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ACTB: B-actin

aRNA: amplified RNA

BiP (HSPA5/GPR78): heat shock protein family A (Hsp70) member 5
BW: body weight {Ax&

CCDCA47: coiled-coil domain containing 47

CCDC51: coiled-coil domain containing 51

CCDC90b: coiled-coil domain containing 90B

CE-TOFMS: capillary electrophoresis-time of flight mass spectrometry
CHOP (DDIT3): DNA damage inducible transcript 3

COAZ3: cytochrome c oxidase assembly factor 3

DTT: dithiothreitol

EDTA: ethylenediaminetetraacetic acid

EF: Ejection fraction BRH 3

Erol-La: endoplasmic reticulum oxidoreductase 1 alpha

ER: endoplasmic reticulum, /INE{A

FITM1: Fat storage-inducing transmembrane protein 1
FITM2: Fat storage-inducing transmembrane protein 2

HF: heart failure, DA%

IREla (ERN1): endoplasmic reticulum to nucleus signaling 1
IVT: in vitro transcription

KO: knockout, /Y97 k

LD: lipid droplet, BgHfE



LVDd: left ventricular end-diastolic diameter (dimension). Z& = {i3k#& () HAE
LVDs: left ventricular end-systolic diameter (dimension). Z = UUHE#& () HAZE
MI: myocardial infarction
MINOS1: mitochondrial inner membrane organizing system 1
MMgT1/Mmgtl: membrane magnesium transporter 1
MO: morpholino
MYC: myelocytomatosis oncogene
PDI: protein disulfide isomerase
PBS: phosphate-buffered saline
PERK: PRKR-like endoplasmic reticulum kinase
Ppia: peptidylprolyl isomerase A
PGC-1a: peroxisome proliferator-activated receptor gamma coactivator 1-alpha
gPCR: quantitative polymerase chain reaction
RyR2: Ryanodine Receptor 2, V7 /U2 RIK 2
SERCAZ2a: Sarco/Endoplasmic Reticulum Ca2+-ATPase 2a,
IDER/IMEIK Ca2+-ATPase 2a
Sham ¥ X: BFMH~<YIR
SLC12A4: solute carrier family 12 member 4
SLC25A35: solute carrier family 25 member 35
SR: sarcoplasmic reticulum, ff/INi{K
TAC: transverse aortic constriction
Tbp: TATA-box binding protein
TIMM21: translocase of inner mitochondrial membrane 21
Tmem38A: transmembrane protein 38A

Tmem38B: transmembrane protein 38B



Tmem242: transmembrane protein 242
UPR: unfolded protein response, /NEIAR ML REE

WT: wild type, Fp& !
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MEREIZ. BRIZE TR TERED 15.1%%FHOLEETHY . HFE 10 KFERELL TR
MENTNS[1], EoIT. ZDBEBHIIHEOEEEITHFOMERZRITTEY ., FEMIZHSR
DANWRTTORTLICRLEEESZHTENFRIATNS[2-4], DF £ L. DEEOR
UTHEENMETL, BICH AU MRE X ET HCENTELRVKREZIET . ChETLFE
RREELT. B EWE. 7oA TUOOUERBBRIATER. 7oA TUOO U I RREERE.
TFoOHTUOORBR-RTIAVUEEBE, | FrorILBAEEA LHEINTE -, Chod
BEREIEEOAFIROER. EEEREICHRERLTVSN. 5 FAFRIFKALL
T 50%L N EIRIETHA[5-7]. Ff=. REDBREE. TELTLDREDERETHRET HE
FlTHY  REAN=RXLEZENETHERIEREZETIN TGN, COTENS, FIRIER
[CEDDTFLBERED—XFEL FHEAIERHOERVIVETH S,

DM (& FiRf M, R—XA—h—flka. R, DSMEMAE. DigRESF M. D&
D 6 BOELGLIMRICKVEBREINTLS[8], O35, LFHHldDEERENLFE
ZEIEFRITIEANMONTHEY., I, HIaN/NEE THS Sarcoplasmic Reticulum (SR.
/N DIBEE T X PFREED 1 DEEZ SN TS, SR IFILFHHICHELT, ALY
D LA7F (Ca?) DETEZIE>THEY. Ca* DI E~DRE -SR RADRAZREL. FHT7«
FAUDURSE - IEEFIEL TLS[9, 101, FEROLFHMATIE, SR @ Ca?/\oRIVYT
MNEFIN ., IET L. HERA 2 EREEINSH[11-13], L=A 5T, SR ZHEMETEHILITEK
Y., IRFERE S N HREAD D REZ NE TEHRIREMEMNE A oD,

fth5 . T4 . Endoplasmic Reticulum (ER. /MNEWEK) MDA 2D REICEE T 5N HE
Sht=[14, 15] . ER [FHHRAGHRICE T, BEV VBB XU DIV NIEDER. ZY

INGBIA—ITa42T B E K. Ca?TRAF R 2L A D HliH%EESIRE THAH[16-19], ER



DEEENBLONLE EELESRBEANETA—ILT 10T ENGEMN 20 N\ E AR
[CEHET 5. MlANTIE. COERIVN\VEDERICLSHMaEEREE L. /MR
A% (ER AL ARG%&/Unfolded Protein Response (UPR)) EFEIEN B RIEHNFEZ S, LH
L. BBV AVEDOERMNBGLI-EE . MAEAFESNS, DIEX, DA 2., DFHEE
DEYMETILELVEMEETIE, UPR BEEEFOERALFEL TSI LML, ER AL
A +UPR EE/ Rz DFHIENREERE T DRI REMEA RSN TS [14, 15,20-26]
ZITAMETIE. DFLITEITSH SR B8&UY ER [TEREH T ASVIREN . BMET
WEERTAHIEIZEY  FRBIEEFENDERE LVIEMN S FORBERTE1To1-. 8 2 EIC
HWT. EERDAREET /L (Transverse Aortic Constriction[TACIET L) ¥ XD il
sham XD SR/ER [THBLTWAREAIREG AV NV BETOTAIVRFEATHRE
MICEEL. XEER. EETOAL/DHEEDLLLEET )L (Myocardial Infarction [MI]
ETIV)RIADLEERWN =2 407 LA #ITER. BBIcES T 5EEFRR. ET571v
DaFRAWEROY—Z UG FER % MKL . Fat storage-inducing transmembrane protein 1
(Fitm1) & Fat storage-inducing transmembrane protein 2 (Fitm2) @ #HiE#EL TEEL
f=o BIEHE . B 3 EICHEL T, YRS LUVEMMEREICH T HEEFRIRMHEN. Hik
B INgBHEAWNERN S ESAK (Triglyceride, TG) EDFEARER. FITMU/FITM2 O —i@f4
BRI RIS T EHNEAEIN AT —H—EU N\ VEEDEE) A2 O—LFEHTEERL.
ARSDFD in vitro [ZHITHHEREZETMEL =, 6. F 2 EEXUVE 3 E(F, wX[27]TARL
EHREABERDITHERLTz, £, FBA4EIZT FtmlEERF /972 (KO) T X, Fitm2

BIZF KO YO RADER LB ZEREL . EVMEERDDIEICE TS Fitm DHREEREELT=.
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1. 4/>ba% o3>

DAREE HAE 10 REREBHESNTEY . EDEEFRDEXRFIHRDOANILRTTORT
LIZCHLADEEEEZHTENTEINTLS, LHOL. DFRLEED 5 FAFERERE
50%LLFEBETHY . DREDFREBELIDFREFND=_—XIFTE, ZCT.KET
FDFREDEBAN=ZZALIZEAETHAHEDHE57 FEFEERL. FREMRERFEEZRET L
ZRMEL., BTE T o=,

DAREORREIDRAETILELT, Transverse Aortic Constriction (TAC) ET /L&
Myocardial Infarction (M) ETILHHS, TAC ETILIF. ATHICKEIRMEREZERTZ
LICKYIDBICEEREEZ . MAEERT. BHEDCET. ELEOHEREZFETLHETIL
THB[28], LT Ml ETILIE, DFHEEZERTHLICKYDRICEERETES X DI
BOELLEFILTE2EHERTH[28],

DD SR.ER OBETENMLDARL2OREED 1 2EZEZLN TSI EN G, EEY
DRABEUTAC ETILIYIRADLME®D SRIER [ZHFIET 54/ E% . LC-MS/MS 72T
MENICRELIZ. MAT. RADERLGAILDFRLREICE TOIECFRELESEMBNT 51
&H.TAC ETIL-Ml ETLERWNS VRV T —LBREEREL=, IV RERNTRHES
NFT—2IHL, 2HERS LUXBBERE NS HIEITEY IDERIZHE T S EEN T
THY. MO BAVNBEEHTESNDIFRAV NV EEZI— T HEGFEREL. EMNERE
JARZEERLT=,

TIST1vPaZANERI)—ZU T BRIZE T EEFOREEE . RIL—T vk &L
EEICTFRITEOIRTHERTH S, HICRIRBICHEITHHEEICENTIX LLTD 3 mARIRE
A%, 1l BIRBICEENELCTHLHEHELEFRRETHA. 2. DMA-MFREBHRETHETE



5.3 BRAEZEHIKEHNOHERTES, BILTAY/AVIIEHED mRNA IZHEETH

ETHEVNIDEREBEL. /v I8 BRETRT [29] KABARTIE, EILTAY/F)TE

TIST749 aZEMIBATEIILICKY  BEHELTFORE~NDEELR -,
BHEDFICONT, EMEBICH T2 EGRTFRIREOHBHEE T IT4v 2T AL TIC

SURBAAEERL . HIEMIZ FITML, FITM2 Z#ELT-,



2. MHEERE

EREY

HEtE 7 BEDTIORAZEBAR SLC KYBEAL. IEE 55% (FF &R E 30-70%) . JnE 23°C(§F
A EiBH 20-26°C) | 12 B DEARE (VL DB TEF L=,

TRTOHYERIT, F—=HBKARURARARANEBYERZERNEDIBYE
ERICEA9 SR> TEMLT=.

