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Ghrelin %f 3T3-L1 1if i3 )i 20 R34 50 F0 55 A1 19532 Wi B AT 5 BT B8t i

X, IR FRARE L A S, F B
(P HBKXFRFEFRWERFERILA, H XX 430030)

[ E] HHK ) ghrelin X} 3T3-L1 Fi A5 I 40 A% 58 A o AL i 52 m S AR LA . FTik IRAPRE SR 3T3-
L1 A5 40, MTT JEAG A [ 3 ghrelin X HASFE TG T3 (95200, 22 2 i RT-PCR K5 ghrelin X c-mye F1H 1 #
fitt mRNA 235 AT 200 5 [ i 75 ) IR &5 3R 8l ghrelin 5 5 434k B AN [R] B B, B Tl 21 O g 6230 72 446 il 43 L
J&,2F5E & RT-PCR AN ALY PRI G AL 32 1 y (PPARy) CAAT/$4 58 1455 8 11 o (C/EBPa) mRNA 3%
%o &R 107 ~107" mol/L ghrelin £ FH 24 h B A2 UERGTAS 5 40 M35 , ghrelin 21 c-myc A TFEE mRNA #ik
AKOF-HY e, S BRAAE 22 A B R L (P <0.05) . Ghrelin T-JRG , W1 1755 1if Mg 1y 48 L 1 7822 s 017 240
ML AE BT oAb 34T T 5 2R W] B PPARy Al C/EBPa mRNA 32 35 7K -85 % B AL B i i (P <
0.05) , ghrelin Z{FfE & 2 41 PPARy Fil C/EBPa mRNA 33k 5 i % 4 AL Bt /8] (14 2B K i, 404k 8 d 52 d ML, 22
S BEERL(P<0.01), £ Ghrelin B A #F 3T3-L1 Fif A5 I 40 M0 3 5 5 434k . Ghrelin 7] G 58 25 3 fin
c-mycffy aaﬁﬁﬁ%liﬂ@mﬁi%é@vﬂt,Mﬁﬁ%ﬁt%ﬂ@ﬁﬂ;ﬁﬂm}%ﬂa & 3 4 B 3 8 5 [5) I ghwelin 7] BB 3 5o 38 i
PPAR-y ,C/EBP-o mRNA ({323 , {2 i 20 M 20k , DT £ 1= Jg J 4 J o ke 5 28 174 et o
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Effects of ghrelin on the proliferation and differentiation of 3T3-L1 preadipocytes
and its possible mechanisms

LIU Jing, LIN Han-Hua, CHENG Pei-Xuan, HU Xiu-Fen, LU Hui-Ling. Department of Pediatrics, Tongji Hospital, Tongji
Medical College, Huazhong University of Science and Technology, Wuhan 430030, China ( Lin H-H, Email: hhlin@ gjh.

tjmu. edu. cn)

