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BP biological process

CcC cellular component

DAVID Database for annotation, Visualization and Integrated Discovery
FBS fetal bovine serum

FNDC3B fibronectin type III domain containing 3B

FNDC5 fibronectin type III domain containing 5

GABA 4-aminobutanoic acid

GAPDH glyceraldehyde-3-phosphate dehydrogenase

GO Gene Ontology

HEPES 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
HMDB Human Metabolome Database

HSP90a heat shook protein 90 a

LOH loss of heterozygosity

MetPA metabolic pathway analysis

MF molecular function

MSEA metabolite set enrichment analysis

PDK4 pyruvate dehydrogenase kinase isozyme 4
RT-PCR reverse-transcription polymerase chain reaction
SIRNA small interfering RNA

TFF Trefoil Factor Family

TME Tumor microenvironment
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2020 DO TEA T EE N ABRERGTIIC L D & AEDOB AT K DI TEEIT 39
T2 TATHYVBECEBROKN 3EZ LD, HERDOFE—(LLR>TnD [2, HAAN
D—HD D BITH A LW S HMERITAMED 65.5%, 2N 51.2%TH Y . 2 Al
ANBINAITHERT D [3], & 612, HARANRNATIELE T HHERIT. BEN 25.1%, &
PR 175%THY . BHETIEA AT LA, ZHETIE6 AL AEZEDD, BADIELE
B, BHETEM., K (EHLOER) KOBONRCE <, Tk, M, K
IRONEIZE [4], ESLRARZEE v 7 —I2 LB AMEHC I T, 2019 4R D]
DAMBERER T LML E 2o TV DB RIBEA AT, Bl bITEmWRERE R L, &S
BORCKbA: EORE T, A% bEML TV ZEBRHERI TV D,

KIS PNTAEIL D 23 WIFTEAR T 3 AR D R E RN L BRI & T 5 2 &
THEEZENDZ NG, RIBNRADOERBRFEZRD ZEITEERZI L TH D,
KIG A DI D APC BIZ T 1X. DBAMGIEE T D 1> THDH, ApcMin”
(C57BL/B)) ~ 7 A%, Apc BInTIZRERER (B AER) R O~T aEs
KTHY., TO~TOHEAERKE (LOH) 12X Wnt RN EMAL S, X TOfE
RC/MGR L ORIGIC BYEIEE A B AR5 AT 5, BAFFEEICRIT D 2 E TOMFZEIC
BT, Bl ApcMint < w7 2 L F ] ApcMint~ v 2 T, e O BYEIEE A B
REFTHOENZ2NE DD, FEL TWDLIGEEEOY A X3kks THDL T L 2®E L
oo KRIZ. BEICED LTI A AR E NS OITEENICI W TRIEA R 541,

HEMENEATND Z E0nbhole, —MAITIE, B2k 2 RGO ENS
RN T TG OB EIT L TS EB X 6N D508, EEY A XD R bIX

HETIERL, RHITEG YA XPIERT L2556 0HL0 2 00, BET A XD
O OX I LEDORTFREbs TV EEX Liizic, Hlllo~ v 2% H

WTRE SPNTIRIEN IR S, ~1 7 a7 LAk DN 7E G BB 2T
1



bivic, ZOfEF, Trefoil Factor 2 (TFF2) #fs DR EFNHETHDH Z &AL
Ehi- [5], TFR2 B a2 &BEH SE7-t P RBAA DLD-1 % X — K~ 7 2 2%
FE L 72FEBRIZBW L, BREEN 2 he— Ll 0 b RS REL 2D EDRHR
AUy S RAGIZ TFR2 BIn 7235 L TWnWD Z LR L E Sz [6].

TFF XL 72 & ORSKPE AN B W SN TW DLW & X7 E T, &
6-12kDa TV AT A U NEE /NS WRTF R THDH, & MMZEIT 5 Trefoil Factor
(TFF) X TFF1, TFF2 X O TFF3 3EN LV CWN D, T /o EE R RBIENLIL, TFFLIZE
DYy Ml F G, TRR2 13 B R R ML ->+ —fals o 7 v — . TFF3 1%
INBRRIGOMHNL THRILS 2 Z L BHE SN TWD [7], TRRIXEERED 272
TRLIMERORFIZENTHIER SN TWD, E7o, TFF & 37 EITEN AN
MADEMALIZE G- L TW DL AT B D . A A~ — I —I272 0 155 FFEA D
5TCWD [8], TFF &2 a— R4 5l fn 1134k 21922.3 o 50kb fEIKIZ 7 T A # —
fEENTWDZERMBNTWS [9], TFFIXE b, vV A, Ty MU NZBWTHE
W EOBERE R AL U IMEES TR A— Y a ZBFET 5 [10]l, Z OKERE R A A o
E. BFATALT ¢ REERICE o TR SN =280 7 v——] £ (trefoil)
MR LTHY ., ZNETFF RAA Y (IHAFRP-FAL VBLO L7 4 A LVET)
&) (Figl), TFFL(E b : 60 7 /) KOVTFF3 (b k : 59 7 3 Jfg) 133 204y
FNTANLVT 4 RiEE (Cysl-Cyss, Cys2-Cys4, Cys3-Cys6) (2L » CT—T &k L7z
H—OTFF RAA U %&FDH [11]. EHIZTFF KA A COAMAIC, C KNS 3FEB D
TR BRI T OB DV AT A VR AERER L LTh o, —J7, TFF2 (t 106
TR EE) ITE 20D TFF FAAL UREFNTED . NERME CRBIZTFF KA A v
DIMUD 2 SOV AT A FFEEEN L TY AT 4 RiEA LTV (Fig.1) [9].

NH IO v —"—ROMEIZ L > T, B B\ HLERER EOLTHRE L THFE
THZENTED [11-14], TFFLIEE KR LR O LT (MUC) ¥ /37 & MUCSAC
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&L TRR2 1XB/NED SRR X ONEER MO MUCE & KO TFR3 13150 MUC2
EJREET D, OB, TFFL & TFF3 (X, MUC5AC X° MUC2 Ofti, HTA hmiA v
2(GKN2) B g/ a7 > G (IgG) Fe #Ea# v /37 & (FCGBP: LT ks~
YNUE) IR EDHRERE TV ANT 4 NG LTz, ~T v ZEEROE (TFF1-GKN2,
TFF1-FCGBP, TFF1-MUC5AC, TFF3-FCGBP, TFF3-MUC2 72 ) 23 ShTung, &
HICTFFL & TFF3 Tl ~7 n BRI <. &E &K (TFF1-TFF1, TFF3-
TFF3) & LTHRMET D LI 7N, fAET HHEIZB W TRIZSIEZ ., FCGBP
& D~T 1 Bk (TFF1-FCGBP K& ) TFF3-FCGBP) 1%, KL b7 > B SX Gz BhE o
—THY , MEHDRAZDIEL TS, TFF2 X MUC6 & &5y T RmE IR % TERL
T 52 & CIREMBEZ R L, MR Y 7 2 EIc L et 5, EReE FoH

BT D TFR2 OFBLE BHE~DOW 2 E L2 FEERIZ LY . TFF2 O K& 13 12kDa
LEINDMENL Y RE R Z "7 E b S [15], ZiuxZ o7 BOR%E
Bl sNH5HLDOT, T RKTZVavX—ETHLXTFIKNIZVav¥—FFx2H
WTNZ Y av b TRR2 Th 5 Z L ARSI, IEFRZRBERE O TFF2 O K45 6
7V ai b ERTNDZ LR SN T 5D [15].

TFF D/ v 770 b= 0 AERIC K D203 W< S S TR Y FriZ TFFL
7T R U AT, BIZBWTHPRIRELZBIEL, 2095 H0D 30% B3 5
([ FEMEE DN ANTHELIT LT- [14], — 75 C TFF2 DR A A R~ 7 2%, B 527
BMRRRED BT 1372 < | AT AN o7, L., EEMHEORKE, B
KR & & B AREBE O IR L 3 KIFIZID LTS Z LB IR -7 [14],

1924 4 Otto Warburg (2 & 0 . 23 AHHRIEERSE DA TEIZ D)0 & 3 fRbE R 2 JutE S
TATP ZPEATH VD T — /LT L7 ZhRDEE S vl [16], BRI A 53
TLEDZL DTRXNF—2 BT LN, AME T TH->TH ATP ZPEAET 51213
NEOFENMEFERZFH L T D, ZORBEF ORI, BAMIORHD 1oL
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LTIRSEBID L 91270 | IEEMA Y &< BREE & U CGHMUNRSE (tumor
microenvironment: UL TME &5 9) 2L TW5, BITEIL, BADHEITDOIZHIZL
BIRaE, 2 NI EL BB EDOARSF ORIMEZ PEAET D T2 DI b iR OTE
PEREHEETH L LEZEZ LN TS [17], E7o, MFEROMIZ, <2 h—R Y SEEE
B, X7 VAT REARK, TCARK, 7 JBREGK, JVETHUERKR, T4
2 UTVA, EMIRRAEAK. B DS F XA REHREE, S AMN CERT
DT ENFNoTVD [18,19], 23 AAEARE TITHEIEA Wess 22 I8 DN R FIZ R D KD &S
NTEY, FEOMBOIARLETH D, TDO7H, TME TIXHE, BEHE, pH L~L
IEF RN & 1 XE822 5 Z R LI > TN D [20], RERTHDL I/ Va—A, T
MR, REREIX, RBOEERILVETH LD, ZNH 0 TME O CREIRO
IR L, KEESR. pH 72 &) & ZHUTIS U7 AN ONREHIE A S A8 T 5,
1950 £EREE 5 TME @ —> & L TIMBRBEDIAEDNH BV TV hd, (RBRFRBRELIC
BUFLMHERCED TFR] & LTIRA N TR, EEOEM( & OREITER S
NTCWenolz, LaLIEEONRIZ LY, BRSNS, Friny /il sZs <00t A
Fa DR Z 8 U TG OMEZ R L, B EICHFET 52 LR LN TE
7o S DICHEREEIINAMIE SRS T 52 E T, BADE B 5 HERCIHE
B2 E -T2 5E26NTW5 [21,22], TMEIZERT 2 Z &1X, Mo
EENCED DB FHEORBBENAL DRV D120, 7 LAEFED L O 72 F R IER
T L THFEICEHEETH D,

TFF & TME DOBRIZOWT, REEFIEIC L 0 8 SN D IKEEHEFHER 1 HIF-1 1%
B LRI 5 TR BIE FORBIFEZEN T2 2 LN bn o7 [23], 7
A Y U EDIERT A RUEFIRIESRIC LIV BRBREEZIT 5 & KIEOHM/NMEER

RO, EEGIA~ORBHAE AL TS [23], T v ML DFEBRTIE, BEE



LI BV TRER TR RE TR R FHEIR + HIF-1 A8 Sh 5 2 & CTTFR 5D
RHFES 5 Z LR ST [23],

TFF L A E DB Y IZOW T, TFF2 1 EGFR/IMAPK iEMEL %32 Z & TR
R OB AR B Re, TFFL <0 TRF3 ILMME &0 & O IE OB 2 7R3
HIRENHD [9,24,25], — 5T, TFR2 DRI MIEEIFEEAEET D L OWE S H
D [26]. MAAREEDL L ITIHEIZHEO EH 5 E2H L TV D0 ESEERIFOTWND
[24].

BT, TFF2 D= /ek%hE & LT KO ~ 7 ZADFRIIREAT K OV TFF2 % ik
BriZ & 0 IR ORI G2 L OWENH Y, RSN TWD [27], FElgx
N WFHR ENFWREEFROBE TH Y | ZORAESITIT LA LG > TR
WV T ORFFETIE, TFF2 /X CXCR4 1 LTA v A U W BEAMIMO 7 A b — Z 241
L, MlOEFZINT DMENINTND [27], A TFF2 BEER O AE - 1k
W55 06, TOERA =X LN 50 E UL, induced pluripotent stem
(iPS) MHMEIZ L D v —LNIZBIT DO ERA~ L D230 | A AU VUMK I
L DOBERFADIERICKES B TE D AMEMEN DD, LTeh > T, TFR2 BinF D3]
AN=ALER N H Z LiE, TRR2 DBk U CHREMEABISE) < 2> F 721Xl
LM EDOREZZ D, EFHICEHERBEREALTNDLZ LIZRD,

Z ZCANHETIE TRR2 BT ORIUEMEICE A T2 L L biT, WL TRR2 ¥
X7 EBE DD AT E D KD i a RIET DN BT 5 2 & & BRVICHE
WraATo7z, TRR2 BARFDORBUX, WS A, KIS A, IBEN A, ZOfMoOEE T
ERET D & OWEILSZEH DY [28-30]. b MEAZIRA A H SKHIAY DLD-1 <223
AR PANC-1, B4 23 AUl R KMBC 1235\ C TRR2 (B 1a 1 DR BLILfER
ALTWRUY [31] 728D, 23R & R ML Cik TRR2 AR T DR BUCFHLEN 2 H i
5. FHLETIE, DARAEORBEENC LV ECHMUNEERIZER L, invitro O3 A
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A OREREREE & invivo OIEEEREE (BIMEERE-CIREZ(L) 123720 TFF2 ©
FHEUOWTHFT Lz, 5 2 T, MR FICkT 52 OMoBI s OB E)
) & EREEOICARMT L7z, A T, 58 BIEPICE £ D TRR2 2 /37 B oA
FHRBUIE 2 DB OWT O 21T > 72, 5 3 B TIX, TFF2 % siRNA THIfl L
lceE0747aRxrFr 77 ) —BTFORBIZLEAMHR LT, FHA4ETIE, A
ZRE— LRI K0 oy & X7 T D TRR2 D3E A D 23 AR DR B (2 &
DEIREEBERIFLTCWHIOPHALMNCT DI 2RAT, NHOFEBREEL

T, BFER— O EN TV TRFR BIR FOF 2 — 2\ 62 LD TG

50

TFF1 O ..PEEEC)EF
c —
ng....c ’oooooo_c.,oo

TFF2

Figure 1. Structures of human TFF peptides.

(W. Hoffmann,, Int J Mol. 21(2020) 4535)



H1E
FER M DE NS TFF ORI H 2 5 5

KRR, REARE, B E OB ER OB ADORUNREIX, 7/ ARLEN, =
vy LG, =R —RFOLE(, 5% - RIEOMRERELHE L. BNADEME
{LIZRLS B - T 5, Z OfEEMU/INREE (Tumor microenvironment : TME) 1%, g
FEMMPE, SEAIMME, ek OBEZEEST 22 L2k, EBITRAOEMELE M
WEED [32], MU TARTT A THANRABED N T A7 U7 b — LT Tl
TMEIC LDV =XT 4 v 7 Rl o ORI FRID /N7 — N a RIT
T ERRESINTWVD [33], EEE. TME F TlZ7eWEEE DS AMIEIZRIT 5 B 1%
BUX, BDAKRRCB T 2BE R FR 2> TWD D, =857 7 28 (7
10— & —fHIE D DNA DL A F Lot & b UAEMAERI72 &) ARBES L TUHR0
AREE S B R BILD, TME BT 2 BMER Z2MRERFIRARIX, FLEE7ZR & DM K U H
KMEROMEEE pH OIRFZSIER T2 ENREINTEY . DAKEED pH 138
6.2-6.9 L7 o T 5 [32], IEENOEEMEEREEIX, O L 72 Dkk4 Iofiifn 7 vt
ARV T FIVRERKKICE S L, B ELRET D L HE I TV D [34-36], %
7o TESEHERRAN CTITIREZ L & B L ORI MG SN TR Y | D & O RS
RV IEF RN OEE (37°C) £V 2-3°CEWVZ E N BN E A>T 5 [37,38],

TFR2 BisFiX, IEFMEMETIEE TREDE <, DA TII RGN AL,
DA RS /72 82 < OIEFIZIHE WV THBL LA HE ST 228 [28-30]. & M
IR Av B RARNE DLD-1 1246V T TRR2 SR T ORBUTMER ST P ERAE T T
Do ZDT=H, invitro 123815 TME 238725 Z LIk V| TFR2 BiaFOFBUTFHE
DHLITNDLDTIIRW N EE T, £ TARETIE, TME ZRET L2 HERRK T

THHIURE L pH 25 TFF2 © mRNA 0% > X7 BB RIF T A EZ BT LT,



1 REAE R ORI 1%

1-1. WL RN T AT 27 g

AR L7 IARIZLL T OB Y Th b, b MEEIED A B KHilE DLD-1
(American Type Culture Collection [ATCC] CCL 221, ATCC, Manassas, VA, USA), t k&
GRS AR SR Caco-2 (ATCC HTB-37), bt & SHAY A KHIIN HeLa (ATCC CCL-
2) MOt BAFAS A H AN HepG2 (ATCC HB-8065) % v /=, ZH S Ml A/ L7
BEEIZ. DLD-1 1% [5] \CBW TR A ORISR R AIC DV CRFZE T S Cu =
Z L. Caco-2 (3 DLD-1 &[RIBkD & MG AL, Hela (T —fxp972 b HMAlflntT
NELTEL OMETHEAINTWSD Z & HepG2 I pH THRE X 2 3£ &%
IR RIS (VY Y — LEER) Z23BLT 5 2 L B4 BIOWMEIZE N TET S &
T L7,

HepG2 Mz W Cid, ¥ — B 27 1 /31 Z—@ Promega (Promega Corporation,
Wisconsin, USA) 125§t L., va— X7 AU E— |k (STR) ZFIH LT, kD
AR M ONRE 21T 2 72,

DLD-1 #lfiiL, 10% ™~ > ARy (BA T FBS. Biological Industries, Kibbutz Beit
Haemek, Israel) % Tf 1%~<=3<U > (10,000 U/mL) /A Kk L7 h~-A 2> (10,000 pg/mL)
IREBTRIE (FRI2EEDS 100U/mL, LAF 1%PC/SM. Nacalai Tesque, Kyoto, Japan) % ¥ L
7= RPMI GlutaMax Medium 1640 £5Htt (Thermo Fisher Scientific, Waltham, MA, USA) T%
& L7-, Caco-2 ffild & HelLa i@ 1%, 10% FBS. 1% NEAA (Thermo Fisher Scientific)
KON 1% PC/SM % i/ L 7= MEM (Thermo Fisher Scientific) Th:#& L7=, HepG2 ffifiz
(ATCC HB-806) L. 10% FBS. 1% PC/SM ¥/l DMEM (Thermo Fisher Scientific) Tk%

