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Abstract

The fat-specific protein 27 (FSP27) gene belongs to the cell death-inducing DNA fragmentation factor 45 -like
effector family. FSP27 is highly expressed in adipose tissue as well as the fatty liver of ob/ob mice. FSP27 is
directly regulated by the peroxisome proliferator-activated receptor y (PPARY) in livers of genetically obese leptin
deficient ob/ob mice. FSP 27 was recently reported to produce two transcript variants, FSP27-1a and FSP27-1b
mRNAs. In the present study, FSP27-1a and FSP27-1b mRNAs were markedly induced by 24 h fasting in geneti-
cally normal mouse livers and repressed by refeeding a high sucrose diet. In contrast with the liver, expression of
FSP27-1a and FSP27-1b mRNAs were decreased in adipose tissue by fasting and increased by refeeding.
Interestingly, fasting-induced expression of both FSP27-1a and FSP27-1b mRNAs in the liver were independent
of PPAR y . Moreover, expression of FSP27-1a and FSP27-1b mRNAs were induced in the insulin-depleted liv-
ers of streptozotocin-treated mice. Finally, expression of FSP27-1a and FSP27-1b mRNAs were repressed by
direct injection of insulin in fasting mice. These results suggest that insulin represses expression of FSP27-1a and
FSP27-1b mRNAs in the fasting liver.
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AR, EIRERANOEEEOZLREE A B HFEOATEEHEOFELIIILE, FFH I #8572 Fe 255 #
TEHIET VI VERIFOBENZE L T b, Lo L, HEEME~NOIREEROFEM 201 2 7
ZALIZOVTIEHLPIZEN TRV, TN F THZEETIE, HFEEMBIZEFEEI TSR &
NLEGFANZALZONWT—HOWNEET>TEe ZOHT, BERT TH S peroxisome
proliferator-activated receptory (PPARY) |2 & V) FEBLfil#Hl £ 112 fat-specific protein 27 (FSP27) %%, KRz I
BUFL MY 7)1 F(TG) OFERAEMRL, MHET IV TH % oblob <7 ADIRIIFEBIZES L Tw5
CEEPELMILTVS [,

FSP27 I, cell death-inducing DNA fragmentation factor 45 -like effector (CIDE) 7 7 I —D—ETH 1),
Co77 3 —|2d 3 MEDT 4V 7+ — 2 CIDEA, CIDEB J¢ UF CIDEC/FSP27 (CIDEC 13~ 7 X
FSP27 Dk FRETY) DFEEDNH SN TS [2,3]0 FSP27 IZT DT EWIZIE, =5V 2 1 DORE



% 2 FE/N1) 7 v b (FSP27-1a mRNA .U FSP27-1b mRNA) 25FFE L, 63 7 b OFHIL,
RELEGERFICEIDHH SN TS Z &5, mFHE S N7z 4], FSP27 1%, HE K B e T
ERHLTEY, EHMROREEREL (5], TEEEES > 737 B Td % perilipin 1 & 738 L T
Wit & BEKALT 5 2 E DSBS 2> T b [6]

FSP27 OFBUZ, LikD oblob ~ 7 ADRRIITF 7213 CTld7Ze £, @R &E, 2 F4 =2 - 2 Y REE [7],
T a—) 81 12X VIR SNAMRIIFCHML CTwize LA L, IS ORRIIFICBIT A FSP27 D%
HUE PPARy D3/ — 2 LT LL—KLTBLT, FSP27 OFEBGIH X 5 = X 2 38RIiIF O B A
WX o TRLE LI EHIIRBEENT, IS DOFERIE, D FSP27 38BAS, HEBIRFEERL RV E VEDOH
BORFIZE o THMEI SN D Z L ZRIBL TWb, T4E, FSP27 OFBIL, 1EHE~ 7 A OHt AT T
BINDZENPHS IR 572 [9-1116

