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Advances in regulation of hypoxia on adipocyte development
and lipid metabolism

LIU Yuan, LI Huixia"
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Abstract: The growth, differentiation and proliferation of adipose cells run through the whole
life process. Dysregulation of lipid metabolism in adipose cells affects adipose tissue immunity
and systemic energy metabolism. Increasingly available data suggest that lipid metabolism is
involved in regulating the occurrence and development of various diseases, such as
hyperlipidemia, nonalcoholic fatty liver disease, diabetes and cancer, which pose a major threat
to human and animal health. Hypoxia inducible factor (HIF) is a major transcription factor
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mediating oxygen receptors in tissues and organs. HIF can induce disease by regulating lipid
synthesis, fatty acid metabolism and lipid droplet formation. However, due to the difference of
hypoxia degree, time and mode of action, there is no conclusive conclusion whether it has
harmful or beneficial effects on the development of adipocytes and lipid metabolism. This
article summarizes the regulation of hypoxia stress mediated transcription regulators and
regulation of adipocyte development and lipid metabolism, aiming to reveal the potential
mechanism of hypoxia induced changes in adipocyte metabolism pathways.

Keywords: low oxygen; hypoxia inducible factor; adipocyte development; lipid metabolism
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disease, NAFLD) & 4=, B& T FPERAR, =i
A DX B Bl L T M A0S A2, 200 g B X
FE2F B ) AR SR 7 AR T 52, (B2 1Y 7
Wi 2 S T A 5 | i TG L R AR
PR3, BRIV g i A e R TH AT AS W] B2 ) g ot
P ZEBLEON U IR S, B P58 208 F R

http://journals.im.ac.cn/cjben

PRt o R TE A EUR B ROl & e, IR5UIE
AT R BT A A 52 AN AR 28 o A SCERIR TR
Xof e M 240 B 4 7 R g oA s R 4 g o R, DA
910 i B A A DG BRI 7 PR AL BRI AR IR -
1 8 R 40 M % 8 o B AR
1.1 BERRARERYRIRS 1L

Wi 2L 20 ) Bl 1D 28 243 SRy fith A e Ak 1Y) 11 €5 0
i 4041 (white adipose tissue, WAT)FIRE L BE &t A0
kit g i 404 (brown adipose tissue, BAT), 435
i EFER AR AL . WAT KZ45304i T
B2 RN, IR BB LA N e ) = 22
SR R R BR A A # Z2 1) BAT, Al 2k
PR EE 2, W REEEE N 1 (uncoupling
protein 1, UCP 15 2R R N Y B 1~ # e
ATP f#flHK, #rRER L A AGE, AL sh¥)
HLI ™ RIRE f T FES K Gl I J2 WAT ] BAT
EARRY R Y . ShTHFER N WAT B, 44k
PN, JE D5 20 A R 1 28 ok 6, IR 45 ™
IR, L, fEdERR N 440 POz Ml pLAA N
JHEA A AR P B A0 M A VR T e 2 i A S
J5THY Z fe ) 75 5T 41 (mesenchymal stem cells,
MSCs). MSCs B M5 ARG« BLE AL
YRS o R VR JEATT AR B R 7 A M R LR e A
WFAM A o LIERFSE R R, WAT Hl BAT 4
ARk AAFRIE R . BAT g A LR KA
“F(myogenic factor, MyfS)4Hffiik &, WAT 4y
DAL, B R B MiyfS-Cre FRE5EA0 3 R 5 9



