKRIEZ G T DG 1 SALEY 4 73 30 uM LA T O Thi 71 72 1286 7E H ’i’ﬂ—*ﬂ‘l &
DAL ol A X EE 15 3 {HEF D 3-phenylcoumarin 75 B DIEMEIL, KE
a2 VNS 3 EFF G ORBEMEIEN LV £330 o7 ((bE# 1vs5, 9vs10, 13 vs 14
BIO19vs22), 26 DOREFIE, 3N E 721X 4N O KB IEIZEIEWERICEE TH D Z &
EZRLTWD, —FH, n"al a9 % 3-phenylcoumarin 7 3E /A 3AKIR BE GBI HI/EH
ZRLIZH OO, 30 uM CHIFIFEEMEZ 7R Lz, AWFFRIE, Ml EME 4 R & 70O R Ll TR -
WEAEMSWER Z A8 3T 28 OWRBR LT TR, MlBEENRS ENDHxm e AT
7=V RbEMEY b, B - EEEH IR 2KBEEET L7~ U RIEEME
HENZD R o T ke & L TE 2w 7=,

AWML TERR E N T2V T D 3-phenylcoumarin #FE(LR L, 7~ U o &[RRI EEBEEZ A
THZENDL, ARG FICHT HBIENRZ L, A RIEARBN D FTEEERH D, L
L., 7~V VBROVEICH L TERRLIAEDOVEHAFF D7 = =/VEOBEANITLY | KRR
EEERTZEbHRESNTND (7)), 2O END, 7 x==)LHED 2AL & 6Nk LT sp’
RFEEA T HIERKIL A E A L, 3-phenylcoumarin 75 E(KIZ 3 RITHR~DIEED LN Y & iz
D Z LR, K VRENRERMEIMEERAZET 57~ U RIEEWORRIZ WIS - HE RG]
BTHDHEEZDBND, DHC OER T2 [FER ., RGN 28 C T, fErY0 iR
BIZHEG L, RiER L ONEE L Fr RIS T2 7 ~ U U R EEMORIR Z D | SR %
LI L LR L TS BRER D D,

Ak L7z DHC (1) (32 R LS . mWisEImEER 248 L Tunwb Z &5, DHC
DI - WEEMFERICERZ Y THZ LIZ Lz, 70, ARV Y —=2 7 CldmMissE
~ U AE BRI LMS M %3 2 REEHE A 2 Ma L7225, LMS filia 721 T2z < wilis
Btte hEREAD 143B M4 02 C. DHC 02 Fs X ONEE Bl /E H & 3F-4l L 72, DHC
T BRI A R S AR IREER T LM AT & 143B ARARIC R LT R EERAERIT IR & 7o 1Ll

21



EZ L, B REMRC S L CRIMER K OEEIGER 26325 Z LRl 6nhE kot
ABFFETIE, B AR LT O R ORBEMEER 2 5 L7e2s, A% I3 EECR 2 Al
RIEF MM AT 2R - EEMMBIEH OBE 21T 5 LERH D,
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5. /IR
ARETIL, BEEBEE~ Y ABREME FT AT 2V F v o= N7 ) —=
VT Rm LT, =l EEMEEREZET D7~ U URIEAEMDOREEITV, LLFTOMAE %
=,

1. 7=V BRO3IMLTHES LB U (BER) ~OKBEDEL., IEMEOFHFICEE
ThoHZ DA LT,

2. I UVEROINMICHEELENUVEVER B B]R) ~OKBREEZ Na P U AT 5 b
RIEIEER TR 503, MRREIESTRD iz,

3. DHC /%, daphnetin £ ¥ &5 ICIRIEIGHIER 27~ L7,

4. DHCZ, ~ v AFAEMIEZT T2<, v MERBEGHIZE LT HREmbER &b
PHIER 278 Lz,

Figure 10. Structure of 3-phenylcoumarin (A) and daphnetin (B), DHC (C).

UbEDZ &G, AEEH L 72 Cillemtt 2R S FICAEiEE4 7R L7 DHC (3, &
PRI (e U CIRABENHIER & i EMEER 2 A0 Z &AWL o T,

23



%5 2 % 7,8-Dihydroxy-3-(4"-hydroxyphenyl)coumarin (DHC) @ JEEEZHAh
BOLEN IR - WEEMHEIEH 23 % DHC OF TR
1. &5

WEEIE, MO, REER, MEkOEESCHEAER S, £ < OEYFRIEFRIZIB W T
HELAGER) ThH Y | BERIEETNAORBCER & 510 % < ORBOEITICES T2
(72-74), Wik LRI, xR BELRFIck > CElEiRZan5, MREREOZERICHES
L7 BRI, a7 FVn@ERg 2 i L. MlamicT 7507 4 7 2 R
REhD, 77 Fr 7474 MORKITAFSISTHY, 74T A bORMTT 7 F
HER2MII ES) 75—, RAHMIOREN O T 7 F o0l WES) +5, 77 F
Ze—FANZE#EIAD Z I X VMO 2 MIEd 2 & T, Ml —micEde, KT, AR
B2l 5 72O DM ICEE T K& LT, K F& GTP #E Al & "7 Einzgls
biILDd (26), 1K1 & GTP #E &M & 371, MlE OB L, J7miEsn, Mg - A
faff#ess . MifldA > 7 70 e~ b U v 7 AREAE OEARRNRHIEE 7 Th 5, K51 & GTP
AL R EDOBLIE, 2 ONAFETHI EAPHER SN TEY, 2N E 713
BHEONAHIRORETLLE L ORSNTVND (26,75),

K57 78 GTP f5 &M & L /R I Ras A—X—7 7 IV —O—#i &ML, & FTiL 20
D7 7 IV —Z X7 EREEN, T, MIEREOFERCOMIRES), MM, b
RFEREEFD (76), %< DIKR 8 GTP fEEM & /X7 B IXIE MM @ guanosine
triphosphate (GTP) #& & & RIEMERL D guanosine diphosphate (GDP) #& A D¢ GDP-GTP
RIS TN D (77) ZORGNE GDP FEAH S GTP AR ~D W% kit 45
guanine nucleotide exchange factors (GEFs) (78) & GTP f5& A5 GDP #l A~ 22 4 & fil it
9% GTPase-activating proteins (GAPs), GEF (2 & 2{EMALZ L ET 5 Z & T, K57 & GTP
FEATL S X7 B OREA~D JHTE % A9 % Guanine nucleotide dissociation inhibitors (GDI) (Z il
HENTWVD, SHIT, EENRIEMEL & 135N, K5 F 58 GTP f e & "7 HITNREE
%2} 5 2 & THA~DREZFESN (77,79,80), L EXF AbLEZIFTH & THMEN5,
F1Z. RHOA <° RAC1 D= % F AUICET D583 A TE Y . RHOA ITXT 52 EF%F
AIIE 72 5 E3 U H—EBHEAIK, SKP1-CULI-F-box (SCF)PBXL A 1K (81). SMAD-specific
E3 ubiquitin protein ligase 1 (SMURF1) &K (82). BTB/POZ domain-containing adaptor for
CUL3-mediated RhoA degradation (BACURD)- CUL3-RING = &% F > U I —EBEHEIK (83) 2
B L THY ., RACI (247 %= % F 1k including inhibitor of apoptosis (IAP) # /37
'Z (X-linked IAP (XIAP) & cellular IAP1 (cIAP1)) (84). HACEI (85). SCFFBXLI AR (86) Y
54 2%,

BNAEEBIEIER O & L ORI TV Ay & GTP #iARLY 87 BT,
RHOA. RAC1, CDC42 7% 25 (75), RHOA TGN EZRAESEDLA RN L AT 74 =%
Y%, F72. RACT (AL OEB)E 2 BRE) 9~ 5 FERE DTER & e L, CDC42 1305 Ak
D &> L EEN HE 22 RRIE 2 TERT 5 (26),

ARFETIE, ATE T/n L7z DHC ORI - g A IEH O/E I 2 #8195 7212, DHC 23
METT I F 74T A bOBKN LIRS FRGTPRHEGESY VNV EORAETO %
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KT L7-, S5IC, 1K 78 GTP fE8 M & o X 7 B OB k9% DHC DEEE % bt
L7,
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2. TG
2-1. k3K

DHC I dimethyl sulfoxide (DMSO: &5 74 7 A7) 2 100 mM DG L, AR E
T20C TR LTz, 7 r~F I K (CHX: cycloheximide) 1%, & L7 ¢ /L AF0EHIEE
DHEAL, BB L 7= 2R K % VT 100 mg/mL O E IR L, R £ T-20°C THRsiis
FL7z,

2-2. fFE MG & A ks
AWFFETIE, BEBMHEMREE L LTE 1 =L REEC, ~ v 2B RIEMREE LMS fifu s b K
B PIEH R 143B MR 246 H L 7=,

2-3. HORYL L

LMS #ifEiE 3.0x10% cells/mL, 143B #ifaiX 0.5x10* cellsymL TH 7 AR b LT 4 v = (8
BeRH - KB, HA) ICHERE L7, 48 IpfH]RE 31, DHC Z ik~ 7L (LMS8: 3 35 KX T8 30 uM,
143B:3 B LN 10 uM) T 24 BEEEEHICERN L 7=, LMS Hild & 143B fifid % 4% /3T RV A7
NTE R (FTATAT A7) THRERIZTI0 HMEE L, KRIZ, T7F 747 A Mg
\ZYta 7% rhodamine F£:#% phalloidin (Thermo Fisher Scientific) & . FfEEZRFRAICHET S
Hoechst 33258 (Molecular Probes, Eugene, OR, USA) T 4°C|ZC—Meph S 7z, RS iz
TIF T 4T A hE LSM800 HAE S L —F— A % v U BEEE (Carl Zeiss, Oberkochen,
Germany) % HW\THgg L7,

24, U ARB T yT 4Tk

DHC L& K 5 & 2 X7 EREBIIACA~DIITICIB W TIE, VZRZ T uyT 4 v 7EIC
TREMNT L7z, LMS flifE, 143B Ml Hc3B8 0T 9.0x10% cells, 2.7mL TREREL T/Hh 5 24
PG Lo t2, BSM AR L7 ke (RIRE 0. 3. 30 uM). 0.3 mL ZWALE L7, 24 ¢
BICHIRaZ B L, sk L7= Ca*, Mg**-free phosphate buffered saline (PBS) (—) T4, 7
a7 7 —EEAIA 7 7 (Sigma Aldrich) 35 £ T 40 mM sodium fluoride (& £ 7 ¢ /L AF0
%), 2 mM sodium orthovanadate (Sigma Aldrich) % ¢ lysed in radio immunoprecipitation assay
(RIPA) buffer (& =7 ¢ /L AFOEMISE) & TR 4°C, 20 43) L7z, BfRfR. 20 47O
(4°C, 13000xg) L., RyFZH 7 ve LTCHIL L7z, B L7z > 7V, Qubit Protein Assay
Kit (Thermo Fisher Scientific) ¥ & T Quantus Fluorometer (Promega) ZHW\CTEZE L, 2-A /L7
7 hx & ) —VEAREHHREER (5L 0 v AR SIRE L. 5 ofEw LTy
TN EFE LT,

