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Studies on the differentiation-inducing ability of the aroma compounds isolated
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MHHRL~LTHE FOFERDOE 2471F [254] TH Y. 2018 4FiT i 960 J7 AL
2FD 6 NI 1 ADBHATIHELL L AED 5T 3 (WHO), 100 fEAEHLL FI1csrHE &
NBEBADH TR T, &b —RNCEO223B8AD0EDT, BAZKERET S b
DICDNENL 4 PLichiiE 5, KRB E ORI 2 MbFIEF L, £, H< oy
—ZATHRERSHRIA 7 -2 (MWL) £Thdbsvizadlonznizo, i
B & RIARRICVLBR D IR & MEIE % (Brenner et al., 2016; Moreno et al., 2016), % H % T,
3 A DIRFRIC UL, SMEH T AEEE, ERRIEE Ok 2 ks o T & 72
(Miller et al., 2019), it DiBEEIZ, ASA O - #AL - 27— 2106 U CHIhE 7213
HAGbETHO N, A BBADBETHEL EFC&, Lol BFELIELIE
EOEIERICET Lo b s 2 Lg% (Dickens and Ahmed, 2021), FIFEF %, AMAEE M
DHUEA AR, SR 2 CEFR ISR T 2 IEHMAICN L C b 8T 2720
KR ZEEZLNT WS, I HIC, BEOKRICHE Z K- ZIEEMALIE. BB R
RN 2MMEZER L. XOVKRBNICAZ -, BPADEREEZ ZLTERO—D LA
(Johnson et al., 2014; Vasan et al., 2019)

AR U 7Y - SRR A ia R o ORI [MEERERE] 235 2, A 05t
FEFE L ACFEA & > T AL 0 B A REC B oA T n 7 Ty oL
T, MREAA RSO EER, $ 72 bbittloBun 0, #kmMb, i, 2 L TR&iic
7 AP = AR oMt E b 72 b T IEE Rk REI ¢ L 2 HNE T2, 20D

2X 0. BADIER (R DM X 5 (Sugihara and Saya, 2013; Lin et al., 2018;
SellandIlic,2019), ¥ 7z, M UEFEHEFIIERE & B 0 IEHMIIE 2 8 & 3 sz

SMEL7-MfRICZEZ 2 2 2 FHE T 5720, AERBIFERICN T 2 BEEIR S RiAF
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N5, TNE TIHMLTFEREL IR D KN L 726113, all-trans retinoic acid (ATRA) % Fv>7z
AR BEERE A IR OB TH 5 (Huangetal., 1988; Nowak etal., 2009) . {1 A3 A 1< i3
2 1RO I & 3 BRI 23 A B 3 A FRLIZ A 7 (Yu and Ding, 2020), 2D Z &
iF. WRIED A & I L CETEA A OBEIEHE RSP HE S EHTH 2 2 LIER T 2 L& 2
bNTWw%, L L&A o, ZHE CEIEIEE O MUEAEICBE S 2 B b ke iciThb T
&7z, Bz 13, cAMP RF&fE (butyric acid, BA), ATRA 72 DL F / 4 F. 15-deoxy-Al2,14-
prostaglandin J2 (15d-PGJ2 : KER) I rosiglitazone (ROSI: /) % & & peroxisome proliferator-
activated receptory (PPARy) 7 == R b i3, #4 ZRBEIESHIIEMR O b 2 FE S 2 2 L 28
RO LTV (Coxetal, 1999; Orchel et al., 2005; Cerbone et al., 2007; Yang et al., 2012), Z
N o O IE, BIEIES < U ComEFEREZEM T 5 2 L SHEIICAIRETH 5 &
RARET B, FEEMIC, EEEZ MR e L 2oLk 2 BT 2 2o, Horedk
BRI R % R0 L RIRHICEIER 234 e WHTBUL &Y (LEEERD 2 Ro0. 3 6iczns
L&Y AP D3 L% E RSO D ICT 2R H L & FEZbND,

b~ RGOk RCM-1 1%, @ E G & 20T & L7z RIGEAHRs D © 1657
EN7MAEkTH % (Kataokaetal., 1989), RCM-1 fllfiix, MEMKOHETH 2 F— L% H
SRICIERK S % (Nakamura et al., 2008), F — 2 (%, TEIR 2> & FEEAMUE~ D —J5 A D
RERIC X Y, BHEME L EE 7 7 2 a K& ORICARSRFTICER T 5 2 L c4L
% 3 RICH 7= % MilaREE<H % (Rabito et al., 1980; Kirkland, 1985), Z @ X 9 7xf#id i3 il
. FLAE. RIGIYE 7 & o 5 Ic sk 3 2 55l . BB LR 7 & o IEHE AR IC ok 3
LEE ML X K BIEE X5 (Lever, 1979; Rizzino et al., 1982; Kirkland, 1985), & &1, F
— LI O LEAER] ((L5RAD BB L TERE N2 2L dHEINT WS (Lever,

1979; Augeron and Laboisse, 1984), L 7228 > T, #&_F B iigiik e OSHIBEAR 14 D ifF 78 1 3\ T,
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F— ZJEH2 B — 2 B, % < oAtk ic 513 3 5L OIBRES I~ —H — & L CHIFH X
NTE7, ek biX, —HAOFEEH) L. KL EEO ML 72 FEMEKIC A S 5
FeT R LA AL T2 EEZ N D5 TH S (Rabito et al., 1980; Kirkland, 1985;
Oberleithner et al., 1990; Su et al., 2007; Prasad et al., 2019)

HE L, KA VSR B 2 RIMLAYDOFHTH 5 (Seca and Pinto, 2018)
ML B B DR & AR % @ 2 72D IC TS 7 “RAHY) (secondary metabolites) %
FRELTED ., 20 b oMY CGEIY) MGt e M LB oMK 2l 2 LTbHiE
T®H 2% (Kaberaetal,2014), EFFIC 1940 FRLUFICHEKZ T N HIAB LA DK 50% 1%, KK
fLAEYRED LIk FERE L RRERICARINEZN L 0HRILEY T, ZodiciE

EY I VRFURFEANY VI b2y oYk otaY b & E b (Newman and
Cragg, 2016; Seca and Pinto, 2018), HLFETFFEHE OHHf & (X, HEDIEHEFE - hY T v )

(Cucumis melo var. conomon) DTEARE D & RCM-1 MlllEtkicE1) 2 F— LM 2 i 2
aftay. 3-A FrF 4 7 r vt VT F LT X T v (3-methylthiopropionic acid ethyl ester,
MTPE) (Nakamuraetal.,2008) & X F L F AT F L T 27 (methylthioacetic acid ethyl
ester, MTAE) % Hififf L 7z (Nakamura et al., 2010), L 2>L 725, LEito&Hba&P oy
Bk, ROINHICL VFEEINDE F—LBEOD T AN =X LIARHTH 5,

Z ZTARWIFE TR, 9. MTPE XU MTAE % U — F{LAWI & U 7= &S rEAH B
fENT 21T 5 720 Z DFER. T EF R/, Homd v F— LB FHEEEEZFFOEMYE L

L CTRAF AT AEEEE (methylthioacetic acid; MTA) ZFFET 5 Z L ICHIN LT, T2, Hl5#
(B T FEIRARAT S OVSRER 22 MR I X D MTA IS X B N — L TERGEHEIC (A A 10 1
{57 CDC254 & CCNE2 DRBIMNGIABE 35 2 L2 AL (551 8), fil» T, 4B

DTHEVIAIENT 2 TR L 72 & &5 MTA 28 F — LB 2589 5 L FRfIC, &0t
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~—h—DMED7ZLFT T EBHL Loz, T ORTRIZ. MTA 28 RCM-1 #ifld % N —
LIt E e 2R o L, Thb b RCM-1 MIfIC 32 [ {LaFEH | & L ChERE
LB LRRBET L, £72, MTA IC X % RCM-1 Mg 5{bid, &2 %6813 % BA I X
DR AN LTV B AREEZ R L 72, X 51T, MTA 28 RCM-1 #ifld 00 tiFEx b 725§
LA, FRE GmMUE) TR7RF—vRZ2FETILOHELICLE (B2
), KL TiE. ThHDFERICE T MTA 2L T R+ —> 2 & ofFE ki

WTEET S,



FB1E HvIvYichkRkT3E85LEYH e b KIBEMEE RCM-1 icxf L
THFET 5 F— LERDLER - o TAEY)FERER

1.1. ¥

il

P, EEEEEE T2 RMUAVOFERTH Y . 2hE Tic% < oyt a&Y)
(774 7 3Hhn) IcHRT 2HAFIAFAFE T & 72 (Newman and Cragg, 2016; Seca

and Pinto, 2018), FLFIFFFEH OHF & X, & b KEEHIAEK RCM-1 TIER X L5 F—24 L
W IE N 2 AR E R OB BIE L L2 X2 ) —= v ZIc X 0 mE DGR - H Y
7 7V (Cucumis melo var. conomon) DIEHFD LGN & (L7 2 DD EALEY 3-
methylthiopropionic acid ethyl ester (MTPE) & methylthioacetic acid ethyl ester (MTAE) 7% Hifift
L 7z (Nakamura et al., 2008; Nakamura et al., 2010), & 512, MTPE IC DWW Clk, F—LAJEAL
FHET 5L ICMA T, AL t~—A—DT A ) KA 7 7 X —+ (alkaline
phosphatase, ALP) D% LA X422 & dHAL 2T > T % (Nakamura et al., 2008),
Lo Laddie, Ay 77 ) lko 2 L&Y, MTPE & MTAE @ F — AJERGEEREICEI S %
LR D F— LB EFEDO R F AN =X L NHOEETH B,

ARECIE, T LI 2MAWH N — 28K &5 i & LA 2 S H i3
%7-%. MTPE & MTAE % & ¥ 37 O FLULEY %2 - CREE IS TEAEBAENT 2 17
RCM-1 Mg D ¥ — ZJEBUCHER T 2 i/h2 = v F E B ICO W TR L 72, £, C
N o ETLEY A RCM-1 fifARIc B W T F =B %5 &R I T AN =X L%l

T~ HIMEAY R TR D i B — LFHEEE %R L 72 methylthioacetic acid



(MTA) Z MW CHEBINEG T 21T o720 S HICF—LBKICEDZ L EZ2 LN SR

R T DEY ZRE & U 72 SEBRA W RT 24T o 726



1.2. MERIKEROGE

L.2.1. #¥E

MTA & Matrix Scientific (Elgin, SC, USA) %> 5, MTPE & MTAE |% Avocado Research
Chemicals, Ltd. ( Heysham, Lancashire, UK) 72> & A L 7z, Methoxyacetic acid . 3-
methylthiopropionic acid % U* methylthioacetic acid methyl ester |3 Tokyo Chemical Industry Co.,
Ltd. (Tokyo, Japan) 7> 5 HEA L 72, Z DAt FFICFEE2 72 W b D 1F, Fujifilm Wako Pure Chemical
Corp. (Osaka, Japan) 2> HWEA L 72, ML EA] purvalanol A & NSC95397 Iz L% 1L
Cosmo Bio Co., Ltd. (Tokyo, Japan). Merck KGaA (Darmstadt, Germany) 72> HHEA L 7z, &
WEPERH BT 12 1%, SUERIT AL KA RE > T A AL AT R AR S e TR A O
95% LA E) % F\» 72 : mercaptoacetic acid ethyl ester. mercaptoacetic acid propyl ester .
mercaptoacetic acid butyl ester. mercaptopropionic acid ethyl ester. mercaptopropionic acid methyl
ester, mercaptopropionic acid propyl ester, methylthioacetic acid propyl ester. 3-methylthiopropionic
acid propyl ester . 4-methylthiobutyric acid . 4-methylthiobutyric acid methyl ester . 4-
methylthiobutyric acid ethyl ester. 5-methylthiovaleric acid, 5-methylthiovaleric acid methyl ester.
5-methylthiovaleric acid ethyl ester. ethylthioacetic acid ethyl ester. ethylthioacetic acid methyl ester,
ethylthioacetic acid propyl ester. 3-ethylthiopropionic acid. 3-ethylthiopropionic acid methyl ester.
3-ethylthiopropionic acid ethyl ester. 4-ethylthiobutyric acid. 4-ethylthiobutyric acid methyl ester.
4-ethylthiobutyric acid ethyl ester. propylthioacetic acid, propylthioacetic acid methyl ester. 3-

propylthiopropionic acid. 3-propylthiopropionic acid ethyl ester,

1.2.2. HHfEkk & KEE st



RCM-1 #lic#E 1% Japanese Collection of Research Bioresources Cell Bank (JCRB0256)
%> & | Ehrlich MAE#k 13 RIKEN Cell Bank (RCB0142, Tsukuba, Ibaraki, Japan) 7> & 433 & 172,
WB-F344 fifldtkiz 7 — 2 A w7 4 F K% (USA) @ J.W. Grisham {8+ & M.S. Tsao fdi+:2
5. CoCM-1 AlAEKRIZ E IR A :D H. Kataoka L2 5505 X iz, ¥ 7z HCT116 MfErkIL.
~_A T —EREKY (USA) @ M. Brattain 472> 5435 X 3172, WB-Ha-ras, WB-neu, WBsrc-
neo2, WB-myc/ras, MSU-2. Ming D&KL I >4 v INZKYE (USA) 25, BxPC3,
HaPT1. HPDINR D &#iflEkkZ5 RIBZERRSE D b3 S N7z, KNC AR 2 #Z
KD Y. Nakamura 18112 X > CTHESZ & 7172 (Nakamura et al., 2005) , RCM-1. Ehrlich, CoCM-
1. BXxPC3, HaPT1, HPDINR @ %l i3 RPMI 1640 55k & Ham’s F12 55 (Life Technologies,
Carlsbad, CA,USA) # 1 :1 TIEML. v iRIZIMME (FBS;Biowest, Nuaillé, France) & 14
Y& 7 v %~ 4 > v (Thermo Fisher Scientific, MA, USA) DR Z 112 1L 10%. 10 pg/mL
IC72 % X 9T L 72851 % Vv CTRE#E L 72, WB-Ha-ras #flid (% 5 % FBS. WB-neu & WB-
myc/ras D HIAELIE 7% FBS, 50 pg/mL 7 v 2~ 4 ¥ ¥ %N L 7284% Eagle 55 (modified
Eagle’s medium 5 Gibco, NY, USA) % F\»CH;E L 7z, KNC #lifild 10% FBS % & & DKSFM
FeMh (defined keratinocyte serum free medium; Gibco) % H\WCTHE L 7z, Z DfthoMifidix,
FBS DFIREED 10%IC 7% 2 X 5 ITIII L 7 80Z Bagle ¥5iha Fl V- THEE L 72, X T oiffiid

