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Advances of Angiopoietin-Tie axis in vascular and lymphatic
system-related diseases
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Abstract: Endothelial cells that form the inner layers of both blood and lymphatic vessels are important components of the
vascular system and are involved in the pathogenesis of vascular and lymphatic diseases. Angiopoietin (Ang)-Tie axis in
endothelial cells is the second endothelium-specific ligand-receptor signaling system necessary for embryonic cardiovascular
and lymphatic development in addition to the vascular endothelial growth factor receptor pathway. The Ang-Tie axis also
maintains vascular homeostasis by regulating postnatal angiogenesis, vessel remodeling, vascular permeability, and
inflammation. Therefore, the dysfunction of this system leads to many vascular and lymphatic diseases. In light of the recent
advances on the role of the Ang-Tie axis in vascular and lymphatic system-related diseases, this review summarizes the
functions of the Ang-Tie axis in inflammation-induced vascular permeability, vascular remodeling, ocular angiogenesis, shear
stress response, atherosclerosis, tumor angiogenesis, and metastasis. Moreover, this review summarizes the relevant
therapeutic antibodies, recombinant proteins, and small molecular drugs associated with the Ang-Tie axis.

Keywords: Angiopoietinl, Angiopoietin2, Tiel, Tie2, vascular endothelial cell, lymphatic system

TR LA RNk B A5 PN 2 A P B2 41 (Endothelial
cells, ECs) EWKE RS W E LY W4y, JHE
BT I O AR A AR AR G . H RS
MA@ NS o N B AN S 5 VF 2500 1Y & AR
R, DIIREIRAG . BRFEAE . B AR I PR IR |
FEIE A B kAL, R AR 5 1R I A8 ) BE IR A |
i B SR I A8 AR i Z BN R o TERUA IS &
BT RS AR, N EAERKE T
(Vascular endothelial growth factor, VEGF) A H.%Z
& (Vascular endothelial growth factor receptor,
VEGFR) RSt 7E I8 77 148 F bk B A8 A A pl v e
AN, #E VEGF-VEGFR %45 K 80 ML & 4 iy
BZJa, mEAMZE (Angiopoietin, Ang) A JLE
AP BRAR N R A A PR (] 58 45 4 Jo8 )
TR I (Tyrosine Kinase receptors with
immunoglobulin and EGF homology domains, Tie)
RGN T 5 AN B K 2 85 S8 ik
L TEVEY I FTIb B A A e R v R A G B
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e P, BRI 4k, Ang-Tie fli7e 76 Py 52 41 i
P, (RHEIMAY 2R . TR k., iR mAEe
SE, PUILAS I T 08 o) 0 48 i 45 )5 T A & 4% 1
2GR,

1 Ang-Tie %41 Bk & 3 8

Ang-Tie S & M A M ZE (Angl, Ang2 Fl
Ang4, Ang3 J2/INEURIN Angd B RIEIAR) KA
TRIG AL Z K (Tiel 1 Tie2). Angl J& Tie2 1
— RPN TR AN, S e AT LA R 0l A
FEIANAE S0, EMG . Bk . UL L I8 B A B 145
HA P WA RS, HEIXRZREARKE T HibA:
£ [A¥ (Transforming growth factor beta 2, TGFB2)
S f R, Angl T S P9 B 40 HL- 9 R 40
(EC-EC) ##ACTE AY Tie 5% , Mo e e vk (4F
AUETE IS A Bt B2 J5), AL 4i1k, Jf
TP A A A7 3 A P 1 5 1 6™, Ang2
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A B AR IR, BEAPEARIE Weibel-Palade
AMAH®) (18] 1), {H15 Angl M1, Ang2 & Tie2
A 4y W IR BRI s R s s Ang2 1R
TN RN, BN B An s e, WAE TR
A, 5| EC R 20 A G Bt v, T e I A
Bl s A MBS N B AT RS . R
AT, Ang2 JKPEUR, [H AR BR AL
SN Ang2 ORIk, FEIRIMAETEE, (2dt M B4
HRTEAL I AE A A,