NE SAREIIEARE S RIS RSB EHRLE

PRic AR 7 A i S B 45, Ak MyfS 3%
F ) WAT H1 BAT 4iif 9520, ARG —47
JEH) BAT 4ii ik A Myf5-Cre FiifA, mikZ50)
FUEF HT WAT 21K 5 T Myf5-Cre HiT{A, I H AR
9 24 33 2R i o S 40 08 R A (] i ek 22 [
B IE SE BE X & 5 11 3 (paired box proteins 3,
Pax3)-Cre 7E WAT F1 BAT 4iiifd 7§ 55 Myf5-Cre i
FAEMKEENRERS, SR, R8RS G40
K E BIEAEIRTT WL K hE Aok 35 2h ) 14k
WG BT IYE T, WAT At fb ioh i 4rok
— R, VAR B-= A5 T RRAETS
RHUA =R, e WAT fitafl, BRARMAE!,
WARBEH 4R WAT [0 BAT #A8HIF ¢, J275 1] LA
A B3P A B i 1 2 A el sh A e g
DO, SXAEAFIRSE -

WAT H1 BAT 20l 73 Abad B2 5 PN pr e, i
1 MSCs 2 I8 Wi AH 41 M 7046 S i 1D 20 i, 2%
RO AE B B s ai RE Wy i 25 22 48 22 5y 540
ek IR R T A E D (A 1), ik
AR Fi A DT A0 B TR BOPR A A Bl 1D 4
REMRH., RV, FIERENA 4 (bone
morphogenetic protein 4, BMP4)ifi i fillifi] DNA
HISL A A2 2 MSCs [ i 5 4 i % 2 e Ak
H G 7 40 B 2R 5% S e 0 B R BLBE R B 423
(zinc finger protein, ZFP423) mRNA /K3 i # 7t

P EEEE—
’ BMP4, ZFP423,

Mesenchymal TCF7L1, SIAH2
stem cell Dpp4” ... l

0

1 BERRdRas Lid i

Figure 1 The process of adipocyte differentiation.
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FHFIE EAT R L AP TG I [ 5 K 2
LA NG PR A 1 S 285 o Mg B Gl AR5
Z P s R85, 401 PPAR-a. PPAR-y.
SREBP1 . fi§ Wi M. & i i (fatty acid synthetase,
FASN) F1 (A 5 B 4% A /6t % #% B 1 (carnitine
palmitoyl transferase, CPT1)%. PPAR-a AJ i1
PP T IR R CPTL s M Zbidk b g iz B 41
fk, Ti PPAR-y REfE UL TG & 4 *". SREBP1
SENAE EEE IO, FERRIR S TG AW& it
T 45 R LA R e SRR i s, AR ik
FASN ik, HInHIEH ARE 54 a2, FASN
JENR T RS DA Sk B A DG A, IR T AL R
AT, A, 2R E S S SRR
TR E T . 45 PERK-elF20 {5 S %, 120ENE
JoT G B R 2R3 R IR TR ARG 7 R 55 1 44 JH- 24
EAEBRRL SR, ] L= A 4 2 R i S 2. A
P PERNF T IR ZE AL b, ERK/PPAR fF
S R E AR, R, e b,
P R RS AT JERE S, SR BRI,
7B I A4 R 1 R R B BRI, 52
feoitie, AR AN, WIGACRT | A
ST By IR A S5 B9 B AR 3 &
BB A e 22 N2 ah, WRF& B,
s Sl VR B 7 HE R 1 78 55 00 o e e 5 49 T 31
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20 34 5 2220 AR e T g BRI
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Figure 2 Regulation of HIF transcription factors.
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*1 REXMEHARL ST

Table 1 Effects of hypoxia on adipocyte development

Cell type Hypoxia/Time Lipid metabolism gene/Protein change Reference
BMSCs 0.2% C/EBP 9§, Leptin, LPL, CFD, PGAR and HIG2 1 [46]
BMSCs 10% PPAR-y2 and LPL1 [47]
MSCs 1% FASN, FABP4 and Adipsin | [48]
3T3-L1 1% PPAR-y, C/EBP a, FATP1 and CD36| [49]
3T3-L1 7d PPAR-y and FASN1 [50]