Abstract: Objective  To investigate the effects of ghrelin on the proliferation and differentiation of 3T3-Ll
preadipocyte, and study the possible mechanisms. Methods  3T3-L1 preadipocytes were cultured in witro. The
proliferation potentials of 3T3-L1 preadipocytes that were treated with different concentrations of ghrelin were evaluated by
MTT methods. The levels of ¢c-myc and thymidine kinase mRNA were detected using RT-PCR. 3T3-L1 preadipocytes were
differentiated into the matured adipocytes with insulin (INS) or ghrelin. The morphological changes of 3T3-L1 adipocytes
were observed and the differentiation rate was assayed by oil-red O staining. Total RNA was extracted from adipocytes at
various times, and the levels of peroxisome proliferation activated receptor y ( PPARy) and CAAT/enhancer binding
protein( C/EBPa) mRNA expressions were detected using RT-PCR. Results ~ Ghrelin at concentrations of 10" to 10"
mol/L significantly stimulated preadipocyte proliferation (P <0.05). The levels of c-myc and thymidine kinase mRNA
significantly increased in 3T3-L1 preadipocytes with 10 ~° mol/L and 10 " mol/L ghrelin treatment (P <0.01). The 3T3-
L1 preadipocytes treated with 10 ™" mol/L ghrelin had lots of lipid droplets in the cytoplasma, but the differentiation rate
was lower than those treated with INS. Ghrelin of 10 ™" mol/L significantly increased the mRNA expression of PPARy and
C/EBPa in the course of 3T3-L1 preadipocyte differentiation, compared with the normal control group (P <0.05). The
PPARy and C/EBPa mRNA expression increased with the prolonged differentiation of preadipocytes induced by ghrelin or
INS. There were significant differences in the levels of PPARy and C/EBPa mRNA expression between the 2nd and 8th
days of differentiation (P < 0. 01 ). Conclusions  Ghrelin promotes the proliferation and differentiation of 3T3-L1
preadipocytes. The proliferation of 3T3-L1 preadipocytes induced by ghrelin may be associated with increased c-mye levels.
Ghrelin may promote differentiation of 3T3-L1 preadipocytes by increasing mRNA expression of PPARy and C/EBPa, thus
enhances the sensitivity of adipocytes to INS. [ Chin J Contemp Pediatr, 2009, 11 (1) :69 —73 ]
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Jok B FR AR 2 B PRI &0 1Y E S AL 2
— AR EA B R R G B RO 2
BTSN B W 4 S 1 15 AR 7 A Y B
B JR T AR 53 Ak B 0 25 T 35080 5 3R AU R B
PR IS RPN 5| &I o Ghrelin 22—
Foprife & B B IR AR KR BIZ IR, AU
ARG AR TR 50 W, B A 5 2 BE T
5 A TRE O RS R R
HATHFSE A B 2 B PR i A L3 ghrelin 7K -2
WA, X AR ghrelin AT RE 5 2 AUWE PRI A9 A A &
JEAYIMISES . IAHTSE L 3T3-LL i g 1 20 e
HAFFEXT A, WLER ehrelin Xt 3T3-L1 Hij J8 i 4 o 184
BE A 3 A 5 ) e LA FHAIL R, DA 78 40 A /K P 1
hy ghrelin U35 5 RALHT B7 16 B8 s $R AL BB 4K
o

1 ##SH%

11 #H

3T3-L1 Hif i 17 20 Jfs ik W T 28 [& ATCC. 4 fitg it
JE L s DMEM/F12 15 5% ik | JR 28 11 1G4 1 v
(fetal bovine serum, FBS) It F & [E Gibco /A H]; 1-
FAL 3-55 T L 8% I (1-methyl-3-isobuthylxanthine
IBMX) Hh 2£ K #5 ( dexamethasone, DEX) | Ji 5 &£
(insulin, INS) 4113 F 8 1 (BSA) | — H L AR
(DMSO) Fl MTT Il F* Sigma 23 &l ;{121 O Gkl T
e 2EEGR ) RT-PCR 55 & W T K& 4
THEA PR A KB ghrelin [T Phoenix 23 7], 3]
WERR R 22 PR R 5 2 I — T0°C A7, IR B &2
it HeBE o
1.2 7k
12,1 mpasgsaiks SR MTT i, 6 3T3-L1
AN Wi AN HAE 1 x 10°/FL3EFh T 96 LR, 76 58 215
F23: (DMEM/F12 +10% FBS + ¥ .8 & & 100 U/
mL) o5 5, fF A IS 60% ~ 70% -4, A
DMEM/F12 +0. 1% BSA 75 3 1% LA [ 45 40 it J51 391
RIS A ghrelin (£ 107,107,107,
107°,10 ™" mol/L), k 0 mol/L [y ghrelin 3 %} f&
7 ITEVE] 6 h 24 h iy A 20 L B 150 ] 1Y)
5 /L By MTT K557 4 he SRIEHEIEFRIEVL,
W+, B AL A 150 pL DMSO, #g 3% #x & ¥k %
10 min, FEAFEE AL . BEFRL 490 nm B AL I E
JEEEE(OD)
1.2.2 ¥ % RT-PCR | & 3T3-L1 & g by 2 i, o+
c-myc 43 # B 2K B mRNA 69 & ik # 3T3-L1