BRIKENZIEL 20 pg OFBE L 72V 7 L% W, sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) (Z T ¥ /X7 & % 47 #f L . polyvinylidene difluoride (PVDF) &
(Merck Millipore, Burlington, MA, USA) \Z#2%5 (100V. 904y) L7-, PVDF i~k R
HIREA ZBIIET 5720, 70 v ZHNTIE 5% AF LIV (BEIAZ I 7 B L, BAK)
ML, EiE 10T 1 MRS EZ, 1 WHURIT 4°CT—BIG S, 2 KPUEIT
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horseradish peroxidase (HRP) #Ei%k S 4172 HLUHF LB L Ui~ 7 X IgG Hifk (Cell Signaling
Technology, Danvers, MA, USA) Z M\ T 304y, HiRIC TGS ®HTZ, ThbD7r v
V7 HIE L OB FEHUARIL, Tween-20 &4  tris-buffered saline W CTIEfiEE 7= 13m M L7z, #
VNI O HHIX. ECL Western Blotting Detection Kits (GE Healthcare, Chicago, IL, USA) %
HONTXBZ g v (57 AR Y — L b AR, B, BAR) I 772, 7k, K
RN W 1 PR L 2 RPUAIE Table 8 (28 L7, 7235, anti-CDC42 Hilk (#2462: Cell
Signaling Technology). anti-RAC1 #i{& (66122-1-lg: Proteintech, Deans-gate, Manchester, UK),
anti-RHOA HTfE (sc-179: Santa Cruz Biotechnology, Dallas, TX, USA), anti-glyceraldehyde-3-
phosphate dehydrogenase fiL{& (GAPDH; #2118: Cell Signaling), anti-eukaryotic translation initiation
factor 20 FLIA (elF2a; ab5369: abcam, Cambridge, UK), anti- U > B2{L elF2a HLIK (p-elF20; #9721:
Cell Signaling), anti-mouse IgG #Ti{& (GE Healthcare), anti-rabbit IgG Hi{& (GE Healthcare) %
flEH L7z,

Table 8. Antibodies used in Western blotting.

Primery Ab Primery éb Secondary Ab Secondry .Ab
concentrations concentrations
anti-CDC42 1:1000 anti-rabbit [gG 1:1000
anti-RAC1 1:1000 anti-mouse IgG 1:5000
anti-RHOA 1:200 anti-rabbit [gG 1:1000
anti-elF2a 1:1000 anti-mouse IgG 1:1000
anti-p-elF2a 1:1000 anti-rabbit [gG 1:1000
anti-GAPDH 1:1000 anti-rabbit IgG 1:1000

2-5. qRT-PCR £

DHC IZ LV #FE I 11D mRNA OFRBIELMEATIZF VN TIE, quantitative reverse transcription
PCR (qQRT-PCR) VEIZ TRT &2 T oo, VZAZ Ty T 4 ZiEE FERRC, B ARk
(LMS8. 143B) ##f& L. DHC Z4LE L7-, 24 BRI Z [0 L, K% L7 PBS (-) T
#1%. Nucleo Spin RNA Kit (¥ 7 7 /34 A, Hit, HA) ZHT total RNA ZHhiH L7,
NanoDrop 2000 (Thermo Fisher Scientific) (ZC RNA %l L. High Capacity Transcription Kit
(Applied Biosystems, Foster, CA, USA) & Takara PCR Thermal Cycler MP (% 71 7 /3 A ) % H
WCHiERS L, complementary DNA (¢cDNA) Z &% L7c, 2415 @ cDNA % . FastStart Essential
DNA Probes Master (Roche Diagnostics, Basel, Switzerland) & Universal Probe Library Probe
(Roche), % primer (Thermo Fisher Scientific) % & ¢ 20 pL/well @ )i %1Z C Thermal Cycler Dice
system (Z 71 7 734 F) Z H\W T qRT-PCR %17 572, mRNA FEHl &L LM8 Ml Tl% Gapdh %
143B i ClX GAPDH ZWEEHEL LT, AACt IEIC XV FAIXHHIC E & Lz, ARRFhHc vz
primer 33 X TF probe (&, Table 9 (Z7x L7z,
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Table 9. Information of probe and primer used in qRT-PCR.

Length
Target Species Probe Primer Sequence Accession Number
(bp)
Fw 20 5’-GAGTCCACTGGCGTCTTCAC-3’
GAPDH Human #45 NM_001256799.2
Rv 20 5’-GTTCACACCCATGACGAACA-3’
Fw 22 5’-CAATGAATACGGCTACAGCAAC-3’
Gapdh Mouse #17 NM_008084.2
Rv 20 5’-TTACTCCTTGGAGGCCATGT-3"
Fw 20 5’-GGGAGCTAGCCAAGATGAAG-3’
RHOA Human #8 NM_001313945.1
Rv 19 5’-GTACCCAAAAGCGCCAATC-3’
Fw 21 5’-ACCTGTGTGTTTTCAGCACCT-3’
RhoA Mouse #46 NM_001313961.1
Rv 20 5’-CCATCACCAACAATCACCAG-3’
Fw 23 5’-CATCGGAATATGTACCGACTGTT-3’
CDC42 Human #22 NM_044472.2
Rv 25 5’-TGCAGTATCAAAAAGTCCAAGAGTA-3’
Fw 23 5’-ACCGCTAAGTTATCCACAGACAG-3’
Cdc42 Mouse #58 NM_009861.3
Rv 22 5’-GAGTTATCTCAGGCACCCACTT-3’
Fw 19 5’-CTGATGCAGGCCATCAAGT-3"
RACI Human #17 NM_006908.4
Rv 20 5’-CAGGAAATGCATTGGTTGTG-3’
Fw 20 5’-AGATGCAGGCCATCAAGTGT-3’
Racl Mouse #17 NM_009007.2
Rv 20 5’-GAGCAGGCAGGTTTTACCAA-3’

2-6. RNA-Seq (3 —7 > A) f@tfr
2-6-1.RNA-Seq 74 77 UV —OffflL v —7 = R

DHC ZLEE (30 uM, n=3) B L UOSRLAHE (n=3) MAE)> 5 D4 RNA X, qRT-PCR % & [FIEE
IZEML L7z, 6 DY T/t RNA-Seq 74 77 UV —%dil L, st~ ra vz -
xRy (HR, BA) OWMAT —4 o — (NGS: next generation sequencer)(Z & U B4R
& L7, RNA O EEIL, ZIE4 RNA Ribogreen (Thermo Fisher Scientific) & TapeStation
RNA Screen Tape (Agilent Technologies, Inc.. Santa Clara, CA, USA)CHERR L7, NGS 71 7
Z U —|%. TruSeq Stranded mRNA Kit (Illumina, Inc., San Diego, CA., USA) M\ TA —F—
DOFtBHEIIWE - TIERL L, TapeStation D1000 Screen Tape (Agilent Technologies) (2 & V) #Ei8 L
7o NGS 74 77 U —DiEEIL, LightCycler qPCR (Roche) (2L V{T>7-, RNA-Seq 7 —%
GO D —77 2 A7 1%, NovaSeq 6000 (Illumina) % T 101 bp D7 = RKIET
1TV, AR S U7z — &2 23—/ bel2fastq2 Conversion Software (Illumina) (Z X ¥ fastq 7 7 A
NI EW LT,

2-6-2. RNA-Seq 7 — & JLE
[6-1. RNA-Seq 714 77 V—OffflL > — 7 = 2| TR LI fastqg 7 7 A /LiE,. RNA-
Seq 7 — ¥ O & E B (QC: quality control) @ 7= ¥ (Z FastQC version 0.11.9
{https://www.bioinformatics.babraham.ac.uk/projects/fastqc/ (87)} TN L7z, T THDIT, %
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fastq 7 7 A /LD QC fi#fT & | IREE F 7213, BWESIROT ¥ 7 2 —fHZRET 57200
TANKEY T ERIFICIT) Z LN TED fastp 023.1 7077 L2 HWT, T 7 4/V biRE
I2& VW QC 247572 (88), ¥KRIZ Trimmomatic-0.39 2 VT, IMHD QC AT v 7 &=k T ik
FLTWATHXTH—lbaE U I 7 LT (89, 51T, SortMeRNAv4.3.4 7'/ T AZ
£V, UARY—LRNAHROESNZT 7 4/ MEREICLVERELE (90), QC TZ 4%
7 L7V — K%, STARversion2.7.9a 7’1 277 & (91) % T Ensembl Musculus GRCm39
release 104 reference genome ([Z7 7 A A2 L7z, U— NI 7 | & transcripts per million (TPM)
fE X RSEM version 1.3.3 (92) IZ & > CTHH L7z, DHC AP (30 pM) & R ALEE L D
differentially expressed genes (DEGs) Z i3 2572912, RSEM O THLH Y — R v b
& TPM i % Bioconductor ® DESeq2 1.24.0 /X 77— & R /3— 3 1 3.6.3 TENT L 72,

2-6-3. /XA = A fFHT

INA T = A fi#HTIE, Bioconductor @ Pathview version 1.24.0 /X 77— % VN R program
version 3.6.3 TiT->72, Pathview [Zi#H L72/X A7 =1 X, Kyoto Encyclopedia of Genes and
Genomes {(KEGG; https://www.genome.jp/kegg/ (93)} mHHfGF LTz, XA = A Liz7 v
U727 —%1%., EiR® DESeq2 7'1t 77 AT & » CTHH S 417z fold-change i % H V7=,

2-6-4. Bin 14> h v — (GO: gene ontology) fi#AT

GO fENTIZIX. Web X—ZA D7 11 77 5Tl 5 The Database for Annotation, Visualization and
Integrated Discovery {(DAVID; https://david.ncifcrf.gov/home.jsp (94)} version 2021 @ Functional
Annotation Chart #8E % {# ] L. Gene_Ontology 77 =Y @ GOTERM DIRECT 7 — ¥ X— X %
S LU TR RZME Lz, 554072 GO #— A%, Bonferroni ffi IEIZ L5 pfETY— kL., #ii
EZOpfEN p < 0.05 R LTcHEREERR LT,