ETIZT749 2 AVEBITE TR TCEERRZEICTERL. BFERDETST71via
(RIKENWT)Z L, BBBAZBA 14 BERE. B 10 B0 B . A KITKEKEFERAS LI
BLTERBRELELLOZRAV. B8RRIV I—< b, ZHEG/NR GFH) D 2 s
5EBI=YERRSE. KEBIEZE—F—T 28 EITRofz, MAICITLHAGFRIZI (B
BIX) % RAICIEESE-TI402a) 0TIy A (Evak®E) & 1 AIZ2 E5Z6H

Bl

iR

AABREUTDEREELIUVAIRTAUICERMLTERELS =,
BYMOEERVERICETHERI(BM 48 £10 A 1 BIEREE 105 5, /11 F 12
A 22 BWIE, Fpk 17 £6 A 22 H—HBHIE)
EREBMOABERVRELVICEREOEHICETIEE | BELETRE 88 5, M 18
F4 A28 H)

FEnEERICBET 21681 [ (1) BARREMZ =, B 62 £5 A 22 A]

IDFREETILIHRADIES

9 BEDIIRIFEEL. AVIIWIVIZKYFHELEz, ERFICFIDDAEET LERDT-



OIZ, EFUIRICKVEITREREZHISE. 276 #HERAVTEITXKBIIREHEE T HILTHE
BREEFEL DHEEICLDIDTEET IV ERHOLOIC, WEZVIFALTREZELSE
=&, 7-0 VL ORTERBBREREEL-. ENENADETIVICH T BBFH YU R (sham <
VR & ENENKEARIEE OCEBARERE T S LMK RBROFMAETERINT,

TIOREDEYUTILORE

Fifi 4-5 Bf%. 15MHz OY)=F7TA—TZAVNTERADII—(ZELYERE T TODE
BEZAELz, DIO—(CKYID A EEBHSNI=IVREREREL, DE(LV)EHEEL=,
BN E P MRNA [FRAZBRTREREDSN - LV &Y FTRAEICTREL,

SRAVIVEDORH

KEIAR#ER T (transverse aortic constriction: TAC) L E# 4-5 BDIDARETIRAELVE
WEIIVADNDELER 3 EARLYEMLUESE D%, Endoplasmic Reticulum Enrichment Kit
(Novus Biologicals)#FLVT SR BEIRZE#HE LIz, RATAT I bA—)LELTREREYDR 3

BEARDIEMNSE#ICER BN ZHEH L=,

BENWIZ&E2V R VEDRE

20 ug MDA INYE% SDS-PAGE ZILICHL., 97—V TR T L —BE{ToT=,
SDS-PAGE 7 LI ER FERMNSEDFERET 12 DT ILAIZRASA XK. 50%7 L=k
1))LEET 20 mM NH4HCOs(pH 8) 12T 30°C, 30 43, 2 B DB LB EITof=, FILH
(F7Eb=RJILTRIKL., BLDINRL—E—ICTELITHRKL. BRI ILFIE.6 M 7
— U tERE. 10 mM EDTA & U 10 mM dithiothreitol & & 100 mM NH,HCO3 (pH 8)i&
RITREL.FILERADAINIEIL, 95°C. 5 HEDAIEBIZKYET LIz, LK & 20°C I
AEIL 6 M 7= EEE, 10 mM EDTA & 50 mM iodoacetamide &4 100 mM

NH;HCOs, pH 8 [&&ICZREL 7 ILFILILAIEEITot=, FILRAVIRIE X T ER=F) LT



Bk, BILDINRL—F2—ICTRLICEREL-. 8187 )L F% 0.005% n-dodecyl-B-D-
maltopyranoside (DM, Nacalai Tesque) & & U 5 ng/uL trypsin (Modified trypsin, Promega)
Z&E 20 MM NH4HCOs(pH 8) ITiRIEL . 7 LA/ 0B % 37°C, 12 BB LEE L=,
JFonf=RTFE% FA/H.0 buffer (0.005% DM % &€ 0.05% formic acid) 2T 1 B, FA/ACN
buffer (0.05% formic acid # &L 7b=rJJL) T2 [E. T TN 5 HE#E L -, BURLT -
&I 20 L ISERBIL ., RIAY ORI S5T70—- 20T LEESHT (LC-MS/MS) [ZftLT=,

H> 7 ILIE Stage Tips[30]IZTHE. EfaLT=. £ . EXRYFFYT (P200, Rainin)IZ 0.9
mm & T 2 Ft1Y#kL = Empore Disk C18(3M)%3#&ALT=, £l VT, Stage Tip % methanol
20 yL TiEMIE.50% 7Eh=KJJL (5% formic acid &) CaArT4a=>% ., 5% formic
acid TEEELIz, YT ILFTER, FvT%E 5% formic acid TiE&FEL.50%7 b=k
(5% formic acid &8)40 uL THRIEXRTFREAHLT=,

fZ#T 1%, LTQ-Orbitrap (Thermo Fisher Scientific) &7=(3 LTQ-Orbitrap XL (Thermo Fisher
Scientific) IZ Agilent 1100 &{#&~0<+5 5 74— XF L (Flow splitter THE 200-300
nL/min [ZFA%E) ZEHELITo = RTFRD AR L. Inertsil ODS-3 C18(3 um, GL Sciences)
FRBELARLIZILIMARTL—AF2AEF VT 5L (100 um internal diameter x150 mm
length) IZT. 5-28% D7 Er=r)JILIREAEZALVT 100 5L EZMTTITo1=,

FYUTILEIL 4 uL IZT, duplicate TRIFEZE1ToT=. MSIMS T—4AI&. IPI mouse Mascot
database (Matrix Sciences)#Z B %L . target-decoy approach[31]1& B I /O ELA
JL 1% false discovery rate T:ETELT=. 2/ \VBDEEIFARINIILAIUMNEIZEYTo

T=o

Gene annotation

MS TRIESINT=22 /U EIZDLV T, Gene Ontology (http://www.geneontology.org/) Z F

WT.7/T—2avn iRkl -, ffE T BREZH T 5D

SOSUI (http://bp.nuap.nagoya-u.ac.jp/sosuil/)



http://www.geneontology.org/
http://bp.nuap.nagoya-u.ac.jp/sosui/

TMHMM (http://www.cbs.dtu.dk/services/TMHMM/)

THALL,

RNA #itH & Genechip f##r

Ml ETJ/LTIE Sham B 3 LA LYVR 4 EOEDEESZERL, TAC ETILTIE
Sham # 3 LEDFAEHAT IR IEEDIEXREATIR IEDEDEEDEAL -,

D&% TRIzol TREDH 4 X# . PureLink Micro-to-Midi RNA Kit (invitrogen) Z AL\ T total
RNA D H%4To7-, FIZ PureLink DNase Set (invitrogen) T DNase fLIE%{T-o1=,
RNA Q9A4")T4—I%.0D260/280 LtM—FELLTHAHZES LD BioiAnalyzer RNAG00O
Nano Kit(Agilent) T RIN fEAY 7 KL EZ#&E LTI &ICKVIBERLT =,

$551L71- 250 ng O total RNA ZFLVT GeneChip EE#*{To7-. EEIZ/EIX GeneChip
FERT =27 /L (Affymetrix) [ZHE LY, GeneChip 3' IVT Express Kit (Affymetrix) & & U
GeneChip Hybridization, Wash and Stain Kit (Affymetrix) AL TERELT=, £ . total
RNA % T7-Oligo(dT) 754 —T#EEL. double-strand cDNA Z& R L1z, RIZ 40°CT
16 B¥fH. in vitro Transcription RiEZF1TLY, EAF2S5R)LLT= amplified RNA (aRNA) &
LTz, EREi= 15 uyg DEFF 1k aRNA i {EL1=%. 12.5 ug % GeneChip Mouse
Genome 430 2.0 Array (Affymetrix) [Z, 45°CT 16 BENATUSF A X LT, iki%. 2B%1To
f=# . GeneChip 7L A4 LM &E % GeneChip Scanner 3000 7G (Affymetrix) TixzzL .
AGCC (Affymetrix GeneChip Command Console) software [Z&Y CEL.Z74JL (probe
intensity data 774 L) R LT-. T D& . Expression Console Software [Z&kY. &
GeneChip 7L 1 M £ probe set D535, 7 FILEIMFICELED 2%, BELVED 2%%F R
FREDFHE 150 (ZHBKSITHIED/—< 54 XEFTLNMASE), FLAT—E2DIA )T

1—EFvY Lz, /— 514 XLT=${E% Expressionist £ TEHTLT=,

MRNA RIRET


http://www.cbs.dtu.dk/services/TMHMM/

#2 L THER cDNA /3L (Clontech, Biochain) Z L. ABI PRISM IZTEEIZHLE
& PCR @& =ERELIz, FHLI=70—7 (3 X T Applied BioSystems) [ FEEDEHYTH
%, ENBHEAEMTTIE B-actin THIELT=,

