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[HEIBM FTERE T ILERR T TR (EGCG) 15 3T3-L1 I i 40 1k (o lig 105 234k e FH 501
#il. F3E  B5IF 3T3-L1 B4R T35 S0k, 383t MTT A AN R EGCG i FEE Sk 20 it 184 4 P 52, 348 B
W 10,50, 100 umol/L ) EGCG 4b¥E 3T3-L1 BT 40, 25 0 18 LA AL 78 . SR Ff AMPK #1477 Com-
pound C I AMPK #4757 AICAR 43 HilAb ¥ 3T3-L1 g li4iif. 4l O Jeta M % EGCG Xt 3T3-L1 4ifie 5
L BI52 5 QRT-PCR 2 H1 Western blot yAK&M 3T3-L1 g 40 A 4316 S AB AL AR G IR F K B A RIS 7K A
Mito-tracker-Green fREMG I RIAAT . L5R B EGCG ML, 3T3-L1 40 i B mavei b, HE— &
WM . NN AMPK B0 71 AICAR 7] it — /0 g, T in N AMPK #1155 Compound C R ¥ 4% ig
IR/ E M. B EGCG W FEI#FF 15, PPARY.FASN mRNA & & [ {13835 7K T F#4%, UCP1 .PGC-1a.Nrfl .
Tfam.ATGL.HSL.AMPK mRNA K £ [ A /K P35 5 (35 P < 0.05) , A AMPK 5 7#1] AICAR A ik —
SSINE S, WA AMPK $01#17] Compound C "5 hiass . 9t BAMBIM % A I EGCG AbH )5 7%
S AT AL F R 258 EGCG it 4% 3T3-L1 R4 AMPKo/PGC-1afs 5 & 12 4e i g
75 4 L A C A AN RAR A 0 5
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Role and mechanism of EGCG in regulating the differentiation of 3T3-L1 adipocytes to brown fat

GUO Chengjie, HOU Sen, LV Shiwen (Jinhua Maternal&Child Health Care Hospital, Jinhua 321000, Zhejiang,
China)

[ Abstract]Objective To investigate the role and mechanism of EGCG on the differentiation of 3T3-L1 adipocytes
into brown adipocytes. Methods 3T3-L1 adipocytes were grown and divided, and the influence of cell proliferation
was detected by MTT assay with different concentrations of EGCG. 3T3-L1 adipocytes were treated with different
concentrations of 10, 50 , and 100 ymol/L of EGCG, and no treatment was done in the blank control group. AMPK
inhibitor Compound C and AMPK activator AICAR were used to treat 3T3-L1 adipocytes respectively. The influence
of EGCG was observed on the polarizing effect of 3T3-L1 cells with oil red O staining; the expression levels of factors
related to 3T3-L1 adipocyte differentiation and browning were detected by qRT-PCR; the expression levels of proteins
related to 3T3-L1 adipocyte differentiation and browning were detected by western blotting analysis; and the mit-
ochondrial fluorescence was detected by Mitochondrial Green probe. Results  The lipid droplets of 3T3-L1 cells de-
creased with increasing EGCG levels in a concentration-dependent manner. Addition of the AMPK activator AICAR
further reduced lipid droplets, whereas addition of the AMPK inhibitor Compound C reversed the lipid droplet reduc-
tion. With the increase of EGCG concentration, the expression levels of PPARy, FASNN mRNA and protein were de-
creased, and the expression levels of UCP1, PGC-1a, Nrfl, Tfam, ATGL, HSL, AMPK mRNA and protein were in-
creased (all P << 0.05), and this trend was further aggravated by the addition of the AMPK activator, AICAR, which
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could be further aggravated by the addition of the AMPK inhibitor Compound C. Fluorescence microscopy observa-

tion revealed that the fluorescence intensity was significantly enhanced compared to the control group after EGCG

treatment. Conclusions EGCG promotes adipocyte browning and mitochondrial biosynthesis by regulating the

AMPK o/PGC-1 a signaling pathway in 3T3-L1 adipocytes.
[Key words]