L7,



I5IZ, B RO TFR2 &{n 1238817 7 A 2 K pcDNA 3.1 -/c-(K)-DYK-TFF2 (Biotech
Corporation, New Jersey, USA) & L C—FFiIZ h T A7 =7 2 3 > L7z DLD-1 ffifd
(LAF, hTFR2 ffifia & §°2) #1E8 L7, FT AT =T v aid, A—I—HEOT
2 k2 UZfEVy, 1 ul @ Lipofectamin®3000 (Life Technologies Invitrogen, California,
USA) ZfEH L TiT->72, Z® hTFF2 flifidix, TFF2 24520 & U 7= e ki G o o 5k
2y hmr—r LCRH L7z, Batk=y he—d, DLD-1 12 pcDNA 3.1 -/c-(K)-DYK
(B 2= B N T AT =7 ary Li-b0EFEHAL, Zid mock fif
L L7,

RS FEER CREM L 7o iR 2 b < T oML, 37°CONMEAL, 5% CO, 5/ T ThiE
L. MR 70% =2 > 7 0= MERIZ PBS T #c. bV 72 -EDTA IR (Wako
Pure Chemical Industries, Ltd.) Tz FIEE L, 0 TR LY 7 las Eic e b &

IITEEHIZ Rl L T2,

1-2. =it

[37,38] DXRA S BT, CO A ¥ F 2 X—F —OREIRE TSRS 40°CE LTz,
6 well (10 cm?well) 71—  (Thermo Fisher Scientific, Waltham, MA, USA) (T 1.2X10°
cells/well D TRERE L, 24 B[] & 48 FERHIEE R (TN T oM & H528 i 2 1
WU Tz, SEHUTIREZRGIC KD 2 R EOEMEZEE L, £ £ Opti-MEM (fiL
IEEGHE © MEM 5 A @ FBS 3 50% HIlJk < #172) (Thermo Fisher Scientific) Z M 7z, A

Va2 N— MITRT COUBE 5% & L7z (Fig.2), ZaoH OEN 2 [Bl#k ViR L7z,



High
. . Collected cells after 24

= =
— [—

Cell culture 40°C TFF's gene expression

(CO» 5%, 37°C) Opti-MEM analysis
{CO-= 5%, pH 7.4)

Figure 2. High temperatures conditions on DLD-1 cells. DLD-1 cells were seeded onto 6-
well plates (Thermo Fisher Scientific, Waltham, MA, USA) at densities of 1.2 x 10° cells/well,
cultured at 40°C. DLD-1 cells were collected after 24 and 48 h, respectively. We used Opti-
MEM (Reduced Serum Medium; Thermo Fisher Scientific) culture medium to limit

temperature-induced protein denaturation.

1-3.  EethEEEEE St

[39] OXikEBEIZ, MRIMESRMIEpH 65 & pHE.8 IZFHFE L7z, MIEICT H7-0icfE
I L7233KI1X, 4-(2-Hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES; Dojindo; PJ072,
Osaka, Japan), #if& (Wako Pure Chemical Industries, Ltd.) KX ONFEEE (Wako Pure Chemical
Industries, Ltd.) %\ 7z, BFii, {KiiELscH % Opti-MEM Z 1 fH L 7= [39],
DLD-1 #ifai%. 6 well (10 cm?well) 7 L— k(Thermo Fisher Scientific) {2 1.2 X 10°
cells/well DFRETHERE L, 24 i) & 48 IFIEG R 1% (IS N E DM & 1538 BiE 2]
IV L7- (Fig.3), Caco-2, Hela } O HepG2 #fi & [7 U4 F TR L, [MIATT -

7o AV F 2= MIFTRTICT, CORAESWE LIz, ZAL5 DEAEIL 2 [HI#EY

LTz,

10



HEPES

/ Opti-MEM-HEPES

pH 6.8 (20 mM), pH 6.5 (25 mM)

- HCL Collected cells after 24
% = and 48 hours
Cell culture ] _ — .
(CO: 5%, 37°C. pH 74) Opti-MEM=HCL TFFs gene expression
pH 6.8 (20 mM), pH 6.5 (25 mM) ana]ysis
_ CH,COOH

—

Opti-MEM+CH:COOH
pH 6.8 (20 mM), pH 6.5 (25 mM)

Figure 3. Acidic conditions by HEPES, HCL and CH;COOH. DLD-1 cells were cultured
under acidic conditions (pH 6.5 and 6.8). 4-(2-Hydroxyethyl)-1-piperazineethanesulfonic acid
(HEPES) (Dojindo; PJ072, Osaka, Japan), hydrochloric acid and acetic acid were added to Opti-
MEM medium, which was used to reduce protein denaturation. DLD-1 cells were seeded in 6-

well plates (Thermo Fisher Scientific) at a density of 1.2 x 10° cells/well.

1-4. pH 6.5 TOMELDMIE

X pH AL DAEAFRICE 2 D382 I+ 572012, MlaAEFoT 2 %ML 72, 4
U VDT 4 v = (WATSON Co., Ltd., CA, USA) @ 2 5D 7 = /L(Z DLD-1 #ilji
Z X105/ 7 = VOBE TR L, A58 2DF 4 v = (WATSON) % []Rf(ZH
B LT, EEHA~OMIEEE 2 R LTI2%IZ, 4 DDT 1 v = O Z HEPES THi#
L7- pH 6.5 ® Opti-MEM E5HUIZ A L GEARIL, MkFE pH &2 v a v 25 H), 7%

DD L4ODT 4 vy 2 OEEMITIEE O Opti-MEM (23 L7-, =2 ba—LThHD
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Opti-MEM % pH 7.4 Th o7z, EHIAZHTR . 24 BRI C EVE BE#IE D © o 2 —
(AR BROWN Co., Ltd., Tokyo, Japan) Z i L Cifaiz 3l L7, FIskOESRZ .,
PSR T COEFDREE LW & T B LS5 HeLa Ml ©H 306 L 7= [40], Aifaui4

U x/LT2EEHIL. FHMEOHERDT-OIRE 2 Bl K LT,

1-5. RNA HfiH

TRIZOL LS (Thermo Fisher Scientific) Zffif] L T, #i&Ewo 7w b a/WTHEn4a
RNA #ifitH 247> 72, RNA O#fiEE X, Nanodrop ND-1000 43 ¢ # (NanoDrop
Technologies, Inc. Wilmington, DE, USA) @ 260/280 33 & TF 260/230 nm D W Y i bt & fif
AU CRHMi L7, il &4u7-42 RNA (X, 260/280 nm tEA34) 2.0, 260/230 nm kL7 2.0
~22THY . RNADIEZMEFR LT-, 4 RNA (%, High-Capacity RNA-to-cDNA Kit

(Thermo Fisher Scientific) Z i/ L Cifi#x5 L7z,

1-6. T&EM YU 7L ¥ A A RT-PCR (Quantitative real-time reverse transcription-polymerase
chain reaction) 2 & % fi#tfr

U7 )VH A I RT-PCR (%, Fast SYBR™ Green Master Mix (Applied Biosystems) % >
T, ®WEFOT 0 haViliE>THEM Lz, B A 7 AFHETILTO®mY Tholz,
FIHANEIZIE 95°CT 20 sec 24TV, IRICAMEA 95°CT 1sec, 7 =— U » 7 Roffi k%
fF% 60°CT 20 sec 1TV, A&HIT 40 Y1 7 AT o7z,

fEHL7ce MBI TFHT 74 ~—ESNILL FD#E Y Th 5,

TFF1 (5"-AGACAGAGACGTGTACAGTGG-3" &k *

5 -TAGGATAGAAGCACCAGGGGAC-3),

12



TFF2 (5"- CAAAGCAAGAGTCGGATCAG -3} X

5"- CCAGGGCACTTCAAAGATG -3°)

TFF3 (5"- ATGAAGCGAGTCCTGAGCTG-3 K (!

5- GCTTGAAACACCAAGGCAC-3),

PDK4 (5- TGTTCCTTCTCACCTCCATC -3}z X

5"- GCAAGCCGTAACCAAAACC -3)

HSP90o (5-CATAACGATGATGAGCAGTACGC-3 K}

5- GACCCATAGGTTCACCTGTGT-3'),

GAPDH (5-GAGTCAACGGATTTGGTCGT-3 K}

5 -TGGGATTTCCATTGATGACA-3) ,

GAPDH IZNfEME =z he— & UCER L7z, Biid. Applied Biosystems®7900HT
Fast U7 /W% A LPCR I AT L TIToTc, 774 ~—ky NORRMEZFNT 5720

IZ. % PCR T > 7" U 2t v D & 2381 LT,

1-7. w7 XA

AWFFETIE, AR 2PCL AR 1LIEDEFE 3 VLD ApcMi™* (C57BL/6I) ~ 7 Az L
72 B0 ApcMr =7 21X, Vv 7 Y WFSEFET (Bar Harbor, Maine, USA) 725 A
SN, FFEORFIR T U—D 5T, 12 BEFEBAR A 7 LT 9 Lokid H BICER
TEXLHERECHE L, ~ 7 AL 13 25 15 Wi TS Lz, MMEBUCIX, #R
s B (MK-AL110D, =ERTHEM, Co., Ltd, Tokyo, Japan) Z{#HH L, WAIZX>TA V7
VT B U B OMRREREC (0.5L/min, 547 D& A 1.5%, #:FE 1.5%) %17 -
Too ZEIITIE. “BRLERFEWA (30%/min)Z i L=, ~ 7 ADFERIL, FIRFEE

RIFPERERTZ B2 OB 22T OKiBE 5 168), ZERDEDTZHA N T A VT
13



B o T, BROS T ADA L AZR/NRIT D720, r—YNOREITES
ROBEIVEN BRI R MR LTz, ~ U ZAOFREBIIEE ICER S, Dl
EBHIZ2EIOF = v 7 ZAT o0, BERENEW AL~ A%, i fkiFE
B A Z RGNS U CEMIC LRI S W, S ORI, MR & KA EED (3

1k, B L OEERMEE DOBAMRIZ ISV TITh T,

1-8. v AZ TuayTr 47

ApcMivr= 7 2 Dk (IEF 2B, B, IBICHEBLERY —27) 128105 TRF2 2
RIEOFRB AT, ZOHBEOERRGE &I, BHETAHT 22 TR —
TIREL TRWEFTZ8BA TRIRLIZY > TV Th D, ¥\ 0 BRI ER
(Merck Millipore Ltd., Darmstadt, Germany) % ¥/l L 7= RIPA Lysis /X v 7 7 — (COSMO
BIO Co., Ltd., Tokyo, Japan) (2 & 0 #HfkZ MR L2 /"7 B &I LT, il L7z s
N EREIL, BCA A L CEEMEMMR 2R L, BCA X "7 BET7 Y FF v b
(TAKARA BIO Co., Ltd, Shiga, Japan) Ti#lliE L7z, flifi L7=% > /37 & (50 ug) i, 4
X Sample Buffer (277.8mM Tris, 4.4% SDS, 44.4% Glycerol, 0.02% Bromophenol Blue, pH
6.8) IZ2-A/NT T hx & ) —)v (2-ME) &L A[¥E b, 5%-20% SDS-"R VU 7 7 1
L7 2 K&V (ATTO CO., LTD., Tokyo, Japan) % i T, 20 mA Tk K< 1 BEEkE
#%. PVDF & (R U 7 v{bE =15 ) (Merck Millipore Ltd., Darmstadt, Germany)
[CHRE L7z, FINICIEET D TFF2 & Gapdh D& T k& < Bip 5720, M/
IRBEBRRN RS, LEN->T, BBEHRAL T L U2 T I TUIML, Yo AX
T T 4 TN E T T, BREA T LR, B%AF LI L7 (inTBS-T) 12
BWT25°CTI0 7 ey F o 7 KIS L-tk, —RPUAE LCTHL TFF2 Hiik (1:500;

Proteintech Group Inc., Rosemont, IL, USA) Z i FOEIZEH L, & 9 —HFOBEIZIEh
14



Gapdh & (1:5000; Gene Tex, CA, USA, GTX100118) Zn—F5 4 > 7/ 2y ha—L b
L CHW, 4°CT—Bifs S/, RWTIZHH > 7L & kPR <H 25 HRP
(Horseradish peroxidase) 1278 X #17- 51 rabbit HT{& (1:2000 #HR; Dako, California, USA)
&L BHIZ25°CT LA U F a— | LTz, 2B, BTOFURT 1% AF LIV (in
TBS-T) TAMR LW, B, ELC #iti% > b (PerkinElmer, Inc., Waltham, MA,
USA) % W TR ZMERR L. ChemiDoc Touch 4 A — > 7'+ 27 4 (BIO-RAD

Laboratories, Hercules, CA, USA) T > 7 /L Z il L=,

1-9. Shs Rk bR Y,

AME (X104 Y = V) 28 U = /L AT A RF ¥ 73— (WATSON Co,, Ltd., CA,
USA) IZHEFE L, 24 BFfiA v F =2 _— L7z, 24 %, HEPES (2L Y pH6.5 IZ7#
B U 20 U & B3R L7 GRS OREIZAIIEE 28 pH £ 2 v a3 v 2 B ),
WIS, MM ZHT LS FIL L 72 4%/ T RV AT VT B RERITT 10 ofEEE L, U B
PR A K (PBS) T L7z, Ml % 0.2%TritonX-100/PBS T 15 43 fHiffifid o> 37518
MR A Uiz, 71 v %7121 1%BSA (New England Biolabs, Ipswich, USA) ZffifH L
2o 10 3o 7 v v xr 7%iE, Mlaz —RPURHT TFF2 ik (1:100 AR, Protein
tech, Rosemont, IL, USA, 13681-1-AP) & & (2 25°CO=EIR T 1 Kffl A > F a2~— KL
7, Mifd% PBS T 3 [HIPEIE L. & 52 HRP (Horseradish peroxidase) f%:k < iv7=Ht 7+
XHUA (1:1,000 778, Dako, Glostrup, Denmark) & & & (23R T 30 23 A > 3 2 —
N U7z, PBS T Liztk, AT A N& 3,3-U7 X /XU UV RS (0.5mg/mL)
(DAB; Sigma-Aldrich) T 20 231 v F 2X— kL, 3 <IT/KEKTHEF L=, DAB
I%. 50mM Tris-HCL (pH7.6) TERLL ., 0.03%BE L/ KFEEZTM LIz, ~~ FF VU v

KOKMWEZ VD> BT F AL DB AR 2 L TSR G 21T > 72, Bl L
15



LT, Befa SR EE O 4 SOEE 2 RF L, BgAENTY 7 D =7 Image ]
(https://imagej.nih.gov/ij/, Bethesda, Maryland, USA) % fiff F L CYetasilsk % &7 w L HfT

TERL LT,

1-10. HUEtALE

2 FER D IEIZIE /N T A MU Z BE Tdh 5D Mann-Whitney U FiE 2 L7z,
3WELL LD T I3 BT 24TV £ DF% Dunnett’s Post-hoc test f/EIC L W =22 k=
— VB EOMOBEZ L LTz, 2306 OFEHENTICIE, GraphPad Prism5 ¥ 7 K
=7 (GraphPad software Inc., San Diego, CA, USA) #fff L7=, P<0.05 Z#FHi0icH

BEThD MM LT,

2-1. JREEZALDS TFF B BUCE 2 5

TR0 N BE & B % 72 D12, DLD-1 M4 40°C THE 4 L7=, Th 2l 24 Wil
o O848 BRI REE U722 ICHIaEI L, RNA ZHiH L7-, Fig.d Tix, 40°COIRESAME
T CTOXBIZ T ORI EREEZR LTS, GAPDH IZNEM > ha—L & Lz,
BIRAGFOFBLL~LIE, 37°CTORIUEIZ L > TERM LT, ZOfER, HSPI0a
%, 40°CTTHEIZEBHM L TE Y (*P<0.05) (Fig.4A). TFF1 & TFF3 DR IIL,
40°C T 24 I¢fE] R O 48 RFH DEE 2 B TR BN 23 & > 7223, TFF2 @
MRNA FEBUIHIN L7220 > 72 (Fig.4B), AHXIE ®ILIZ K5 PCR MO FEBR Tk, DLD-1 A

f (2> bu—n) 28T TFR2 @fa - ORBEZ 1 & LTHITL T\ 5, EBEOFR
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REIMHOTNTHY, v RZ T uy MEZKD TRR2 # /37 B OFRE BT MHER

T 52 LT TE RN o720, TFF2 mRNA X8 L < Esmfb et d - 7o,

>
o9)

o .
Hspgoa 40°C (ngh) "
5 . &
| .
=z 41 oA 1
g3 2 —
= o 11
@ =
= 2 E
b
é & s -
I .
0 -
0 - Contrel 24h  48h [Control 24h  48h | Centrel 24h  48h
Control 24 h 48 h TFFI TFF2 TFF3

Figure 4. Effect of high temperature on TFF expression. To mimic the cancer
microenvironment, DLD-1 cells were cultured at 40°C for 24 and 48 h, and RNA was extracted.
The graph illustrates the relative quantification, standardized by the expression levels of each
gene, using the expression at 37°C as a control (*P<0.05; nonparametric Mann-Whitney U test,
n=4). GAPDH was employed as the reference gene. Data are presented as the mean * standard
error. TFF, trefoil factor; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; HSP90o., heat

shock protein 90 a.

2-2. pH 6.5 IZ81T % Ml A7 =AM

RN O IES U NRBE (pH #iPH 6.2-6.9) T—XICEIZL S DRt ERE (HEPES,
pHB.5) (22T, invitro T DLD-1 & O Hela M D AETFIC RIET B B LT,
DLD-1 #fiiL, pH7.4 ® = h— UE5HICld 44 BRI = RIS L, 92 FFREI#% £ TRl
BT Ton =03, ERtERs I BlR S ROl MR oI < | 72 Rl £ C

(AR T BB LT (FigbA), — 7, HeLa fiflaix, = b r— L5 €I
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72 WE[E £ CHERE L7214, 98 IFMMZICIZIRITSEIL L7, F o, FEMEEFHIEE CIIsgmmide

<\ 98 BFMHIFR IS/ T TAMIR T W %R0 2D LTz (Fig.5B),
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Figure 5. Effect of pH 6.5 on survival of DLD-1 and HeLa cells; graph depicts the number of
surviving cells cultured in Opti-MEM under normal pH conditions and in medium at pH 6.5 by

HEPES. (A) DLD-1 colon cancer and (B) HelLa cervical carcinoma cells. Data are presented as

the mean * standard error (n=4). Under x40 magnification microscope observation (scale bar,

10 pum).

