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Effects of Leptin on Porcine Primary Adiocytes Lipolysis and
MRNA Expression of Key Lipolytic Enzymes
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Abstract: Leptin, a cytokine predominantly secreted from fat tissue, plays an important role in regulating organism energy balance.
Leptin can stimulate lipolysis, but the mechanism is unclear. In order to study the molecular mechanism of leptin stimulating lipolysis,
we systemically studied the mRNA expression of key lipolytic enzymes. Morphological observation, Oil Red O staining and RT-
PCR were used to identify pig primary adipocytes; commercial kits were used to measure the glycerol and FFA release;
Semiquantitative RT-PCR was used to detect the mRNA expression of key lipolytic enzymes. The results showed that 100 nmol/L
leptin up-regulated the mRNA expression of ATGL, TGH-2, HSL, MGL and LPL (P<0.01), but down-regulated the Perilipin mRNA
expression (P<0.01). At the same time, leptin promoted the glycerol release in a dose dependent manner (P<0.01), but had no effect
on the FFA release (P>0.05). These indicate that leptin may mainly stimulate lipolysis in pig primary adipocytes by up-regulating the
expression of ATGL, MGL, LPL and down-regulating the expression of Perilipin. The unchanged FFA release may be resulted from
Leptin promoting UCPs mRNA expression and increasing FFA expenditure.
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Fig. 1 The major functional lipases and the process of
triacylglycerol lipolysis

Adipose triglyceride lipase (ATGL) and Triacylglycerol hydrolase-2
(TGH-2) predominantly perform the initial step in triacylglycerol
( TG) hydrolysis resulting in the formation of diacylglycerols (DG)
and free fatty acids (FFA). Hormone sensitive lipase (HSL)
hydrolyses triacylglycerols, diacylglycerols and monoacylgycerols
(MG) at a ratio of 1:10:1. Monoacylglycerol lipase (MGL) is
believed to represent the rate-limiting enzyme for monoacylgycerol
hydrolysis to form glycerol (G) and fatty acid
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DMEM/F12 £57#%(Gibeo), I I % J5 i (Sigma),
Ha 2k My (B ), Leptin(PeproTech), TRIzol (KAR),
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RE R 5L i TE I 0 55 R 2k, 5597 16 h )5 40 B Ak
J& 50 nmol/L, 100 nmol/L F11 150 nmol/L f¥ Leptin
AR 3 h,
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K, 10%F EEH 2 30 min, PBS Pk 3 Wk, M4 O
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R, FIREE 30 min 5, H 1-om SRS AR
2550 nm OD fH o JH AR i 22 R AH ML) FFA BRI
1.25 & RNA #2H
4L 0. 50 nmol/L. 100 nmol/L Fl 150 nmol/L
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18.3 pL ddH,0, 2.5 uL 10xBuffer, 2.0 uL MgCl,, 0.5
uL dNTPs, 0.5 uL _EiE5147, 0.5 pL Fili#514), 0.5 uL
cDNA, 0.2 pL Taq i S 5544 4: 95°C 4 min, 95°C 1
min, X°C 1 min, 72°C 1 min, Y PME¥R, 72°C 10 min £
BN o 1% BB BiEBE A . HL Uk 43 B9 1) DNA
Wi TE Wealtec #EE 15 R G418, 3 H Dophin-1D
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Table 1 RT-PCR Primers