TERR WA= B, A1 i B 4 T 78 5E B A B T 32
BLRRIEAE R E— RAVES S ThRe A4, gk
SRR AR V. REBTILERE S TR
(EGCG) /2 4% 7% (M) E EEME 7, EGCG ml i i 2 i3
JE 5 B R 5 22 N IR T R A HE AR P
WK, EGCG nif5H G RE SRt
i F7 A AR AF DG R R DR s A € R M 2B 23 A T e
AERT, BN PR GTT BV TESE 55, 02 H A4
VIR WA RS 78 A iR B kR L i 2
M PN LR RA SRS £, kR RIEFEIN Z . [
N 24 6 P %) O PR S 23 A vh /N, 7 AR G
RN REMARS, Wi S R R85
ARy (PPARY) « i S A0 A0 ity A 18 5 A ity 52 Ak v 3t
PSR F-1a(PGC-1a) M AR -1 (UCP-1) 255,
A TR, 4738 KA H R BB LA AW & i, R
KR BRI SR R R R R IA TR, W1 UCPL,
PGC-1aZ, 7] i@id PCR 1 Western Blot k58 5z i,
AT EGCG it 3T3-L1 JIg i 48 Jifa o AH 2
mRNA K EHAKF 20, DR EGCG 4%
3T3-L1 fii iy &4t i ey o €20 0 107 23 A RO A S5 0L, B
BT

1 EREHE

1.1 B 4i: 3T3-L1 fg 72 i B o [ 5 2R
EVEARERA A . R 5% : EGCG WH AR
HEAEMRH AR AR ; DMEM 157786 H Gbico
] 2 R HEE . AMPK #7171 Compound C I H 2
Sigma 2> ] ; AMPK i 7] AICAR ¥ 5 3% ] MCE
N PBS G20 L w5 Vs LB I BE 25 ARG TR A
H] 3 A O Yl B Z8 BRI R B EABR A A
1.2 ik

12,1 537 3T3-L1 lalidife  H 10%IMi% ) DMEM
B IR, FoANAUBROh RN 3T3-L1 AE 40D, 75 3T3-
L1 Kigidfbdh] 2 d J5, - IR S 3R 1ug/ml. Hh2E

Epigallocatechin gallate; 3T3-L1 adipocytes; Differentiation; White fat browning
[Modern Practical Medicine,2024,36(7):848-853]

KAa 1 umol/L FAR AR ER 3 nmol/L.3-53 ] F&-1-F L 3
IS (IBMX) 0.5 mmol/L [f] DMEM ¥ 37 21715
2 RS 1 pg/ml JER FE I 10%I035 DMEM #5373
B, 1755 3T3-L1 HEWTAIM /A 258 8 %, Witk
122 RAMEMSEER 250 7 HIKE

122.1 MTTAGI 3T3-L1 FR4nffa o 4 3T3-
L1 flgidnfadefh 2 96 FLARH, &AL 1x10° 41,
PRI Y EGCG(0.5.10.50.100,200 umol/L)
AbEE 24 h 5 EBREEFREL . BOLINN MTT %, W
H 4h, FFLEHIIA DMSO 150 pl, %R HE % 10 min.
FABERRACI 52 490 nmol/L A& FLHIWL I E (OD) A
RIE A IAEIEF (%)=(0D L5 fL-0D & [
FL)/(OD X} B FL-OD =¥ FHFL) x100%, X} Bl 2 4735 2
I EAE 100%. Pzt 2 i3F 4t i 14 K 1) e R B
1222 srH R SLERH. 4 AR BUKEE 10,
50,100 pmol/L ] EGCG Ab#H 3T3-L1 figi4ff; =
F X IR A AME 42 ; EGCG 100 pmol/L+Compound C
#H.: 100 pmol/L 1] EGCG Jz AMPK #]ii| 5] Compound
C FE[R4bFE 3T3-L1 fEM4HE; EGCG 100 umol/L+
AICAR 4: 100 umol/L ff] EGCG } AMPK i 7!
AICAR JL[RI AP 3T3-L1 A4 .