2. COIEREDS 5%, 37°C DA T CREL 72,

1.2.3. F—LArEEREE
96 /7L — F DEIUTHIRIELAS 1.0x105 D L < 1 1.5x10° 172 % X 9 I RCM-1 #l
B L, 80% 2 v 7Ly M5B L 72, fit\C, A OREICHR L 72 b

DILEY 2 %G L, 48 IR L 72, K5, BISZBAMEE ZEISS Axiovert 25 microscope
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(Oberkochen, Germany) % F\WC F— 28 Z5HHIL 72, F — LFFEREDFEEE & L T EDso fEi
%8 A L7z, EDsofE1Z, WFHRIX & HoBE L C 1.5 f51C B — 2802 8N & & 2 (LAY ORI &€

#L., LEYD F — LFFEEEO MBI 2 HEE T 5 20 Il viz,

1.2.4. ALP &

ALP 51 D MIE (X LabAssay ALP ¥ v b (Fujifilm Wako Pure Chemical Corp.) %
WCAT o 72, fRICFIEZ LR 3 2 & FEANLE 2 T b 7-Mlild %2 PBS T 2 [\IPEH L 7214,
0.3% Nonidet P-40 % & U EBEAMR 2 I L CHER ST Y T4 ¥ — (108) cHlfgz ik
L 7=, MACiA IR IC ALP 258 p-nitrophenylphosphate % fill 2., 37°C T 15 Z3fE G & & 7=,
ALPEEIX. ~4 7 v 7L — } ) — X —Mithras LB 940 (Berthold Technologies GmbH & Co KG,
Bad Wildbad, Germany) % Fi\» T 405 nm OIS % ZHHl4 2 & Tk 72, MIIAMRTR

D& VX7 EIRE O HIE X Protein Assay Bradford Reagent (Fujifilm) % F\WCTfT- 72,

1.2.5. MTA QLI EE

RCM-1 MRS 32 MTA OB IZLLT D3 b 175 72, RCM-1 #ifE23 80% = v 7
NIV MEZo7RET I mM @ MTA 25 L, EBRZ LICED R EST 5L T
MTA ZMUBR L 72, =4 7 BT L 4, RT-PCR. 4 &7 71y FMENTTIE, MTA &l 2 72553
TH&ER, MTA 28 AVEbcE & 2 CHIEZ BN 2 £ o8 2 T- 72, WRKT
IF. MTA DERICH 7T 2 = F U v GRIREL 0.1%) 2L 72, 172722 TOFEERIC

BWT, F—LEBOBMAERT 2 Z & T MTA OERZHEZRL 7=,

1.2.6. =4 77 L 4@



M B T REET oo D~ 4 787 L 413 Affymetrix Japan K.K. (Tokyo,
Japan) ICRFEL 7z, 4 2707 LA I3 9 2 RNA 13 MTA LEE L 72 RCM-1 Mg & SV
Total RNA Isolation System (Promega Corp., Madison, WI, USA) %\ CHiH L 7z, #EnT D
FEMN D v — = v 713 MULTIEXPERIMENT VIEWER software version 4.9.0 (The

Institute for Genomic Research, Rockville, MD, USA) (Saeed et al., 2003) % I\ CTIERL L 72,

1.2.7. RT-PCR
WIR G IR DOHHEITD 71 b a2 — 4 icfif v RCM-1 #ifigd: Sl L 72 RNA % #5714
&L CHIRE RIS %IT o7z, RIGIK 50 uL IC&EN 2 D1 [RNA (2.5 pg). 1xRT KR,
0.5mMdNTP, 5uMOligo (dT) 77 4 ~—., 40U ® RNase FHEH]. KU 200U ® GeneAce
R EEESR (Nippon Gene Co., Ltd., Tokyo, Japan)] Td %, #i\> T, 1554172 ¢cDNA (1puL)
% PCR SUGCHEEA U 720 ROGIR 20 pL I & E 45 D1t [1xGreen GoTaq Flexi Buffer, 0.3 mM
dNTP. 2.0mMMgCly, &7 7 4 ¥—04uM, KT 1U @ GoTagDNA £ Y X Z —+ (Promega
Corp.)] TH 3, PCR SIGIFLL T DY ITo72, £F 95°C T 1 EHRIRT 3 2 & Cc#Fl
DNA %#ZM: L., [98°C T 10 R, 64-67°C T 30 R, 72°C T 15 B[] 257k 2 KIe%
2335 %4 7 M T o7 BRBICHRERIGZIRT 45729 72°C T 7 7ERIE L 72o CCNE2
BZT D PCREIFICH W27 74 ~—+t v L, 5-~AGGAAAACTACCCAGGATGTCA-3’ &
5’-ATCAGGCAAAGGTGAAGGATTA-3> . — J7 . CDC254 &z F © ¥ g ic 1% 5-
ACCGTCACTATGGACCAGC-3’ ¢ 5’-TTCAGAGCTGGACTACATCC-3’% f\ 7=, 72, NTE
PHa v b =& LTHW glyceraldehyde 3-phosphate dehydrogenase (GAPDH) &{rn¥ D
BEIEIZ 13 5°-GCACCGTCAAGGCTGAGAAC-3’ & 5°-TGGTGAAGACGCCAGTGGA-3"% Ff\»

2o BRibLZF Y v 24t L7 PCR EY (DNA) @ #9658 E 13 IMAGE] software

10



(http://rsb.info.nih.gov/ij/, The National Institutes of Health, Bethesda, MD, USA) % F\»C &1l
L7z FBIET ORI it GAPDH OFEH L~V CHiIER., WUBERAFRE (0 KefE]) o

XfEE LTRL 7,

1.2.8. B THERERENT
MTA O#5C X 0 FEHHZEH) L 7238 (5T D Gene Ontology (GO) =¥V v F AV
k fi##T & Kyoto Encyclopedia of Genes and Genomes (KEGG) #Fi&fi##T 1%, Database for
Annotation, Visualization and Integrated Discovery (DAVID ) Bioinformatics Resources 6.8
(https://david.ncifcrf.gov/home.jsp) % FV>T{T- 7z (Huangetal.,2009a, 2009b; Sherman et al.,
2009) ., FEkIc, BT+ vy b 2L 27 ¥ a3 v 'cSbpvllsymbolsgmt' M Of
'c2.cp.kegg.v7.1.symbols.gmt' % F] \> T Gene Set Enrichment Analysis (GSEA) (v4.1.0,

http://www.broadinstitute.org/gsea/index.jsp) % 1T > 7.

1.2.9. 44/ 70y MEWR

10% SDS-PAGE IZ X ) RCM-1 fiARRICE TN 2 v X7 E 2 PRI LIS
Fztt, R (7ofbke=V7Vv) AV T L VICEE L7, RIZ, 0.1% Tween20 & 5% A
FLINZ%EDL PBS T 1K 70y ¥ v I RIEEIT- 728, | XIikE2E&DEARE &
DICE R T 2 FEFIRR L 720 A7z 1 RPUAIT cyclin E2 (CCNE2, 1 :2000, Merck KGaA).,
CDC25A (1:100, Santa Cruz Biotechnology, Inc., TX, USA). actin (1:2000, Life Technologies)
THb, AVITLyaifith, 6102 XYihzETREIRE & HICERT | RRERIEL
7zo Cyclin E2 R © 2 XPiikicizfit="7 b Y Igy (Life Technologies) % . CDC25A KU}

77 F v OB D 2 XPUkICiZ, i~ & IgG (SeraCare Life Sciences, Inc., MA, USA) %

11



w7z, fef2ic PBS T3 5 2 & TR 2 Xzl niz, v 7 F v ofiid
LT D@ Y 1T o7z, CyclinE2 2 ¥ X7 EH D > 27 F V13, enhanced chemiluminescence detection
system (GE Healthcare, IL,USA) Z T X Vo8 7NV Kb Jed b L FRET X R
TANLERNT B ETRIBL 72, —J7. CDC25A £ v X7 E D> 7 F v id, WSE-7120
EzWestLumi plus i3 (Ez-Capture MG; ATTO Co., Tokyo, Japan) % F\» CT{LFEFH X 72 £

VRN RRERE CCD 4 A —3Y v 7Y A7 L Ez-Capture MG (ATTO) THH L 7=,

1.2.10. FREHENT
MR CliE, BHERCEO N F— 28 % FIE L EERAETERL Tw 5, fital
72 BEEE, —ICRCE S BT, Dunnett #87E H L < % Tukey-Kramer #E 2179 Z & T

ED Tz,

12



1.3. &R

1.3.1. MTPE XU MTAE ${UL&Y) O REE0E HEAH BRfE T
Hv 7 v ) HEOERILEY). MTPE & MTAE (3 RCM-1 fllfd o F — LK % i i
3% (Nakamura etal., 2008; Nakamura et al., 2010), % Z T, 5 DILEWINT F — LK
ICHEERTN (W& 255ET %729, MTPE & MTAE % &% 7z 37 MEO UL &Y %
W CHEETE YA BT 21T 5 72 (Table 1,2), BEAL 72{t&EWID 5 b, (LAY 1-12 (MTPE
JUMTAE % &%) 1 RCM-1 MRS U CiffEZ F— 235805 % R L7z (Table 1), —
i LAY 1337 13 F — L55EEEEZ 2R E b o 72 (Table2), LAY 1-12 D F — 455
EL RO E X, GOV 2>6>3>5>7>9>4 (MTAE) >8 (MTPE) >11>1
>10>12 &t 7o, 22T, b LAY EZEEEZ Vv — 7 8 (EDso<1mM, LAY
2-9) LAKIEPE Vv — 7 45 (EDso > 1 mM, L&Y 1 KU 10-12) ICHFL 7=, (LAY 10
(EDso=1.65mM) %#&%, Ri KL a VICAFAREEZET LAV T X CEEES LV —
TICEL Tz, — G, KiEEI AL =70 3200LAE (1, 11, 12) 13, RiFY a2 v
AFAEIKBRTE 2R3z FAEICERI ATV, BifEILv— 7D 8 HoftawT
. Re ARV v a vORAFLVEHORFERIZI I UTTHY, Ry KTV v a vOTAFAHEDRK
FHII3UTTH o7, THIC, F—LiFEEEP R KT Y a v o T A A ORFERIC
LYV EHRCEB L2 e h b, TAFAEROECIC X 2 BEAMEITE S N,
MTA (L&Y 2) X, 37 EEOBEUL A O TR d V> B — 23581 (EDso=
0.13mM) ZFFo L FEFIC, HTEFARD/NE o7 (Table ) 2D L6, MTA I F
— LB R HET 5 -0 DR/NERLE FE 2 bz, £720 MTA 280 2@istE s v — 71

B35 8N AFAF A (SCH;) ZHoZ b, AFALFARIT N — LR OFEE IC

13



HEAMAEZ Rz T Ll SN, 2 2T CORBMEZRELT 5 72012, HiisH 125K,

Hf

F. EIFRFICE XD o 72 MTA HEULAY 2 F» T X o IS TR BAMET 2 i 1
720 Table3 IC/RT X 510, MERT%2E&F 2w 3 20EMULEY (LEY) 2a-2¢) (3. K
L72 IR N — AT R (BT 2 2 L i3 o 7o ZORERDL B A FF AHIT5
F—LFEEE 2 R ET 2 20 TEmEE LN, Lo L, hild 2 X 5 ICHEEE (butyric
acid, BA) [R5 72 EHiPA< RCM-1 it F— 2 A RHEL = B2%8) 0T, X
FUFARIE P — LEEHEICHAREEL ETREARVDO2D Lk,

MTPE (%, RCM-1 Ml F— LBz (e 5 L4k, EfEiafb~—7—o
—DTH5 ALPIEN%Z LR X5 2 L& I TV 5 (Nakamura et al., 2008), % Z T,
MTA %#%5. L 72 RCM-1 #ildT ALP iGHEZBIE L TH7z & 2 A, MTA LB 4 HHIC ALP
WS ER L2, £72. ALP OFERHIZ MTPE X 0 b3Ed -7z (Fig. 1), [ F— 223001k
HMTH 22 E507 ] LI EERICH T 2 BIZF XL 2 ECTHL2ICT 228, THE TOR
H1¥ MTA 28 RCM-1 i@ b 255852 2 L 2 R"R T 5, 22T, AV IV ) lkos
LAY X 2V — LR O Z Bi5 L 2 A% 0L T, MTPE ¥ MTAE 7% &0
K2, MTA 2T 2 2 &ic L7, $72. WEL TN —4%PKRT 2K 1 mM

EIRHERIZ L L 72,

1.3.2. MTA L &3 F—ABRICBEE T 2 REBLTF 2RV ALZDD<4 70T LA
e
<A 7 uTLUABTIE. MTA ICX VEFE I N5 N — ATIcBDb 3 EE T %
BKoirht ECHMTH S, 22T, w4 70T LA EERT 21Ch20 . TFHEFEIC

