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Abstract: Angiopoietin-like proteins are a family of proteins that are closely related to lipid, glucose and energy

metabolism, as well as angiogenesis. To date, eight Angptls have been discovered, namely Angptll to Angptl8 that play key

roles in metabolic regulation and marker assisted selection. In this review, we summarized current progress on the structure,

signaling pathways, upstream regulatory genes and metabolic network of Angptl1-8. Finally, in combination with our work,

the status and problems of animal breeding as well as the future prospects for Angptls were discussed.

Keywords. Angiopoietin-like proteins (Angptls), structure, signal transduction, function, animal breeding
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F 1 angptls EEKEMRAHERFR
Tablel Propertiesof angptls gene family

o ) Chromosomal location
angptls Other common names Main tissue expression

Human Mouse Bovine

ANG3, ANGPT3, AngY, ARP1, dJ595C2.2,

KIAAO351, UNQ162, UNQ162/PRO18S  1Ven muscle ! ! 16

Heart, vessels, adipose

2 ARP2, Al593246, AW260363, HARP tissue 9 2 11
3 ANL3, ANG-5, FHBL2, ANGPT5 Liver 1 4 3
4 ARP4, PGAR, HFARP, FIAF Liver, adipose tissue, brain, 17 7
intestine, kidney, heart
ANGL5 HUMAN, A 14 P125422,
5 NP835228.1 Heart 11 -- 15
6 AGF, ARP5, ARP3 Liver 19 9 7
7 AngX, dJ647M16.1, CDT6, RP4-647M16.2  Eye (trabecular meshwork) 1 4 16
g Lipasin, betatrophin, TD26, c190rf80, P T e—— 19 9 7

RIFL, PRO1185, PVPA599, Gm6484
Data from website http://www.ncbi.nlm.nih.gov/and reference

T,

N C

Angptl] =

B Signal peptide
Coiled-coil domain

8 Fibrinogen-like domain
@ SEI

¥ Glycosylation

> Disulfide bond

X Proteolytic cleavage

TG regulation

Angptl5 388
Angptl6 -ﬁsﬁ%wo

Angptl7 BT

Involved in plasma

1 mME+REMHEARENEBRINEQEIHSFE?

Fig. 1 Domains and protein modifications of Angptls'*!. Figure not drawn to scale. Dotted lines denote homologous
regions. SE1: a region mediating lipoprotein lipase binding; TG: triglyceride. Angptl3, -4 and -8 have been
demonstrated to participate in plasma triglyceride regulation. Notably, both Angptl3 and -4 need to be cleaved to
remove the FLD to become active by different proteolytic enzymes respectively, while Angptl8 does not need to be
cleaved. Moreover, Angptl8 can promote cleavage of Angptl3.

8 &L Angptl8 X} Angptl3 HI4E 55 UI4E I E 4 il LPL 354, Angptls A AE-5 32 RS & BRI
T, HADX —Z5E M 2. FRE, M ZWERY DY Tiel H1 Tie2 454 (Tiel il Tie2
Lei V% 3 Angptl4 15 Angptl3 A, 4 B2 &R0 T Ang 1Y FLD Z593), X J&

AR A, B S T R A 5 A R KR X B e . i, AHGE
FEAIRIEE 161-164 AR IERRAL, B B IRE R I Angptls KIEWMAFTER N Z A, N3
P N 3 CCD Al3@E T4 LPL —RALA T Wit TR GBI P32 A& LILRB2, /NEIK PIRB
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2 Angptls 81z 5% R1EH