Annealing times

Genes cDNA Sequence Primers (5'-3") Product sizes (bp) temperature Ty (°C)
X Y

ATGL EF567018 S TCATCATAACCCGCTTCGC 749 56.7 29
A GCCTGTCTGCTCCTTTATCCA

HSL AY 686758 S GTCTTTGCGGGTATTCGG 498 533 29
A GCCTGTTTCATTGCGTTTG

TGH-2 BP442724 S TGAAGAACACCACCTCCTACC 314 573 34
A CCCTGTGCTGAAGAATCCC

Perilipin AY973170 S CCCTGGTGGCGTCTGTATG 349 60.4 29
A GCGGCATATTCAGCAGTGTC

LPL NM_214286 S AACTTGTGGCTGCCCTAT 367 51.8 29
A GACCCTCTGGTGAATGTG

MGL DT334398 S TCCAGGTGTTCGTCAGGG 420 573 34
A GCAGGAAGGGCAAGGTCA

PPARy AB097930 S TTATTGACCCAGAAAGCG 597 48.0 34
A TGATGGCGTTATGAGACA

p-actin J00691 S ACTGCCGCATCCTCTTCCTC 399 55.7-60 29
A CTCCTGCTTGCTGATCCACATC
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R I 45 5 LT B (7 4 22 (Mean+SD)FoR . F
FHl One-Way ANOVA(SPSS11.5)48 i1k 4F #4775 22 ¢
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Fig. 2 Identification of pig adipocytes
A: the cells on day 1 culture; B: the cells on the day 3 of induced
differentiation; C: oil red O staining of the cells on the day 3 of induced
differentiation; D: RT-PCR of the adipocyte special genes LPL and PPARy.1
and 3 are LPL and PPARyrespectively, 2 and 4 are both DL-2000 marker

Journals.im.ac.cn



1616 ISSN1000-3061 CN11-1998/Q

Chin J Biotech

September 25, 2008 Vol.24 No.9

2.2 AREIRE Leptin X3 HABEMAY S0

R TR Leptin X5 TR ARG W7 40 i 18 1 1) 52
M, A S 5 FH T b 0 s 3R A 0 s % R b i
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Fig. 3 Leptin promotes the glycerol release of pig primary
adipocytes in a dose dependent manner
The adipocytes on the 7th day after induced were incubated 16 h in
serum-free cultures. Later the cultures were treated with different
dose of Leptin for 3 h, then collected, and glycerol release was
measured using commercial kit. Data are means+S.D. from three
experiments. Different letters show significant differences(P< 0.01)

2.3 A[ERE Leptin ¥ FFA B Y220
ARSI SR A FFA I 150 G0 A S A g M 2
a5 373 FFA IR, 25 an1E 4 s, S XTHE
ZHAHEE, 50, 100 Fl1 150 nmol/L ] Leptin 1] [EAIL
FFA R , (A2 54 B3 (P>0.05),
2.4 A[EIRE Leptin Xt B5 7 X #E 8 mRNA FRi& Y
=AU
2.4.1 Leptin X/ ATGL mRNA 419 n7
JHl RT-PCR #l] ATGL mRNA )ik, 45840
& 5B fif 7, 50 nmol/L ) Leptin Al {i£ #f ATGL mRNA
BRIk, H2E 58 B3 (P>0.05); 100 Fl 150 nmol/L
B Leptin 3 7] g & 2 #f ATGL mRNA [ % ik
(P<0.01), Ll 150 nmol/L A9 Leptin AbFifz & . A
AR LM, Leptin AT F ATGL mRNA 3£k, If
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Fig. 4 The effect of different concentration Leptin on the
FFA release of pig primary adipocytes

The adipocytes on the 7th day after induced were incubated 16 h in
serum-free cultures. Later the cultures were treated with different dose
of Leptin for 3 h, then collected, and FFA release was measured using
commercial kit. Data are means£S.D. from three experiments.Same
letters show there is no significant differences(P >0.05)

2.4.2  Leptin X/ TGH-2 mRNA Z A #9#07

WiE 5C iR, RT-PCR AN &5 R 3281, 5% B4
A EE, 100 nmol/L (¥ Leptin 1] & & i ¥ TGH-2
mRNA A5k (P<0.01), {H 50 F1 150 nmol/L Ay
Leptin X TGH-2 mRNA {3 ik & i K & % (P>
0.05). 100 nmol/L 1 Leptin 55 50 nmol/L 9 Leptin
M, AT TGH-2 mRNA 1235 (P<0.01),
{H5 150 nmol/L /) Leptin /L, AR A ¥E TGH-2
mRNA [JFiE, {H2E 548 12 (P>0.05),
2.4.3 Leptin X/ HSL mRNA A #9507

I Fig. 5D FrsR, RT-PCR il 45 J 0, 50
nmol/L [¥J Leptin AIfEf HSL mRNA 3Rk, {H2
SEAN I (P>0.05); 100 1 150 nmol/L f#J Leptin 7]
2 UE HSL mRNA f9335(P<0.01), Pk 100 nmol/L
Y Leptin Ab P i 3% .
2.4.4 Leptin X/ MGL mRNA ZE A& #9#07

