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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. Fsp27is highly expressed in adipose tissue as well as the fatty liver
of oblobmice. Fsp27is directly regulated by the peroxisome proliferator-activated receptor y
(PPAR y) in livers of genetically obese leptin deficient ob/ob mice. In the present study, Fsp27was
markedly induced by 24 h fasting in genetically normal mouse livers and repressed by refeeding a
high sucrose diet. In contrast with the liver, Fsp27 expression was decreased in adipose tissue by
fasting and increased by refeeding. Interestingly, fasting-induced Fsp27 liver expression was
independent of PPAR y. Moreover, Fsp27expression was induced in the insulin-depleted livers of
streptozotocin-treated mice. Finally, Fsp27 expression was repressed by direct injection of glucose
or insulin in fasting mice. These results suggest that insulin represses Fsp27 expression in the
fasting liver.
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Fat-specific protein 27 (Fsp27) was initially identified from mouse adipocyte TA cell lines as
a mature adipocyte-specific genel-?) and belongs to the cell death-inducing DNA
fragmentation factor 45-like effector (CIDE) family based on protein sequence homology.3)
The CIDE family consists of three proteins, CIDEA, CIDEB and Fsp27/CIDEC. The human
homolog of mouse Fsp27 was reported as CIDEC.#) Fsp27 was found to be highly expressed
in white and brown adipose tissue and localized to lipid droplets (LDs) in adipocytes®
through amino acids 173-220 of the Fsp27 protein.®) In earlier adipocyte studies, Fsp27
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promoted the formation of LD-LD fusion and enlarged unilocular LDs in cooperation with
perilipin 1, another LD-associated protein.”) Fsp27-null mice displayed protection from diet-
induced obesity and insulin resistance, a small mass of white adipose tissue, and the
presence of multilocular LDs.89) Adipocyte-specific F5p27-null mice also had a small white
adipose tissue mass and hepatosteatosis.1?)

In an earlier study, hepatic peroxisome proliferator-activated receptor y (PPAR y) promoted
hepatic triglyceride (TG) accumulation and the fatty liver development in o4/ob mice, !V a
well-characterized leptin-deficient mouse and a model for type 2 diabetes, obesity, and fatty
liver. Fsp27 was identified as a PPAR y target gene in the liver responsible in part for the
fatty liver phenotype in obese mice.1? Thus, Fsp27 is directly associated with hepatic TG
accumulation, and fatty liver generation is dependent on hepatic PPAR y and Fsp27
expression.12:13)

Fsp27was recently reported to be induced in the fasting livers of normal mice.14-10) Fsp27
has two alternative isoforms, Fsp27aand Fsp27b.17) In the present study, fasting-induced
Fsp27 expression in the liver was dramatically repressed by refeeding a high sucrose diet. In
addition, the depletion of insulin by streptozotocin treatment induced Fsp27 expression.
Further, fasting-induced Fsp27was repressed by direct injection of insulin or glucose into
fasting mice. Thus, our study demonstrated that F5p27is transcriptionally regulated in the
liver in a PPAR y-independent manner and that insulin is a negative regulator of hepatic
Fsp27 expression.

MATERIALS AND METHODS

Animal Studies

All animal protocols and studies were performed according to guidelines from the Center for
Experimental Animals at Fukuoka University. Liver-specific PPAR y knockout mice
(Ppary~"eP) were generated by breeding the Apary-floxed mice (Ppary/™) with mice
expressing Cre recombinase under the control of the albumin promoter, as previously
described.11) For the fasting and refeeding study, C57BL/6JJc1 mice (male, 10 weeks) were
fed a regular chow diet (MF, Oriental Yeast, Japan) ad /ibitum until the experimental
treatment commenced. Mice in the fasting group (/7=4) were fasted 24 h and then killed.
Mice in the refeeding group (/7=4) were fasted 24 h and then refed with a 50% (w/w)
sucrose/MF diet for 24 h and then killed. Mice in the control group (/7=4) were fed ad
libitum with a regular chow diet and euthanized at the same time as the refeeding group.
Total RNA was extracted from liver and white adipose tissue. Measurement of hepatic TG
level was performed as described previously.1)