2-6-5. Winf= Y v F A Mg

Bin >V v F A MENTIZ, DESeq2 TIEMAL L7 RNA-Seq 7 —# % . Gene Set
Enrichment Analysis {(GSEA; https://www.gsea-msigdb.org/gsea/index.jsp (95)} version 4.2.2 % H
WT, T 74V MREICE V1T 572, GO f#HTIZIX, c5.all.v7.5.1.symbols.gmt DT — & ~_— 2
MHBELNTEE Ty &AL, GSEA OFRITNA— a—F7— v a VREIZE S
TW572, 3 Bl GSEA BEZMY KL, BT 7 ShicBla ey FEAETHD
LB LT, BRI, 3 RIOBEIZIB W TIRIE RS (FDR) O ¢ fED ¢ < 0.05, A =
7 (Enrichment Score; ES) 7% >0.6, 1IEH L ES 2% >1.85 THoT=HAIC. BT 7 &h
Enfy hELTHIH L, gmt 7 7 A LICEERTWARWERED GO ¥ — b Z fiffrd
572912, GSEA 7 =7 %A b ® Molecular Sig-natures Database 7> 5 & 1-& »~ N & BIT
MBEL, #Uru—FL7,

2-7. B RIS RO
mRNA OFERZPHET 554 F TD RACI BEL U RHOA DX L I BBEZFRDHT-0DIC,
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JxAZ T ay MEZRHW, MR oF e, Midd 100 pg/mL @ CHX (§ £~
AV AFEHMER) T 2, 4. 6. 8. 24 BEMALER 7o, MIREAEE OFHEL, & 2R B DRI &
ER, BRUKE), PURPUASUS, PURPUARRS Lo X7 B, T4 v=x &7 n
v T4 U7 ERERO FIETITo 72,

2-8. HERTHEMT

fi#HT 1% GraphPad Prism 5 (Graphpad software, San Diego, CA, USA) ZH\\T{T~>7=, % HE
PO 13— JCBLE 53 H5r T Bonferroni D% B LR E 2 FIWTIT 572, p <0 .05 ZHEFIAIICAH
B & U, A Fii#3 Kaplan-Meier # % HIU TR#T L, log-rank #E 2 VW CEulE L7z, B
EIRIBRIC p<0.05 ZHEHHIICHE & LT,
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3. FEBRRE R
3-1. ‘B RIEMAZIZ X5 DHC OMIANT 7 F o7 4 7 A v Mg~ D8

AR IR & WA G- D MAEENC TN T 7 F o7 4 T A FOBRRNEE L 7
5o MBRNT 7 F 7 47 A2 MZiE, MRERERICER SIS A RV AT 7 A4 /73— (stress
fiber) & AR 5 SRIRITZREE DAL S AL DR IRZE8E (filopodia), AN DR 7 % £ 7= 5 HE
KR (lamellipodia) 23FET % (Figure 11),

& actin: red nucleus: blue scale bars: 10 um
@ (Green ellipse): stress fiber
O Q @ (Cyan ellipse): filopodia

— @ (Yellow ellipse): lamellipodia

Figure 11. Fluorescent image of Actin filament.

Green, cyan and yellow ellipses indicate stress fiber, filopodia and lamellipodia, respectively.

HIFNT 27 F > 7 4 7 A2 FOFERKICH % DHC ORI L C, phalloidin % V724
FEYEIEIZ X0 3l L7z, SEARLERECIB VT, LMS fifads KO 143B fillan 3 iz
Th, APV AT 7 A= RREE . FERIUE D RS S 7z, DHC (3 LM fifflacd 2 ~ L
AT 7 A N EIERUE DI & BRI S, 143B fllD A R L AT 7 A4 3— L
SORABUR DI R % P AR RO S 72 (Figure 12),
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LM8 143B
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30

actin: red nucleus: blue scale bars: 10 pm
> (yellow arrow head): intracellular actin filament

Figure 12. Effect of DHC on actin filament formation in OS cells.

OS cells were treated with DHC at the indicated concentrations for 24 h, and the actin filaments and
nuclei were stained with phalloidin (red) and Hoechst 33258 (blue), respectively. Yellow arrowheads
indicate intracellular actin filaments.

Sugiyama, Y., et al., Biochem. Biophys. Res. Commun., 2023, 638, 200-209.



3-2. BREMAEIZX 9% DHC DKy 78 GTP fE G & /X7 D & 37 ERBL~D 8
Koy F 8 GTP fEATIY L R EWRMIRNT 7 F > 7 4 A2 FOBERIZES L TED .
RHOA A R VAT 7 A /N—0DfK, RAC1 23T A Z KT 4 7 DK, CDC42 N7 4 aRT
4 T ORRIZENZENEG- LTS (96), ZILHDX LRI EDIBUIONWT, VT AKX

Ta T 4 v TR AW TRE Lz, LMS it L O 143B M2 350 T, RHOA & RACI,
CDC42 DX X7 ERBNBIZE X7z, DHC (X, LMS #lfZiZB T, RACI 3 X T RHOA
DRI PR FEARAFINCID SH7203, CDC42 DRBUITHELE KT S 2o Tz, £7-. 143B
HERZIZ 33V T DHC X CDC42 35 & U RHOA DR B % R FERAFHIICIK T S8, RACI O3 %
DT IE T S 72 (Figure 13),

LMS 143B
DHC (uM) DHC (uM)
0 3 30 0 3 10

Figure 13. Expression levels of Rho small GTP-binding proteins in OS cells treated with DHC.
OS cells were treated with DHC at the indicated concentrations for 24 h, and the expression levels of
Rho small GTP-binding proteins were detected by western blotting. GAPDH was used as a loading

control.

Sugiyama, Y., et al., Biochem. Biophys. Res. Commun., 2023, 638, 200-209.
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%%Hﬁ%ﬁﬂ@&:ﬂﬁ‘é DHC DRy 18 GTP fE AL 2 L /X7 G D fn 1 B~ D 8
ATIE T, DHC ALEIZ X VRS & GTP fEGa ¥ v /X DX /87 ERBLOMK T 3R S
N7=oT, &Y FE GTP #A Z > 737 BH D mRNA 5 pEMIZ ST qRT-PCR %% VW CRF
i L 72, LMS #IJEIZFUWN T, Rhod & Racl, Cded2 OIE(EFFELN, 143B fIEIZ BT RHOA
& RACI, CDC42 DEAAFFBPMER SNz, Lo L, DHC (FH RIEMALIZ I TR+ &

GTP # L /X7 D mRNA L~ ZITE L KT S 720> 72 (Figure 14),

RhoA Cdc42 Rac1
< < <
E E 150 E 1
Ex 150 £z s 50,
w T ] w3
] 3 Sg ] 3
89 100 58 10 8§98 100
0~ 0~ 0~
E 2 R4 E 2
LMS o [ o
o o a-c
H § 50 H E 50 H] § 50
SE sE SE
37 57 4 57
§ 0 3 30 g 0 3 30 é L] 3 30
Concentrations (pM) Concentrations (pM) Concentrations (pM)

< < <
F g z
ET 150 ET 150, EE 150,
58 58 58
,5 g 100 _E g 100] _E % 100]
i e i

143B EZ £g Eg
5 8 50 ﬁ '&’, 50| ﬁ 8 50
25 25 25
= 8= =
2 0 3 10 5 0 3 10 3 0 3 10

Concentrations (uM) Concentrations (uM) Concentrations (pM)

Figure 14. Effect of DHC on mRNA transcripts of Rho small GTP-binding proteins in OS cells.
LMS cells were treated with DHC at the indicated concentrations for 24 h, and mRNA transcript levels
of Rho small GTP-binding proteins were detected by qRT-PCR. Gapdh and GAPDH was used as a
loading control.

Sugiyama, Y., et al., Biochem. Biophys. Res. Commun., 2023, 638, 200-209.
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3-4. LM8 #ifEiZ %t 9" % DHC O R T FB~ DR

DHC Dizi¥ « s EMIZ B 2 R A B s+ 2 [FE T 5728, RNA-Seq it 217 -
T2 ZORER, 459 BARFOFBUCHBEREMNR RO, Z2D 5 B 356 BARFRT v 7L ¥ =
L—vay, I3 BEIFNRF T X2 b— g LTV (Figure 15), DHC ZLERIZ L 0 %
s B U A7 50 AR LR F L7z A7 50 J8{5F-% Table 10 & Table 11 {275 L7z, DHC
I, B L7z qRT-PCR DO#ESE (Figure 14) & —E LT, K5 & GTP #EEaM & 7 ED
mRNA L~V 20 S/ o 70 (Figure 16), 7. 1218 - EA & 13BN 2 TG 2 B3
% Cd74 (97). stimulator of interferon response cGAMP interactor 1 (Stingl) (98). Toll-like receptor
3 (Tlr3) (99). interferon regulatory factor 7 (Irf7) (100), Cdl4 (101) OFEEL) DHC ALEEZ L 1 H#Y
mLe,

Downregulated Upregulated
103 genes 356 genes

Ccdr4

70.0 4 .

60.0

40.0

50.0 bzt S

~logio(Pad))

-80 60 -40 -20 00 20 40 60 8.0
log,(fold-change)

Figure 15 Differentially expressed genes (DEGs) between DHC-treated and untreated cells are
shown as a volcano plot.
X-axis, log2[fold-change]. Y-axis, -logl0[Padj], where Padj denotes the p-value from Wald test with
the Benjamini-Hochberg method. Genes with Padj < 0.001 and [log2[fold-change]| > 1.0 are defined as
upregulated (red) or downregulated (blue) DEGs, respectively. Plots of the genes described in the main
text are highlighted in yellow circles, and the gene names are indicated with arrows.