Tie Je— M AMRIIGFEZ IR, ffh Tiel A
Tie2, AL M AEFIMEAE RN i &k, 18
e i 20 2R A AR AT Tiel ZATUL
AR, CETEMAE KT A AEAE R R AL S i A B
1, (HAF5T I Tiel Al 454 Tie2 mif il
Wy RO S SCEE R A0 R Rk
¥ (Leukocyte cell-derived chemotaxin-2, LECT2) &

Endothelial cell

Tiel MThRerEBCHA, I T LECT2/Tiel {5 5-i %
FE I A8 AE 18 R 28 4 Ak o A% b i = A R AL
I, Tie2 5 Angl 2545 kA A TR BERR AL T
i, KRR ES LB Es T s, BISwE
P UL 3-8k - 25 (134 B (Phosphatidylinositol 3
kinase-protein kinase B, PI3K-Akt) {55, ¢
PN R 200 6 2 I R 1 S o e R AT i

AT S0 ) A U (P 1) el AT B
KB Tie2 /v T AYAR S AR TE A 0 JIE 1M A8 A vh
REEAER, (AHEAG S B R X F th AR 5 ik A R AR
AN SRR AT B B RZ 5 T Tiel FE AR EL
A M R R 0 S A P S A Y Ang-Tie il
Z 5iA¥E NS N E AR, 52 ARnE
R EL RGEACH A OC, i Ang-Tie HlialH Il
R R G SCPIRTR ST KR — A W51 )
RS

2

Weibel-Palade body

Tissue fibrosis *
Normalization 4

Inflammation and
hypoxia stimulation

[ Vascular stability 4

Vascular stability *

Tiel Tie2 Endothelial cell activation *
Angmgeneqm
Remodeling 4
Endothelial cell
—_— -
® ®

Supress inflammation Vascular integrity 4
Endothelial cell permeability 4

E 1 Ang-Tie #H/ R EEE/ERFDEED
Fig. 1 Components of Ang-Tie axis as well as their interactions and functions.
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2 Ang-Tie #EMWE FMKE R AMKKR
I 1E A

21 Ang-Tie iS5 RIEF SN EREHINEL

Angl W] 2 B 55 40 i D - A AR K R 5
(AnZH e . BEMEEHA VEGF) 755 1Y 40 i 5% 38 35 P
Thas e fE SRR, T Ang2 5 40 AN
7 B AT B AR 2 e 8 R . Frye 25
W IE RS LB, 2 Tie2 FRIRTLERAT, A
fEZ M (Lipopolysaccharide, LPS) 7S (4 fii ifn 4
WA, P Tie2 n] BEXT I 5 5 b o g fe & B4R
BN, B4k, Tie2 fRRIK B/ RUAR 5 FR R
HohagHmAP, Angl it Tie2 Rl E 4T
WG S SRR, AR FEE W R 0
fish 5 A L4 P B2 (Vascular endothelial, VE)-£5 44
B 11 LA B i T DL Sh 2 1 An i e 2 (18 2).
Angl AT DLIE I 38 0 P ROWE TR A TR B B R
AR S I 45 138 20 BT Tie2 2 AR MIAETE
FPLTE , Ang2 755 HGE 3 M 0 4 F ML AT 4R
Tie2 7R A Tie2 JEARRPO, Ho 7 HLil du i
HNF5afiEEr (Flunsg s REAM VE-4

Laminar flow

Pericytes

2 Ang-Tie 315 S5 FFT KIE P I & T E Rl

ibel- | \ Tiel g
@mgzcl)dl’yalade ’ ‘ \

00]
—EKOID—g® | oS¢

K ) MIAHEAE A . 6= Ang2 3k B 1) /N BRUFE S
RGeS0 vh ICIR S| R AR AE R NI E L Ang2 1)
IS E Bl & RAES N, #BH Ang2 X F51%
RAE VAR EEL MW Ang2 KE5 R AR
BY (WE C RNV AR AT 2IEM
3, R Ang2 g il 4 kb s 4 e
FEASYE JAE AT, BN A B FE kA IR Y
KT X, FF i 2 IR M A Al i .
A W5 A A il 4 S S AR e /N RV T 53
M4 N B A Ang2 Tl Tie2 SR AL /K-F-1Y
W, B H$IH Anti-Ang2 (AZD5180, % 1) A
WA T . AR TR AR AP
fdi B4 Angl &1 (COMP-Angl, % 1) tLnafFH
1A B, HAE R SEARH ] 40 A A 1t/ AR A
1k 4= K ] 7 (Platelet derived growth factor,
PDGF)P*3, bk, fEm4E/N R, Angl H
Ji B AR S T B AN MG 1) WK A EAL AT
BRI AS IR R A B (B
B, M/NEE T VEGF SR, Angl
PP IMAS A BN, HH 0 7 T 40 i 8738