For the streptozotocin (STZ) study, C57BL/6JJc1 mice (male, 10 weeks) were fasted for 4 h
before injection of STZ (7=4). STZ (50 mg/kg) was intraperitoneally injected for 5 d.
Control mice were injected with a citrate solution (pH 4.5) used as a solvent for STZ (r7=4).
Five days after STZ treatment, plasma glucose levels were evaluated and diabetes was
confirmed (blood glucose level >250 mg/dL).
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For the direct injection of human insulin or glucose, mice were fasted for 24 h before
treatment. Insulin (Thermo Fisher Scientific, Japan) and glucose were intraperitoneally
injected at concentrations of 8 mU/g and 5 mg/g, respectively. Ten min, 30 min, 1 h, and 24
h after injection (/7=3, at each time point), the mice were killed and total RNA was extracted
from the livers.

RNA Extraction and Quantitative Real-Time PCR

RNA was extracted using TRIzol reagent (Thermo Fisher Scientific, Japan), and quantitative
polymerase chain reaction (QPCR) performed using cDNA generated from 1 zg of total
RNA with an AffinityScript QPCR cDNA Synthesis kit (Agilent Technologies, Japan). The
primer sequences used were as follows: Fsp27: forward, 5'-ATG AAG TCT CTC AGC CTC
CTG-3’ and reverse, 5'-AAG CTG TGA GCC ATG ATG C-3’; Ppary: forward, 5'-CAT
GGC CAT TGA GTG CCG AGT-3" and reverse, 5'-ACA TCC CCA CAG CAA GGC
AC-3"; Fatty acid synthase (Fas): forward, 5'-GGA GGT GGT GAT AGC CGG TAT-3” and
reverse, 5'-TGG GTA ATC CAT AGA GCC CAG-3"; phosphoenolpyruvate carboxykinase
1 (Pckl): forward, 5'-CAT ATG CTG ATC CTG GGC ATA AC-3” and reverse, 5'-CAA
ACT TCA TCC AGG CAA TGT C-3"; acidic ribosomal phosphoprotein PO (36b64):
forward, 5"-AAA CTG CTG CCT CAC ATC CG-3’ and reverse, 5-TGG TGC CTC TGG
AGA TTT TCG-3’. 36b4 gene was selected as an internal control of QPCR because
glyceraldehyde 3-phosphate dehydrogenase or beta-actin gene as the general internal control
is increased by insulin.1819) QPCR reactions were performed by using Brilliant I11 Ultra-
Fast SYBR Green QPCR Master Mix (Agilent Technologies) in an Mx3005P Real-Time
PCR System (Agilent Technologies). Values for sample mRNAs were normalized to
expression of 36b4 mRNA.

Statistical Analysis

RESULTS

Quantitative values are presented as the meanzstandard error of the mean (S.E.M.).
Differences between mouse groups were confirmed for statistical significance with 2-tailed
Student’s #test, with p<0.05 considered statistically significant.

Fasting-Induced Fsp27 Expression Is Repressed by Refeeding

It was recently reported that the Fsp27was induced in the fasting livers of wild-type mice.
14-18) |n the present study, 24 h fasting also caused a marked induction (approximately 22-
fold vs. control) of hepatic Fsp27expression. However, Fsp27 expression was decreased to
the same level as the control by refeeding (Fig. 1A). F5p27has two alternative isoforms,
Fsp27aand Fsp27bwhich consist of a different exon 1.17) In the present study, Fsp27
MRNA was measured as the sum of Fsp27a and Fsp27b mRNAs since primer pairs for the
QPCR amplify common region (junction of exon 2 and exon 3) both isoforms. No marked
difference in Pparyy mRNA was observed between control and the fasted/refed mice (Fig.
1B). Fas mRNA was decreased in fasting liver, but induced in refeeding liver as a positive
control of refeeding-inducible gene,29) while Pckl mRNA, known as fasting-inducible
gene?1.22) revealed the opposite expression pattern of Fasgene (Figs. 1C, D). Fsp27 mRNA
analysis revealed constitutively abundant expression in white adipose tissue.512)
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Interestingly, and contrary to the liver, F5p27 expression in white adipose tissue (WAT) was
repressed by approximately 25% upon fasting and recovered with refeeding to the control
level (Fig. 1E). Ppary and Fas mRNAs in WAT showed a similar tendency as Fsp27 mRNA
(Figs. 1F, G). These results suggest that refeeding represses the induction of fasting-induced
hepatic Fsp27 mRNA but not WAT Fsp27.

