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Abstract

Adipose tissue is divided into brown adipose tissue (BAT) and white adipose tissue (WAT). BAT
was a specialized thermogenic tissue, which was the main site of nonshivering thermogenesis in
small mammals. PR domain-containing 16 (PRDM16) was a brown adipose determination factor.
It was selectively expressed in BAT and induced the expression of a subunit of peroxisome proli-
ferators-activated receptor-ycoactivator-1 (PGC-1a) and uncoupling protein 1. BMP7 could sti-
mulate brown adipocyte differentiation and enhance thermogenesis by activating the expression
PRDM16 and PGC-1a genes. COXII, PPARa and PGC-1a were the key regulatory factors of differen-
tiation and metabolism in brown adipocyte. COXII was an effector molecule of adrenergic pathway
in WAT. It was necessary for the formation of brown adipocytes. PPARa expression level in BAT
was higher than WAT. It could induce the expression of thermogenesis related genes and promote
the generation of primary brown adipocyte. PGC-1a also could induce the formation of brown
adipocytes in WAT. In the process of brown adipocytes differentiation, PGC-1a expression level
increased. In this paper, the key factors of transformation of adipose tissue were studied, and
some prospects for the study of the fat tissue transformation of small mammals were given.
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 E

e B LR 38 2 g il 41 23 (Brown adipose tissue, BAT)AI 5 fJ5 il 2147 (white adipose tissue).
BATA— ML= RALR, B/DEEASIWIETEEFRF) FEEHAL. PRDM16 (PR domain-con-
taining 16)&4E8EHEBATH R A MERE, TR BATHHFPGC-1a (Peroxisome proliferators-ac-
tivated receptor-ycoactivator-1) FIfEDE R 5 1 FFHIFRE, 228 08 T4 e s i iz E
F. BMP7 (Bone morphogenetic proteins 7) 5 7] #{iEPRDM16F1PGC-1a% 3 [ (I RIX, REBATZ M
SR F=RHIE TR . COXII (cyclooxygenase-2). PPARa (peroxisome proliferator-activated receptor a)-
PGC- 11 I A HE A 5 A o USRI B T« ZEWAT i COXILRE R 15 S B i — A RS
SF, SHTFWATHE ST B8 A8 P40 2 04 75 ). PPARQ7EBAT F (IR KPR TWAT, RE¥ESBAT
= AR SRR ] (R 08 R R AR B IR BT ML A2 . PGC-1artld BE 5 WAT 45 €5 fIg 1l 40 ffa B 7% 1% »
TR IR AR RS R PGC-1aR X B At . AW SO BRI AL R R FREATRR 5T, IR BXY
TR AR et e — R,

XKigid
wEfEmAR, aeRmAR, ¥

1. 51§

W FLEN PR A B g 2L 4 26 B 43 (A B i 7 414 (white adlipose tissue, WAT)FITAE € i 7 4147 (brown
adipose tissue, BAT) [1]. HA@gigiffiamik, btk g, WEamigmms 2/ Nen, Lkik
BONESE. BAT FZLLHM =B U6 R8, B T AR AT P ERE 7 32 B A7 B R A, AR R 2
BE BN AL 22 BE T R WA RE R F B . H4h, BAT it —FEBEAN W IE2] [3], ferErs
G50, WYL T o, EZ (leptin). AR % % (adiponectin) . HKHTE (resistin) %, 75 A= FE a0 I 24
FEF, X EAF 50T R EEGE A WAT 4l & it B, eAE R T B EAR S il 5 EERIERI[4] [5].
BAT ) 3= B AE A HI R 30 53 B0 20 AR AT 38 B P I R AR [6]. R, EE &N 50 g 1) BAT il
REVHFE AR 20% ) FEREAR I RE R (7] BAT M= AR Z RIMA RGN . TEPIRMERSH, T EHk
FRES BRSNS S IR T 27 6 (8] — ARt R I BRI B RS2 28 RO 20848, X — 4808
AT F A AT X ) R AR e P S S AR I B R B TR AR R P R &, I IRE) BAT
BB =40 (9]s 58 kIR AR A T KN P 19 UL P BB IR 4 28 0 B S IR R T IR 1R, X b 2 o HE
il BAT Hsh& iz, & HHESEE T 55 4%, #iSissh & o flgEs e r=4[10]. BAT 1)

()
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PRI RZ BN IR AT . BAT H R BRI (1 UCPL 32 2257 3 =B FUIR AR BRI T, HrTRE2
T I FOR AR ER S AR R 1 B A AT R T A (1], (EUR G T BAT 4= #8815 RS 8 4 AL B aT 548
HATEAIERE[11].

