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Adipocyte differentiation takes place via a complex series of steps. While PPARy and C/EBP« are known to be
master regulators, the events at the earliest stage of adipocyte differentiation are not yet known. In this study, we cloned
the genes that are induced at the beginning of the differentiation of 3T3-L1 preadipocyte cells. Of 102 clones obtained,
only several clones were already reported as genes that are expressed differentially during adipocyte development. The
expression of TCL/TC108L (TC10-like/TC108Long) and RGS2 (regulators of G protein signaling 2) genes isolated
here rapidly increased after the addition of inducers (insulin, dexamethasone, 3—isobutyl-1-methylxanthine, fetal bo-
vine serum [FBS]) . Further, the antisense TCL/TC10BL inhibited the adipogenesis of mouse 3T3-L1 preadipocyte cells,
prevented cytoplasmic triglyceride accumulation, and decreased the expression of PPARy and C/EBPo. Moreover, the
constitutive overexpression of TCL/TC108L or RGS2 in the mouse fibroblast cell line NIH-3T3 results in efficient
adipocyte conversion when stimulated with 10% FBS, insulin, 3-isobutyl-1-methylxanthine, dexamethasone, and
PPARy ligand BRL49653. These results strongly suggest that TCL/TC108L and RGS2 have crucial roles in the program
of adipocyte differentiation, probably linked to the PPARy pathway. Using a subtraction protocol, the genes specifically
regulated by TCL/TC108L were also isolated. The expression pattern of some was similar to TCL/TC108L expression

in adipogenesis, suggesting that these genes are regulated by TCL/TC108L.
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2. BERFARRID (L OEAICRBNLEN S 2 BT
D BB

EESIIET, PRIHME I I B M
LBIETZERBT D2 A, EFLEA
(insulin, dexamethasone, 3-isobutyl-1-methylxan-
thine, fetal bovine serum) HRIMERZITMEOFE 4
5 XD BRELETORBALNH D EE X, 71b
3 R & W D D THIANIC HI AT %
FIZEHL, PCR-UT ~F 72 a qRICKDE
U7z, /b dEnE; (Ohr) &M (bikE 3 RERI% O
mRNA ZHW/=H 7 b5 272 3 > Of§%E, 310
O=—7/n 5 228 fH D independent 72 7 O — > 7345
SNz, 5507 228 70— 2D W THHbLiAE ]
EFE 3% DO FIHE DAt % Northern blot f#
Bric & D REt U725, 102 7 0— > 5Lk 3
R ICHIANEML Tz, o7 B N EBnT
BEDS 5B, Nat/KT—ATPase o2 subunits® & colla-
gen o2 type VIY DI DA TFIL, fElhMlEsbE
BRICBWTHEMEMT 2 2 &0 THOMER
SIBETFTHo7. £, HEEL BB TR ZHK
RERNIC B U =RE R, B HF, >V FIE=ZICH
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BIEDIEF BN ETND T LRI NL.
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Table 1. Inducible Genes at the Early Stage of Adipocyte
Differentiation of 3T3-L1 Cells

Signaling proteins and transcription factors

F+FF+ +FFF+ FFFFEFFF A+ F A+

ARA 70 (human)

Bach 1*

Grb 2-and Fyn-binding protein*

GTP-binding protein (SARa)*

Kuzbanian™®

Na*/K*-ATPase a2 subunits (rat)
Hypoxia-inducible factor-1 oo (HIF-1 o)
Heat-shock protein 105 (HSP 105)

Oncostatin M specific receptor B subunit (human)
p66 Mot 1*

Phosphatase 1 nuclear targeting subunit (rat)
Phosphoglycerate kinase™*

Protein phosphatase 2A (rat)

Regulator of G protein signaling 2 (RGS2)

Ran GTP-binding protein 5* (human)

TAFII 105* (human)

TC10-like/TC108 Long (TCL/TC108L)

Thyroid hormone-binding protein p55, cellular
Transforming growth factor-g receptor, type III (rat)
Vitamin D receptor (VDR)

Cytoskeletal and extracellular structures

+ *

+EFE 4+

Actin-binding protein (human)

Annexin IV

Collagen « 1, type IV*

Collagen o 2, type VI

Collagen a3, type VI (human)

Golgi 4-transmembrane spanning transporter
Osteonectin

Proteoglycan PG-M

Transmembrane protein

Other genes

* =

F+FFFFFF+FEFF+F+ + FF

N-Acetylglucosamine galactosyltransferase
Agx-1 antigen (human)

63 kDa antigen (Brugia)

