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ABSTRACT Recent studies showed that adipose vasculature system, which not only supplied oxygen
and nutrients for adipocytes and also played an important role in adipocytes metabolism, was closely asso-
ciated with adipocyte activity. During the entire adulthood, the type, form and function of adipose tissue
change with the metabolic status of the host, and angiogenesis is directly involved in regulating adipocyte
plasticity. Therefore, to clarify the effect of angiogenesis in adipose tissue may provide a new therapeutic
strategy for obesity and related metabolic diseases. Benefiting qi and activating blood (BQAB) was used for
clinical treatment of obesity, suggesting the possibility of regulating vasculature function in adipose tissue.
This paper reviews the recent studies, elaborates the relationship between angiogenesis and adipose tis-

sue function, and explore the effect of BQAB on adipose tissue angiogenesis.

KEYWORDS

HEREAE RS — i 22 PR 2K S B0 1 PEAC R o , 32
SN D e AR S T AR SR A T SR AR 7 240 A AR
SR AR MRS 3 T (AN o A T ) PO e T
WHIFAE R RS UUR . WA RN, ek # L
NBEEEON 1980 4E11 8. 57 {CE 14K $] 2016 4R 1)
23. 142" o WA NETEAE o5 AT 4, N JREAR DG

BEWH: HEABRB RS R IH (No. 81774259,
No. 81673928)

PR BT 1 AR PR R 2 [R5 B2 e B I TR) 5 s e o v 0 5 o
(DL 430030) 5 2.4 BH KA [l B B2 2 I B Jas [ 5 B e P PG R 25
AH(FIN 430030)

WIRERE : i H, Tel: 027 - 83663237, E-mail: felu @tjh.tj-
mu.edu.cn

DOI: 10. 7661/j. cjim. 20190307. 161

angiogenesis; benefiting qi and activating blood; adipose tissue; obesity

I U PRI v i LAE A TR M 8 D5 - O i A8 9
I SIS AN BTG K R A (A5 A JRERE At B LA
R AR () EE R S T A [l IR I T B AR IR JRERE
Tt B AL TR 0 B 0 A 43T K B IR
AWFFEA B T RS BEE &%

R D5 1058 2R 48 v 22 7 1 98 19 IR DT A 2L Th g, AL
YEREANMIEA LA 0 I A5 2P BRIE A IR T IR
[ 0 Ji8 5 i R 40 R 45! . Brékenhielm E 2™ ff
GERIN, ML A A 177 TNP-470 ] F 5 8 A /N B s
RER B IR RE & oblob /)N EUIE REFE Y 254 T T
ZH /IS IR I 78 A i S A B i e/, 8 B I A
HAENR A SUE i B2, £5TG MLk =
I PRH FIA L, SR 58 MG PRAFFE 3 3R, 43 0% 1L 7 24
HAT W B AP RE RSO 7 . BRI, 351



. 492 -

HEPIELS S

%% 2019 4= 4 H %R 39 B4 4 W) CIITWM, April 2019, Vol. 39, No. 4

{5 1L 77 R e ek 52 00 L4 PN B A A K R (vascular
endothelial growth factor, VEGF) ik /K, &
PEP AL A2 B S0 o ME T, A SCIR T 25 A0S 1M 2
XoT R 7 A2 0 A A A I

1 BRI S R Gikis

HELY BRI AL 25 A R I 42 (white
adipose tissue, WAT) k£ iglizi4! (brown adi-
pose tissue, BAT) ,WAT Jyidi & firf& i fg i 4141,
TERRNRRE G, B S BURMAEN K4, BAT
TEARIHIIRE L5 WAT #USR A S, BAT 8 4o i (i ¢
# M 1(uncoupling protein 1, UCP1) 45/ 41 fitd
I A BB 1 P, 68 5 47 14 i 2 AR BB TR S 12
BFFE R, Ak BAT iP5 BMI &0 & A0 %,
PRIEILE) BAT A I THEMAERE HLPUERE . Heoh,
NARN B AETEAR ERRNT , BIEE RN , 76 5L 26 R R AR
FATE, 1R 7 20 2 728 Sy A0 BR A A £ Bl 1 44t
i BRIt o %S R e R AR N A
AR K€l 7 At A5 b 3R 30 R T FE R Y = AR
RS

