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B E. KXB AR GBI 3T3-L1 W4k 40 Je B = F= g B AR 69 % wm, £ 4 3T3-L1
BTG By 2 B A B AT AR 5 AL 37.0 A2 41.5 TR m A 4 d BRI = 0L, o A 32
6dJE,me O FEMKNEH I E, R %% K EF PCR(qRT-PCR) # Rl Z Ak & &
Rk W #AK &8 60( HSP60) (#k %% & 70 HSP70) (#4k %% & 90( HSP90) , 28 it A =
#8 % A B F R BR R A RER & 8 B3 ( Caspase-3) A= ¥ R 2 BR R & R BR & & B5—9 ( Caspase-9) .
B 4w JLtk B 9% —2( Bel-2) #= Bel-2 482 X & & (Bax) , 5 By A mx A8 % 5 A it B AL My B4k 38 74 7 %
& %K y(PPARy) J§ W B A s Bl ( FAS) | LBLEEBE A ZACER(ACC) FE W BR 455 % & 2(AP2) |
CCAAT ¥ 3% T 45 6% o( CEBPa) #7 is s 4 8 48 % I8 IR 3 & SR g B ( HSL) | g By ¥ iy = B fig
B (ATGL) %) mRNA 2k %, R 2 7. 5B A®E S, HSP60 HSP70 HSPI0 #) mRNA % ik &
M2 F LA (P<0.01 & P<0.001) , B & Caspase-3.Caspase-O mRNA & ik T MR F LA (P<
0.01) , ™ Bcl-2/Bax mRNA WA B 2 BKAK(P<0.001), @ AAEE R EHRE B O R ERS
BEECHR #—F AR R 7, PPARy FAS . ACC . AP2 #» CEBPo %) mRNA %k ik T 2 %
LA (P<0.013% P<0.001) ,ATGL #= HSL %) mRNA %A ¥# % % FiA(P<0.001), Eik % R4t
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1% 52 Ky ( peroxisome proliferators-activated re-
ceptor vy, PPARy) Jg i Bk & Wi i} ( fatty acid syn-
thase, FAS) . L It i A 2 fL ¥ (acetyl CoA car-
boxylase , ACC) | if Wi IR 45 & & 11 2 (fatty acid-
binding protein 2,AP2) [ CCAAT 5% 45 5 o
( CCAAT/enhancer-binding protein o, C/EBPa) 55 ,
A i 10 4 i 1) A DG 5 BB 465 V8 3R BUER BB 1 ( hor-
mone-sensitive triglayceride lipase, HSL) | g i H 7l
— iR A5 I (adipose triglyceride lipase ,ATGL) 55, Hff
FERIR 35 C 51T 4 K T B 05 41 2rb i i ot &
RN FEREAE R, XS R ORR 7 40 i
e WA B b 3 2 5, AR D 5 BORE G 2 I ) mR-
NA Fiko W F W om SR, Har i A&
AR 3T3-L1 A 4R i 107 20 M A A 28 v 1) A
FH UL BN TR W5 G B 4 i AH G 35 B 52 1)
i, AU B 7R ST R R A 3T3-L1 1 i s 4 A
PR Ao Al A B2 A Bs D DO AR B 52 e, DL Ol ol
e T BN A S B AL JB Y 5 ) B8 B
filt, IS BBy H v e 5 | 7S ) S SR B R P A SR

1 #MRlERZE
1.1 RIEHR

3T3-L1 A iS4l ) P8 K2 i & Aok
g SRt
1.2 HRIEFRMES L

¥ 3T3-L1 A4 g 17 40 it B 7% T DMEM ( Gib-
co, F=[H) M 10% i 2F 1l 7% ( FBS, Gibeo, 32 [# ) H,
1537 C 5% —F LBk (CO,) HiFrATh I E 42 d
Hi 1 IR FREL SR E TS 43 AE 37.0(XHR)
F141.5 C (il Aab ) 550 T s o fe 3 57 5
[ 10% FBS ,90% DMEM . 1% ¥ % % /4% 5 % ( Sig-
ma-Aldrich, 3¢ [E ) | 1 wmol/L M Z€ >K # ( Sigma-
Aldrich, 3£ ) .10 wg/mL & & (Gibco, 32 [H ) Al