Non-laminar flow

‘-bc’_’ m v TNF-QT l
¢
o))+

44

Antibody
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Fig. 2 A model illustrates how signal transduction in Ang-Tie axis regulates vascular integrity in inflammation.
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TE LA P RZ 41 B 36 Ak A I 2 RE 37 458 R R AE 1)
PR, Ang2 PEM KIS NG T Angl, R
Ang-Tie2 {5515 Ful R Ang2P***%. Higgins
SER T R IRAE M BT /N BRABE R Y BB BT B, Angl
W R, Ang2 WRETH R, PRI Z I LB T RE,
WHNNIE Tie2 {75 S Mo EFaR, 1M Tie2 15
5 2L AR HE A 4 A A B DO RGO A T
R T 2 R A (L RO
D-RAATHE) HWHIAEE . B, X kgh R
$E’ Angl/Tie2 2k P 7E s (] b5 T il M FEE il
HFr25, Angl/Tie2 fhadka e e ™ & 1 I EEIE
YR BCME L4 N R Il (Disseminated intravascular
coagulation, DIC) &EHIAIEEC ALK, Alawo
EWFE KB, Al Tie2 (Soluble Tie2, sTie2) ¥
JiE 7E — $6.00 I 45 50 P 3 A B TR L R
M, B sTie2 VB Ay ele AR J& 15 hy ™ 55 5 0 1) Ji
PRI SRad & — PR TEZ D, sTie2 MR
FhE R g AW B RIS Y Ang2. T i — Rl R 3
YER? 2 F Angl 256 R Angl/Tie2 2k

P 7 X R AR A A 12 5 S R A
RAEEIL. Hi, BIHH Angl F1 sTie2 SFEE i A i
HIRZ M, It s & Ak & gk #H Angl. Ang2
I sTie2 MR &R KA B TR S 1 DIC
BT S B A% Angl/Tie2 e Xt M e i b
PIAE T

TEFER Kb, Ang2 JE DR 53t 38 Jn ] B
Je i 55 K F Forkhead box O1 (FOXO1)!54¢1 | %%
SEETER RS T 5N E AR Ang2 JE[H
o B T4 s Ang2 B DR )N BB
it 45 1 s 4 (1| 2) . kb, HE4H Angl
(rhAngl, % 1) AU MEREEAE /) BURY M4 I AhE
2k S R 8, AR B IR A P B2
Koz 40, R SRE R M Han Sl ] —Fh
1] Ang2 B (ABTAA, £ 1) n] fl & HRAE M
6 Tie2, WIAYTHAE/NR MY SAE R T X2 . Im5E
BlwAMGL, VISR, e s e
B0 RS, Ang-Tie Bi7e 417 T H9 1f
I ALE S O R R R EEER (B 2).

&1 Ang-Tie BXHATT IS, EEERT NS TFHY

Table 1 Therapeutic antibodies, recombinant proteins, and small molecule drugs associated with the Ang-Tie axis

Number  Compound Type

Description References

1 AZD5180 Ang?2 antibody

The functional blocking antibody specifically neutralizes Ang2, which can  [30-31]

reduce vascular remodeling, vascular leakage, and white blood cell influx

2 COMP-ANG1 Angl recombinant
protein

Prevent vascular leakage; activate Tie2 activity; Tie2-mediated [33]
phosphorylation of PI3K/Akt and MAPK in human periodontal ligament