Angptls ZK G Al i A — 2[5 5% F il
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-6 -7, ¥5 K B AL 4 240 L 0 T M A T
YNAZE B AT RS | SR AE A T S — e R AR
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1t TGF-B/Smad 5538 F% A 45AFE H o 3G 5%
KB, Angptld L 1] 455 - 0GB A K Bl A1 BS,
35 S8 FAK-Src-PAK1 X} 40 i il B k17
P I H Angptl4 B3R LI T M H Raf/
MEK/ERK 2% Bk A5 5 AT A5 20 il o 2 A p
Urano 25 U AF 5% 0 2 B, P9 Sz 400 i ob /)
ERK1/2-eNOS-NO {5 53l i % IfiL 88 AF Jii e 45 ¢
FRPEAE R, Angptle T] 3 i B0 1208 #5 S
B MABIPKIE R, TSN g i sl . Ak,
Angptl6 AT 3 o oA — 2o i AR i &
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gl 3 Akt/Forkhead Box Class O1-4ifi )
{55 5 18 e DR I S U0 B SE e E B, A
i) angptl7 FERJE8IF XA 4 4> TCF (T cell
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factor) /LEF (Lymphoid enhancer factor) 458G
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Wnt/B-catenin {5 5 1 H A #EART . X 26 L RLKE
A BT E AR Angptls 715 515 % h &Y
YERT, RIm 2L ry o 55 BLhili
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-6, -8 WIFENLIRRI AR T . w2 A ae m Qi Jr
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HIEPHHEEXR
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BRI B4 2 RO []2 R o Zhang 251 ™15 5o %ot
AdipoQ & 3l X B8 LB S AT IESE, K
2.9232067 9232133 dupf#fiX T AdipoQ i [H Ay
BESETRE, X EE NMDNAK-RFI B, XN
2 Y O =B R Sl E L G T E N STV Sdb 1 b U
XJ 4% CuZnSOD AL [H ji ) F #EA T e b, RIS
TERE 1 2 SR A s 7 i AR 2 56 DR B S e o 5 1)

iR s T8, hJa SRR BT S E T
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Li )
v [34] ¢ ? mRNA B oxidation
Angptl6 Skeletal muscle
[44] /" THR RXRA [mRNA[25-26] | -
Angptl8 4 B oxidation

Insulin sensitivity Brown fat tissue

41 i
[40.43] TL PPARs RXR[ mRNA[23-24]
Angptl4
[29] ,/ LXRRXR |mRNA[21-22]
Angptl3 \
[39-40] |

i Free fatty acid Lipolysis Free fatty acid FFA
> (LPL activity) Triglyceride{ }—» Triglyceride {

Glycerin T Glycerin

PPARs RXR| mRNA[23-24]\ [41]
Angptl4

[40,43]

White adipose
[44] /

Insulin sensitivity

THR RXRA [ mRNA[25-26]
Angptl8

2 [ mRNA

Angptl2

[27.37]

2 Angptls Rk & HAEXEERBHAEE A FAg R FF272030978ata4

Fig. 2 Metabolic regulation of Angptls and related genes!?' 2234373941434 " Apont]n -3, -4, -6, and -8 potently
regulate lipid, glucose, and energy metabolism. Solid line arrows represent the enhancement effects for target gene;
dotted line arrows represent inhibitory effects; “?”” shows that the studies have not been reported; the solid line arrow
with an asterisk indicates the disputed part. Further, Angptl3, -4 and -8 can be governed by a variety of upstream
genes, such as LXRs, RXRs and PPARS. Moreover, these three members can also regulate plasma levels of triglyceride
by inhibiting LPL activity. Angpt4 is a downstream target gene of PPARy in adipose tissue as well as a target gene for
PPARa in liver tissue. The expression of the angptl3 can be repressed through PPARP competing with LXRa for
RXRa.

A UESE B, Angptls 5 232 fF X324
(Liver X receptors , LXRs). 4 H iz X % &
(Retinoid X receptors, RXRs) Hlid S b4l (A 38
B MR R 2 K
activatedreceptors, PPARs) Z&4H5¢3E K B 45 il .