Fsp27 Induction by Fasting Is Independent of Hepatic PPAR y

Fsp27is highly expressed in fatty livers of ob/ob mice. However, the expression was
markedly decreased by the hepatic Ppary-null mice.}?) To examine whether PPAR y is
associated with the induction of Fsp27 by fasting, Apary P were used for a fasting study.
Although the Ppary gene was expressed at markedly lower levels in the Ppary P liver (Fig.
2A), Fsp27was induced by fasting in the Apary~A"eP liver (Fig. 2B). There was no significant
difference between the Fsp27 mRNA levels of Ppary”"eP and Ppar)y™f mice under fasting
conditions (Fig. 2B). Pck1 mRNA was also unchanged between PparyA"eP and Ppar) Vi
mouse livers (Fig. 2C). Hepatic PPAR y promoted the accumulation of a hepatic TG in oblob
mice through the Fsp27.12) Although the fasting liver also causes the accumulation of TG,
14.15) no difference in hepatic TG levels was observed between Ppary"eP and Ppar)/fl
mouse livers (Fig. 2D). These results indicate that the induction of Fsp27by fasting was
independent of hepatic PPAR y.

Insulin Represses the Expression of Fasting-Induced Fsp27

Repression of Fsp27 mRNA by refeeding was predicted to be associated with insulin
regulation. Therefore, to evaluate the potential association between Fsp27 repression and
insulin, mouse insulin was depleted by destruction of S cells by STZ administration. After
STZ injection for 5 d, blood glucose levels were above 250 mg/dL (data not shown).
Although Ppary mRNA was unchanged between control and STZ-treated mouse livers (Fig.
3A), the Fsp27 mRNA was approximately 6-fold higher than that in control livers (Fig. 3B).
Pckl mRNA was significantly increased in STZ-treated mouse livers as a positive control
for STZ administration23) (Fig. 3C).

Results of the refeeding and STZ studies strongly suggested the involvement of insulin for
refeeding-associated repression of the F5p27. Thus, insulin or glucose was directly injected
into fasting mice. Insulin and glucose repressed fasting-induced Fsp27 mRNA expression by
approximately 70 and 50% at 30 min post-injection, respectively. This degree of Fsp27
mMRNA repression achieved by insulin recovered to the same level by 0 min at 24 h post-
injection (Fig. 4A), but the repression achieved by glucose continued to decrease up to 24 h
(Fig. 4B). These results suggested that insulin is a negative regulator of hepatic Fsp27.

DISCUSSION

PPAR y is induced in the leptin-deficient o&/ob mouse liver and was critical for the
development of a fatty liver.11) Elevated PPAR y signaling in the ot/ ob fatty liver directly
induced Fsp27expression through a PPAR responsive element in its promoter; the induced
Fsp27then coordinates with lipogenic genes encoding Fas and acety/l-CoA carboxylase to
elevate hepatic TG levels.11) Expression level of hepatic F5p27is increased in fatty liver
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generated by high-fat diet, methionine choline-deficient diet,13) and alcohol feeding?¥ but
the expression patterns of Fsp27 or Ppary mRNAs clearly differed in each fatty liver,
suggesting that the mechanism of transcriptional regulation of Fsp27is dependent on the
etiology of fatty liver. These results raised the possibility that hepatic F5p27 expression is
regulated by multiple factors, including nutritional and hormonal factors. Therefore, this
study sought to identify regulators governing the Fsp27expression. Fsp27is highly
expressed in the fatty liver or adipose tissue of ob/ob mice but is only slightly expressed in
the genetically normal mouse liver.12) It was recently demonstrated that fasting leads to the
marked induction of Fsp27 mRNA in the normal mouse liver.14-16) In the present study,
insulin was found to repress fasting-induced Fsp27 mRNA in the liver but not WAT.