cells enhances DNA synthesis and cell cycle progression

3 rhAngl Angl recombinant It has a direct anti-osmotic effect on the capillaries, protecting the body  [48]
protein from systemic leakage and subsequently distributed shock
4 ABTAA Antibodies that bind Ang2 targeting antibody triggers Ang2 aggregation, which leads to the  [50]
Ang2 and activate  activation of Tie2, which is more effective than Ang2 neutralizing
Tie2 antibody in protecting the vascular system
5 AKB-9778 VE-PTP inhibitor  Activation of Tie2 by mediating inhibition of VE-PTP [51]
6 MEDI3617  Ang2 antibody Human tumor xenograft model that inhibits angiogenesis and tumor growth [29]
7 3.19.3 Ang?2 antibody A potential new anti-angiogenesis therapy that can be used as a single [52]
drug or combined with chemotherapy or vascular endothelial growth
factor inhibitors to treat cancer
8 L1-7(N) Peptide-Fc fusion  Reduce blood vessel sprouting and inhibit tumor growth by selectively  [53]
protein inhibiting Ang2
9 AdExTek Soluble Tie2 Inhibit tumor growth and the speed of metastasis [54]
recombinant protein
10 Regofinil Targeting Tie2 and  Treatment of gastrointestinal stromal tumors and metastatic colorectal [55]
VEGFR small cancer
molecule inhibitors
11 Rebatinib Targeting Tie2 small Combining paclitaxel in the treatment of advanced or metastatic solid [56]

molecule inhibitor  tumors

% : 010-64807509
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2.2 Ang-Tie ¥h5 MR YY1 N7 5 030 Ak IR FERE 4L

SRR FERE AL S — g PR R, — RO
Je RYEA TR i) R, SRS TE ik e B
AR NE 20 M A B B Y AR I A TR R, B AR I AE T
R SR YEAN MR R, BN T BEHA TR E M
S AR 240 S oS R B Ak & A 7E S kAL
JEIRA XS, FREAE 5y A . B il b A
O3 A IR B TR, X PN Rz 40 i AR B R
BYYIN S, Franzoni SESCERASIRYIAL R, Sk
A& AR ik B U N TS BN B AN LA A0 I AR 1
RN, TS| 20 S R B e 1 42 26 A R e B8
SR TARR , )2 R B N ) R R R AR B
kg RERE AL (18] 2).

Tiel Fik3Z M sh J1A¥E, TESBKkskFEREfL
MmEREZH, JE2MES Tiel Rik, MAERIMNE
FEEGA H AR, SR W RS R Tiel 93k,
AWREER BN, TR Tiel 541K apoE
A RANER Y, Tiel ik By FEAR TR 8 4 32 50
Bk AEREAL , JF SR RO, R N R A —
FAAL A A il (Endothelial nitric oxide synthase,
eNOS) FI#% A+ «B Ml & 1 o (Inhibitor of
nuclear factor kappa-B kinase subunit alpha, 1xBa)
() 3 im0 A B () OKG B 3 7 (Intercellular cell
adhesion molecule-1, ICAM-1) HZFEEL (K 2),
PR 1 26 B Tied 76 3l Bk ok 8 AL TR B b oA B - 48
Pegag ik A= BR T Tiel, 2 BT YIRIE 0
N K7 2R [ 1% 2 R W B2 B (Vascular endothelial
protein tyrosine phosphatase, VE-PTP) A4V 4HJifd
AR AR, i R N T Kruppel FERT 2
(Kruppel like factor 2, KLF2) 45 miRNA T
Ang2 i3k, 1E AR, Ang2 @ik FIEZ
WA RS Ik FERE AL ) K X, SR S TE s
BRI A8 3 145 AR nh 2 N Ang2 763 ik
sk RE R AL i Jie B U B R I A Rk — 20 B B

2.3 Angl-Tie S S5RIPIFEMEFMKERE
M08 1L 7857 K T A 8 0 A R it DR A ) L i
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Jifr 375 B 045 7 R DL R AE A0 D) 5 K A R e 1
TE R o 30 2o 358 1% 2 TG 441 e R 46 5 T R 0 92 3%
W1, Ang-Tie il 588 W B A6 1 A8 PR (g2
L4 1 2 4F ¥ BE % 7% (Neovascular age-related
macular degeneration, nAMD) Fl &L IR bk 2% i
1% % 4 (Polypoidal choroidal vasculopathy,