Antioxidant protein 2

Calregulin

Chaperonin containing § TCP-1 (CCtb) *
Chaperonin containing 7 TCP-1 (CCth) *
Connexin 43

Dihydrolipoamide dehydrogenase™®

Early T-lymphocyte activation 1 protein
ECA 39

Fat facets homologue

Fibroblast growth factor-inducible gene (FIN 14)*
Gal 1 (3 GalNac «2)

Glutathione peroxidase™®
Monocarboxylate transporter™

Nucleor phosphoprotein of 140 kDa (rat)
Spi 2 protease inhibitor

Suilisol

T 1 protein
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Table 1. continued
+ Thrombospondin 1
# Tropomyosin 4* (rat)
#f UDP-glucose dehydrogenase (Drosophila)
# Xanthine dehydrogenase

Unknown genes
H#t
_H_
+

14 clones (7 clones*)
17 clones (9 clones*)
15 clones (11 clones*)

Expression level is defined as: # : highly induced, + : moderately in-
duced, +: slightly induced. The sequence of isolated clones were run
through DNA databases, and the names are shown when identical with
mouse clones. For the clones that show high sequence similarity to proteins
from other species, the name of the source species is shown in parentheses.
Clones isolated in the present study are indicated by *.

3. HEL7oBRFEOEMRMRSMEDMICET
SRBEE(

RERTR T FIVEEICEEG L THWSERT
W&, SMEDFIENT EE e A E 2 R LT S ] Rett
MEZLNS. I T, BERTFRIT FIVRE
WG T2EETICHERL, 0o OfEMAdst
WRIZBITDHRBICOWTHEMaBRN 2o 72
TR, K9 T & GTP#& 4 > )\ 7 E Rho
family {ZJ&9 % TCL/TC108L (TC10-like/TC108
Long), Regulator of G-protein signaling family ZJ&

-
—

9% RGS2, BMRICEHEGTLIENASNTNDS
x5 K Bachl, X 5|2 PPARy D7 7 FN—
& —E LU TORENRIIHS N &72 572 ARATO O
ADDBIETIIDOVWTORFERZRLE., X7,
SHAEFIEFR I BT D RFEERRD 0 /¥ >
Ty M ET o, TORE, 4DDOKTED
e R L W) E AR I — @R I B L, #
DEBETHONIZHDPTHIENHLSNIIR S &
(Fig. 1(A)).

BT, TS OEET OFEHOHINA NG i
MU R TH D2 NENIT OV TR 21T 7.
3T3-L1 MR I3 AR k3 D R B8 T oL aB 84 &2 g
% EPEHIIEANME T E 208, BEMIC L5 E A
ERMLUTHME U, 72, FUMHESEMET
&b % NIH-3T3 fifai3 R k30, shEiuvw s nic ik
FHEHZRMU THIERMENEZMELsn, 22
T 3T3-L1 flifd DR IEH] & #85E ], NIH-3T3 #fifg
DIRIEH & BN EA SR 2 Rm L, bk
FIZEINT B E0 &R 3 g ORBEEOLELE /
Y7oy MEFICKOBRE L. TOE, 4D
DL T DFB I 3T3-L1 f oK LTIz H W
THROBREWZENHASN ERS 2 (Fig. 1(B)).
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Fig. 1. Northern Blot Analyses of Subtracted cDNA Clones

(A) Northern blot analyses were performed by using 20 ug of total RNA which were prepared from 3T3-L1 cells at the various times after the addition of in-
ducers. The filter was hybridized with each probe as indicated.

(B) Total RNAs were prepared from 3T3-L1 and NIH-3T3 cells at different stages at various times after treatment with inducers, and 25 ug of total RNA was
loaded. The filter was hybridized with each probe. Growth arrested, cells were treated with the inducers after the growth arrest (the typical condition for adipocyte
differentiation) . Proliferated, cells were treated with the inducers at the mid-log phase of growth (not the condition for adipocyte differentiation) . The radioactivi-
ties of corresponding bands were measured by an image analyzer and are indicated as an imaging unit in each panel.
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TREBRFEIWMN R SNz £, ZOMOEE
WF, >7FIVEEICEET 2KFH 3T3-L1 fifu
DRIFIC BN THREOEIMNEE TH > /2. 67 Z
NHORERKID, YT I a Tl DEEEEIN
G R TR 7 FIEEICE G L TWHEE TN
HIZHEANC X O FEHENEINL TWhWs D Tidk<,
BE MR ORI B W TR A SO E 25
TWBZ ENRBRINT.