The precise mechanism of Fsp27repression by insulin remains unclear. It was demonstrated
that Fsp27 mRNA in the fasting liver of genetically normal mice is positively regulated by
PPARa,!® cAMP-responsive element binding protein (CREB)6) or cAMP-responsive
element binding protein H (CREBH).1417) Under fasting conditions, the transcriptional
activity of CREB is upregulated by interaction of CREB-regulated transcription coactivator
2 (CRTC2) and CREB-binding protein and p300 (CBP/p300).2%) Conversely, insulin
signaling under the refeeding conditions downregulated CREB activity by disruption of
CREB, CRTC2 and CBP/p300 complexes through ubiquitin-dependent degradation
mediated by salt-inducible kinase 2 (SIK2) activated by insulin.2®) It was also reported that
CREBH in fasting liver activates the expression of PckZ viaa CRTC2-dependent mechanism
and directly interacts with CRTC2.26) Thus, the repression of £5p27 expression by insulin is
likely mediated by downregulation of CREB and CREBH viathe SIK2-CRTC2 pathway.

The expression of fasting-induced Fsp27in the liver was completely abolished in CREBH
knockout mice.1417) Thus, CREBH appears to play a major role in hepatic ~5027 induction
by fasting rather than by CREB. In the present study, repression of Fsp27 mRNA by insulin
was observed in liver but not in WAT. Thus, liver-specific expression of CREBH?7) is likely
to explain the liver-specific repression of Fsp27by insulin. It was recently reported that the
transcriptional corepressor small heterodimer partner-interacting leucine zipper protein
(SMILE) inhibits CREBH,28) and is an insulin-inducible repressor.22) Therefore, besides the
SIK2-CRTC2 pathway, SMILE-mediated inhibition of CREBH may also be critical for
insulin-dependent repression of Fsp27. The PPAR y in obl ob liver promoted the TG
accumulation and formed fatty liver through Fsp27.11) The induction of Fsp27by
CREBH? or PPARa in fasting liver appears to associate with the formation of fasting
fatty liver.1%) In the present study, the hepatic TG of Ppary P mice increased in fasting
liver. This data supports the formation of fasting fatty liver is mediated by the other factors
except for PPAR y.

Taken together, the current study demonstrated that insulin represses fasting-induced Fsp27
expression in the liver. The Fsp27 decreased by insulin is likely to cause the lower fat
accumulation in liver. Insulin potently stimulates lipogenesis.2%) Thus, insulin appears to
function to switch from fat accumulation to fat synthesis through hepatic Fsp27regulation.
More mechanistic studies are required to clarify how the insulin pathway represses fasting-
induced Fsp27and whether other nutritional and hormonal factors, such as glucagon could
also be involved in the transcriptional regulation of hepatic FspZ27.

Biol Pharm Bull. Author manuscript; available in PMC 2020 July 23.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Matsuo et al.

Page 6

Acknowledgments

This work was supported by a Grant from KAKENHI (22590253) and funds (No. 147015) from the Central
Research Institute of Fukuoka University.

REFERENCES

1.) Danesch U, Hoeck W, Ringold GM. Cloning and transcriptional regulation of a novel adipocyte-
specific gene, FSP27. CAAT-enhancer-binding protein (C/EBP) and C/EBP-like proteins interact
with sequences required for differentiation-dependent expression. J. Biol. Chem, 267, 7185-7193
(1992). [PubMed: 1339452]

2. ) Williams PM, Chang DJ, Danesch U, Ringold GM, Heller RA. CCAAT/enhancer binding protein
expression is rapidly extinguished in TA1 adipocyte cells treated with tumor necrosis factor. Mol.
Endocrinol, 6, 1135-1141 (1992). [PubMed: 1508226]

3.) Matsusue K A physiological role for fat specific protein 27/cell death-inducing DFF45-like
effector C in adipose and liver. Biol. Pharm. Bull, 33, 346-350 (2010). [PubMed: 20190390]