Wl SF fizR, RT-PCR K45 R0, 50, 100
F1 150 nmol/L ) Leptin 47 {2 {2 #f MGL mRNA
)2 1k (P<0.01), Ff H Leptin & ¥ B8 45 #i 1k {2 it
MGL mRNA [J#ik, HH L 150 nmol/L ZbBRAL

B
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Fig. 5 The effects of different concentration Leptin on the mRNA expession of key lipolitic enzymes
The adipocytes on the 7th day after induced were incubated 16 h in serum-free cultures. Later the cultures were treated with different dose of
Leptin for 3 h, then total RNA was isolated, and mRNA expression was measured using semi-quantitative reverse-transcription PCR.
Intensities of PCR products were measured for ATGL (B), TGH-2 (C), HSL (D), MGL (F), LPL (G), Perilipin (H). Data are means + S.D.
from three experiments. Different letters show significant differences (P<0.01), same letters show there is no significant differences (P>0.05)

2.4.5 Leptin ¥/ LPL mRNA Z A #7207

W 5G 7R, RT-PCR Rl 25 %0, 50, 100
H1 150 nmol/L 4 Leptin ¥ 7] B #{¢if LPL mRNA
223K (P<0.01), HHALL 100 nmol/L #Y Leptin 4bFf
fix ;2.3 ; 50 nmol/L [ Leptin 1 150 nmol/L [¥J Leptin
PS4 P4 % LPL mRNA (4 3 3k 09 5 0 R i %
(P>0.05).

5/
w

2.4.6  Leptin X/ Perilipin mRNA ZE A #9517

W SH ER, RT-PCR K45 268, 50 nmol/L
i) Leptin A] &4 Perilipin mRNA )ik, HERAN
22 (P>0.05); 100 11 150 nmol/L ¥ Leptin ¥JAJ i
%A Perilipin mRNA 1) 3 i5 (P<0.01), {H 100
nmol/L F1 150 nmol/L ¥ Leptin AbH > 8] 25 7 A g
2 (P>0.05).
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Tl = Fe it — R 5 5 2% 03 FE 43 1 H i AN
FFA o 3 5 1 H b B BOVE o i 1 s f i B o, 17 FFA
M TR R R P B g AR, N LA A Ml it g A 1
—ANEFE bR, A, FRATE BRI T Leptin X
MR SE I . G55 R M, SXTHRAIAHLE, 50, 100
A1 150 nmol/L 1Y Leptin ¥ 7] i 242 4 v i il
(P<0.01), Jf H Leptin 2 ¥ B AR R A U H- 0 19 B
i, A RIE WK, Leptin 7] DL 35 42 55 K UG
20 Y H R A 0, T LR 2 R AR A R R
Hig W A0 2L B ik X S R T — 5, R W
Leptin 0] DA SF H Il g Rk . L, FRATTAM T FFA
BRI . ARBFFE LB, 50, 100 F1 150 nmol/L )
Leptin ¥R FEIE % (P>0.05)5% 1 FFA BBl . Michio
Shimabukuro 4§ (1997)7E K BT il o 3 A SR 1Y)
Leptin J&, AZBIMIEF FFA B/KFEIHEA B EF 5
U2 B 5 May-Yun Wang 25(1999)F1 Daisuke Tajima
Z5(2005) 53 9 7E A ML FNTE A4 EBFSY Leptin XF FFA
RS R, A E] T 5 AR — B g5 R, |
Natsuyo Kawaji(2001)25 85 % PA, 0.0001 . 0.001 ., 0.1
F1 1 nmol/L () Leptin ¥4 0] D4 55 55 55 14 /N BTG 7 Bk
(] FFA [R5, Leptin 7] LLE 285 UCPs 3
KR HE FFA B9S-SR IR AT 4D, Leptin 16
P FE H B R R, W2t T FFA 1R, (B
Leptin @1 [ UCPs 9 3Ri5 52 = S Ak g 1 2 1
FE O Z B NG A0 B FRA, YEAT 7= BRI L AE
o ZE TR, ARG X H WA FFA 0BT
FRW: Leptin i 1 82 m Hl RO FFA 1Y TH#E
S HEH I = R K A