Sugiyama, Y., et al., Biochem. Biophys. Res. Commun., 2023, 638, 200-209.
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Table 10. Top 50 upregulated genes in DHC-treated cells in comparison with untreated cells

revealed by RNA-Seq analysis

Ensembl Gene ID Gene Name log; Fold Change’”  p.4*

ENSMUSG00000009487  Otog 6.776 236% 10"
ENSMUSG00000073430  Gm10505 6.138 472 x 10"
ENSMUSG00000049709  Nlrpl0 6.094 4.05% 10"
ENSMUSG00000034796  Cpne7 6.003 8.05x 10"
ENSMUSG00000097254  C430042M1 1Rik 5.620 557x10"
ENSMUSG00000033576  Apol6 5.188 1.99 x 107
ENSMUSG00000050014  Apol10b 5.133 2.09x 10"
ENSMUSG00000050578 ~ Mmp13 5.041 4.09 x 107
ENSMUSG00000047180  Neurl3 4.895 776 x 10™
ENSMUSG00000030088  Aldhlll 4.820 9.06 x 10~
ENSMUSG00000031506  Ptpn7 4.612 283 x10°
ENSMUSG00000044433 ~ Camsap3 4.406 439 %107
ENSMUSG00000021950  Anxa8 4.289 1.83 x 10"
ENSMUSG00000040722  Scamp5 4.173 1.90 x 107
ENSMUSG00000031662  Snx20 4.108 2.89 x 107
ENSMUSG00000028972  Car6 4.045 8.42 x 10
ENSMUSG00000025432  Avil 4.039 414 x 10"
ENSMUSG00000000308  Ckmtl 4.010 1.01 x 10~
ENSMUSG00000024610  Cd74 3.979 1.09 x 10
ENSMUSG00000075602  Ly6a 3.745 6.54 x 10°°
ENSMUSG00000026831  1700007K 13Rik 3.708 486 %10
ENSMUSG00000035578  Iqcg 3.696 238x 10"
ENSMUSG00000028339  Coll5al 3.647 2.46 x 10"
ENSMUSG00000075122  Cd80 3.531 936 x 10"
ENSMUSG00000071203  Naip5 3.520 843 %10
ENSMUSG00000028211  Trp53inpl 3.494 6.38 x 10°°
ENSMUSG00000031538  Plat 3.365 543 % 10"
ENSMUSG00000030345  Dyrk4 3.360 322 % 10"
ENSMUSG00000031165  Was 3.210 7.00 x 10
ENSMUSG00000044313  Mab2113 3.157 439 % 10"
ENSMUSG00000023064  Sncg 3.152 488 x10°
ENSMUSG00000025650  Col7al 3.144 415%10™"
ENSMUSG00000103308 ~ Gm37800 3.124 4.42 % 10"
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ENSMUSG00000024778
ENSMUSG00000068246
ENSMUSG00000050751
ENSMUSG00000023918
ENSMUSG00000053675
ENSMUSG00000003341
ENSMUSG00000074896
ENSMUSG00000048572
ENSMUSG00000032661
ENSMUSG00000039616
ENSMUSG00000040907
ENSMUSG00000001349
ENSMUSG00000038393
ENSMUSG00000052131
ENSMUSGO00000056856
ENSMUSG00000020423
ENSMUSG00000038045

Fas
Apol9b
Pgbd5
Adgrf4
Tgm5
Atp8b3
Ifit3
Tmem252
Oas3
Mocos
Atpla3
Cnnl
Txnip
Akrlb7
Jakmip3
Btg2
Sultobl

3.112
3.056
3.037
3.023
2.974
2.963
2.962
2.925
2.922
2915
2.875
2.866
2.835
2.818
2,777
2.750
2.746

524 x10"
3.11%10"
6.24 x 10"
128 x10°
9.01 x 10"
5.19x 10"
2.97%10°
7.65x 10"
5.11x10"

8

532x107

142 %107
1.40 x 107
430%10°
8.10 x 107
142 x10°
7.48 x 10"
571 x10"

6

0

flog2 Fold Change between the data derived from DHC-treated and untreated cells

ip-value with adjustment was calculated by Wald test DESeq2
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Table 11. Top 50 downregulated genes in DHC-treated cells in comparison with untreated cells

revealed by RNA-Seq analysis

Ensembl Gene ID Gene Name log, Fold Change *  pug*

ENSMUSG00000025489 Ifitm5 -4.443 1.98 x 103
ENSMUSG00000050914 Ankrd37 -2.974 6.04 x 1018
ENSMUSG00000024330 Collla2 -2.619 7.16 x 107!
ENSMUSG00000020218 Wifl -2.545 3.57 x 10%
ENSMUSG00000037188 Grhl3 -2.528 2.75 %108
ENSMUSG00000029306 Ibsp -2.227 5.47 x 107
ENSMUSG00000034353 Rampl -2.080 1.06 x 10712
ENSMUSG00000025161 Slc16a3 -2.027 8.26 x 1022
ENSMUSG00000054136 Adm?2 -1.981 4.38 x 1071
ENSMUSG00000079055 Slc8a3 -1.945 1.70 x 1020
ENSMUSG00000058628 Olfr875 -1.817 1.92 x 10
ENSMUSG00000044737 Klk14 -1.814 6.77 x 10*
ENSMUSG00000027559 Car3 -1.780 6.41 x 103
ENSMUSG00000033453 Adamts15 -1.780 4.84 x 10714
ENSMUSG00000042671 Rgs8 -1.773 5.14 x 107
ENSMUSG00000021572 Cep72 -1.712 2.96 x 10°
ENSMUSG00000039954 Stk32a -1.709 6.64 x 10*
ENSMUSG00000019301 Hsd17b1 -1.696 8.40 x 101
ENSMUSG00000029675 Eln -1.696 7.10 x 10718
ENSMUSG00000038415 Foxql -1.678 1.04 x 10
ENSMUSG00000045667 Smtnl2 -1.665 3.10 x 10
ENSMUSG00000031026 Trim66 -1.664 4.86 x 107"
ENSMUSG00000019989 Enpp3 -1.590 5.24 x 10"
ENSMUSG00000038086 Hspb2 -1.586 2.89 x 10*
ENSMUSG00000071516 H2acl3 -1.565 8.41 x 10*
ENSMUSG00000029385 Cceng2 -1.531 1.14 x 10714
ENSMUSG00000074024 4632427E13Rik -1.515 222 %10
ENSMUSG00000031661 Nkdl -1.515 3.11 x 1013
ENSMUSG00000039345 Mettl22 -1.514 7.75 x 107
ENSMUSG00000021303 Gng4 -1.495 1.78 x 107!
ENSMUSG00000027224 Duoxal -1.492 2.76 x 10710
ENSMUSG00000053310 Nrgn -1.488 7.46 x 107
ENSMUSG00000050860 Phosphol -1.484 7.49 x 10715

38



ENSMUSG00000026308 KIhI30 -1.483 1.26 x 10

ENSMUSG00000021186 Fbln5 -1.466 1.93 x 1024
ENSMUSG00000030222 Rerg -1.463 3.33 x 1012
ENSMUSG00000048424 Ranbp31 -1.461 5.65 x 1071
ENSMUSG00000028179 Cth -1.455 2.74 x 102
ENSMUSG00000005474 Myl10 -1.441 5.29 x 10¢
ENSMUSG00000015950 Nefl -1.437 5.06 x 10°1®
ENSMUSG00000078566 Bnip3 -1.436 2.58 x 1071
ENSMUSG00000027955 Gasklb -1.422 2.23 x 1071
ENSMUSG00000027894 Slc6al7 -1.414 1.85 x 10
ENSMUSG00000006494 Pdk1 -1.405 1.84 x 1018
ENSMUSG00000032715 Trib3 -1.355 3.97 x 10710
ENSMUSG00000048895 CdkS5rl -1.336 5.59 x 107
ENSMUSG00000041132 N4bp211 -1.323 1.25 x 101
ENSMUSG00000086841 2410006H16Rik -1.305 4.83 x 1010
ENSMUSG00000059060 Rad51b -1.304 6.73 x 10°
ENSMUSG00000030717 Nuprl -1.302 2.94 x 10

flog2 Fold Change between the data derived from DHC-treated and untreated cells
ip-value with adjustment was calculated by Wald test DESeq2
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Rac1 RhoA Cdc42

Figure 16. Effect of DHC on mRNA transcript levels of Rho small GTP-binding proteins in OS
cells.

Bar plots of gene expression levels for the three small GTP-binding proteins, Racl, RhoA, and Cdc42,
are shown. The values of gene expression are based on the transcripts per million (TPM) data calculated
by RSEM derived from the RNA-Seq data (detailed procedure for the data processing is described in
the main text). Y-axis represents the common logarithm value of TPM (logl 0TPM). Each bar displays
the average of logl 0TPM with + SD (n = 3). The significances between DHC-treated and untreated cells
in each gene are evaluated by Wald test from DESeq2 using RSEM results. The adjusted p-values by
Wald test for Racl, RhoA, and Cdc42 were 0.2589, 0.2587, and 0.9917, respectively. The bar plot was
drawn by R version 3.6.3.
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Fo. AEICHEN LA Lz 356 BinF 2 BB LB+ (DEGs) L EF L. DAVID (T &
% GO fRNT 24T o 120 AT OFER, 223 O GO Z — L3 E 51, 15 @ GO % — A7) Bonferroni

MIEIC LY p<005 THE CTh - 7= (Figue 17), DO HF TH, GO ¥ — A

[IMMUNE_SYSTEM PROCESS | (GO:0002376) 723k & Bh#EMENE W Z &b o7z, L,
2 - BRI D BB TREORIUCE L CTiX, DHC XL KIF SR oTz,

P =

immune system process
cellular response to interferon-beta
innate immune response

cholesterol biosynthetic process
regulation of ribonuclease activity
sterol biosynthetic process

positive regulation of interferon-beta production
response to virus

defense response to virus
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Figure 17. Results of GO analysis by DAVID for upregulated DEGs.

X-axis, -log10[p-values after Bonferroni correction]. GO terms are sorted in the order of significance in
each GO category.

Sugiyama, Y., et al., Biochem. Biophys. Res. Commun., 2023, 638, 200-209.
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& 512 GSEA |2 & 5 GO fi##ir Tl DAVID {2 L % GO fif#hr & [FkEIC ., fE R ICEE T 5 GO
X — L3RR & 47z (Supplementary Figure 3 & Table 12), GSEA (235 < GO # — A
[IMMUNE_SYSTEM_PROCESS] %, DHC /LB & [EDOFHBI %7~ L7 (Figure 18), 2415 Dk
RiZ. LMS il 2 DHC ALHE4 2% Z &2 X > T IMMUNE SYSTEM PROCESS (ZR#4 % i
&+ (Cd74. Irf7. Stingl, Tlr3. Cdl4) OFRBL NI T AHEMEEZRL TS,

PLEDZ &35 DHC RLBRTA U 72, mRNA UL TIERBEAME T L VWMES 78 GTP #5
BIE R EIZBIT DX 7 L~V TORBOIE T, DHC 2NEG1 OERE % Hl#H L
TNLDOTIEFZRL<, mRNA 2B X U R BICHRS NS BMEAHET D, Fid2 "7 E
DIy R EARHET D & O % STz,

Table 12. Significant gene sets from top-ranked results by GSEA

Enrichment FDR

Gene set name Genes'

Score g-valt
GOMF_RECEPTOR_ANTAGONIST ACTIVITY 20 0.8232230  0.0182186
HP_OBSTRUCTIVE_AZOOSPERMIA 19 0.8162578 0.0211655
GOBP_OVULATION 23 0.7872376  0.0312366

GOBP_ANTIGEN_PROCESSING_AND PRESENTATION
OF _PEPTIDE_ANTIGEN VIA MHC_CLASS I

23 0.7650562  0.0164822

GOBP_NEGATIVE REGULATION_OF ANION
TRANSPORT

24 0.7572414  0.0192320

GOBP_MYD88 DEPENDENT TOLL LIKE
RECEPTOR_SIGNALING PATHWAY

23 0.7561793  0.0163497

GOMF_SIGNALING_RECEPTOR_INHIBITOR
ACTIVITY

30 0.7506412  0.0286670

GOBP_NEGATIVE REGULATION_ OF AMINE
27 0.7424440  0.0185964

TRANSPORT
GOMF_NADPLUS NUCLEOSIDASE ACTIVITY 26 0.7361867  0.0202937
GOMF_PHOSPHOLIPASE_A2_ACTIVITY 32 0.7238860  0.0211525
GOBP_SENSORY PERCEPTION OF BITTER_TASTE 32 0.7176552  0.0164826
GOBP_DETECTION_OF CHEMICAL_STIMULUS

35 0.7093546  0.0175817
INVOLVED_IN_SENSORY PERCEPTION OF TASTE
GOCC_IMMUNOGLOBULIN_COMPLEX 49 0.6823267  0.0166062
GOBP_ANTIGEN PROCESSING AND 51 0.6725287  0.0165676

42



PRESENTATION_OF PEPTIDE_ANTIGEN
GOMF_G_PROTEIN_COUPLED AMINE_RECEPTOR

46 0.6708621  0.0176382
ACTIVITY
GOBP_STEROL BIOSYNTHETIC PROCESS 65 0.6507968  0.0192297
HP_ABNORMAL NASAL MUCOSA MORPHOLOGY 62 0.6456252  0.0180320
GOBP_ANTIGEN PROCESSING_AND PRESENTATION 90 0.6413381  0.0208385
GOBP_MACROPHAGE_ACTIVATION 104  0.6110800  0.0170234
GOBP_INTERLEUKIN 1 _PRODUCTION 117 0.6030853  0.0164803

+ Number of genes evaluated in each gene set based on RNA-Seq data.