4. TCL/TC10pL O fgfhfEa 3k (S5 § % 74
DFEHT

FRIZHEBL O MNNEEE TH > 7z TCL/TCI08L &
RGS2 IZiEH L, WiERET O iz T2
BENZ DN TS 5 ICHEtZ{T> /2. TCL/TCI0AL
&, RhoA, Racl mEMBH RTINS EKS T &
GTP #& 45 > /)NZ7E Rho 77 2 U — @3 5T
TH5. 11D Rho 77 2 U —13, MK TF/2E
WX TEMERMTH D GTP FEERIE/R D, M TS
AHHEEE R I L TWD 2 ENA SN TN DN,
TCL/TCI108L DHEHEIZ D W TIIARBHZR s A0,
F7z, TCL/TCI0L & /- Rho 77 I U — &g
R ME & DBIHIZ DWW TIRIF E A ESn> T
%Wy, £ ZTRho 77 U —0faHiMka Lz
BT LREEZEDOELLZHRE L 2%, TCL/
TC108L O AN (LRI ENT FHEER EmL T
WBHZENHLNERS D

T, 77 h=ZFX0O>OIFBHIHE R % FH
L7z IPTG #l#lIc L 57 > Ft > X mRNA FH %
ELVFOUANARAATLAEZNALEE X
mRNA FHRZB L, fRHMEsicBid 2%
#&MF L=, TCL/TCI0BL 7 > Ft > A2 mRNA
3T 575 A3 K& Lac repressor # 53 5
7J A3 K% 3T3-L1 fifidicE AL, H—O stable
transformant 2 v 7 7 v 7 L =%, RT-PCR ik
%W T TCL/TC10fL mRNA O &% #HE L 7=,
ZFOHEHE, TCL/TCI0SL 7 > F 1t > A mRNA %
B T3 IPTG HIMZ & 0 30 % £ THIENHE
DB ENREINE (Fig. 2(A)). ZoLHicL
THISE L 7= TCL/TCI108L @7 > F+t > A mRNA
% F B3 % stable transformant 12 53 {b 35 & ¥ & IR
U 7=#E 5, NElGm OFREOHE S N (Fig. 2(B)),
fEifile D~ —H —BIRFThH D aP2 KT
LPL (lipoprotein lipase) DFIHWAD> Lz, Fiz,
ZDMEERRIZH T PPARy, SREBP-1 (sterol

ST

i

regulatory element—binding protein—-1), C/EBPa @
FHRbWAPLITHIEEHSNE L (Fig. 2(0)).
51T, BN SEEEZFE > Thian
NIH-3T3 #fifi1i2 TCL/TC108L & > 2 mRNA % %
I X /= stable transformant %ty L (Fig. 3(A)),

Oorfbiezat Uz, BISr U7=filgic 3T3-L1 #
fil & ARk D 3 LEAER 2 i L T BB RER /R Ak
BERINT, BEHEOEED AN Ly
L, ZO/tiFEHNZMA PPARYy DU > RTH
% BRL49653 Z kAN U 7= fb S, ik 2 i B 2n o g
IR~ D RER IR L S BIER S, B D EM
bR~ (Fig.3(B)). X7z, aP2, LPL O%
HEHIMEITHENEIML TW D DL EOfERK D,
PPARy ® U > R K, TCL/TCIOAL t > &
mRNA FEE AR &b T % Z AT
SEimhElroiz. IHIZOMEBREIZBNT,
PPARy, SREBP-1 OFEHEIIMMEITHEWEML /2
2, C/EBP 77 U —DRHBIZA(LITR SN
mo . ¥

5. RGS2 OB A LI § DB DR

FEHLZ®5 1 DOKRFTHS RGS2 1347 20
NS5 RGS 77 I Y—IZ@L, TDEILHEAE
ELT, GHINEIER L £ 74— (GPCR) D
DUFINEMETSZENAIENTNS, W X5
12, D RGS 7 7 2 U — D% < SRR 75
FELTWEDIZHL, RGRIFENNDFED RS
NZI R EOHRENRIEBRETN, ! MO RGS 7
7IU—CFE LS EEEE AL TSRS &
%, LinLians, BHMBESMENOREEIZINE
THIS TR,

% Z T, RGS2{ZDWT TCL/TCI0BL [AlkE, L
FOTA WA AT LEZR VR RGS2 & > X
mRNA FE Bl O NI 2T o772, 2D
k5 RGS2 t > A2 mRNA H#HMAIZCDONWTD
TCL/TCI10BL t > 2 mRNA & 5 #l fldl [7] 4% D 5 5
NESNZ. T72b5, RGS2 1t 2 mRNA FH
MCBNWTHF 7 U D HEROFIET, I8l
Mg~ d 5 Z &, 512 PPARy, SREBP-1
DFBENEINT 2 Z EZHSMI L 10