PCV) i & LA X8 ZEJERKF, Ang2 Jik
N LA 2 MREITR 28 (Single-nucleotide
polymorphisms, SNPs)H B:®VFn Tie2 HH iy
SNP rs625767 J Bt—i2 5 nAMD Fll PCV 4548 &
HE R JEAR S, X LA L, nAMD 3 5k
o Ang2 KT, B RS A T R )
A, (B Tie2 AYRLTE vT A2 i ok 45 155 6 4 il 45 75
A=, W% nAMD (i 78 84,

Angl Fl Ang2 7Eitk B ZR G ol S sh I A4
YERI®7S8 3 H Angl/Ang2 L) J% Tie2 LR &4k
iR /NREMR IR & T 16.5 K, #2 T8
LI EKSE (Schlemm’s canal, SC) FlIkEE
MimELBTEAR, WMTEH A 21-28 d J5 H
o BRI KRR AE . 40 & HR N K (Intraocular
pressure, 10P). HR A4 . 4 ISP 22715 728 1 A
MATHede, FW Ang-Tie filip Tie2 RG2S 5T
T R A 22 95 LA 070 3 3k /N 43 40 ol 5
(AKB-9778, % 1) 4rFH VE-PTP #iiifilx} Tie2
PRI D AT R A I AR R S IR RN 4 R M T OB IR $2
PV AE 1T I PY.

3 Ang-Tie B7EMBEMLE & R A EH I
fEH

3.1 Ang-Tie 45 g & 4 B

Ang-Tie flid ¥ S g 0 % £ . Ang2 A=
Wy BELI il 790 R Tied BA)ast A% Bhes , 3 ok a2 i i 44
JIEL R84 R DAY B A L A 24 DA R i e I A PN
20 e O TR PR A AR R R A, B
e L7 4 B 7 B ARG T, Ang2 BELIBT LA 1F
T R ML R A 1E AP BE S e B —Ff Ang2
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ik (MEDI3617, & 1) REGSUE N B 40 ) 4
T2 TR e 5 3R %) Tie2 BHE 2 1 A8 £ o i 2
i, DT D20 9 00 2 R P g A A R T
JE 240 6 A b e i A A P R AR A . WY R
B s g rp Y A R R T M A8 T
TR RS T S A MRE I J 1 e A S 2
G3 BT 8 N K A B Ang2 i DRGSR, i v
Ang2 ZE KRG T 3 A5 il Ang2 Rl I
ERGEYE, FEFATR AN /N R R T RET,

S Il S5 B AR AN JEAE /N BRUMR R, Ang2 $t
i (3.19.3, % 1) MZAK-Fc @A EN (L1-7(N),
1) PP A Ang2 5 Angl 5 Tie2 A AR
FH DT 00 7 e g A ot 5 2 B 227374 i
O Y 30 2o i 2 PR B2 0 9 I A R 2 L i
UM LIRTE | PAE ] A - P B 4 A AR A
MA B I . &% VEGF #1 Ang2 7 g ifn 4
AR T EAMER, EIFR T K& MG AR
5%, FE—SEIE KT, VEGF Bk sl # [F it
BT VEGF-trap F1 Ang2 AYPTIA (3.19.3,% 1) #J
DA S g 2 K AN A ™), A B i i, VEGF
AT I 25 SIRYT RS Ang2 KRB K,
N e X S iR v, VEGF # )G y7 530 Ang2
MGG RE s MG R 254 . A, BHBE Angl R
REA T Jigge A K, (ERT BEL Lk Bbog il E R Ak, R
HIAE LIS A2 Gy Angl A B T I i fa
PV BT, XX VGEF F1 Ang2 fiY XUEE
RIS A s AR U8, e, 1
(e AR o, R R I8 1 A 7 vk A 3R] S A T
ENBNWTSE, X Rk G i B A B I 4 ALY 24
%o e L i 2R G L

CAWFFEUER Tie SEPH A HI 2 BE G 4 i e
A KA MU TR IR T80 A RN B K B
JAAHLL, Tiel JEERIBRBA /N B g AR B /N, i
R, R AN IR A R TR, R
A I 65 T i 2 DA RGRAR B P B 4 L5 P g ik
A P/NMA LT 4 E A TR A % 2B, 1
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Tiel JLPRBefE B /NR VEGF Bifiyrirh, skl
VEPE Tie2 EAHEE 1 (AdExTek, % 1) wJgE—4m
Wb e Y EERR, EW MG RS
ANz Tiel SER G Fys2m , 2B Tiel B[R gk Je Xt
i ot A R AN R, ELAE LEH I PN R 4 i
HIA R o

