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            Abstract
Blood and lymphatic vasculatures are intimately involved in tissue oxygenation and fluid homeostasis maintenance. Assembly of these vascular networks involves sprouting, migration and proliferation of endothelial cells. Recent studies have suggested that changes in cellular metabolism are important to these processes1. Although much is known about vascular endothelial growth factor (VEGF)-dependent regulation of vascular development and metabolism2,3, little is understood about the role of fibroblast growth factors (FGFs) in this context4. Here we identify FGF receptor (FGFR) signalling as a critical regulator of vascular development. This is achieved by FGF-dependent control of c-MYC (MYC) expression that, in turn, regulates expression of the glycolytic enzyme hexokinase 2 (HK2). A decrease in HK2 levels in the absence of FGF signalling inputs results in decreased glycolysis, leading to impaired endothelial cell proliferation and migration. Pan-endothelial- and lymphatic-specific Hk2 knockouts phenocopy blood and/or lymphatic vascular defects seen in Fgfr1/Fgfr3 double mutant mice, while HK2 overexpression partly rescues the defects caused by suppression of FGF signalling. Thus, FGF-dependent regulation of endothelial glycolysis is a pivotal process in developmental and adult vascular growth and development.
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                    Figure 1: Inhibition of FGF signalling impairs lymphatic development.[image: ]


Figure 2: FGF signalling controls glycolysis and HK2 expression.[image: ]


Figure 3: HK2 is essential for lymphangiogenesis.[image: ]


Figure 4: MYC mediates FGF regulation of HK2 expression and is critical for lymphatic development.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Expression of FGFRs in mouse and human LECs and the effect of single knockout of Fgfr1 or Fgfr3 on lymphatic development in the embryonic skin.
a, b, qPCR analysis of FGFR expression in mouse dermal LECs (isolated from E15.5 embryos by FACS) (a; nâ€‰=â€‰3 embryos) and HDLECs (b; nâ€‰=â€‰3 technical replicates, representative of two experiments). c, d, qPCR analysis of FGFR expression in HDLECs with FGFR1 (c) or FGFR3 (d) knockdown. FGFR mRNA levels in FGFR1- or FGFR3-deficient cells were presented as values relative to those of control siRNA-treated cells. nâ€‰=â€‰6 replicates (two independent experiments, technical triplicates per experiment). e, f, Activation of mTmG reporter by Cdh5-CreERT2 (e; scale bar, 100 Î¼m) or Prox1-CreERT2(BAC) (f; scale bar, 250â€‰Î¼m) in dermal LECs of E15.5 mouse embryos. g, Anterior dorsal skin with VEGFR3 and PECAM1 staining from E15.5 Fgfr1iÎ”LEC(BAC) and Fgfr1flox/flox embryos, which were treated with tamoxifen at E12.5 and E13.5. e, Arrowheads indicate lymphatic vessels marked by EGFP. Scale bar, 250 Î¼m. h, Quantification of the distance between the two leading fronts of the lymphatic vessels (nâ€‰=â€‰6 embryos for Fgfr1flox/flox; nâ€‰=â€‰5 embryos for Fgfr1iÎ”LEC(BAC)). i, Anterior dorsal skin stained for VEGFR3 and PECAM1 from E15.5 Fgfr1flox/flox;Fgfr3+/+, Fgfr1flox/flox;Fgfr3+/âˆ’ and Fgfr1flox/flox;Fgfr3âˆ’/âˆ’ embryos. Scale bar, 250 Î¼m. j, Quantification of the distance between the two leading fronts of the lymphatic vessels (nâ€‰=â€‰4 embryos for Fgfr1flox/flox;Fgfr3+/+; nâ€‰=â€‰6 embryos for Fgfr1flox/flox;Fgfr3+/âˆ’; nâ€‰=â€‰2 embryos for Fgfr1flox/flox;Fgfr3âˆ’/âˆ’). Note that these embryos were not treated with tamoxifen. Dotted lines indicate the midline in g and i. Data represent meanâ€‰Â±â€‰s.e.m., ***Pâ€‰<â€‰0.001, NS is non-significant, calculated by unpaired t-test (c, d, h) and one-way ANOVA plus Tukeyâ€™s multiple comparisons test (j).