PV 2 250000 A5 2R 495 32 p PN B 440 L R I 4 S
AP ZE . AT Ry E AR, 2 5K
L7 s 5 0 5 i 2 B 4 ) A0 M I A LA e, 322
S5RGBT B R AT Y i
e Sl = A S A B U - R o e 1 I 84 )4
R PR 43 7 Ah FOEERR AT . VEGF Bk ok
S R TR SR A B A A PR, R At R
S I (1= O (S PO (IR T A = = B
(thrombospondin-1,TSP-1) JgHBEZ ] A& L) A=
PRVE M A S . BIFFEER I, NG D5 L4 AR 4t S 40
LU REDR K UM, DN 22 0 a9 s 1D ZH 2y fig
s,

2 JRIWIHZ 5 A

2.1 IMEARS WAT R WAT IbLkE:
BARIIEAL, R4S WAT & &N E R4, (HAF5R 3=
A Jhe TR P €00 9 00 M Ak AR 0 Bt SRR 25, AT i
Jirt PR A LA AR AR R, 5 B 2 A A e E3EE o, DA
T O U1 40 1 A X 02, e 4O S B AR
/NELWAT i 40175 3 2R R sk 505 S I F-1a Chy -
poxia inducible factor-1a,HIF-1a) i % Wi 15
5T = 7 2| 1 == o= 7 1 O 1 S o ]
HIF-1i%5 5 VEGF &R HSCHE K1k, VEGF 3Kk
B BE WAT i 45 A= i DA 2t S, 1R 1 a4 —
HIF-1a—VEGF 4l n] 8% WAT Ifil 4 /= il A 7 220K 5
R A sk S | AL g 15 2 S o AR B R N,

SHUEE TNF-o IL-6 55 L, S n] i i A A B

Kim KL 217 BE5E % BN F VEGF 24k (VEGF
receptor, VEGFR) 2 5 I 1) w] 8 25 s /0> 1M 4 A=
Ji, TIRELIT VEGFR1 A LA E g™, %] VEGF/
VEGFR2 {5538 # b 1 48 A i) R 25581, 5
BT RIAPZIRY  SLAEE 1 C2 (forkhead box
protein C2,FOXC2) 45 n/jd it Ik VEGF #4241 T i
AR BN WAT i 4 A R Rl RE W e 2 Fh 42 2%
rFALE . H TR 2 R 2 I AR e WAT Hra]
REfE Ut B BB B R T 418U K A Bl T R JhE 2 7Y 1
BT A0 o ot A U AT B WAT i
77 A= BB G o

2.2 IR BAT =34 BAT F=#ARE
(LRI AR B IE BEE TR T AT T . 5 WAT
ANTA], BAT o ofi & A B JF AN 58 4 R 8 HIF 10
Pino EZE2" BIF 5T % B, K5 i 48 Ak 0y 1t 14 356 5 40 1
AR v B 7 1 (peroxisome proliferator-acti-
vated receptor-y coactivator-1, PGC1) & [A i &
Jei o e CE I T 240 ot e S s I 3 2k, 4 7R PGCA 7 4%
g 1D M & 2B b A R AR, B C A BT 5 IE B
PGC1a [ i HIF-1a KR 2 (2 i VEGF ik
R AR 2 . T PGCT Bk g 2 (0 B Wi 45 A
B, FERBTIHALN BAT i, FRESE FE R TG
fEit) BAT 5 148 A L2 (B AL )R SR, AH B
PE AR 5 4 2 R R T AE

BFFE 20, 1AL () BAT v 3 A5 i g 2 0 5, 21
SUREREHE N, 1M 5 ] VEGFR2 $ 44 BT I 45 4 1 )5
K BAT PGSR FHE™ . Jo DH 2> &3,
N VEGFR DR FRHT A 3 /N ERUF IR IX. BAT M4
W RIS, AN A R R B I G, S A A 56 5 B %
PGC1 . UCP1 45" #AL IR I 3R5K8 T e, AL i D,
BAT 28 Fafb” R, LR Ak oE 34 2 B A F 1 4
A AT B BAT PEEGE 1 1 ELRT I A5 A A ARG T
BAT /= #Ihfik.

