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Th e  vas cular e ndoth e lial grow th  factor 
re ce ptor (VEGFR) fam ily com pris e s  in 
h um ans  th re e  e ndoth e lial ce ll (EC) s pe cific 
tyros ine  k inas e  re ce ptors  (VEGFR-1, VEGFR-
2 and VEGFR-3). VEGFRs  are  th e  m ajor 
dire ct m e diators  of prolife ration of blood 
vas cular e ndoth e lial ce lls  (BECs ) and 
lym ph atic e ndoth e lial ce lls  (LECs ). Individual 
VEGFRs  be com e  activate d by diffe re nt 
s ubs e ts  of th e  vas cular e ndoth e lial grow th  
factor (VEGF) fam ily.

VEGFR-2 is  th e  ce ntral m e diator of th e  
form ation (vas culoge ne s is ), grow th  
(angioge ne s is ) and m aintainance  of blood 
ve s s e ls . It is  als o a m ark e r for th e  com m on 
pre curs ors  of blood and e ndoth e lial ce lls  
(h e m angioblas ts ). VEGFR-2 continue s  to be  
e xpre s s e d in th e  diffe re ntiate d e ndoth e lial 
line age , but is  dow nre gulate d by 
h e m atopoie tic ce lls . Th e  im portance  of 
VEGFR-2 for vas culoge ne s is  and 
h e m atopoie s is  is  s e e n in k nock -out m ice  
w h ich  fail to de ve lop both  blood is lands  and 
blood ve s s e ls .

In contras t to VEGFR-2, VEGFR-1 h as  a 
m ore  lim ite d s cope  of action. In fact, it w as  
th ough t th at all functions  of VEGF e xce pt for 
its  ch e m oattractive  role  for m onocyte s  w e re  
m e diate d e xclus ive ly by VEGFR-2. VEGFR-2 
s e le ctive  VEGF m utants  or viral h om ologue s  
are  fully active  EC m itoge ns , w h e re as  VEGF 
fam ily m e m be rs  or m utants  w h ich  bind only to 
VEGFR-1 large ly lack  th e  ability to prom ote  
EC grow th . M ice  lack ing th e  tyros ine  k inas e  
dom ain of VEGFR-1 are  norm al; only th e  
VEGF-induce d m igration of th e ir 
m acroph age s  is  re duce d in vitro. H ow e ve r, 
com ple te  ablation of VEGFR-1 re s ults  in 
e m bryonic le th ality be caus e  incre as e d 
e ndoth e lial pre curs or prolife ration le ads  to a 
dis organiz e d vas culature . Bas e d on th e s e  
re s ults , VEGFR-1 w as  re garde d as  a de coy 
re ce ptor w ith  ne gligible  s ignaling prope rtie s . 
H ow e ve r, re ce nt re ports  indicate  th at th e re  is  
a m ore  com ple x inte rplay be tw e e n VEGFR-1 
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and VEGFR-2 including h e te rodim e riz ation 
in path ological angioge ne s is . 

In e arly e m bryoge ne s is  all th re e  VEGFRs  
are  e xpre s s e d in e ndoth e lial ce lls . 
Concom itantly w ith  th e  de ve lopm e nt of th e  
lym ph atic ve s s e ls  VEGFR-3 be com e s  
re s tricte d to th e  lym ph atic e ndoth e lium . 
W h ile  th e  ligand binding ch aracte ris tics  of 
VEGFR-1 and VEGFR-2 are  cons e rve d 
be tw e e n h um ans  and m ice , VEGFR-3 s h ow s  
m ore  inte rs pe cie s  variability: in h um ans  both  
VEGFR-3 ligands  (VEGF-C and VEGF-D) 
are  als o capable  of activating VEGFR-2 and 
are  th e re fore  pote ntially angioge nic, w h e re as  
m ous e  VEGF-D can only activate  VEGFR-3. 
More ove r, in h igh e r prim ate s  a re troviral 
ins e rtion into th e  VEGFR-3 ge ne  h as  le d to 
th e  e m e rge nce  of tw o s plice  is oform s , w h ich  
diffe r in th e ir s ignaling prope rtie s .

Of th e  s e ve n e xtrace llular Ig-lik e  dom ains  of 
VEGFRs , th e  th re e  N-te rm inal one s  are  
re s pons ible  for ligand binding; furth e r 
de le tion of at le as t one  dom ain is  tole rate d 
w ith out s ignificant los s  of affinity. Th e  
functions  of th e  re m aining e xtrace llular 
dom ains  are  le s s  w e ll de fine d; h ow e ve r a 
duplication e ve nt w ith in th e s e  dom ains  
m ark s  th e  e volutionary s e gre gation be tw e e n 
th e  VEGF and th e  PDGF/CSF-1/SCF 
re ce ptor fam ilie s .