                          Source data
                        


Extended Data Figure 2 Endothelial Fgfr1/Fgfr3 deletion impairs dermal lymphatic development and inhibition of FGF signalling suppresses pathological lymphangiogenesis.
a, Experimental strategy. b, Bright-field images of E15.5 Fgfr1iÎ”EC;Fgfr3âˆ’/âˆ’ and control (Fgfr1flox/flox;Fgfr3+/âˆ’) embryos with tamoxifen treatment at E10.5 and E11.5. Arrowhead denotes area with lymphoedema. c, Representative images of anterior dorsal skin with VEGFR3 and PECAM1 staining from E15.5 Fgfr1iÎ”EC;Fgfr3âˆ’/âˆ’ and control embryos treated with tamoxifen at E10.5 and E11.5. d, e, Quantification of the distance between the two leading fronts of the lymphatic vessels (d; nâ€‰=â€‰3 litters) and the number of lymphatic branch points per square millimetre of skin area (e; nâ€‰=â€‰9 embryos for control (Fgfr1flox/flox;Fgfr3+/âˆ’); nâ€‰=â€‰7 embryos for Fgfr1iÎ”EC;Fgfr3âˆ’/âˆ’). f, Experimental strategy. g, Representative images of anterior dorsal skin with VEGFR3 and PECAM1 staining from E15.5 Fgfr1iÎ”EC;Fgfr3âˆ’/âˆ’ and control embryos with tamoxifen treatment at E11.5 and E12.5. h, i, Quantification of the distance between the two leading fronts of the lymphatic vessels (h; nâ€‰=â€‰4 litters) and the number of lymphatic branch points per square millimetre of skin area (i; nâ€‰=â€‰9 embryos for control (Fgfr1flox/flox;Fgfr3+/âˆ’); nâ€‰=â€‰8 embryos for Fgfr1iÎ”EC;Fgfr3âˆ’/âˆ’). In c, g, bottom panels (scale bar, 100â€‰Î¼m) for each genotype are high-magnification images of boxed regions in the top panels (scale bar, 250â€‰Î¼m). Double-headed arrows indicate the distance between the two leading fronts of the lymphatic vessels, which is larger in Fgfr1iÎ”EC;Fgfr3âˆ’/âˆ’ skin than in control. j, Representative images of the peri-tumoural area of orthotopic Panc02 tumours stained for LYVE1 after vehicle (control) or FGFR-inhibitor treatment (SSR). k, Quantification of the area of LYVE1+ lymphatics per peri-tumoural area (nâ€‰=â€‰3 mice for each condition). Data represent meanâ€‰Â±â€‰s.e.m., *Pâ€‰<â€‰0.05, ***Pâ€‰<â€‰0.001, calculated by unpaired t-test (d, e, h, i, k).

                          Source data
                        


Extended Data Figure 3 Endothelial Fgfr1/Fgfr3 are essential for blood vessel development in the embryonic skin.
a, Schematic of the experimental strategy. b, Representative images of anterior dorsal skin with PECAM1 staining from E15.5 Fgfr1iÎ”EC;Fgfr3âˆ’/âˆ’ and control embryos. Scale bar, 250â€‰Î¼m. câ€“e, Quantification of the number of blood vessel branch points per square millimetre of skin area (c; nâ€‰=â€‰9 embryos for control (Fgfr1flox/flox;Fgfr3+/âˆ’); nâ€‰=â€‰7 embryos for Fgfr1iÎ”EC;Fgfr3âˆ’/âˆ’), blood vessel covered area relative to skin area (d; nâ€‰=â€‰9 embryos for control (Fgfr1flox/flox;Fgfr3+/âˆ’); nâ€‰=â€‰7 embryos for Fgfr1iÎ”EC;Fgfr3âˆ’/âˆ’) and capillary diameter (e; nâ€‰=â€‰6 embryos for control (Fgfr1flox/flox;Fgfr3+/âˆ’); nâ€‰=â€‰3 embryos for Fgfr1iÎ”EC;Fgfr3âˆ’/âˆ’). f, Anterior dorsal skin stained for Cx40 in E15.5 Fgfr1iÎ”EC;Fgfr3âˆ’/âˆ’ and control embryos. Scale bar, 250 Î¼m. g, h, Quantification of the number of artery branch points (g) and artery diameter (h). nâ€‰=â€‰6 embryos for control (Fgfr1flox/flox;Fgfr3+/âˆ’); nâ€‰=â€‰3 embryos for Fgfr1iÎ”EC;Fgfr3âˆ’/âˆ’. Data represent meanâ€‰Â±â€‰s.e.m., *Pâ€‰<â€‰0.05, **Pâ€‰<â€‰0.01, ***Pâ€‰<â€‰0.001, calculated by unpaired t-test (câ€“e, g, h).