RCM-1 flifdd ¥ — LJER % 58 4 2 MTA OULEERFE % 3t L 72, Fig. 2 IR$ X 91,
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80% v 7NV MiZ7 o7 RCM-1 fifldZ 1 mM © MTA T 6 IRFHLEE L 7214, MTA % &
F A WEICE 2z T, WUEBHIAR D DA T A8 HEE E ORI L2, 2 OfER. XX
&R T MTA LR X T3 F — 2505 6 f51ic i L 72z, MTA QLR % 6 BERET 2> & 12 B
M, 24 BFE~EHER T2 & F =283 X ST L 72, 2D T &5 5, MTA AL % 6-24 I
M3, +0IC F— LB EZHETE B LR’ h o7z, £ 2T, w4 7 a7 LA fETIc
392 RNA 13, AT 0@ b MTA LB % fifi L 7= il SF L 72, 37, 80% 2> 7 b
I v MiC7e o7z RCM-1 MIiC 1| mM MTA Zi#0 L. 6 el 12 REfE]. Zrws U 18 IR 2%
%, MTA 2 & O EEHNCE 2 #ax C, JLBEBIRIG 2> DB A C 24 IR H £ CREE L 72, Z
DEFE TR F—2DERITIEE A LBEI N A > T2,
MTA LEIC X Y B ZE) 3§ 2 85T Z M ICFE 3 2 72 ® I GeneChip
Human Genome U133 Plus 2.0 Array (Affymetrix) Zf\"C~A4 707 L A fifhr % FEha L 72,
AL 724 54,6750 7w — 7D 5% 20954 AR T, 2D 5B MTA LEE 0 I &
el L€, MTA % 18 Wil & CUUE L 728541213 537 a7 (logs ratio < 1.5) D FIHDNK
AU, 117 85T (logaratio>1.5) OFBILHEML Tz (Fig.3), RiZ, TN bDERET
T — XENTY — N TH S DAVID ICHLDAA, GO =V ) v F A Y M To7z, Z O
R, BB L7 537 BT 2 L2 ici, GO #7573 ) —EYEN 7 ux
(biological process) *DHIZ» & 64 X — LpNEITNz (P<0.05), /2, 64 X— LOHITIZ
A EAHIENIC B D 3 2 — 428 6 A& TN TEH Y, MTA WUHIC X Y IRV $ 5 45 i85
THREENT 7= (Tabled) BTN 64 X —L TR TV Y v F INT 72X — LIZTRNA
processing (P-value=2.3E-15, 1% H) *Th o7, L5 L. ‘DNAreplication (P-value=1.9E-
9,2 #%H) °. ‘DNA replication initiation (P-value = 8.7E-7, 3 #%&H) X U* ‘G1/S transition of

mitotic cell cycle (P-value=2.3E-4,8 & H) "®3 2 -2, EHKIN/z 64 2—2D5HbD |
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i 10 X —2iCEEN T 7z (Fig. 4A), MHEAIC, BEBHML 72 117 Iz TFCczv ) v F
TNz GO £ —Lldb T2 ST, DNA EHECHITLEICEED 2 X — 2 iZE& TN T
-7z (Fig.4B), —7/ . DAVID (f@#r> —) % 72 KEGG f#iTIc BTt FBEA
L7z T (537 8f7) %ML 2B 10 o KEGG BB v ) v F&h, Zof
I iZ cellcycle (P-value=9.1E-4,2 % H) & ‘DNAreplication (P-value=1.1E-2,6 & H) ’23&
TN T (Fig. 40), MRS, FIHBEM L 728 B8 (117 EaT1) 2L 2R
IZ. DNA % & HIREEICBY D 2 KEGG #Fi%ld e = v ) v F 3 nixp o7 (Fig. 4D),
GSEA fi#f7 12 31> T % ‘DNA replication (GO & KEGG) °. ‘DNA replication initiation (GO) .
‘cellcycle (KEGG) "3 v VU v FITH Y, DAVID % H W72 OFER & —F L T iz
(Fig. 4E—4H), TN HDFERD2 S, MTA ICX > TIHFE I NS F—L4FKIZ, MTA Ik Y #
B2EINT 28 THE VI XY, BT EETHEECEErD L LEZ O, OF
D, MR ARENTEZ D L MTA 13, H2FEOBET () OoRBEEZMGIT2 TR —
LR ZFELTnwE L EZ LN,

BRZR N LT, MTA I X o T/l E 2 13 FH oA E B E R T 11
GO = v U v F X v Mih e KEGG Rt cHllL <z v ) v F 3/ (Table 5), X5
I, 13 D95 H D 8 #EIET I GO % — £°G1/S transition of mitotic cell cycle’ IC & £ LT\ 7z, 8
R FOH T, CCNE2 (—6.61 f5. 0vs I8 Kff]) & CDC254 (—5.47 f5%. 0 vs 18 IffH]) (%
MTA IZ X - Tl b i < T /76 & 2L, minichromosome maintenance complex component 4
MCM4) (—4.95 %, 0vs 18 i), cell division cycle 6 (CDC6) (—4.70 {5, 0vs 18 )

37z (Table 5),

1.3.3. RT-PCRKEU4 L7 Tuy MEFiCk3~=4 2707 L 45— XDWREE
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cyclin E2 (CCNE2) & v 27'E L CDC25A % v 578 %, Mifasnsis o iilaait
~DT =Y x4 (KB EEZLNTWE Gl DT = v 784 v+ Tl ic %,
HifE R % 6 2 (Blomen and Boonstra, 2007; Pfeuty etal., 2008), % ZC, MTA IZ X % F—
LI & OBEE A L A1C T 5728, CCNE2 & CDC254 D% mRNA & X v o878
DHIKHETHR B Z &L 7z,

Fiho@ Y, w4 70T L AITIC X Y. MTA %3 CCNE2 & CDC254 DX % i
KIS 2 2 LRI N/ DT, RT-PCR iEXR VT, MTA 23 2 JEIETFD mRNA % F /5
#3220 & 9 DEEL 72, Fig. SA ISR 3 X 51T CCNE2 & CDC254 @ mRNA L ~L (3,
MTA DULFRIEENICARAE L T L7z, X HICBAL T F 27 LG4t L7 PCR Y (DNA)
BIOH % ERL L CHEL L 72 & 2 A, MTA IC X 5 CCNE2 mRNA & O R K784
RNRE—=F, w4 78T L AL RT-PCR TX LT 7z (Fig. 5B), MHAMYIC, RT-PCR I &
% CDC25AmRNA HOJFD iE~4 7ma 7L 4 L R L TR Th -7 (Fig.5C), L ED
FEF D 6. MTA 12 2>IC CCNE2 & CDC254 DR T D FH % mRNA KHEC T /5 filfH 3
5T LR o7,

mRNA B¢ X2 VN7 BHEOHERLT LD T 2bT Tl &3Mon<T
Wb, Z T, MTA 2% cyclinE2 (CCNE2) & CDC25A % v 37 H o % T/7l{H 3 2 228
LPICT B0, AL 70y MENEZ{To7-, Fig6 ICALND X 51T, MTA TULHEL X
7= RCM-1 flaAN O & v o3 7 H O &8 1 TR U 72, £ DGR IZ. MTA 25 CCNE2
& CDC254 DHEIG T OFRBEMEIT 5 2 & T, RN v 7 HEMED Lzt %

TS5,

1.3.4. HMAEFEHHEEAC X > TREI N 5 RCM-1 fifgD F— LK
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MTA € X % F— AFEEICHT 3% cyclin E2 & CDC25A DG % & & ICHGEES 5 7=
%, cyclin-dependent kinases (CDKs; CDK1 & U* CDK2) DFHEHITH % purvalanol A (Gray
etal,1998) & CDC25 7 7 I U — (CDC25A/B/C) DBAEHAINSC95397 (Lazoetal.,2002) %
FA S CEEBRAERIRNT %2 1T o 72 NSC95397 X, [H#E CDC25A R 7 7 X —¥ITHEA L Tl
FiEMEHEST 2 L E 2505, —F. purvalanol A 1% cyclinE2 % v X 7B ICIEFEES TE
A, Gl HIICIER X L5 cyclin E2-CDK2 HAMRICHEG L. MiEHLT 2 LRI 5,
Table 6 IZ7R 9" X 9 IC, purvalanol A % 2.8-90 nM DH#iH T 532 & ¥ F — 2 BUTXHA
X & HE L TR 1321 58N L 72, 520 DfIsMIH 225, 13EALDEAE, AV TV
o F—LFENEE R ) —= v 7T BB BEE (F— 2K O 1.5 58
M) %8z CT\ww7z (Nakamura et al., 2008), Purvalanol A 1% 45 2T 90 nM TH\ > F — LK

FHEREE N LTz, —J7. NSC95397 % 0.9-30 uM DEEHIPH CUI L 72 & & D) F — 25K

3

Sl

IR & FEER L TR 1.8-3.5 5 L. 1.9 KT 15 uM T b i\ F — ATERGEHERE %
L7ze L72285 T, B %M L Tk R 3 72 5 (3 NSC95397 1 purvalanol A XV & 81>
N — LFEENE RO L E 2 bz, FEERIT, 15uM D NSC95397 (3.5 £%) 1%, 45 K190
nM purvalanol A (2.0-2.1 f5) LB L T 17 fF@WiktEZ2 /"L 7, HL, F—L4EK%E D
726 TIRERIPASHE T 2 M LB A > Twic e i3, MRET2ICERT 2 L8R H
%,
e\ TR AERAE A A 2 B 5123 % 729 MTA (1 mM) & NSC95397 (15 pM)

¥ 7213 purvalanol A (45nM) % RCM-1 HHARICRIRFE S L7z, MTA & NSC95397 D[]k 5

(#) 6.2 %) T2 NZ O HEMIIE (MTA © %7 4.8 5. NSC95397 : #] 3.7 5%) LH~TF—
LI R E 272 (Table 7). Z OFEFRIE. RCM-1 Mo F — LK ICH T 5 MTA &

NSC95397 DEA{RA TN T <. MM E 2 135 oiciEitcd 2 2 L 278 T 5,
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L 72435 T, MTA %% NSC95397 & (3B i< N — LB AFET 2L woIFEZ LT
K3 %, —J7. purvalanol A (I MTA IC X > CFFEI N2 F—ATERICIZ L A LB L o
o727z, MR 5 MTA & purvalanol A O] OBERMEZHZE T 2 LI TE e

-7,
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1.4, E%

AWFZEClE. b b REEHIIEE ROM-1 I LC F— A2 HET 2 7Y I )
Hisk D F XS MTPE & MTAE (Nakamura et al., 2010) ORELULAPID 5 B, MTA 28 F —
LIEHFHEIC L ERIEAREACH B &, £72, ML 72 37 oAV o b TR b il
W N — AERFEERE A RO Z L ZHL 2T LTz, M T, MR FEIRMRNT %38 L T, MTA 13
FAEE HIfE > DNA EELCBEE S 2 B OBEE T ORREWGI T2 2 L dHL 2T L 2,
T BT, FEAEMMNT 2 U T, MTA I X 3 F— 2B i3 EmssEEm b 3
CDC254 (5% 5 CCNE2 b) DFBULT 23BG5 2 vJRetk 2R L 7=,

F— LT % FE T 5 720 I BT % MTPE % MTAE, % b OFLULEDY)
DREENICKD 5 Z 8, F— 20BN L EE > Lo R aMRaRe Ex 5
N5, FHIT, ST EMBMRIT 2175 2 & ©. F—AMIc 42 E iAo
DR A RHT T LICi L7z, £ 9. @v F— 282 H T 2 5oty (2-9)
DR ALY aYPRAFAVIETH L Z e b, AFAVERTBAERZEEST 5 LTEETH
32 EHLPICLT (Tablel), T7abb, RiRY Y avoAFAEIKERTPLF L
FcE I LAY (1, 11,12) TIEF— 25F8EEEMET Lz, —J7. Z ofttoHREHR
CEIRINALEYIDIR L A EIIEEEZ RS ko7 (Table1,2), /. RiFY v a v
KX FNEERT EEE V-7 (LAY 2-9) TR R FY v a VIt AF L vEHE RO,
W E Ry AV a VARKFEL 22722800, R & RDiFEY > a v d F—2
FEICHEETHLEEZLN, MAT, R AV avOAFLVYEHELFL VD LK
PV AFLVEICEIRL 2L 2 A, IHHIMET 213582l Ak Lz, Lo T, RyR

PraVPAFLYHEHL LB BALAWVWRETCR RV v avBAFALETH L Z &I,
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W F—LFEEHICLETH D EEX LN, /2, Ry KY v a vkFRTTH 1L
&Y 2, 6, 11) TETAIFAEEZET LAY (3-5 79, 12) LHKL TZAZThE
AR TEESHE b, Ry KYY a VOERED F—oaFEEEoMm cBS L
T3 EEZOLNT, IbiC, Ry BV Y a VORERLFHOILAY B, 5, 7, 9) 1HE%K
DiLEY) (4, 8) LR L TEWEERLAEZZ b, TAFALEOEAMRLEZE L O
Too TNOLDFERIZ R3AFY Y a vOIKRFET LT AFARIT Y — L8 ICHEETHY . 7
LEALEDORE X L BEHENEEOME 2RO 2 EHD—DTH B L ERET S, MTA O
MREIE T2 BEHR, £K, RRICEBRLZE 2 (LAY 2a-20), AL 2 IBEHIPH < F— L

FEIEER T RICRbNZZ h b, MEFETIE N —o2BRoFEcHS T eEz 60
7z (Table3)o A LD Z &b, EHF T MTA 2358\ F — LJEHGEHEREL i3 5 LopEle
INBEARBAITH 5 LAt 72,

BT RO BE R BA DD —2TH % DT, MTA #* RCM-1 ST D&
BTRAT 077 M ER RIET, DoV %20EI ¢ LiICkoTF -4
FRAEEHE L 72 & DE Z IXAHEATH 5 (Bradneretal,, 2017), TDFx & —HT 23 X 5 I,
<A 7 a7 LA, MTA % BOBEIET (654) OFBUCHE» L5 2. ZD 5
5 82.1% (537) TRFEHEWA L. &Y D 17.9% (117) TRFEHEEMT 2 2 L 2L
»ic L7z (Fig. 3)o FEEAHA T 2L T OB L BINT 2R T OBICKE LR Y 235 -
7T eh o, F—LJBRUE MTA QUHIC X 0 SBT3 857 X 0 T 2867
ERRBE N L FEZ DTz, BREE N C i, FEHEPBIH X 1z 45 BIE T ISl A
HACHEGEICBRHE S 5 6 DD GO X — LT/ HI N7z (Tabled), T HIC, THH DEETD
FUE (29) 1. GUS BT (4) ¥ DNAEHE (14), kUZ oWy (7) 7 & offilE S