2-3. WEME pH 23 TFF 5 T RBUC G 2 % W

DLD-1 i % it 4t (HEPES, pH 6.8 33 L U8 pH 6.5) T 48 B8 L7z, pH 7.4
T 48 RS L2 ML, V7 v ¥ A4 LA RT-PCRICE D EREITHB O hr—/L
E LT L7z, K pH THRELI 2 PDK4 [38] 1. Mtk L v &z 30 L5F
DR S 7= (Fig.6A), TFF2 ™ mRNA #8Li%, pH 6.5 &\ pH 6.8 OESMERT I CHE#%
SNTHIFRIC BV T, ERE T 428 L ON5.8 5N L 7= (Fig.6B), &Iz, ffaodt:
EIFMZHHE L, W< OO R TRl 210X L, TFF2 mRNA OJgE &2 H1lE L
oo UTWEALRT-PCR CERZITOBE, pH7.4 T LR L-Miflnz 2 e
— /L& LT Lz, HYE (pH 7.4) 58 50F T ClE. 558/ To TFF2 @ mRNA %
BUIMED o Tz, FRVERSERSRME T C 24 WFEIES 48 L72#% . TFF2 @ mRNA FEHIIA EICH
ML 72 (P<0.0001) (Fig.6C). KIZ. 4RI TR pH BREEICIRE S h-#fkic s 1)
% TFF2 O mMRNA 04 /837 DI 2 {72,

13 75 15 WHR D ApcMr < 7 22BN T, BRI CTH D EE 2 b b B R OIER
U—THIZBWTTFR2 O X U X7 EREBIE, VA2 Ty 4 7280 iR
TAHZENTELN, BTN VETH L EFHEBMIZEWO TR SR o7

(Fig.7B), mRNA 038, HRBE R — 7 TORrERT S Z LN TE 7= (Fig.7A),
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Figure 6. Effect of acidic medium on TFF expression. We cultured DLD-1 cells under acidic

conditions (pH 6.5 and 6.8) adjusted by HEPES for 48 h. Cells cultured at pH 7.4 for 48 h were

used as a control when performing relative quantification with real-time RT-PCR. The graph

provides a visual representation of the relative quantification, standardized by the expression

levels of each gene, with pH 7.4 expression serving as a control. Subsequently, P-values were

calculated using relative quantification values through one-way analysis of variance followed by

Dunnett's multiple comparisons test (**P<0.01 and ***P<0.0001). Each assay was performed in

guadruplicate. Data are presented as the mean + standard error. TFF, trefoil factor; GAPDH,

glyceraldehyde-3-phosphate dehydrogenase; PDK4, pyruvate dehydrogenase kinase isozyme 4.
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Figure 7. TFF2 expression in ApcM™* mouse tissues. (A) TFF2 expression in the small
intestine served as a control for relative quantification. Subsequently, P-values were calculated
using relative quantification values through one-way analysis of variance followed by Dunnett's
multiple comparisons test (***P<0.0001). (B) Western blot analysis of mouse tissue extracts;
(a) TFF2 antibody and (b) Gapdh antibody; each lane was loaded with 50 pg of protein
extracted from the respective tissues, including the small intestine, colon, stomach, and

intestinal polyps. Three mice were used in this study. TFF2, trefoil factor 2; Gapdh,




2-4.  FRMEASINAIOEWNZ XD TRF B s F B~ D8

e L R X D ERYERSHE (pH 6.5 5 X 10 6.8) & VT, DLD-1 % 48 FEfL]
B Lz, VT A ART-PCRICEDEREEZIT I FE, pH 7.4 T 48 Bifliiks# L=
Faybho—L b UCHEM L, 1K pH CTHRELT 5 PDKA 1L, ik, FiiEEH 5K
WTHABICHEHIM L7 (*** P <0.0001) (Fig.8A & X Fig.9A), Hifik% A\ 7-mer:
KrHhic X 5 TFF2 @ mRNA J81%, pH 6.5 8 LN pH 6.8 Difi F THEIZ (***P<
0.0001) RN SH (Fig.8C). WA A W= EeME:S: Iz XL 5 TFF2 @ mRNA F 5
Tl 48 K% D pH 6.8 IZHB W THEZRFEEL LA (*** P <0.0001) 234 b7
(Fig.9C). L»L. pH6.5 CITFBULFHE SN/en o7, TFFL & TFF3 © mRNA %5
X, SRR A TR CII3EBL L A3 A BT, BERR A V7o B ERE T pH
6.8 1 48 B¢ Tl 97272 B (** P <0.01 L U** P <0.0001) 234 HAL7-72%, pH

6.5 TIFREH LFITR LR 0T,
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Figure 8. Effect of acidic medium supplemented with hydrochloric acid (HCL) on TFF
expression. We cultured DLD-1 cells under acidic conditions (pH 6.5 and 6.8) for 24 and 48
h. Acidic pH was adjusted using HCL. Cells cultured at pH 7.4 for 24 and 48 h were used as a
control when performing relative quantification with real-time RT-qPCR. Subsequently, P-
values were calculated using relative quantification values through one-way analysis of variance
followed by Dunnett's multiple comparisons test (*P<0.05, **P<0.01 and ***P<0.0001). Each

assay was performed in quadruplicate. Error bars indicated mean standard error (SE).
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Figure 9. Effect of acidic medium supplemented with acetic acid (CH3;COOH) on TFF
expression. We cultured DLD-1 cells under acidic conditions (pH 6.5 and 6.8) for 24 and 48 h.
Acidic pH was adjusted using CHsCOOH. Cells cultured at pH 7.4 for 24 and 48 h were used as
a control when performing relative quantification with real-time RT-qPCR. Subsequently, P-
values were calculated using relative quantification values through one-way analysis of variance
followed by Dunnett's multiple comparisons test (*P<0.05, **P<0.01 and ***P<0.0001). Each

assay was performed in quadruplicate. Error bars indicated mean standard error (SE).

2-5.  [eME pH 25 DLD-1 flifa LISt O HEREERIZ 3\ C TRR2 385 7 BLIC 5 % D8

DLD-1 fifa A DM OFIEFE TIZ ED L DAL T DO EFRD T2 DIZLL T D

BR%1T>7-, Caco-2. HelLa., HepG2 #fiZ351) 5 TFF2 & mRNA JEH & Bet St~
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TR L7z, R pH ORI IE HEPES % AV TfT > 72, PDK4 (Fig.10A) 3 X OV TFF2
(Fig.10B) (. pH6.8. pH6.5 DS T, WM OMAEERIZI W THEIZHEELHM
L7z (**P<0.01 3L ***P<0.0001), L7>L. HelLafllcd\ Tix, pH6.8 Tik
TFF2 & PDK4 & b IS BB HINA R H L7223, pH 6.5 Tik TFF2 © mRNA %5
TR RGN H DO, PDKA OFEBL EHITIZE A EHR LN oT, X
HelLa ffif %z pH6.5 TR T 5 &, HAFHE IR L TV Z & EBEERSH D L5 2

bid [41].

A PDK4 B

Relative quantity
Relative quantity

RO U Pl A A S QP PE QP X S
S ST &S & S & EF S ES & @
Caco-2 HeLa HepG2 Caco-2 HeLa HepG2

Figure 10. Effect of acidic medium on TFF2 mRNA level in other cell lines. Cells were
cultured for 48 h in medium with pH of 6.5 and 6.8 (HEPES). TFF2 mRNA level at pH 7.4 was
used as a control for relative quantification. P-values were calculated using relative
guantification values via one-way analysis of variance followed by Dunnett's multiple
comparisons test. GAPDH was used as an endogenous control. (A) Comparison of PDK4
expression in Caco-2 colon cancer, HelLa cervical carcinoma and HepG2 hepatocellular
carcinoma cells cultured in acidic media and in each cell cultured at pH 7.4 for 48 h as a control
(***P<0.0001). (B) Comparison of TFF2 expression in Caco-2, HelLa, and HepG2 cells

cultured in acidic media and in each cell cultured at pH 7.4 for 48 h as a control (**P<0.01,
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***P<(0.0001). Each assay was performed in quadruplicate. Data are presented as the mean £
standard error. TFF2, trefoil factor 2; GAPDH, glyceraldehyde-3-phosphate dehydrogenase;

PDK4, pyruvate dehydrogenase kinase isozyme 4.

2-6.  ERVE pH 28 TFF2 % L R 7 ERBUCH 2 5 5

WIZ, B ORRZHE Uiz, DLD-1 KO Caco-2 #llfi 2 T Eet: 5% g 3%
IR D TFR2 & ™7 B ORES Z2 et AR EIC L W RET L7z, BtE= be
—/ViZ, JEBL7 T A 2 K peDNA 3.1 -/c-(K)-DYK-TFF2 T—H{fIC h T A7 =7 ¥ 3
> L7- DLD-1 fifid (W\TFF2 Mifid) & vz, $uikad AV RP ey 72 def@lz X Y TFR2
H N EORBUIMER T 5 Z L TE 2 (Fig.11),

A AT _RTOREBMEFEER CTIZR C e v ho—&kPik (TFF2) %45 L TEE
L7 pPH7TA TR LI VT A7 =7 R E TV a0 DLD-1 & O Caco-2 Al CTix
TFF2 O3 BLIRER SN 72 - 7= (Fig.12Ab,Bb, pH7.4), HUAK:EMEZ BT 5720
IToTo. —RHUEHT TRF2 FUEZ RO SF Tk, PR KOS T Ch e S
7ol (Fig.12Aa,Ba), xEAYIC, FEMESI: T TR S —# @ DLD-1 B L O
Caco-2 TIX TFF2 D & L X7 E3BLN A BT (Fig.12Ab,Bb, pH6.5), DAB YLD E &
ETIE, TFR2 ORBUIpH 7.4 LV pHBS IZBWTAHEIZHINT D Z ENnhoT-

(Fig.12Ac,Bc),
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Figure 11. Validation of immunostaining with the TFF2 antibody. Immunostaining with
TFF2 antibody was performed using transiently transfecting DLD-1 cells with pcDNA

3.1-/c-(K)-DYK-TFF2 (hTFF2 cells). Additionally, mock cells were prepared by transiently
28



transfecting DLD-1 cells with pcDNA 3.1-/c-(K)-DYK (empty vector). P-values were calculated
using relative quantification values via the nonparametric Mann-Whitney U test. (A) Relative
comparisons using reverse transcription-quantitative polymerase chain reaction were shown;
TFF2 expression in untransfected DLD-1 cells served as a control for relative quantification,
with GAPDH as the reference gene. Each assay was conducted in quadruplicate, and the bar and
error bar represent the mean and standard error (SE), respectively. (B) Immunohistochemistry
against TFF2 (TFF2 expression in transfected DLD-1 cells and untransfected DLD-1 cells.).

(a) To mitigate false positives or nonspecific binding, the primary antibodies were omitted and
considered them as negative controls. (b) Images of DLD-1 cells in the presence of the TFF2
primary antibody. Cells were observed under x100 magnification (scale bar=10 um). (C)
Quantification of TFF2-specific DAB staining of (B). (a) and (b) refer to those shown in (B).
Quantification of DAB staining was performed using the ImageJ software, utilizing images

from four different fields of view (*P<0.05). TFF2, trefoil factor 2.
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D..AB stain / area (%)
e = £
= a =

e
9

pH 74 pH 6.5

C

a b
pH7.4 0.02+£0.01 0.01+0.01
pH6.5 0.05%0.03 094+0.16*

*

pH74 pH 6.5

Figure 12. TFF2 immunohistochemistry staining of DLD-1 colon cancer and Caco-2 colon
cancer cells. (A) DLD-1 cells and (B) Caco-2 cells. Cells were cultured under normal pH (pH
7.4) and acidic medium (pH 6.5 with HEPES). Images show immunohistochemically stained
cells with TFF2 primary antibody (b) or without primary TFF2 as negative control (a). Under
%100 magnification microscope observation (scale bar=10 um). (c) Quantification of TFF2
specific DAB staining was performed using ImageJ software (mean * standard error; n=4).

*P<0.05 (nonparametric Mann-Whitney U test).
30



3. &

Pl

ARETIL, b MEBRD A B DLD-1 MZIC B W T, TRR2 Bia 0% /X 7 B3
FeMESfE T CHRESND Z L 2O Lz, Bt pHIZ Xk D TFF2 oiFE L, R <
t MBI USRI T o 5 Caco-2 Ml THREH bz, ZOFERLY ., v MEE

IEF AR T BINRD LRV TFR2 23, BE RSB W TRISHR SN O
X, DAMUNERBEE L CIRESRENER SND Z I LD AREMR DD B2 b
%, BRIV Z LT, BERIRE O TFF2 @ mRNA JEBLC K & R B8 % 5 2 /e )
STz, W, TFFL & TFR3 mRNA [HIREZ(MITIE U THRBN DT NI EL L2 2 &
5. TFFL & TFF3 &3R8 HLA I =X L5 TFF2 O mRNA JEBL & LT 5
ZEWIRBEE T,

TFF1, TFF2, TFR3ZFR—%EEK LICH Y | BIsFFEITIH#E L TV DO, ZhEh
ML LTZ B+ TH D, TFFL & TRR3IZZENZEN L1 DD LT 4+ A VKF R A A %
Fbago ZEBREERT 2015 L, TFR2 12 DD TFF RA A V& FHL AT
MUC6 & 4742 [42], S ABE OMLIFET D TFFL & TFF3 D Z /3 7 B3 BT R
FHLDLAERITE OO L, TFF2 DX R LYW IR [8], HEMEE D
FOESS, FRCHLY A OIS O NERIZIEF MM L 0 @Rz R~ 2 & AHs ST
% [43], F£72. AAAEE TIEMET O TFFL & TFF3 O L-~ULh ER-4% & TFF2 @
BN S D AT = A LD RINTZ[8], T b D I3k x OUFFEHE R 2 BT
HHDTHY ., TFF2 ORBUFIEOMEIZH D A B = X AT TFFL & TFF3 O Zh & i
B HZLZHRLTND,

FRPERT I CHE#8 L 7= DLD-1 M Tk TFF2 ORBINHREITHML T D Z AL
Ml o7z, Z OHE[AIE Caco-2, HeLa, HepG2 Ml THEIZR SNz, THFHICHENER
Z AT % HepG2 Ml Tix., PDK4 O¥8ELIL pH 6.5 THEIZHI L7225, pH 6.8 TD

HEFIay ba— AR LR TH -T2, W2, TFF2 ORBUIEMEREICKFEL TB
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. pH6.8 TETDORHENE L LH Lz, BEFREOBIMIL ZXoTHERY |
—EROMIL S A 7 VL pH ITIRAFE LARWATREMED B D, TAUE, & F S F 72k oA
IR Ay DIFEVIZ L D RN B 2 B LD [44].

WL OPOERKRHRE TIX, & FOKIBNATTFR2 ORBIBEM LT Z &3 5ER S
NTW5D [45,46], BEEMIBRICIS1T D TFF2 @ mRNA J88i%, HEPES 7217 T72 <,

Wik % G oMt i C LB E S =28, TFFL X0 TFF3 O mRNA ELITFHE S d-o
7oo —HC. iR A G TR TIX, TFF @ mRNA BB E MR Shei-o

oo BERRIIEEEASSY 0 A VR A STESIEEB TH Y . BNMED bEA S
ITWD, MRSMIAFET DHEEOREBIC L VIEFE LV b pH A TR0 T E R T
%, TFF OEEFIIIH SN T D00 LV, KRGS A ORIk (HT-29 Hifd.,
HCT116 fifid) (23T, Eifez S T0m8EEEN 7R F— Y A& HE T 5 &L OWEN
HY . TFF OFBUSED BT o= E b B2 b D [47,48],

ARIOFRR LY BRYEBREE) TRF2 OXBR2FH 8T 5 Z LA LNk o7z, TFR2
DR BN DNES DI A ATHET 2 D HET 20T ERFERH TH -7 [7,9], TFF2 D
BT, IEFME E DN AMEOWNTIUCE W THEMEEREE T CHE S5 ATeetEd &
WelEbinsg, BENIZEIT S TFF2 O ERBLUL, TME IZB1T 51K pH 351 & & &7
STHEY, BEENEREOEMEEZ RS —OOEE L R D RN H 5 Z LRI

776
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4, JNFE

RETIX, HEESHOEWNIT LD TFF @O mRNA & % VR 7 B3R BIA~D B2 D>\ T

REta TV, LT ORI R 24537,

1) RSN, DLD-1MIRIZ VT TFFL & TFF3 @ mRNA JE 8158 4

{bZ &=z 7278, TFF2 ® mRNA EHFHEIIIEE Lo 7,

2) DLD-1 iz C . [ pH (HEPES |2 k2 2 789%) 13 TFF2 © mRNA & % >

NI ERBLEHE LT,

3) DLD-1fifaiz3sv T, etk pH (EFEIC L 2 F%) 1 TFF2 @ mRNA 381475

L7,

4) DLD-1#faizhnzx <, BapkszHiz X 5 TFF2 @ mRNA %8113 Caco-2, Hela,

HepG2 Ml B W T HEE S, TFF2 O X /87 B3 HLE. Caco-2 MifiEic

BWTHHEIND Z LR TE T,
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2%

BRPERT IS KON TFF2 25 Te4efFR5 Y DLD-1 Miline> mRNA ORBLIZ G- 2 % 58

TR NERBED AN DIBAR T I B R E S BZ KT L TWD Z &b, Mtk
(XY DLD-1 M DBAR - FEIN ED LS ICEAL LIZDONEHONIT 5 2 L2 I
o, A7 a7 LA K DMREN LB s RBMT 21T o T, Elo, WE NI H
THD TFF2 X X B OBREE TR D 720I10, BEITYHFFRETER Lz~ 20D
NG RIS/ 5 7 1 — =2 7" L 7= Trefoil factor 2 (TFF2) i&f5 1% DLD-1 {222 &R 5
SH AR OB R EIE A W T, WS vl TRR2 % 2 /X7 ' 55 DLD-1 i DiE =
THREUCED X ) RFBEERKIZL TODEONIONT bR 21T o 72, BisT
DIEBUEB OATIZIR, A FHIEE 2 113 % > — /1 @ Database for Annotation,

