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MicroRNAs comprise a family of small noncoding RNAs that modulate physiological processes, in-
cluding adipogenesis. MicroRNA-17 (miR-17) promotes adipocyte differentiation and enhances lipid
accumulation. The transcriptional regulation of miR-17 during adipogenesis remains unknown. In this
study, we investigated whether miR-17 is a target of peroxisome proliferator-activated receptor y
(PPARY), which is a key regulator of adipogenesis. The levels of miR-17 and the expression of PPARy
increased after the induction of adipocyte differentiation. Three putative peroxisome proliferator re-
sponse elements (PPREs) were identified in the miR-17 promoter region. Using chromatin im-
munoprecipitation and luciferase reporter assays, we observed the interaction of PPARY with the
miR-17 promoter. Mutagenesis experiments showed that the -677/-655 region of the miR-17 promoter
could function as a PPRE site. These results suggest that PPARy is essential for transcriptional activa-
tion of the miR-17 gene, thereby contributing to understanding the molecular mechanism of adipo-

genesis in adipocytes.
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Manassas, VA, USA)l A #2438t 2™, 10% calf serum®
1% penicillin ¥ streptomycin®] Z3}¥ Dulbecco’s modified
Eagle’s medium (DMEM) (Hyclone, Logan, UT, USA) Hj &<
& AH&3te 37C, 5% CO, 27 A 48417 vttt wjA| & w$t
st A v eketlth AAFAEY] £3E FE817] Hef A
A 6-well platecl] well B 1x10° A ZZ BF3ke] L7} 100%
BHE b5 ol & Fol AES} MFY o= 2 A 3 (day
0). A28k Hj ok 242 10% fetal bovine serum (FBS),
MDI solution [1 uM dexamethasone, 10 pg/ml Insulin, 0.5
mM isobutyl-1-methyll-xanthine (IBMX)]< %% 3% DMEM
Az AFAEZY £35 AeiA AFESHE Hjgdoz
AT o] & Fo thA 10% FBSS 10 pg/ml Q&S £
& DMEMO.E mAst] A2E v Fb wfFsiginh.

Real-time quantitative polymerase chain reaction
(RT-qPCR)

TAE A El Trizol reagent (Invitrogen, Carlabad, CA,
USA)2 HH3AA total RNAE #E3HSTh FAA WHE& A
Aat7] 98t 1 pg RNAO dNTP, M-MLV reverse-tran-
scriptase (Promega, Madison, W1, USA) &< #7}e th&
37C oA 1A1ZF WA A DNAS #4438t Th PPARy
mRNA 2&8< Z4387] 18] SYBR Green PCR Master mix
(M.Biotech, Seoul, Republic of Korea)E ©]&3}] real-time
qPCRE w33t 54 Fd45 5371 9% PCR 24
& O 2ol AP 95Tl A 1083t vH-EA1 T,
15% 95C, 15% 60C, 72C 1528 & F7]2 319 40 cycle
¢ FEeth £3 F42 mRNA 23 F2 GAPDH 23
2o th3k Aol W o 7 Aekste] BWAEAT miR-17
B AT+ TagMan MicroRNA assay (Applied biosystems,
Foster city, CA, USA)E o] &3t ZA 384t} TagMan re-
verse transcription kit (Applied biosystems, Foster city, CA,
USA)E o] &3} 100 ng RNAYA DNA & #A4 T o
miR-17 primer (Qiagen, Hilden, Germany)¢t TagMan
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Master mix kit (Applied Biosystems, Inc., Foster City, CA,
USA)< ©] &3t Rotor gene Q PCR 7]7](Qiagen, Hilden,
Germany)E PCRe T3t PCR £71& 95T 10% ®H&
A B 95C 15%, 60T 18< 40 cycle 59+ A3
microRNAS F% 0}%{‘3} 7t NBE U6S RARAAZ A
kit
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23} A2 AL A 1A 7