DRYLERE CixE 2 H S B TH o7, GLIIR, MlEIHOF L, b, LAV T K

21



= R 7 EOMINEIIC O 2 MIIER 2RO T — P T A THLEFEZLNT S
(Blomen and Boonstra, 2007; Pfeuty et al., 2008), L 727235 T, Gl ¥ 'S i CHRrES % —
WO T %W 5L s 285 T O FBINHENIE MTA I X 5 F— LJERICBIS 3 5 ATREME A5
WwWeEZ bbb, Gl HHETOEERFI#EIE T TH 5 CDC25A & cyclin E2 (., MTA IZ X -
T mRNA & X VX7 OMpKETHBABIE S N2 e b, F— LEEGEEICEE T 3
KT oB e L & 2 57z (Table 5, Fig. 5, 6) .
CDC25A F A7 7 2 —¥ 13V vIEEZRET 22 LIcX>oTCDK2 ¥ F—¥ %%
MALd 2, DR, CDK2 X Gl HHD#ET %2 23 % (Blomberg and Hoffmann, 1999;
Vigoetal., 1999), —7J7. cyclin E2 1% CDK2 ¥ F—+t L EAKREK L. MBI
FF LM EHET 5, DAL, retinoblastoma protein, SMAD family member 3.
CREB-binding protein/p300, E2F transcription factor 5 7z & DR & v X7 H D Y v (L % /i
LCGUSHIDBATZGIHT 2 < & 3 &G 4T\ % (Hinds et al., 1992; Matsuura et al.,
2004; Morris et al., 2000; Ait-Si-Ali et al., 1998), t k cyclinE (X, E1 L 2D 22D % 4 7
DEHET S, TNETOHRDL X cyclin E1 DWFFEICHNKT 2 25, cyclin E2 b Ml
DIEFET cyclin E1 & A EEZ R LT3 ¢ E 25N T3 (Payton and Coats,
2002), CDC25A & cyclin E2 I3 CDK2 % Z X WUEHY, =+ F—e LTHET 2720,
Wad L < Gl o T2 RS 2 LR E 5, X 51, CDC25A IXAFMIlEA A fifizd
. WESEAI A, SHSAERF LR AYA (Xu et al., 2003; Wu et al., 1998; Fraczek et al., 2007;
Gasparotto et al., 1997), cyclin E2 (3FL23A & H A (Payton et al., 2002; Kumari et al., 2016)
BREDKRA BHBAMIECRKEICER-T 2 2 MG INhTw3, 447 70y MENIZ
D HIAERE & HfK L€ RCM-1 Ml C eyclin B2 & ¥ A~ 2B 3% L TWwB 2 e %L

7= (Fig. 7).

22



KRIH ORI, MTA 28 CDC254 % CCNE2, ¥ 7-13% Diii 5 o FEENHI % A~ L

TR—AJERZHFEL TR0 EIDE VI NTH B, EEPT - 7= IR 12 2
fEIcZ L 2EZ TS, $7hbb, MTA JEFFIE T T CDC25 FHEAI (NSC95397) % 0.9-
30 uM THLEES % & RCM-1 #MiED F— 284 L 72 (Table 6), & 52, MTA (1
mM) & NSC95397 (15uM) DFKHEG1X, F— LK d % 2 (LAY o AW A
ERZHEEN TR AL, D LAHMND 2 IO chd 2 2L 2R LTS

(Table 7). L 72235 T, MTA & NSC95397 234x < B/n 28K © F — LIEBUC 2L 5 2
TV AR I W & 2 Sz (Roell etal, 2017), NSC95397 1%, & b CDC25A/B/C ®
G e 2 HE 3 5 2 Lot ST % (Lazo etal, 2002), NSC95397 (&, TN E CTF
IC CDC25B K UF CDC25C Icw xR 52 5 2 itk o T G2MEILRF &R T MBI n
T & 7% (Nilsson and Hoffmann, 2000; Lazo et al., 2002; Aoyagi et al., 2005) ., RCM-1 #ffifil ¢
X GUS HI~DEAT T < CDC25A %[HEFT 2 2 & TGl FEIEZH 726 L, I HITF—
LB FHE L E 2 b D, NSCI5397 (20 uM) (F b + HiSZAREMIAIRR PC-3 O}
LNCap IZEWT, 7B 77T Y — LK%/ L T CDC25A DofiR ZfedEd 2 L ahTn
% (Nemoto et al., 2004), L 72285 T, MTA I& CDC254 T ORI ZMIF 3% & & T,
CDC25A DX v X7 BRI T ¢ (Fig.6). F—oEHREZRET2LbFZLNE, L
2> L7235, NSC95397 IC X 5 CDC25B/C OFHFE X F— AR I a8 x 726 F
AREED B 2720, MRFUTEEICIT ) RETH %,

CDK2 & cyclin B2 i3 Gl Hi TG EZTEHR T2 LEx b T2 (Lauperetal,

1998; Gudas et al., 1999), L 72235 T, purvalanol A IZ X % CDK1/2 D% (Gray etal.,
1998) 1%, MIEEMIC cyclin E2 D1 & 24|32 4R & /-, b L. MTA 2% CCNE2 Efn

FOFHRMGEN 2N L TP — LB EZFEL T 57 51, purvalanol A UL S N — LT %
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fexted 2 & WitE X N7z, FEPE. purvalanol A 13 MTA JEFFTE T C F — ATBK % (R HE L 72 25,
NSC95397 IT T % DEIE KA > 72 (Table 6), £ 2 9 2D —2IT, purvalanol A
23 G1 #1¢fh < cyclin E/CDK Ofthic, cyclin B/ICDK1 (M#f) -+ cyclin A/CDK2 (S + G2
W) oMRERIAE L. e Rlics» CIRERZEIL S ez 2 L AEZ 5N 5, Cyclin
E X G1 1D CDC25A DIERITH 5 Z L B3 TN T 5722 (Hoffmann et al., 1994)
CCNE2 MR LTMTA IC X o T I 5 F— LBHICB 53 2 K7 CH % laetk X
TMETE R\,

PLED#ERD . MTA (3 Gl Bl B 7 M E G 7 <& 2 CDC254 (5%
5 < CCNE2 ») oFBHH &, Z o 2 LIcRRE T 2 BEREMIH 2 /- L C. RCM-1 fifldo F
— LB R (e T 2 ATHEbE 2R X 7z (Fig 8) ARFZE T LN MERIZ. MTAIC X 3
F—LBHFHED T AN =X LOFHICHEL T 2 LE2 o553, WML EHIIE
FEHLCEIN TS, Sk, 4 OMINSEIARE A% F W 72 B2 75 figdr &
CDC254 % CCNE2 @/ v 7 X v illlatkz 72 0 FBIR I 21T 5 LEEH 5 &
EioNh3, X5IC, MTA 25 RCM-1 LISk o KISEAIIaRIc LT R — A2 TERT 2 0 &
I DBGEET 20T D H 5, PFERINIC MTA ICED CaMUEFERZ A L2 0. X HicFfk
G 7o RIGRCN T 2 FERIEZHE L 20 T2 7013, MTAICX % F—4JF

D XN =X LDERFEIHITARIREEZEZ LND,
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1.5. MF*

Table 1. Analogs of MTPE and MTAE with dome formation-inducing activity.

Ri g R

O

O/

Rs

Compound EDsp*

No. Name R, R, R3 (mM) M;
1 Mercaptopropionic acid ethyl ester H CH, C,Hs 1.32 134
2 Methylthioacetic acid (MTA) CH; - H 0.13 106
3 Methylthioacetic acid methyl ester CH; - CH; 0.38 120
4 Methylthioacetic acid ethyl ester (MTAE) CH;3 - C,Hs 0.61 134
5 Methylthioacetic acid propyl ester CH; - C;H; 0.39 148
6 3-Methylthiopropionic acid CH;3 CH, H 0.35 120
7 3-Methylthiopropionic acid methyl ester CH;3 CH, CH; 0.50 134
8 3-Methylthiopropionic acid ethyl ester (MTPE) CH; CH, C,Hs 0.71 148
9 3-Methylthiopropionic acid propyl ester CH;3 CH, C;H; 0.52 162
10 4-Methylthiobutyric acid CH; C,H, H 1.65 134
11 Ethylthioacetic acid C,Hs - H 1.07 120
12 Ethylthioacetic acid methyl ester C,Hs - CH; 1.72 134

*EDso means the lowest dose needed to induce a 50% increase of the number of domes over the

control.
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Table 2. Analogs of MTPE and MTAE with undetectable dome formation-inducing activity.

Compound EDsp*

No. Name R, R, Rs (mM) M;
13 Mercaptoacetic acid H - H ND 92
14 Mercaptoacetic acid methyl ester H - CH;3 ND 106
15 Mercaptoacetic acid ethyl ester H - C,H;s ND 120
16 Mercaptoacetic acid propyl ester H - C;H; ND 134
17 Mercaptoacetic acid butyl ester H - C,Hy ND 148
18 Mercaptopropionic acid H CH, H ND 106
19 Mercaptopropionic acid methyl ester H CH, CH; ND 120
20 Mercaptopropionic acid propyl ester H CH, C;H; ND 148
21 4-Methylthio butyric acid methyl ester CH; C,H, CH; ND 148
22 4-Methylthio butyric acid ethyl ester CH; C,H, C,H;s ND 162
23 5-Methylthiovaleric acid CH; C;Hg H ND 148
24 5-Methylthiovaleric acid methyl ester CH; C;Hg CH; ND 162
25 5-Methylthiovaleric acid ethyl ester CH; C;Hs C,Hs ND 176
26 Ethylthioacetic acid ethyl ester C,Hs - C,H;s ND 148
27 Ethylthioacetic acid propyl ester C,Hs - C;H, ND 162
28 3-Ethylthiopropionic acid C,Hs CH, H ND 134
29 3-Ethylthiopropionic acid methyl ester C,Hs CH, CH; ND 148
30 3-Ethylthiopropionic acid ethyl ester C,Hs CH, C,H;s ND 162
31 4-Ethylthiobutyric acid C,Hs C,H, H ND 148
32 4-Ethylthiobutyric acid methyl ester C,Hs C,H, CH; ND 162
33 4-Ethylthiobutyric acid ethyl ester C,Hs C,H, C,H;s ND 176
34 Propylthioacetic acid C;H, - H ND 134
35 Propylthioacetic acid methyl ester C;H, - CH; ND 148
36 3-Propylthiopropionic acid C;H; CH, H ND 148
37 3-Propylthiopropionic acid ethyl ester C;H, CH, C,H;s ND 176

*EDso means the lowest dose needed to induce a 50% increase of the number of domes over the control.

26



Table 3. MTA derivatives subjected to structure—activity relationship analysis.

O

X
H,C OH

Compound EDso*
No. Name X (mM)

2 Methylthioacetic acid (MTA) S 0.13

2a Methoxyacetic acid (6] ND

2b Sarcosine N ND

2c Butyric acid C ND

*EDso means the lowest dose needed to induce a 50% increase of the number of domes over the

control.
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Table 4. Enriched GO terms related to cell cycle control for the genes downregulated by MTA.

Gene
GO term P-value number Gene symbol (probe set ID)
DNA replication (GO:0006260) 1.9E-09 21 ATR (209902_at), BARDI (242655 _at, 205345 _at), POLA2 (204441 s_at), POLE3 (208828 at), GINS2 (221521 s _at) ,
GINS3 (218719 _s_at), RBM14 (204178 s _at), RECQL4 (213520_at), TIPIN (219258 at), CDC254 (1555772 _a_at), CDC6
(203967 _at, 203968 _s_at), CINP (217598 _at), DTL (218585_s_at, 222680_s_at), MCM10 (220651 _s_at, 223570_at), MCM9
(219673 _at), MCM3 (201555 _at), MCM4 (222037 _at, 212141 _at), MCM5 (216237 _s_at), NFIB (213033 _s_at), TBRG1
(225818 _s_at), TWNK (218590 _at)
DNA replication initiation 8.7E-07 9 POLA2 (204441 _s_at), CDC6 (203967 _at, 203968 s _at), CCNE! (213523 _at), CCNE2 (205034 _at, 211814 s _at), MCM10
(G0:0006270) (220651 _s_at, 223570_at), MCM3 (201555_at), MCM4 (222037 _at, 212141 _at), MCM5 (216237 _s_at), PURA (229167 _at)
G1/8S transition of mitotic cell cycle 2.3E-04 11 POLA2 (204441 _s_at), SKP2 (210567_s_at), CDC25A4 (1555772_a_at), CDC6 (203967 _at, 203968 _s_at), CUL2 (203078 _at),
(GO:0000082) CCNE1 (213523 _at), CCNE2 (205034 _at, 211814 _s_at), MCM10 (220651 _s_at, 223570_at), MCM3 (201555_at), MCM4
(222037_at, 212141 _at), MCM5 (216237 _s_at)
Regulation of cell cycle 3.9E-03 10 E2F2 (228361 _at), JUN (201466 _s_at), SKP2 (210567 _s_at), CDC25A4 (1555772 _a_at), CCNEI (213523 _at), CCNE2
(GO:0051726) (211814 _s_at, 205034 _at), CDK12 (225691 at), CDKLI (235512 _at), DTL (218585_s_at, 222680 _s_at), PESI (202212 _at)
Cell proliferation (GO:0008283) 2.2E-02 17 CDV3 (213548 _s_at), E2F8 (219990 _at), PAK1IP1 (218886 _at), POLR3G (206653 _at), SKP2 (210567 _s_at), WDRI12
(241687 _at), AREG (205239 _at), BYSL (203612 _at), CDC254 (1555772 _a_at), MCM10 (223570 _at, 220651 _s_at), PESI
(202212 _at), PA2G4 (208676_s_at), RACI (1567457 _at), SLC29A42 (204717 _s_at), TRIM27 (210541 _s_at), UHRF'1
(225655 _at), MYC (202431 _s_at)
Positive regulation of DNA 4.9E-02 2 PRELID] (224232 s _at), MYC (202431 _s_at)

endoreduplication (GO:0032877)
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Table 5. MTA-downregulated genes related to cell cycle control.