1.2.3 4L O YetaXsE 3T3-L1 RHigieiE&f
ASEHE (0010450, 100 umol/L)EGCG #55% 8d ) »
FRIE IR, H PBS JE Y, 772 PBS, BALIIA 4%
)2 W 1.5 ml, S8 J5 BEHFE 10 min DU 2 41
M, FERLZEFREE, LI 0.22 pmol/L JEfET
Y& (R AT O Y 1.5 ml, B B 50 min, WE T
21O YLl , 60% 5 PR E 3 IR DA LB st th, B
TR B B WS RS .

1.2.4 qRT-PCR VLA 3T3-L1 G408 410 K
M AH G IR 1 3RIE S A st 3T3-L1 Jiig 7 4 Al
(1) RNA SR 52 i 107 40 M A b 6 1 iy 48 e &% i
05 2B BSOAE SAR TO R (R Rk, A g 17 2B A S 1
Fric R UCP1. FASN Jz PPARYS:; LR RifR4 &
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IR PGC-1a Nrfl K Tfam 45 g7 /) A o 3k
ATGL.HSL f% AMPK.

W IR AE A FEEUE RNA JF S #4355 7 cDNA, 3t
TR E B PCR Rille 505 51 W d 51 93 4K
4 Primer 5 %1t 1B KRS (Tm) 8 R E PCR
PAT, FHEEH S F H LK 1.

1.2.5 Western Blot ¥4l 3T3-L1 fii [ 40 i 7346 A
WA R R B RIE  MIT RS HRE, SRR A
THA TR 0.9% FAENIE SR DA 4H M 3 36, R4
Ja s N B O, ATHE PR S, 78 4 CIIRIR 251
T, 12 000 t/min 5.0 20 min. 045 H G, BUETE,
— 80 CARIRLRAF 25 FH o $2 N 4H e 25 A A Brad-
ford ¥ & FLIk B, H3E4T SDSPAGE i Fi ik . H
%M ¥ 2 PVDFJE b, 1 E —$H1(1 : 2000),4 Cid
W BEEWE Hi( :4000), LAB-actin /E N 3.
1.2.6 Mito-tracker-Green #REMG M LR RI1A D To
7Kk DMSO il Mito-tracker-Green i {711 £ 25 IRk &
Immol/L. ECHJET—20 CHEEGLRAE. B 1 mmol/L fif
TP 12 10 000 F E B II N G0 BB 7R R, 240k
49 100 nmol/L. JR21 GBI A TAEW . # 6 fLik 4 hn
A 37 CHitil & 1) TARMR, 540 37 ‘CILFE 30 min
Jei» BB TAER I 37 C TR & HB i 40 fu ks %
W K R A BT A TSR

1.3 it K SPSS 23.0 Geit- i3t AT 7047
THER TR LA HebritE 2 80K, R IR R T7 2= 04T
(ANOVA) , #k—5 W L8R ] LSD-t #6536, P <
0.05 RARERAF AR FE X

2 &R

2.1 3T3-L1 JIg i 40 B 00 38 56 15 0 AN [ ik B
EGCG 1, EGCG ¥ & A 100 umol/L i} 3T3-L1 fig /iy
1T 10) 38 B 2K R A A, L 2 VA T A 1 B AR
IS (P < 0.05); 1259k B2 200 umol/L B}, 3T3-
L1 B4 FEAS IR (P > 0.05); Z5WIKE N 5
pmol/L B , (i HE A S HCR AW A B 2 (P > 0.05) o [A I,
B IEVR BE 10504 100 pmol/L /E 234, WK 2.
22 ML O GetadsiEdE R 3T3-L1 40 i) i e
EGCG ¥ B i3 gl , I H 2 — @ W Ami: .
TN AMPK #3571 AICAR #] i3t— 5 /b g, 1M
BN AMPK 411 71 Compound C 7 33 %% I gy /b 175
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B, WE 1.

2.3 kiR g tagh i@t Mito-tracker Green
TOCTRE ST AR R, DGRBS K I, EGCG
AL FH I 5% S o R T 0o R AL S e, L 2

2.4 3T3-L1 RG4S 4b Matk oA S (55 il %
FHOREE I mRNA Rk AKCEILE B EGCG R
T+, PPARy.FASN mRNA ) &3k 7K - I A% (5 P
< 0.05), UCP1.PGC-la. Nrfl, Tfam. ATGL. HSL.
AMPK mRNA FIE/KFH T 3 P < 0.05, A
AMPK #7571 AICAR At — 25 g sbfa 3, min A
AMPK #1157 Compound C AJ ¥ % it WA 3.
2.5 3T3-L1 R4 o1k ek 7 i A5 5 18
MREARLZKT  FEEGCGIKE TS, PPARY.