Visualization, and Integrated Discovery (DAVID; https://david.ncifcrf.gov/) % vy, 7~ X7

= A f#HT1Z 1% Kyoto Encyclopedia of Genes and Genomes (KEGG;

https://www.genome.jp/kegg/) Pathway % 7z,
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1 REAE R ORI 1%

1-1. AR R OEAS

ARFZEIAE R U 72 IR ZEL FO# ) Th 5, b MEBIRDS A BRI DLD-1
(American Type Culture Collection [ATCC] CCL 221, ATCC, Manassas, VA, USA) %
W=, e, 10% ™ Mgk 7 /v~ 2 > (LLF FBS. Biological Industries,
Kibbutz Beit Haemek, Israel) . ~~=3</VU > (10,000 U/mL) /A F L7 k<A > (10,000
ug/mL) (Nacalai Tesque, Kyoto, Japan) ((&J=EES 1% & 72 5 K O IZIIN, LAT 1%PC/SM)
Z ¥ L 7= RPMI GlutaMax Medium 1640 554t (Thermo Fisher Scientific, Waltham, MA,
USA) &Mz, BIRTEHFEEICB W TR S vz~ ¥ 2D TFF2 & 1xf- % pEGFP-N3
Ry B n—=r 7 LebOEZEFRB L T2 DLD-1 Mg (BLF. mTFF2 ffifia
E9°%) 1%, 10% FBS. 1% PC/SM % #1 L 7= RPMI GlutaMax Medium 1640 5%t
(Thermo Fisher Scientific)iZ. 800 ug/mL G418 # /% 7= & D&M L7= [49,50], ZiZE
A, 3T°CONRAL, 5% CO, & T T L. MEIZ 70% =7 /L= MERIIC PBS
T, U 7L -EDTA A (Wako Pure Chemical Industries, Ltd.) il z HEf

L. Y72 M 72 D K ) ITES I R L=,

1-2. <A 27 a7 LAIZHWE=EE

Opti-MEM 5338k (KI5 £, pH 7.4 : MEM &8 @ FBS % 50% B S A177)
(Thermo Fisher Scientific) &. Opti-MEM £k (Z k&l Al Td> 2 HEPES Z¥IN L 7= et
s (pH 6.5, pH 6.8) Z (i L, DLD-1 iz ZhEnissE Uiz, M L7k
L. 6 7 /LI ¥ —L (Thermo Fisher Scientific) (Z 2.0 x 10°cells/well {2722 & 5 127
BTz, 5% COx 1 ¥ F a—X —T 48 R T4, Ml Z [\ L RNA it 217 -
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oo ~A 70T LA ENTRECIZ, Opti-MEM 53878 (pH 7.4) TH;#E L7- DLD-1 Mifid %
o bue—E L7 (Fig.13).

WIZ, TFF2 &tttz (mTFF2 i %2 Opti-MEM 55l CHE2e L 7= i)
L. 3 bu—L 4k (DLD-1 Ml % i@ % pH7.4 @ Opti-MEM K5 Hi TR L7- &
=D EYE) 2 &2 MEHT H72DIZ, 75em? 7 7 A 2 (Thermo Fisher Scientific) (2
mTFF2 i & DLD-1 fifd =% 84X 10%¢cells 12725 £ 9 IZiift%k, —hb %
Opti-MEM 5zl T EH 24 i) 5% CO A > F aX—X —TH#E L=, TO%, %

NZENOMIEORE EIEZRI L2 b 02 K550 E Lz, 100mm ¥ ¥ —1L
(Thermo Fisher Scientific) (Z#&fE X #17- DLD-1 #lifd (6 X 10°cells) % Z D 2 DD 55

iz AWTZEREIEZE Lo, 215 S5 Ch538 S /-4 DLD-1 fila% 5% CO;
A F 2 X—H—T 48 FffiRT &%, Mgz B L RNA #2177 -7 (Fig.14), Zh

O OFET 3 [l v IR L7z,

Il
-

g Control Medium

- Opti-MEM
% l(i'go'*'-;cy 370 Collected cells after 48 hours

.

Cell culture ™~ TFFs gene expression analysis

(CO:5%,37°C.pHT4) * —
H
—

T

Low pH Medium
Opti-MEM+HEPES
pH 6.5, pH 6.8
(CO: 5%, 37 °C)

Figure 13. The acidic medium was adjusted with HEPES. DLD-1 cells were seeded onto 6-
well plates (Thermo Fisher Scientific) at a density of 2.0 x 10° cells/well. We prepared pH 6.5
and pH 6.8 acidic medium by adding 4-(2-Hydroxyethyl)-1-piperazineethanesulfonic acid
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(HEPES) (Dojindo; PJ072, Osaka, Japan) to Opti-MEM medium which was used to reduce

protein denaturation.

Collected cells

after 48 hours
.
i - Microarray
m7FF2 stable cell lines RNA extract Microa 3
from treated DLD-1 nalysis

~48 hours culture after change to Opti-MEM~
The supernatant were collected.
It was used as a conditioned mediwn for DLD-1 cells.

Figure 14. DLD-1 cells were cultured with Opti-MEM medium containing TFF2 protein.
DLD-1 cells stably expressing mTFF2-GFP protein were cultured with Opti-MEM medium
(pH7.4) for 48 h, and culture supernatant containing secreted TFF2 protein was collected and
used as conditioned medium. Conditioned medium using DLD-1 cells which was not expressing
mTFF2 was used as control conditioned medium. Each of the conditioned mediums was used
for culturing of DLD-1 cells to examine the effect of secreted TFF2 protein contained in the
conditioned medium on mRNA expression. MRNA expression was tested by Microarray

analysis.

1-3. RNA fhif

RNA filitti%, TRIZOL™ FAECTHifLZ [BINE, 7 v R A ae L, =4 ) —)b

TR L 0 R~ L > N &5 U7~ DEPC /KIZIEMR UT- 1L % DNase ZLEE L . 7
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= /=7 RV ML = Z ) —VIEEIZ KD RNA 20845 L7z, RNA O5ffiE
I%. Nanodrop ND-1000 43yt E#t (NanoDrop Technologies, Inc. Wilmington, DE

USA) o 260/280 nm #5 £ TF 260/230 nm WL 5 bt %4 F L C 3F4f L 7=

1-4, v RE o TuavT 4TI 5

MTFF2 Mifd i & B5 2% EIE IS S Ve TRR2 2 0 R B OB B & i3 2 7=
(2. ROFFIETYH Tz 8 Uiz, il (3X10°cells/well) % 6-well 558 7 L — K
(Thermo Fisher Scientific) (Z#5fE L, fMlaDEA 2 MR L7-F 0, K54 Opti-MEM
(Thermo Fisher Scientific) (ZAZ# L, £ D% 48 KRR 2 ¥ = /L Bl & 158 LI
ZEY U7z, B8l s o X o7 gitix, ¥ > 37 EEA] (Merck Millipore
Ltd, Darmstadt, Germany) % ¥sAll L 7= RIPA Lysis /N> 7 7 — (Santa Cruz
biotechnology., Dallas, TX, USA) (2 X V17572, B:& ByEIX, mAL7=7 & h > (Wako
Pure Chemical Industries, Ltd., Osaka, Japan) (%> 7 /v & &Te 4 &) L {RFtk, -30°CC 2
REF LA B0k & T Bt SH7=, 4000 rpm, 4°C T 20 sy oiE LoyBE &40, B
BhaEpRE L, 7 b2 2K¥ 72412 RIPA Lysis 73 7 7 —(200 uL) (Santa Cruz
biotechnology., Dallas, TX, USA) (Z#f# L7z, flitH L7 & > /371X, 4X Sample Buffer
(277.8mM Tris, 4.4% SDS, 44.4% Glycerol, 0.02% Bromophenol Blue, pH 6.8) (Z 2- A /L 71
7 hxZ ) =)L (2-ME) WL AT kg, 5%-20% SDS-AR Y 77 U7 I KoL
(ATTO CO., LTD., Tokyo, Japan) % T, 20 mA [EE T L E 1 REEUKEI L7z, —Ik
PUik & L CHL TFF2 (1:500; Proteintech Group Inc., Rosemont, IL, USA). #i GFP ik
(1:200; FIRFEBSRSFITMor T AM st B 2 e e L 0 2 5) 2 v T 4°CCT—
WSO S8 72, Ik$UIARIE. HRP (Horseradish peroxidase) #Z#5% & A1 7=#1 rabbit Hi{A
(1:2000; Dako, California, USA) F 7= (&#1 rat HLi& (1:2000; Dako, California, USA) % F\»
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T=IR (25°C) T1HFMA v Fa— Lz, 2TOHFKRIT1%AF LI LT THIRL
72o MiiX, ELC Biti2F > & (PerkinElmer, Inc., Waltham, MA, USA) % VTt %
e L. ChemiDoc Touch A # —3 > 7' 27 . (BIO-RAD Laboratories, Hercules, CA,

USA) CHE L7-,

1-5. ~A 7 a7 LA T

~A 70T LA LSBT, RSttt ) R_R—2 — (R, B
KW EFE LT, 7V Ly RS 2 TREDFIETHEM Sz, 7 LA IZ AR
v b ENT=A Y FiE, 60K Agilent 60-mer oligo AW B 72, FEEEKIT Low Input
Quick Amp Labeling Kit Z#fiH L, ~1 7 &7 L A F v 7% SurePrint G3 Human Gene
Expression Microarray 8x60K Zfifl L7z, A 7 U & A Xsnle~vA7aT7 LA X7
A R+ _TAgilenttkO~A 7 a7 LA AX% ¥ F TRAF v ENTz, AR ANA T
VEAAB = a v REL Ny I 7T 0 AL T ) XA B =2 a AEDOMT I,

Agilent Feature Extraction Software (9.5.1.1) % W CHEH 7=,

1-6. T —Hftr & 7 ¢ v —FHE

~A 7T AT —XOMNTIE, BIRS [B1] OFIEIZHV, /47 B —T7 O Raw
(Fofl) & 77 7%FEHL, ThEh Z Aa7 8 LT, ZAa7 X, 2
Z2a7btEbiv, AXAaTOMEBPPEINTWDEOOYEEEL YD EES 0 FE S )
AR (SD) OB TH D, aHliiEE LT, Ty L Fal—vavilils1 L A

RENDHON Z 237 >20, R >15x OEE, -4V X al—Ta B8k
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FORBREINDIZON Z 237 <20, K <0.66 DHEES TRES N,

1-7. Gene Ontology (GO) Z3#HT K OV R A 7 = A fRhfT

~A 7 a7y LA DOREREEE &2, Database for Annotation, Visualization and Integrated
Discovery (DAVID; https://david.ncifcrf.gov/) % fv>C. Gene Ontology (GO) fi##T & iB1x
FRAT o A FRATIZ KV BRI 2 HERERERIZ 0 FE L 7=, Gene Ontology (GO)f##T
I%. Biological Process (4:47#) 7 1 X), Cellular Component (#liflatk) & OF
Molecular Function (%> FHERE) @ 3 FRIEICHFE S LD, 4EI GO = U »F A v MEHT
ZHWZ, Ziud, BEF2E0 5 bRED GO T /7T —3Y a »r InicElaFoF
G L. BEEBEE O BRFED GO TY /77— a v SN#n - OFIG 25
L., ZOEEEWEARDZ LIZE- T, 20 GO NWRILEELRFOF THEIZZHE
WTED0 (Y vy FLTWDD) EINERETLIETHD, /AT = A fiffr
X, ARy N —ZICETAERERE LT — 4 X— X Th 5 Kyoto

Encyclopedia of Genes and Genomes (KEGG) pathway % i\ Tt L 7=,

2. FEBRRER

2.1, S TIZEIT 5 DLD-1 M O3 HEA T D GO fEdT

pH 7.4 T 48 BE[fE53 L= = b v —/ L DLD-1 #ifd & pH6.5/pH6.8 TE - 48 i
354 L7z DLD-1 MifiZ 351 58 a7 Bl & el L, pH6.5/pH6.8 THIELN A EIZ I
A LTV D EEFRICOWTHE L7z, pH6.5 & pH 6.8 DEFESM: FICHB W THILE
DEEBL TV BB FHOIZEALIFEL TS Z ERbrroTe, E<ITpHES T

BWTiX, AERELAEHINELL Ao, ~A 7 a7 LA OREE, 51680
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DBIZFDOHFNE 916 HDOBEIR FIZHOWTHERFEHD EAB RN, Z2OHT
706 ffHl DA T DAVID IZB G S L TWHEIn - ID A v R L, il % OB TI2F
DY THNTITIER (7 7 —v a3 ) BE#IL 577 lIRE S iz, GO fift DM FH)
7'm& A (BP) TiZ Signal transduction, Cell-cell signaling /& U} Estrogen metabolic
(Fig.15A). 7> 1#%k (CC)TlX Plasma membrane. Extracellular exosome K Ot Cell surface
(Fig.15B). 4y 7-#&HE (MF) Tl Scavenger receptor activity, Aldo-keto reductase (NADP)
activity & O Estrogen 16-alpha-hydroxylase activity 73 & Oi&fn 3B O TLHEN 7B 57
(Fig. 15C), &bz~ A 7 a7 LA OFERN G, B FRIANERIZ LR L& 6 1
Z GO T L TR DN RER N O A E R PIEA RD7-HE R, N-linked glycans,
Glycoprotein % O" integral component of plasma membrane O s BN FEIZEL L
TWBHZ WL RoT (Fig.16), BAVESME N CREENAEIC EA L8 1
OHIZIE, TFR2 B+ HE ENTE Y, GO fi##Hr Tl Disulfide bond, Signal (Z/3%8 &

LT,
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A Biological process

Enrichment score (-logl0(P-value))

0 1 2 3 4 5 6 T 8 9
Signal transduction [62 genes]
Cell-cell signaling [20 genes]
Estrogen metabolic process [7 genes]
Cell adhesion [32 genes]
Negative regulation of cell proliferation [28 genes]
Positive regulation of cell motility [6 genes]
Cellular response to drug (9 genes]
Steroid metabolic process [8 genes]
Positive regulation of angiogenesis [14 genes]
Endocytosis [16 genes]
B Cell component
Enrichment score (-logl10{P-value))
0 1 2 3 4 5 6 7 8 9

Plasma membrane

Extracellular exosome [102 genes]

Cell surface

Apical plasma membrane 26 genes

Extracellular space A [83 genes)

[68 genes]
[53 genes]

Integral component of plasma membrane
Golgi apparatus

Extracellular region 1 [86 genes]

Integral component of membrane [184 genes)
Axon [22 genes]
C Molecular Function

Enrichment score (-logl0{P-value))
0 1 2 3 4 5 [

[39 gl‘]ll’!i]

Scavenger receptor activity [8 genes]
Aldo-keto reductase (NADP) activity [5 genes)
Estrogen 16-alpha-hydroxylase activity (4 genes]
Protein binding [398 genes]
Heme hinding [13 genes]
D-threo-aldose 1-dehydrogenase activity [5 genes]
Heparin binding (14 genes]
Calmodulin binding (15 genes]
Peroxidase activity (6 genes]
Dihydrotestosterone 17-beta-dehydrogenase activity (3 genes]
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Figure 15. Alterations in gene expression in DLD-1 cells cultured in acidic medium (pH
6.5). The top ten enriched items were obtained from biological process, cellular components and
molecular function analysis of GO analyses in acidic medium (pH 6.5) with differential

expression.

Enrichment Score (-logl0(P-value))

CARBOHYD: N-linked (GlcNAc...) asparagine

KW-0325~Glycoprotein &5

GO:0005887~integral component of plasma membrane 22

=3 [67 genes]
A [151 genes]
[282 genes]
1[189 genes]

A (113 genes]

[141 genes]
KW-0732~Signal [ [161 genes]

KW-1003~Cell membrane

KW-0472~Membrane B

TRANSMENM: Helical EE

TOPO DOM:Extracellular [
KW-1015~Disulfide bond

Figure 16. Alterations in gene expression in DLD-1 cells cultured in acidic medium (pH
6.5). The genes that were significantly up-regulated in the microarray analysis were analyzed by

Gene Ontology with DAVID. The top 10 terms were selected by of enrichment score.
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2. BAMESAE R T DLD-1 M O R BIE (L T D /R AT = A fif T

GO Mt TG B IVTHRRERE N D . T OMRBHEDN E O L 5 xRy hU—27 DD
IR0 DD D DD D T2 DI KEGG fifffT 21T > 7=, pH 6.5 DGR THi#& S iz
DLD-1 Mgz BT, pH7.4 DL & L _RTRANEREIC EA L-EE it % KEGG
Pathway CHENT L7, ZDfESL, Steroid hormone biosynthesis, Protein digestion and
absorption X Uf cGMP-PKG signaling pathway 72 & OFEEENEE) L T\ 5 Z ERNbhro T

(Fig.17).

KEGG pathway

Enrichment score (-logl 0(P-value))
0 1 2 3 4 5 6

Steroid hormone biosynthesis Z3 [11 genes]

Protein digestion and absorption [13 genes]
c¢GMP-PKG signaling pathway
Cardiac muscle contraction
Chemical carcinogenesis - DNA adducts
Proximal tubule bicarbonate reclamation

[13 genes]
o genes]
(8 genes]
1[5 genes]

Bile secretion [9 genes]
Adrenergic signaling in cardiomyocytes [12 genes]
Focal adhesion [14 genes]
Retinol metabolism [7 genes]

Figure 17. KEGG pathway analysis of expressed genes in DLD-1 cells cultured in acidic

medium (pH 6.5). The top ten enriched pathways were identified in KEGG analysis under

acidic medium (pH 6.5) with differential expression.