F72, UWIEETIE, HFRICBWCHAEIC X VBTSN FSP27 OB, BEEICIVET TS0
Wb L, BRI BT 5 FSP27 O, MAREICIVIHI SN, FEAECIVFEI LI L%
oLz (12l L L, MERVOCHEEIZL>THIERI END FSP27 OFEBEE A H = X 11%
HOENICTETW ARV, 22T, KWFZETIE, #MEXRVCHEESLENET CTFSP27 BZF /N T ¥ b
(FSP27-1a mRNA KON FSP27-1b mRNA) D38 % S BL§ 4 HI#IA T D EE % 3~ 720

ESyipiS)|

HE AL (Fasting) ~ 7 A1, 10 8D CSTBL/6T HEME~ 7 A % 24 BRI AT 2 2 L IC K DIER L7,
AP (Refeeding) ~ 7 A1, 24 WERHE L%, high sucrose diet (CE-2 fil} : sucrose = 1: 1 TRA) &
24 FERAREE 5 Z LIC K DIER L7z, MY T ADA V2 VILEIL, 4 2 A ¥ (F5-& : 8 munits/g
body weight) %~ ZAJEREWNIZHG-§ 5 2 LI X DATo 720 1 BUHEIRIGE 7 )V (STZ JLBE) ~ 7 213, 834
WD CSTBL/6T HEVE~ 7 2 % 4 REfAE A%, 1 H 1 [8] 50 mg/kg streptozotocin / 7 L. > FRIETH % AT 5
HEIERENHES T 52 LI X DIER L7z mRNA OFHIE, £~ 7 ZOHFIEA, S cDNA #F 8L, V7
V& A L PCR FICK WIANT 720 7B, FSP27-1a mRNA KU FSP27-1b mRNA S E 4 %
PCR 774~ —1%, Xu 5O [4] 1ZHEDWTIER L 72 (Fig. 1)

Intron Intron Intron
902 kb 217 kb 1221 kb
A Ya e
Genomic _, | Exon1a Exon 1b Exon 2
DNA 57 a3bp [7/] 82 bp 7 79 bp 7
ATG
FSP27-1a | Exon1a Exon 2
FSP27-1a ; forward —) FSP27-1a,b; reverse
Alternative exon1 variants primer 172bp primer
(cDNA) e
|
Fsp27-1b | Exon 1b | Exon 2 —
_ FSP27-1b; forward —" &— FSP27-1a,b; reverse
primer 175 bp i primer

Fig.1 Structures of mouse FSP27 gene, FSP27-1a mRNA and FSP27-1b mRNA, and location of
primer pairs to analysis the expression of two mRNAs.
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Mefr, PHER~ Y 212513 5 FSP27-1a mRNA KU FSP27-1b mRNA D¥EHL

MHFFEETOMIEIX, N T ¥ FEEFEEL TR\ FSP27 BInT L LTOMETHY, 2 oY T
v b (FSP27-1a % U FSP27-1b mRNA) O3Bl 2 IZTHTw v, Lo, #EA (Fasting) & U
B A (Refeeding) ~ 7 A D e & IR (WAT) (281 % FSP27-1a mRNA K U8 FSP27-1b mRNA
DB E Tz MEFFIKIZB I 2 mRNADOFEHIL, ZhEhay ho—) GBEEE) Of 7 BEY
53RDFE LVIFEN RO SN0, FEAMIIZI D WEFRb 2y ba— )V L FEFEE T TET L7 (Fig.
2Aand B)o —7, MEHGIRHEICBIT S FSP27-1a mRNA U FSP27-1b mRNA D38, W9
NIy MO = VIZHRTHEELZETRD S8, BEAUIEICL), windary fa— )L E[H
HEE THELZ (Fig.2Cand D)o DL ORI Y, KFHKIZB1T % FSP27-1a mRNA KUY FSP27-1b
mRNA OFHUE, HERHHKICBIT 2 8B E T L, MAEREIZL ) ZE L (FESN, FEauH
WCEDETTAZEDHLNIZR 572,

(A) Liver; FSP27-1a (B) Liver; FSP27-1b
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Fig.2 FSP27 mRNAs in the liver are induced by fasting but decreased by refeeding.