4.) Liang L, Zhao M, Xu Z, Yokoyama KK, Li T. Molecular cloning and characterization of CIDE-3, a
novel member of the cell-death-inducing DNA-fragmentation-factor (DFF45)-like effector family.
Biochem. J, 370, 195-203 (2003). [PubMed: 12429024]

5.) Puri V, Konda S, Ranjit S, Aouadi M, Chawla A, Chouinard M, Chakladar A, Czech MP. Fat-
specific protein 27, a novel lipid droplet protein that enhances triglyceride storage. J. Biol. Chem,
282, 34213-34218 (2007). [PubMed: 17884815]

6. ) Jambunathan S, Yin J, Khan W, Tamori Y, Puri V. FSP27 promotes lipid droplet clustering and
then fusion to regulate triglyceride accumulation. PLoS ONE, 6, €28614 (2011). [PubMed:
22194867]

7.) Sun Z, Gong J, Wu H, Xu W, Wu L, Xu D, Gao J, Wu JW, Yang H, Yang M, Li P. Perilipinl
promotes unilocular lipid droplet formation through the activation of Fsp27 in adipocytes. Nat.
Commun, 4, 1594 (2013). [PubMed: 23481402]

8.) Nishino N, Tamori Y, Tateya S, Kawaguchi T, Shibakusa T, Mizunoya W, Inoue K, Kitazawa R,
Kitazawa S, Matsuki Y, Hiramatsu R, Masubuchi S, Omachi A, Kimura K, Saito M, Amo T, Ohta S,
Yamaguchi T, Osumi T, Cheng J, Fujimoto T, Nakao H, Nakao K, Aiba A, Okamura H, Fushiki T,
Kasuga M. FSP27 contributes to efficient energy storage in murine white adipocytes by promoting
the formation of unilocular lipid droplets. J. Clin. Invest, 118, 2808-2821 (2008). [PubMed:
18654663]

9.) Toh SY, Gong J, Du G, Li JZ, Yang S, Ye J, Yao H, Zhang Y, Xue B, Li Q, Yang H, Wen Z, Li P.
Up-regulation of mitochondrial activity and acquirement of brown adipose tissue-like property in
the white adipose tissue of fsp27 deficient mice. PLoS ONE, 3, €2890 (2008). [PubMed: 18682832]

10.) Tanaka N, Takahashi S, Matsubara T, Jiang C, Sakamoto W, Chanturiya T, Teng R, Gavrilova O,
Gonzalez FJ. Adipocyte-specific disruption of fat-specific protein 27 causes hepatosteatosis and
insulin resistance in high-fat diet-fed mice. J. Biol. Chem, 290, 3092-3105 (2015). [PubMed:
25477509]

11.) Matsusue K, Haluzik M, Lambert G, Yim SH, Gavrilova O, Ward JM, Brewer B Jr, Reitman ML,
Gonzalez FJ. Liver-specific disruption of PPARgamma in leptin-deficient mice improves fatty liver
but aggravates diabetic phenotypes. J. Clin. Invest, 111, 737-747 (2003). [PubMed: 12618528]

12.) Matsusue K, Kusakabe T, Noguchi T, Takiguchi S, Suzuki T, Yamano S, Gonzalez FJ. Hepatic
steatosis in leptin-deficient mice is promoted by the PPARgamma target gene Fsp27. Cell Metab.,
7, 302-311 (2008). [PubMed: 18396136]

13.) Aibara D, Matsusue K, Matsuo K, Takiguchi S, Gonzalez FJ, Yamano S. Expression of hepatic
fat-specific protein 27 depends on the specific etiology of fatty liver. Biol. Pharm. Bull, 36, 1766—
1772 (2013). [PubMed: 24189421]

14.) Lee JH, Giannikopoulos P, Duncan SA, Wang J, Johansen CT, Brown JD, Plutzky J, Hegele RA,
Glimcher LH, Lee AH. The transcription factor cyclic AMP-responsive element-binding protein H
regulates triglyceride metabolism. Nat. Med, 17, 812-815 (2011). [PubMed: 21666694]

Biol Pharm Bull. Author manuscript; available in PMC 2020 July 23.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Matsuo et al.