2.3.  TFF2 & Te s F i1 5 DLD-1 a0 3 EE (s 1D GO fiftT
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MTFF2 M DR FIE DY T B W T, VZRF T ry T o 7IC8kY

TFF2 % X7 B ORBLOMgR AT L 2 A, 55E FIEFIC, mTFR2 33T
WA Z EEMERT H I ENTE T (Fig.18), mTFF2 fifld2pEA 35 TFF2 X, GFP &
DRGSR 7FE L TR 42kDa DX 7' F e LTHhmbSnb & RIS,
Fig.18 I L V| Kz HIEICIXBL TFR2 HitfR, & 2\ EHL GFP HLiRIZ L W 42kDa 7> 5
52kDa @, HE DN RS, TS Tl K91 TRR2 I3HIRRER O B
EARIZ LV 8-10kDa FRED KX 72 FE LTSN D Z L p3flE S TR Y
[15]. 42kDa 7>% 52kDa D 3> REEIEL. mTFF2-GFP Ofiié % v /87 B Th Y . mTFF2
(TR BIFIC M SN TN D T EMRERR S LTz, RIS mTFR2 2 & Te sk b &
MTFF2 Z & 720 =2 o b e — LR 2 M L, 20 b OS5 T DLD-1 Mifla 2
ZNEN A8 R R L, Ml ZBE L T~ A 7 17 LA I L DB FRBUT 217 -
2o 2 DOSZMFRFHITHF#E L 7= DLD-1 fifaiz AR I8 8L & i L 72/ R, 51680
18 DAR T D H 5 557 HOBE 123, mTFF2 & & el iiia WG & A& 72
R EFAZ L TWD Z LD ginolz, £DOHT 357 i DAVID OE{s T ID A3k v |k
L. FY—PMZED7 /77— a T I ERE S iz, TRR2 2 & e L v
DLD-1 il DB 3B TUEE L= D%, AWny~ a2 (BP) T Lipid
hydroxylation, Retinol metabolic process }2 T¥, Cellular response to cAMP (Fig.19A). 431
Rk (CC) Tl Plasma membrane, Cell surface & U8 Extracellular region (Fig.19B). 751

€ (MF) TiZ Actin binding, Estrogen 16 alpha-hydroxylase } O Actin filament binding
72 EThoTo (Fig.19C), & HITHINA EICEH) L 7CBInFHERIK T GO Mt 217
W, AERPEEZRLEZLOIE, EA22>5 Fibronectin type-1113, Plasma membrane }z O}
Actin binding (ZBHE S 238 R TN L L= 2 ERBH B E e o7 (Fig.20), FFiZ,

Fibronectin type-111 domain-containing protein 3B (FNDC3B) <> Fibronectin type-1II domain-
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containing protein 5 (FNDC5) (X, ~4 7 27 LA OET —X OFERIZBWTHLHEIZH

BN EFLTWDLZERHBMNE T,

A M B m
(kDa) (kDa)
260 —| 260 — - -
- I'III: mTFF2-GFP fusion protein stably
< 135 —
135 — IVIV: Control DLD-1 cells
95 95 _

3 52 —| o4
52 _d ' 2 _|& B
2 «— 42 kDa 34 _ 1 I o Iv
34 —1 IO IV (mTFF2-GFP) 2% —

«— 42 KDa
(mTFF2-GFP)

Figure 18. Secretion of mMTFF2-GFP fusion from mTFF2 stably expressing DLD-1 cells.
Culture supernatant of DLD-1 cells expressing 42kDa mTFF2-GFP fusion protein stably (lane I
and IIT) that of control DLD-1 cells (lane 1T and TV) were carried out for Western blotting using
anti-TFF2 antibody or anti-GFP antibody. TFF2, Trefoil Factor 2; GFP, green fluorescent

protein.
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A Biological process

Enrichment score (-log10(P-value))

Lipid hydroxylation

1 2

3 4 ] (] 7

[3 genes]

Retinol metabolic process [5 genes)
Cellular response to cAMP [5 genes]
Response to hypoxia [8 genes]
Xenobiotic metabolic process [6 genes]
Cellular response to interferon-gamma (6 genes]
Tissue development (4 genes]
Positive regulation of protein kinase B signaling (6 genes]
Actin cytoskeleton organization (7 genes]
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Figure 19. Gene ontology analyses on genes upregulated in DLD-1 cells by mTFF2-
containing conditioned medium. Microarray analyses and following GO analyses were carried
out on mRNAs from DLD-1 cells cultured 48 h in mTFF2-containing conditioned medium and
those in its negative-control conditioned medium. The top ten enriched items by TFF2-
containing conditioned medium on GO analyses of biological process, cellular components and

molecular function were shown.
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Lipid hydroxylation [3 genes]

Figure 20. Up-regulated gene groups in DLD-1 cells cultured in mTFF2-containing
conditioned medium. Microarray analyses and following GO analyses were carried out on as
described in Figure 19 legend. Changes in gene expression in DLD-1 cells were

comprehensively analyzed. The top 10 Gene Ontology terms are listed in order of enrichment

Score.

24,  TFF2 Z & ted 554 T2 317 % DLD-1 Ml DR BB T/ A 7 = A ffhT
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TFF2 Z & e ffisiiz X v . DLD-1MIC B W CHREL EF Lio@ 6 it E2 AW T
KEGG Pathway fi#tir L7- & = A, _EfL)>5 ECM-receptor interaction, Steroid hormone
biosynthesis &% U" PI3K-AKkt signaling pathway 7¢ & OE{& T REDO LR R Sl

(Fig.21).

KEGG pathway

Enrichment score (-log10(P-value))
0 1 2 3 4 5 6

ECM-receptor interaction |
Steroid hormone biosynthesis §
PI3K-AKkt signaling pathway [
Focal adhesion

Bile secretion

Human papillomavirus infection §

B [6 genes]
[5 genes]
[11 genes]
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[5 genes]

[9 genes]

Biosynthesis of amino acids [ [4 genes]
Metabolism of xenobiotics by cytochrome P450 | [4 genes]
Alanine, aspartate and glutamate metabolism [ [3 genes]
Ferroptosis [ [3 genes]

Figure 21. KEGG pathway analysis on upregulated genes in DLD-1 cells cultured in
TFF2-containing conditioned medium. KEGG pathway analyses were carried out for
upregulated mRNA by TFF2-containing conditioned medium revealed on microarray analyses.

The top ten enriched pathways were shown.
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3. B

KRB TIIMEMERT I CHE38 L7z DLD-1fild, MO TRR2 2 & {eSefhhs i THE a8 L 72
DLD-1 il D fn FREALE 2~ 2 HR T~ A 7 a7 LA fiftir 247>, DAVID IZ X
% GO fRHTo/ AT = A fRHTIC LV | ) LT85 FHEZ ATEMb Lz, Betss i &
TFF2 Z & e F s ClE, ol L LT 2 BIn FRESFE LT, 246 OB FIT
I, BMESREIC IV FE SN TFR ICE > T RMICHBE SN I BEFRNEEND
ZENEE S, EEOEMAICRT D TFR2 0524283 % LT, AN E
HEOEE TR EEND LEbN D, &2 CARETIE, BN e TFF2 & & e 5t
GBI B KGR DN E R IOV TR, BRrERs & TFF2 2 5te s
PRS- CHE U CRBUB RO b -8 s O —I%, Steroid hormone
biosynthesis DFEIICEIT D8 FRETH D Z ENbhoT-, £/, AT A RAALE
URRRICRBT B THERE (MF) 3% CIX. estrogen 16-alpha-hydroxylase oD% 3 BE3H
BFHEOREN EH LT\, ZOBRIIZA NI U =10 16kt Rax il
TOMRTHY, ADPACBOTHEERmE->TEY [6253]. ABADY A7 <=7
— & LTEGORARLMEBEL TND Z ENREINTND [54-56], TFFIZ=X hn
Tl OBERHRESNTEY, HL1ETERRXELIICADABETILITFFL L 30
My LA E < B LA LTV D EFhiLTWn a2 [8]. TFR2 IZEBWTHILMN
AAIIEIZ I DIEENEMES T AN b= ZMHHER R H 2 WA oY, =R br st
DB FIIAE TE 720y [57,58], TFF & estrogen 16-alpha-hydroxylase B #2172 BIfRIZ
DN TOHREITHIEE TIZHENR > TORWDN, LR AITE W T HMUNREE SRR
Th b Z L ITEEA, 5, EAIMMEZ S SR FTHEE o TWnH 72 [59].
TFF 77 I U — & AT oA FAEGEKRE & OBMRIZ OV T, SIEMEFTITNIL

ERH D,
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pom

H OB E 7 #EIX. cGMP-PKG signaling pathway, Cellular response to cAMP & T
P13K-Akt signaling pathway 72 & D 7} UAsER K EE T TH V. MilaNo'
N RA D=L LT T TIREICREE XD LN ghoT-, cGMP K
FE7esr A4 % —¥7a7A4 3% —8 GILcGMP (2L > TR fbans &)~
JAVA = U R T 0T A4 X F—EBThY | FEE Y Uk L TRl ZOER A
FROFAFINE G- L T\ D, 7 TR Tod 5 cGMP/IPKG-MAPK & 7 VAR ER I IC
FV T cGMP/PKG 78 Fift® MEK-ERK #8 B8 A EMEL L. Mt/ EailE S5 2 &
DHE SN TWD [60], CAMP i%, HLs 7 A b D CaZ*IcAMP 2 7 /U RE]
L TBYRAAFARAZ T ADOEDNPD SR AITOWTED Y A I Tn5s [61],
% =1%. DLD-1 M iLMmAafE (cell membrane) (R4 2 FORBN/FES N

72 BEMERRBEICRB W CIER MR ORHC B IZEB T D TFF2 s ORHL EA 1T, Mk
(ZBE S 5B FORBAFET L2 LICRY, BUERE DM ZREL T D H]
REMEDN B D, AIRAMRIZIZ, BEA N L ANDIRET DA D= A LR HH Z LRGN
TR, BEEE, BRIREAA. REMEEOE X, BRIEBREE COAEFHIS & LT
BELTWADMNE Liviev [62,63], £72 TFF2 &4 Te et s sl B OfE BT
Plasma membrane (2B 5 BIn F BN A LN TE Y . MIaEREEIZILE L T Lo
72

TFF2 % & e S EE 5 1% DLD-1 MIEIC 33\ €L S R Ch b 7 4 7 e %
JFURT I FUREBIG T ORBEZTFE LT, KITITRETORNA, BV
BWCHLT7 4 7 a3 FUROBETHN EFLTWD Z ERNyhotz, ko
AR RIT D TFR2 BIn T OEZBLE, I EE CHH 7 1 T s Fo07
I F RGBT ORBEZFHEE L, MK ZRGE L T D RN Z X bz, DA
MfIZIB T 7 s 7T e 7 F ok, Mlao @ eE LTliE, o 7 U REREK &I
TR MO, =M, BBE2ES Z ENRESIh TS [64,65], 77 FUiEd
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BIETIX, TO2FURAX VRV BETHD a-TI7F =0 ERFETFOND, 77T
FEAX I, TIOFURIRERO YT Y Y B AKITEOEB) MR
ZIRET D ENRESNTEY ., DADRE - BBOTrE ATBWTHER AT
T THDLIERAMLNTND [66,67].

INOORERND . EHEMIICE T K pH XIS S ERBEE T RAZELT ST
T ERbh ol R, MIEBESORE S Loy BRER R T O R B A ER SE, Mt
DA VANBIER 2 5F D KD ITEN T D AR R Sz, £ TFF2 %
7B OREBE L LTI, cell membrane, actin-binding /% - & OF Fibronectin 72 & i ic
TRAECHIBR B < B TREORBE LR ST LWL nEhotz, 7471
R FURRT I F RO EFICE Y EEORMEIZEE S LTV D ATREED B D,
KIG AN X DRHELITEEBCRE LT W EoRE b H 5 [64], ZiLb DOEIRT
3 RO FEAEBRPSICB O THIFFICHEHERBEE 2R LTS, LrLtD—J5
T, BDAMIBIZIRNTIE, B8 - RIEZRET LI ICOEET D720, TRR2 Z "7 g
DFEBUTFE I S22 TR 6720, TRR2 2 37 B OFEBHIEIC ST,
SHBBIEHEFIXRTOLERDH S,

ZIZTHIETIIINGDBEEFO D BIEGOEMGIZED L 7 4 77 F R

B FIZHOWT, TFR2 ~DIRFMEO TR Z D 5 Z L2 LTz,

52



4, JNFE

AT TIL, pH 6.5 DERPERGEE M L | TFF2 2 & Te 555 17N DLD-1 M o3& s 178

BUC G- 2 DB ORI OV TR 21TV LT OR R 21572,

&

1) EEMERIET & TFR2 2 G e R ofE R, DLD-1 A, Hom U Tl

PEE s ORRE LR SET,

Y

2)  EEMESMETFICEBWT DLD-1 ML, AT 0 A RR/LE SRR 2 75N

L7,

3) TFF2 Z&tedefhis oot ik, DLD-1 Afa o Al Ak B s D R B

Z LA SET,
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GER

TFF2SiRNA 237 ¢ 7 7 F UM R A A VBRI 5 2 AR

ARETIE, F2EOMBRLY | BBIEEM & TRR2 2 5 L5t 0224 X Y DLD-
1B W TEIE FRELO LRPSRB SN T 4 T a7 F UM R A A VB isT
IZHEB LTe, 74 7B FUAS—REEIZ STEEONTAETr Y —0NFEL, 1
ENT 4 TR F L RAL Y T4 TR F U RNAL | 74T x 7 F
VIR R AA &7 o TS, Mildsh~ b v 7 ZOEERRPTHDLT 4 7T rXx7
F AT S F S ERFEOEMERIC BT DB & EHETICES L TWAH Z &
DinoTnD [68], TFR2EMLFE 7 47037 F UM R A A Vi in - OBRER S
(ZF D721 TRR2 AR 2SMEFAIIZ R I L T 2 B 23 AHIIE HREE KATOILH
Z AT small interfering RNA (siRNA) %47 572, KATONLMA L FIBRARI E 23 Ak
T, MEPIRIR A T8 T 5 FIBRLOMIKE & DA A TH Y | TEFRIIC TFF2 &
BFEREBL TS [69], £/, MlaM#gENEk L, WEERNIZEAEL LN
WV EW D B R ERRRRR S 2 R 9T, TFF2 12%h 9% siRNA & 3FEMEREA L. =D

DRI E DI L D RNA interfering (RNAI) IR OMRF 21T 7=,
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1 REAE R ORI 1%

1-1. AR R OEAS

AWFFENAE LI MIBaRIZL T OB Y Th 5, & MBS S 23 A A KATOII
(ATCC HTB-103) &, EFHIHME - flHE - RFHIZEFT ICRB Ml N 7 22 b AT, il
%7 JCRB0611, f 7# 1% Sekiguchi. M. T®H 5, KATOILMIfIOEZF#EHZIL, 10% FBS,
1% PC/SM. RPMI GlutaMax Medium 1640 E%#1 (Thermo Fisher Scientific) (pH7.4) % 45%
KN E-MEM (Eagle’s minimal essential medium) (Thermo Fisher Scientific) (pH7.4) % 45%
BA L CTER LR A L7z, 37°COMBAIA ¥ a_X—2 —% L. 5% CO;
AR TR LT, AT, 70% = 7L NERTIC PBS THH#%., FU 7 Ui
% (Wako Pure Chemical Industries, Ltd.) ~CHEEZ FIEE L, 1.0 CEIX Ui 722 Hefas
(2722 KON HIZIRE L7z, 7238, 2 OMIaIE TRF2 OSSR PE RS i T4 2
Z LMo TV DD, TRF2 O3B KATOIIARAL I R 2L C b 0 DL L 7= H A4

Jaso A% AN TR BIE A STV [69],

1-2. RNA Hhit]

RNA ffitHi%, TRIZOL™ FEETHIfR Z MR, 7 mml/L ALa L, =4 ) —b
WEIC LV~ N &S 7=, DEPC KICVEME L 7= LB Y % DNase JLEE L., 7
=/ =7 ma RV LR T2 7 — VBRI K D RNA 215 L2, RNA OREE
I%. Nanodrop ND-1000 43¢5t Et (NanoDrop Technologies, Inc. Wilmington, DE

USA) [ 260/280 nm #5 £ OF 260/230 nm Wk 3kt %4 F L C3F4 L 7=,

1-3. v RETavT 47
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i L7cke 2 X 7 iR EEIX. BCA 24l L THRMEM#R 2 ARk L T, BCA Z /37
B7 v¥A %>y b (TAKARABIO Co., Ltd, Shiga, Japan) THlE L7z, fiH&hiz%
/NI IL, 4XSample Buffer (277.8mM Tris, 4.4% SDS, 44.4% Glycerol, 0.02%
Bromophenol Blue, pH 6.8) (2 2-A /L7 h=¥ /—)L (2-ME)Z s L Al iE bik, 5%-
20% SDS-RU 77 U7 2 R4V (ATTO CO., LTD., Tokyo, Japan) % fu T 20 mA
ETR L2 1R#kE) L=, PVDF & (Merck Millipore Ltd) (Z#z5 L7=%%. —&kHt
& & LTHt TFF2 (1:500; Proteintech Group Inc, Rosemont, IL, USA) . #t FNDC3B
(1:500; Proteintech Group Inc, Rosemont, IL, USA) & #t B-actin (1:2000; Proteintech
Group Inc, Rosemont, IL, USA) % T 4°C T S 72, “RPUARIL, HRP I
fk X AU7=$T rabbit HT4A (1:2000; Dako, California, USA) % FV T, 25°C, 1 KA >3
2_— kL7, BTOHKITI% ZF L3I0 (in TBS-T) THIR L=, MHIX, ELC
% > & (PerkinElmer, Inc, Waltham, MA, USA) % FV T3 2 iR L. ChemiDoc