1d PPAR-y and FASN-insignificant

stem cells, BMSCs)[al ig i 4l it 701k, 5% 4
FHLE, B (10% O)t B E L #F BMSCs iy
HR A 5 —IRF IR R, 1% O, H1 i &
Hil MSCs Ay g4 1L, W B A . 7E
3T3-L1 #ififirh, 1% O, 2% FiH PPAR-y. C/EBP
o.CD36 iR iz 8 H 1 (fatty acid transport
protein 1, FATP1)Z 1k, il 40 At i) e 431k
DL EBFFE SR, 0 B AR Bt 4 P AIE 1 A Iy 240
o34k, T AR B Gl SR R T A0 oAk, 6P
O, VR FEAENR DT AL & & B AR . B O, M
FEAL, BT R AR N AR F, A
(7 d)f 4 2 0 Ag 41 PPAR-y Al FASN 2
1223k, TR )b SRR I 2B M A8 A i
22 50O WA T R I AN A3 Ak TR P R R S
SRR E A FH B 1] B2 40 B 2 780 28 W) A O o (R
O T S e NG SR [0 ot i 7 4B & B AR 5T
B, HRZWE R TE AN, T A 5
WX A | 2L ST I (R U, Wik
b DX AP A A L R B s, (FU: )
P, 3t %k B WOl & R AT 75 R 52 14 52 B [
R, DRI, PR FEATC SRR g D5 40 B i 5 P 5 iy 4
i ZMERIT,
3.2 REXAERAHTHI S

B A I R AL B I R 11 G B e A A 4
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b, DA [ B A B 0 A Qo B AR BRSO T
R B AR A 32 B kg 4, 2452 B st AL AR BT R &R
TR, # B B AR & A R ER T,
HIF- 1 o3 3 18 1% PPAR-y % 5% [N {2 ik 40 Jfd A1 I
i BRSO TG A Y 55k B /DN BRI s 4
il HIF-1a ZEH, S80I R ACEIR0ER FnF il g
e LU AR, BRI UL, FF I ML e A
JE I AT, FWH HIF 5% 5% K7 il g i it
AN AR TR AR Y TS — U AT
W, MRS AR E RS HIF A% SEim i,

R — Rl A I =X, HARTEEALRIE A T
BT A, BRI SR B A S
AR DA OG , A 2ok A 35 o 2 P R O 2
SR FR G Wl Jie g A K, 45 S I et 1 A 2 2 0
PR 1 % 3 B8 1T, Sl S0 96 400 e e 3 o a0 A Tk
AR BN = RGP Y. dkifi, 4n
M REFFE " A —IRMIG A, WA IRE:
Bifi J&5 76 L % A0 R AT A (acetyl-CoA), H
FA AR RV (A LA i) - FeZ, HIFs 5%
FASN FIf S WL A 25100 RG220 s
7 B8 A -5 AN RN T e A i SR R

HIF @ i /NE CPT1 ik, i/ IR iR m £k
BRIz, AR sE A e SRR, SR Ims T R
AR FE N AN R, BRI R4S & 8 -5
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(fatty acid binding protein 5, FABPS)if i 3/
HIF-1a JEPEGSTEYE, fEaEgnf - ig i R

TN g & AP T HIF-1 &k 2080 AFLIR
96 2 it AR %% B IR 25 11 (low density lipoprotein,
LDL) A NG & 1 (very low density lipoprotein,
VLDL)HH, il g BFY, sRv, FHPHEE
F1 1 (Yin-Yang 1, YY1)% a] 3 3 )84 HIF-1a &
FEAERT, B Y'Y 1/PGC-1B #1719 I B AR 25l
S A8 31 5 HIF-10 LB, MG, HIF-la
XiF B AR I AR AN & — A S 1 (AR T
2, HIF-200 2 20 b o] i 4 2 1) 7 Sk [
T, {H HIF-2a XFHUARE AR ARS8 . W5
T, BOE HIF-20 FRRERS I/ RUFIE 421

TG FIHEEE S5, SEIAsDIRR B B T A TR
iE R F- 235, E’fﬁzﬂ?%?ﬁﬂc Wkl HIF-20 &
s Tl A 7 2 v A0 g s e 8 B A 0 i A
F HIF-20 @yb Rk B Z MR p A b