Page 7

15.) Langhi C, Baldan A. CIDEC/FSP27 is regulated by peroxisome proliferator-activated receptor
alpha and plays a critical role in fasting- and diet-induced hepatosteatosis. Hepatology, 61, 1227—
1238 (2015). [PubMed: 25418138]

16.) Vila-Brau A, De Sousa-Coelho AL, Gongalves JF, Haro D, Marrero PF. Fsp27/CIDEC is a CREB
target gene induced during early fasting in liver and regulated by FA oxidation rate. J. Lipid Res,
54, 592-601 (2013). [PubMed: 23220584]

17.) Xu X, Park JG, So JS, Lee AH. Transcriptional activation of Fsp27 by the liver-enriched
transcription factor CREBH promotes lipid droplet growth and hepatic steatosis. Hepatology, 61,
857-869 (2015). [PubMed: 25125366]

18.) Alexander-Bridges M, Dugast I, Ercolani L, Kong XF, Giere L, Nasrin N. Multiple insulin-
responsive elements regulate transcription of the GAPDH gene. Adv. Enzyme Regul, 32, 149-159
(1992). [PubMed: 1386708]

19.) Messina JL. Induction of cytoskeletal gene expression by insulin. Mol. Endocrinol, 6, 112-119
(1992). [PubMed: 1738364]

20.) Shimano H, Yahagi N, Amemiya-Kudo M, Hasty AH, Osuga J, Tamura Y, Shionoiri F, lizuka Y,
Ohashi K, Harada K, Gotoda T, Ishibashi S, Yamada N. Sterol regulatory element-binding
protein-1 as a key transcription factor for nutritional induction of lipogenic enzyme genes. J. Biol.
Chem, 274, 35832-35839 (1999). [PubMed: 10585467]

21.) Kang HS, Kim MY, Kim SJ, Lee JH, Kim YD, Seo YK, Bae JH, Oh GT, Song DK, Ahn YH, Im
SS. Regulation of IGFBP-2 expression during fasting. Biochem. J, 467, 453-460 (2015).
[PubMed: 25695641]

22.) Lee JM, Seo WY, Han HS, Oh KJ, Lee YS, Kim DK, Choi S, Choi BH, Harris RA, Lee CH, Koo
SH, Choi HS. Insulin-inducible SMILE inhibits hepatic gluconeogenesis. Diabetes, 65, 62—73
(2016). [PubMed: 26340929]

23.) Matsuzaka T, Shimano H, Yahagi N, Amemiya-Kudo M, Okazaki H, Tamura Y, lizuka Y, Ohashi
K, Tomita S, Sekiya M, Hasty A, Nakagawa Y, Sone H, Toyoshima H, Ishibashi S, Osuga J,
Yamada N. Insulin-independent induction of sterol regulatory element-binding protein-1c
expression in the livers of streptozotocin-treated mice. Diabetes, 53, 560-569 (2004). [PubMed:
14988238]

24.) Xu MJ, Cai Y, 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. Fat-
specific protein 27/CIDEC promotes development of alcoholic steatohepatitis in mice and humans.
Gastroenterology, 149, 1030-1041.e6 (2015). [PubMed: 26099526]

25.) Altarejos JY, Montminy M. CREB and the CRTC co-activators: sensors for hormonal and
metabolic signals. Nat. Rev. Mol. Cell Biol, 12, 141-151 (2011). [PubMed: 21346730]

26.) 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. Regulation of hepatic gluconeogenesis by an ER-bound
transcription factor, CREBH. Cell Metab., 11, 331-339 (2010). [PubMed: 20374965]

27.) Zhang K, Shen X, Wu J, Sakaki K, Saunders T, Rutkowski DT, Back SH, Kaufman RJ.
Endoplasmic reticulum stress activates cleavage of CREBH to induce a systemic inflammatory
response. Cell, 124, 587-599 (2006). [PubMed: 16469704]

28.) Misra J, Chanda D, Kim DK, Li T, Koo SH, Back SH, Chiang JY, Choi HS. Curcumin
differentially regulates endoplasmic reticulum stress through transcriptional corepressor SMILE
(small heterodimer partner-interacting leucine zipper protein)-mediated inhibition of CREBH
(cAMP responsive element-binding protein H). J. Biol. Chem, 286, 41972-41984 (2011).
[PubMed: 21994947]

29.) Kersten S Mechanisms of nutritional and hormonal regulation of lipogenesis. EMBO Rep, 2,
282-286 (2001). [PubMed: 11306547]

Biol Pharm Bull. Author manuscript; available in PMC 2020 July 23.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Matsuo et al.