Gene Fold change®
symbol Probe set ID 6h 12h 18 h GO term KEGG pathway
CCNE2 205034 at 1.07 -2.43 -6.61  DNA replication initiation, G1/S transition of Cell cycle
211814 s at -1.14 -2.97 -4.52  mitotic cell cycle, regulation of cell cycle
CDC254 1555772 _a_at -1.26 -4.56 -5.47  DNA replication, G1/S transition of mitotic Cell cycle
cell cycle, regulation of cell cycle, cell
proliferation
MCM4 212141 at -1.50 -1.65 -4.95  DNA replication, DNA replication initiation, DNA replication, Cell
222037 _at -1.16 -1.65 -3.31  GI/S transition of mitotic cell cycle cycle
CDC6 203968 s_at -1.04 -1.66 -4.70  DNA replication, DNA replication initiation, Cell cycle
203967 _at 1.06 -1.64 -4.27  G1/S transition of mitotic cell cycle
E2F2 228361 _at -1.57 -1.88 -4.27  regulation of cell cycle Cell cycle
SKP2 210567 s at -1.64 -1.83 -4.05  regulation of cell cycle, cell proliferation Cell cycle
CCNEI1 213523 at -1.29 -2.57 -3.98  DNA replication initiation, G1/S transition of Cell cycle
mitotic cell cycle, regulation of cell cycle
POLA2 204441 s at -1.21 -1.60 -3.64  DNA replication, G1/S transition of mitotic DNA replication
cell cycle
MCM3 201555 at -1.32 -1.84 -3.29  DNA replication, DNA replication initiation, DNA replication, Cell
G1/S transition of mitotic cell cycle cycle
MCMS5 216237 s at -1.11 -1.67 -3.29  DNA replication, DNA replication initiation, DNA replication, Cell
G1/S transition of mitotic cell cycle cycle
MYC 202431 s at -2.19 -2.43 -2.96  cell proliferation, positive regulation of DNA Cell cycle
endoreduplication
POLE3 208828 at -1.83 -2.46 -2.90  DNA replication DNA replication
ATR 209902 _at -1.55 -2.02 -2.85  DNA replication Cell cycle

2 Fold change means the fluctuation in gene expression relative to the initial value (= 1.00) for each

gene.
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Table 6. Dome formation triggered by two cell cycle inhibitors, purvalanol A and NSC95397.

Average Fold
Chemical dome number* increase®
MTA (mM)
1 16.2%* 5.4
Purvalanol A (nM)

2.8 4.8 1.6

5.6 5.1 1.7

11.3 3.8 1.3

22.5 5.2 1.7

45 6.1 2.0

90 6.2 2.1

NSC95397 (uM)

0.9 6.3 2.1

1.9 9.8%* 33

3.8 5.4 1.8

7.5 6.2 2.1

15 10.4%* 35

30 7.6* 25

2 The value is the average dome number in the well of a 96-well plate of 12 tests.
b Fold increase means the relative increase in dome number over that of the mock treatment (= 1.0).

*P < 0.05, **P <0.01 (one-way ANOVA followed by Dunnett’s test).
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Table 7. Dome formation trrigered by co-application of MTA with Purvalanol A or NSC95397.

Average Fold
Chemical dome number* increase” Group®
DMSO 4.1 1.0 A
1 mM MTA (1 mM) 19.6 4.8 C
Purvalanol A (45 nM) 5.7 1.4 A
NSC95397 (15 uM) 15.5 3.7 B
Purvalanol A + MTA 18.4 4.5 C
NSC95397 + MTA 25.6 6.2 D

@ The value is the average number of dome formed in a well of a 96-well plate (n= 31 or 32).
b Fold increase means the relative increase in dome number over that of the mock treatment (= 1.0).
¢ The same capital letter indicates no significant difference (P < 0.01, determined by one-way

ANOVA followed by Tukey-Kramer HSD test).
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Fig. 1. Increased ALP activity by administration of MTA or MTPE in RCM-1 cells. RCM-1 cells (1 x
10°) were seeded into 96-well plates and cultured to near confluency. The cells were then incubated
for 4 days with 1 mM MTA or 2 mM MTPE. In a control experiment, the cells were incubated without
the chemicals (0.1% acetonitrile). ALP activity was measured by a spectrophotometric method using
LabAssay™ ALP kit. The values of each group show mean =+ standard deviation (SD) of three
experiments. Values with different letters are significantly different by one-way ANOVA followed by
Tukey-Kramer HSD test (P < 0.01).
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Fig. 2. MTA enhancement of dome formation in RCM-1 cell culture. MTA (1 mM) was applied to
nearly confluent RCM-1 cells cultured in for the indicated hours (h), followed by additional culture in
MTA-free medium until 48 h after MTA addition. Micrographs show the domes (arrows) formed in a

24-well plate with their numbers. Scale bar indicates 1 mm.
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Fig. 3. Microarray analysis of gene expression profiles in MTA-treated RCM-1 cells. RCM-1 cells
were treated with 1 mM MTA for the indicated times (h), and then cultured in medium without the
chemical for up to 24 h. The total RNA isolated from the cells was then subjected to microarray
analysis. The gene expression profiles are depicted in two different manners. In the line graph (A),
each line indicates the expression patterns of individual genes that corresponded to 20,954 probes with
fluorescence intensities over the threshold. Heatmaps (B and C) of genes expressed differentially upon
MTA treatment are shown in the range from lower (blue) to higher expression (red), the levels of which
reached less than one fourth (log ratio < —1.5) (B) or more than 4-fold (log, ratio > 1.5) (C) at 18 h

relative to the initial values.
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Fig. 4. Gene function analyses of differentially expressed genes in MTA-treated RCM-1 cells. GO
enrichment analysis (A, B) and KEGG pathway analysis (C, D) were performed using DAVID on the
537 (565 probes) and 117 genes (138 probes) that showed significantly reduced (log ratio <—1.5) and
increased (log, ratio > 1.5) expression levels following MTA treatment, respectively. GSEA was
further performed to confirm the enrichment of GO terms and KEGG pathways via DAVID. Graph
(A) shows the top 10 GO terms among 64 enriched terms in the “biological process” class for the
downregulated genes, whereas graph (B) shows all five GO terms for the upregulated genes. Graphs
(C) and (D) show respectively all 10 enriched KEGG pathways for the downregulated genes and all
two pathways for the upregulated genes. The GO terms and KEGG pathways with P-value < 0.05 were
listed in decreasing order of the P-value. Graphs (E, F, G, H) show GSEAs having the significant
enrichment of the gene sets involved in DNA replication (E; GO), DNA replication initiation (F; GO),
DNA replication (G; KEGG) and cell cycle (H; KEGG). NES, normalized enrichment score; FDR,

false discovery rate.
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Fig. 5. RT-PCR verification of the MTA-mediated downregulation of CCNE2 and CDC254. RT-
PCR was performed to confirm the reduction in CCNE2 and CDC254 mRNA expression that was
screened in the microarray analysis. Following MTA treatment for the indicated hours, the total
RNA was subjected to RT-PCR. The electrophoretically separated PCR bands were stained with
ethidium bromide, and representative gel images (A) of three replicates are shown. The numbers
under the photographs show the fluorescence intensity of each band relative to an initial value (=
1.00), which was calculated after normalization against GAPDH as a reference. The bar graphs show
the fluctuations of the CCNE2 (B) and CDC254 (C) expression levels obtained independently by the
RT-PCR and microarray analyses. The relative mRNA levels determined by RT-PCR represent
mean + SD of three experiments. Values with different letters are significantly different by one-way
ANOVA followed by Tukey-Kramer HSD test (P < 0.01). The characters in parentheses indicate the

probe set ID of the microarray.
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Fig. 6. MTA-induced reduction of the cyclin E2 and CDC25A proteins in RCM-1 cells. Following
MTA treatment for the indicated hours, proteins extracted from the cells were applied to
immunoblotting with the respective amounts of 3.75 pg (per each lane) for detecting cyclin E2 (A)
and 30 pg for CDC25A (B). The photographs show the immunologically detected proteins together

with actin as a reference.
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Fig. 7. Cyclin E2 accumulation in various mammalian cells. Immunoblotting was performed to
examine cyclin E2 accumulation in different non-transformed and transformed mammalian cell lines.
The following cell lines were used: WB-F344, WB-F344 rat liver epithelial cells; WB-Ha-ras, v-Ha-
ras-transformed WB; WB-neu, neu-transformed WB; WBsrc-neo2, v-src-transformed WB; WB-
myc/ras, myc/ras-transformed WB; Ehrlich, Ehrlich ascite tumor cells; HPDINR, transplantable
pancreatic ductal cancer cells; HaPT1, hamster pancreatic cancer cells; MSU-2, human foreskin
fibroblast cells; KNC, human well-differentiated colon cancer cells; RCM-1, human well-
differentiated rectal cancer cells; CoCM-1, human moderately differentiated colon cancer cells;
HCT116, human poorly differentiated colon cancer cells; BxPC3 and Ming, human pancreatic cancer

cells.
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Fig. 8. Working model of MTA pathway toward dome formation in RCM-1 cells.
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Dashed arrows and dashes blunt ends mean the proposed signal flow from MTA.
Arrows and blunt ends mean the positive and negative effects on the reaction,
respectively. Arrows and blunt ends in black color indicate the regulation at protein
(enzyme activity) level while they in gray indicate the regulation at transcription level.
Abbreviations: p21, cyclin-dependent kinase inhibitor 1A; cdk2, cyclin-dependent
kinase 2; Cdc25A, dual specificity phosphatase CDC25A; Myc, proto-oncogene Myc;

Rb, RB transcriptional corepressor; E2F, transcription activator E2F
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FTB2E AV IvIIcHFKT3EHLEYFHEEML - MTA 235|222 3 RCM-1

DML L TE I — 2 XD FEHEA

2.1. #E

WMERDOHHETH 2 F— 20%, THUGHE D & FEE MR~ o — 77 [ O W Az i
L0, HEHIE LT 7 22Kl & ORISR RFTHNICERT 22 L THEL S 3 I
7 %Al S CdH 5 (Rabito et al., 1980; Kirkland, 1985), F— 2 i3 flifsE. FLAME. A
ik 7 & OB IC IR 3 2 BEEM L B LR A & o IEHE AR ok 3 2 Bi il © &
CHiZ I N5 (Lever, 1979; Rizzino et al., 1982; Kirkland, 1985), M T, F—2IZBFAID 5
EFFEANICICE LB E NS 2 & bME XN TW S (Lever, 1979; Augeron and Laboisse,
1984), ZNFET. %L DHIIERICB VT F—2 (520 F—LEK) 1390M{bDIEEEET
~—7—t L CHHZTNTE T (Rabito etal., 1980; Kirkland, 1985; Oberleithner et al., 1990; Su
et al., 2007; Prasad et al., 2019), FFRIT Caco-2 % HT-29 7 & O —ii 7 KIGFEMIAIE I B\
TH, F—2i3REENMt~—A— & LCTfibii T % (Lever, 1979; Fantini et al., 1986;
Gum et al., 1987; Zucchi et al., 2002)

b P RBEMIEE RCM-1 12, @R E R e & 20T & 7z RG> & 157
IN7-MilEkTH 5 (Kataokaetal., 1989), F 7z, RCM-1 MlfdIZREE Xt 27200 T, 5
MECTFN—L%2BRT 22 A5 T»S (Nakamura et al., 2008), EH S D 2L — 7%
RCM-1 M@ TR I NG F— 2Bz fEEe LT, AV 7 v ) o BH5MLEYwTH
% MTPE & MTAE %, A7 IV b (Menthaspicata) 7»HF ) TAXRY THLERY T/
vF ¥ F (piperitenone oxide, PO) % Hififf L C % 7z (Nakamura et al., 2008; Nakamura et al.,

2010; Nakamura et al., 2014), X 51iC, 2 1 ETatik L 72 X 91, MTPE % MTAE #{tHL&
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Y (37 ) ohp oL F— LFEEEELRFDL, Hoa TRIR S /N E RETRILEY.
MTA DFEEICHEI LTz, EH L IX RERCM-1 O F— 2% 50b~—n—ZE 2 THIALT
& 72 TH B A, MTPE ° MTA %345 L CRIFH (96 KFE]) ¥4 2 &, F— L2298
ANz eiifrL<, EEmMbt~—A—ThH 5 ALP WEMEHMT 2 (5B 1%,
Nakamuraetal.,2008) Z &Sb, F— L %G CTE 2 ~v—Hh— & LCHIAT 2 -0 DfEil %
b 7o7m

RETIE, £ RCM-1 MlTICE T 3 F— LR % {5HE T & 3 REANME~—7
— & LCHLENMN T 272012, MTA 28 F — LB 2583 25 T ClliA D pfb~—H1— oD
ZE) AL 72, ZDFEER. RCM-1 TIEE I N2 F— 4% Caco-2 ® HT-29 D5 L [F U <
BN t~e—h—& LCHRERETH 2 Z L HL IR o7z, 720 AR EFAHL T,
MTA % RCM-1 flllg oot & 7R b — > A0 f#FHETE 3 2 &, MTA I X 250{LifRE
I BA DA LEBTHEZ L RHLMIC LTz, EHI1C, BEROMEFHFER L 7K b — v X565
EH & D22 AENETIC X D, ML E TR = ROBRERD TGEW T L2350 o

77:.
<o
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2.2. MRIRUOGE

2.2.1. #AFE

A WFFE < H v 72 15-deoxy-Al2,14-prostaglandin J2 ( 15d-PGJ2, Calbiochem-
Novabiochem Corp., CA, USA). 5-fluorouracil (5-FU) J% U\ rosiglitazone (ROSI, Tokyo Chemical
Industry) | actinomycin D (AD, AdipoGen Life Sciences Inc., CA, USA) % 100% dimethyl sulfoxide
(DMSO) i, BA (Tokyo Chemical Industry) % DMSO F 7z 13/KICVARE L 72, % Dt A58