FITM1: Hs00416856_g1

FITM2: Hs00380930_m1

TIMM21 (1700034H14Rik / C180rf55): Hs01003272_g1
FAM210A (4933403F05Rik / C180rf19): Hs00935911 m1
SLC12A4: Hs00957115 g1

TMEM242 (5730437N04Rik / C60rf35): Hs00218395 m1

B-actin: 4333762F

€IST4via ‘NI IVOF IV
EBHEEFICHTDEILIF)/ToFEUAA)T (Gene Tools) % Nasevicius 5D ik

[29]ICf>TAoozHiarv iz, 12229309 BREICIL. PhenolRed 0% . JBEIL 10

UM~500 uM IZEREILfzo 1292 a2I2iE IM-300 EEFIvA V0420953 —

(NARISHIGE) AWMz, 12029230 58T 5700 2R OBEAIL 1 M T. 2(TH

1 nL [CEAEIL = 120930 LzRIL, 28°CTA o FaN—tL ., HERFEBRELz, 2 HT47

aVRA—)LEL T SIEREIRTYFH NIV MA—IILDELITHI/ToFEORAATER

Wz REEBRFDO/VIFIVIERALIZEILIA)/DERIIEUTICEEL

MO-control: 5-TTTCCAAATTTTGATACGTACGATG-3’

fitm1: 5-CCACAAGGATCGAGTTTAGAAACAT-3’

fitm1-5mis: 5-CCAGAACGATGGACTTTACAAACAT-3’

fitm2: 5-TGCAACGGCAGCAGCCATGTTGTTC-3’

mmtgtl: 5-CACCTTTCCAGAAGGACGAGGCCAT-3’

mmtgtl-Smis: 5-CACGTTTGCACAAGCACCAGGCCAT-3’



timm21 (1700034H14Rik): 5-ATGTCTTGTCGTTTAACCAACACAC-3
ccdc51: 5-CAGTGTTTGTTCTGAACCTCATTGA-3’

ccdc51-5mis: 5-CACTCTTTCTTCTCAACCTCATTCA-3

fam210a (4933403F05Rik): 5-TCCAGAACACACAAACCGCTGCATC-3’
fam210a-5mis: 5-TCGACAACAGACAAAGCCCTGCATC-3’
tmem38a: 5-AGGACATCTAACACCTCCATGATGT-3’

tmem38b: 5-AACACATCCATAACTGAGCCGCTTC-3’

minosl (2310028011Rik): 5-GCTCTTTCTCAGACATGATGACAGC-3’
ccdc90b: 5’-GTCTCCGCATAAAGATCCCCCAGGA-3

slc12a4: 5’-TTTCATGTGTTTAGTGTGCGGATCA-3’

coa3 (ccdc56): 5-TACTCATGTCTGCCATGTTTGAGGC-3’

slc25a35: 5-CGACGCCACCGAGAATGAAATCCAT-3

tmem65: 5-CAGCAACACCGAGCGGATCATCAGA-3

tmem?242 (5730437N04Rik): 5-GCTCTACTGACATCTGAATAGGTC-3’

¥IS5T749a~D MRNA (2D HS 3>

IMAGE clone (Open Biosystems)Z8AL. FITM1 E£f=I& FITM2 QA —T ) —F 4245
JL—L% PCR [CKYIEIEL pCS2*RU4—[32]ICE ALY, #i#ay0—>2% Notl TERILE
L. MMESSAGE mMACHINE kit (Ambion)#% FL\T capped mRNA & L1=, 0.8 pg/uL

@D MRNA Z 1 #ilEIDET 571y alflca4o P hiav L, REBEEZHREL-,

MEEHRRAT
Excel 2010(RA7AYIM)ICTtIREZAVWTp EZEHL.p < 0.05 xHELELALL
f=o 1= LEREMIELT- adjusted p-value & R [ZT. Benjamini & Hochberg ;%[331%

L\—Cﬁﬁbf:o

10



3. HELER

BEESIRICEDIEVRIVEDRE

BEIODZDDEHEE SR, TAC ETI/ILYVRDEHE SR SLUMEE T XD HE
ER [ZDLYT SDS-PAGE gel electrophoresis L = LC-MS/MS f##7 [34]1%1TL). 3,638
BOR I BEERFE Lz, DiE. FRFENICRESNZ2V 1\ VEEZThETh 1,232, 824
ETH>T=. COIBTACETIZEVWTHIRERHAWIETLTWDSIU N VEETREREL:
LTA. ENTN, 333 A, 163 ETH-=(H 1),

FESNTZAV /N VEDOFICIE, DFH/IMEK Ca?-ATPase(SERCA2a) . )7/ PV BIK
2(RyR2) . Calumin[35]. TRIC-A[36] &L oF=ibMil SR [CERIBT B4 /VENEFEATL
t2o SOTENDS TATAIVRBEFTICKY. (D SR ICHKEBRTH3 /1 VBEEREARETHD
CEMREN, RERICKYBFoN-T -2y DEREITEVEHIMLIz, —A T, SFaVK
DT ~DBRENFREINIZZUNRVELEEFENTWIEN S, KMRDFATIL, /Malk
ESFTVRI T DRELGHEIFITRAGEN>=EEABND,

DREYUTILIZENT, FEAEMHIVIEHPL TS E /0 E (4 333 B, 163 AT
HY.DFEETIICE T IERNGEI OB EETEANSNIENRENT, ChIL, &l
DSV RD)Th—LEFTOFERELF EA G MO,

T RLBDISU R) T — L@
DARRICETHECTFRIREIEHENTTH5H. TAC ETILLIYVDLDEREELVDEXRSY
TIL M ETLEYDFRLYUTIVERN, 7407 LA EfiEERL -,
FyITRIZHBTHTLE A a—ILEIERZE T, B-actin & Gapdh D 5,35 FILDEILEF
REFEATH-CEMD. MRNA & cDNA DREBICRBIEGWLERIBRLTz, T, DFE~T

—H—T&H5 Anp BS5UIZ Bnp DT FILIFIDFAEFEYIRATERLTHY.E7VU DM

11



ERETHAYUTILOBBEIEENIENS. YT ILOBMYBZPERIS—IFHENEER
Bz, VAR T DFER M ETIVIFEKREA DS Sham FHEDTEH TO AT
REEBbhf-, —A TAC ETIVIFIDIEXREICEAKRENRBOONT-1-0, FFREIZEY R LE S
T HEEFOMEICIE Sham BHEDREHELHERTHIEELT=,

MI. TAC ZRZNIZHWLT 1 HILLETL Y FIL>50, valid value <0.05 DEIFZEHFH X
S &L= (MITIX 19,720 FO—T+vbk, TAC Tl 20,280 7A—J v k) , TATAIHREHT
TRIESNTZZVN\IBEDH 80%IE KRB TELEHREAINHERINT-, MI. TAC ZhZhIZHL
T Sham DR LETEHDOFHI T FILEN 1.5 HUERLGY (L5 FICEFF=E 1/15
[ZIET) . B¥ED THRET p<0.05 LAHEELFEMELI-, ThEh ., Ml TIE 2,608 TO—
THtyb TAC TIF 2,168 TA—TyrM&BL. Ml & TACILDF L) THETHTO—T Y
k& 978 & (MI @ 38%. TAC @ 45%) TH o=,

DAREETILHERY T ILIZEWT, IDAREI—h—THS Anp B5UIZ Bnp DT FIL
NERLTWIEML, BTICKYFON-T 2y rDEEE TS EFITLI,

DALY UTILT LS BULOEFHERLI-TO—TJ &, ZFEAEZRIN-2T0—TDH
1 EI(MI 13%. TAC 11%) TH>Tz. TATAIIVRBHOIERERRIZ. DARELETILTIE.
BEREFRELTEHE/NSVWIENREIN ERMFUTILERWN A7 LA BIIZENT
BERICDA L TRI|EFHE R T ERTFIVLENIENRESNTLVS[37, 38], LI=A T,

AEREIREATHHEEZEADNT=,

RIZREHSD T DOEE

AFETIE. BIEZHIEH S FEL T, SRIER DHAEFIHMEEL . DHMEICHLTEREZ
T HFRDFEREREL - D SR ICEWLTIE, [E LD SERCA2a h' SR ~D Ca>* Dik#H £
(TZ. RyR2 NHZEESIZEAHONTINS [9], CNLDEILE LD RS RR—2—101
FUoFrRILEZMIZT HIEITEY . SRIER DHEEFFIHTEAHaREMNZEZ LN DI EMN D,

TOTAIVRBHTRIEINTZ 1,232 EORERFH R /&L T, Gene Ontology & &U

12



SOSUI, TMHMM ZRW\T, HIlaNBTE. #EER A TR E BEKERN B2 /Y
B, ;FSURR—E— A4 F ORI AL DLEEIVNIBEELTT /T—avniEsh
RNV BEERFE L, MAT, Xk -EERHERATTDHILITKY . DIEICH 1T HEEENT
BATHY . M2 BRIV BEHESNAFIRIV NV BEEI— T 5EETFEEELZ. CD
36, XAVAT LA ETICEVWTERREHEL. €T I71v a2 TRESN TS 22 EDE
EFEEELIZ, SBI2. 22 BIEFITEFENSD Fitml OT7I)—EEFTHS Fitm2 A, EF
DY T ILERWTOTA IO REH TRIE STz (data not shown) fz&. ChzEhL.
23 DEBELFYRNERFTRRELT,