Page 8

(A) Liver; Fsp27 (B) Liver; Ppary
24 - -
‘zr' - 2.5
£ 23 £ 2.0-
£ £
N 22 1.5
o = 1.5
i S 1.09-
= 2=
T 11 T 0.5
(3] []
€ o ~ 0.0-
Control Fasting Refeeding Control Fasting Refeeding
(C) Liver; Fas (D) Liver; Pck1
= 2.0+
2.5 >
< P4
E 2.0 DE: 1.5
E -
@ 1.5 X
R 1o & 1.0
2 2 .
S 051 % )
o o
- . - 0.0-
Control Fasting Refeeding Control Fasting Refeeding
(E) WAT; Fsp27 (F) WAT; Ppary
1.5 1
< < 1.5
= =
DE: o
<'§_1'0_ - - gm— - -
& &
.029 0.5 1 'g 0.5
s k)
[} Q
0.0 0.0
Control Fasting Refeeding Control Fasting Refeeding
(G) WAT; Fas
ek
1.54
<
F4
4
€ 1.04-
»
<
[T
2 0.5
s
Q
o
0.0

Control Fasting Refeeding

Fig. 1. Induction of Fsp27 mRNA in Fasting Liver |s Significantly Repressed by Refeeding
QPCR analyses of Fsp27, Ppary, Fas and Pckl mRNAs in liver (A-D) or white adipose

tissue (WAT: E-G) performed using each total RNA from ad /ibitum fed-mice (Control), 24
h-fasted mice (Fasting), and 24 h-fasted/refed mice (Refeeding). Gene expression was
normalized to 36b4 mRNA,; each bar represents an average+S.E.M. of four separate
experiments. Significant differences compared with Control, T p<0.05, T p<0.01, 117
p<0.001. Significant differences compared with Fasting, * p<0.01, ** p<0.001.
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(A), Fsp27 (B) and Pckl (C) mRNAs performed using total RNA from each genotyped
mouse liver. Each liver was also used for the measurement of hepatic triglyceride (TG)
contents (D). Fasting conditions were the same as in the Fig. 1 legend. Gene expression was
normalized to 36b4 mRNA,; each bar represents the average+S.E.M. of four separate
experiments. PPAR !/l wild-type mouse liver; PPAR 2P liver-specific PPAR y knockout
mouse liver. Significant differences compared with PPAR »//fl * p<0.05, ** p<0.001.
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Fig. 3. Expression of Hepatic Fsp27 IsInduced by STZ Administration$$PARABREAKHERE$
$QPCR analyses of Ppar

(A), Fsp27 (B) and Pckl (C) mRNAs performed using total RNAs from livers of control
(Control) and streptozotocin-injected mice (STZ). Control mice were injected with a citrate
solution used as a vehicle for STZ. Gene expression was normalized to 36b4 mRNA; each
bar represents the average+S.E.M. of four separate experiments. Significant differences
compared with Control, * p<0.05, ** p<0.001.
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Fig. 4. Insulin or Glucose Significantly Represses Fasting-lnduced Hepatic Fsp27 Expression
QPCR analysis of Fsp27 mRNA performed using total RNA from the livers of insulin-

injected mice (A) or glucose-injected mice (B). Mice were fasted for 24 h before insulin or
glucose injection (except for the control group). After intraperitoneal injection with insulin
(8 mU/g of body weight) or glucose (5 mg/g of body weight), mice were killed at 0, 10, 30
min, 1, and 24 h. Control mice (Control) were fed ad /ibitum with a regular chow diet. Gene
expression was normalized to 36b4 mRNA,; each bar represents the average+S.E.M. of three
separate experiments. Significant differences compared with 0 min, * p<0.01, ** p<0.001.
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