W33kt 33 AlF %, enhanced chemiluminescence re-
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th. DNA-protein crosslinkst= 10% chelexS 7 7}3te] 95T
A 108 5 #H-&A171 3, o] & proteinase K (Roche, India-
napolis, IN, USA)E 55C ol A 30% &<k #H3A AT A=
A4 A @ oA PPARy 2 &9 (PPREL; 5-GGT TGC CCT
TTT TCT CTA GCT TG-3, PPRE2; 5-GAG TGG GTG AGT
ATA TTC TAG TT-3', PPRE3; 5'-TTG AGA CCT TTG GIT
TTC ACT TT-3)& ZAst7] 93l PCR wH-&< A A3
FE2H fade 27195 A dEsAT.
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miR-17 L2 2 E ¢ PPRE2% PPRE3 F-91& T3 TdH &
pGL3-Basic WE| o] Alste] 4123 4B (pGL3-miR17)E 7
%319 o QuikChange site-directed mutagenesis kit (Strata-
gene, La Jolla, CA, USA)S &85t pGL3-miR-17 (895 bp)
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HZ2FZ 4x10" cells/well 2 #3735k} 24 well plateo] A} o
3t T miR-17 Z 2 2 H ©3(100 ng)# PPARy W E (50 ng),
RXRa #H (50 ng) lipofectamine 2000 (Invitrogen, Carlabad,
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t}. PPARy antagonist GW9662 (50 nM)%= Al ol FA 3ttt
Zt NEe AAS &S HASY] Y3t pRL-TK HEH &
A Avtetglth §AAE Az 297 v ¥g & TD-20/20
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At8-3t4 dual luciferase assay kit (Promega, Madsion, WI,
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ZAbetglTh. Fig. 1o Uebd vhek 2o] PPARy #4749
2 U E AL AFHE(Day 0) ot BT AYAE
Day 6)°ll 4 mRNASH @il W3 o] w5 F7}aglth. of ¢
FASHA miR-17 HHE 3} Ao nls) A B3} 6 A ol
gy 154 Z7}8F 9 th(Fig. 1A). =3, PPARyE FE A A

TAA miR-17 FHE 2AFG 23, AT A 2o A <
ﬁ?ﬂﬂi PPARy mRNA #d o] Z7tstAl H ¥ miR-17 &
o] hzoll Hla o 168 F7} a8 % th(Fig 2). AAT AZ
o] 4 PPARyel ¢33 miR-17 && Z7h= At B3} Ax} 39
miR-17 T8 F7tFg A9 gAY o3 AR A5
St ALAHZA M miR17 F8 F717F PPARySl 93t =
7bsAel Sles et A AT
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Fig. 1. The expression of PPARy and miR-17 in 3T3-L1 cells during adipogenesis. (A) Cytoplasmic RNA was isolated from pre-
adipocyte (day 0) and differentiated cells (day 6). The mRNA levels of PPARy and miR-17 were quantified by real-time
gPCR. Quantities of mRNA were normalized with GAPDH or U6, respectively. The data are presented as means + SEM.
* p<0.05, ** p<0.01. (B) After the induction of adipocyte differentiation, cells were lysed for SDS-PAGE. Western blot analysis
was conducted. Data are a representative example of 3 independent experiments.
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Fig. 2. The level of miR-17 expression in PPARy overexpressed 3T3-L1 cells. 3T3-L1 preadipocyte cells were transfected with empty
vector (Mock) or both pSG5-PPARy and pCMV-RXRa (PPARy/RXRa). Total RNA was isolated and real-time qPCR was
performed in triplicate. The levels of PPARy and miR-17 were normalized to GAPDH or U6, respectively. The data are