DA, B 1EZEOMEAROHE (1.2) IKH#EL 7,

2.2.2. MpEEE
ARGl L 72 b b KSR RCM-1 oMz 13, EARKICE | EoMk

&J7iE (1.2) CRBLATECK > TTo, HL, EREHNZ L Ich LEHE2ER 72,

R

Bz X, PV AN I —HRRER A L7 T a oy bR ICiE 3 2 BRI i, RCM-1 #ifE %
4R FL— PIT1RY Y 5.8<1053KFE L . 7 DfthDEE T 2BRICIZ 96 /X7 L — R IT
17050 10105 HRFEL . 80% 2 Y 7L TV MICh B ECTHEL -, 2D%, EEI L ITE

D 7B L ST MTA B 21T 5 7=,

2.2.3. F—LREBREE
N — LPREDBISE N O P — 2B OHIE X, B 1 EOMEI R OHE (1.2) Ic# LT
fTo7, F— LHEDFHIIZ, Image] ¥ 7 b v = 7 (https://imagej.nih.gov/ij/, National Institutes

of Health, MD, USA) %W CTfr- 7=,
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2.2.4. ALP &M

ALP iEEDHIE LR | EOME R O (1.2) IKH#EL TfTo 72,

2.2.5. CCK-8 &€

Cell Counting Kit-8 (CCK-8) (Dojindo Molecular Technologies, Inc., Kumamoto, Japan)
% Fv> T RCM-1 AllfE D A7 2 AL ZRIC I L 720 BIICTIHZ BT 2 & £9°, M
HEREEEHE 100200 uL H72 9 10 uL @ CCK-8 MR 2 @M L, 37 °C T 2 KefE PRI L 72, HEv>
T, ¥4 78 7L —1 Y —X—Mithras LB 940 % i\ > T, R 450 nm D% B4 L 72fED

SR DWSEE 2 JIE L 72

2.2.6. Yoy T —HERER

b Uy T —PERRIEIC X ) RCM-1 IS © A 7735 & ML 2200 1 3l L 7z, 8
ICFNEA T 2 &, £, 025% U 72 VLB AT, MTA JLEE L 72 RCM-1 fllfig % 7
L — PR OREEL THEUNL 72, fivC, BN L ZZHIBEIR & 0.4% F Y Xy 7L —iF
Wx 14 TIRML. 30MER ORI L 7, xfRic, MERGHFAE (Birker-Tirk) % T,

BARYET T cR Bl GEMile) e Rl (Bl Bzt 72,

2.2.7. AL 7ay M

AL 7wy FMENIE, FERIICH 1| EoMEBIROTE (1.2) KH¥ELTTo 7,
1 RPUAICIZ, anti-cleaved poly (ADP-ribose) polymerase (PARP; 1:1,000, #5625, Cell Signaling
Technology, Inc., MA, USA). anti-dipeptidyl peptidase 4 (DPP4; 1:1,000, #67138, Cell Signaling

Technology). anti-Kriippel-like factor 4 (KLF4; 1:500,#12173, Cell Signaling Technology). anti-
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villin (1:500, 66096-1-Ig, Proteintech Group, Inc., IL, USA). anti-B-actin (1:10,000, 66009-1-Ig,
Proteintech) % F\» 7z, —75. 2 XPUAIC I3 horseradish peroxidase-conjugated secondary antibodies
(goat anti-rabbit IgG, 1:3,000, #7074, Cell Signaling Technology; sheep anti-mouse IgG, 1:5,000,
NAO931, GE Healthcare) % F\ 27z, & v X 7B DNV F i, WSE-7120 EzZWestLumi plus solution
(ATTO Co., Tokyo, Japan) & 7 I A IF kY X CCD 4 A —¥ v 7+ 25 L (Ez-Capture

MG; ATTO) ZHRHWwTHEHL 7,

2.2.8. DNA WiH 1k

b R b v Litie L7z DNA QW {LOBIEIL. Cell Death Detection ELISAPLYS %
F (Catno. 11774425001, Roche Diagnostics GmbH, Mannheim, Germany) % Fi\»Cf7- 7z, fit
IO REIC L 723> TRIGRITo ek, ~A4 7@ 7L —} U — X —Mithras LB 940 %
W, KIS DOWHRE (7 A PR 4050m, V7 7 L v ZAPFR 4990nm) ZHIE L7z, Hiv
T, PAREOBEME (=7 A MEROME—Y 7 7 L v AFEROMHE) 2HHL -, 1551728

BiEHIZ, YV TN ICEEINIRE VAN 2EETHIEL 72,

2.2.9. HRS—X 37 HH;BE

71 A8 —% 3/7 35 D MIE 1Z Caspase-3/7 Fluorescence Assay Kit (Cat no. 10009135,
Cayman Chemical Co., MI, USA) %M\ CTiT o7, HHETCOfREIC L7228 o TRICETT -
72, ~A4 7o 7L — b} ) — X —Infinite 200 PRO (Tecan Trading AG, Ménnedorf, Switzerland)
VT, dOBE (IEEBRR 485 nm, HUOEHER 535 nm) ZHIE L 72, 156 7z dbfiE i,

By INICEEINERE VI EETHIEL 72,
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2.2.10. HEEHET
MERCTHOWZBUET — 213, FEBETH O N2 EZ FHEE & BEERFZETRL Tw»
%, fatE e G EAE T, —ICRLE T2, Dunnett #E D L < 1% Tukey-Kramer fE %

TWHEELL 72 (P<0.05),
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2.3. R

2.3.1. RCM-1#fED F— LRI 3% MTA OB K CREHRAEN:

FEH X, MTA 28 RCM-1 il F— 2JBi2 @S 2 2 & 2t L (B 1
BH)o LAL%EAL, MTA IZ X 2 N — LZTREEEE O LR LR ES X 1 = X L 3RO &
¥THD, £TT, EHIF. F—LBHEE D 7253 MTA OFE UL % A B2 13
BHL7Z, Mx<, BB Mt~ —Hh —1cxt3 2 MTA O528 % 3172, Fig. 9A ISR X 9
IZ. MTA % RCM-1 fifidic#sG L, 858 48 IHIHICEHAIL 72 & 2 A, F— 280 MTA B
JED RIS THRA ML, 1mM T —2 %Iz, 20K L7, 2L T, 4 mM
D MTA LB Z L 72FRiciE, 2K F— 238 I Nk o/, Htl T, MTA 2 X HICRS
SLERL 728 (72 & 96 IffH]) @ N — 280%FHAI L 72 (Fig. 9B), 1 mM & 2 mM @ MTA THL
BLZ2WE, N — 2803 48 WFE H Ic ke~ 72 IFE T D 96 REfEICH ML T/, LA L.
96 IKFfHI H T ix, 72 IF[EH £ 0 DEDIC P — 28038 T M o7z, £72. 2mM (C
T, 1mM O MTA 2R L 728D 5231 K — 2803 % 2> - 7=,

MTA % RCM-1 #lifEic KR (96 Wefdl) MBS 2 & F{L¥E b~ —H—¢L
LCHIBbND ALP iGN T 2 2 L A3 hoTnd (55 1 %), £ & T, ALP ik & MTA
DHET 5 F— LK & OBIREZRGEST 2 729, MTA %% 514 0. 24, 48, 72, 96 KFfHH
IC ALP iEMEZHIE L 72, Fig. 9CIT/RT X 5 1C, ALP iEMEIZ MTA O FEIC 2 0b b3, K
ERE OB L L DICTWML7Z, L2LRYES, F—LDOBMAEICBEINS MTA 5
% 48, 72, 96 Wit H <3 RAHEHANEIC b~ T MTA BT ALP IG5 I & 2 o 72,
72, 4mMOUIR L HERT, 1 mM & 2 mM © MTA CTULEE X W7-HIlE <3, ALP i&1E2S

Bic@Enor (Fig90), Wibd X512, 1mM & 2mM © MTA 2388 1C F — Ak %
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B 2D LT, 4mM O MTA 138 F— LB EZFEL rd ol 2D L H b, ALP
EHEOHINIE MTA I X 2 F— AR OFFE L BHEICHET 2L E2 bz, AT, ImM
DMTA B 2mM £V %KD F—2DOBKEZFELZICHELL T, 2 mM @ MTA 1% 1
mM X0 b ALP IEPEZ B FHE L 72, BIREW Z LT, 2 mM MTA 2583 5 F— 20
BRI, 1 mMMTA & L L TRE W I & 239502 > 72 (Fig. 9D).

fevC. MTA 230 IcBA S 2 BERN @ 431~ — 77 —DPP4, villin, X U KLF4 D X
VNI BEBICGHET LIPS 27204 4 7T ay MENTE1T - 72 (Dudouet et al., 1987;
Coudrier et al., 1988; Darmoul et al., 1992; Imai et al., 1992; Katz et al., 2002; Flandez et al., 2008;
Huetal.,2011), Fig. 9E IC/R3 X 5 1, MTA ZUEEHIAC <%, WLEER% 48 K[ & 72 el H i< &
ML3DDY—H—X VY RIEROFEERMEMBA LN, —Ji. MTA RUUEHMIECIE. 13
EAEBEMBA LN D272, 4 L7 7 ay b OFERIZ, ALP MO EH (Fig. 9C) &3t
IC. MTA 23RMEIRAEICSH 2 RCM-1 Dffiflgdliz F— 2o~ LaFE I 72 2 L 2R

%o

2.3.2. RCM-1#fE®D F—LAFBRICH 32 MTA & BA Oi5FAM & E

BA MU' PPARy 7 =X b i, B4 flildtk T F — 2B & 7K b — & X &t
T35 LPHE TN TS (Gumetal., 1987; Heerdt et al., 1994; Litvak et al., 1998; Shimada et
al., 2002; Buda et al., 2003; Orchel et al., 2005; Cerbone et al., 2007; Shin et al., 2009; Tsuda et al.,
2010), 55 1 TR L 7258 v | ¥ 5 ORERTO WIS Tld BA LR L 72 RCM-1 Mlild T F — 4
BOWMBBRINAD» o7, LAL, Fh, FEPHEHRELZE 25, BAPIEHICIRS
NIRRT P — LB Z RS 5 2 L B35 5172 572 (Fig. 10A, 10B), 0-8 mM D BA

% RCM-1 filfgic#& 5 L7 2 A, F—2EOMEME 0.1 mM THhI»ICBEIN-Z L%
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PrE. 3 AR ONZ2 57 (Fig. 10A), o758 I1E, [ERTORREFIET 52 L
B ot, 72, BAX ImM M EOERE TN — LB % HEL 72, FEFRIC, BA % 2mM LA
53 5% & RCM-1 MifldoMERITRE ICR Y, WiEbavy 7y P ETELZRD -
7= (Fig. 14A), T 51T, THEF =2 RAD=—H—TH % /1 Z8N—+% 3/7 iETES B ITHIIL
722 &h 5 (Fig. 15), EiEE D BA Z UL L 72 RCM-1 #ifE TR 7R+ —v 23 & 2 L &
Z b7z, 0.1 mM © BA ZALHEL 7zl CH 3227 F — 2B BIE I iz 2o, i
FEHEPH % B 0250 uM D BA Z 3K L 72 (Fig. 10B). 50 uM S TF 100 pM BA 7% JILEE L 7= 4l
fao F—28Udb T I L Tz, ROBEMNE L X CHREFENAEEEIZZD b
o Tze —77. 250 uM D BA ML F — A8 RIEANIE D 4.6 f5ICHEME &7z, 2D Z
Epb, HIRD X 5 BA IZIEFICR O N2 R EHIPE (250 uM Hijf:) T F— LR % (it
ERCRS T IR

PPARy 7 =& b TH % 15d-PGJ2 & ROSI (%, AR ICH 72 HiIPH (15d-PGJ2 :
0-20 uM, ROSI : 0-300 uM) T F—Z DB A EHE L %2> - 7= (Fig. 10C, 10D), HHEEZE >
T LT, 15d-PGJ2 1% 1 pM LA ET, ROSI i 0.1 uMBL_ET F — A TR R BEE I L 72,
RCM-1 HIfE D #EFEIZ 15d-PGI2 D& 50 uM T, ROSI D& 200 pM S T8 300 pM Tl 1%
Lo, tbicavy iy MGELARD -7 (Fig 14B, 14C),

RIZ, RCM-1 #ifED F— LJZEICHT3 2 MTA & BA OBEMA2B O 2 1cF 572
». MTA (0.1, 025, 1mM) & BA (0.1, 025mM) % [RIKH%S L7z, Fig. 10E T/R9 & 9
IZ, 0.1 mM BA & 0.1 mM % 7213 0.25 mM MTA DO RIKHE 513, 2 2 o B & ik
LT =28z Mmiicigms €7, —J7<T, 025mMBA & 0.1 mM ¥ 7213 0.25 mM MTA
D RIRH G- CEMAMN R RIE R o e o7z, E 51T, 0.25mMBA (X 1mMMTA € X -

TIREI NS F— LR AZHEL -, 20 & % F— 2503, W3EE 208 L Cwva v RCM-
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1 i CAHALNEZEEL VLD o7255. MTA & BA #ZFNFNHEMCULE L -filecl b