YIFFEE T, oblob ~ 7 ARRBERFIZ BT 5 FSP27 inT O%ILA PPARY IKFICFHFESNL Z & %
oIl TWDS [ L2 L, M2 X 2 P8 T FSP27-1a mRNA K U8 FSP27- 1 b mRNA 8B 7s,
PPARY KA 2275 2213 B & A Tld 72\ # 2T, PPARYy B4 B~ 7 2 (PPARYWT) J OB S 11y
PPARy KiEAI~ 7 2 (PPARYKO) Dfi~ 7 A 22T, #% & (Control) 2 UHE £ (Fasting) O
\28B1} % PPARy, FSP27-1a mRNA Ji U" FSP27-1b mRNA OFH XD 2 LIZ L7z TORE,
Fasting-PPARYWT O i li& (2 8} %5 FSP27-1a mRNA Jz U8 FSP27-1b mRNA @ 3¢ 3l & (X, Control-
PPARYWT JIFis (2, Zh 2y 14 5 0 21 5o fE% 7R L7z (Fig. 3B-D). Fasting-PPARYKO JiFfii (2



BT 5 FSP27-1a mRNA KON FSP27-1b mRNA OF%311Z, Fasting-PPARYWT DR & X, w3id b
5L (Fig. 3B and C), PPARY KIBIZ X > TR T35 Z L1374 h > 72c PPARYKO DfFfElZ 515 %5 PPARY
BIETORBIL, URTEDH LD, WTFIOIT A TLRDTHR W EHHER SN2 (Fig. 3A), B
W Z &2, Control-PPARYKO DJFEZ 4315 % FSP27-1a mRNA D531, FSP27-1b mRNA OFEIL & 1%
F7: ) PPARy OKHRIZE D, FH L 1A L7 (Fig.3B),

PPARY |\, FSP27 %4~ L T oblob ¥~ 7 ADR TG OEFE X R#ET 2 [1]. F7-, MEMHTD, FSP27
X TG DERZFIESHEIT I ENHLNIIR > TS [9,10]e L7 L, Fasting-PPARYWT OJFfif i 51
% TG &\, FSP27-1a mRNA K UF FSP27-1b mRNA D53 & [AA#IZ PPARY KIBIZ L > TIKTF§ 5 2
Eld %o 7z (Fig. 3D)o DLEO#ER I Y, MEANFIZIH1T 5 FSP27-1a mRNA KO8 FSP27-1b mRNA
DFEBFHRIE, WIN D PPARY ITIKFEL TRV EBH SN R 572,
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Fig.3 The induction of FSP27 mRNAs by fasting are independent of PPARR y .

Streptozotocin £ 5-¥ 7 ZI2¥51) % FSP27-1a U FSP27-1b mRNA DJEH

FSP27-1a mRNA JU° FSP27-1b mRNA O3HIX, K1 > X)) VIREECTH 2 ZNFIE CHFES N, &
AVA) VIRETH 2 HBEFE CE LR TTA2Z XL R o7 2O DG, A - FHE
FIFIEIC 51T % 1 mRNA OFEBFHIC A > 2) OG-l S 7z,

Z2TEY, 1 BBERRE T VEIOEEIZH WV 51T\ % streptozotocin (STZ) LEE~ 7 2 D12
BT % PPARRy , FSP27-1a mRNA JiU° FSP27-1b mRNA OB %7, %8, STZ |X, ANy -
HIRWICEE pla 2B L, A > 2A) YL XVOFELWKT 25 S [13], STZAHE Y7 2D
i Z BT % PPARy DFEBIL, 13 AEEAL L d 57228, FSP27-1a mRNA K UO° FSP27-1b mRNA @