0.5 mmol/L 55 T %k B JE 35 12214 ( Sigma-Aldrich, 3¢
E) 1853540, 2 d J5 F 10%FBS ,90% DMEM £l
10 weg/mL B R 95 5k AR S 1 37 2 5
6 K,
1.3 JHI O 38
o eiE gt 6 d J5, Wi IR 5L W R 4R
2 oh (PBS) H GE A 3 WA, H 10% 948 /R 5
PRV 72 20 M 10 min , W 55 [ 2 W, H PBS 123
M 3 U, AR BELF B LT O W (L R =
BHEA AR , et 20 min J5 W FF Yk )5 H
PBS K 2 A Yl v vk g, B TE B BB T W
LSRG
1.4 2 RNA 12EUK ¢cDNA &%

fifi FH Trizol L4 U 3T3-L1 FiftAAE A 41 i b
A RNA RIS RNA AR BE R4 B, 4% B %
il & (TaKaRa, K ) B 43 S % 5 1 cDNA
S SR 2 . @DNA Eraser 1 wL .5%gDNA Eraser
Buffer 2 pL & RNA 1 pg,RNase Free H,0 #} 2 {&
A% 10 pL, 53] Mix1 AW ,42 CHRIE 2 min, 7F
Mix1 % W H i A PrimeScript RT Enzyme Mix |
1 pL. 5 X PrimeScript Buffer I 4 pL,RT Primer
Mix 1 pL, RNase Free H,0 #h £ & R & 20 pL,
37 € 15 min,85 C 5 s, k1% cDNA 4 CIRFF.
1.5 EH%}EEE PCR(qRT-PCR)

Pl cDNA MR #EFT qRT-PCR, JZ WK R A .
TB Green™ Premix Ex Taq™ II ( TaKaRa, K i%)
5 wL . EUF5I4 0.25 WL FiiF514 0.25 wL .cDNA
2.5 pL RNase Free H,0 2 pL, N FFH:95 C
FAEM: 30 5,95 CAEPE 5 5,60 THEM 30 5,45 4
BN, 65 CHEM 5 5,95 CHIEM 5 min, LA 18S
rRNA N2 R 2725 J5 a3 H B 5 R A
mRNA FikfE, BMEMEE 3 K, Al 3
1 52 A 986 28 1 PCR 51 L3 1,

F1 ELHEHXEEZ PCREY

Table 1

qRT-PCR primers

F
Genes

ElR7)E ]l

Primer sequences (5'—3")

PR E
Product length/bp

PARTEE H 60 HSP60' '

F:GCCAATAACACAAACGAAG

210

R:ATCCACAGCCAACATCAC

PAR T T 70 HSPT0M™

F:CGACCTGAACAAGAGCATCA

663

R:ATGACCTCCTGGCACTTGTC
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Genes

3191751

Primer sequences (5'—3")

PRI
Product length/bp

PR L 11 90 HSPIOH'Y

F.GTCTCGTGCGTGTTCATTCA

116

R:CATTAACTGGGCAATTTCTGC

e Jo R A TR R (A -3 Caspase-3'"
e R A R R (-9 Caspase-9'

B ZH Uik 98 —2 Bel-21'"

F:TGTCATCTCGCTCTGGTACG
R:AAATGACCCCTTCATCACCA

F:GGTCACGGCTTTGATGGAGAT
R:CCACCTCAAAGCCATGGTCTT

F:ATGCCTTTGTGGAACTATATGGC

201

260

120

R:GGTATGCACCCAGAGTGATGC

Bel-2 #1356 X & 1 Bax!"

F: TGCAGAGGATGATTGCTGAC

173

R:GATCAGCTCGGGCACTTTAG

i AL G VR S B OG Z AK y PPARy "

CCAAT 38 ¥ 4545 o C/EBPa!t™

F.:GATGGAAGACCACTCGCATT
R:AACCATTGGGTCAGCTCTTG

F:TGGACAAGAACAGCAACGAG

115

127

R:TCACTGGTCAACTCCAGCAC

BRI A Wl FAS'™™

F:CCCTTGATGAAGAGGGATCA

115

R:ACTCCACAGGTGGGAACAAG

JR IR, & 1 2 AP2E

F: TCAGCGTAAATGGGGATTTGG

104

R:GTCTGCGGTGATTTCATCGGA

LG A BRALEE AcC

F:GGCAGCAGTTACACCACATAC

169

R: TCATTACCTCAAAATCTCAGCATAGC

JIEE I - = e Al i ATGL

F:ATGGTGCCCTACACGCTG

111

R:GCCTGTCTGCTCCTTTATCC

R U ARG HSL'!

F.CTTTGCGGGTATTCGGGAACA

192

R:ATGCTGCGGCGGTTGGA

18S rRNA"!