Due  to th e  ce ntral role  of e ndoth e lial ce lls  in 
both  cardiovas cular and ne oplas tic dis e as e  
VEGFRs  h ave  be e n us e d as  targe ts  for both  
pro- and antiangioge nic th e rapy. 
Proangioge nic th e rapy h as  m os tly e m ploye d 
various  VEGFs  or m odifie d ve rs ions  th e re of 
to s tim ulate  VEGFR s ignaling. 
Antiangioge nic th e rapy can targe t VEGFRs  
at th re e  diffe re nt le ve ls : 1. Soluble  form s  of 
th e  re ce ptor ("ligand traps ") can s e q ue s te r 
re ce ptor agonis ts  (a m e th od th at nature  its e lf 
us e s  to dow nre gulate  VEGF s ignaling),
2. Mole cule s  (antibodie s , aptam e rs , s m all 
pe ptide s , dom inant ne gative  re ce ptors , 

s ynth e tic com pounds ) can block  agonis t 
binding or re ce ptor dim e riz ation, 3. Spe cific 
inh ibitors  can block  th e  tyros ine  k inas e  
activity (ATP analogue s ) or critical 
trans ph os ph orylation s ite s  (s m all pe ptide s , 
nonph os ph orylatable  pe ptide  analogs ). 
W h ile  angioge ne s is  can als o be  s uppre s s e d 
us ing oth e r targe ts  th an VEGFRs , VEGFRs  
s e e m  to be  am ong th e  m os t prom is ing drug 
targe ts  w ith  s e ve ral com pounds  in clinical 
trials .
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FAMILY MEMBERS VEGFR-1 VEGFR-2 VEGFR-3

OTH ER NAMES Flt-1, Fm s -lik e  tyros ine  K inas e  1 KDR, Flk -1, k inas e  ins e rt dom ain 
containing re ce ptor, fe tal live r k inas e  1

Flt-4, fm s -lik e  tyros ine  k inas e  4

MOLECULAR W EIGH T/
STRUCTURAL DATA

~ 180 k Da
1312 aa (VEGFR-1); 661 aa (s VEGFR-1)

200-230 k Da
1337 aa

19 5 k Da (120+ 75a; VEGFR-3s )
1340 aa (VEGFR-3l); 1275 aa (VEGFR-3s )

ISOFORMS VEGFR-1, s VEGFR-1 (s oluble  form ) Not k now n VEGFR-3l; VEGFR-3s

SPECIES Pre s um e d ubiq uitous  in ve rte brate s , 
inve rte brate  h om ologs  e xis t

Pre s um e d ubiq uitous  in ve rte brate s , 
inve rte brate  h om ologs  e xis t

Pre s um e d ubiq uitous  in ve rte brate s , 
inve rte brate  h om ologs  e xis t

DOMAIN ORGANIZ ATION 7 e xtrace llular IgSF dom ains , s ingle  
trans m e m brane  dom ain, s plit intrace llular 
tyros ine  k inas e  dom ain

7 e xtrace llular IgSF dom ains , s ingle  
trans m e m brane  dom ain, s plit intrace llular 
tyros ine  k inas e  dom ain

7 e xtrace llular IgSF dom ains , s ingle  
trans m e m brane  dom ain, s plit intrace llular 
tyros ine  k inas e  dom ain

PH OSPH ORYLATION SITES Tyr79 4, Tyr1169 , Tyr1213,
Tyr1242, Tyr1327, Tyr1333

Tyr801, Tyr9 51, Tyr1059 , Tyr1054, Tyr1175, Tyr1214, 
Tyr1223, Tyr1305 (m inor), Tyr1309  (m inor), 
Tyr1319  (m inor)

Tyr1063, Tyr1068, Tyr1230, Tyr1231, Tyr1265, 
Tyr1337, Tyr1363

TISSUE DISTRIBUTION BECs , H e m atopoie tic s te m  ce lls , 
m onocyte s /m acroph age s , os te oclas ts , 
s pe rm atoge nic and Le ydig ce lls

BECs . LECs , h e m atopoie tic s te m  ce lls , 
m e gak aryocyte s

LECs , fe ne s trate d BECs , H EVs , tum or 
e ndoth e lium

SUBCELLULAR LOCALIZ ATION Plas m a m e m brane Plas m a m e m brane Plas m a m e m brane

BINDING PARTNERS/
ASSOCIATED PROTEINS

NRP-1, NRP-2, VEGFR-2 NRP-1, NRP-2, αvβ3 inte grin, VE-cadh e rin, 
VEGFR-1, VEGFR-3, VRAP, Sck , PLCγ