                          Source data
                        


Extended Data Figure 4 Requirement of endothelial Fgfr1/Fgfr3 for retinal angiogenesis.
a, Schematic of the experimental strategy to assess early formation of the retinal vasculature. The red triangles indicate the intragastric injections of tamoxifen at P0, P1 and P2. b, Representative images of isolectin B4 (IB4)-stained retinal vessels in P5 Fgfr1iÎ”EC;Fgfr3âˆ’/âˆ’ and control mice. Scale bar, 500â€‰Î¼m. c, Quantification of vascular progression (d is the distance between the vascular front and the optic nerve; D is the retina radius), vascular density (AU, arbitrary units) and the number of branch points per square millimetre of retina area. nâ€‰=â€‰16 retinas for control (Fgfr1flox/flox;Fgfr3âˆ’/âˆ’); nâ€‰=â€‰19 retinas for Fgfr1iÎ”EC;Fgfr3âˆ’/âˆ’. d, Angiogenic fronts of IB4- and Erg1/2/3-stained retinal vessels in P5 Fgfr1iÎ”EC;Fgfr3âˆ’/âˆ’ and control mice. Scale bar, 50â€‰Î¼m. e, Quantification of the number of tip cells per 200-Î¼m length (nâ€‰=â€‰6 retinas for control (Fgfr1flox/flox;Fgfr3âˆ’/âˆ’); nâ€‰=â€‰4 retinas for Fgfr1iÎ”EC;Fgfr3âˆ’/âˆ’) and the number of vascular front endothelial cells (ECs) per 0.04-mm2 retina area (nâ€‰=â€‰4 retinas for control (Fgfr1flox/flox;Fgfr3âˆ’/âˆ’); nâ€‰=â€‰4 retinas for Fgfr1iÎ”EC;Fgfr3âˆ’/âˆ’). f, Retinal vessels stained for phospho-Histone H3 (PH3) and IB4 in P5 Fgfr1iÎ”EC;Fgfr3âˆ’/âˆ’ and control mice. Scale bar, 50â€‰Î¼m. g, Quantification of the number of PH3+IB4+ endothelial cells per vascular area (normalized to control mice; nâ€‰=â€‰4 for control (Fgfr1flox/flox;Fgfr3âˆ’/âˆ’); nâ€‰=â€‰6 for Fgfr1iÎ”EC;Fgfr3âˆ’/âˆ’). h, Representative images of IB4-stained retinal vessels in P5 Fgfr1iÎ”EC and Fgfr1flox/flox mice. Scale bar, 500â€‰Î¼m. i, Quantification of vascular density and the number of branch points per square millimetre of retina area (nâ€‰=â€‰18 retinas for Fgfr1flox/flox; nâ€‰=â€‰8 retinas for Fgfr1iÎ”EC). j, Representative images of IB4-stained retinal vessels in P5 Fgfr1flox/flox;Fgfr3+/âˆ’ and Fgfr1flox/flox;Fgfr3âˆ’/âˆ’ mice. Scale bar, 500â€‰Î¼m. k, Quantification of vascular density and the number of branch points per square millimetre of retina area (nâ€‰=â€‰16 retinas for Fgfr1flox/flox;Fgfr3+/âˆ’; nâ€‰=â€‰16 retinas for Fgfr1flox/flox;Fgfr3âˆ’/âˆ’). Data represent meanâ€‰Â±â€‰s.e.m., **Pâ€‰<â€‰0.01, ***Pâ€‰<â€‰0.001, calculated by unpaired t-test (c, e, g, i, k).