1 The highest False Discovery Rate (g-value) in three repeated tests.

Enrichment plot: IMMUNE_SYSTEM_PROCESS
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-4 'O (e gatively corelated)
L] 2000 4000 6000 €000 10,000 12000 14000 16,000 18,000
Rank in Ordered Dataset

Ranked list metric (Signal2Moise)

Enrichment profile — Hits Ranking mafric scores

Figure 18. Representative result of GSEA.

The enrichment plot of the gene set corresponding to “IMMUNE_SYSTEM_PROCESS”, which was
the most significant GO term by DAVID for upregulated DEG. The enrichment score of this gene set
was 0.3987821.

Sugiyama, Y., et al., Biochem. Biophys. Res. Commun., 2023, 638, 200-209.
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3-5. LM8 #ilaiZ5t 9% DHC O 7 > 37 HRHRRGR & &2 o X7 B R A~ D5

2R EMRA~ORELHRT DD, o7 EFHRIGINTFTH 5 Y el
eukaryotic translation initiation factor 2a (p-elF20) OFHUZ DWW T =R Z T a v T 4 v Tk
ZFHWTEH L7z, p-elF2a OFEHLA EH3 5 &, GDP #EEM elF20 206, A F A4 =/L-tRNA
AR Y — LMW D GTP f5 G elF2a ~O BRI S 412 D TH 37 B OFIR
MREEEIN S, LMS MAIZ BT p-elF20, elF20 ORI METR I 7-23, DHC ALEIZ L D p-
elF2a OFEHL EAITFE O Hive > 7 (Figure 19),

DHC (uM)

0 3 30

ciF2a |
GAPDH M

Figure 19. Expression levels of p-elF2a and elF2a in LM8 cells treated with DHC.

OS cells were treated with DHC at the indicated concentrations for 24 h, and the expression levels of p-

elF2a and elF2a were detected by western blotting. GAPDH was used as a loading control.
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mRNA DOFFRICKT 2 EEK TH D CHX (100 pg/mL) fF7E T TS & GTP i/ # o
NI E O3B AT L7, Figure 13 & [AEEIZ, LM8 MildiZ3V T, RHOA & RACI D # /8
7ERBNBIE SN, RACI & RHOA L, DHC FEALE T CRERMEIFRIC DT IS BN
KT L7z, —J7. DHC L& | CHEDDORRF) e 3 BLRD 258 72 (Figure 20),

LMS
DHC 24 h (uM) 0 30

CHX 100 pug/mL (hour)

RAC1

RHOA

GAPDH

Figure 20. Effect of DHC on the degradation of Rho small GTP-binding proteins.
Effect of DHC on the degradation of Rho small GTP-binding proteins. LM8 cells were treated with
DHC at 0 or 30 uM for 24 h, and co-treated with cycloheximide (CHX) at 100 pg/mL before collection
of protein. The expression of Rho small GTP-binding proteins was detected by western blotting.
GAPDH was used as a loading control.

Sugiyama, Y., et al., Biochem. Biophys. Res. Commun., 2023, 638, 200-209.
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RNA-Seq IfMFIC L W X F o « FuF 7 V—LRICER L T/RAY = A T 51T > 72,
—HOBLFIIAEICEE L T, [/ UEAEZR LB Rz, 2% F

eI T 7Y = ARBROLEE T o= v F R

¥ MEST I, AEREERE L

LT EL7Zeoo 7z (Figure 21), L72>L., RACI X°> RHOA O3 fitlZBH 59 % F-box B{s 1D

BIRFEEL LR RS S v (Figure 22),
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Figure 21. Overview of the pathways related to ubiquitination.
Pathway analyses related to (A) ubiquitin-mediated proteolysis (mmu04120) and (B) proteasome
(mmu03050) were performed using KEGG pathways. The text boxes of the genes in each KEGG
pathway were colored according to expression levels using the “Pathview” package of R. The gene
expression colors were determined according to the log2[fold-change] values derived from the results
of DESeq2. Deep red and green indicate upregulated and downregulated genes in DHC-treated cells,
respectively. Genes with a “baseMean” expression value <10.0 were considered to have low expression
and excluded from the analysis. The log2[fold-change] value range in the color scale was set to -2.0—
2.0, and values higher or lower were smoothed to 2.0 or -2.0, respectively.

Sugiyama, Y., et al., Biochem. Biophys. Res. Commun., 2023, 638, 200-209.
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Figure 22. Overview of the pathway related to multi subunit RING-finger type E3.

Pathway analyses related to multi subunit RING-finger type E3 in ubiquitin-mediated proteolysis were
performed using KEGG pathways. The text boxes of the genes in each KEGG pathway were colored
according to expression levels using the “Pathview” package of R. The gene expression colors were
determined according to the log2[fold-change] values derived from the results of DESeq?2. Deep red and
green indicate upregulated and downregulated genes in DHC-treated cells, respectively. Genes with a
“baseMean” expression value <10.0 were considered to have low expression and excluded from the
analysis. The log2[fold-change] value range in the color scale was set to -2.0-2.0, and values higher or
lower were smoothed to 2.0 or -2.0, respectively.

Sugiyama, Y., et al., Biochem. Biophys. Res. Commun., 2023, 638, 200-209.
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4. BEL
HNEERNLT 7 F o7 4 T A FOEG EMBEGO#V RS Z LKV HHE S, Mo
Rl 2B &R 29 (30), MIBNOT 7 F 27 4T A2 MTRIRBUE, BEIREE, A
NLVAZ 7 A RN=0NHY, TNETHERD & GTP #5EM % /X7 EThbH CDC42, RACI,
RHOA (Z L Y #l#l STV 5, AWFZETIE, DHC 23S 7= & 472 « W Em e 1 EE)
BT 542 7 ERBOIKRTIERT 56D SR AZ LT, £ OMGEFEREZTT > 72,

SR Y IR K AT L ST IIRIN T 2 F 7 ¢ T A > M ik, DHC ALEIZ X0 {E K,
FFELS 2o TS Z ERHERINTZ, SHIZ, VZRAX T ayT 4 v TEERNT,
TIFT 4T A BT AR B GTP AR Z L X BORB L RRRICIE T 5 2
EEMER LT, T F T ol By@3o@77:)~mﬁﬁém\%K&?&%y@%@
OFEE A DO TMRIAL AT %, DHC LEIZ LY B-T 7 F U ORBUIME T Lo 7=Z &0

5 (T2 R DHC DT 7 F 7 4 T A2 SO EILT 7 F o ORBIETFICE D b
DTIFRL<, RSy F&8 GTP #EGM L X7 EORBUR TIZ LD FREMENHER S, £/,
)18 GTP #5578 & o /X7 B X GEF %41 L CRIEHEICTh 5 GDP #EEGEI HIEHER T H
% GTP RN EBEIND ZLICk Y, TO0F 74T A MEIBRT D, —fRAIC, K5
FTEGTIPREAZ VRV BT 7 F 7 4T A FOBEEMEEZFHMET 21X, 22Ik35
GTP f A DALy GTP A& L R O3B &7+ %, L L. DHC 13ES &
GTP f M Z RV BEOREZDO LD T SH/ZO T, DHCRAEIZ L DT 7 F 7 4 T R
v N OBELEZ, K& GTP f& @&/A7E®@$ﬁTTiﬁ< B Ry R BUR
TickabolHRINT,

WIZ, & F& GTP A % o /37 B D mRNA B FEM OREB 25 L. & s 33
WL 2 7 ORBUL T ORI M2 L7=, L2 L., qRT-PCR & RNA-Seq AT O )7 %
T, DHC I35 & GTP &Ml & v 7 g 0>mRNALmvv%mﬂbéﬂimA:&ﬁﬁﬁ%
W&o, F72. RNA-Seq bt Chit 7= B ELEAEE R T C GO T 217 - 7= 3.