HIT AR 07 40 M 1 50 A B R Ak A0 M A K 2 8 A il
AR 3R DX B4 . 58 4 K5 97 3 s @ Ghrelin
(10 °mol/L) 4. 5643555 5L + ghrelin (10 mol/L) ;
@ghrelin (107" mol/L) 4H: 5¢ 4 % 3% 3 + ghrelin
(107" mol/L) . K5 11 , I AL 4 - 70°C VR 77
#Hlo Z M Trizol Reagent 277 & $2 45 2H 40 Jifd 2
RNA , S5 RETHINE B RNA ¥R EE K2 A260 nm/
A280 nm OB c-mye JTF AL D 51 )T 51 K
PHKEW R 1, c-mye JEP PCR S 554 T8 14
94°C 5 min Ji5, 25 94°C 30 5,18 'k 50°C 45 s, $EAif
72°C 2 min, 3t 45 PMEFR , LR LEH 72°C 10 min; Jig
HMEEHE P PCR S 45 1 : B2 1 94°C 5 min 5,
Ak 94°C 30 s, 3B 'k 56°C 45 s, fiEff 72°C 2 min, 3t
40 MG, LR IENR 72°C 10 min, PCR 3454
PL 2% 135 IR WEBE S FL Tk o ]38 [ BIO-RAD 24
H] Gel Doc XR BEBE G 2 Ge 0 HL Uk 45 SR 647 JK
44, R Quantity-One X EJEAT KB 34T, c-mye |
o B ] mRINA ) 38 7K F- DA% R PR 2 K
JEAH/ B-actin 247 IRIEAH R o

1.2.3 3T3-Ll s{fghramfess kS0t I
3T3-L1 [ 5 40 & T 56 e 3 A ik rh B g0, 40 A=
KESEEFE )G 48 h, It A% 0.5 mmol/L IBMX,
1 wmol/LDEX, 1 mg/L INS fy5¢ 485355 ,48 h J5 il
2 IBMX 1 DEX, 5¢ @3 JR A v {5 INS, 4R ZE 8 57
2 d, )5 M ALE A 10% FBS 58 bk, 1
A A AR (5 1 ~ 8 K) 23 i s i i, - 70°C
B

1.2.4 3T3-LI fghpsmpasg e 3T3-L1 Fifigli
AP LR BT 200 2 d, & 2H 1 Fe A B 37 4%
AR ) B 58 4 55 3 Bk, AR 75 3 R0 A [] 23 Sy
X AR 2H « TC 53 A 13 ; @ Ghrelin 4 & ghrelin
(10" mol/L) ; @INS 41: & INS(1 mg/L), HiF
48 h J5 o e AR SR B AR BRI . B
OSSN ) 35 FR 0. 01 mol/ L PBS it 2 i,
JMA 10% 22 5 R 1L 2 1 b, F5 41 0. 01 mol/L,
PBS i, IH4L O Y44t 2 h,0.01 mol/L PBS P& 7
SEM . WA T WS AT WL b R S se 4L,
PSR BEAT R 20 BT, LAZL 6 B o5 1 L 3]
7 3T3-L1 HifJIg 5 40 i ) 7 A6 3, %) 3T3-L1 Hif g
05 20 M o AR B AR AT 20 #T o

1.2.5 ¥ % & RT-PCR I 5E ghrelin i 5
3T3-L1 Ay i s 240 1w Al i s 240 1 O P AH S 56 P9 i
EAL YA 38 5 ) i AL 52 A ~v ( peroxisome proliferator
activated receptor y, PPARy) (CAAT/ ¥ 55 1454
I o( CAAT/ enhancer binding protein o, C/EBPa) £
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mRNA [)3R35 , HiIE i 40 M 00 oAb 3G SR 2 ) 1
oA Rl AT, 72504k 2 d,8 d I FdE R B, R 4
il —70°C R4 . 2R Trizol Reagent i3] &1 1%
B3 o At 78 b S5 i 20 LB RNA | 555143
FEIEEE T E & RNA ¥k & A260 nm/A280 nm [t
{H. PPARvy,C/EBPa 3 [H 5|9 1751 I 7= ¥ K FE WL
%% 1, PPARy C/EBPa JE[A PCR Jz i 5544« P A P
94 °C 5 min 5,25 94°C 30 s,iB & 57°C 45 s, 4B
72°C 2 min, #t 50 MF IR, AR LE{H 72°C 10 min,
PCR 934 J5 7= W1 LA 2% M B HE W EE I HL Uk o o FH 98
[ BIO-RAD /A 7] Gel Doc XR &EE BLR 72 S % HL UK
SR IEAT KB4, R ] Quantity-One B 47 K
BE43HT. PPARy.C/EBPa JEE mRNA 4353k K F
PZIE P 45015 K BE B/ B-actin 254 K JE(H R o
1.3 FitFaiE