F:CCCACGGAATCGAGAAAGAG

122

R:TTGACGGAAGGGCACCA

1.6 ZitoHr

RIS, LU +FR1E R ( mean=SE) R,
IR SPSS 20.0 B (R HEAT B K 2 5 25 43 #T ((one-
way ANOVA) fil LSD %2 L7, P<0.05 KR 2
S, P<0.01 Fl P<0.001 /R 2 30835,

2 H#RE55H
21 BHiRX3T3-L1 iR o L it F2
U REARGKERRIENZIG

ARG I T PR T B S T B R
SFERY 3 AN HER HSP60 . HSP70 . HSP90 i mRNA
Fikw, ME 1T, S ERA 6 d J5, HSP60
) mRNA Fiki 2% B 1 1.69 1% ( P<0.001) ;
HSP70 1 mRNA 3Rk & & X 4119 6.95 5 (P<
0.001) ; HSP90 B mRNA Rk 2 X M4 1) 1.13
f5(P<0.01) , #5530, 3T3-L1 miiAAE i 4 i 2

e R A G R RS S VIR v B 1 S
Rk R B SR ER .
2.2 HiRX 3T3-L1 RIAE A6 40 B T S50
A& 2 AT, TR AL BE 4 d S WMEE R AT
KB T A NDIE S, 72 %A el s oL T
AT DLAE T 40 S I TG IR R v, AR W L U A
M TS 3T3-L1 BiRAS i 4npe a1,
2.3 HiExt 3T3-L1 Bk BE R AR A —H X EEF
e 3y
HE 3 nf A, SR AL B 4 d J§ Caspase-3 1Y
mRNA £k &2 X B4R 1.14 £5(P<0.01),
Caspase-9 If) mRNA 3 ik i J& XF f 241 1) 1.13 %
(P<0.01) ,Bcl-2/Bax mRNA FC AR %56 BE24H B b 3%
B (P <0.001) , Ui B 22 = 38 A #1540 i & A
PR,
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“«

same as Fig.3, Fig.5 and Fig.6.

** ” mean extremely significant difference ( P<0.01), “ #x*”

mean extremely significant difference ( P<0.001). The

B1 SELE6dEFANEEARKREREN mRNA RiLE

Fig.1

370 C

100 pm

mRNA expression levels of heat shock protein family genes after high temperature treatment for 6 days

41.5C

100 pm

2 SiExf 3T3-L1 Ji A i 40 B 8 T 9 22 0
Fig.2 Effects of high temperature on apoptosis of 3T3-L1 preadipocytes
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Fig.3 mRNA expression levels of apoptotic related genes after high temperature treatment for 4 days

24 SiEXt 3T3-L1 55 AR 4R R RS 5346 B 220
e ek Ak B A S, E S R T R i R X 4
i OR7 A S ORI RV N I AT I 51 D= 7 S
6 di, R o 4 CHR o ALY | 20 B A fe R T
XTHRZH , JHET O YL )5 ] & 21 240 A 25 0 v it Ak 2
JE e AR B i 2
25 BHIiRX 3T3-L1 sifkfER A A LT iEh
BE R & AHE X B E R I B &2 0
HESTTH, &R Bed)S , PPARY IV

mRNA 35 & & X B4 1Y 1.55 £5 (P<0.001) ;
AP2 [¥) mRNA F ik & 2% WA 3.41 £ (P<
0.001) ; FAS i) mRNA &3k &2 % B4 89 1.36 5
(P<0.001) ; ACC ) mRNA 3 ik & 2 % FE 41 19
1.091%( P<0.01) ; CEBPo ) mRNA ik 2 %t 1
I 1.60 f5(P<0.001), FiRZGERFBN, 215
TEAL PR S, 3T3-L1 1 A4 B 7 248 B i 105 A B AH O
FEH )RR BN R R,
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D6 Do6

37.0°C

41.5°C

D6 FR AL B 6 d, 18] A WTE 37.0 CTHAF T LA 6 KA 3T3-L1 BIAARITAIAE ; /¥ B W7E 37.0 THAF T Lt o
KM 3T3-L1 BS540 8 (9 i 21 O Yt I8 B C W AE 41.5 C A& T 4005 6 K% 3T3-L1 A M4 i 5 40 it ; K1 D S 7
41.5 CTHAF T EHS 6 Ky 3T3-L1 A4S D7 40 AT O Yefaldl

D6 denoted high temperature treatment for 6 days. Figure A represented 3T3-L1 preadipocytes on the 6th day of differentia-
tion at 37.0 C; figure B represented the oil red O staining image of 3T3-L1 preadipocytes on the 6th day of differentiation at
377 ; figure C represented 3T3-L1 preadipocytes on the 6th day of differentiation at 41.5 C ; figure D represented the oil red O
staining image of 3T3-L1 preadipocytes on the 6th day of differentiation at 41.5 C.