5 F—L8E YD oT,

2.3.3. EBEREMIACL-oCHFEEINS RCM-1 fIlEDOT F F —v X
MTA 28 RCM-1 MlifdDAEfERCIITEE S 2 h B D $72 EOREZEST 3013
AHHDOE £ TH %, RCM-1 Oliffe M o Efd D EIE %2 #HEE 3 5 72 ® 1T CCK-8 BUE 21T
572 Fig. 1A IC/R L7z X 5 12, MTA OREENIT 2 1o CEMIEOEI A I3 L7z,
A OF A, MTA % 0.5 mM MU T OIRE CUBL L 7285561033 L A EZLL b o 7:
235, 1mM & 2mM ® MTA TR L ZZREICIZ{E P LT/, 72, 4mM T L 72 & %
AN OB E T RMBEHIE O 60%FE TIKT L, ZDFE, F—ABMITEEE rd o7
(Fig. 9A), Kic, b YU Xy T —PEBRIEZ T\, FEMIBOE 2 HEE L 72 (Fig. 11B), BHBRZE
WZ ki, MTA FEFTE T ICE W TH RCM-1 MlEDH) 30%i% b V¥ 7 —Iic ko THf
TN, ToZLiE, RCM-1 MMEDREE (48 IF[H]) %HilF 2 7210 <. HARICHIEs L2 4 L
TW3 I LHRBT 5, —F. MTA T#7E [ CTld. SERIIEDEIE (X MTA OIREEA BN 5 1<
DNTIRAICHM L7z, Z LT, MTA B2 4 mM ICET % &, FEHIfEOEIE 134 50%1C
FCTEARLZ, 2o DfERIZ. MTA 28 F — LB (R 3 2 721 <7 { MR AE A 1 %
ML, REWICHIIILICEL LB 2L 2T, £/, MTA % 4 mM DAL CULBE L 7%
Zi¥. RCM-1 fifa oo ZE 3 /L &7 (Fig. 14D),
MTA ICX > THIERZ b RCM-1 DMIEIEIC T R b — > AR 55 5 20
&) PREET 5729 wmpIIC MTA JLBR L 7z #filg % Fv»C DNA oAb 2il&E L 72 (Fig.
12A), HICF—=AERE N2 1mM KT 2mMMTA % %5 L 72K (Fig. 9A, 9B), AULHH

Hif L g L CWi b L7 DNA Bz b T Ic#EinL Tz, —7. 4mM LLED MTA % 4L
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PL 7-ffifEcid, ROFEHIIG & th~C, Wih{b L7 DNA 21X 3 fFICEL Tz, RiT, 7
AN — 3T WHME R & VT MTA UL L 72 HifE 0 7 23— 251 % HI5E L 7= (Fig. 12B),
H A= 3/7 {EPEIL. DNA OWTR LD & FIERIC MTA I X - TR L
7o A= 3/7 IEMIE. 1 mM @ MTA %5 L7z RCM-1 Mifdchb 32 IciFE X h,
MTA IR DN (0-6mM) ICfE - TN LKLl 7. MTA I X 2 RCM-1 g oAzt 23 7
R =V AR EN L CWDE LR IDLICHEHMNT 220, 1247 70y METick) 7TH
F—=Y2Dw—7—& LTHISLNBY PARP & v ¥ 2 EH OERR % F~72, Fig. 12C IT/R
T & 9iC, YW PARP X v 7 E (3 1 mM O MTA ZLEE L -fifach$ ot & vz,
Z L C. UJII PARP % v o8 7B L ~L (3 MTA JREEICHKAE L CTHEI L. 4-6mM @ MTA % 4L
HL7-MlEcRRE RoT, U EDRERIZ, MTA IC X - THZ 2 15 RCM-1 HIHE Dl

JBEDST B b — o ZRIEZ N L TWb 2 L2l K+ 3,

2.3.4. RCM-1Mifa0D F—LRICH 2 78 b — > RFHEA| AD & 5-FU OFE
MTA 2MEHEEE (0.1-2mM) T RCM-1 #ifldd F— LT % 3758 L | SiRE >4 mM)

TIT7HR P =V AR EZN L CHIfESEZ D 72T 2 3oz, 22T BBAIOT K T+ —

RFHEA, AD & 5-FU D F — ATERICH 3 2 708 2 i~ 7=, RULBE L H~ T AD 1% 0.001
uM KT 0.01 uM T F— 282 inx 27, L22L, 0.1 uM LA EDRECTIE F— 2 DB %
SERITHIHI L 72 (Fig. 13A). 0.1 pM BA_L D AD % WL L 72BRiciZ, RCM-1 Ml o185 13 =
VINITY MOETSE IR o7 (Fig 14E), 72, HIff@ 0. AD (1uM) ZALEEL
72 RCM-1 fllf@cld, H 28—+ 3/7 itk EH L Tz (Fig. 15), . 5-FU 3R o7z
TEFEHIPH (1-50 uM) T F— 28RN & 272, FFIC 10 M CHEE 72 F — 2808234 5

7z (Fig. 13B), L2 L. 5-FUIC X% F— ATEEHERE X AD & LR TED o 72, F 72,
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AD & ZXHERYIC 5-FU (3 RCM-1 Ml 0 #85H (<200 uM) %277 A% — ¥ 3/7 i& 1 (200 uM)

X L CKE BB L5 2 h o7 (Fig 14F, 15),
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2.4, EE

RCM-1 fifECIER T2 N — 2oz istie L<, 7Y 771 (C melo var.
conomon) %*%H MTPE % MTAE, A7 3 v } (M. spicata) 75 PO 7z & OB IGHYIE 23
Bt X T % 72 (Nakamura et al., 2008; Nakamura et al., 2010; Nakamura etal., 2014), & 5 1Z.
37 > MTPE & MTAE F{ULAYI O H <. MTA (X RCM-1 Ml IC o L Tl d v M — AT

B BREZ RO Z LML o7 BB 1 E), F— &l Bk iflllatkic v Cpigy:

=118

Wof~—Hh—& LCflibiCT %7 (Lever, 1979; Fantini et al., 1986; Gum et al., 1987; Zucchi
etal.,2002) 25, RCM-1 fifd CIEKE N2 F— L3 A EHETE 2~— 71— LCRE® L
NTWin, ME—oFElZ, MTPE % MTA % KKH (= 96 Fif]) AL L 72 RCM-1 fllfE <.

ALP iEEDEIN L 722 & TH % (55 1 %; Nakamuraetal., 2008), L 7223 > T, F— 4% RCM-
1B & BE#EA D 5 o852, 72, CORENLEBRT 2L ) HEHL T
% T LI RAEERZE N, FEFIZ. MTA (0.125-1mM) 23R K R BHK A I RCM-1 #ilfd
D F =L EIREL, RIS ALP IGED NS¢ 2 2 L 2L I Lz (Fig. 9A-9C),
EHIT, 4mM D MTA 13, &HIClERT 32 E, $74abb F— AR EEL, ALPIE
HEZET I ZHLPIC L, F— 2B ALP &S BA LHBEIT 2 L v )
ERIZTRCM-1 Ml TH BN B F— LA F— AJEEATERER M~ — A — & B 2 & a8
TE5ZL%RKRT S, 2mM O MTA %5 L 72 RCM-1 #filg Tld, 1 mM %25 L 72FE e
AT N =2 8oEMAE o7z 1c b b b3, ALPIEED LA 1T X VK& 557 (Fig.
9A-9C), MTA IC X VEFE I N F— 2 D[HEIZ 1| mM & H~T 2 mM MTA O 525K % 2>
2722 th b (Fig. 9D). MTA I X 3 ALP iEED FRITEE NS F—280cmA < F —

LIEZ ML T3 &2 b7,
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AL 7wy MENICX Y BB 2 BERI 05y 7~ — 7 —3 F . DPP4 & villin,
KLF4 D2 v 87885 1 mM O MTA WBLIC X > TN+ 22, 2L T, 2hooER
KA 2 MTA $5-1% 48 Riftil 22 712 RffIH., bbb, F—L2BRI N 2R L —EF 3
T EDHL 2T 572 (Fig.9E), DPP4 L villin 13, ZhZh, £V v 777 —+ LK
EXFITH T HMIfEEKZ v o7 TH Y HT-29 75 & O KIGHEMIOE T & 6 11 2 Rl 751
FET 2 EBH BN TS (Coudrieretal., 1988; Darmoul etal., 1992), % 72, MTA & ALP
WEHEE EA X472 (Fig. 9C) 23, ALP IXIEH 2B O Rl 7 ICEE T 5 2 L BlRE I C
% (Domaretal., 1992), T b DFEFR D6, MTA I& RCM-1 KEHEAIEE DM % 43k &
. IE %A T 2 Bk oAl LHER X N7z, —J7. KLF4 135 oM o &
Kbic sy v o 7 4 v -8B KT TH 2 (Katzetal,2002), L7435 T, MTA iZ
RCM-1 gz #FEE o Ml (IBHAE-CHMiin R &) cmMbI 2 2N 2200 b Ltk
Vo LAEOFER X, RCM-1 Mld T E N2 F—24 (RUF—=2JB) 2. KWl
I N TE7 HT29 & Caco-2 7 & O RBHEMIEHK TH S 2 F— 2 (Fantini et al., 1986;
Mariadason et al., 2000) & [RIERIC, S T& 2B~ —H— & L CRIHARETH 5 C
LB R 5, £72. MTA 23 RCM-1 il /3L 25583 5 2 L BEA T oz, A
T, 7Y 77 VICHKT 5 MTPE ¥ MTAE . A_7 I v MCHKT % PO b RCM-1 At
3% F— LTEREHERE R RO DT, MTA & [FAIFRIC RCM-1 MAEIC N 3 2 4 LasEHl <
HDENHELDE R ST,
GHHIEN%E (C4) TH 5 BA 1. b b OERN Tl FIC Pt o BN IC X 2
J&E</E U (Mortensen et al., 1988), JENICH I VY AL BECHFET L abh T3
(Cummings, 1981), 2 mM ® BA #L¥ |3 LS174T % Caco-2 7z & O K HEMAEME T F — 298

BEfRET 2 MG TN T35 (Gum et al., 1987; Mariadason et al., 2000), L2*L. % 1 %=
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TR L 7238 0 | fh oo KGR IC 0 L CobafE 3 2 IR (BimM) @ BA ZLFE L C
b RCM-1 i © F— AJERIZR S e h o7z (Table3), LA L, EEPFHEREL-LC
5. BA 1100 2> 5 250 uM DOKIRE D> DR IREEHIFHC N — 2 %2389 5 2 L 3B 2
72 o7z (Fig. 10B), T DFEHRIE, LS174T “° Caco-2 7x & O KIGFEMIIEE & lb~ T RCM-1 #l
fatk2s BA o3 L CERZMAF N L 2R LT3, MTA 12 BA & X BI-REE D,
ME—DE 1T 3 (2D 5123 MTA Tihiied (S). BA T (C) THBZ L TH D, 0.125
225 2 mM @ MTA T RCM-1 flifd Z L83 2 & F— 280888 L 72 (Fig. 9A), & 5,
MTA & BA O[ARE% 5 3K E R+ (0.1 mM BA & 0.1 £7213 025 mM MTA) T F—4f¥
BOSHR U TRz R %2R L7z (Fig. 10E), 245 OF5HIE MTA & BA 23472 & b D1
A —d L 3B oFEEE %2/ LT RCM-1 flldD F— 2K Ed =03 2 & kT 5,
MTA 1 BA XV b #E2ME <. RCM-1 gk <0 U CIAHEPH D i C o fLasBRE 2 R L 72
T &b, RCM-1 EWEMBUE 220 KMo Mt 23585 2 2 LicEL T3
tEz o607 (Fig.9,10B), PPARy 7 == } TH % 15d-PGJ2 & ROSI 1Z. Caco-2 gD
F— kRS 5 2 & 3 TN T % (Cerboneetal,2007), LA*L. PPARy 7 ==
Z MZRCM-1ED F — AR ZFHE L 72> > 72, T D Z & 25 RCM-1 MK T 13 PPARY
EN LU ST o hTnz, b LIREDbITWS L& Z2 6z (Fig 10C, 10D),
LLEofEREZ L ® 5 & MUFHER ORR-CHEIEL T T 2 720 1iE, A 2 50 LAl
et &AMk AGDbEREETH B LEZ b,

. 15d-PGJ2, ROSI 7 & LEEEH O —F I KR i L <7 R b —v X
HET 5 LG T W5 (Orchel et al., 2005; Cerbone et al., 2007; Shin et al., 2009) .
MTA % 2.5 mM LA EDORE T RCM-1 Mifdicf 592 & MilgiBREEE 2RI X 51

D.4mM O MTA JLEEC i3 F— LB HE & 41, ALP 3G KT L 72 (Fig. 9A-9C, 14D),
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HIREAEFFRIE & 7 A b — v 2~ — 7 —fEHTIZ. MTA 28 2mM A | RCM-1 fligd 7 & b
—VARFEET L L BELSTRET S (Fig. 11,12), L7225 T, MTA i3 RCM-1 Atk iC
HNLTHMEE 7R = ROM 7 v 2%25F8 5 28 h2 oL E2oNs, ZOT LT,
BA %% HT-29 k%> SW620 #RICxf L T (Heerdtetal., 1994; Orchel et al., 2005), % 7z, 15d-PGJ2
23 HT-29 ¥R+ Caco-2 FRICH L T (Shimada et al., 2002; Cerbone et al., 2007) Z3fb & 7 & b —
VAZRFETE L L I PUTw S, £, BA DA 2mM LLET, 15d-PGI2 DA 50
uM T, ROSI O {5 200 uM LA | T RCM-1 #MlAE D45 % IE X ¢ 72 (Fig. 14A-14C), X b
IC. BA & 15d-PGJ2 13 RCM-1 Ml 7 28—+ 3/7 M2 8N & € 7= (Fig.15), 2h b D
D5, MTA D A7 63 BA KU 15d-PGJ2 H RCM-1 M L C7 K b — v 2 &2 558
L7izeEzbNiz, Lt BEROBBICAZA, THRE— RFEHF L LCHISLNS AD
(1 uM KT 10 pM) & 5-FU (10 uM) 1Z RCM-1 flig D ¥ — 2B %2 et L 7= (Fig. 13).
UEDFERDS, ML T REF— 20 7o ZZHE WICHEBEICEE L TW3E#E25
Nz TS 220070 RAEZBEAAHZALIIHED L 2 ARIPTH 35, Fido3EH|Ic
Lo THERIINZMLE TR P =+ RZHALUOREE N L TERSNZ O Lk
W,

MTA IC X 30 LFFE L 7R F = AFEDOHF AN =X LIFVELEAPDOL T
H2b, Lok dic, BhEric X <7z MTA & BA i3 RCM-1 fllfdo b e 7R F —2 %
HIBERFICHEE Lz, 2O b, MTA & BA 1Z[FA—5 3 W IZHELIORK % /L T
RCM-1 L TR = 2% ERILZEDEZ I S, Y77 ) HEDODELRESD
FHEARTH D MTA FEIREINAVEY, v FoBNICEFEL AV EBBRI NG, —7.
BA I — A VI mM A — X —THES %, LA > T, HICBA i T30