Sh c, Sos , SH P-2, p85, PLCγ, VEGFR-2, 
Grb2

UPSTREAM ACTIVATORS VEGFb,g, PlGF, VEGF-Bb,c VEGF, VEGF-Cd,e , VEGF-Dd,f, VEGF-E, 
s vVEGF

VEGF-Ce , VEGF-Df

DOW NSTREAM ACTIVATION NO re le as e , STATs Erk , Ak t/PKB, MAPK, Src, FAK, STATs , NO Erk , Ak t/PKB, MAPK

ACTIVATORS Not k now n Not k now n Not k now n

INH IBITORS h SU5416/s e m axinib (S8442), SU6668, 
SU11657, SU11248, Z D6474, PTK787/ 
Z K222584/vatalanib, AAL9 9 3/ Z K260255, 
SU109 44, CP-547,632

SU5416/s e m axinib (S8442), SU6668, 
SU11657, SU11248, Z D6474, PTK787/ 
Z K222584/vatalanib, AAL9 9 3/ Z K260255, 
SU109 44, CP-547,632

SU5416/s e m axinib (S8442), SU6668, 
SU11657, SU11248, Z D6474, PTK787/ 
Z K222584/vatalanib, AAL9 9 3/ Z K260255, 
MAZ 51i

SELECTIVE INH IBITORS Be vaciz um ab (VEGF m onoclonal antibody, 
Avas tin), VEGF-TRAP (s oluble  ch im e ric 
VEGFR), VGA1102 (ligand binding inh ibitor)

Be vaciz um ab (VEGF m onoclonal antibody, 
Avas tin), VEGF-TRAP (s oluble  ch im e ric 
VEGFR), VGA1102 (ligand binding inh ibitor)

Not k now n

SELECTIVE ACTIVATORS Not k now n Not k now n Not k now n
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PH YSIOLOGICAL FUNCTION Vas cular de ve lopm e nt, vas cular 
pe rm e ability, re ce ptor for VEGF, PlGF and 
VEGF-B

Vas cular de ve lopm e nt, vas cular 
pe rm e ability, re ce ptor for VEGF, VEGF-C, 
VEGF-D, VEGF-E, and s vVEGF, critical 
role  in tum or-as s ociate d angioge ne s is

Re ce ptor for VEGF-C and VEGF-D, 
lym ph angioge ne s is , e m bryonic 
angioge ne s is /vas culoge ne s is

DISEASE RELEVANCE Not k now n Angioge ne s is  (or lack  th e re of) in diabe tic 
re tinopath y, ps orias is , rh e um atoid arth ritis , 
tum or grow th , cardiovas cular dis e as e

Tum or m e tas tas is , ge rm  line  m utations  in 
s om e  fam ilie s  of type  I h e re ditary 
lym ph e de m a

Abbre viations
BEC: Blood vas ular e ndoth e lial ce ll
CSF-1: Colony-s tim ulating factor-1
FIGF: c-fos  induce d grow th  factor
H EV: H igh  e ndoth e lial ve nule s
LEC: Lym ph atic e ndoth e lial ce ll
NRP: Ne uropilin
PDGF: Plate le t-de rive d grow th  factor
PlGF: Place nta grow th  factor
SCF: Scatte r factor
s vVEGF: Snak e  ve nom  VEGF
VEGF: Vas cular e ndoth e lial grow th  factor
VEGFR: VEGF re ce ptor
VPF: Vas cular pe rm e ability1 factor (VEGF)
VRF: VEGF-Re late d factor (VEGF-B)
VRP: VEGF-Re late d prote in (VEGF-C)

a Th e  e xtrace llular dom ain is  cle ave d into tw o polype ptide s  but re m ains  conne cte d via a dis ulfide  bridge .
b Splice  is oform s  diffe r in th e ir ability to bind h e parane  s ulfate  prote oglycans , dis tribution and biological function.
c Als o calle d VRF (VEGF-re late d Factor)
d H igh  affinity binding re q uire s  prote olytic proce s s ing.
e  Als o calle d VRP or VEGF-2.
f Als o calle d FIGF.
g Als o calle d VEGF-A or VPF.
h  Due  to th e  large  num be r of diffe re nt tyros ine  k inas e s , th e  s pe cificity of TK inh ibitors  cannot be  te s te d e xh aus tive ly; tyros ine  k inas e s  k now n to be  affe cte d are  give n in brack e ts ; for 
s e ve ral inh ibitors , diffe re nce s  be tw e e n as s ays  h ave  be e n re porte d (is olate d k inas e  as s ays  ve s us  ce ll-bas e d as s ays  ve rs us  in-vivo as s ays ).
i Inh ibits  als o oth e r not ye t ide ntifie d k inas e (s ).

FOOTNOTES 
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