
 
 

University of Birmingham

VEGF induces signalling and angiogenesis by
directing VEGFR2 internalisation via
macropinocytosis
Basagiannis, Dimitris; Murphy, Carol; Mercer, Jason

DOI:
10.1242/jcs.188219

License:
None: All rights reserved

Document Version
Peer reviewed version

Citation for published version (Harvard):
Basagiannis, D, Murphy, C & Mercer, J 2016, 'VEGF induces signalling and angiogenesis by directing VEGFR2
internalisation via macropinocytosis', Journal of Cell Science, vol. 129, pp. 4091-4104.
https://doi.org/10.1242/jcs.188219

Link to publication on Research at Birmingham portal

Publisher Rights Statement:
Checked 8/11/2016

General rights
Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

•Users may freely distribute the URL that is used to identify this publication.
•Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.
•User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
•Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.
Take down policy
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 18. Apr. 2024

https://doi.org/10.1242/jcs.188219
https://doi.org/10.1242/jcs.188219
https://birmingham.elsevierpure.com/en/publications/80b32f02-992f-4714-a240-baac70b9d16e


 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 2 

Figure S1. VEGF-induced Internalization of VEGFR2 is clathrin- and dynamin-

independent. 

HUVECs treated with siRNAs against CHC (A) or dynamin 2 (B) were incubated with a 

mouse anti-VEGFR2 extracellular domain antibody at 40C, transferred to 370C and the 

receptor was allowed to internalise for 15 min, in the presence of VEGF and FITC-transferrin. 

Prior to fixation, membrane bound antibodies and transferrin were removed by acid wash and 

the internalised receptor was revealed by fluorescently labeled secondary antibodies, using 

confocal microscopy. Inhibition of transferrin uptake verified the effective inhibition of clathrin- 

or dynamin-mediated endocytosis. Quantification of VEGFR2 internalisation is shown on the 

right of the immunofluorescence images (10 µm scale bars). Data shown are representative 

of 3 independent experiments (n=6 microscopy fields of approximately 25 cells, mean ± S.D., 

***P<0.001, t-test). 

(C) HUVECs treated with siRNAs against dynamin 2 were incubated with VEGF for 15 min, 

transferred to 40C and surface proteins were labeled with cell impermeable biotin. Surface 

biotinylated proteins were pulled-down by streptavidin-beads and analysed by 

immunoblotting. Surface VEGFR2 was revealed using rabbit anti-VEGFR2 antibodies. 

Quantification of VEGFR2 internalisation is shown on the right of the immunoblots (n=3, 

mean ± S.D., t-test).  

(D) HUVECs treated with siRNAs against CHC or dynamin 2 were serum starved for 2h, 

incubated with 100 µm cycloheximide for 30 min and stimulated with VEGF for the indicated 

time intervals. Quantification of VEGFR2 levels is shown on the right of the immunoblots 

(n=3, mean ± S.D., ***P<0.001, two-way ANOVA, Bonferroni).  

(E) HUVECs transiently expressing VEGFR2-mCherry were monitored by TIRF microscopy 

(see movie S1). Dynasore and VEGF were added sequentially to the cells. Images were 

taken at quiescence (steady state, left image), 30 min after addition of dynasore (middle 

image), and 15 min after the addition of VEGF (right image). Penetration depth was set to 

150 nm. Note that addition of dynasore leads to an increase of the signal of VEGFR2 at the 

plasma membrane (due to inhibition of constitutive internalization), while the subsequent 

addition of VEGF results in progressive loss of the plasma membrane signal of VEGFR2 

(due to VEGF-induced internalization in a dynamin-independent manner). Scale bars 

represent 10 µm. 
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Figure S2. Immunofluorescence microscopy analysis of the distribution of VEGFR2 in 

EEA1- and Rabankyrin-5-positive endosomes.  

HUVE cells were stimulated with VEGF for 15 min, fixed and processed for 

immunofluorescence analysis using goat anti-VEGFR2 extracellular domain antibodies. 

Endogenous EEA1 and Rabankyrin-5 were detected by anti-EEA1 and anti-Rabankyrin-5 

antibodies. Scale bar represents 10 µm. 
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Figure S3. Clathrin- or dynamin-mediated endocytosis is redundant for VEGF 

signalling. 

HUVECs transfected with siRNAs against clathrin heavy chain (A), or transduced with 

lentiviral vectors encoding dynamin (1 and 2) or dynamin K44A (1 and 2) (B), were stimulated 

with VEGF and subjected to immunoblotting analysis using antibodies against ERK1/2 and 

Akt (phosphorylated or total). Bar graphs on the right show quantification of the immunoblots 

(n=3, mean ± S.D., *P<0.05, two-way ANOVA, Bonferroni). 
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Figure S4. Macropinocytosis is critical for VEGF-induced migration of endothelial cells 

and in vivo angiogenesis. 

(A) Representative images of the effect of EIPA, or the knockdown of CDC42, or CHC, or 

dynamin 2, on the VEGF-induced migration of HUVECs. Images of scratched areas were 

captured at 0h (upper images) and 14h post-stimulation of cells with VEGF (lower images).  

(B) Representative pictures of Matrigel plugs at day 7 after subcutaneous implantation. 

Quantitative analysis of angiogenesis in the Matrigel plugs is shown on the right. 

Haemoglobin content of plugs at day 7 is shown (n≥4, mean ± S.D., *P<0.05, one-way 

ANOVA, Dunnett). 

(D) Representative images of rabbit corneal angiogenesis assays in response to empty pellet 

(left), VEGF + empty pellets (middle) or VEGF + EIPA pellets (right). Pellets are indicated by 

the corresponding labels inside the images. Arrows indicate newly formed vessels. Pictures 

show samples at day 7 post-implantation. Quantification of VEGF-induced vascularization (as 

angiogenesis score) over time is shown at the bottom (mean ± S.E.M. of 3-4 implants, two-

way ANOVA, Bonferroni). After day 5, the score of VEGF-induced angiogenesis is 

statistically different from the samples treated with empty pellet or VEGF+EIPA. 
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LEGENDS TO MOVIES 

Movie S1. VEGF induces dynamin-independent internalisation of VEGFR2. (Related to 

Figure 1) 

HUVECs transiently expressing VEGFR2-mCherry were monitored by TIRF microscopy. 

Dynasore and VEGF were added sequentially at the time points indicated in the movie. 

Penetration depth was set to 150 nm, images were acquired every 15 sec and reconstructed 

into a movie. Note that addition of dynasore (at t=00:06:29) leads to an increase of the signal 

of VEGFR2 at the plasma membrane (due to inhibition of constitutive internalisation), while 

the subsequent addition of VEGF (at t=00:54:24) results in progressive loss of the plasma 

membrane signal of VEGFR2 (due to VEGF-induced internalisation in a dynamin-

independent manner). 

 

Movie S2. VEGF induces membrane ruffling followed by internalisation of VEGFR2 into 

large vesicles. (Related to Figure 2) 

HUVE cells transiently expressing GFP-actin and VEGFR2-mCherry were monitored by live 

cell time-lapse confocal microscopy in the presence of VEGF. Arrows indicate sites at the 

plasma membrane that undergo extensive ruffling (seen by the dynamics of GFP-actin) and 

give rise to enlarged VEGFR2-positive vesicles (seen by VEGFR2-mCherry). A magnified 

region of the plasma membrane is shown in the inset video at the top left corner of the movie. 

Plasma membrane ruffling starts 10 min following VEGF stimulation. 
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