PLEotat &k v, TCL/TCI0BL ifiTNZ RGS2 73
Wi/ (L W@ BT, 5L Z I
L TWBZENMBSIRBEINZ. £, TOHHRE
12 PPARy ® U Jj > RiZ{k# L, PPARy, SREBP-
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Fig. 2. Antisense TCL/TC10BL Inhibits Adipocyte Differentiation

a3 i =

(A) The expression of TCL/TC108L mRNA was inhibited by the addition of IPTG in stable transformants expressing antisense TCL/TC10AL. The mouse
3T3-L1 cells, stably expressing antisense TCL/TC108L (TCL/TC10BL antisense) under the regulation of IPTG, and integrated empty vector (control) were treat-
ed with inducers. IPTG was added to the medium 12 hrs before the inducers at a final concentration of 5 mm. The expression levels of TCL/TC108L and GAPDH
are determined by RT-PCR, and the relative intensities of the products were also shown.

(B) Adipocyte conversion was inhibited by expressing antisense TCL/TC10BL. The stable transformants expressing antisense TCL/TC108L and control cells
were treated with inducers. IPTG was added to the medium 12 hrs before the inducers at a final concentration of 5 mm. The cells after 8 days treatment were stained
with Oil Red O, and the oil droplets were stained red. The arrow indicates the differentiated adipocytes.

(C) Northern blot analyses of various adipogenic marker genes. The stable transformants expressing antisense TCL/TC108L were treated with inducers with
or without IPTG. Total RNA was isolated from cells at various time points of incubation and used for Northern blot analyses.

12X 0MFET D &Ik, BRI
BEL TWAZ EMNRBINE.
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HERERZAT

7 > Ft > X mRNA B R KTt > X mRNA
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Wbz <iFETHENRBEINE. L
BINS, MEBRRIZBT 2 BRI D W TIX
RHTHD. £ T, TCL/TCIOAL DFEIIZELD
FIHINZETFHEZ PCR-U T T 72 3 iEICEK

DEEEL, ZOHERRIZDWTHEL .

TCL/TCI108L 12 & O FEBL il & 1 % K+ % B
Bt 5712 TCL/TC10AL t > 2 mRNA F& 54
faeXD &y —DHEEALEI> ~O—)LflildDH
ThIUarETok. YT NI arid2D
DEBTIToRk. &1 &0 T, BT TCL/
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Fig. 3. TCL/TCI10B8L Promotes Adipocyte Differentiation in the Presence of PPARy Ligand

(A) The ectopic expression of TCL/TC108L in NIH-3T3 stable transformants. Northern blot analyses were performed for RNAs prepared from two stable
transformants; control, integrating the empty vector only and TCL/TC108L, integrating the sense TCL/TC10BL in NIH-3T3 cells. The blots were hybridized with
TCL/TC10BL. The arrowhead and arrow indicate the endogenous expression and exogenous expression of TCL/TC10BL derived from integrated retrovirus,

respectively.

(B) Differentiation of TCL/TC108L-expressing stable transformants into adipocytes in the presence of PPARy ligand, BRL49653. The TCL/TC108L—ex-
pressing stable transformant and control (empty vector-integrated) stable transformant were treated with the differentiation medium containing IBMX, Dex, Ins
and FBS in the presence of BRL49653. The cells after 10 days treatment were stained with Oil Red O.

LB ICBNWTHRBEOEMNT 2T 2§l %
72D, BEFEZRML T2 B O TCL/TCI108L
T 2 X mRNA FEHRME XD > ~o—)Lilldz
BRE Lz, ZNENORAET300 30 =2—%2E Y
277w 7 U BB H D 5E B TF Northern blot fi#4T
DFER, &K1 T21 70—, &2 T13 70—
> % TCL/TCI0L IZ & U FBIM N % B AR T 7
EUTHREELRZ D

HEt I N EBRTHICE, BE5ERTFRI7 IR
ERHAERICEG T 5EETNEHA SN,
I5IC, BONLERLBTHICOWT, 3T3-L1 Ml
DL FIHE R I B T 5 FEB & DAt %2 Northern
blot AEHTICK DIRET L7z, T ORER, HEESN/E
TR N TAT 3T3-L1 Mg 0 4L #I R 1 B
WTHBLTW/E., £ —fl% Fig. 4 12”01 7=,
Ras p21 protein activator 3 % caveolin—18 D & 5T
TCL/TCI0L & [FIARIZHEE 3 Refil#2 1C — @M Ic 7
BEAEEHIT % H D cellular thyroid hormone bind-
ing protein p55 (CTHBP), integrin 8 subunit 7% & D
£ 912 TCL/TCI108L OFHI L 0 /DL EIL T 6 e
DB IZHBNRR EIRDEFNPEEL TWS T &N
oMM ERo 721