Leptin (e fi fiff A 28 2ok 0 42 AR 22 g ik AH O
FEDRR S o N i AH OG5 R 2 3K 1 A8 10 2 S e g
FAAE FH ) — N R R

ATGL Hl TGH-2 () FEAE 2 shlg i, 1
= ER K A H I T EE A FFA. ATGL 7EfS 414
W A, BRSO T SR A A — R, =1
= ER K A PR A TGH-2 5 TGH [a] AR
B, APRRRE K AR H I =R, - ELAR AR R 44
H M, {H5 TGH M H, TGH-2 7EE Wi 4H 4 b iy 3 ik
WESNZ, AERmPhREEEEAERY, &
WF5E & BR, 100 A1 150 nmol/L Ay Leptin 0] i 42
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Yt ATGL mRNA Y32 15(P<0.01), 1fi L4 100 nmol/L
i) Leptin 7] i Z 2 TGH-2mRNA i1k (P<0.01),
50 1 150 nmol/L 1 Leptin W% TGH-2 mRNA (1)
RS AR A S 2 (P>0.05), 1XLEE4ERHIR, Leptin 7E
P I =R K R R H i R A i B2 R, ATGL
TGH-2 K4 B R/ER

HSL 2 H i 8 40 fff il H- i — g ) B SRl . A
W52 KB, 100 A1 150 nmol/L Ay Leptin 14 7] & i
#E HSL mRNA £ ik(P<0.01), X&KL Leptin
A DL AR ol 3 1 R A HSL Ay i k)
F K U Leptin %6 8 40 #L/S AT {2 #F HSL mRNA 19 3%
KA — 3[R B % BE, 100 nmol/L 4 Leptin {#f HSL
mRNA MFE LS, 150 nmol/L % 100 nmol/L
Leptin 4b i {ff HSL mRNA )54 ff K % . Gregory
R. Steinberg 4¥(2002)/ Leptin K7 5/ R & B,
HSL W& FKEIEBEA KA AR R 4
Leptin F)4E f5 % A 8 2L 547 HSL mRNA F8 H 1Y)
Feik, 1 O] RE LA L JE . HSL A9 BTG Sk SEBLAY

MGL B85 5 1 R H i — g 7K % 4 H v 1
FEA S il Hiih = g 1 7K AR 2 58 o ASF 98 R B,
Leptin & ¥ BEAR A M Hb {2 i MGL mRNA 13R85 %%
B ATGL. TGH-2 1 HSL 7E Leptin f55 T fdijg
i AR A B TS 22 4 H I — R, (A AT i — e
WK e AR AR, ik, SFEEK MGL K
Leptin {2 # A5 i S2 £t T 7l 6 .

LPL 7 H i e b ot 25 e g/ 20
BAWSERGE, Leptin X LPL ik B A (R 3R
SR (AT Z AR SE R W], Leptin o] LI#ER LPL
mRNA ({23510 B985 )5 & 45 ) —3L, 50, 100
#1150 nmol/L FJ Leptin 7] g ¢ ¥t LPL mRNA
135 (P<0.01), Z5RE2/RFAT, LPL 7 Leptin fig iff
I A () 22 v AT RE A 5 EE AR A .

Perilipin {E A —Fh 3 FFF ¢, ERERMURET, FH
11 I P 7K Soge T 5 g T, 3R 0 A 220, A
RET, Bk PKA #i2 k)5, Prlal HSL F1 ATGL fie i
Jig 242 AFFE 2 W, 100 1 150 nmol/L #J Leptin
0] @ FEAK Perilipin mRNA 214 (P<0.01), X 5
Yaohuang Ke %(2003)41% i ¥ 72 15 Leptin 1Y %5% 5E 4
BT P& T Perilipin mRNA g9k —2, DL E
SRR, 7E Leptin MYER T, Perilipin ik TR,
JEMIfESE HSL 5 i B2k, [RIIHE &5 ATGL 7K fif
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L5 FRTIR, AWFFERW] Leptin 52V AR £

HEH B B, B X FFA BRI A & 5 i
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ik, FREAS T Perilipin A9 5. FRATHEM Leptin
AREF W@t Fi¥ ATGL. MGL. LPL #il F i
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