M - WEEICBED 2 BETFHOEIIMEB SN Rr o7, —FH T, BELHEE m%@¢f%ﬁ
PEEHERE T ORBNEGL 2D Z ENHA LN E 5Tz, FRIT, Cd74, Stingl, Tlr3 1 IHUIEL %
FEBEEIR - & L CHEME SAVTEY (97-99), 5 A I 2 SR LA HUE S S fliE 7E
EETOHAREENSAHENZ, Zhb0Z &5, DHC IZ L 5K 18 GTP fEak & o X

D H R EFEBK T X, DNA 75 mRNA ~DO#R 5 Ik 5 L% Tid7e < . mRNA
N Z NI ES~OFRILEE 21X, o " EONEEIC LV E U L RGERZ LT,

B R EHERICEERRNT & LT, VAR Y —L0 tRNA, BIERBIMGIKF. BIERIMER T 72
ENFETF BN D, GTP #EAT elF20 (X A F 4 =/L RNA % U R Y — LITEMT 5 BB AN
FLLTHOLNTWS T, p-elF2a X GDP fEESH elF20 75 GTP fiE &7 elF2a (28
% elF2B % AT 2 FHaRBIGAIIHIA - & LT b Tnb, £ 2 C, DHC O ¥ > /87 EEIRR
RO BELTMT 5720, VZAZ T ayT 4 o7 EEZHWT p-elf2o0 OFEBLAFEMN L
72o LU, DHC ALEIZ XKV p-elF2a OFBLUX EFH Lieho 7ol IRITH VX7 H D45
RIZONWTHRE LTz,

..[
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CHX [FEBMIY R Y —LD 60S 7 2=y MAEH L, ~7F FEFRIZEBIT 8K
JEEAETHZ LI X R EORREET 5, 6> T, CHX OLERMAEL 25
WZOoNT, MlANDO X R EFae T o - s 7 V—bREEA— N7 7 O—NE
FEINDMBAN S X7 BE S FRRIC KD RS HL, RRERFRY 7R 2 X T B BLOMK T A R T X
%o MR8 GTP #5AM A RV EIZBWTCE, A— 7 7 V= L D0 o#H E T2 <,
ZEXF U - TuT T Y= AROFENRRENVWEEZDND, AFFETIX CHX % 2, 4, 6,
8 FfH] & 24 BERALE L CH 0, 8 FEf % TIZ RACI X° RHOA ORBUK FIXs8H b e noT
23, CHX % 24 BERALE L7-BR 1%, LM8 Miflc31F % RACL & RHOA D% L /8 7 R HITIK
TLli, ZOX X7 EAKMAE T T DHC #4LiE3 % &, RACI & RHOA O¥ELIEL, CHX
BOMUALE TIXED LZedo 72 8 IFHILLIN T, F ORI 2 BUR T 25807z, o Z &
235, DHC 12 X BI85 8 GTP #EA8& L R/ G ORBUL T IX, MaN % v 87 B0 R%
NILEIC LA b RSN, LML, 28X F - 777 YV — LRI DHC WMERT 5
%t RAC1 X° RHOA 2% ¥ 2 2 B % F AEMO UL I T 2 L EN N H D, /o, XN
7 BRIERRICE W TRIRBAGE FUIMI b Z < OBERPEENTEY . VAR Y — L0
FRF72 &D DHC O Z /37 ERIIR B~ DB 2 F i+ 2 LB S & 5 03 AUFFE TIEIWTh
bR TETELT, SHBROBFTHRETH D,

& 5|2, RNA-Seq it O, DHC LHZ LY Fbox 7 7 2 U —&mFOREN EHT5
Z & EMER Lo, RACI & RHOA IFHIFBN R ChHa X T - 0T T YV —LR%EI
LTFbox 77U —D—D2>ThHbH SCFBLY 25T B3 U H—EEHAKRICL > T2 XF
fESNfRIND (86,102), PxIZ, X2 /3TEHRREZRDTLHENL F-box 77 I U —BIs 1%
BHOEFIZEA2HbDLHR L, BKTIE, ATy I7EEFICve L7 r T Y —Al
EIN LI EREIIEOIREIR E L THEA SN TE Y, kB D4R % ] L NF-KB £ E %
95 Z &, misfolded protein D43 Z ] L/MEANIZERE SH/MaERA LA ZH726 L,
EORER, A— 77V —%FETHZLI2LD . DAIEOEEEE A ] UM IEAE 2 55
HESNTWD (103), ZOMAZESE 2% &, DHC OIRFWER TH HMMENZ o X7 B Sy
EROTLHET T 077 Y — AHEIR KT HIBEEH & 720 . TDHC IR AMAEIZ L - T
BRIZZRMZBIER T ON? | EWIRMBAET D, L, BDAREBIERICED DL
IRBHE NI EHERVTF L, lx OPRAFETERR->TEBY, a7 7 Y — AHEIEEFEK
THERIERICONT BT EREZ KT T L b5 278\, £72 RNA-Seq fi##Ti2 L W . DHC
T7 077 Y —ARICED BB FREORBBE(LITITHEL KT ST F-hox ZIZLHE LT
IEXRTF L TR TT Y —LRICEET BB TORBRETLHEL TN D, ZDZ &5, DHC
1268 7T 7 Y —AHEOEREED DD TIERLS . —E#D E3 U T—EDEEEZED 5
ZET, B K U RTBEONRER LTS E b HfEERIND, B3 U A—EBORITTESL
- L7= RAC1 OFBURD DS OWEEIR FIZHORN 5 Z L ITHMESNTEY (84,86,104), =
D Z LIXDHC 23 E3 U A —E Oz N3 2 BN AMBBIMEIERE L ComERE2H9T52 L%
BT D, L LR Fobox 77 XV —OBEETRIE CORMMITITETELT, HHllo
WA 22w, A&, DHC ORIy ORIE & & 62 DHC OERASEZA LML, Ko +&
GTP #EEM &2 RV« 2% F VMO AENIZT 2 DHC OFHiZ1TV, & HI12%<
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DONRAFETOARIEEET VTHRAIET 22 LT, ZORMEMRTIVNERS S, ui@%ﬁ*
KA E 2T, DHC 7 RACI X° RHOA 72 & DIK5y 18 GTP #5587 & /X7 B D43 iR T

KT 0F 747X NOEKIRE & ﬂ@@%ﬁ@k@%@omf\%%%E#:LTw
X 7=\ (Figure 23),

7, 8-dihydroxy-3-(4’-

(DHC)
' Ub Ubiquitin
Proteasome
=2 LA
T Translation Degradatlon .
Cdc42 T
mRNA CHX Protein

Formation of :: Invasion and .
actin filament l migration l';'> MEtaStaSlSl

Function

Figure 23. Predicted mechanism of DHC.

DHC enhanced the degradation of rho small GTP-binding proteins by activating the intracellular
degradation system. As a result, the degradation inhibited the formation of intracellular actin filaments
and subsequently inhibited OS cell invasion and migration.

Sugiyama, Y., et al., Biochem. Biophys. Res. Commun., 2023, 638, 200-209.
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5. /N
AETIE, B - WEEMHER 24 % DHC OVERMEFARIA 21T, LT8R 257,

. DHCIIHINT 7 F o7 4 T A FOIERMRZRE LT,
2. DHC 3K & GTP A X VRV EORB AL S 'z,

3. ZURIVBEAERNPHEESN-EE TICBWT, DHC 1HES & GTP fEafls o r'8
DOFRERFRI R FEBUL T 2 F 7=,

CLEDZ &35, DHC ALE iéfﬂiﬂ’ﬂlﬂ&//\&’féf“ﬁ ADTLHED, 1K T8 GTP fEA

WA N EORBURT 2 LIzl T 7 F 07 4 7 2> MERERE L, =¥ - EEx
T2 Z ERHALNE 0T,
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B2 Invivo \Z81F 5 DHC O AERBINHEIN ROt
1. &5

WES DAY FoMIAEY FOREICLY | EHELRBIIERE LWBRREEZRT -, F
IRWFGEIZ D700 B 7o DI IE, MlakkZ W72 invitro OWFSE CHUIEG R 2 =L &Y D3 ElE
SINT=DG . in vivo IR L~ TOMZEIZ B W THIEE R R I X OERECEE ORI 23Kk 8
biILd, HRARVPAFEOET N~ U APMER S, BEREEYOHUES RSB ST
LN, TNHDY T AET VD  IFMBE A 72 cell line-derived xenograft (CDX) E7 /L
Thd, Z0O CDX BT /ME, EIHLBHFIZIB W TR b — K72 in vivo (23T 2 HlE g0 5
DOEFTFIETH Y . BEEEGIZBWCUIE TIEEET LV OA2 6T, [FPEBREIC L 2 BT
HHRALET A~ T ZABHWOINL D, FTMBKRIC Luciferase AR 1-X° GFP s %8 A
5 Z L2 LY | invivo imaging system (IVIS) °7 12—+ K X F U —ik%& HW TR EDOZ1L
AR & LRI ISR C& D70 &L FIMEMEIC HEN TV D,

DAL IX, FETHRT XL HIC, BDAMRORME - #EE, FREERE O LENZ
ADiEFE, B L CMEEITE O MEIMR D CEBRERE COEROERTH S, =M -
WEEMFIN R Z FH 32 DHC @ in vivo (281 2 B AEBIHIZNR 2T 2 1cdH/o> T, &
Tillaz Bl U CRRBREEZIR L, £ OREBRLENT 2 AREE~ Y XRET V2
H 2 EDIRBBEENRETT NV EEZOND, AR~V ATT VLI, FEREL O
HIMEEATT 5 2 & CTRRDIBETIEBR LR T 5. DWABBO —#EAE LI~ Y XE
TNADZEThHD, AFFETITREFEEG 2R L, RFEEESNIRICHR TE FITERFL
T NG E 0D 158 W s S 2 A3 2 o

AR~ ADOEKIZEY, b FBRAMIELZ BEEY CTH L5~ U A TBMT 2 B HHE
BT NE AW EREANATDOIL TS, LarL, BEBHE T V2B W THURIUAR G
WK BIEHEAMEIZ LY, EAEENTE TEDRABBRHERTERWEALHD ., B MDA
Mz HWEBRIERE~ Y AET TSSO LI RNEER D, — T, v U AN AMREIX
AR~ U 22 AW HREBET VWO TEY . v U 28 RIEMHL LMS fild (57) <
~ o AV RANEME BLo MIIE (105).~ 7 AN KL 4TI A (106) 72 ERNZEF B b,

AREITIEL BRRICH 2 SHICB W T < U R EE Y DHC O3 AR IHIVER 2 FHii9 5
72012, invitro DFHMIZINZ., in vivo OFEM & LT LMS flifa % AW 72 [FRBAEIC L 5 B Rl
B~ AET L EHWTHRE LT,
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2. FEBITE
2-1. A3

YU ASORGITIE R UK E O THRELZ 05% VL RF v AF L —2
F h U U LIRS L7 DHC & H s U CEH L7z,

LYy F A NADNS g r—0 7R % — (pRSV-Rev (#12253). pMD2.G (#12259).
pMDLg/pRRE (#12251)} %, Addgene (Watertown, MA, USA) X VA L7z, Luciferase &1x
F 3 L ' Green fluorescent protein (GFP) iE{x F D E AIZ1%, BLIV-MSCV-Luciferase-EF 1 a-
copGFP-T2A-Puro (#BLIV713PA-1; System Biosciences, Palo Alto, CA, USA) 7' Z7 A K%
A\, Zhvb o7 A3 R, XL10-Glod Ultracompetent Cells (Agilent Technologies, Santa
Clara, CA, USA) Z IV THIME LR L721%, -80°C IZ THRAE L7z,

2-2. i e

LM8-Luc/GFP #ifldi%, 25 1 ETHW= LM8 Mildlc Lo F U A N AR Z—Z T
Luciferase B T HB LN GFP B 28 AL, 25ugmL Ea—ar~vA v (L7 4 /L LH
FeAiEE) CTiEIR%. LSR Fortessa X-20 (Becton Dickinson, Franklin Lakes, NJ. USA) % Hu 7=
7a—H% A FA MU —{EIZE YD GFP OENTREDIENPN T & AR Lok, BH—Maro
BETHI LT, 7rn—=7 37 LM8-Luc/GFP #ilafk 2 #fs7 L7z (Figure24), L > F v
A NWARY 2 —DOVERNZ X, HEK293T #fifid (American Type Culture Collection; ATCC: Manassas.
VA, USA) (2 FuGENE®HD (Promega) Z{iH L C HEK293T fifciZ /Ny r— 0 7Ry & —
(Addgene) & BLIV-MSCV-Luciferase-EF 1a-copGFP-T2A-Puro (System Biosciences) %  co-
transfection L. 48 WEf]ZIZ EIEHICHEA SN2 T A )L ZARif- % [ L, Vivaspin Turbo 15
(Sartorius, Goettingen, Germany) % FH\WNT 7 A )V AR -2 PRHE Lo, (ER L7 U A L Rk 1%
LMS8 MY T DRI, 8 pgmL RY T Ly (FHTAT AY) Mzl TXTOHM
JaB5R 2BV T, 10%FBS (Sigma Aldrich), 1% <=2 U /A LT h~Af T v (BEL7 40
LFEHEEE) & DMEM High Glucose (L-7 1V Z I 0BL O 7 =/ — VL y RER, T H7
AT AY) BaEMH L, 37°C, 20%0:. 5%C0,, 75%N2 (25T D AINESM: FIC TR #E 21T -
ko@% —H DB TR 2 FEERIZ B W T, REBE LA 2 ERL 2T B DK
P (#422) OERBEHBTEmMLTWD,
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Figure 24. Expression of GFP on LMS cells and LM8-Luc/GFP cells.
LMB& cells (blue) and LM8-Luc/GFP cells (red) were detected expression of GFP using flow cytometer.