FHIX, wINd oy bu—LoR 4 FEOFENFTRS 57z (Fig. 4A-C) o

WIS, A VA UEHIZENA VA VLN LABMINSELZ LT, HBEIKCIBWTHEEI N
FSP27-1a mRNA K UF FSP27-1b mRNA OFHIMET T 5 DENICOWTHRES L7z, M THFE s
N7z mRNA OFEHIX, 1 2 A1) Y35 1 BRZICWINS HEICKT L (Fig. 5Aand B), L L
DFERD S, FSP27-1a mRNA JL ¥ FSP27-1b mRNA OFBLE, 4 ¥ A1) YIZX DI S5 2 EHUR
Sz,
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Fig.4 The expression of FSP27 mRNAs is induced by STZ administration.
(A) FSP27-1a (B) FSP27-1b
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Fig.5 Fasting-induced FSP27-1a and FSP27-1b mRNAs in liver are suppressed by insulin.

[#45]

ARIFFEIC BT, HEITE CFE S 7z FSP27-1a mRNA [ O° FSP27-1bh mRNA OFHLAS, FHEAIZ
L0 BRIl S e, F72, HARE CTOM mRNA OFHFEIL, PPARY 255 L T inwz & 4
LMo 720 STZIEIZ L B4 A ¥ OHiElE, FSP27-1a mRNA [ U° FSP27-1b mRNA 5831 % 58
L7ze F72, MEICXDFEINAM mRNA X, 1 YA YO#GICE IR SN/, Lz > T, K
Fgeix, A > A1) »%, JF FSP27-1a mRNA K. OF FSP27-1b mRNA BHIZB T 2 BOHIHKTTH L 2
EERFEREL 72,

ARWFFEIC &0, MEFEIZBT S FSP27-1a mRNA KO8 FSP27-1b mRNA OFEAS, 4 2 A Y2k



DHIH SN TVWD ZE RO L7222 &1, I FSP27 85T OSHG#EIZ, PPARy DALO KT DR 5:
A RIET 5 b DTH S, T4E, FSP27-1a mRNA OFEBLIL PPARY (2 & o THIFHI S LTV B DKL,
FSP27-1b mRNA O%53i%, cAMP response element binding protein H (CREBH) & » CHIfl ST\ 2 2
EHE SN (4] LA L&D, REFFETIE, PPARY KIE~ 7 X DM E)ITH T FSP27-1a mRNA O
FBFFEPRO NI TDX ) R DERVHESNIZHEIZOWTIE, BUKRTIEIS 2 TiE R v,
72, A VAV YBED L) B AT = AL T, FSP27-1a mRNA L U° FSP27-1bh mRNA D53 % #ifil] L
TWLDONPIZOWTIRFHTE T,

CREBH (&, FIIFEICEFEH L TV 25 H-THY [14], FIEIZBT 2 KERTFOFHIT FSP27
BT ORI L RIS T EA L, FEAUE KT % [15]. 72, CREBH I&, cAMP response
element binding protein (CREB)/CREB-egulated transcriptional coactivator 2 (CRTC2) & #HHEAER L, IERE
BT OWRGZ2RAET L 2 EPME SN TS [15], 512, 4 ¥ A YT salt-inducible kinase 2 D%
{bLEMNLC, 8537 7 FN—%— CRTC2 &£ ZD/)8\— +F—EERNT L OB RET L2 EAHS
Pl 5T [16]c TNHDOZ ENL, 4 YR YIZX %A FSP27-1b mRNA OFBHIHI A = X 4 &
LT, £ A1) »IiZ CREBH & CRTC2 & Of##EDEAET 5 Z & T, CREBH B {HEZ IR ST 5
CENEZORZ D T2, AR VXD FEEINDEEE ) 7L v — small heterodimer partner-
interacting leucine zipper protein (SMILE) %% CREBH DB % HET A Z L2 s T [17],
LoT, A VA) VITL ) FHE SN2 SMILE %% CREBH DG % fE$ % 2 & T FSP27-1h mRNA
DFEBMEMH L TCDBZELEZONDL, —F, £ YA YK 5D FSP27-1a mRNA OFEHPIH] 2 71 =
A LIZDWTIE, CREBH OG- HEMN S 245, 2O A 1 = X LI2OWTIE, SHOBEIRET
H5bo