RE WA o L FE b, PEBEE ANEE A . DhRERI 2 B A RIE AP, REpT 4R ot — N s
FERGA R R, ZMERE T G SERAERTREEEEIEH . RIS TR 325 AW A
BB B8P BIa) 70 0T 40 M 234k D9 R 107 BEAH A I3k — 20 T8 sl I A B w4, 28 i Bt 44 R s 4 s
Loy AN AT IR T A0 I [12] o 46 €815 107 40 5 B B UL 40 B B SR (R 20 AR R . My fo+ R[4 i
PRDM16 #3527 Myfo+RUAN I Ak 7 0] S C i A AAS [R], 1 €5 1R 0 4 2 P e O o i k4 A
S eTR(E 1), HAEPFFIESE, KA RIS 51 WAT B ILREERIE UCPL Wt fls gL, (Hix
S o A 5 SR R R AN IR TR, IR MyfS+IAi LTk [13], W3 TEIE R RIE S5 ki s 7
K WA

FE G SV N NAE A ATELE BAT, FLES T BAT 78 NSRS 6 40038 1 B F [14] . 2009 4EAH 4k
R 2AE New England Journal of Medicine ] JLIRBIF 52 45 32 W] A Nk A7 7E B AT ThRER) BAT [15] [16],
BAT FRIXZ B T 90T, 63 g SEEVELHI AR BAT MABEHIREEAN YT 4.1 kg WAT [17]. 4T BAT
SR HIFERERE J1, AT G 2l om s i BAT 19773, MR B AR, R&E R
REF H I[18]0 S T AEIX L 51545 DA W 5638, FRATT 75 250 I b 17 248 €60 1 1 4 M 24 5 AR i A v
(IR B o

2. BERRLRLRFEIL
2.1. PRDM16

PRDM16 72 Spiegelman fiff 26 [ 7] 7E Ji ik /N B R % Sk R BRI AR R 43 i &9 140 kDa IEETR B
ST DNA S5 G453, FIBMES . & S M RA I 2 C R BB V45 15[ 19],
& — P E B S T R (1] 2) ,PRDM16 £ 2 it 5 C K& & H (C-terminal-binding protein, CtBP)
CtBP-1 fll CtBP-2 45 & R 4E/FE il . PRDM16 5 CtBP1/2 45 & I E W nl 45578 WAT 45 7 RIE L A
a5 7, Mk HEIE; PRDM16 454 1) CtBP1/2 n] LIt PGC-1 B M E &1, %E &iEid
5 PPARy S EF PGC-1 WIAHEAEF, (RubERiR A i, A 280 s e £ i 1y 56 R A 3R 95 [20]
PRDM16 A5 {245 (2 Jig s 40 A 2 AL AN F 1) 11 €5 s i 400 PR 404 (0 OB A= B T B 2] o 480 CE0 T 7 4T 5
JULAHE L EL A S R AR IR MyfS+RUVLAERML . B 708K, PRDM16 KA SRy, 6 lE 4 fudks
e HE R A= AIE R (UCPL, Cidea. PGC-la 55)3K1A T, 1 Myod. Myf6 S5 AR 3 R 08 i,
M e A ) o A SZ 20, E B4 /e s, [z, SAi3kiE PRDM16 R, R4
434k BE B R 5R[13] . PRDML6 A2 Y 52 46 €2 i 17 40 B P R 1 S B 1 4% 1R 1

2.2. BMP7

HEIE R ) BMP 25564 KR 1 B (transforming growth factor-g, TGF-A)# 5 i i 1, B R
PRAUMOIGTE . A0k JETSEE I AR ThRE[22]-[24]. 124 TR BMP i 20 M. BMP KR
AN [E) R 53 7 I 7 4 B A i i R e R A5 26 AN [F 94 - BMP 25 (BMP2. BMP4. BMP6. BMP7 #ll BMP9)
AR ANEARE S5 B LRI AR SEEETER || B2 Akss &, B &R RE 2R RI7 AR E
PR | B2 AR 2 BERR 1L, LA 3 Fi#R Smad & F{5 5@ 2% F1 MAPK (mitogen activated protein kinase,
22 ZLF A B ) (5 S eg, EmiEE AR K B [25]. £ BMP EETARZEGH, X BMP7
B (2 k4 (0 I s 4 AR 1) A A2 P UCPL (113634 [26]. BMP7 Jliid p38 MAPK Ml PGC-1 #1442 %
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Figure 1. The differentiation pathways relevant to adipose tissue [12]
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Figure 2. Structure chart of PRDM16 [19]
2. PRDM16 545 (##85| B Frihbeck £ 2009) [19]

UCP1 fIFRIE, RIBLERIAE . BMP7 BENZ Lt PRDM16. PGC-la ZRJEK (1R, I+t ig iy 41 iy
TERIAE R . BFFT R PL[26], 18780 BT 42 BMPT i S 1a i (IS i 40 i 2 04k, AR NS FE R 55 EiR,
WX e R A 20/ B AR, FECEARITHLU iR IA UCPL I EEI4E M . BMPT fil
BRI/ BRAX & b B SRS UCPL (1) BAT, 1fii BMP7 i ik /N1 BAT & & B3I, ftnl L, BMP7
X T e A0 1 o A R R .