2-3. Invivo 7V

~ U AHRED BREE~ U AET NV EFERT 2729012, 1.0x107cells @ LM8-Luc/GFP il
fulz PBS (-) 100 pL IZ8RE L, ~ 7 A DOLEJEERIMANC 2 RS L7z, LM8-Luc/GFP #llfcl & ¢
TRAE L=~ A%, DHC RAERE (vehicle Bf), 20 mg/kg ® DHC % 11 #[E4E H &5, 50
mg/kg @ DHC # 11 WA &S5, © 3 BTS2, 0.5% VAT AF e —AF |k
U o L S 72 DHC 13, BHER A 20 #5 L= (Figure 25), LMS-Luc/GFP i)
b DS A FH 5 7010, % 12 B BICESMEESHEET (R b—1® (HALHK, &
B, R a®cuaidss, KBR)., X b7 7 —/L® (Meiji Seika 7 7 /b~ B} TR IENE
BatlRLic, ~UVRICHEEFCTDV 7 =Y > 3 mg/~ VA BL7 4 L AFOEHEE) %
JEREN S5 L. Lumina IIIXR in vivo imaging system (IVIS: PerkinElmer, Waltham, MA, USA)
Tl 1 [8] LM8-Luc/GFP i il OYEFH & i ORI 21T > 72, 4, FREEN D DEMF D 7
S4BT RSO, FRBRERWNY— N TE-7 (107,108), LU, FRIEHRTESE
ICHIRENTWae, BREOEMRNNEND Z L1TR0 oz, UBOERTIZIT 7 v
7y — MIER LR oTz, B, TNHDOHRFHIBW TR, AFEMEREBSDKR
(CTPH-20-003) %15 CTHEMi L TW\D,
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DHC (p.o.): Day 0 ~ Day 77 (every day)
IVIS imaging: Day 0, 7, 14, 21...77 (every week)

% '
» Day
0 7 f14 21 28 35 42 49 56 63 70 77
T primary tumor resection: Day 12

LM8Lu</GFP 1000 x 10* cells (s.c.): Day 0

Figure 25. Effect of DHC on a spontaneous metastasis mouse model.
Schedule of the in vivo study evaluating the effect of DHC.
Sugiyama, Y., et al., Biochem. Biophys. Res. Commun., 2023, 638, 200-209.

2-4. MRS AR E
Behitt 12 B BICHiH SR IEE O REIZLL T OXAE AW THEE L2 (109),
V=LxW2x 12 {V: JEEAEFE (mm®). L: E& (mm)., W: EFE (mm)}

2-5. kG
2-5-1. ARG 1FER

il S~ v ADfEE L, FECHEEE 7213 DHC 12 X D 1RFE& THE (Day 77) (2 L7=,
fifi ¥ & Ui 2 4% paraformaldehyde (PFA) % & ¢e 100 mM phosphate buffer [& &% H(ZT 4 H
MR [E E 21TV, 15-30% sucrose (74 7 A 7 A7) IZTHK LTz, iK%, it K Ol
Tkl 2 optimal cutting temperature compound  (Sakura Finetek, () THifEaIM L, 7 74 4
A% > |~ (Leica Instruments, Nussloch, Germany) % FV T 10 pm OWGFEY) A 2 /ERL L 7=,

2-5-2. Hematoxylin and eosin (H&E) 42 X 2 fHA%k 2O Et

HHAEY) 2% Mayer's Hematoxylin Solution (& + 7 « /L AFHEE) (2 +H2IRD L HI2w -
<Y EMT L, SoMEFER. 10 2FKE LT, HoliiSE72dH & 1% Eosin (FIGHIEE L
¥) AT L8 MFFE L., KELZ, £D%, =% ) — L ThAK, £ Lo THML, =~
7 7 2 (Merck, Darmstadt, Germany) % FH\WTE A L7=, U A 2 AW BEMEE (BXS0,
Olympus) %3 40 {5 (DP72,Olympus) & A A—Y 7 7 =7 (cellSens Standard, Olympus,
HOR) & HWTHREE LTz,

2-6. FLRMALHEE

fi#HT 1% GraphPad Prism 5 (Graphpad software, San Diego, CA, USA) ZH\\T{T~7=, %HE
HE#E 13— e Bl i 53 B0 T Bonferroni O B LR E & IV TIT 272, p <0 .05 Z#aHAIICH
B L UTe, A F#h#1E Kaplan-Meier £ % VN TRERT L, log-rank #E 2 W Tl L 7=, kR
ERIBRIC p<0.05 ZHERTHIICAE & LT,
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3-1. DHC 510 L 5 AREEE ~ U AT /UICE T 2 R RO

HR B~ 7 AT T /L& AW T, DHC ONAEBIZHT DR ERG Lz, ~ 7 A%,
1.0x107 {5 > LM8-Luc/GFP il 2 LAl D B2 N ICAE L7 H 225 DHC A5 L7,
F. BAR 12 B B2k 5 DHC OJFFENEG OPEIE~D B 2 5§ 5 72012, YIRS hi-
JEURE RS O A FE 2 HEE L 7=, 1M & DHC (20 mg/kg). & & DHC (50 mg/kg) W OREICER
W, vehicle B & Ebig U CIRFSIEL; OATRIZA ERIK T 25890727 > 7= (Figure 26),

n.s.

n.s.

]

o

o
1

[=2]
o
[=]

N
o
(=]

Volume of primary tumor
on Day 12 (mm3)
S
[=J

vehicle 20 mg/kg 50 mg/kg
N=5 N=5 N=8

Figure 26. Effect of DHC on the volume of primary tumor on Day 12
The volume of the primary tumour removed Day 12 was measured by using vernier calipers. Data were
analyzed using one-way ANOVA and multiple comparisons of means were performed with Bonferroni’s

correction. p < 0.05 was considered significant.
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3-2. DHC & 5T L 2 BRI ~ U AT T /WTEIT 5D AR~ D%

LuminallIXR % VT, DHC O$HTIEEZIE A 12— E OB Tt L7z, Vehicle B Ti,
Bhiit% 35 HBEIZ S L 3 Lo~ U AR AR I, —J . DHC &5 TIE, K
H i DHC (20 mg/kg) #Ti% 5 VLA 1 PE, & H & DHC (50 mg/kg) # Tl 8 PLH 1 JL T AHA
Bz S iz (Figure 27),

Number
Group (the number Luminescence
of metastatic mice I
| total mice)
- 6.0
Vehicle -
(3/5) I
4.0
[ x 103
20 mg/kg 4.0
(1/5)
Radiance
(p/secicm?/sr)
20 mg!kg ColorScale
(1/8) Min= 1.00 e4
Max=7.00e5

Figure 27. Bioluminescent images of LM8-Luc/GFP cells.
Lung and liver metastases were detected on Day 35 using the LUMINAIIIXR in vivo imaging system.
A black sheet covering the subcutaneous soft tissue of the lateral lumbar region was used, just in case

primary tumor recurrences.
Sugiyama, Y., et al., Biochem. Biophys. Res. Commun., 2023, 638, 200-209.
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AR U7z & 912 LMS s L O U, 8588 50E, vehicle #f. {5 & DHC
(20 mg/kg) #f. I H&E DHC (50 mg/kg) BETHLE Lo~ U A THER I, LML, DHC %
5 LT77 HHE TAEMFE LT~ U AN &I ITE 5 2Y LuminalIXR % W C 6 #8152
T& 7o 7= (Figure 28A), & 512, i L7=ifi & Il H&E 4l X 2 Mk romst &
1To7=, Btk 35 H BIZTHE LT L7z vehicle BED~ 7 A2 W T, Bi-<CHFIRIZ 23 ABERE DI HERR
i, Btk 77 B B £ THAAF L7-{KH & DHC (20 mg/kg) #f. & & DHC (50 mg/kg)
HO~ T AT, PARBRIZRD LT, DHC LAHEEL 5O AT bR I 2o
72 (Figure 28B),

(A) Luminescence (B) |ung liver
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4.0
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20 20 mg/kg
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DHC
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Figure 28. Detection of cancer metastases

(A) Cancer metastases were not detected on Day 77 using the LUMINAIIIXR in vivo imaging system

in DHC treatment group. (B) Histological findings of the lung and liver stained by hematoxylin and

eosin (vehicle: at Day 35, the day of death, DHC 20 and 50 mg/kg: at Day 77). Scale bar: 400 pm.
Modified from Sugiyama, Y., et al., Biochem. Biophys. Res. Commun., 2023, 638, 200-209.
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3-3. DHC & 5T L 2 BRI~ U 2B 7 /VITE T D AAF I~ 0 5%

AT LI BRI~ U A7 VIIBMHE SEBNG 7THEOHMTIEECT L2 &
D3RR C X 7=, (X & DHC (20 mg/kg) #%. A & DHC (50 mg/kg) HFEDOWTNARIZIB N TS,
vehicle #f & il U CAEFBIMAA BIIER S, 72, KM & DHC (20 mg/kg) #. mHE

DHC (50 mg/kg) #EO—F D~ 7 A T4l 77 B B £ THAF L7z (Figure 29).
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Figure 29. Effect of DHC on a spontaneous metastasis mouse model.
Overall survival curves of mice treated with DHC (vehicle: black, 20 mg/kg: blue, 50 mg/kg: red) were

analyzed using the Kaplan-Meier method and the log-rank test. p < 0.05 was considered significant. *:
p <0.05, ¥***: p <0.001, n: number of mice.