(Peroxisomeproliferator

LXRsjE— K5I Z A, 5 Ra.
BRI, HHDNAZEAIX (DBD) MEALE S
X (LBD) P&/, fE S5 RXRIE 5 I — 5
ALXR/RXR, iZFIH — RIKSEIALE G5 5
AL FHP R DNAJGHF (LXRE) 454G,
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L IE DA 5 KO B #sPY . PPARSIE —
215 i I T A T35 A O P TC AR B A% 2 A e
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5 LXR 7% 4 1 45 4 RXR 32 44 S8 100 1 LXR 114 38
W, T Angpt!3 (A A VR I, o
& B, angptl 47 i 17 4 21 2 PPARY I — AT
TR I s e R4, % JEPPARG
() — A0 3 R 23 angptl 42 K 45 3 18 & F- 3B 60 A
PPAR 1 S B LI, PPARs 5 RXRAAZ: 4 ) Al
AT angptl 4 5% 51 . Tseng 2520 % T35 S 11
TRE (Thyroid hormone response element) 1
THR (Thyroid hormone receptor) FIRXRA K4
St IiiE, HTHR-RXRAS: — 1A Hangptl8
FEIH B AR ELAE F RE A angptl 81 7 ik i
P, 7EsiRNA#I] (Knockdown) PPARyZ# A5 ,
3T3-L14H i 3 rF i angptl 8%% 5% /K - i 3 A1,
UE B AngptI8 8 4% %8 /> ffi T PPARy, PPARy/Z
— i AT L3 5 angpt] 8% 53¢ ) T 2 [N 0, kb
BN H G HA K AR ST R A A
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R A TE T AT 3 AN A Bk T RE A e
i A A Ol O S R A AR s I Y
Angptl2 KF-5HM = EE . AL AN BN
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2013 4, Robeiuc Z™1L L, angptl3 584
Bl SR A 3G I 15 22 B0 R B 2 1 T I T 1Y)
TEPE, FFREARIMLTE il 25 AR IR , A Angptl3
TE I R 17 1R R0 2 WA T R AL T A T Y
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2007 4£, Romeo Z:PY%} angptl4 #47 T &
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e o XS LI PR Angptld 765 Wi G IR 45
th B EEAEH
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BRI A BZ R AR S IE S AL, E
TAH KR Angptle, R H M Angptle
KT DU A ZR G IR o [RI4E, Mirzaei 45
UESE Angptl6 7KF-i8 Al 52 ma i B A G R , AIE o 1
i BRSO, S i e 1 2 v P A AR Y
Hh, Kadomatsu 2502 JRE FI1AR 56 AT 5 285 0
AR, @] Angptl2 TR, M9 Angptle
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ARE2 S T AR R

2009 4, Romeo 251 S 1] 18 A4 3¢ W IE
527 4 FF Angptls (Angptl3, -4, -5, -6) FEAZE
Tl = Ee AR b AT AR . G i DX E I
ZiR N, BRI 2 AR R SR
R A [ AETE — 5 B AH G s DhREpE S a7
S8 H i =B AHOE ) angptl 3, angptl4 3t K 5 A8
TH T EABTAA AL 4 LA RO LPL A 5
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AR RO TR ML P g H I =R K BA &R
ALY GIAS
3.2.2  Angptls ZIELE/NRABHAE 5 H B

Angptls 7E/N U ERIBFFEER 5 A
FRBSIE R T B AN, AU R R
T 52 i (R AR TR 98 I 28 B AIE TR AR R, B X
NE L KGR R R AT 135k, (175
AR D) IR = R NS

2009 4, Tabata %5 & P angptl2 k5% ) /)N i
TESE A 5 a1 Wy s vl ks B U 40 4R A 0 N 4 B
JoR B AR, e 5 2R U AR i LRI 21
P13 R T MAEIER /NP, Angptl2 1 3£

R T BURTR S A S F AT, 2011 48,
Kitazawa P BAIAS AR R i 458, AT & B7E
db/db /MUY AR SE Angptl2 2358 1R R
R, B TS ZHPDT . NIk, Angptl2
FEZIN IR AE— i