4 BiEX 3T3-L1 BTk RA 48 AL RS 5 L B S
Fig.4 Effects of high temperature on adipogenic differentiation of 3T3-L1 preadipocytes
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Fig.5 mRNA expression levels of fat synthesis related genes after 6 days of high temperature treatment

2.6 SIEX 3T3-L1 Ak s A AR o 4L 3T 72 o KRN A REML T 20% (P<0.001) , HSL 1
FEf S BHEXEERENZME mRNAZ K 7 B X AL FE AR T 65% (P<0.001)

HIE 6 mT4, miRAb3 6 d J5,ATGL #l HSL ~ FiR&5RFRH &5 miRA TS, 3T3-L1 Rtk NS b5
) mRNA ik 8 R, Hrf ATGL i) mRNA £ 40 i85 43 A G 3L IR G ek il i % Rl
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Eo6 =iRAIE6dEEMSHEXERERN mRNA RiAE

Fig.6  mRNA expression levels of fat decomposition related genes after 6 days of high temperature treatment

20 L A 22 T g 0 v A B 1 A i A
5 IR 2 Bl ik 2 32 401 200 M ) A8 T, 3 4 Y 32 i 1Y
W46 5N B T 40 B MR RS R A 0 K
S AR 1Y R A SR ML T R A 28 — B b, AR
EARE—F S 5NN E AR, ERPAEY
W3z T 1000 5 B e A, DT 44 1= 4
FEHG R R 2 3 B K )L HSPTO AN
HSP9O JEH B ik i hn ' o S 4 1 T ARG L
W RS OE TR HSP6O 3 A B 3R GA Y
PR A X HSP60 . HSP70 . HSP9O 3 > 5L A
mRNA F A a4 R L9, il w2 2 F 3
AR T A A R Ak, Wang 45 FE
HepG2 #H ffl I A2 R A I 7 g i 6T PR o i
H A e HAE .

Caspase K JGZ 5 W K T- 9B BIIET- 3Z 4K
IRAR NGRR3R A2, 2 A0 O T B B AT
LR R A, # T RIEMBE R ST
Caspase-9, i ft. i) Caspase-9 & FH /K f# 340G 1 21
F Caspases-3, Caspase-3 il 7 DA 32 ku A9 i JiUJE X
FEAE T 40 B J5T v, 76 200 B R T ) R O L 4R
PRI 5B 37 Bel-2 85 H A JE ¥, Bel-2
FEHEZRGEAERE T (Bax) MPLIHE T 51 (Bel-2) 2
TR A R G TR A s i M R T 07 Bax a4
& Bel-2 M4 g T, A g R R, S iES

F{ Caspase-9 1 Caspase-3 B mRNA & ik i i) 3
94, Bel-2/Bax mRNA FC{H B 538 F B, 156 01 &
B2 3T3-L1 AiiARIR 5 M 98 T,

JR T & 2 5 R B AE N Bl B304 G B AN i
TR L A 4B R R 4 R RE AL R
PERG B, 4 Hofi A7 R BB T b o R R R RO
A Z R IR B, 91 w2 W AR AN AN R & A BT
WP BHZ 5 TG WA, I HAE MM TG Jr
A T AR TR At R T T 1 SR A IR i
M4 R AR . Qu AR B IR A B i W 4
MAE 41.5 CIREE T 2 3R 6 19 T2 B, I HL3% n
Mg TG &, A Y0 o4 O Jeta & 3,
e i BE A2 I A S B VR 1 A i, AR EIERR T
R XT 3T3-L1 A 1A A5 i 40 M 5% B 4 Ak 04 4 2F 1
A, WKW, PPARy 78 3T3-L1 Tij {4 N5 5 4 i
DMIEZK - 235, 76 1IE 5 4 M 43 1k 2% 18 F 1 8 3% 1%
S8 C/EBPa f Ry e 5% 5% N7, il fid if FAS
I AP2 FE[H A9 2 3k, DT 28 A W5 40 A 1k
LR, 25 TG AR IE N AP2 ACC FAS
fFe Ik hE 5 B, S SO0 N B TR 2 R AR s
FURE o A B0 T T R A R
ACC FAS R JEh FAS mRNA ik & %
4h,41.5 C A2 k5% K F g i 40 L PPARy 1 C/
EBPa ) mRNA ik, JF HAEH 6 Kk # & K
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7, A0 AR AR B AL ATGL F HSLM™"
HSL &% 1 9 A BEAE I 3L 3h W s 7 20 23 v oK i
TG Mg, 25 2 8 & BLRY & ATGL, B 21k TG
IR A A0 b6 25 B, /N ORI S 4 g I 4 22 v
Feik BN TRRH L0 B R, MR LT
Y E R IR I 40 21 ATGL F1 HSL 1) mRNA 23k
O ARSI T R IR AL EE 6 d 5 R A S
IYRAROEIE A mRNA ik, 25 1 WoR | & iR AL
F{§i13 PPARy AP2 FAS .C/EBPa Hll ACC HJ mR-
NA Fik R 3% L, ATGL f1 HSL () mRNA
FEIR A 3 T R 0B v R 2 R 2R AR A R,
TEIRE 7 o %, A R EUR AL R, e O Qe fa
(50 5 25 TB A — 3,