Touch 4 A — > 7' A7 I (BIO-RAD Laboratories, Hercules, CA, USA) Tz L 7=,

1-4. TFF2 siRNA OEH K N KATONR~D N T A7 =7 > 9 v

v b O TFR2 851D 22— FEFNC kT L CR%EE S 417- siRNA (Qiagen N.V., Venlo,
NLD) » % —4 v MECFIIE, TFF2_2 1% 5-ATGGTTTAACATATAATTTCT-3", TFF2 3
1% 5-TCGGAAGTGCTGCTTCTCCAA-3 }, (X TFF2_7 1% 5'-
TTTCAATGGTTTAACATATAA-3 Th V. QIAGEN #L L VA L7z, KATONIANNZIX
6-well ™~ L — K (Thermo Fisher Scientific) (Z 2xX10° cells/well (2725 X H5#FRE L, —
A > F 2 X—k L7z, siRNA X, TFF2_2, TFF2_3, TFF2_7, TFF2_2/3, TFF2_2/
7MOTRR2 317 0 2 I DIRAROMATDOEERG Lz, *HT 473 br—
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NE LT, ROT 4 TRIEED S D sSiRNA OFLSI|Z Z o Z~ A X L7- Nega_siRNA %
L=, T AT 27 v a rORNCEMI%Z Opti-MEM (K MLiE 5 #, pH7.4) (&%
L. 24 WffI553#%. siRNA & b —4 /L 41625 uL IZ72 b K H el L, 2k
B 2000 pL ORI U CRAKIIZ2IREN 25nM 12725 K H 12 Lz, REAHSICT
D72 LomViRA LIztk, Bk E LTINA, 37°C, 5% CO, A > F 2_X—H —|ZA
48 BERIEGE L7z, = v hu—/LiE. KATOILMALA Opti-MEM |2 L V) 48 Wit
LIzfifaz Wiz, vxaxZrra vy 0 G DEA-BERIZ. #2785y
fig e PHEA] (Merck Millipore Ltd, Darmstadt, Germany) % @i 4@ RIPA /X 7

7 —(Santa Cruz biotechnology., Dallas, TX, USA) % H W\ CTERI L 7=,

1-5. EERY TV H A LRT-PCRICKD TER2 EIn+D /) v 7 XU L EhERONIE

KATOIIIAHf 2 2 X 105 cells/well 1272% &9 6 7 = /LD L— k (Thermo Fisher
Scientific) (T WA > 2 _— b L7z, IfIhR % b3 % 72 siRNA 1L,
TFF2_2, TFF2_3, TFF2_7, TFF2.2/3, TFF2_2/7 }xONTFF2_3/7 OIRA K % Wl L
72 RNAfliHHIE, TRIZOL™ THlildz B, 7 v e ARV 0iae L, =% ) —/)Vik
Bz k0 RS L b B ERS LUT-, DEPC KICIAfE L7=iLE % DNase JLFE L, 7 =
J =7 e a RV DR . 2 ) — R KD RNA 2815 L7-, RNA O
I%. Nanodrop ND-1000 43¢5t Et (NanoDrop Technologies, Inc. Wilmington, DE
USA) |- 260/280 nm 35 J T 260/230 nm W bt 24 U CREAf L 7=, SR IE L7z
RNA 7> High Capacity RNA-to-cDNA Kit (Applied Biosystems, Foster City, CA, USA)
% FAV T cDNA Z/E#L L, Fast SYBR™ Green Master Mix (Applied Biosystems) % fii
W, UTVZ A LPCR AT o7, M LIZT T4 ~—ESIL TFF2 (5'-
CAAAGCAAGAGTCGGATCAG-3 1 L ' 5°- CCAGGGCACTTCAAAGATG -3) .
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FNDC3B (5 - CCACCTGTTACCGGACCTG -3 45 L UV 5- TGATGTAGGTTGACATTC C-
3). FNDC5 (5"- TGTTCCTTCTCACCTCCATC -3 B8 L 5~
GCAAGCCGTAACCAAAACC -37) | pactin (5'- CCTGGCACCCAGCACAAT-3 B LT
5- GCCGATCCACACGGAGTACT -3')Ch b, WNIEM = hr—/L & LT Bactin Zff
A L7=, #ix. Applied Biosystems®7900HT Fast U 7 /L % A . PCR ¥ AT LA THT -
o TIA4~—ty NOFRMEEZFMT 572DI2, % PCR T 7Y a2 Ot dhit %

HT UTce ZHUH OEMEX 2 B4 K LT,

2 FER D IEIIZIE /N T A MU Z BE Tdh 5D Mann-Whitney U FiE 2 L7z,
SHELL EDHBIZ I W TR, AEKREN END70D 2B EREL B KT Z LIxTER
Wz, ZEHERIZHE L7- Dunnett’s fE 21TV, SFIREE & L O AT o 72, 2
N5 OFEEHIFENTIZIZ, GraphPad Prism 5 (GraphPad software Inc., San Diego, CA, USA)

TN T EFEHA L, P<0.05 ZFEAIICAERE L LT,

2. FEBRRER

2.1. KATOIIAMEIC I 1T B TEF2 siRNA @38 ELANHI%h 5

TFF2 ZEHHIZHEBL L T 5 H 23 AR B Sk KATONIHIARIZ BT, TFF2 O ¥
B3 SIRNA L K o Tl © & 20 & J 7z, PEEYEEB-actin &2 iz, 2o he—
Ui, SiRNA ZfEH LTy KATOIIAE T ¥ . Real time RT-PCR (233 1F 2 FA%t

LIz T TRF2 MG %33 1 & L7-, siRNATFF2 2, TFF2. 3 & TFF2. 712k %
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FE BN R % Real time RT-PCR TR L7z & 2 A, ZNZIHIMOD siRNA (2B
T. TFF2mRNA OFRBIIAZIC TR > TS Z ENbhoT-, Fig22 2B\ T, X4
T4 7 Ay b= VIR TV R0 TRR2 5 R B RICE B L 5 2 72 b
Zes8 L7, TFF2 s 103 BlE, siRNA OfAR DI I > THHERICFA-> T
5 Z LN otz (Fig.22), siRNA 2 & siRNA 312Xk 5 TFF2 & o /R 7 B3 HiHI%h
RITZENENTHERE TE | siRNA _2 /3 DIREGHRIZI T TFR2 & 3 7 E 3R BLO i
EBHR I NT= (Fig.23), — . Fig23 DU AZ T avyT 427 ORERTIE, B-
actin D% R ERBEK T4 515 DT, Real time RT-PCR OM#fIEIZf# 9 DIZiE

RWB{n T TN 72,

2 [ R 2 | *
! . I | -
g1s| e
.E ‘gb
E E
z 1] g 1
o =
Z v
05 £ 05
= =
: 3
0 - —— + L 0 4 —t— *—#
Control SIRNA_2 sIRNA_3 SIRNA_7 Control SIRNA_2/3  SiRNA_2/7 siRNA_3/7
0.5 - -0.5 -

Figure 22. Inhibition of TFF2 mRNA expression by TFF2 siRNAs. KATO 11 cells were
spread on 6-well plates (Thermo Fisher Scientific) to 2 X 10° cells/well, transfected with each

TFF2 siRNAs, and incubated further for 48h. Total RNA was applied for RT-PCR analyses
with B-actin as a reference. (A) Inhibition of TFF2 mRNA expression by siRNA_2, siRNA_3,
and siRNA_7, respectively. (B) Inhibition of TFF2 mRNA expression by siRNA_2/ 3,
SiRNA_2 /7, and siRNA_3/ 7, respectively. (* P < 0.05; Mann—Whitney U test) Error bars
indicated mean standard error (SE).
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Figure 23. Inhibition of TFF2 protein expression by TFF2 siRNAs. KATO 111 cells were
spread on 6-well plates to 2 X 10° cells/well, transfected with each TFF2 siRNAs, and incubated

further for 48h. Total protein was applied for Western blot analyses with anti-TFF2 mAb.

Inhibition of TFF2 protein expression by sSiRNA_2, siRNA_3, and siRNA_7, siRNA_2/ 3,

SiRNA_2 /7, and siRNA_3/ 7, respectively.

22. TFF2SiRNA N7 4 7327 F UM KAA 77 2 —@ FNDC3B &+ &

FNDC5 i&{5+® mRNA & % L 87 B2 b % % 5028

HH2HEIZBWT, TFR2 Z U X7 I X W BEN LRI 52 R EIns-

Fibronectin type-ITIdomain containing protein 3B (FNDC3B) & Fibronectin type-IlIdomain
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containing protein 5 (FNDC5) D% E1Z#)% Real time RT-PCR THER L7z, X HT 4 7
2> he—/LTH % Nega_siRNA [ZXZ/RE TV RS TFF2, FNDC3B, FNDC5 #1s 1+
DB REI B L 52 WFEMHER LT, FIg.25 DU T AZ T 0 vT 42 T OFER
TlX, B-actin O & > X7 EIHBLEK TR A 55O T, Real time RT-PCR O IEIZf#H
ZIFRWEE T TIEREN 572, UL, siRNAIZ KD TFF2 BIA&FDOFEHL 2 Il
4% & B-actin THITE L C72 45, FNDC3B & FNDCS5 /5 7134 512 mRNA ASH] &
nHZENHBN LTz (Fig24), £7-, FNDC3B OFELA VAKX 71y MZ
FOMEFRLIZE 25, siRNA 2 /3 DIREHRIZIE N TH ™7 EIEBLOMEI A HERR S

7z (Fig.25),

-
n
1

*
%

.11,

Control TFFE2 Control FNDC3B Control FNDC5

[y
1

Relative quantity
o
tn

=]

0.5 A
Figure 24. Alteration of FNDC3B and FNDC5 mRNA expression by TFF2 siRNA. KATO
[11 cells were spread on 6-well plates to 2 X 10° cells/well, transfected with TFF2_2/3 mixed

siRNA, and incubated further for 48h. Total RNA was applied for RT-PCR analyses with b-
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actin as a reference. (* P < 0.05; Mann-Whitney U test) Error bars indicated mean standard

error (SE).

Anti- Anti-
FNDC3B B-actin

150 kDa

-
(FNDC3B) ’i
4

Figure 25. Alteration of FNDC3B protein expression by TFF2 siRNA. KATO 11 cells were
spread on 6-well plates to 2 X 10° cells/well, transfected with TFF2_2/3 mixed siRNA, and

incubated further for 48h. Total protein was applied for Western blot analyses with anti-

FNDC3B mAb.
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3. &

Pl

AKEETIL, TFF2SiRNA Z VT TFF2 @ mRNA & & 237 B OFENMH S b
L EMER L, . KATONLMARICK T A7 0 7 a7 F UL K A A V8is 1
? FNDC3B D3 8128 TFF2 @ sSiRNA I L D JIZ B35 Z E A mRNA &% V7D
W7D L~V L E 72 | TFF2 A3 FNDC3B OB & EICTRETT 5 2 & 0VREg X
e,

F2HEO~A 70T LA FITORERTIL, TFR2 ¥ VXV & G ie ki RsHz kv 7
47 BRI F L OBEBETFEORBNEEIC LR LT\ e, Fo, BUERFETO~A 2
07 LA DORNFERTHLY ¢« 7 a7 FUNMEL R A A 2 OBET RO L7 R
NTEY ., FIZ FNDC3B & FNDC5 #fn - ORBNHFREIZ LA LT, REOEER

kY, T4 T aRx I FUOBBIROX R EOIBIL, TFF2 &5 1D siRNA T
HHIENDE VI FHLWMRZGLZ N TE, ZRETIZ, TFRR BB L7407
1R 7 F U BARTRE L OBRICOWTOWME T < TRF2 # 237 B OH LB
LI LTz, 747X FUMB R AL VERS VBTG 2 0 E
& [70]. FNDC3B <° FNDC5 {51 & 23 A & OBMRIZ OV TOHE X%, FNDC3B
IXRIES AT T, PIBKIMTOR o 7 /UGEZ A L T 85 018 2R TSI
ERRH D Z ENWESHTEY [71], £/, FESETRT LR AICE O TR
Ao DGR, ME Y m e R lEE R ONREER 2R T WS A & 5 [72,73], FNDC5
BRI BIT NSNS ZEic kD AUy (11287 T R) kTS &
WO T aBRETHY, i ISR AR OIREDB AL & 28 AUMERRIZ IV T
AV LD ERPRE SN TWD [74-76], 73 A DEMALZ HHl3 5 720121
ZiH FNDC3B X° FNDC5 OF B AT 5 Z L MM ETHDH LEX bND, TFF2 ¥
YNTERZNLDOBIEFRBZEICHET L Z LRI NTZZ Lns . BAKN

(31T 5 TFF2 mRNA OFEHL LR 1T, S ABEMEORER L L TOREDNH D Z L&
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R L TS, ABFZEIC LV . siRNA IZ X 5 TFF2 mRNA O EIFHLE 2 FNDC3B <°
FNDC5 DR EAMH Lz Z L 2v6 . DNAMIICI T D TFF2 mRNA OJ& S0 1L iE 5
DEMALOT L—F L7200 ED 0 LV, TFR2 EELHIEIEMEIZE LT, & 6745

PRRWEEND,
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4, JNFE

AKETIE, TFR2 N7 4 7 a3 7 FUINPH R A A VA OREAZIEICHE L T\ b
MEFRD HI T, TFR2 Z 18 ISR BT 5 H 23 AUl KATOIZ fvy, TFF2 @
SIRNA IZ X ARHBIPHEN 7 4 7ax 7 FUMB KA A U EGFORBALHEST S 0%

REt L. AT oA 2157,

1) BEAL7- TFF2SiRNA 25, HI#Fi@ 0 12, TFF2 O mRNA & & 287 B384 [l

95 Z & & KATOHIMALIC B W CHER CTX 7=,

2) SiRNA 2/3 OfiAnabEZFAL T, TFR2OFBEEAZEEL-ZL A, 747
a7 F UM R A A ViR 1O FNDC3B & FNDCS5 #5103 8l &
FNDC3B % v /X7 B ORBNAEICHHI SN D Z LRSI hoTz, ZD
FERIZ, TFR2 287 4 7 e 37 F I R A A 8 s+ D FNDC3B & FNDC5

ZIEICHIEI L TWA Z & 2RI L TWD,
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4 5

TFF2 % & T S5 55 M A A G RR IS~ 5. 2 B 5288

TS T A HERF T D BRI IR 2 e REBE A EH LTV D, 2o REEm %
MRAIRT T2 2 &1k, R T A2 U7 b= £ 0 b EEEIC KRBT ME
WMEB/DLZENTEDHEEZEZLN TS, SEIFEAI v 7 AEHTOH T H i HT
LW ThH D A X R e — MENTIL. BRI EHT TREED & Rt 5 =
LIZEY AENORHD ED LS ITZL L THWD O R - T2 08 TED
—ODY—)LE LTIHEER SNTND, PAMITEFRME bR &S E R
ez T, RECETLIRKE LY In s I I 07352 LIZ ko THEE,
R QAR 72 E & ATREIC LTV D, RIS, IERSZ IR AR Z 0 B e = 0L 3 —ROR )
AR T D ERIZZT Db A b L A EOMBNEREA(LICKIS T D 72012l Bk
UL & (RO A DR SN D MERH D [17], £DODIZid, 73/
BN EE R EE S TBY, 7V a—F U RECIRE AR ORE & LT %,
Z oM, APNEMWEORERA L L THHRERAMHBERELZ R L TN EEXLNT
W5 [78], ARETIX, £ BiEHPICE TN D TFF2 % 2237 & 73 DLD-1 fifa o fmia N
R LD X D B E KITT OO0 A X R a— AMENTIC X 5 E G2 EEY O
HZEITV, RIZ “EO NIRRT VT M= ATCR LN YA I mT LA T —
ZuEHV, M8FEN N7 A7 ) T M= AR AT R — ARSI 2179 2 & T, M

(CHEL TV D TRR2 2 87 S ARIRAD AT E D & 9 g 52 T

LDMHLNIT D Z LR AT,
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1. AR VR 5 TE
1-1. #E

DLD-1 fifciz~ 7 A D TFR2 a1 % B A LI L EFR B [5] (mTFF2 Mifa) &

B H5# O DLD-1 #ifi@ (= > kv —/L) X RPMI GlutaMax Medium 1640 T2 L7z,

6 < 10° cells/well (274 L 60 mm <+ — L (Thermo Fisher Scientific) (Z#5fE L. fian
JEIHICERS Lz 2 & ZHRd L7-tk. BiHiz Opti-MEM B5HICACHE L7, B5i3. i
ZHU A8 WFH] (37°C. COMREE 5%) 1772, [EUN L7okise IR % Sl bst (TFF2 %
Bl A br— L (FERVEM) ) L (F2E 12 v/ 7un7 LA
AWEREIZR) . 2o TFR2 2 5ttt & 22 b m— L5 F5 %2 FvC, DLD-1
AlfE % 48 B[ E N Z k53 L7, DLD-1 Mgz Z el Lz, [\ L 7= /e &

SR AE T NN A X R a — AEFTICER L, ik L7 (Fig.26),

M

~48 hours culture after change to Opti-MEM~
The supernatant was collected as TFF2-containing conditioned medium.
It was used as a culture medium for DLD-1 cells.

S Metabolome analysis
with cell extracts.
DLD-1 culture

~48 hours culture after change to Opti-MEM~
The supernatant was collected as conditioned medium.
It was used as a culture medium for DLD-1 cells.

y

Metabolome analysis on conditioned medium.
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Figure 26. DLD-1 cells were cultured with Opti-MEM medium containing TFF2 protein.
DLD-1 cells stably expressing mTFF2-GFP protein were cultured with Opti-MEM medium
(pH7.4) for 48 h, and culture supernatant containing secreted TFF2 protein was collected and
used as conditioned medium. Conditioned medium using DLD-1 cells which was not expressing
mTFF2 was used as control conditioned medium. Each of the conditioned mediums was used
for culturing of DLD-1 cells to examine the effect of secreted TFF2 protein contained in the
conditioned medium on metabolites. Metabolites were tested by Metabolomic analysis.

Metabolites in conditioned medium were also tested by metabolomic analysis.