SR AR £ AR (2 £ 5) TR, IR A
SPSS 12. 0 Geit Ak A T4l e SR AN GE 1t 2Ll 7
PR ¢ K, P <0. 05 FoREE R i EH M

2 #R

2.1 Ghrelin XF 3T3-L1 B 5 iy 28 A48 58 A9 54 M
Ghrelin(10 ™7 ~ 10" mol/L) fER] 24 h g g
A FT AR A 5, o 107" mol/L 2 44 7 5k
I d5c B ., 17 FL[R]— VR JE ghelin i 3 Fif i 107 40 i 4
B R A5 B P i) Py S T 4 s (3R 2)
2.2 Ghrelin 3§ 3T3-L1 BSR4 A c-myc, i F
P EFE H mRNA RIEK TR
Ghrelin(10 mol/L, 10 " mol/L) £ c-myc g
T mRNA 3Rk B W] & T X RRA, 22 = 4
ABEMERE (P <0.01) ,{H ghrelin 4 [A] Lb 4 2 5+
T EERE L (FRIE1,2),

*1 c-myc B9¥E#E, GHSR-1a, PPARYy 1 C/EBP«

514751

5195 7N (bp) Elk7)2]

7 5'- ACG ATG GAT CCT ATC ACC AGC
AAC AGC AGA GCC AG-3'
7 5'-ATC GAG AAT TCG AAT CGG ACG
AGG TAC AGG ATT TG-3'

7 5'-CCA TGC GGA TCC AAC GAG GGC
AAG ACA GTA ATT GTC-3'

Ti# 5'-CCA TGC GAA TTC TCT CTG AGA
GTC CAA CCT GGG TAG -3’

% 5'-GAC CAC TCG CAT TCC TTT-3’
7 5'-CCA CAG ACT CGG CAC TCA -3’
{7 5'-GGA AAG AAA CGA CTG GGA GC-3'
7 5'-CGA CTA GAC GCT ATT GTG ATT-3’

450

c-myc

il 550

PPARy 266

C/EBPa 214

£z 2 AEIKE ghrelin 3 3T3-L1 5 RE i 40 b 1 58

(A490)H,‘]$2uﬁ| (;is,n:4)
215 i i
(mol/L) 6 h 24 h
X HR 2 0 0.1703 =0.0309 0.3226 +0.0328
Ghrelin 4{ 107 0.1995 +0. 0284 0.4185 £0.0291*
10~° 0.2003 £0.0293 0.4277 £0.0049"
10-! 0.2101 0. 0250* 0.4518 +0.0361"
10°  0.1818 £0.0302 0.4256 £0.0351*
10- 0.1816 +0.0258 0.4177 +0.0541*°

a: HXF ML AL, P <0.055 b 5xh IHZL L4, P <0.01

% 3 Ghrelin 33 3T3-L1 BifgAH4HAE c-myc, B4 FH 3 &
EFH mRNA RiEKF R E0E

(x%5)

P 1 c-myc FE[F 6 i it 3k PR
i P Gk () 2kT(%)
X HRZH 6 1.6755+0.192 3 1.040 5 +£0.263 0

10 ~°mol/L ghrelin 6 2.6626 +0.3932°
10 "'mol/L ghrelin 6  2.677 0 +0.125 9°

1.8710 £0.4172*
1.5326 +0.1994*

a: ST A HEL, P <0.01

< c-myc(450 bp)

B 1 Ghrelin Xf 3T3-L1 #j 5 B 40 B2 c-myc £ [F
mRNA RikK F 8 22 g, M. Markers; 1. Xf B 4 ; 2. ghrelin
(10 ~°mol/L) 41 ;3 : ghrelin(10 "' mol/L) 41 ,

M 1 2 3

< thymidine kinase
(550 bp)

& 2 Ghrelin 3 3T3-L1 i g i 48 A6 B M B8 & H
mRNA &L 7K F B M, M: Markers; 1: XJ BB 2H; 2 ghrelin
(10 ~°mol/L) 4 ;3 : ghrelin (10 "' 'mol/L) 4 ,

- 71 -
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2.3 3T3-L1 BifERAIFSANRIEHESFTN R ARRE, MO N B BN , IR0 701 T %A

2473 Bl JE B R AR5 TAL O e g Rt — L B
3T3-L1 Bl 400 S SR A RE , BE P ENR R A KR BRI AR . ghrelin (107" mol/ L)

B SMAdEapAel. Saseeila)a, a  UES 3T3-L1 BRI 40 /ALl ik 70% , Tl INS

THREHRES A2 PR WA TS 48 90% (K 3) .