A I 45 R R, MRS T HAR e
Fik, 58T 3T3-L1 AiikAs i A i i 1=, i
T R i 0 AR B, AR T A Ak B 2 5 iR
AN Z A FE R B 3k AR T R 7 o fide A DG 25
PRI ah ik 26 45 BL ATy & i W3 ) A9 3T3-L1 i
AR 17 240 L Sz o7 B BRI A | O Sk A v T X B
PRI it JBE AN L 5% ] B PR Sl

4 &

22 51 AR 3T3-L1 R (A IR i 240 L 1) 4 A 5
S, S IR T, A2 A0 R FY A 0, D i
TR B4 5 fik , S o 3R AR
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Effects of High Temperature on Apoptosis and Fat Deposition of
3T3-L1 Preadipocytes

XIE Hongyue PAN Peng HU Yan ZHANG Yu LUO Yunyan HU Xuxu ZHEN Rui
JIANG Qinyang HUANG Yanna"
(College of Animal Science and Technology, Guangxi University, Nanning 530004, China)

Abstract: The aim of this study was to investigate the effects of high temperature on the apoptosis and fat dep-
osition of 3T3-L1 preadipocytes. 3T3-L1 preadipocytes were selected as research materials. The cells were trea-
ted at 37.0 and 41.5 C respectively, apoptosis was observed 4 days later, and the number of lipid droplets was
observed by oil red O staining after 6 days of differentiation. The mRNA expression levels of heat shock protein
family genes involved heat shock protein 60 ( HSP60) , heat shock protein 70 ( HSP70) , heat shock protein 90
(HSP90) , apoptosis related genes involved cysteine aspartate protease-3 ( Caspase-3) and cysteine aspartate
protease-9 ( Caspase-9) , B lymphocytoma-2 ( Bcl-2) and Bcl-2-associated X protein ( Bax) , fat synthesis re-
lated genes involved peroxisome proliferators-activated receptor y ( PPARYy) , fatty acid synthase ( FAS) , ace-
tyl CoA carboxylase ( ACC), fatty acid-binding protein 2 ( AP2), CCAAT/enhancer-binding proteina
(CEBP«a) , and fat decomposition related genes involved hormone-sensitive triglayceride lipase ( HSL) and ad-
ipose triglyceride lipase (ATGL) were determined by real-time quantitative PCR ( gRT-PCR). The results
showed that the mRNA expression levels of HSP60, HSP70 and HSP90 were extremely significantly up-regu-
lated after high temperature treatment ( P<0.01 or P<0.001). The mRNA expression levels of Caspase-3 and
Caspase-9 were extremely significantly up-regulated ( P<0.01), while the Bcl-2/Bax mRNA ratio was ex-
tremely significantly decreased ( P<0.001). A large number of intracellular lipid droplets were clustered, and
the staining of lipid droplets with oil red O staining was obvious. Further studies showed that the mRNA expres-
sion levels of PPARy, FAS, ACC, AP2 and CEBPa were also extremely significantly up-regulated ( P<0.01
or P<0.001), while the mRNA expression levels of ATGL and HSL were extremely significantly down-regula-
ted (P<0.001). In conclusion, high temperature can induce apoptosis of 3T3-L1 preadipocytes, promote the
synthesis of fatty acids, inhibit the decomposition of fatty acids, and then increase the lipid accumulation of
3T3-L1 preadipocytes.| Chinese Journal of Animal Nutrition, 2021, 33(6) :3487-3496 |
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