2.3 MR RMEIEKREIENIER  A2EEIN
SRy N AR AR SR i 1 A 2L IR T 00 S B A oK £ g
15 400 B 8 5 R AL, T 1 i T A M R 9%
RZESZ AR By 38 55 7 PR 8 T DI RE AL AR TE A A
EREANN” Z2 A JE ok s 4 i piy skl O, B
FOR AR D RE S LA T BB R 1697 A

WFFE 30, 3o 2% FOXC2 53 (A g i 20 2 1.
B BN, 5 TR A R U TOK £ AN i B
B, Lim S & i AE C57BL6 /N 2R 4 C



rhE R Y B 4 2k 2019 4F 4 45 39 #5454 1 CJITWM, April 2019, Vol. 39, No. 4 - 493 -

WEE 1 )G, R IBE T WAT BB 548 0 KI5 i
L, H b5 5 I ) S, K g 1D L2 R S AP 7R, R
I AE D REse st FR b, Bl b IR 7 4 2 m 78 % E R 3
TN o FRR I A8 A AR A DK 51 7 A AR 1 T e
Wang B %% ¥ — L #F 5% & BL, ¥ 8 M2 (retinoic
acid ,RA) i 13 %% VEGF/VEGFR2 58 g, %
=R o0 N (1WA i e X o SIS s N =1 R 2
Hehn, et A RR D AE . St &K B RA AL RE
A VEGF JK-F L3, IfiL 4 AR s in, 3 UCP1 (Ci-
dea.Cox7al S5 (A i e S 2 R 3Rk i, B AR
AR A 7AE . TiAE VEGFR2 mBR4ifig b, ks 1y
R ShsLs, RA AbHE/NER S VEGF % 358 [H /)N
UM B FIFELS SR . BaRBE IR R0, i 48 AR Bk 2
A AR 107 40 O B S AT RE A DGR K

3 2 A I 7 2 60 Hig D 2H 2R 0t A A ) 5 e

3.1 &Iy 2536 7 NE R E A R8s HE il e H
RBFSE B 2A Dy AR HLEE X R R 2 AT 1, e 7
(ERNE) P EARE, (KRB - BAHAMBRZRKIE) A
RSN VAR RCE L REE, B EOREREA R A (R
A WA Kz PRI =2 22 /04 BE o N RERD 26 43 R
NEN RN =2, R BEEHLE, (Rl “ st
NS SRZBEAR”  BIESE 22 fr A, sb A M BB 1
e Z2 Al 150 BH Fp B2 2 2 AR 30 8 A H R R A 5
R T S = e AR N W 11D 0 3 S =
JEZAEZ Gt R R —20 ki R AN Z IR
“NEAZSET SEHIE, BT K T B IER IR R
BEA, CRAX - WA ) F - LR A, T8 A
R R T PR A, Rl I AR, H i R DAk, AR DA
R NEREZ N 7B i 8 e 9% BELJDK G, D) I, 9 P ok 7 9%
MR RE R ZRAL. TOIE Z AR BAFINA T, R,
NENZ SRR 2 R R AR IR E T I . (=
SR - UY) P E CAOIMZ Ih IiRZRET R
B IOLAT G, 0 A 2R, (R B ) 7 & A
RHEATE JEA R AR, e HOENZ IR (A
SR P B R, YA, R IE AT,
BORA 2 o USRI AE L FRE RS PR AL 2 G &
B NEIE N AR, SR PRI AR T I AR A . R
i A L5 245 06 N RS ) i R 7 Hh B 23R8, 28X
RPN R, LR UK A A T A TE R R A= 5 0%
I B4R A U] A5 DA T 5% i AT Ak

BUACHIESE 7 T, A2 WE 9 A B, 36 1 25
T4 SD KER AT G K W] i 92, S A4 A B 3%
P25 R PUIE RN . HABBFFR R, 2 H
i I L7 25IR T B R R 2 RO PR S8 AT

FEAR BMI, $27R 55 000 I 5 24 I DR 1 F w2 W 1
PORE SR

3.2 S Ty 2% B W A A BRI Il
IHRUE 5 B 2 2% DU 2025 B R IS 2 R R ik 1 i e
Tl R FE BRI E 5 g s 2 SR o A0 It AN A
PR , 76 B2 BES HEIE 43 B R 28 ] U5 g - gt
Tk, H R ER LG 3 W AREA T I, SR 3
SR EMAT AN, B L AR R KIEE R A R Y
it AU I 24 VR IR A B I A T R A A
FIO BRSO BT Kk B, f ACHG L5 E E #Y SD
KL Hm % VEGF KV 8 25 5 X 4L, £ 5 <
% L7 245 1E [ P M4 A . Bl s 2 g R
i I ML ZH SD K B 13 fofe 4 IX 7 A 1 78 A i
BN, B T 28 AL S I AR R A O S R Bk
WL o