*1 519F%
By gk ]l
UCP1 1E[: 5" -GCACCCGACCCAGAAAGACATC-3’
J2H]:5”-TCAGTTCACCTCCAGCACCTCAG-3’
FASN 1E[A: 5" -GCACAGAAGGGAAGGAGTAC-3’
S I: 5" -ACTGGAGGTTCTAGATTCAGG-3’
PPARy 1E[: 5" -ACCACTCGCATTCCTTTGAC-3’
S [: 5" -TGATCGCACTTTGGTATTCTTG-3’
PGC-la 1E[f]: 5" -AAGAAGGGCAGCATTCAAAG-3’
J2[A]: 5" -CTGCGTTCTGATTTAATCTG-3’
Nrfl 1E[: 5" -GCTGGACACCATCCT-GAATC-3’
J2 A5 -CCTTCTGCTTCATCTGTCGC-3’
Tfam 1E[A]: 5’ -TTCCAAGAAGCTAAGGGTGATT-3’
J2H): 5" -AGAAGATCCTTTCGTCCAACTT-3’
ATGL 1E[f]: 5" -CGTGACTGAGGAGAGGACTGGAG-3’
S [f: 5" -GGTGGTCATCAGGTCTTTCGGTTC-3’
HSL 1E[f]: 5" -GCCAGCCACAACCTAGCAGAAC-3’
S [: 5" -CATCGCCCTCAAAGAAGAGCACTC-3’
AMPK 1E[f: 5" -GGGCTGGCAAGCCACGTTTGGTG-3’
X : 5" -CCGGGAGCTGCATGTGTCAGAGG-3’
B-actin 1E[A): 5’ -CCCATCTATGAGGGTTACGC-3’
2 3T3-L1 FERrdnpeAviEsaEmn
451 S S B 2R (%)
EGCG 0 pmol/L 41 100.00:£0.00
EGCG 5 pmol/L 41 100.83+2.15
EGCG 10 pmol/L 41 104.61+1.10®
EGCG 50 umol/L #H 108.16+1.02%
EGCG 100 pmol/L 41 117.4242.30™
EGCG 200 pmol/L 41 93.15+2.06"
FAd 74.92
P1E < 0.05

7E: 5 EGCG 0 pmol/L ZHAf L, aP < 0.05; 5 EGCG 5 pmol/L 441
Ik, bP < 0.05; 5 EGCG 10 pmol/L ZHAH Lk, cP < 0.05; 5 EGCG 50
pmol/L At dP < 0.05; 55 EGCG 100 pmol/L HEL, eP < 0.05
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FASN & H &L /KFHEIC (B P < 0.05), UCPI,
PGC-1a. Nrfl. Tfam. ATGL.HSL.AMPK & 9 % ik
AKFEHTE (B P <0.05), HIAN AMPK #0E7
AICAR W] — 5 i & e %5, 1 i N AMPK 4011 741
Compound C FJIi#% thi&a%, W3k 3.

3 i

WA R AR AR AL IS, IR T 2SR A A
AR, S KRR AR N2 /N R . AR
B,3T3-L1 Afkr b )5, MEHEEE 2, =B
T B R AR TR, EGCG T FilJ i i
2 L P 1 K R B D, N S T, X 3R

& E (Y G L |

TE:A NAEAXIEAL B N EGCG 10 yumol/L 41, C *A EGCG 50 pmol/L
4H,D N EGCG 100 pmol/L #H; E ¥ EGCG 100 pmol/L+AICAR 41, F
N EGCG 100 pmol/L+Compound C 41

1 EGCG Xf 3T3-L1 4iiu -k s

A 15 B 15T

1.0 1.0 F

PRl | = '

Z Z

) 24

= =)