EHSREDT=6 ., IR cDNA /SR ILERANEEMERICE T2 RBAMETETL. DES
FUBHBICHENICRIET S 6:18EF (FITML, FITM2, TIMM21, FAM210A, TMEM242,
SLC12A4) &EELT- (K 2. & 1), MBFEMNGRTIL. EXRNOERZIEMIRERFICEER
SEONBFZTTHL, IEFEADOBIEAZE R TE AN S<. BIEENELTEELE
FTHD,6 BEFITONT BEEEMITT LKLY, BIRZMELTOZ LML TE
BEEZOND, T T ARETIE. 1 HFTHEET S ENRESN TS FITML, FITM2
(22T, E 3 EICTinvitro [ZH T EHEEERRITT 5 EELT=,

T FRBZRANDHZEEZEARLANILTHERT 510, BEXZEICTELIFN/ToFEY
RIVIEIUIEY R RBEEFORREFBVSE-E TS T 1 ORBFEEHE - BITLI-,
AO)—ZUH DR, 10 BizF (fitml, mmgtl. timm21. ccdc51. minosl, fam210a.
coa3. ccdc90b, slc25a35. tmem242, slc12ad) [T, BRBRANDEEXHEIEL-. £
= fitm2 (X, ZEDENTAHV /T oF RV RGZERMTIo O30 LERICERRBEZ RS
Motz fitml |ILIH) /T o FEVRERBICA D223V HIET, fitml EILTAY)/
TUoFEURZEMTEALERELEEL, BRRBSIUVERERKISRVEZELEEZ-(R3),
EFFITML1, £2IE FITM2MRNAZA 222023V LERICE . DRBKES LU BRI RER
NEEIN(B 4), COTED B, ETFT70v2alTHBULT, fitml & fitm2 [FERFSLVE

B DFERIZHEEL TODRIREENRIZSNT =, LALGA S, KRR TRV =EILTA
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/99T ETIE, T—F 777 DA ReEE HRLEN A [39] EIREMFEZRNT
BIRICE T HEIEFDEEERRITT HICE. RERGDBINALETHSH. ECT.E 4 EITH

LT, Fitml, Fitm2 W@ F D/ vIT ORI DR EEELEIT T 5 EELT=,
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4. INGE

AECBWT.TAC ¥ORZERAWTOTAIV R, TAC ¥ORE Ml YO REALV=T
A7 LAERIZEY . DR ZDOFHRABEBERFELELYI57 FDIVRMN G-, EblIT. 2
DYRNS, EMZBWTLES FUBERHITHEMICRERL. €I53T71v 1D FKEBIET
WEeEE T HREEME D H S5 FEL T, FITML, FITM2, TIMM21, FAM210A, TMEM242,
SLC12A4 @ 6 BIEFEEELI=. choD D F(E, DRICEITHEEEN TGRS /U E
THAHIEN D, BIEZENEL TOZRLUMERIIT 510 . BEBTALETHD, T THRH
RTIE. 1 D FTHREETHIENRESN TS FITML, FITM2 RV DEMFREL. RE

LIFZIZT. in vitro. in vivo IZE T A REEREET AL ELT =,
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1%t experiment 2nd experiment

Ctrl / HF heart SR Ctrl / HF heart SR, Liver ER
MCuIMBEM
SDS-PAGE SDS-PAGE

12 gel slices = 12 gel slices

| In gel digestion w/ trypsin |

| In gel digestion w/ trypsin |

| LC-MS/MS analysis | | LC-MS/MS analysis |
90 min x 12 slices, 120 min x 12 slices x twice,
n=1 n=2
1875 proteins identified 2654 proteins identified

In total, 3638 proteins identified

SERCA2,
Ryr2

Heart failure

H: Heart, L : Liver

1. Summary of proteome analysis.

Left panel: Procedure and result of the 15t experiment. The LV from TAC (HF) and healthy
control (Ctrl) mice were excised and the SR/ER fractions were isolated. Proteins were
electrophoretically separated and stained with Coomassie brilliant blue staining. The gel was
sliced into 12 pieces from the dye front to the top of the gel. Each slice was analyzed by LC-
MS/MS and identified 1,875 proteins. Right panel: Procedure and result of the 2" experiment.
In this trial, the LV and liver were used. 2,654 proteins were identified. In total, 3,638 proteins
were identified by GeLC-MS/MS. We categorized these proteins by their expression pattern,
such as; H (heart) >L (liver): proteins expressed in heart than liver, H=L: proteins which were

expressed almost equally in heart and liver, H<L: proteins expressed in liver than heart.
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2 or 3).

Relative mRNA levels were quantified using the comparative AACT method with an internal

control gene (B-actin). Expression levels relative to those of the heart are shown. Each dot

2. Quantitative analysis of mMRNA expression in human tissues.

represents a replicate (n
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X 3. Summary of target gene selection by screening of MO-mediated knockdown in

zebrafish.

Injected concentrations of MO, the time point of imaging, and major phenotype were as follows:
fitm1, 200 uM, 36 h: Edema, Hypertrophy

mmgtl, 100 yM, 48 h: Growth retardation, Flexural tail

timm21, 100 uM, 36h: Edema, Slow heart rate

ccdc51, 100 uM, 36h: Growth retardation, Twist stereotactic body, Weak heartbeat



minos1, 100 uM, 36h: Edema, Flexural tail

fam210a, 100 pM, 36h: Edema, Growth retardation, Bloodflow deficiency
coa3, 100 uM, 36h: Bloodflow deficiency

ccdc90b, 100 uM, 36h: Edema, Bloodflow deficiency

slc25a35, 100 pM, 36h: Edema, Bloodflow deficiency

tmem?242, 100 uM, 36h: Edema, Slow heart rate

slc12a4, 200 uM, 32 h: Cardiac arrest

fitm2, 100 uM, 36 h: None

fitm1+fitm2, 100 yM, 36 h: Edema, Bloodflow deficiency, Slow heart rate

20



no injection

FITM1 FITM2

4. Human mRNA overexpression of FITM1 or FITM2 in zebrafish.

Injected concentrations of synthetic mRNA, the time point of imaging, and major phenotype
were as follows:

no injection, 49 h

FITM1, 0.8 pg/ul, 49 h: Edema, Flexural tail

FITM2, 0.8 pg/ul, 49 h: Skeletal malformation

21



Heart
SR Microarray Amino acids length
MS & Cellular
NCBI L
Symbol Mouse TAC TAC . Transmembrane Localization
Mi Accession # o s
TAC (heart failure) | (hypertrophy) Prediction (Prediction)
vs.
Vs. VSs. VS. (TMHMM)
Normal
Normal Normal Normal
Fitm1 — 0.62 0.58 0.8 NP_081084 292 AA., 6TM ER
Fitm2 0.63 0.63 0.77 NP_775573 262 AA., 6TM ER
Timm21 — 0.82 0.85 0.9 NP_080245 244 AA. 1TM Mit
Fam210a — 0.66 0.8 0.84 NP_722489 273 AA., 1TM Mit
Tmem242 — 0.89 0.83 0.97 NP_081733 140 AA., 2TM Mit
Slic12a4 — 1.5 1.07 1.16 NP_033221 1085 AA., 12T™M Mit

5% 1. The putative targets from omics analysis, tissue expression pattern, and zebrafish

screening.

Summary of selected targets which highly expressed in heart and skeletal muscle from results
of MS using mouse heart samples, Gene Chip analysis, quantitative analysis of mRNA
expression in human tissues, and zebrafish screening. “Symbol” indicates the gene names.
“Heart SR MS” showed the results of proteomics analysis in which arrows indicate the change
of expression levels in TAC samples compared with normal samples and a minus sign indicates
not detected. In GeneChip columns, the change of expression levels of diseased samples vs.
normal samples are shown. NCBI accession nhumbers of genes (Mus musculus) are listed in
the middle column. Amino acid length and transmembrane prediction: information on the amino
acid length obtained from NCBI and the prediction of transmembrane helices from TMHMM
(http://mvww.cbs.dtu.dk/servicess TMHMMY/) are indicated. Cellular localization shows the
localization in the cell as predicted from NCBI information. ER: endoplasmic reticulum, Mit:

mitochondria.
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E3E

Fat storage-inducing transmembrane protein @

in vitro BEEERRHT

1. 4>baFH9 3>

F2ETIE. DA 2DFHHABEZEME#H EL T, Fat storage-inducing transmembrane
protein (FITM) RSN -, RE T, ZTOEIFEEZMELTOREEEFFEMIT 5=, in
vitrolZE 1T S RE = R AT L 1=,

FITM1, FITM2(Z#R RS ER L EORFTHY . FITMORIRE LIEIERBE
(FAERERERICH D EMESINTIVA[40], T2 T, —BHBEIRIRMITE AL AERAFERZ AL
B2 57 B% AL,

Ft= FITMA SIS EEEEAR T AL, FITMIZ 73 —Da S RE S (37 3/ E)
DERICE>THEENDEETHIL. SOICEHER REELARET HIEMN2011FICHRES
NnF=[41], R EFFITMDAL T A—2 a3  BALIZ > TRERAEM B REARIELIHEZER
BRLTHEY. B FICKDMEERIEH O AT EEME A RIBEINT-, T T BRI/ VEERIGN
LR TYESAR(TG) DEEESERIELT =,