1-2. A M ONHEAR

AWFFEIAEH L7 IRIZLL F 0@ Y Th 5, b MEIRD A B RHE DLD-1
(American Type Culture Collection [ATCC] CCL 221, ATCC, Manassas, VA, USA)D
K423, 10% FBS (Biological Industries, Kibbutz Beit Haemek, Israel) , ~<X=3VU >~
(10,000 U/mL) /A kL7 k<A < > (10,000 pg/mL) (Nacalai Tesque, Kyoto, Japan) (&7
FEN 1% E 725 X HIZHRMN, LT 1%PC/SM) % ¥shi L 7= RPMI GlutaMax Medium 1640
Btz 7o, 37°CONMERY, 5% CO 264 F Th2E L7z, kUL, 70%= 7 /1=r
NERIZ PBS T, B U 72 2 -EDTA R (Wako Pure Chemical Industries, Ltd.,

Osaka, Japan) CHllfiaZ FIBE L, 182 20/ BT 70 5 K O ICHF N BRI L 72,

1-3. A XA — AEHTOT- OO 7LV FE [Hifa]

EEERUWERT D7 1 b a )L aBE | To7-, Ml DLD-1 fila & H Lz, filnz 6

X 10° cells/well IZ7H%L L 60 mm <+« — L (Thermo Fisher Scientific) (2 7=, B3

68



TFF2 & tedelbhst (48 HEEE2E U7z mTFR2 Ml 05528 il 4 VW z), 50T

TFF2 Z & £ 2 b o — /L SehR5 0 (48 Wift]5%#8 L 7= DLD-1 #0558 1% 2 H
UNVE) ITASHR L . 4B IFMHIEE L TR A% 5 L, DLD-1 Miffd % [EUL L7z, PBS (4°C) 2
Bl L, WolZ& 2BV IR LTz, PBS #FRELIIL, A%/ —/ (-20°C) % 1mL

WIML7e, B 72 —CHilaZEBEL, 2mL~A 27 rF 2 —71ZEUL L7, well |2
AH ) —) (-20°C) & 05mLBIL, BIEFED2mL ~A 7 nF a2 —7ITEMENYL L
7eo T <IT-B0°CIZAN T, ROV T NDENHEEEZIT STz, T XTOH 703
STtk MRRREIK A RLT v 7 A (BKEEGEE TS 47) Mz, RIREFRITTH
fif 153, € OREIR TR 5 M, BEE T 5 oI, ZOME¥EE 2 [I%E
LCit 3 [T o7z, 4°CIZHWT 14,000 rpm @ 15 43ffiE L EiE%E 2mL F 2 —7
ZIEIL L7z, RS L > B MIlliQ 7K 0.5 mL iR L ARV T » 7 Af6K B¢ 10 43 RilEk
& S H72, 4°CIZHV T 14,000 rpm @ 15 3R 0%, BE 2mL F 2 — 72 Bk 2 A

W U7, 1mg/mL ®2-A Y 7a el Iz 5ul iz, 30 EARLT v 7 2% L

7o 2RO 15mML F2—T7IZERGIEL, AE— RNy 7 CRSICHTEBEIET, £

OBV MERT D720, ML LT 3 EDRREIT -T2,

1-4. A ZRa— Lo 0% 7 ViR [53E Fi]

FHEUWEFR O 7 v a V& BE AT o0z, TFR2 & (mTFR2 Mild Dk 2
i ) . BHWIETFR2 28 £/ a3 b o — L&k (DLD-1 MifE ok Lig
) 1ZoWT, 3mL Z#HmAIL7=7 & k> (Wako Pure Chemical Industries, Ltd.) 12mL &
IR, -30°CT 2 RFELL E—Bik THAOICS S Te, £ 08 FEZ 50puL & D~
fr7uaFa—TIC AN, D%, 2-4 Y 7 =8 (Sigma-Aldrich Co., LLC,
Missouri St. Louis, USA) (1 mg/mL) % 5uL %, "7 v 7 A% 30secf7-7, X
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2, AX =Kz aaiibs (25:1:1) ZFE L, 250 )L M2 THHRALT v 7 A
% 30sec{To7z, T H %, 37°C, 200 rpm < 30 /o filHE%: L. 4°C. 15000 rpm C
50 LEITV., EEFEHiLnWeA 70T a—TICB LT, 612, MilliQ kK%

200 uL iM%, 30sec R/ w & A L, 4°C, 543 15000 rpm Cizilr L7z, i 250 uL
EHLWF2—TICB L, AE— RNy 7 CREAICHESE, EBROFINEZ /R

T 5720, ML LT 3EIDOFEREIT 72,

1-5. RHMPEW ORI & FHE AL

REEY O R & FEAITIERBIIESE T o D Koy RIFE SR IHEE RS 1
ZFEL, WOBEIZ LS T2 L7 [79]. Bligh-Dyer 54/ LC, R
I L7z, Vo PV S KT 2 — 702 400 ub D% Y > ek E A PR
KEMZ, B— RNe—&—HDKE A % — (uT-12, Taitec Co., Saitama, Japan) (Z
T, 7% 2200 rpm T 30 BEARETFA ALz, <12, 500 L OH A X )
—/L& 250 uL DR Y v u RV L ESEELY T TINZ . fW T 2 AT
7 A LT, WEBERERK (2-1 Y 7 L) >3k, 1mg/mlL)5ul ZEAWIZINZ.
BAWARE TS REE Lz, &I, 250uL @ MilliQ /K& 250yl D27 okl
LEHEYTVTINA, 2 3EFRLVT v 7 A LT, IRWT, IREMA=EIRTE 4
[#1. 14,000 rpm TiEO4BEL 72, 500 ub O FiEEZHT LWF a2 —7 2B L, | T v
AN RV RMEEC KLY 3 KM Lic, BRI LY T e ) Yol
fEA R¥T7 I 20mg/mL) 80 uL & &, 30 MRIALT v 7 AL, EERNES
[T 5 £ T 30 B ERLE L7, Y7 L% 30°C T 90 4rf#. 200 rpm
(BioShaker™, #AZtZ 147 > 7 BHER) @O L7, 80uL @ N-AF/L-N-F U X
FALUNV RN TFaTE 87 I Red o 7z ike 5%, BioShaker % fiH]
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LT 37°C, 200rpm T 30 & BIZIEE 9 Lz, &BIC, HERfban=4 7
Z 14,000rpm T 5 Z3ffl, |IRTELONDEEL, ~A 70 F2—7 % LT 100 pL

D EiE%E GC-MS /XA T IWZE LT,

1-6. A X AR — Lo

HRIBFFESE T D Ry RFEE LI R TEHEERAE CRFE L. DLITOBREZ T o 72
[79]. O GHTIX, TR v~ 277 7EESHT (GC-MSIMS) (X0 FE4TL
2o GC-MS/MS 7#fiE, ZESE=FY 7 E— R THHIT LIz, GC-MS/MS 73#
%, LN OEEE TIT 72, GC-MS/MS 75#riZ, DB-5F ¥ 7 U—AUF A (£ 30
m, PN£E0.25 mm, [EE 1.00 pm; AgilentTechnologies ) % i z. 7= GCMS-TQ8040 A
7 v (Shimadzu Corporation, Kyoto, Japan) THEAT L7z, #FHEMAL L7-3EHAK D% 1.0
uL oD EIL, A— A ¥ =2 #— (AOC-20i, Shimadzu Corporation, Kyoto,
Japan) ZfFHLC, A7V v L AE—RTRIRZ v~ 7T 7 41— (GC) /17 AT
HENIZIEA L72, GCMS-TQ8040 4TIZiE, A > ¥ =7 ¥ —{EE X 280°C (Z#ERF &
Nico X% VT HAEANY U LEZHG, WiEIX 39.0cm/s O—Efi & T{T>72, GC W
7 LORMEIE, 100°C T 4 SyFfRFF L72#%,  100°C 705 320°C £ T#% 4 T LS
T2EIECTRT T AL, ZD%, 320°C TIHIT 11 5HMERF L. GC O&FHE
ITRERNX 37T o7, BEHOHDO N T VAT 7 =TG4 A FVROBREZ, A4
UURIREE 200°C |, A U — 7 = — AJRE 280°C . A A ALEEIL 70eV & Lo, 1
FEHEMREE T v T2 Lie, REMORHIT Smart Metabolites Database Ver. 2
ZHWT, BT EIFIEICE TOBELZMZ TTo7z [20], MHRICEEND 2-1 Y
Zr e AL, GC-MSIMS ST ILE O E M 2 Rl 5 72 oI Lz, B —
7 BEIZHBIMIZATDI, FFEDO TV I—Y—AF e Tuy s v F L, BROTR
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FARENC DWW T FR CHER LT, KMbGWo v — 7 mifd & NEMEEmE -1 Y 7

2L ) Ov— s EEE OENIERE U TRI L, EEL LT,

1-7. %

RSt
A

fiEdT

LRI T o D RO KFE DL THERR ZRE L. AN OBMEE T o 72
[79]. HEOH L0 ONTMER (T —F =Rk L CRE SNG4, (RF
M. R, R Y) kA L. SIMCA version 13.0 (Umetrics #1) T2 25 &t %
1Tolc, ZEEMHT T, IZUOICPCATETRENITEEN S ITOND Z L 2R L
#%. OPLS-DA LT &L 0 3EHICEERI DM Z AT L=, & 5IZ, S-plot # W T, 22
VI ED 7 T 2 %43 % OPLS-DA 72 E DL AR EZRFAL LTz, S-plot i, Y
EETMEEINTZ Y T AFEEDM O LS L B DM G &2 ATk 5 2 LN TE D,
WRHIAEME (0.8<p(corr) <1.0 £7/21F —1.0<p (corr) <—0.8) 2 & » TIEHENE % A1
kL7,

BINSNT-T — 2 EHE + FERERAZE L L C&K X4, IBM SPSS Statistics 22 (Armonk,

NY, USA) (2 X % Student’s t-test Z i/ L Clelk L7,

1-8. Pathway fi#4T

A KR\ — MMEHT TR DA, RERAT A Y 7 kU =7 Metaboanalyst
6.0 (https://www.metaboanalyst.ca/) % VN THENT L7z, AEREH AR LIZZNZNhO
AL, & MR D 1ED TREMICES 57 — 4 ~<—2 Human Metabolome

Database (HMDB) Oft&#) ID #& L, £ @ 1D % 12 Pathway Analysis (MetPA) %
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To7ce WIZ, HMDB D ID & L bIZ, H2EHETH LN~ A 70T LA T —=4DH
B, BERBEBLER %R L% 7O Entrez Gene 1D (National Center for
Biotechnology Information 23295 & F & F 7 — X X— XM & D Gene ID) %
T Joint Pathway Analysis 217> 72, Z @ Joint Pathway Analysis |, Pathway L ~</L
ICBTFD TR VT RITABIOAZ R B I 7 AT —F OFREIHTICEREES

NIV AT LTS,

2. AER

2-1. TFF2 % &t 55575 DLD-1 I ORI IC 5 2 A B8

FAWTZ BB OEN NS, a2 b —/LERsH (Opti-MEM 55#1 245 7 L < 48
B DLD-1 MR 2 5528 U7z BiE) & TFR2 2 & TS (Opti-MEM B2 {1 L C
48 [l mTFF2 M 2 5538 L7- 1IE) D 2 DOAFRIT/HT T2, T b a— /L4 &
TFF2 % & Te s isiic X v K538 S 7= DLD-1 fAIE4 dwells 3°2 L2 Bilic [RlR
L. AZRa—Lfitrzit->7=, &84 7 /L5 T SIMCA (verl3.0) % v PCA
ECEERMHT LI ZA, RES2BCDITOND Z ENERTE, 2 hr—/b
SApEE I & TRR2 & 5 T e s ChE 2 S 22 DLD-1 Ml E T 5 AT
PEMIT R > TN D Z ERNboTe (Fig2l), WIT, YD &5 2 Zhn b Rt
ZOT D ER & 7p o T2 OPLS-DA IECfiE#T L. S-plot 2 AW THAAL L7z
(Fig.28), ZOXD 1 sUIRHH L EOT—Z LR L TR, PLrxErme L, k
THRERE, EAREOEEZRLTWS, ElOfREIZa L b u— L4855z ]
W & T BICAE) LSRN AREY. HRIOE G TRF2 Z2 & et 4 v
T2 & FICHBICER) LIRS 2~ LT D, TRR2 25 T 55 X v 5548

S/~ DLD-1 ik, =t e — L&A L= b D L 5 & 12 [HOfH
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WisEEN L Ck v (Table 1). GABA (4-Aminobutyric acid), 7 L7 F = (Creatinine).
AT A (Cysteine) °FLAE (Lactic acid) 7>5 4% 7 U > (Tauring), /L 31U >

(Norvaline) £ THRAREIZEML TWDZ ENRHLMNE R oT2,

- TFF2

Figure 27. Multivariate analyses on metabolites extracted from DLD-1 cells reveal
alteration in their compositions by the TFF2 protein-containing conditioned medium.
Metabolome analyses were carried out on DLD-1 cells cultured with control or TFF2-
containing conditioned medium. Results of multivariate analyses using PCA method on cellular
metabolites are shown in the score plot. Eight samples are clustered into two groups, which

corresponded to the control supernatant group and the TFF2 protein-containing supernatant

group.
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L ]

S

~ Control
Figure 28. S-plot analyses reveal big alterations in metabolites by the TFF2 protein-
containing conditioned medium. Metabolome analyses were carried out on cellular
metabolites extracted from DLD-1 cells which were cultured with control or TFF2-containing
conditioned medium as described in Figure 27. Following multivariate analyses using OPLS-
DA method, results were visualized by S-plot. In this S-plot, single dot corresponds to one
metabolite, and horizontal and vertical direction represents changes in quantity and significant
differences between the two conditions, respectively, with zero at the center. Red dots indicate
metabolites with high in the control conditions, while blue dots were high in TFF2-containing

conditioned medium. Green dots mean commonly observed metabolites between the two.
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Table 1. Metabolites upregulated in DLD-1 cells cultured with TFF2-containing

conditioned medium.

Metabolite* p(corr)[1]
4-Aminobutyric acid 0.974128
Creatinine 0.951879
Cysteine 0.939678
Lactic acid 0.926438
Cadaverine 0.910375
Hypotaurine 0.908792

3-Aminopropanoic acid 0.904564
3-Hydroxyisobutyric acid 0.869284

Taurine 0.841741
5-Aminovaleric acid 0.841037
Oleamide 0.831505
Norvaline 0.812231

*Metabolites significantly increased in DLD-1 cells grown in TFF2 protein-containing

conditioned medium compared with control conditioned medium were shown.

2-2. TFF2 # & iedebE5 M X % DLD-1 N ORI D 24k

Table 1 T/R L7z 12 HOREIZHONT, TR HGEZ AW THMR AN D = A i
WraiTo7z, ~F/LRFO Jianguo Xia KBHFE L7277 U — OB Y 7 b U =
7 MetaboAnalyst 6.0 %z i\ T, Metabolic Pathway Analysis (MetPA) %17\, Zi 50
R PFEAE SND SR T = A ZFT= (Fig.29), KIZ. Tablel T & 7=
DHIZ, FFEDRHREEIZ B D > TO L HRED N D Hit T2 02 DEIGIZEY
A REICIEMEL S 7z &3 % Metabolite Set Enrichment Analysis (MSEA) % VT,

TEVEL SRR 2 7= (Table 2), MetPA 35 X O MSEA Difi )7 THETH 5 & HIE
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SN AEREIZIE, U U s e RZ T U AGHTREES 7V & F A4 ARETREIE D &
LD EBHBIINE ST,

WIZ, R T AT VT h—A[AZ R0 — MRS OREMNT 21T > 7c. Kim 3. 5 2
BECHON~YA 7 aT LA T —4 (TFF2 & GiefFis 52 L 7= DLD-1 Mg o
B TRIE) CHRREBNAONI-BE RO EntreZ ID &, A X R — Afif
Hr TR S =4t & % @ Human Metabolome Database (HMDB) ID % FHC,
MetaboAnalyst 6.0 ® Pathway Analysis, Joint Pathway Analysis #417 - 7= (Fig.30), & ®
fES. Fig.29 Tidfs Hi7en - 7=, Retinol metabolism < Linoleic acid metabolism 72 & ™
AR R STz, S 61 B5 T 2{bEaY O Hit BUTHMNT 217 5 MSEA 1T
VY, MetPA EEE L THEICEZEIN W ORI, 20U v - e RZ T U AREHE

HRB DS TS Z ERHLMNE o572 (Table 3),

Taurine and Hypotaurine

= metabolism
Glutathione

metabolism

{

g Pantothenate and
2 CoA biosynthesis
. ./ Alanine, Aspartate and
o / Glutamate metabolism
O

o
@

g Glyoxylate and
ODicarboxylate metabolism

beta-Alanine
g)o o metabolism
[ T T T T T T 1
00 01 02 03 04 05 06 07

Pathway Impact
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Figure 29. Metabolic pathway analysis (MetPA) on cellular metabolites of DLD-1 cells
altered by TFF2 conditional medium. Metabolic pathway analyses were carried out for 12
metabolites shown in Table 1. Horizontal direction represents pathway impact that means
indicating a greater impact on other metabolic pathways, while vertical direction represents
significance in differences between the two conditions. Red circles indicate metabolic pathway
with high in the TFF2-containing conditioned medium, while yellow circles were high in
control medium. Orange circles mean commonly observed metabolites between the two. Circle

sizes represent the number of metabolites.

Table 2. Upregulated metabolic pathways in DLD-1 cells by TFF2 conditioned medium
were revealed by Metabolite set enrichment analysis (MSEA).

Total Hits Expect P value | HolmP FDR
Taurine and Hypotaurine Metabolism 12 3 0.117 1.41E-04| 0.0138 | 0.0138
Glutathione Metabolism 21 3 0.205 8.15E-04| 0.079 0.0399
Glutamate Metabolism 49 3 0.479 0.00975 | 0.936 0.265
Alanine Metabolism 17 2 0.166 0.0108 1 0.265
Glycine and Serine Metabolism 59 3 0.576 0.0163 1 0.32
Homocysteine Degradation 9 1 0.0879 0.0849 1 1
Glucose-Alanine Cycle 13 1 0.127 0.12 1 1
Pantothenate and CoA Biosynthesis 21 1 0.205 0.188 1 1
Cysteine and Methionine Metabolism 26 1 0.254 0.228 1 1
Selenoamino Acid Metabolism 28 1 0.273 0.243 1 1

The top 10 significantly upregulated metabolic pathways in TFF2 conditioned medium were
detected by metabolite set enrichment analysis (MSEA) on 12 metabolites shown in Table 1.
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Figure 30. Metabolic pathway analysis (MetPA) using both the transcriptome data and the
metabolome data. A joint pathway analysis was carried out for 12 metabolites shown in Table
1 and the data obtained from the microarray analysis. Horizontal direction represents pathway
impact, indicating a greater impact on other metabolic pathways, while vertical direction
represents significance in differences between the two conditions. Red circles indicate metabolic
pathway with high in the TFF2-containing conditioned medium, while yellow circles were high
in control medium. Orange circles mean commonly observed metabolites between the two.