3.2 Ang-Tie i 5MiEiEH

Xt Ang2 4 BELWT FT 56 38 o 22 F AL fe 40 il firb
s TE/DRUBRIY, Ang2 Btk (MEDI3617,
1) Tk A A B A M S R A AR
fbk B g R 0 eI R R R, I A A
Ui TE & — 2 B R B Lk R 2 s s, (B
LT S s T DA E SIBH T Ang2 AT 05 fili B 4
N7 PN B 0 TR0 3 2, DT i 0 e 98 4 i A it
WAGFRA BT IR, B 45 9 5 Ang2 Hifk
(MEDI3617, & 1) FEAARSN AT 40 ol Je 40 A 55 TN B2
TR ML R —80, 55— &3 Ang2 Hiik
5N BT AT D A A I A PN B SN 1T
PO IR e Rt AR A, DT AR e 412 2 1) B 4
CCR2'Tie2 5% % HH 2 i 5 10 41 A AN S509 1 -1 U
PEBAREANIG, 5 Ang2 BHWTHIMIHL, Ang2 JEH
A R 2R %o ek AR K s AR /N, B 2 S S0 I
EMRRESCE, FORR SR M AR, M4
T T RIS o AR, Ang2 i[RI BRFE /N BRLSE
TN A I R B AIG, T PG R PR, X b2
REPR T B S 2 S A Ang2 ¥ M
SRR R E AR, A R A FHLR A T
PE— 5T FFE A BN Ang2 J5 R [ /s L
JHF 2 B 338 in o] B B I 4 2 sk G RS SO B R S v I
W VEGF JEMCH M A 1 A A ik A%, A 4
MU AE V& #3491 (Granulocyte colony stimulating
factor, G-CSF) FI#fLINFHL{& 1 (C-X-C motif
chemokine ligand 1, CXCL1)®®, Minami Z£#F5¢
R B, BRI . MR A B A0 R
BB 5 g Sk I A VEGF Fil VEGF MK #5145
T ABEIRRG-TEL T A7 (NFAT) %
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FEMIRE AR S TP RO A G, RS AL T-20 A%
K 1 (NFATcl) 5 Ang2 BERIES &, TEF
MR Ang2 JEDIREE P, Ak, H
T — S o 41 o) Tie2 0 Ath 1 22 PR VA TR 38 BN
I7 MR A /N T LR (TKIs) JE7E— il
PRI . D, B X AEJE (Regorafenib, 2 1) 7]
PISE 4 Tie2 #1 VEGFR, HTI677 B ik
JJ AN R L2, E s B EUERJE (Rebastinib
g, DCC-2036, #* 1) t&—Fh Tie2 /horF-Hpii
FIEOL H ATt Al TS A BEA T W A R
S AR I I R e b (38 I K IR G
NCT03601897).

4 REERE

Ang-Tie 32 55 M4 Ak A& MR E 4
FRIMAE RS . e BRAE: AG 98 E F0  J3 i A= A
N o FEVFZ2 NFB T Ang2 (R ER LM,
Tiel 073 e 3 ko R ALk A fig o 41 4k S8
AL AE A A 5 5% 5, a9 Tie2 s A0 L
74 Ang2 {175 Ang-Tie fli 45 M4 R S RSN v 52
FIWEIR . AR, AMTXE Ang-Tie 7 i % Fiitk
BRGNP RES T R E R, HT Angl Fl
Ang2 J3 il A S LA B R E P Bl BE AN ER E M 2D
B, JAEFLO M4SN Y Ang-Tie il 5 5%
U FH PN B DR R AE G, DRt AR BRI 5 | A RN
DU R . — S S HL R R 25 2 W] L 2
Ang-Tie I 5-HIA Y7 M8 HH OB 137 B YT
B, IFIRRE T ORE MR RIG RAF AT o ARAE Ak
Bt AT Ang-Tie il M4 AT B 500 & ik AL
TR AR A, 28 1 2 008 B & 25 W) B
T FH T I8 bk B0 TR YT
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