PRI Ghrelin 213557046 8 d I, 4f Jfd ]t

B3 3T3-L1 BiAER RSSO URTEREFEZW LR A:3T3-LI Gl AIH, K% A ;B ghrelin (10 "' mol/LL)
75 8 d Ay 3T3-L1 IR 4L , % oy b B S % 5 € INS 3545 8 d B9 3T3-L1 Jls s , MO oA KA s

2.4 Ghrelin XF 3T3-L1 BIRERF 4 AR IE S L 1L 72 M 1 2 3 4 5 6
i PPARy,C/EBPo £ E mRNA Fik7k FEHIEM
4342 d,8 d I}, ghrelin 2 1 INS 2 PPAR-y Fil
C/EBP-a mRNA Feik ] & FXTIRAL, 2 R
PR L (P <0.05) , {H# % 2 [i] PPARy mRNA
ik 1t [F] o3 AR B ) 0 bl s 2 7 0 W 3 B L (P >
0.05) ,C/EBPa ik a0k 2 d W L2 w0 & 4 3T3-L1 BIRS A 40 A% S 4 kit 72 dh PPARy &
PR (P>0.05) 531k 8 d B lhig 22 8 B &k mRNA §R3Ko M: Marker; 14 BE41, 940 2 d;2: ghrelin
2 Y (P <0.05). [l ghrelin 411 INS 41 PPAR-y 41 FFIME2 d:3:INS AL FHIHE 2 dsd o xHIRAL LS o
F1 C/EBP-o mRNA %3k 42 it 25 434k if i) £ 7 K- T 5:ghrelin 21, i S40E 8 d;6: INS 41, 55431 8 d.
W, x4k 8 d 54k 2 d ML, 22 R A BT
BY(P<0.01),(F£4,E4,5),

¢«— PPAR-Y(266bp)

86005
4 Ghrelin X} 313-L1 BRSS9 éggégi B T« C/EBP-o(214bp)
1372 PPARy,C/EBPa £ F mRNA ik 1000p_y,
7quﬁ(]$zﬂﬁl] (v +5)
i %:riy‘?%z ) %C%/Ejfiii 5 3T3-L1 BiBg R AAi% S5 L2 32 C/EBPa &
mRNA B9 3%, M: Marker; 1 % 841, i 540k 2 ;2 ghrelin
434k 2 d %) HR 2 0.2111 +0. 0566 0.2825 +0. 0442 LS 2 4532 INS 41 S E 2 dods A TRAL FS A0 8 d;
Srfe2 d ghrelin 4 0.3740£0.0424° 04058 £0.0714" 5. ghrelin 41, 4L d:6:INS 4, FHHLS d.
52 d INS 41 0.3152£0.0707""  0.4896 0.0749""
srk 8 d X‘J‘Hﬁgﬂ 0.4118 £0.0721 0.5849 +0.0838 3 it
68 d ghrelin 41 0.6775 £0. 1131%°  0.8428 £0.0544"°
SriE8 dINS 41 0.7946 +0.0849* > 1.1993 +0. 1273

IS L SUR U P 4 5K A 28 T FLI
a: 5[] S AL [A] s IR 2 FE 4% 2055 b 5 ) 53 AL i a] 1 Sy B P PN
o SRR 0 03¢ b SN I St e A G BLOR T
ghrelin Z s 055 ¢: 5 ghrelin Z L, .01 d: . X . | | . . e
PN LR <0 0, st e, T B RARHE 2 SOBRIR R0 422 4
peoor, WICE . BT AN R 5 L TR AE
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FP R ABC —DFH B R R, W PR R
FAUEME , R R R R — . Bk, IR
200 B 1 8 5 AR 0 ) I A B A I R R B R R
AL G Rk H AT RS EOFE RS