2.3. COX-2

BT BRI T R A A Tk i), B — AN TocH SsM, B 20 MR JE 4R 27]. COX (cyc-
looxygenase) 2 Fi 51 i 2 A4 B A2 A i PR, U HE COX-1 A1 COX-2 Fifh[E LHf. & &8 2 (cyc-
looxygenase-2, COX-2)fg 115 8k G EFa A A Mg T L ZUR . BEFUR I, PN COX-2 IRIE, W
L%/ R R AR FEE [28]: COX-2 B2 R i/ BRI e I AR 2 B4 [29]. W IE WAT COX-2
MRNA FikK PR, (23t WAT & AT FIARZ[30], (26 WAT 1 BA 77 EE 11 105 S BAT (7
%[31]. Vegiopoulos 25 N XN Al 2 MIWE 745 BN, £ WAT /1 COX-2 ()it Rk fe i S48 g i gl
JL o34k, 38 070N BRUIKT e EE T FE[32] s IR A AT R I COX-2 X WAT Hifs S th B 148 e AR i 4l g H UCPL
ik E L E K, UCPL EIERI T COX-2 [1]. COX-2 /ZAEET WAT B FIR A5 5@ i — Ak
RLoyF, ST S WAT H 5 17 40 A A T i A o B R

2.4. PGC-la
PGC-1a /& PPARy HIAHIIEIA T, AIdLyEtb HAh#e 81, BefE TR BENE. HHESUL. OIFESEss
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B, AR RS R R B AR [33]. fER R BTN ki R, PGC-1a RIE LI[34].
A RIERE S T8 U T 42U PGC-1a HIFRIA[35], 1X—id 2 H PKA-CREB Jl #% AT /- 5 [36] . X 4% 3[R
[R5 R I, PGC-1la it FIEHT WAT H 8L UCPL Rk [ (o flig B A AE,  FLer 7 FuI IRl 1) 3R 08 o AH B 3
WR[37]. PGC-la witbR/INGR, o 7 AU P R FRIAIRTS /N BRIAIE L= #VRE 70 2 T R4 [38]. HIIE
AR, PGC-La %3 He €0 fig 5 4 0 1) 2 A AR AT B B 60 . PGC-Lo LE M (Al 5 4L 230 1 €5 I iy 2 21
R 205 T BT cAMP ik, CCAAT H95i-1- 454 8 1 (CCAAT/enhancer binding protein, C/EBP) A 5
PGC-1a Ji )7 X T Ui ] cCAMP [N a4 6, ik PGC-la ik, feZARAE (1 € g iy 40 A 17 46 €2 i i 41
Ji % 4 [39]

2.5. PPARa

PPAR & —ZRDLR T B A FCR % 5244, HRTIAH, PPAR 4% PPARa. PPARy l PPARAIS. PPARa
FEAEMERRE, OJE BRI AL MAEAE, BRI DR 3 B R R IR 5 B[40]. PPARy
NI AR T R ELIE, AEIRBEIE AR K. PPARSIS FEALAI. FFIESE AL B 4R h Fis E L
. MR RN, PPARa fEM NG AL 1 RIE/KF T AR 4HE, PPARa BLikREs 5 AR
o0 5 i 40 B AN BAT H (1) UCPL K IA[41].PPARa REWLIE UCPL )8 8h T, TEH 4K 7 PGC-1 Z 5 F,
X —{E R AES I N[42]. PPARa & BAT 204k 5ACHh EE A 1

3. RE

BRAE AR B A ThRETEYER BAT MIRILZ G, KT BAT HIEFT MR IR A A 2 U ) — A 4
W, T NGRS, nRE BN 2 A K R TR AR Y BAT 40 AL LA B AR A1 54 i 43
TR BT AR, RN AR SR AR Y R 2 AR S i IR ZH A S &, AT INRE RVHFE, COHN
TETT T AR B AR P73 1 — AN B SRS [43] o Tt TN AL 5, BAT St HAEEFS AT
WA B REEMNIEM . Bk, 7R 40 2 A A R TR L = SR

PRDM16 1 BMP7 76 )l [ 20 B o fh o #2 v B S 24E I [44], PPARa. COXIl J% PGC-la 2
ey o i P A P o A AR AR P ) SR B IR o BB W 40 434k L FL TR IR IO St 4 5 R R S R A ) 2 51
IR, HETR THRIIA R O I LR R Z k3 TR 25304, % PRDM16 F1 BMP7 & 545
01 17 20 B 2 A AR P 2 s B B DR R AR AR B B o LRI IR, DR T A/ N R L B ) AR A 3 RS
FHIRME T —E SRR TORE, (FUR X A 5T TR AN AT, BF TR T AR R X . 245 90 97 16475 52 B AR K
(BRI, o S m] B N A AR 2R 4 i B 21 mT I ) B AR KRB B3 Fk, BAT I 700
SAWHRN, RR LG BNE FAE O A AT WAT A (s 7 20 B % B 7 16 R i L i)
—/AN¥i 771, PRDM16 Al BMP7 75 54 €I 7 40 i 34k DL &2 COXII. PGC-la. PPARa 55 K715 5 WAT
Hh A B I U7 4 B A T S, S AE YR T IERE T TR O EE R N . A BAEN ANk
PRDM16. BMP7 UL PPARa. COXII Jz PGC-la S5 AthAH OCHH T BELE N SAE M K HLAH DB 176 T
RAFVER
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