Circle sizes represent the number of metabolites.
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Table 3. Joint pathway analysis of both the transcriptome and the metabolite data reveled
upregulated pathways in DLD-1 cells grown in TFF2 conditioned medium.

Total Hits Expect P value | HolmP FDR Impact
Taurine and Hypotaurine metabolism 16 3 0.21639 [ 1.12E-03]0.0940990.094099| 0.53333
Alanine, Aspartate and Glutamate metabolism 61 4 0.825 8.41E-03| 0.69816 | 0.35329 0.2
Arginine and Proline metabolism 78 4 1.0549 0.019562 1 0.40984 0.14286
Linoleic acid metabolism 17 2 0.22992 [0.021254 1 0.40984 0.375
Retinol metabolism 47 3 0.63566 | 0.024395 1 0.40984 [ 0.21739
Glutathione metabolism 56 3 0.75738 [0.038417 1 0.53784 0.16364
Glycine, Serine and Threonine metabolism 68 3 0.91967 [0.062285 1 0.74741 0.14925
Pantothenate and CoA biosynthesis 34 2 0.45984 [0.076064 1 0.79867 [ 0.090909
beta-Alanine metabolism 44 2 0.59508 0.1181 1 0.95391 0.4186
Steroid hormone biosynthesis 199 5 2.6914 0.12595 1 0.95391 0.36364

The top 10 significantly upregulated metabolic pathways in TFF2 conditioned medium were
detected by metabolite set enrichment analysis (MSEA) on 12 metabolites shown in Table 1 and
the data obtained from microarray analysis.

2-3. TFF2 % &t thd o EEM D 21k,

WIZ, 2-2 THUREAICHHR IS IS A RIET 2 E RO L 2o 72 TRR2 2 & e 5kl
EEHIZ OW T A Z AR — AT 21T o7, 2-LERUL, a2 b — L& L g
TAY TN D58V T NDLERM HAT o I fER., 22 b e — LS fibsth &
TFR2 Z G0 CIE, RE 2B T oD Z &b o7 (Figll), £Z T
WIZ, EDOX D 72BN NS DOHEE ST DK & 72> T2 % S-plot Z VW THE
rii=t Z A (Fig.32), =2 bu—/ Lz s TFF2 2 & e i cid, 19 o
R PAEICEH L TWD Z ER3bi-T- (Tabled), TOREIMITIZ, ZL=a—2R
72 & Opti-MEM EsHifi kDb & B2 S ONRNW DG ENTER Y | HrHifk
OWE LB 2 b HILEWIIT G L L, APy T hLy
YRTZ == VEEE, B FeX i A YERRE, B FeX i A VEBRREORY T IR

SCERMAL AN L TWAD Z ENRH BN o T,
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Figure 31. Multivariate analyses on secreted metabolites from DLD-1 cells reveal
alteration in their compositions by the TFF2 protein-containing conditioned medium.
Metabolome analyses were carried out on extracellular secreted metabolites from mTFF2 cells
and DLD-1 cells grown with Opti-MEM for 48 h. Results of multivariate analyses using PCA
method on the extracellular metabolites in culture supernatants are shown in the score plot.
Eight samples are clustered into two groups, which corresponded to the control group and the

TFF2 protein-containing conditioned medium group.
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Figure 32. S-plot analyses reveal big alterations in secreted metabolites of DLD-1 cells by
the TFF2 protein-containing conditioned medium. Metabolome analyses on secreted
metabolites were carried out on culture supernatants of mTFF2 cells and DLD-1 cells grown
with Opti-MEM. In this S-plot, single dot corresponds to one metabolite, and horizontal and
vertical direction represents changes in quantity and significant differences between the two
conditions, respectively, with zero at the center. Red dots indicate metabolites with high in the
control conditions, while blue dots were high in TFF2-containing supernatants. Green dots

mean commonly observed metabolites between the two.
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Table 4. Extracellular metabolites increased in mTFF2-containing conditioned medium.

Metabolite* p(corr)[1]
5-Oxoproline 0.999174
Glucose 0.995613

Citric acid 0.98745
2-Aminopimelic acid 0.980516
3-Phenyllactic acid 0.977011

2-Hydroxyisovaleric acid 0.976826
3-Hydroxyisovaleric acid 0.97485

Fumaric acid 0.974769
Fucose 0.973522
Homocystine 0.967102
Putrescine 0.95685
3-Hydroxyisobutyric acid 0.956519
4-Aminobutyric acid 0.952997
Spermidine 0.949463
Xylulose 0.939335

Malic acid 0.922357

2-Hydroxyglutaric acid 0.914085
3-Hydroxybutyric acid 0.847651
Ribose 0.84517

*Extracellular metabolites significantly increased in mTFF2-expressing DLD-1 cells compared

with those from control DLD-1 cells were shown.
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A
.

RE T, BFHICAFIET D TFR2 2385 7 74 VW7 EH & LT, DLD-1 fifalc &
D XD I BE KFT 00, @t AR Lo REHREE RS Z L 2 I E L,
2 b — VSRR & R U T TFR2 & & T 4o i Ch 48 L 7= DLD-1 Mifa NI
HEIMUTEREMPEMIZ, AT A TI=URONY U 807 I ES° GABA 72 &
DIFACIENE., V— VTNV I WRTEEASNDABE TH -T2 (Tablel), TN HD
RMPED D D /XA T = A fEHTIZ KLV BE SN RBREKE LTH U v - b RE D
U AREIREE, TNV Z T A UREDEEEZ T2 LB LN E 572 (Fig29), &
blo, FETHON~vA 7 a7 LA T —% L Tablel THEOLN-REHOT — & %
FIALT, 7222 U7 h—AIAZ R —LHair e Lz RICB 0N TH, Rk
22T BRZ T ) CRERREDABICEE LT LA b N ol
(Table3), #AMEMNTIZI W TiX, Linoleic acid metabolism (KEGG pathway: map00591)
DHEREENR OGN, b FOENTIEIER TERWLARBERTHD Y/ — VRO
REREIIZL YT (RATZ77F2oal ) BRELEENTEBY ., HIRED A
NTHD LT AL, MIEOKERCIEF M2 R DT OICEHE & E 2 > T\ D,
52 D TFF2 % G e 4 M ChE28 S 417- DLD-1 MR O 5 138 BLO N FERIfithiT o
fER (Fig.19B) (23T, MBI 2 BIn FREORBL AN ONT= 2 Lk,
AR BV TS FEROFS R G DA, WS N7z TRR2 1353259 2 Mia o
OGN EE RAF T AREMES A & R 1 — AEITIC & > THlise & vz,

20U AR T, YATA BB E LT, EARF T Uaifkl
L. 20V U BEREND, #U) COREEREE O 1 OIHBMLIER S 2 L 5D
NTWBD 0 [80]. EDHIERLIEH D A I = X LADOFEMIIAHTH D, # U U UM, it
PR LR OFRENZE G L T\ D 2 ERILAIOER 2 7y 7 T 5ERE AT 570 L

DHREFITN O0H Y [81]. ITETIE. ¥V U OHFBRLIEAIL NADPH 4% o % —
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BIZ &% ROS DA AEMEIT 2 2 LICTERT 2 2 &L a|E sz [82), MfldicinT
ROS (X, 7 h—Y2OFHICEHb-TEY . FrlZ, BAMIIZI W CITARRaES S
PEPHEMALIZEELS BAG- LTV 5 [83], ROSIEEREIZHE W T HIKRAIZB VT bl
XL TEMERH D . B LA b LA %L ZT 508 AVRIIEIE ROS DR B % Rt 12

T AP AT A ETUESE, EEMRONT » ZTESTTWD ZE R LnE
725 TN D [84,85], DFEVNT U AD LT HIECAEN Z R0 VMBI D 3 A & F%
STNDEWIAIEEMEN B D, WS XTI ETh D TFF2 2 871X, AP O
JANTH T U s bR Z T ) R ETUES Y, LA N L RAE2T M0 £ %
fled™ & 9 ICHEBE L TV D FTREMEDN S 2 BTz,

N7 A7 YT h—=LIAZ RO — LOMEFENTITE Y ZVZTF A AR A
BRBEETRTZENALNEIRoT, INETFEH T, VATA LV, TR
TNEIVEED3IODT I ) BNOLEMIND NIXTF R ThHDL, JNVFFA U
W kFE DR (EElb) IRV MoEE LRk ETHERKNFTHY, Z U
U ERC bR b L AMMPELHEAIMmEZ SRS BEE LT\ 5 [86-89], 7 /v 2 F
Fo A XU =B, BTN EZT A EEE L LT, JFE- VAR RROMW
b KFBEZT N a—LoKITETLT D2 LT, IBEEHZRIEL TS, b0
Zemb, MRSMIAAET D TRF2 2 /X7 IR, Ml ) 5 A b L ABREEICH 2
T, MIEANOHTERIREBAHERFT 2 L OB L TV D AIREMENE 2 bl

RIZ, DLD-1 AN OG22 T U Te TRR2 % & Lo Sefthis i o R
Wz AT LTe, B33 BIETPICIE, S ORI, SBEOMREREDIENbH LAY 7 3
VROT RV URAULI VUBHEML TS Z ER g oT, TIUhIE, BAR
FlZBW T s almrnd v, N A~—h—& LTOFHAREFREI LT
HALEMTH D [90-93], DA, EEMALEMINZ < RHIN TS Z ERbhroTe
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(Table 4), TFF2 z & Lo CIIMUNER BT TSR IEME D53z fie L. K pH Z#E
BT 2 X0 IBE DT T D 2 ENRB ST,

O RFPED TSR L CTH Y, ZhiEBSAMEICE T 5 7L a—2 b3
BN ERESND T — VT NI HRIZE Db DTEA D EHLEIND, ZORIGIZ
K pH 72 EOEEMUNRERESMED HESn b LS D, £, DAMRIZIIT D
BROERIL, v/ v 77—V OIREEE UM/ E gt Z2 o 5 2 & Tl
DR ERERRT D Z L DSTE BT o 72 [94], S AKRRICET D 59, MM
pH DEREEICIN SN D T &id, MERT EZE T 7 ERri 72 lu i WV T B ER 0
BROE LivZvy,

IO DOFRERNG . TFR2 2 & AT Bz 2 o U v« BERZ U U R
RTNETF A R iE L S, PR kAl S L ToRE 2 b > 2 s 5
L& T, bR VAR TIERN N & 2 R R SNz, L, £O—7
T, LB AR pH (2Bl 2 K 5. BMLEMOEABIRL TV D LIS h
Too DAMIBEIZIR ST, MO LTI AERFITHIK pH (2725 2 &b TS, i
D MRAE THD 7 0 T a7 F UK pH OERBZIZEV T, vascular endothelial
growth factor (VEGF) O3B AR S, MEHELZFET L ENHALNEoT
[96,97], Z D Z Enn ., EFMIICEBW IR O MR AR, BNAMIIZB VT
AL 2R, 2NN W Tl OB 2 & 2 — & WIFE pH Ik DA E0
HDHOTIT IV EBZ X T, DWEIT TRR2 Z V87 B 1d, O 41T % etk
T 5 X O ITHERE L TV D ATREMEDS R STz,

LR, ZOXIRAZRa—LERTE N TV AT VT R AT ERAETHZ LI
L0, ARSI VIEVEREBRDLZ ENTEL, T—H_X—2AORNFITA X LH SN

TR, ABLIDICKFEL T 2L Bbs, REEMICEL D2 T = A fFHTIZ K
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D, INFETRATIRD TR BT IERED T RIZER D /RN H Y . 4

BESDIER SN B TH L E-Bbh s,
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4, /NFE

AKETIL, TFF2 25 o517 DLD-1 O RERICE 2 D B2 MniN ., 553

EEENENORBMIED Z b &I 21TV LT O A A 1572,

1) S iv7z TFF2 28 DLD-1 MIRIC/ER L, fMilaNicks T, # vy - eARF Y
U AR 7V 2 F A AR 2 A BICTEM L L, PUB kAl L LT, etk
A NV ATHEZART L D@ & T T D a[gEEN R SNz, 61T, F TV
A7 VT h—=LIAZ RO —LOMEITIZLY ., 2TV - eRZ T U ARG

M, MBI ORERRIC B 2 RN A BICET§ 5 Z LR E iz,

2) & LBEPIEBEIAEY N M a2 En D, TRR2 13/ B 55 2 1K pH

(ZHERFE LT 2B & DD Z L LM E RS T,

TEF2 Z & oS telE, DI NI TRR2 Z L _ 78 KO IR L 73t
e LT LT, BEMEEAHEE L oo, MR LA T CHLHMEOAEFENATREIC

725 X ITRERREOZ L 2R L TN D Z LAVRR ST,
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=
o5
-
i)

AHFFE T, TFF2 BAR - O3B & & > X7 A B ORI RFE T 8IS
W 24T o712, B L1ENGFH AZICHIT T, BEPHIZLY mRNA & % 08
DFBBEFLIZZ &, TRR2 2 G 0RIFEHIC I Y 7 4 T 7 F LR B In 1 DR
MWEFLIEZ e, TFR2IZ7 4 7 e X7 F UM R A A 8 5 7-#£D FNDC3B X°
FNDC5 z IEIZHlfld 25 Z & TRR2 2 Z ek iiic kv # v v - edRZ U U AR
AR R EBREA R L ATMED /S A Y = A Z T S, S BTG 72 & O
PEM) 2 AIIRAMCREE L= 2 L2 B R L7z [Fig.33],

TFF2 s 7 OBEREIL. ZAVE THAMMS] - (R1E L FRT 2 HENZE LN ->TE
D, ZOEACOWTIERERL M ER TV eh o7z [9,24-27], 4y 1-& 12kDa D7)
STRWARTF RIS T ED K 5 ZRMEREZ 8 L TV 2 D2y, FERIIIARTZREC

BENLTND, L TWDEPTIEL, Gene Expression Profiling Interactive Analysis

(GEPIA, http://gepia.cancer-pku.cn/index.html) OF —% X—2 |2 Kk % &, EFHHETIX
HIZZ <, DAMERTIZ. KIED A, BIBRSA, TWIBRSAR EICEWTHEIC BA-
LTWDHDEENTND, EFMAMRCHN RO B W THRBIN LA LTnD
TFF2 (T, ABFFRIZ LD BRME pH OZEBRIRS G LTV D ZERHLN L o0z,
JEZNHER D, U — v 7V TINRSIRIR R T KRR BT ICINE LT TFF2 mRNA & ¥
VR BEORENEEIC LA LTWAZ EEH LN L3 15, Fig.6,8,10,12),

TFR2 Z B3 RO GG . MR LA B L AR TE 582 T = A DT
ESNTe (B4E, Fig29), I NFTFALRF D) i ERHURIEAI S L Tllianc
JEAE LT ROS Zjiib S, MIIIEF LT 2 Z LN TET L0 TRV NLEEZEZ DN
%, —H T, TFR2 #5045, 7o vlik, 7=/ HE, e Fafxva Y

HHR, b Nos A VIR EOMMEAEMN % AFE L., BRSNS pH ITHERF

S
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Mt CE D L OIS NTUW e (BF 4 B, Table 4), B&ME pH IZJEPHZ RS Z &%, ik
NEETHL 7 4 7 ux s FraZEIkH, VEGF X° VEGFR & DG & 5 Z &
M AEEFET L2 LICARTH D [95,96], Ziuik, IEFMIICIHS DT, A%
DI AR LB IR TlI R Bbi s, FEERIZ, kO (EIEAERIZIT
—IMAYIZERMEIC 2 D Z BN TR Y . RO AEITIT TFF2 & X7 E
FEThDHIENREINTND [27,97], LivL. ZoiElx, A AMIC B CIEE
PEAELDEAWERD D Z EIZDRRN D, ZNHDZ L3, TFF2 OFSRE L L TH AR

c WfER A A S EE I L TWERRITIE R W S HERIL TV 5,

JEEEPNIZ BT TFF2 mRNA 0% X 7 B O @8 BE, WEBEREE OE(L, pH DK
TEEDHEIEIZRDZ ENRBRINT, TFR2 1X, WEREOZ(LIZBW T, BAD
AT BT DM EE R Th D7 4 7T e 7 F U ROREBLAHIMI Tz, FF
(2B - L72 FNDC3B <° FNDC5 #{sf-1%. PI3BK/MTOR ¥ 27 F /LT £ % A3 A DM
BICEELTWAZ RGN E RS> TS, Fo, KBS ADOBMILIC LIS T 5
ZEPMEINTEY, TFR2 X7 4 7 a7 FUROBLGETRIEZ A &8, BEC
R 2 ATREMES R Stz F£72, TRR2 ¥ U7 BISEEMEA R L AITIRE LT,
AR OALEZ MR T D X O IR T AIRBME A 62N L, BRMEEREE T Cld., TFR2 Ein
FDIEFLIANT, HIHEE (cell membrane) (ZRHT 2 BIGFREORBENFEI N TS Z
ERBIBMNE o7, FIRBICITIIEAR BV ANDRETOIA T = LNHDHZ LN
WSS THRY . BREIE, WEIREAA. RERRE DA T, BRMEBREE T O ATk
ELTHEEL TV Do Lz [62,63],

TFF2 OHFFEIE DS ATBIRIZ I N TET T < MO b HERTE 2 ATREME
DY AN=ALORYPNEBETN2 > TL b, EFMIRIZIT DMfkD 3 EF
AERFITIE, TRFR2 2 X7 B30 SHAITANEE DR ELZE L TV LH D EEX BN
%5, TFR2 AR T-OFBILMENA SN2 5 Z L1, WHWSR ENADUWROW &2 H T
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% Wi D28 B 2k % induced pluripotent stem cells (iPS) iR CH-HL T & % AlRetkic o7
WY BERFIERICO RESEBRTE 2, — . BEEMRICISWTIEZ, Z R 7 B~
OFBEIHET 5 2 & T, BEBHALOTEHIORN D ARENNH Y . AT TFF2 D%
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Figure 33. The mechanism of action of TFF2 in this study.
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