Ghrelin J&—FP 37 & LA B IR A K MR
B2 BR, S A2 KR A 43 W & 2 1A (growth hor-
mone secretagogue receptor, GHSR) Bt B A= ¥)i5 14
IR PEBCAR . B A LRE A R i A2 KR 19 47
W, IS SR e i AU O LA A S0 2 T RE Y
T, 2 H AT IR S U Y — A AR R BT
J0I 15 240 PR LR 53 A A e 85 2R SR FOBE B A A L
il v ) B AR AT S A 3T3-L1 Fir AR 5 40 e ik A
N 2 3 AR WL ghrelin X HC3 58 F1 731k
HISEI, 45 H % B 1077 ~ 10" mol/L ghrelin {E
24 h ] W {2 3 3T3-L1 i JIg s 20 i r) 38 5, HC v
10 """ mol/ L ghrelin i 3 i 54 i 5 W] 2, 3 #8751
ghrelin 7] AP R NE 5 A0 ML MG 58 0 c-mye & —F
JRIEREE RO E AN GO/GL M 1a] S JA%E ALY IE
PEAIIE IR A R T c-mye & (AT Rb B2
RT3 , 5 Rb 255 %% sk X 1 E2F i B REi,
E2F AI 0 — 2R 40 6 45 M 17 SO 55 DNA 52 1 AH O
SEN AN E A S 0, JE 6 A0 M mE L FRATTHE
GER B ghrelin fEH] T 3T3-L1 i i 1 40 i J5 RE B 2
N c-myc IR LN mRNA (938155, X 7
ghrelin A A8 i $2 R c-mye YK, ZE 105 | g
WAL, T4t G1 ] 1m) S %61k, 12
HEHIT g 17 4 MG 5

3T3-L1 FfR 40 A5 305 , Hoor it 72
— AT 53Ry 3 A B v R RG A B B, AR AR K
BB M S &R ML . IR R Z
Fl % R 71 PPAR % . C/EBP Z S5 e IR i 40
WAl o> mE AR, Horp PPARy 281
AN ALY 2 2R 1, T C/EBPa 2 2 I fE 2
YE R PPARy 934 B B AU MEA . Ik
IS KB, WG 3T3-L1 fif A 1y 40 i Ay o7 =
PPARy 5 C/EBPa E:[H mRNA B3R & @i,
255 8 H fx ., 5275 IR W7 40 0 1k 52 4 3
10 """ mol/L ghrelin T4 5%} B 41 b 4%, PPARy &5
C/EBPo B mRNA 323K K 724 B 2 35 m, H 3R
IR LR A ] ) S AT R 0, X 327 ghrelin A
REJZ i o A B 17 40 I Ak < B H 5~ PPARy Al
C/EBPo mRNAYZ X, M fie 25 5 240 1 20 16 A
A, 1A RE R LG R 8 R BUBHERY AL 2 — o

FATATIA 5T & B GHSR-1a B 7E 3T3-L1 i
NI D5 A e 5 3 A T RO P3R5, B 3T3-LL Jii

i s B o A B, A 4 d A1 8 d i GHSR-1a
H[H mRNA (1 2 35 % 006t o DR ot 3 4 4
ghrelinff {1 T 3T3-L1 AR5 4 ), ol AEsd i 5 3%
BT ARG 20 M i) GHSR-1a 45 &, M 2 5 PPARy
5 C/EBPo B[Ny ik ot i {2 ik 3T3-L1 i i 1y 4
2l A

£ L Prid , ghrelin X 3T3-L1 Hif i 5 41 i A7 fie 14
SR 73/, ghrelin ] GETE iS4 I c-mye (955
P S ORERT (TR ADNTIRG = € OBt i)
P e DL TG U AN 5 TR A S PPAR-y |
C/EBP-a mRNA [k, {23 3T3-L1 R gy 405
o HHTXS ghrelin FRBFFE M A7 16 22 07 T4 3, A
Wt % ghrelin B Y1 /E FH ML A -5 15 38 B F 52
(W aE— 2R, R ghrelin 2036 i 5 AP0 2 0
PRI A2 16 4R PR 18 RN R P S

(& % X ]
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