EBIZ,FITM AVNERIESR L OB THAHZ L IMaARD TG ERDIHFTHYEIER L
HBEELTVAIL. E2 EICTLHMAATIL FITM & SR ELIZRBET A HEEATESIN
f=CEM B, FITM DIFREH, ER/SR #EECD MO KBE TN E T S ReMATRE
Nz, INEAREEICHEBERIFTHENMEILT 5120 IR AT —h—42 OB D
RMEEFEVIRILTOVNTRTLE, £ EARNKEHADEEL AR O—LBRIFTIZT
ML=,
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2. MHEERE

il -3
Integrin avB3 A HEK293 #ifatk ((tNRE) L. 10% FBS (Hyclone)ZiHimL 1=

DMEM 1&#h(Gibco) TIE&EL 1=,

MRNA SR ZHT
B2 BELRABOAETERLL MITICETRIO—JTE#HEHL. REZEELLT
Peptidylprolyl isomerase A (Ppia) &AL t=,
Fitm1: Mm01322192 g1
Fitm2: Mm04212060_m1

Ppia: 4326316E / MmM02342429_g1

FITM —itE8 % S IRMa=H 1 5 IREEHERIE

Ek FITM cDNA A7 0— b ENF-TFRXIFIE, OriGene MSEEA LT, #IlE~D FITM 7
SAIRMDE A I Lipofectamine 2000 Transfection Reagent(Invitrogen) @ 7Aka—)L(ZE
DNTERELT=, B{RRIIZ(Z. 96well plate (Corning) IZ 1.6x10%cells/ mL(100 pL/well) D
& THIRAZIBFEL . 37°C, CO, 5%&HT 1 Biig &L 1=, Opti-MEM(Gibco) 25 uL & plasmid
2 ug. Opti-MEM 25 L & Lipofectamine 2000 Transfection Reagent 0.5 uL #ZFhZhiRE
B.ERHE G 7))L gm 2 BEES. ERFHE (20 7) L. 1well H7=Y 50 pL 2k
. 24 FefEFE=IX 48 FeREEL -, HEZEWR5IBREL . 10%H EEERIL <Y V& (WAKO)
100 pL %00, =i8#E (15 %) . DPBS (Invitrogen) T 3 [E%%%#% . 1well $7-Y DPBS 100
uL ZAHRmL 4°CICTEREFLTZ, DPBS %FxZELT- well [T BODIPY 493/503(Invitrogen) 1

Mg/mL 100 pL N0, 37°CEHE (5 ) #&. DPBS T 3 E#k#%L. BIAEEEZITL. KT T

24



Hoechst33342 (Invitrogen) T %1To1-, DPBS [CEMLI-HEFEY L TILEEITEM
SREEE-IL IN Cell Analyzer 1000 (GE healthcare) TOfEHTIZ#tLT=, IN Cell Analyzer
1000 #AW=EHFTIE, & well [2DULVT 500 #ERELLEDEEIRBETLN(2~4 REF).
Developer (GE healthcare) IZTHIRaEK. BERAESL. fRIAME Y 4 X (EFE) #1512 L LI-fEth &

’??OT:O

HBZEER FITM 220 B O S

MERER [41)ICBEDE FE—=# RD /N\—L#HXEHITTER FITML 8KUER FITM2
R Z 2 N BEEEHLT-, plEX-Bacl expression vector #FL\T. FIT1-His6-Strepll,
FIT2-His6-Strepll % HighFive #If8IZHKIRS . MIBIEERHN OB ERTIV/N\VEHEE.
Strep-Tactin Superflow Plus (QIAGEN) 5|Z#%& HiLoad16/60 superdex75 (GE Healthcare)

#FRAULWTHRELT-,

FITM & TG LD #E&RER

TiRE. D/ N\ I7—EERAL,
/Ny T77—1: 50mM Tris-HCI pH7.4, 150mM NaCl, 0.1%(w/v) Fos-cholinel3(Anatrace,
#F3105GM))
/Ny 77—2: 50mM Tris-HCI (pH7.4). 150mM NaCl
7\ 277—3: 10mM Tris-HCI (pH7.4), 150mM NaCl, 1mM EDTA. 1%(w/v)Triton X-100

/Ny I77—1100 pL Iz, /A T77—1 [ZHFRL Tz 90-150 pmol (3-5 ug) DA 2 /U E |
INT7—2 IZFIRLT= 50 nM-1 pM [9, 10-3H(N)]-triolein . 7Ny I7—1 TFEFD Strep-
tactin macroprep (IBA GmbH)15-30 pL Z##&&L. ERTH 4 BHEEGERFL-, RIG&RZ
vortex [CTHR#HE. /\wI7—1 T3 EZEHEL, /\wT7—3500 uL THH#E. R/ v T7—500
uL ICBBAL:, BABRZE/N\M14=vyo70— 10 mL ~&HmL. oFL—avhoo2—(C

THRIELT=,
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INIAE RN RR—H—B OB O RBR

FITM —@H BRI HIRMATICH 1+ BB EBIE LF4RIC lipofectamine JET— @M iBE
M EERLT-, BEAMIIZIL. 24well plate (Sumilon) [Z#iAE% 1.6x10°cells/ mL (500
ul/iwell) D Z E THEFEL . Opti-MEM 50 pyL & plasmid 0.8 pg. Opti-MEM 50 uL &
lipofectamine 2000 Transfection Reagent 2 uL O E|& THEALT =, MEHANEEL TULVELVHE
& (No transfection) 5LV hFITM1, hFITM2, hFITM1+hFITM2, pCMV6-entry (mock) %i&
ALT= 5 BIZDULVT, plasmid A, 24 FrfE#&(CiEHhZRE. PBS Tiki%L. -80°CIZRTE
L7=. 1well 7Y . M-PER Mammalian Protein Extraction Reagent(Thermo Scientific) 100
uL ZAml. BEL-, BRRO—HEAVTEZICHRL BCA EITTHAVNVEREZAE
L1=. Y DBERIZ SDS Y FIL/\wT7—100 uL ZHRML. TiE(ZHE LY SDS-PAGE TS
B L. ER Stress Antibody Sampler Kit(Cell Signaling Technology Japan) . 1 myc-HRP #1

K (Invitrogen) ZALNM =D T RA T OV T4 THRE LT,

AFRA— LT

FITM —i@14 @R FEIFML~H (T HREEE R E LRI lipofectamine JET—@1HEE
HIBMAmEERLz, EAEMIZIX. 10cm dish (Sumilon) [C#IFE% 1.6x10%ells/ mL (15
mL/dish) D Z E Ti&FEL . Opti-MEM 1.5 mL & plasmid 24 ug. Opti-MEM 1.5 mL &
lipofectamine 2000 Transfection Reagent 60 uL M E|& TEALT-, No transfection & U
hFITM1. hFITM2, hFITM1+hFITM2, pCMV6-entry(mock) Z&ALT- 5 8 (& n=3)%.kta
— - ARO—L- T /00— XBARHIRE DA A THLER, E 4L, ZRHBRER

ML=,

HEaHARAT
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Excel 2010(XA420YIR) [ZTtHRE (Welch)ZFRWT p [EFZEHL.p < 0.05 ZFELEL

H1ELT=,
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3. HELER

FITM1, FITM2 @ mRNA FIRfEHT
Fitml1. Fitm2IZ2W T, ¥R BHEICHETAMRNAFEIR D AL, EFRRR. DBEBE
BTOERRZFHERALIE-(KS5), £, EMDEEEB/ SRILZERWN=#ITIZE>T, FITM1,

FITM2EBIZAIDETE2ELEHKBEL TSI LR L-(K6),

FITM1, FITM2 O##$RERTA : B Dh & A

hFITM1, hFITM2, hFITM1+hFITM2 & &U mock —i@ M EFEIFITMMAZL no transfection
ffila%Z BODIPY493/503 THREL . HABMBEAREZT o=, BR. BHBEREIUVH (XD
tEmEREELIZ (B 7a), Hoechst33342 THREBZEITOLHKZEBYLTILIZDLT.IN Cell
Analyzer 1000 TE{RER{F. Developer IZTEMZITL. IEIFER/S MR, L TIZAERATE
YA X/ 2fEiagko 2 HEIZHEWL T, mock, FITM EAMRMT 2 U LOEERELIZ(K
7b),

AEERND.FITM OBEFHRICL>TIHEFBEEENMRESNSGZENBREINT . AHAR
Tl FITM2 QBREIFRMAI<H LT, FAITMLBRIFKRMIA L LLERL . LY KRSEAEHEDE
MEROT=. — A WXFETIE. FITML F1=(E FITM2 OBEIFKBRICK>THRBRIN S5
BB LUY A XITHEERZELROHSNTULVEL[40], FITML & FITM2 O R & A MR
BOWT.AEDTSRIRMSHKRTEH2/VEEIL FITM2 ODAMZ A1 (data not
shown) , COZEMS, BBHBE#MB LUV H A XIZENELRRELT,. EAShIZFV/NNVE
DRBEDENEESNT-, LOLEDS TNENDBEEFICEoTHRSN SR EDHK
BEUHAXDE, SHITITHENZEZDOFEICOVTIE. BLLBHPBLETHS,

FITM1, FITM2 O#EEEMM: TG LOEEREE
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[9,10-*H(N)]-triolein 50 nmol FRMEHIZELT, FITML, FITM2 HIZ2V N\ BE=KFH
BAIULDOEMEHERL- (K 8), BIRMHERLLT. AVrDELS FITM iz 42 /\ V&
(lot.1~l1ot.3) [ZDL\T, FITM &2 /898 320 pmol. [9,10-3H(N)]-triolein 50/100 nmol §&# T
[2H T DIESHEXRIILI=HER . FITML, FITM2 £H(22 T lot T[9,10-3H(N)]-triolein E&
FREHD DB MN%EER S 1= (data not shown) , [9,10-*H(N)]-triolein 50 nmol &#&IZHI1+5
fEERET 2 BOXRBREELCEEREETHY., FITM 2o/ VB LHERHOEEESEE
ReRLT=,