AV A L, BRIEBE SRS 5 2 EDRE SN TV 5 (18], ZOZenn, £ VA1) Vi,
JF FSP27 B2 4 5 Z & T, RIERDSIEEMRICY Y B R 5 &) 2#lz R LTS REMED
Hbo A YA YHHEICEIVFEINS FSP27T 2 ED X ) IZHIHIL TV B D0, F7253IRE K Ol
DHRNVE 2 HHF FSP27 OFEBHIEIZEGS L T 520252235 2 & T, BRI E &7 A5 ER
DEIFEFHFEIZKRECHBMTEZ 2D EER S,

(&% k]

1. Matsusue K, Kusakabe T, Noguchi T, Takiguchi S, Suzuki T, Yamano S, Gonzalez FJ., Cell Metab., 7 302 -

311 (2008).

Matsusue K., Biol Pharm Bull., 33 ,346-350 (2010) .

Liang L, Zhao M, Xu Z, Yokoyama KK, Li T., Biochem., J., 370 195-203 (2003).

Xu X, Park JG, So JS, Lee AH., Hepatology., 61 857-869 (2015).

Puri V, Konda S, Ranjit S, Aouadi M, Chawla A, Chouinard M, Chakladar A, Czech MP., J. Biol. Chem., 282

34213-34218 (2007).

6. SunZ, Gong J, Wu H, Xu W, Wu L, Xu D, Gao J, Wu JW, Yang H, Yang M, Li P., Nar Commun., 4, 1594
(2013).

7. Aibara D, Matsusue K, Matsuo K, Takiguchi S, Gonzalez FJ, Yamano S., Biol Pharm Bull., 36 1766—1772
(2013).

8. XuMlJ, CaiY, Wang H, Altamirano J, Chang B, Bertola A, Odena G, Lu J, Tanaka N, Matsusue K, Matsubara
T, Mukhopadhyay P, Kimura S, Pacher P, Gonzalez FJ, Bataller R, Gao B., Gastroenterology., 149 1030—
1041 (2015).

R ]



10.

11.

12.

13.

14.

15.

16.

17.

18.

Lee JH, Giannikopoulos P, Duncan SA, Wang J, Johansen CT, Brown JD, Plutzky J, Hegele RA, Glimcher
LH, Lee AH., Nat Med., 17 812815 (2011).

Langhi C, Baldadn A., Hepatology., 61 1227-1238 (2015).

Vila-Brau A, De Sousa-Coelho AL, Goncalves JF, Haro D, Marrero PF., J Lipid Res., 54 592-601 (2013).
Aibara D., PhD Thesis. Fukuoka University., (2014).

Junod A, Lambert AE, Stauffacher W, Renold AE., J Clin Invest., 48 2129-2139 (1969) .

Omori Y, Imai J, Watanabe M, Komatsu T, Suzuki Y, Kataoka K, Watanabe S, Tanigami A, Sugano S., Nucl
Acids Res.,29 21542162 (2001).

Lee MW, Chanda D, Yang J, Oh H, Kim SS, Yoon YS, Hong S, Park KG, Lee IK, Choi CS, Hanson RW, Choi
HS, Koo SH., Cell Metab. 11 331-339 (2010).

He L, Sabet A, Djedjos S, Miller R, Sun X, Hussain MA, Radovick S, Wondisford FE., Cell., 137 635-646
(2009).

Lee JM, Seo WY, Han HS, Oh KJ, Lee YS, Kim DK, Choi S, Choi BH, Harris RA, Lee CH, Koo SH, Choi
HS., Diabetes., 65 6273 (2016).

Kersten S., EMBO Rep.,2 282-286 (2001).