HIRAWFFHE ), 2500 M7 25 A BRI 4 21 VEGF
FEIR I I AT AR B o BB WL J A2 ( diabetic
retinitis , DR) &b IR & MERUIN AT I KhE 2 — , HL 3
SER R A BT I AS RO . SEAESE & B 45 U0
I 5T A PR R B S S AL 40 b A, VEGF 7KF R
ok, A0 D0 S 3 A I U 2L, DR &0 SRR e o

4 INgE

FENEEAE AR A H ¥ & 145K IRA
P2 v B2 2 oA AR 1 B 24 60 I DR S R CH K
SEH IR LA RS, 838 T il A8 A s E R g
LRI K HOE 7% DR I EEAE . 454 2K
T 00077 247 1) DR S5 e 5 A 9 g, 28 38 4 0 25 <3
75 23R 97 B JHEE T RE 2 A 0 1) 8 5 i i 4 49 1t 4
B, B 7 A 1 I A K, 00 s e R I A AR B
LS IMPUAFERE D6 e IR 7 IS . AR AR
BT EE  H iR LS HUR N EERR S N
Hbr, X 5 B 258 A8 7h PR B BH g e I a 26
JPRE R — 3 Ah SCER VT TAE G b B 2 45 U0 17
25X N JEAE A BLARAE AL, SRy IS A R4 T —
RUBT S o

2 % x #t

[1] Abarca-Gémez L, Abdeen ZA, Hamid ZA, et al.
Worldwide trends in body-mass index, under-
weight, overweight, and obesity from 1975 to
2016: a pooled analysis of 2 416 population-
based measurement studies in 128.9 million chil-
dren, adolescents, and adults [ J ]. Lancet,
2017, 390(10113) : 2627 —2642.

[2] Cypess AM, Lehman S, Williams G, et al. Identi-



. 494 -

(10]

(1]

[(12]

[13]

(14]

(15]

[16]

[(17]

rp [ Y PE 4 A Z i 2019 4F 4 4 39 #5454 3 CJITWM, April 2019, Vol. 39, No. 4

fication and importance of brown adipose tissue
in adult humans [J]. N Engl J Med, 2009, 360
(15): 1509 -1517.

Cao Y. Adipose tissue angiogenesis as therapeu-
tic target for obesity and metabolic diseases [ J].
Nat Rev Drug Discov, 2010, 9(2): 107 -115.
Brikenhielm E, Cao R, Gao B, et al. Angiogenesis
inhibitor, TNP-470, prevents diet-induced and ge-
netic obesity in mice [J]. Circ Res, 2004, 94(12):
1579 -1588.

WAL, BRDHilE, AS8E, S5, MU ZH G — BRix L
RELAIERR DT 2 SE RN & s nsgm [ J]. JeatrpBE
25 R, 2015, 38(2) : 104 - 110.

A, FERCE, TRING, . &R SALEEE ik s /T
JHE 2 B PR 8 W i A ZE AL S R 2% Al A WL
#2[J]. PESE TSR, 2017, 23(6) : 180 -185.
I, R, BAR, S R AR AE o %R 2
RUBE DR 8 W 18 B A2 Ak B AR A s [ J . o
B2y, 2015, 56(5) : 409 -413.

FEER, TR, EARIR. 50 I 2% 4 AR I PIBK
M MAPK {55220 [J ], Fpb R4 &0 i
JiZkidi, 2010, 8(9) : 1083 —1085.

SEHE, AW, WEI, SF. AR I 7 R W RS R B 1)
PR I e 722 48 N R AR KR Tk s [ J ] g
24k, 2010, 25(5) : 758 - 760.

van Marken Lichtenbelt WD, Vanhommerig JW,
Smulders NM, et al. Cold-activated brown adi-
pose tissue in healthy men [J]. N Engl J Med,
2009, 360(15): 1500 —1508.