- Z

< (7}

" i msln'ﬁ I

0.0 oo LIMLLIEIIIBN T

1 2 3 45 6 1 2 3 4 5 6

E 25T F 4r G3r

20

3k i
<2t

Z 15| : 5

E T2 E
= 1.0 | g 1
z = 2l

05 <

0.0

123 456

123 456
1 N AXTIRYL, 2 8 EGCG 10 pmol/L 41,3 4 EGCG 50 pmol/L 41,4 4 EGCG 100 umol/L 41,5 & EGCG 100 umol/L+AICAR 41,6 N
EGCG 100 umol/L+Compound C #1; A 4 PPAy mRNA, B y FASN mRNA, C ¥ PGG-1a mRNA, D >y UCPI mRNA, E ‘A Nrfl mRNA,F Jy
Tfam mRNA, G 4 ATGL mRNA, H Jy HSL mRNA, I & AMPK mRNA FikE

3 3T3-L1 e Wigt M s34k ek 3 il S A5 5@ B4 AH DG B ) mRNA FRIA/KP HER

123 456
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EGCG 7] [HA5 i 177 2B piack % A A i B ORI R 4
R RR LI R I R A .

A i 107 4 L AE A 2 S R 1 A T G T
iR 534 . UCP-1 {E R I I 17 #A -,
FEAK KT HG i m] A €6 J 7 40 e 2R A2 1) 2% B F,
JE BEAR, s e A A IR IR K BRI [
AT E N B AR MR Ak B bR EVEFE bR ¥ ARBFFT
g EIR, EGCG Refe it 3T3-L1 gl 4n g+ UCP1
[ s FRIE, B EGCG w] {23k (1 €5 i iy 4 it 1 3%
R kR R B 4 i 5 4k . PPARYR] 2 55 fig i 2E
Y& s e T AR ™ BRAT B 8 30,
PPARYy/Z 5200 I 7 4 i 73 A0 i B B R -, LR IA

VE: A N EXT IR, B ¥ EGCG 10 pmol/L 41, C 24 EGCG 50 pmol/L
41, D 2y EGCG 100 pmol/L 4H; E 25 EGCG 100 pmol/L+AICAR 41, F
A EGCG 100 pymol/L+Compound C 41

2 B2H 3T3-L1 ARk 5% Bl
C 25 Ds3r
20 | T I
2 L
2: 15 L i T <Zf
~
E %
3 —
T 10 k [
@)
8 o1 -'
(=9
0.5 | I
0.0 L o LERLLLE]D ]

H
[\S]
v
1
W
o

AMPK mRNA
=

o
n

123 456 123 456
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3 3T3-L1 BREAHARES L GBI S ERIESBRIEXEBRIEKFELER

205 PPARY FASN PGC-la UCP1
2 0 R 0.98+0.01 0.97+0.02 0.41+0.04 0.360.12
EGCG 10 pmol/L #1 0.62+0.04" 0.58+0.05" 0.57+0.05° 0.53+0.10"
EGCG 50 pmol/L 41 0.54+0.03" 0.25+0.02" 0.72+0.04 0.64+0.08"
EGCG 100 pmol/L 41 0.410.02 0.19+0.02 0.84+0.06™ 0.72+0.06"™
EGCG 100 pmol/L+AICAR 41 0.27+0.03¢ 0.12+0.01¢ 1.02+0.05¢ 0.860.04¢
EGCG 100 pmol/L+Compound C £ 0.58+0.04* 0.36+0.03* 0.63+0.03¢ 0.55+0.05*
F 18 185.84 381.42 61.03 13.60
PiH < 0.05 < 0.05 < 0.05 < 0.05
2H ) Nrfl Tfam ATGL HSL p-AMPK
7= R R E 0.42+0.03 0.40+0.05 0.38+0.04 0.41+0.06 0.4340.07
EGCG 10 pmol/L 41 0.52+0.04° 0.53+0.06" 0.52+0.05° 0.59+0.03° 0.62+0.04°
EGCG 50 pmol/L #1 0.69+0.07" 0.74+0.04a" 0.60£0.02 0.73+0.05 0.68+0.03"
EGCG 100 pmol/L #1 0.77+0.05" 0.89+0.03" 0.76+0.03" 0.87+0.03"™ 0.82+0.05"
EGCG 100 pmol/L+AICAR 41 0.92+0.04¢ 1.06+0.04° 0.98+0.04¢ 1.12+0.04¢ 1.04+0.03"
EGCG 100 pumol/L+Compound C %1 0.57+0.05* 0.63+0.02° 0.65+0.02¢ 0.68+0.05¢ 0.70+0.06°
F1iH 3.28 97.92 97.94 84.58 53.31
P1E < 0.05 <0.05 < 0.05 < 0.05 < 0.05