FITM1, FITM2 OffifaRE~ DE /MNEKERAN AT —h—

hFITM1., hFITM2, hFITM1+hFITM2% & Umock— @ @ | FE IR MAE &no transfectionfl
fICOVWT, Dz R22TaybTINBERARNL AR —h—42V RV EDOEEEfEHT LTz, No
transfection, mockE A IR ELLEEL . hFITM1, hFITM2E A #if2 Tl&. ER oxidoreductase 1
alpha(Erol-La) &protein disulfide isomerase (PDI) D/ FEEEAMETLTLV=(R9), Fi=.
ZOETOEEE, hFITML, hFITM2EA MfafE CRIEE Tho1=. BIRMEMHEZRHRICE L
THRERDERZFEEELT- (data not shown) ,

Erol-La®& & UPDIIE, UPRBIES /B ELTHION TS, CNbD R FDILAERAE
~DEEFBAGHEGE>TOELA, DHEEEFDEOEFSMAICEVTRREALFELT
WA &L F=.invivo, in vitroDFEITIZE W TLFHEEICH LR EMGHEREZRDOIEAHE
ENTLVS[25], FITMODBEIFKIRIZE>T, Erol-LaS KUPDIDFHEBHENE T LI=CEMS,
FITMOEREDEMIE. UPRHDHWIIERKEEICE D EEZ S A S REMEATERIN. &
&, FITMBRIFEFFFDErol-La S UPDIOFIMEZE D EAMAE -in vivolZTHEITY &Ik

Y. DEICHETEHEEELYFHMICBHALNITELEEZAOND,

FITM1, FITM2 Q#IRE#BE~NDE - MR HEE)
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£— B BAEIHKIEMAZL no transfection FARAIZ DT, AP RO—LEITZEERLT .,
Negative control &L T no transfection #if& mock BAMEERE LR . mock EA(Z
FOERBMEEDEENRHONI-CEMN D, mock EAMEE FITM BEAMAETOLEKEZE
L. BRICEBT 2R BEDEREBE L, FITM BAMTIK, B73I/BEDET. K
ZEBROFFHIENROON BFEGRFEACLDFHNGEEEL T, FITM2 EAMAET
ET7LIAIL=FoOED . FITMLEAMKBTIES ILa—X 6 )V BEOEMZERSHT- (K 10),
AEERHND. FITM BREIFEBFNHBRARBEZEZSSE L ENREINT,

AEFELY, FITM EAMRIZE VT, 7S/BELERISHMETLTOSATEEEARE SN,
F=  FITM2 BEAMRRIZE TH T ILAIL=FoOED . FITM1 EAMRICEFE5)La—X
6 UUBERDEMIEZAZN. B BBILERE. VIILO—XWYAAHH LN IIHEF AOEMEREL
T3, BIEHFEN Fitm2 BEIRIE I X (CKF2 Y7 X) DEHTIE, BEHFICHITHIR
WX —REZEHBRBIEOODRETI/BEEANLLINEEEHIE, JIILa—RADEY A
EIEIMSELHIL. BRHHMEAD ATP EXETIELIENMESNTIVS[42], XTI,
C2C12 filaZ ALV -EBITCIEY VA BRHDBITEZBEIRT AZENTEEMN LR ESNT
LVBAY, HEK293 #ifa% ALV AR TIL. in vivo LRIBRDEB# MR TE -,
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4. INGE

Fitm1, Fitm2 AYDRIZENT, EFRIER, DES IV BBH TERERL TS IENTRE
Nz, MAT, MEEFEBIC, EMDRICEVTIEFRADECL &LV RBEEZZEDT -,

FITM1, FITM2 Q42 EIEEDRREEZ in vitro [TTITLY, EHTEREEHY. FITM EIEZF
DBREIFEBRIZELEMERE A DORES SUHEBZ FITM 22/ 0B ETC DEEEAZHERL
fzo CHIE, BB RE LD TG EDHEBREZIEIRELIZ. FITM (2T HEHRY)—=
JREBEMNFRETHSEERLTIVD,

MAT,FITM &/DRREREOCRBEDBEREBE TR —BH BRI FETHEICHIT 5/
KA AR—D—2U VBB EE), AR 0— LETET o= ZOFER. FITM DB F|F
RIE, MAKRNRAT—H—EV VB ORBEHE S VHRRARBESEZFET S5 L%
WERLTz. FITM AEMLEICERIRLTVBIEN D, AN FEZMNLETHILICLY . ER HikE

PHRERKHZEC DD HEA T RE TH A RIREEA TR SN,
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5. Quantitative analysis of mMRNA expression in mouse tissues.
Relative mRNA levels were quantified using the comparative AACT method with an internal
control gene: Ppia. Expression levels relative to the expression levels of the heart are shown.

Each dot represents a replicate (n=2 or 3).

32



. 2.25+ - 35.00-
-
= 2.004 . 2 40.00- oy
E 175 . £ .
= = 25.00+
E 1.50+ --» -» E
9 1.254 . o 20.00-
3 1.00- -eo . 3 15.004
S il S 10004
[y 0.50' [y
T 025 - = 5001 .
o8
0.00-= T T T P90 T T o O-OO'M_FFM'
N A DA KR & N A O D K2 & 2>
&w &@. \Q’Q, \0@' 0({\' (\'06 QG\ ‘@(06\0 0&' &Q’ &@. \@Q, \0@. 00& {\‘ed 40\ Q @6\ &Q&c’e’&
ST I EFFE v R L AR GG I S-S P
SRS ARy ® o &S NGRS
KUK 3 2 Wy 3 o
oL RY
) $
& &
¢ &

6. Quantitative analysis of FITM mRNA expression.

Analysis of the mRNA expression in chambers of the human heart. Relative mRNA levels were
quantified using the comparative AACT method with an internal control gene: Ppia, Expression
levels relative to the expression levels of the left atrium are shown. Placenta was used as a

control for the experiments. Each dot represents a replicate (n=2 or 3).
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no transfection PCMVE (mock)

7a. Involvement of FITM1 and FITM2 in lipid droplet formation.

Constructs were transfected into HEK293 cells using Lipofectamine 2000 reagent. Cells were

stained for lipid droplets using 1 pg/ml BODIPY 493/503 and visualized by EVOS FL (scale bar:

100 pm).
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7b. Involvement of FITM1 and FITMZ2 in lipid droplet formation.

Constructs were transfected into HEK293 cells using Lipofectamine 2000 reagent. Cells were
stained for lipid droplets using 1 pg/ml BODIPY 493/503 and visualized and counted by In Cell
Analyzer 1000. Analysis was performed in 12 wells for each bar and data are represented as

mean £SD.
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8. FITM1 and FITM2 binding to [9,10-3*H(N)]-triolein.

Recombinant proteins, [9,10—3H(N)]—triolein ([3H]-TAG), and Strep-tactin Macroprep beads were

mixed by inversion for 4 h at room temperature. Beads were then measured for radioactivity
using a scintillation counter. This experiment was repeated with similar results using three lots

of recombinant proteins.
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9. Effect of FITM overexpression on reducing the expression levels of ER stress marker

proteins.

HEK?293 cells were transiently transfected with mock, FITM1, FITM2, FITM1+FITM2, or
MMGTL. Cells were lysed in Laemmli sample buffer and subjected to western blotting. Each
sample was a pool of three wells. The graph at the right side of the blot shows quantification of
Erol-La and PDI protein levels after normalization to Calnexin and these levels are presented
as the fold-change of the pCMV6 transfected sample. This experiment was reproduced twice

with similar results.
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10. Metabolomic analysis of FITM-overexpressing cells.

Mock, FITM1, FITM2, and FITM1+FITM2 were transiently overexpressed in HEK293 cells. Cell
lysates were subjected to CE-TOFMS and LC-TOFMS measurements. In each bar graph, the
blue bars indicate the no transfection; red bars, pPCMV6-entry (mock vector); green bars, FITM1;

orange bars, FITM2; navy bars, FITM1+FITM2; and purple bars, other membrane protein.
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FitmliZ, 720 BHRH AL DOBRRICEVNTRBELEEHE T &, £C2CL2MRD LI
BT, ZORBEHNMyoDLZ K> THIHIESN DI EMNTRESN TLVSH[43], £f=. Peroxisome
proliferator-activated receptor gamma coactivator 1-alpha (PGC-1a) ZiBE|FRIFIE1-Ek
BHRHMERICEVT. BIAEOERLLLIC. AITMLEGFREANFTESNLIELSHMONT
LV5[44],

Fitm2 DA EHEEE (X, BEIFEBRRMEERF /v 7V KO) YO R[45] HERDE S
EKO[46] BB ENISIVRDIZYIT VR (CKF2Y I R) [42]EFAWTEITEN TS
Y. RORERATEHOITBREBHEICTF ST HIEAMESNTIND, MA T, CKF2Y™D
ADEBEREFH TIE., BEHERRRIE DR . SIKE7S/BARADIEMN, 7)La—XEYAHDIEM,
HRRATPLRILOETARO N B[42],

BEFREY . FitmlEFItm2(E BREICE VL THEEZE TS EABHLAELSTEY ., RkRICE
LR THLHDBOHEEICH L THES T HRIEEMNFESN-. AT, F2EDETS
4921 AVERTICENT, ChoD R FNBIRSFISHL, HEEEZH I Ha A RIES
NTWS, BIEITBELTIE. ChEO D FHAUPREESIV NVEDOHREEOMBARBEE
BSEIHEN L DR EDRIRZAURMELY S DR REMMN TR SNT=, T, AETIE,
Fitm&D i ae - DR B OBEMEREIL . BIRBRHEL TORIEEMEIREL T 510 VKB
DMRNAFEIR EREHT . Fitm1E & UFitm2 KO XD ILERERRHT . KO RZE ALV