/N U2t A P 9 B T AR SR AR MEK-ERK {553
pElO RAIREE T, HIF-2a LR RIS & 1 2
(perilipin 2, PLIN2)Z&ik 5 g 51 it 77 LA 4E H5
JR RS, et B i A0 H ) A R
HIF-20. 7] 1853 #4005 PI3K-AKT-mTOR {551 &%
SnRIFIERS B R, SBUIR TR Y &R,
DL b BiF 5% 35 B i S 2ok 2 ik 42 R 4 g Do A il
R, (R EARM IR LHR T E— TR (GR 2).
i bRk, ZEFRIh HIF #sg R +3R
REAE HE i o SRR, 5 EE g 15 728 P S A DG 0 &
A AWFFEHG ] BRI RIS /N B
ef AR AT AR L L [ A ST, 8% ik I g 7 7
PR, R, RSO A AR 35 5 i AT B T
MR PE R D7 =X L i) A DL R AR Ay A BR
B, XA RRSE . BRI S A shZpLik
Z RPN I R A B UIAROG , H TR 5T 28R
IR IR 1D At & %nﬂaﬁ‘%m%mﬁﬁ? M), {HHL A

ik
",
H#H,

PPAR-0 7K-F-, fEBENFHERMG A A, INEE/NEL EFEHLE BTSRRI 8D, 5 2 — P R TR

NAFLD &A1, #b—L0f5ci6ih, HIF20 AT JARAR AR #1435

*2 REMBERAHERISME

Table 2 Effects of hypoxia on lipid metabolism

Cell type Hypoxia inducible factor Lipid metabolism gene/Protein change Reference

Mouse cardiomyocytes HIF-1at PPAR-y? [51]

Mouse model HIF-1a] Serum TG, FFA and insulin resistance [52]

Mouse model HIF-1at CPT1} [56]

HepG2 cells HIF-1at ACSL1, GPAT, LIPIN1, and DGAT21 [57]
CPTI1A, and ATGL|

MCEFT7 cells HIF-1at LDL and VLDL? [58]

Mouse model HIF-2a1 Lipid accumulationt [60]

Mouse model HIF-2a1 PPAR-a| [61]

Mouse primary hepatocytes ~ HIF-2at PPAR-a] [62]

ccRCC cells HIF-2a1 PLIN2 [63]

HepG?2 cells HIF-2a.t TG 1 [64]
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4 [HAEHEZ
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K305 , v 2 2R i g R A 56 2 1
FEIRTFE RGBT I A o 1 H T AR XS AR
YA i % 7B AR AR A AT A — e 1Y
JRBRTE . e, KREFWSEM HIF $5EH 1
(388 0 R A5 412 1 B T 240 JE0 A S P s s 6 TR R 5K
MR FEAE, (HFEHEMIRA, K3 HIF 5%
R ekt nT J0 ki B B OR | JdEee s, HER
Ui 35 DR A AR BRI G R i — 20 P . AR,
AR A0 Mg 7 40 B 2 75 R I A (4 98 49 AT R
PR AR EE | i) R LA P A B ES ,
AIF 5 5 AN [ A A0 0 R =X 2 4R 9 LT I I
A% T SR AR . 4, HIF 5
+-H HIF-1o F HIF-20 7E AR BTG H & 15 32 244

FA A B R U 3 DR A9 ML)l R o IR AR

P Z R A fe) K B — AP iy e A i 18, 75—
TR SEB0 sl PRF X A T8 . Rk, AR it
I8 TAETG RAE T LU [l AN [ [B) e B (41K
ST NN Zh i 1D 20 & 7 R B A A 5
RSN B 7 4t & & R A i R s L 285
B U N SIS B0 B AT R [T S A 3 i
1 A I IR - B A 35 R S 0 IR 7 e AL B e
AN SRS 5 BT SRR B A T S A [l
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