VE: 52 EXIRA AL aP < 0.05; 5 EGCG 10 pmol/L A R, bP < 0.05; 5 EGCG 50 pmol/L A 4R, cP < 0.05; 5 EGCG 100 pmol/L 41

Eb#, dP < 0.05

T B ER AR A BT s 4 7 1" PPARy
A I ) R I R R A L A iR T 3 A
xik, #mz5aaRtREEE. PPARYAMY
RT3t AT HE A 40 R I 24k B, 18T 5 FASN 3 [A]
VEF T REWT R & B A R W A O R Y AR 78 R
1, EGCG i PPARYyA1 FASN HJ mRNA [ HZ*
IE7K, $27% EGCG 1] fHFE 3T3-L1 Jii 17 40 A [ s 24
JEWi i >4k . PGC-1a /] 1E NP2 Hbr &4, 55
UCP-1 BRI, DAAERFHLAR AR  IRAE FE 48 S g
w0 Ak, PGC-1a A T 1 i i 2 A Qi Al
FRIARE ), BT R AORLR A B B X B TR A
A EEER". A AR, PGC-lafg i F
JUE 7 4 B A A PR ) B 86 o T Rk iR K,
Nrfl Tfam SEZR KA A6 RO BEEE R [ R IA 1.
AWFFREE R TR, B EGCG KEMTHE, PGC-la.
Nrfl. Tfam mRNA J & FRIEKFE TR, X3ER
EGCG "] {igi#F 3T3-L1 4 i £ bifk A= & i, HE5)
018 KR 4k - ATGL H1 HSL 728 =k H- ok fig
NI RRANH i, ARG RAAE R, DD ey 2H 23 &5
MURARI & & " A4 R BoR, EGCG n]{igidk
ATGL.HSL mRNA } 85 H#Ki&, Ui EGCG Rl {1
Jg I AT, 90 i 17 AR B
AMPK TEAF IR 2 e 7 A v i B 32
YER . TEERZ AMPK S TERIE LT , FT A g 7 40 g

KRB A A, T AERR G T4 ", AMPK
A DL A6 PPARYy % JIE I 1 & i S i A7 1
PGC-la/& PPARYHIHHIET". AMPK/PGC-1af5
SIE A R ERAR A R R A B IR R
e B AR . AR+, BE EGCG KR
Fh >, AMPK mRNA J & (A RIEKFE T 5, A
AMPK B 7 AICAR 7] i — 5 i = Mbi& %, A
AMPK #1131 Compound C A 1 %% e, X 427N
EGCG 1] PR 5 & &, ¥ AMPK {55181, Jf
i AMPKo/PGC-1af5 53 B3k 3T3-L1 fig
0 A WA B Ab o 2R A e % 0 T R AL B IR b B B
ATP, AL AEREE . 1 Clg i 40 i 5 A o iR
YIMITELR RIS EAPERE E R, RO RI40
1) i 2R AR S R = ARG ) 3G 5 A LRI,
EGCG Ab# 5 7 Y656 B AR X -0 B AL IE 25 158, 1t
B EGCG 35185 1 A N 2Rkt & &

25 bRk, EGCG I {ig 3k 3T3-L1 ARl 4H ik A=
KA LA L) A B 30 i A Bt g o
Iy iR, Yk BR B UTR . EGCG W] fEiE L AMPK/
PGC-1of5 523k 3T3-L1 JI5 i f ks tatb Fl 2k
PR LED A BR o
FIZMZE A8 7 W R 26

PEEZTUBKASRR R0 - SEIRHRAE R SRS Ak Bl R gt
ST BESC: BT IR B L A B S
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