IDAEETILOFE@EZEToT=,
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2. MHEERE

SEEREY
7 BEDOTIRAEBAARSLC KYBEALT=, Fitml KO Y9 XAE KU Fitm2 KO Y9 R [&.
kGBI R AT CTHISIL . M 7 BEELAE 8 BED T IRZHEALI, £ 2 ELEREH

—Gﬁﬂjﬁkbf:o

DAREETILDOER

F2ELRINDFET.TACETILYOREESLT-,

IDBBE D HISE

15MHz ) =770—JZBAVTERAD II—IC K> TEMRE T TOIDEEEZEAIE LT,

mMRNA FIRE R4
%E 2 BELRABDAETEREL -, BITICIETREIA—T#FEAL. AEMEELLT TATA-
binding protein (Thp)ZAL =,
Fitm1: Mm01322192_g1
Fitm2: Mm04212060_m1

Tbp: MmM00446971_m1

EMMVEBREBEICES T EGTFRELS
F—=HRD /N\—LKASHITAEHZZETL. Bio Express system (Gene Logic Division,
Ocimum Biosolutions) # ALV 1BIRINEF 1T o1z, AHEHRN S, EMMEERBEFICTFITML

HBLE FITM2 MRNA HRIRENBEHLLUBRLEEICEEFLTWWAEREZHEL,

40



HEEH AR

Excel 2010(X 470V IN) IZTHREFAWVNTpEFEHL. p<0.05FFELELHALLE,
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FITM BEFOLRERICETHRELES

<)X Sham #.TAC ET/ILILDALE. TAC ETILIDIEXEE. Ml ETILIDAEHEHDO LD
FHUTILIZDONT. MRNA RIEEFMBITLI-, AEZEETEFDORIIEITo=&EER. Top D
FERANZETHDHLFIHTLT=(data not shown), MRNA FHEEMBFTZEToER. LWThD
BIEFITBLWTHREETILIZEITS MRNA EREDETHARDHLNT, Fitml (& sham &
HEELT TAC ETILILDALE T 1.6 £ . TAC ETILDBXRE T2 & M ETILLDFELHT
(X 1.8 fEDETHIHRDONTz, Fitm2 (£ TAC ETILIDALETLIE. MIETILLALET
[T 1.4 BOETHROHOoN (K 11),

EMDEREBEFEICHTS FITML, FITM2 @ mRNA £IBE L EFHIZDLV\T, BioExpress M
WTHEHRINEZTo-. COHFER. FITM1L (& & %F Granulomatous Myocarditis,
Nonhypersensitivity Type [Z8& LV T, FITM2 [&. Myocardial Fibrosis without Infarction,
Secondary to Coronary Artery Disease / Primary Congestive Dilated Cardiomyopathy /
Primary Hypertrophic Cardiomyopathy / Viable Tissue; from Heart with Old (Healed)
Myocardial Infarction(WLEFTRTHILE)ICEVWTEE#HELEL. ERICREALRLTY
1= (p-value < 0.05) (X 2),

T ORDAREETILOMBIIZH LT, Fitml, Fitm2 O mRNA £2E T (&, TAC KU MI D
2 DOMFREETILTROLON-, COTEMD, A FIRIERFTLESUICLHEE (BRER
MEREETHIODLREICHBLTREET SR FTHIEEAONT=,

Fr . YORBEETILEEMMEEREEICEUVVT. MRNA RBEEXHOARANELLH.
®ib D KO YUORZAVELAEETILOBRITHERMN . Fitm OEHED LR EISHLE

EMICECCENTREINTS, LES ST IVRALFREETUICE T ELFREEET
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(T, BFEIIEBEHESND, — AT RELREDROONSEMDREIZENTIE, A5 F
DEMHAHNIHEEMBEERIZLSF WA TFERINS,

Fitm1l KO R RE LU Fitm2 KO T R0 RERRHT

ERIZE T3 Fitm O#EEEFIRIET 571-8 . Gene targeting $%(ZT KO ¥ REERL= (X
12a,b), $HHFEHROESY. Fitml OAE KO EE (Fitml (-/-)) L EFE R e TH o 1=HY. Fitm2
DRE KO BIAILRRER 9~ 10 B ORI MBI ELES1=[47], Fitm2 AT A KO & {4 (Fitm2
() [FHAEL., BRERBETH o=, Fitm2 (+/-)RIREFAWDIEIZLY, £KRIZHIFTH Fitm2
DHEREFRIT T 52 ENTE S0 LIBOFEMTIZIX., Fitm2 (+/-) X RXZE AL =,

EMIBENT, DR EEEDZIIEHETHS, T T AR TIEIZEH IV ADIDHEEEE
B L1=. 22 ¥ AERIZ T, ¥ 9 RADIKE (body weight, BW). Z =R (K)HAE (Left
Ventricular end-diastolic Diameter (dimension). LvDd) . Z& = IR #& #£ (R ) #1 & (Left
Ventricular end-systolic Diameter (dimension). LVDs) ZBIEL . &#4>t TEEH & (Ejection
Fraction, EF) & HLT-, TD#&. 24 v ARMTHEIL. AE. BELEEE. BV EEEFBIE
L7z

ZOHER. RAEBOEFER (wild type, WT) I RELEEL, 22 4 B#ED Fitml (-/-)Y™ X
DRE. LVDd, LVDs, EF [CHZERGELRBOoNGEMNo1=(R 13), Ff=. 24 y ABIZEWNT,
RE.ALERLVEDLEEEICEF A -2 (K 14),

—75.22 5 BE® Fitm2 (+1-)X™ XTI, LVDd &1 LVDs DiEHEERH=HY, BEH [
FENGLARBILEELGEEROONGELNS(R 15), 24 v AR TOREZIFFICHT,
WT TORELEL, Fitm2 (+-)YVADADLEEEDETHEDHON-(E 16), LHL.E
DEEESFIVHEEIL. WT IHRERETHo1=(K 16),

LI EDERMS, Fitml OREBE. IORDRESIVERKREO DHEEICHKELEANL
W EATRENT=, Fitm2 (+/-)R AT, LVDd, LVDs D¥EHEZZEDHI=H. EF [XEETH-

-CE EBFREDETERDLGEMN-T=C& (data not shown) i, IEEBEHIZHEWNTIOHREIZE
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DEEFEZGWNEEZbNT=, LOLEA G, Fitm2 7RE KO YR IERMEEIEELY . Ff-.
HAERIC Fitm2 22512 KO LEYOREIBEREICESOTRETHIEAHRESNTLND
[46], LT=A2 T RO FIE EBLGYIVADEES IV HEROBIEAEICL ., HEEZH T
HEEZLND,

DAREETFIIHT S Fitm1 Fi=1 Fitm2 O A

LT, Fitm ADTEDREICR T HEZMRITT 5126, KO IYVRZAT TAC £T
IWEESIL AEHR . BEMNLDEEOEL. RRHACTORFEELATFREZIEL -,
WT RS Fitml (-/-) XD RD TAC MEE TIL, sham FELLEL, 1~8 BB (2H (T
THRERDIZEHON-(E 17a. & 3), —7H.TAC LELT= Fitm2 (+-)YVADEKEIL,
sham B &LRF TH-1-(H 18a. & 4),

DHEREEHIE TIE. TAC MEBEFHITH VT, TAC LiER 1 BB M5 LVDd DILIRE EF DET
MNEROHLNT-, RFFMIBEB IZHLVT, TAC LiER 1-8 BZ@EL. Fitml (-/-)IVREWT I7
ADOBEICEELREFRDONGEM >z (R 17b, ). ®LT. Fitm2 (+/-) ¥ R, TAC L&
4 BE MG, LVDd DiiikE EF DETZHEICHNIHEIL= (X 18b, ¢,

IDHEREETER ., YO RZEEIL. ELE. ALE, MOfERF[EEZREL -, TAC WEFHT
(F. T RTOEFICBSVTREBESEDEMZRD- (Fitm1: & 3. Fitm2: & 4), TAC L&
BOAEDE-FODEETIL., Fitml (/)Y I RAEWT YO ADBIZE LB HLNIEA>T=(FK 3)
M, Fitml (-/-)YD R+TAC #TIEXEDLDZEEZEEHEMLTLV (K 19), Fitm2 (+/-)XDRIZH
WTHEBRIZS.WT TORELEEL, TAC WEHICKITIALESIVMEECEFEDHLN
Hhot=(F 4), EILDEFEZ(X, Fitm2 (+/-)Y X+TAC BITHLVT, WT T R+TAC #Ett
BL. BRICD A= (E 20),

BB RICBITAEFEREEHLIZEIA, Fitml ()Y X, Fitm2 (+/-)X 2 R(ZH VT,
TAC ALE (LB TEH T SERARSNI= (R 3. K 4),
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[F. BELLDOTIIBNEHRIN, — A, FitmM2DATOKO I, HiE(EEE X, EFET)
EWEL, ABFERELFIBLIEND, Fitm2 LT SREICEES I EMNTERINT-,
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i KO Y RE RN =IDBRERRITICE LT, Fitml (/)Y X, Fitm2 (+/-)Y™2 XM EF [
EETHY. FEVLERFRL WT YORERFTHo1=, COZEML, Fitml & Fitm2 D5
FlI. BEEHTORAB TITBVLTLEEREICEEEEXANEEZLNT,

F1-. TAC ETILIZEITZRETIL, Fitm2 (+-)RIRIZT. DA EDIRELAETFRDOHE
NERHLENT=,
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[COAHDHEEEITT LR BN RERIBT LN EIHINS, LA ST, Fitm2 [ELF£
DFRBIFZMIRE LY SDLEZ DN,

46



% %k %k * % %k ¥

1
%%k %
5 ﬁ: o c 1.2
‘D 4 - [ ] 2 1.14 -
g 1.0 u — 2 1.0-
£ g.g: . g 0.94 ° o =
S o7d_*_ o7]%e — " .« "
Soel e *° s < 0.6 °
z o S 0. °
; ® ¥ 054 ¢
£ 0.4 £ 0.4
T 0.34 N 0.3
S g-i- £ 0.2
14 0.1+
E 0.0 T T T T T E 0.0 T T T T T T
& > 3
£ N y £ G
Al <¥ &v.c’ ™ <¥ «Vp «vg‘ \§\

*p-value<0.05
** p-value<0.01

*** p-value<0.005

11. Quantitative analysis of MRNA expression in hearts from TAC and MI model mice.

Relative mRNA levels were quantified using the comparative AACT method with an internal
control gene (Tbp). Each dot represents an individual animal.