Sugiyama, Y., et al., Biochem. Biophys. Res. Commun., 2023, 638, 200-209.
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4, BE

AKEITIX, % 1HITO in vitro DFEFR 2 E 2T, DHC @ in vivo (2T 5 D3 A HNIHIZ)
RAEMT Lz, BRI~ U 2T VI @SB~ 7 25 R EHIIE LMS8 fAEIZ Luciferase
a8 L GFP #fn 1 %% A L7= LMS-Luc/GFP fifa 2\ CHREB~ 7 AT V& 1E
#LU 7=, LMS Ml Zx W P&~ U AT T /LT, Btk 2 W RMFEE C i s 23 A M
FAFER SV, DA NI E > TS Z ERRESNTWD (110), 1=, TlERTHIIHB W
T, BfEt 3 T DHC AEDOAF IS b & T FRERE OB N R SN2 L &
5. AR CTHWE HRERBE T /LTI 12 H BIZFERES ORI 217> TERBY (110),
NERTZ Y RARA bz b Z ER BABRZFHECTE 5,

DHC Oi=H - HEAEMHIVER 2 KK X8 2 720121, invivo OFHlRIZI W T HIRE - it
DI~ T AT THD I ENEE LD, T, K0T & GTP AR & R U B\
*F B RHEILD in vivo (231 2 D AERBIEIIRIT, BRIEE~ T 27 0% 0Tl S
LTV 5, RHOA @ Fifitlkl¥ Rho-associated protein kinase (ROCK) (Zxf9 % BHEZK Y27632 73
EERAREICK L CIA T U T OESEAE FISE 5 2 & CHlllak e 2 b3, S 6B
BAfEE AW BREE~ U AT B W T, JFRESOMHICEET S Z & el
lE~D AR Z i % Z L BB SN TWD (1), SEER L7- R~ 7 2E7 L
&[RRI RIS IEL O TR DR - 2 BB RO E TEHENTE Y , DHC D -
WEEMHEWER 2 KB S WU R ETNVIEEE 2 BN D, S EIOMEFTIE LuminalIXR (2T
GIBRENLIC BT DIEBOFREZRBD LNRN->70 T, WRMZRERLI D L, SOITHES
JFERBOBRIENIRD -T2 EBHERINTEY, BRIEE~T ZET L E L THOROLL
TWAHHDEEZ LT,

X 52, DHC @ in vitro (23T 2215 L OWEEMGHWER 2 X570, &5 —RE
F/pZ &L LT, DHC MfllamE a2 R E R WK EBETRET MIWLEIND Z L ThHD, B
% 12 B BICHiH U 72 R3S O R D22 iz xt LT, 12 HI# DHC 0@ H % 1 # 5%
WA (W) 2 RIFE SR o7, é%’\waﬁﬂmc%ﬁuﬁﬁbtvﬁx kmf\
R e PR ECMIE S, £~ U A0 RESCKREZ L, IFEEORK TILTRDT, 4
O G EITMEEEEZ RIS VWEEETh o7z EHERI SN D,

LD Z &226 | DHC 1323 L OEEMHIEH 2t L7z 8 VB RIC LY 35 H
HIZR T 20 Alaoist 2 il L, AR 2 IER S 72, S 5Ii21E, DHC &5H# D
B EICBWTIEEOBRRZROTAF L, B8 L7 77 AFAEF Lo~ U RITIE, B8R R
TR S 2o te, B~ U ATHRRFIIC L BIZE T X R WMUNERE 2338 4E L T 5 AlEE
PRI E TE 22V, DHC IS ARERE 2 il 32 Z & VR S iz,

IR SN TV AHET = v 7 KA MEFERIC L 21 EZ T2 BABE T, 20
AT TR LielT 5 Z &7 < BN BIRIEAKEIT 72 Y tail plateau” & 72 5, 4], DHC O
WHBEORGIZ L0 ARER~ 7 2T L OAEGFIBICIZ0ET = v 7 KA o FNEESK L [
FRIZ “tail plateau” SRR S V7o, F72, ANm R OMEWIZ L > THHE S5 2 AMO
RAC1 \ZxHT 5 7 L = AL DB X AR D T 7 F 27 0 T A2 RO %12 L, MHC
7T A1 Gy 1240 UCRRIRMIRIC R S v, PUlES T Milais M2 7E M k9% (112), Aifio

..[
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RNA-Seq Dt Tld, DHC M HUEE A BEEBEE FORBEZ 2L ST L R, Z
O OFERIL, DHC 1Hirifds K ONEEMSIERIZMZ T, Ko F& GTP ey v /g
DRBURTEZNLCT 7 F 74T A VOEKEREFEL, 727 F 747 A s ORI
SO ZARE U 23 AURIRIS T3 D/ AMila {72130 (F4) Mia) OEtEEEDza]
BEMENHEZR SN D, Z OFHEMEZFE 3 2 I121%, S/l x4 5 DHC O RIEER % %
FTAVERD DL, F72. BIENCEBT D in vitro DFAME CTHER S 7= LMS Moy 1 &
GTP f A& L RV BOFBDIRT., T7F 7 4T A2 FOEKEIL. AKEIZBT % in
vivo DFHIR TITMHER T TRV, 5% OB E LT, in vivo TBIEE S L2 AR I
D3 in vitro TRENTZ-DHCIZ L AT 7 F o7 47 A hOEMHEICESSHRBTHDHZ &
R D720, JRFIEIFIC 1T 5 & 2 /X7 B R BURNT OB T HBUFNT 21T 5 Z & 3
Th b,
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5. /NG

ARETIL, BRIEEB~ T AT /UICxT 5 DHC EAROKETHZ Lk, UTFTOMA
5T,

1. DHC AEIZ LV, BRER~ T RAET VBT 5B ABBENED LT,

2. DHC EIZ LY., BRER~ T AT VOAEGFYMNERE Sz,

LLEDZ &x5, DHC OMNAEBMHETERIC LD . DAEENEAD L, AR Z2LERE S
Bzl DABRHER IV S FEIE LI ERH BN o7,
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B
RO

A B ORI N AR RE T = v 7 R A MRER e EOHIN A SR
I, TR ZRIGEEGED M L2 Tnd, L, 2L OFBAENRERE S AL
FRAENREEL TNDICH 00067, BAEBE AT 2B ABEOEMG THRIIRIZICSE
STV, BADIRIEZ BIET LT AOER A HIET 5 23 AR MG SE O Bl R 1T &
THETH D,

DAL DI DO EERERE A T 2 LD, DA ZHIET 2L L
TWL b DM ZET 5N b, T E T, VEGF/VEGFR = MMP %) & L 7L &% 03B
FESNTD, BRREBPEIZ BT 2 08 A IHRIRITZEO b7, tkx REIEH biERE S hia
FEHIZE TIEE > TR, BT TR EEICHEE 5T 20 Ml OEEIEIX, 2585
BLm<BEL TRy, DADOMILERZHIET 2 2 LIk 208 AEBIMEIL, BB
MK T DE8NIIRIEERS 2 B2 6hd, o, 7~ U U RIEEMD—D>Th % daphnetin
DNHREE A ST 5 Z Lok, Bl - EEMEERZRTZ R LNERD . I<
VRAbE WA S & LT S AR KR ORISR S L D,

B1ETE, 7~V BKRO 3MICT = =L EE %8 A L7z 3-phenylcoumarin % FEAVE# &
L. KEBIESo 17 U A MU EOBEHIEZ G A L CRIEMEIER 267 51baw
DAY Y —=2 T &{ToTn, EOfRER, KEEFEITIZEMEER OB, £ b % TR
FVE OWES . v 7 Rt 2 s M A 7 S 7z, FRIZ DHC I3l stz R S
|Z daphnetin L ¥ HIRVVRIE - EEMGHWER 2B T2 2 L BHALNE o7, 5 2 T,
DHC D2 - #EEMEHWERIZT 7 F o7 4 7 A2 PO EICRK T2 Z E RN L 0 E 7
D, T2 F 747 A bOBRICEE T 585 F & GTP # G & X 7 B ORBIEITE
H L7=, DHC 13K T GTP A8 # v 7 BFIZB W T, B TRIADIK T2 Ebln, 4
UNTBERBOIK TN RENT, £, XU\ EERBILEINZRE FICB T 21801
& GTP f5AM & X7 B OHELL, DHC AEIZ LY BRI SRRFIICIKRT Lz, S 62K
1 GTP fE G & X EICKk T 5 2 B X F L ARIZBE D D F-box BT ORI E D=2
&G, DHC 13Ky &8 GTP #EGHI X LRy Tk D AN X v o8 oy iR ek
LD EMRINT, KEIS, DABBIHEROME & LT, BREE~ Y ZET VA2
W2 invivo il 21T o572, DHCEHREOHEGIZ XY, BRES~ U AET VBT 5B A
Bl s, AFHRENLERE SN,

AHFFRIC LV ARILEEFENH] 2 78 &3, daphnetin X ¥ & 3R ICEE - WEEMBIER 243
57=V kb E LT DHC % R L=, DHC IZHIfN & v 87 o DR/ L
ToAK 18 GTP fE AL & L R BRBLOWIZ X MlaNT 7 F o7 4 7 A2 NOERK%E
PLET 2 2 & TR WIEMIRORE « #EEZ2 6 L7z, FTBREB~ T ZET /BN T,
DHC I3 s 24| L, A 26 BICIER Lis (Figure 30), AWFFEORFIX, HifEiE
AT 5 DHC 23, ZHE CTHBENPRETH > =B ABBIMGEE L THETHLIZ L%
R LT OB IMGERAIHIC SR N 2 BRbO AL LEE X 5,
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Figure 30. Grphical summary

DHC enhanced the degradation of rho small GTP-binding proteins by activating the intracellular
degradation system. As a result, the degradation inhibited the formation of intracellular actin filaments
and subsequently inhibited osteosarcoma cell invasion and migration. Moreover, DHC treatment
inhibited metastasis and prolonged overall survival in a spontaneous metastasis mouse model. These
results indicate that DHC has the potential to suppress metastasis of osteosarcoma cells by

downregulating Rho small GTP-binding proteins.
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Supplementary Figure 2. *C-NMR (CD;OD) data of compound 1
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Supplementary Figure 3. Top-ranked enrichment plots by GSEA

Top significant enrichment plots of the gene sets related to the GO term “biological process (BP)” by
GSEA are shown. Enrichment Score (ES) of each plot is indicated under the panel. The significant gene
sets are summarized in Supplementary Table 3. The panels highlighted in red are those linked directly
or located downstream of the GO term “IMMUNE_SYSTEM_PROCESS” shown in Fig. 5C.
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