showed as means + SEM. * p<0.05, ** p<0.01.
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PPARY0ll ¥tS3t= miR-17 Z22E Z§ £ ZAt
PPARyol 93 2429l miR-17 28 24 o RE 28}
7] $1stel WAPPARyel 83 91 (PPRE)7F miR-17 Z 2
EE Feo EAst=A 2AAT 1 A3 miR-17 ZE2ER
B9 2kb W9 WollA 37He) A< PPRE #9[-1133/
-1118 (PPRE1), -718/-696 (PPRE2), -677/-655 (PPRE3)]7} 2
25 9 th(Fig. 3A). °|HE ARE EUE PPARy B3}
miR-17 T2 RH o] Fe4% 75 2A67] 98 chro-
matin immunoprecipitation (ChIP) A%< F33tAct. 1 4
7, 27 1gG A ol A= PPRE F-$1 914 PCR =7} 3
252 gkokTh(Fig. 3B). PPARy& A o] A & miR-17 Z2 2
9] PPRE2/PPRE3 %94 PCR WEZ7h #AHUAT,
PPRE1 #¢ ol & PPARy &8t AgstA okgte). o)
ZA 3= PPARy7F miR-17 = 2 2 E ¢ PPRE2/PPRE3 -9 ¢l
A AFstel AN 2HE FED F YT UE
PPARY0ll 28t miR-17 Z22E &M ZA
ChIP 2%& %3 PPRE2 #9]¢ PPRE3 #97} RF
PPARySt ¥H&3157] W&ol F F9 FAA o= F947t
PPARyel 93} 7|54 o2 L2 RE7} A8 HE=A 2As
71 13 luciferase &4 & ©] &3 reporter assay s 4 A 3k
o ol E Y3 F F7FY miR17 Z2RH @z THH
HEEE T35t Cos7 AXo| FYstAH 759 WE =
miR-17 ZZ2E 9 PPRE2¢ PPRE3ZS ZF 33 pGL3-
miR-17 (895 bp) WE| 9} PPRE3WS 33l pGL3-miR-17
(686 bp) W E] o] t}(Fig. 4A). Reporter assay 4 ¥, PPRE2%}
PPRE3S Z5F ¥ &% pGL3-miR-17 (895 bp) #WE 7} F4=
AEE iz vls) o 45 8] o] FAo] F7tetdl,
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Th 0 & PPRE29} PPRE3 9] FollA o= §-9]7} PPARyel
g9 AAEA o FaFA 2AE7] A8 site-directed
mutagenesisE 4 A 3te] PPRE29} PPRE3 #91& 2474 =4
ol A7t 1 A3, Fig. 4Cell B+ HE9} o] PPRE3 &AW
o] A X (miR-17-PPRE3-mu)l Al = PPARy®ll 9] 3 luciferase
Aol FrbetA efskth. 18 ARE, PPRE2 EdWolA
(miR-17-PPRE2-mu) ]l A = PPARyel &3} luciferase 273 0]
A F748+9 21, PPARy antagonistd]l ©J3f &4 o] thA] 7+
239 &, miR-17 ZEZEH Y PPRE3 5917} PPARy®l 9
g ARG Fastthe As v do. wekA, PPARyCl
715 02 st miR179] ANEH S FEFE §8 =
ZRH & 677/-655 (PPRE3) #4 9& & 4 ok o] ¢
3 A= PPARy AAFIA7F A A o A microRNAS] A
Az e #oldt e vEhdTh

PPARyE= AW &3t #ofste AAAAZA aP2 59 &
s F7HNA A Este} FA (adipogenesis) & fr £ FHTH].
PPARyS WY ¥ (post-translation) 74 ol = 14ts}, of A €
3}, sumoylation, ubiquitination 5°] AT, HZ A
o] 3 microRNA©C] PPARyS] HAF F(post-transcription)
F4d FJatT k. miR-277% miR-130S PPARy B8-S
A A3t adipogenesis ZA & A g6, 7, 9. 1A, A
Esto] EHQ HAARIAR] PPARy7} AALE 243e &
2 microRNA+ ot2 B8 vp7} glok, AgEst Al 2 o
S 7hetE microRNAE©] 44 0 & PPARydl| 93 A A7t
49 7hsAol o £ d7dA T2 miR17E AP
8t A B¥o] Frbete FAA Y. 59 miR-172 AW E 3

Fig. 3. Interaction between PPARy and puta-
tive PPRE regions in miR-17 promoter.
(A) Location of the putative PPARy
-binding sites is showed in -2 kb of
the miR-17 promoter. The schematic
structure and sequence of three puta-
tive PPREs were indicated. Arrows
show the strand containing PPRE.
(B)The binding of PPARy to PPRE re-
gions of the miR-17 promoter was an-
alyzed by ChIP assay. Cross-linked
chromatin was immunoprecipitated
with PPARy antibody and then am-
plified by PCR reaction. Total chro-
matins were indicated as “input”.
Pre-immune IgG was used as a neg-
ative control.
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Fig. 4. Identification of the functional PPRE regions in the miR-17 promoter. (A) Schematic structure of various PPRE deleted mutants
in the miR-17 promoter. The PPRE deleted constructs for the miR-17 promoter were designed as pGL3-miR-17 (686 bp) and
pGL3-miR-17 (895 bp). The pGL3-Basic vector is used as a control. (B) Truncated mutants were transfected into Cos7 cells
with or without both PPARy vector and RXRa vectors. After 48 h, luciferase activities were measured in triplicate. The data
are showed as means + SEM. * p<0.05, ** p<0.01. (C) PPRE2 and PPRES3 sites were mutated by site-directed mutagenesis.
PPRE mutant constructs in pGL3-miR-17 (895 bp) was transfected into Cos7 cells and measured luciferase activity. PPARy
antagonist GW9662 was treated in Cos7 cells. The data are a representative example of 3 independent experiments. ** p<0.01.
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