Wu J, Bostrom P, Sparks LM, et al. Beige adi-
pocytes are a distinct type of thermogenic fat
cell in mouse and human [J]. Cell, 2012, 150
(2): 366 -376.

Corvera S, Gealekman O. Adipose tissue angiogen-
esis: impact on obesity and type-2 diabetes [J].
Biochim Biophys Acta, 2014, 1842(3) : 463 -472.
Ferrara N, Kerbel RS. Angiogenesis as a therapeu-
tic target [J]. Nature, 2005, 438(7070) : 967 —974.
Xue Y, Petrovic N, Cao R, et al. Hypo-xia-inde-
pendent angiogenesis in adipose tissues during
cold acclimation [J]. Cell Metab, 2009, 9(1):
99 -109.

Ye J. Emerging role of adipose tissue hypoxia in
obesity and insulin resistance [J]. Int J Obes
(Lond), 2009, 33(1): 54 -66.

Ye J, Gao Z, Yin J, et al. Hypoxia is a potential
risk factor for chronic inflammation and adipone-
ctin reduction in adipose tissue of ob/ob and di-
etary obese mice [J]. Am J Physiol Endocrinol
Metab,, 2007, 293(4) . E1118 =E1128.

Kim KL, Suh W. Apatinib, an inhibitor of vascular
endothelial growth factor receptor 2, suppresses
pathologic ocular neovascularization in mice [J].

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

Invest Ophthalmol Vis Sci, 2017, 58(9) : 3592 —3599.
Xue Y, Cao R, Nilsson D, et al. FOXC2 controls
Ang-2 expression and modulates angiogenesis,
vascular patterning, remodeling, and functions
in adipose tissue [J]. Proc Natl Acad Sci U S A,
2008, 105(29): 10167 -10172.
Cao Y. Angiogenesis and vascular functions in
modulation of obesity, adipose metabolism, and
insulin sensitivity [J]. Cell Metab, 2013, 18(4):
478 -489.
Sung HK, Doh KO, Son JE, et al. Adipose vas-
cular endothelial growth factor regulates meta-
bolic homeostasis through angiogenesis [ J].
Cell Metab, 2013, 17(1): 61 -72.
Pino E, Wang H, McDonald ME, et al. Roles for
peroxisome proliferator-activated receptor
(PPARYy) and PPARy co-activators 1a and 18 in
regulating resp-onse of white and brown adipo-
cytes to hypoxia [J]. J Biol Chem, 2012, 287
(22): 18351 -18358.
Arany Z, Foo SY, Ma Y, et al. HIF-independent
regulation of VEGF and angiogenesis by the
transcriptional coactivator PGC-1alpha [ J]. Na-
ture, 208, 451(7181): 1008 -1012.
Jo DH, Park SW, Cho CS, et al. Intravitreally injec-
ted Anti-VEGF antibody reduces brown fat in neo-
natal mice [J]. PLoS One, 2015, 10(7) : e0134308.
Lim S, Honek J, Xue Y, et al. Cold-induced acti-
vation of brown adipose tissue and adipose an-
giogenesis in mice[ J]. Nat Protoc, 2012, 7(3) :
606 -615.
Wang B, Fu X, Liang X, et al. Retinoic acid in-
duces white adipose tissue browning by increas-
ing adipose vascularity and inducing beige adi-
pogenesis of PDGFRa " adipose progenitors[J].
Cell Discov, 2017, 3: 17036.
b, BRI LML B At TLIRR R BOR A,
1981: 21.
M. R EET(
2006: 389.
MRLRR. aEMSEIM]. Jea: AR TR, 2006
9.
JANT, S5, M, AE. O R R I B 5 R
ki R A RA IR Meta 4347 [ J . A EARIE BE 2
i, 2012, 12(12) : 1470 - 1477.
R, BATE, EAEN, & AR R S0E T & 2
LY XoF A Bl B ) 70 [0 1 400 B Ak 1 14 5 e VEGF %3k
Bsem [J]. PEZAeE, 2014, 55(13) : 1132 -1135.
BEANAS, RV, BANBD, S5 25 AE TR X B i ol KRR
WL R I A iR -1 B H 2 Rk [J].
[ PG R4S A SRk, 2007, 14(3) : 138 -141.
(Yieki: 2017 -10 -23  #EZk: 2019 -04 -07)
SAL G : B &

M. Fi. 45 A