2002 4F, Koishi 2P il T angptl3
THREBR A P KK/San /s BUS A 1K M IR AE , # Dk i
SHeifby Angptld B SRR R R E AR R
ik Angptl3 #11, 0550 KK/San /)UK H
I =R R B 0 7 R K OF &R BE SN, e
J& %A BAFEHE— 2 5E Angptl3 X i —ERAY
Y 8 P AL H I % B, KK/San /b Bl Gk
Angptl3 AGIERKEENEEN (VLDL) B.3#
T, RNIREE E R Angptl3 520 T VLDL
Tl = ERAE B, RIS UE— 25 T 45 R
JREL Angptl3 3 (1 BN T LPL B3% 2ER0,
X E— B Angptl3 VEEE RS B BB
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2005 4F, Koster 2500 1 it 4 5 R /N Fl ik
1758, KB Angptl3 Fll Angptld JERETIIAN
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X PR P TS LPL 3% e HA 3 F S
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Angptl8 & A2l LPL A& . 5 Fik sy
FH—2L, Ll angptl8 Stk i/ RO BB, I
Hh B T3t R A KO B AE LAY 17380 3%
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45 LSV bR, 38 I SEET 9k B PCR
BXF24E angptl 3. angptl4 BL K A4 2H 21 ik AT
TAMT, MR Angptl3 e I s R 2
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FEEMAET 7 ASMNE TR 6 NNE T, XTEA
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angptl4 JER WA 7 ANSMEFF 6 NN,

PES: Uy I 2o N = | ufa e A SN D P AR
K25 SR WoR, xR IEAEAE 4 4b SNP, 435
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g.6640C>T) 47 4= angptl6 3415 5 4 4h i
FH 4 ANET, BENSTFHREIL 3 &b
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4GB 3 AN T, R ARSI E 2 4b
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R, AR e A s f A B, 1D
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T angptl3., angptl4 JLA ) cDNA 41, FK
HAPMEM Y AR 6931—q35 F1 2q21—q24
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ZE LTk, Angptls 7E4° . HEXRE LD
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2, WAARZE ST EHE— P, ixEK
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EEAERAE, B2 WMM R HEERR? 5
Tt , HIESCR XS Angptls 545 H K & 1 AR
2 B S gs, BE NS E RS AT L
MELF LA E T LUE S, E— 25U % 5 1
FIWGRIIRE: 1) BF5 Angptls KRS R N %t
WEERELE RN C i T AR TE PR I £ 4R R
JERESE R SR PRAFIE B0, SR FH A8 R A8 4Rk
VE R DGRV o, DA 5 26 e A3 1) 2 B Mtk
) SNP Je 5fi A, 2) WF5Y Angptls ZEHE 45 b
ERC DL (B I BU NGk N ERE N PO A
PRI SEAALE A ML b 07 B e ThRg . 3) a4
3 R 21 ¢ B 43 #1 (Genome-wide association
study, GWAS) i 1% 5 304 A= < Fl PR B AH DG 1 ¢

AL . 4) il 1t RACE SE50 348 5L M 9 FLOEF:
SEAR IR A, % L A Y ) Bl IXORT R A
WEtE DL, JFHE B 5 28 BF MR OCHR R Ok .

5) WF5E 4 B 2 [l B9 AR B AR A A, JF e o
Co-IP, Pull-Down , B ] XU 2% 52 58 52 0 4 7 3 E .

5 BZ

Angptls IR FE AR EN . RE
BB T S TR AL, TERFRE)
Yormb e g&f b EdiE . A, HERZ 5
B HARM I RAER B ISR BN IR, iE
e SR Y LI T DM TE, B> G5 1 19 25 34
PR A RE L 75 2 ot — B WS AR AT o
AWM, BEE Angptls ZIEFENFIE LR
TR SRV T IR AT, XK TG
FEE 1A P 8 DL R 51 22 1] A A T 48 o) 2% G
RWG A3 B A R, R a0 I KR AR
(FEF) B> 7 5 Mk R R il & 52 3
RAEE AN
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