FREAIGIE S TR =2 2% 572567 BA REZELEETEY, MTA 22 5 Wo
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7D BA RREEZFIH (A4 Y v v 7)) Lt dE2 505 (Hameretal, 2008),

MTA 39L& TR b =L R %FHFET 5 2 L 2R L7ZDIREL S OFEY0 T T
H 5, WIEMIC BA BT 29813, ChETHEC AINTE 2720, HMERTT R —
RICET AR AGAERE I N TS, FHE BA 1IHRA LMlEN 7w 2 2 H 2,
M OHIf (Heerdt etal., 1997; Litvak etal., 1998), & A b VB 7 & F A {LEERIHE % /M
L7z vy A7 4 v ZHl{Hl (Davie,2003). ¥ 7 F MzmElfH (Bordonaro et al., 2002; Orchel
etal., 2005), (LI (Domokosetal.,2010) ICBI5- 2 2 &0 >Tnd, LA > T,
MTA #E% D A % SRS HED 2 720 DIFER 277D —D 13, MTA 25 BA B#E 7 2 & 2
CHER G200, $TEORERET I EHL2ICT 2L TH L, WITNICE
L. MTA IZ X 30 LFFERT A b= AFFED A =X b 2Woricd sl L, $42bb

MTA #EEE DR IZ MTA Z W 72D HT L WIBEEZ R T 2720 IR R EEZ LIS,
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Fig. 9. Domes generated in the RCM-1 cell culture as markers of morphological differentiation.
RCM-1 cells were cultured with different doses of MTA for specified durations. (A and B) The
number of domes formed during the early (A; 48 h) and late (B; 48, 72, and 96 h) stages of
MTA treatment. (C) ALP activity fluctuated with MTA treatment. (D) Surface area of the dome
affected by MTA. The horizontal bars show the mean area of the individual domes formed in
the same treatment. (E) Three differentiation marker proteins, DPP4, villin, and KLF4,
accumulated in the presence of 1 mM MTA. Immunoblotting was performed as described in the
Materials and Methods, and B-actin was used as a control for equal loading of the proteins. The
data are presented as mean (S.D.) (r > 3). Alphabetical letters indicate statistically significant

differences among the MTA treatments.
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Fig. 10. Effect of BA and PPARYy agonists on dome formation in the RCM-1 cell culture and the
relationship between BA and MTA. RCM-1 cells were incubated for 48 h with one of the three
differentiation inducers: BA and PPARY agonists (15d-PGJ2 and ROSI) at the concentrations
indicated in the graphs. (A and B) The number of domes formed in the BA-treated culture (0-8
mM in A; 0-250 uM in B). (C and D) The number of domes formed in the PPARy agonist-
treated culture (0-20 uM of 15d-PGJ2 in C; 0-300 uM of ROSI in D). (E) The number of domes
increased by the simultaneous administration of BA (either 0.1 or 0.25 mM) with MTA (0.1,
0.25, or 1 mM). Data are presented as mean (S.D.) (n = 4). Different alphabetical letters indicate

statistically significant differences among the treatments.
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Fig. 11. Effect of MTA on the viability and death of RCM-1 cells. RCM-1 cells were cultured
with different doses of MTA for 48 h. (A) Cell viability determined using the CCK-8 assay.
Data are presented as mean (S.D.) (n = 4). (B) Cell death determined by the trypan blue
exclusion assay. Data are presented as mean (S.D.) (n = 8). Different alphabetical letters in the

graphs (A and B) indicate statistically significant differences among the samples.
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Fig. 12. Effect of MTA on the apoptotic markers in RCM-1 cells. RCM-1 cells were treated
with different doses of MTA for 48 h. (A) DNA fragmentation determined using Cell Death
Detection ELISAPUS, (B) Caspase-3/7 activity determined using a Caspase-3/7 Fluorescence
Assay Kit. This assay was concomitantly carried out with or without a caspase-3/7 inhibitor to
determine the specificity of enzyme activity. (C) Accumulation of the cleaved PARP protein as
revealed by immunoblotting. Each value in the graphs (A and B) is expressed as a fold-increase
relative to that of the mock control. The data are presented as mean (S.D.) (n = 3). Different
alphabetical letters indicate significant differences among the samples. B-Actin was used as a

control for equal protein loading.
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Fig. 13 . Effect of two apoptosis inducers, AD and 5-FU, on dome formation. RCM-1 cells were
cultured with different doses of two apoptosis inducers, AD and 5-FU for 48 h. The number of
domes formed in the chemical-treated culture (0-50 uM for AD in A; 0-200 uM for 5-FU in B).
The presentation styles align with those in Fig. 9.
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Fig. 14. Effect of different chemicals on RCM-1 cell growth. RCM-1 cells were cultured with

one of the following chemicals for 48 h at different concentrations. Representative micrographs
of the RCM-1 cell culture treated with either BA (A), 15d-PGJ2 (B), ROSI (C), MTA (D), AD
(E), or 5-FU (F) in the 96-well culture plates are shown.

64



Olnhibitor (+)
5 | m nhibitor (-)

d

bd cd
R H ab L abI 4 @b
1 a
LMl _En Em B
AD

DMSO BA 5-FU 15d-PGJ2 ROSI

Relative caspase-3/7 activity
(fold increase)
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uM ROSI for 48 h. Caspase-3/7 activity was determined using a Caspase-3/7 Fluorescence
Assay Kit. The detailed experimental conditions are referred to Fig. 11 legend. The data are
presented as mean (S.D.) (n = 3). Different alphabetical letters indicate significant differences

among the samples.
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AWTEIE. 1Y 77 ) OEREDL S HEEEX N/ HXI TH % MTPE *° MTAE 2%

b b RIREHIIEE RCM-1 © F — LB 2 FHE T 2 BRI Zeiid (BReEkkZa L) 2HE

TEZ L, £, IO EMULEYN N — LB F A=A LTI L %

HivE L<frbhe, COWRZEL T, FERUTIORT I 2DMA 2GR, £ I T,

zZnFhnic oW ARNCHEE T 5,

(1) MTPE % MTAE OE{LULEY) 37 % FH W - &G HAEREMTIC X 0 . B — LTBRK

(2)

(3)

CEWT, AFAEERFOZE RFYYav), AFLVHEHOREBRS 2T T
HBZE ReFYYav), TAXAVEOREHMDPIUTTHE L Ry FY v 3
V) BEETHZILEPALDPIC Lz, T2, O F—ABROGFEICIE, A FL
FARBEG T b ool
37 HEDOIELLE DT, MTA 3 b B\ F— L55EELZ b, HonrED
BINX W LR oTz, LT, MTA IZ F— ABK 2558 2 &L &Y
Di/NRALEE 2 b Tz,

MTA %ZULE L 72 RCM-1 i@ 2 FHWC~ A4 2 a 7 LA T 2T o7z & 2 5. Hl5ER

(Reri) Zfinin & MTA IR TR 2 RET 2 X 0 b I3 5 J7mnc
LB o T FEBDMNE & I 2 BT o Hic i, MIEEHTIS DNA A % il fHl 3
LT GENT, 2o T, Gl HCHiltEMZED 5 CDC254 & CCNE2
(cyclin B2 2 W551t) OFRFNH23BE1E CH o7z, GLIIE, Mz # L, #ok
b, ZERVT F b — v 2ICE L MlGEMRED S — P v 2 4 (KBEN) &E %
53T % (Blomen and Boonstra, 2007; Pfeuty et al., 2008), 7z, ~ 7 X E#H

SEfmHHIIERR C2C12 Tt CDC254 DFBINHIAH L IcBE 535 Z L R E
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(4)

(5)

(6)

(7)

(8)

T3 (Sarkaretal,2010), &5\ o722 & LMEHET 2 &, MTA 13 CDC254
(5% 5 < CCONE2 b) DOFBEWGIFT 2 2 & ciildfiiz G #icfFilx2, F
— L EFEL THhE00 b Lk,
A EARI A 7120k 2 BHER % F o 72 SR 22 AR Ic X 0 . CDC25 D fHEFH]
NSC95397 D Hifitffr 513 RCM-1 @ F — LAJERLE BEE ICIEET 5 2 & 2893 b o 7=,
—7J7. cyclin E2/CDK2 & & D FHEA purvalanol A O Hifiifi 5. RCM- 1 flifdo F
— LR EEP IR L 72, 20D DAER DB CDC254 DIEIRT-FBAIH &
228, DX VHEERRICAR D T &L MTA IC X % F— AJERUC 3T & 2> D BE{R A
HhbEEZOLNTZ, T/, cyclinE2 D CDC25A 12 & Tl w23, 2O 7 utk X
G532 eEzbni,
MTA %% RCM-1 @ F — LB 25553 5 5 T CH Db~ — 7 — DZEE) 2 &
L7ze 25, MTAICX % F—afgiie b~ — A —BICIEOMHBEZH 2 & & 239
Dot TDT LB, RCM-1 TR IS F— 4, fhofifatkoihé & Fkk
ICTEREEI ML~ —H — L LCORMAMTRETH 5 L E 2 bz,
WFZe49]. BRI O 9 La5EAICH 2 BA 1 RCM-1 MifdD F— LB &2 FFE L 2\
CR b=, FREIFOFEE., BA LIRS N2 EEHPH (100250 uM) T RCM-1
D F—LBREFLEST 2 Z L2300z,
MTA & BA 3HEER LK BITH Y, FUREHTN — 2R EREL -2 &2
b, MLAEPNEE—F 7213 X PR T RCM-1 O LEFEL T3 2EZDH
Nz,
RCM-1 AlIAEIC MTA % HEBCHMRIREE (0.1-2 mM) TS 2 & F— 203 BR

., HICERE (z 4mM) TUHT 2L TR v RABFEEINDL L B30h -
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7o 2D EDL, MTA X, BEICIKE L T2 20&E (MLiBEREL 7R F —

d

v AFERE) oL EZ LN,
(9) RCM-1fiflgicxt L <, BEA D2 {LiFEA]l (BA & 15d-PGJ2) X7 HR b—v X%,
THR = REEEH] (AD & 5-FU) 13 F— LB AFET 2 2 L2390 - 7=,

MTA DFER (8) LtabETEZ 2L, Lo, 2k 78 b — v 2 Hilg

TEDRRBEP R ICEEL T3 L BRET 5,

Eifo X 5 icAkgEIZ. HY 70 ) BRkoBELRES (EGitEa?) i< X 2 Mt
i LIS E DALY - AEBRAAH) - AV E G E O — O IfIcEF S TR 2 L F 2
D05, £, IO OYEDPEL LT R =Y ZADNF AN = X LOEFMIHICITIZ Y
H, Bl ZE. MTA OEEZOFENE T b MTA 28 CDC254 X U° CCNE2 D ¥B % il 3 2
BHED o Tk, TNODEMICHT2EA X A2 5 2 &b &0, Sk b i ICHif
FkHET T Z 8T MTA BREEDIRIFICED T E 20, Z LT, MTA fho&HifLEd)
REAE U BH D, RIS RIS TN 3 5 U ERERA Lk oL sk ic b 5

e EREZERTHE,
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Summary

Cancer is the second leading cause of human death globally, accounting for an estimated
9.6 million deaths, or one in six deaths, in 2018. Among over 100 types of cancers, colorectal cancer
is very common regardless of gender. To date, different medical treatments, including surgery,
chemotherapy, and radiation therapy, have been employed as cancer therapies, but the toxicity
thereof has led to many patients suffering the side effects. Against this background, a new approach
and anti-cancer agent with low side effects must be developed for cancer therapies. A human
colorectal cancer cell line, RCM-1, was established from a colon cancer tissue diagnosed as a well-
differentiated rectum adenocarcinoma. RCM-1 cells spontaneously form ‘domes’ resembling
villiform structures. Two sulfur-containing compounds from Cucumis melo var. conomon (Katsura-
uri), referred to as 3-methylthiopropionic acid ethyl ester (MTPE) and methylthioacetic acid ethyl
ester (MTAE), can convert the unorganized cell mass into domes in the RCM-1 cell culture.
However, the underlying molecular mechanisms and physiochemical property of such dome
formation remain unclear.

Herein, we performed a structure—activity relationship analysis and found that
methylthioacetic acid (MTA) was the lowest molecular weight compound and the most potent dome-
inducing activity among 37 MTPE and MTAE analogs, indicating that MTA is the minimum unit
required to induce dome formation. According to our microarray analysis, MTA caused down-
regulation of many genes involved in DNA replication and cell cycle control, with the cell division
cycle 254 (CDC254) and cyclin E2 (CCNE2) genes being the most significantly reduced.

Pharmacological analysis showed that the administration of two cell-cycle inhibitors for inactivating
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CDC25A phosphatase (NSC95397) and the cyclin E2/cyclin-dependent kinase 2 complex
(purvalanol A) increased the number of domes independently of MTA. Altogether, our results
indicate that MTA induces dome formation via the downregulation of CDC254 and possibly CCNE?2
being important steps in this process. Dome formation in cell culture has been shown to partially
mimic the differentiated function of colon and kidney and is recognized as a morphological
differentiation marker. However, the domes developed in RCM-1 cell culture have not been
validated as a reliable marker yet. Our results demonstrated that MTA (not more than 2 mM)
differentiates the unorganized cell mass into the dome in RCM-1 cell culture by disclosing the
correlation between dome formation and several intestinal differentiation markers such as alkaline
phosphatase activity and the protein levels of dipeptidyl peptidase 4, villin, and Kriippel-like factor
4. Dome formation in RCM-1 cell culture was additively enhanced by the simultaneous
administration of MTA and butyric acid (BA), suggesting that MTA directs the differentiation of
RCM-1 cells, potentially through the same or similar pathway(s) shared with BA. Notably, a high
dose of MTA (2 mM or more) elevated several apoptosis markers, such as DNA fragmentation,
caspase-3/7 activity, and cleavage of poly(ADP-ribose) polymerase. Altogether, in addition to RCM-
1 cell differentiation, MTA can trigger the apoptosis. These results indicate that MTA is a potential
anticarcinogenic agent applicable in differentiation therapy and traditional chemotherapy against

colorectal cancers.
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