INS OFERN S, TCL/TCI0BL 735 1 Hi a7
LBFRRITHBNWTHEIHEE L 28 a7 EE OB 2 i

o 1 3 6 12 24 hr

TCL/TC10pL
condition 1

Ras p21 protein activator 3

caveolin-1

Cnbp

condition 2

CTHBP @

integrin p subunit

Clptm 1

Fig. 4. Expression Patterns of Genes Isolated from the TCL/
TC10B8L-Expressing Cell Line
Total RNA was prepared from mouse 3T3-L1 cells at various times af-
ter treatment with inducers. The total RNA (20 ug) was loaded, and the filter
was hybridized with each probe.
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B2 o -8 T TCL/TCIOBL Ik DFEEa N, f5
BRI ERFEIC BN THEEZ K72 L TnDH Z &N
Ezonr.
ARFCEDESNIZBLET RO, TCL/
TCI0AL 2% 38 Rho 7 7 2 U —IZ k> THIFI T
TV EESHBF I INE TR, 5%, HEich
FERETHOTOTE—F —IZDOWTHRFL T4
ERd5. £, s ORTHAEMESMEICE
DEDITEHDS> TNDEDONITDNTE 52 5MEFN
PBEREEDNS.

1. &HYIC

AREFFE DM F#E R 2B £ 2, TCL/TCI108L KT
RGS2 DB bR IC BT 2 RENCDONTE
&7 (Fig. 5). a1EKAG AR 2> S A8 B B~
SHMEICBEL, £9 TCL/TCI108L Wfi (RZ RGS2 73
D THIIIC @I FEB L, PPARy UK > RIZ
&EFL T, PPARy DRBIBZEINSES I LITX
O, BHFMENDOMLE®RSFETZEELSN
5. ZD—F Tt > A mRNA FEMZ Lz
S5, C/EBP 77 2 U —~AOBEIZgHENWEE A
5317z, £7/=, TCL/TCI10BL 135551k fE
IZBNTEL DEETOREBZHIE L T\ drTaeME:
HaRMBINE, ZHNET, BRI
PPARy & C/EBPa i3 & BHITHETH D EEZ LN
TWizhs, \ITIZ/2 0 PPARy IZ/MLICHETH %
7, C/EBPaldBEEMEG LW EWnSHENHS
Nz AMRZZOHEEZZFFTLHDTHS &
EzoNnb.

AR, BRI ML A B = X L\ DRI 2 i

5N TWS, CREB (cAMP-response element—
binding protein) @ > ER{L)AERGMIL (L iEFE D
Med CHIHNTE Z 0, BN b2 EICHIE U T
Wb ZE,® X512, Wat 25 ME 2 M L
TWwasZedbHEINL Y LrLians, 7k
BT 2 ERIZED N A — RIIKAR & U TR
BHOE N <IN TWS, B, JE
WITHEHEIR AT Z ALK > THIPREI#EO S &1
EITLTWaDEEZLGNSN, 4%, TCL/
TC10L, RGS2 &%, ML BN
LBETRICONWT, IEMAE S LR R I BT
HEEEE MRS 52 &2k D, IEMRE o
U FIEER Yy N =L NIEINDE T EN
MreEn 5.

BEE AR THIT LR ORER, KK
FRF B A TR E MBI R B R O 44 R
MRFERZEGIEATR 0 T EM RSB TN
ZHDTHO, KIAD/h WS, #HEZDY
DERULAE R, F)IEREERICHERLS 2 H#
HeRLUET. £k, AWRICTBWTRIGHEEY,
W 1N 272 & F U WRFZEE O Bk IO & D L
FL BT ET.
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Fig. 5. The Possible Roles of TCL/TC108L and RGS2 in Adipogenesis

TCL/TC10BL and RGS2 were induced at the early stage of adipocyte differentiation. These genes seem to promote PPARY pathway, in which the expression of
many adipogenic genes are regulated, in the presence of endogenous or exogenous PPARy ligand. As a result, the preadipocytes differentiate into adipocytes. The
effects of TCL/TC10BL and RGS2 on C/EBPa signaling were very weak.
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