HF: heart failure, hyp.: hypertrophy
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Fitm1 KO mice

12.3 kb (EcoRV)

>
1ex2 .
Mouse Fitm1 gene X 3’ flanking probe
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3. Homo (1.7kb)

X]12a. Generation of Fitm1-knockout mice by gene targeting.

Gene-targeting strategy. Top: exon and restriction map of the Fitml gene locus. Middle:
targeting vector. In the targeting vector, the neo cassette replaces exon 1 and exon 2 of the
Fitm1 gene. Bottom: targeted allele in embryonic stem cells and knockout (KO) mice.

Southern blot analysis of genomic DNA from mouse tails. The target allele (~1.7 kb) was
distinguished from the wild-type allele (~6.8 kb). The wild-type allele was identified in wild-type

and heterozygous mice. The target allele was identified in knockout and heterozygous mice.
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Fitm2 KO mice
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1. Wild-type (6.3kb)
2. Hetero (6.3kb, 3.2kb)

X]12b. Generation of Fitm2-knockout mice by gene targeting.

Gene-targeting strategy. Top: exon and restriction map of the Fitm2 gene locus. Middle:
targeting vector. In the targeting vector, the neo cassette replaces exon 1 and exon 2 of the
Fitm2 gene. Bottom: target allele in embryonic stem cells and knockout mice.

Southern blot analysis of genomic DNA from mouse tails. The target allele (~3.2 kb) was
distinguished from the wild-type allele (~6.3 kb). The wild-type allele was identified in wild-type

and heterozygous mice. The target allele was identified in heterozygous mice.
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13. Analysis of the functions of aged hearts of Fitm1 KO mice.

Measurements of body weight (BW) and cardiac function at 22 months of age. Cardiac function

was assessed by echocardiography, and mean values for each parameter are shown. Error

bars indicate SE. [Fitm1 (+/+): n = 18, Fitm1 (-/-): n = 17]
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14. Measurements of Body weight (BW), Left ventricle (LV), and Right ventricle (RV) of

Fitm1l KO mice at 24 months of age.

Mean=SE [n = 12 in each group of Fitm1 (+/+) and Fitm1 (-/-)]
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15. Analysis of the functions of aged hearts of Fitm2 KO mice.

Measurements of body weight (BW) and cardiac function at 22 months of age. Cardiac function
was assessed by echocardiography, and mean values for each parameter are shown. Error

bars indicate SE. [Fitm2 (+/+): n = 14, Fitm2 (+/-): n = 16]
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16. Measurements of Body weight (BW), Left ventricle (LV), and Right ventricle (RV) of

Fitm2 KO mice at 24 months of age.

Mean=SE [n = 8 in each group of Fitm2 (+/+) and Fitm2 (+/-)]
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17. Changes in BW and cardiac function in TAC.

a—c) Mean values of the indicated parameter in Fitml (+/+) and Fitml1 (-/-) during 8 weeks
after TAC [Fitm1 (+/+)+sham: n = 9, Fitm1 (-/-)+sham: n = 8, Fitm1 (+/+)+TAC: n = 34, Fitml

(=/-)*+TAC: n = 44]. Values are the mean of three experiments. Error bars indicate SE.
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18. Changes in BW and cardiac function in TAC.

a—c) Mean values of the indicated parameter in Fitm2 (+/+) and Fitm2 (+/-) mice during 8 weeks
after TAC. [Fitm2 (+/+)+sham: n = 9, Fitm2 (+/-)+sham: n = 9, Fitm2 (+/+)+TAC: n = 34, Fitm2
(+/-)*+TAC: n = 33]. Values are the mean of three experiments. Error bars indicate SE. An

asterisk indicates the p-value from the comparison between Fitm2 (+/+)+TAC and Fitm2

(+/-)+TAC.
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okex *p-value<0.05
*** p-value<0.005
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19. Mean LV weights at dissection.

Values are the mean of three experiments. Error bars indicate SE. [Fitml (+/+)-sham: n = 9,

Fitml (-/-)+sham: n = 8, Fitm1 (+/+)+TAC: n = 26, Fitm1 (-/-)+TAC: n = 40]
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20. Mean LV weights at dissection.

Values are the mean of three experiments. Error bars indicate SE.
[Fitm2 (+/+)+sham: n = 9, Fitm2 (+/=)+sham: n = 9, Fitm2 (+/+)+TAC: n = 25, Fitm2 (+/-)+TAC:
n = 27]
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Fold

Symbol Tissue Disease n p-value
change
Left Granulomatous Myocarditis,
FITM1 4 1.661 0.03
Ventricle | Nonhypersensitivity Type
Myocardial Fibrosis without
Right
Infarction, Secondary to Coronary 5 1.531 0.03
Ventricle
Artery Disease
Right | Primary Congestive Dilated
39 1.721 | 0.00001
FITM2 | Ventricle | Cardiomyopathy
Right Primary Hypertrophic
18 1561 0.004
Ventricle | Cardiomyopathy
Right | Viable Tissue; from Heart with Old
83 1.641 | 0.00004
Ventricle | (Healed) Myocardial Infarction
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Fitm1(+/+)

Fitm1(-/-)

Fitm1(+/+) Fitm1(-/-) . . . 5
+TAC +TAC +Sham +Sham P P P p
Survival rate 58.1 72.7 100.0 88.9
(%)
BW (g) 202 + 11279 + 08335 + 27(327 + 18| NS NS <005 NS
RV (mg) 361 + 28408 + 211|247 + 15|258 + 11| NS <005 <001 NS
LV (mg) 1635 + 671885 + 641|974 + 511003 + 44| NS <0.005<0.005 <0.05
Lung (mg) 12831 + 256[3346 + 21711559 + 64 [1423 + 56| NS <001 <0005 NS

5= 3. Survival rate and tissue weights in response to TAC in Fitm1 (+/+) and Fitm1 (-/-)

mice.

Fitml (+/+) and Fitml (-/-) mice were subjected to TAC as described in the experimental

procedures. The survival rate and mean weights of tissues from Fitm1 (+/+) and Fitml (-/-)

sham- or TAC-operated mice are shown [Fitml (+/+)+sham: n = 9, Fitml (-/-)+sham: n = 8,

Fitml (+/+)+TAC: n = 26, Fitm1 (-/-)+TAC: n = 40].

NS, not significant.

* Fitm1 (—/-)+sham vs. Fitm1 (+/+)+sham.

TFitm1 (+/+)+TAC vs. Fitm1 (+/+)+sham.

*Fitm1 (=/-)+TAC vs. Fitm1 (=/=)+sham.

S Fitm1 (+/+)+TAC vs. Fitm1 (-/-)+TAC.

59



Fitm2(+/+) Fitm2(+/-) Fitm2(+/+) Fitm2(+/-) . . : s
+TAC +TAC +Sham +Sham P P P P
Survival rate 54.5 65.9 100.0 100.0
(%)
BW (g) 311 + 14(328 + 101|373 + 23[317 + 17| NS <005 NS NS
RV (mg) 372 + 30(348 + 271|244 + 14(204 + 11 /<005 <005 <001 NS
LV (mg) 1973 + 621731 + 791099 + 52892 + 29 0.005<0.005<0.005 <0.05
Lung (mg) [302.0 + 2962809 + 2881727 + 127/140.8 + 45 <0.05 <0.05 <0.01 NS

5= 4. Survival rate and tissue weights in response to TAC in Fitm2 (+/+) and Fitm2 (+/-)

mice.

Fitm2 (+/+) and Fitm2 (+/-) mice were subjected to TAC as described in the experimental

procedures. The survival rate and mean weights of tissues from Fitm2 (+/+) and Fitm2 (+/-)

sham- or TAC-operated mice are shown [Fitm2 (+/+)+sham: n = 9, Fitm2 (+/-)+sham: n = 9,

Fitm2 (+/+)+TAC: n = 25, Fitm2 (+/-)+TAC: n = 27].

NS, not significant.

* Fitm2 (+/-)+sham vs. Fitm2 (+/+)+sham.

TFitm2 (+/+)+TAC vs. Fitm2 (+/+)+sham.

* Fitm2 (+/-)+TAC vs. Fitm2 (+/-)+sham.

8 Fitm2 (+/+)+TAC vs. Fitm2 (+/-)+TAC.
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