                          Source data
                        


Extended Data Figure 5 Proliferation and migration of HDLECs with FGFR1 and/or FGFR3 knockdown.
a, Proliferation of HDLECs treated with indicated siRNAs was measured by using xCELLigence (see Methods) (nâ€‰=â€‰4 wells of samples for each condition; representative of two independent experiments). b, Wound-healing assay to assess the migration of HDLECs transfected with siRNAs as indicated. Red dotted lines outline wound area in the last time-point images of HDLECs with different treatments. c, Wound closure area between the first and last time points was measured and normalized to that of control siRNA-treated HDLECs (nâ€‰=â€‰8 imaging fields for control siRNA, FGFR1 siRNA and FGFR3 siRNA; nâ€‰=â€‰7 imaging fields for FGFR1/FGFR3 siRNAs; representative of two independent experiments). Data represent meanâ€‰Â±â€‰s.e.m., ***Pâ€‰<â€‰0.001, calculated by one-way ANOVA plus Tukeyâ€™s multiple comparisons test (a, c).


Extended Data Figure 6 Metabolic measurement and glycolytic enzyme expression in HDLECs and HUVECs.
a, Measurement of flux rate of different metabolic processes in HDLECs (glucose oxidation, nâ€‰=â€‰3 samples; glycolysis, nâ€‰=â€‰11 samples, combined from three experiments; glutamine oxidation, nâ€‰=â€‰5 samples, combined from two experiments; and fatty-acid oxidation, nâ€‰=â€‰4 samples). b, Measurement of glucose uptake in HDLECs treated with or without FGF2 (nâ€‰=â€‰3 wells of samples for each condition). c, Top 20 protein-coding transcripts (ranked by fold change) that were increased by FGF2 and reduced by FGFR1 siRNA (see Methods for details). HK2, highlighted in red, is the only glucose metabolic gene in this list. d, Western blots showing the knockdown efficiency of HK2 siRNA. e, f, Measurement of glycolytic flux rate of HDLECs with indicated treatments. For e, nâ€‰=â€‰4 wells of samples for control siRNA, nâ€‰=â€‰4 wells of samples for HK2 siRNA, nâ€‰=â€‰3 wells of samples for control siRNAâ€‰+â€‰FGF2, and nâ€‰=â€‰4 wells of samples for HK2 siRNAâ€‰+â€‰FGF2. For f, nâ€‰=â€‰4 wells of samples for each condition. g, Measurement of glycolytic flux rate of HUVECs in the absence or presence of FGF2 (nâ€‰=â€‰4 wells of samples for each condition, representative of two independent experiments). h, i, Representative western blot analysis (h) and densitometric quantification (i; nâ€‰=â€‰5 replicates from three experiments) of glycolytic enzyme expression in control or FGF2-treated HUVECs. j, Measurement of glycolytic flux rate of HDLECs treated with or without different growth factors (nâ€‰=â€‰4 wells of samples for each condition). k, Densitometric quantification (nâ€‰=â€‰3 independent experiments) of glycolytic enzyme expression in HDLECs in the presence or absence of different growth factors. Data represent meanâ€‰Â±â€‰s.e.m., *Pâ€‰<â€‰0.05, **Pâ€‰<â€‰0.01, ***Pâ€‰<â€‰0.001, calculated by unpaired t-test (b, f, g, i) and one-way ANOVA plus Sidakâ€™s (e, j) or Dunnettâ€™s (k) multiple comparisons test. For gel source data, see Supplementary Fig. 1.


Extended Data Figure 7 Role of HK2 in FGF-dependent cellular behaviours.
a, b, Proliferation (a; nâ€‰=â€‰4 wells of samples for each condition) and migration (b; nâ€‰=â€‰4 imaging fields for each condition) of HDLECs with indicated siRNAs, which were serum-starved and treated with or without FGF2. c, d, Proliferation (c; nâ€‰=â€‰4 wells of samples for control siRNAâ€‰+â€‰Ad-control, control siRNAâ€‰+â€‰Ad-HK2 and FGFR1 siRNAâ€‰+â€‰Ad-control; nâ€‰=â€‰3 wells of samples for FGFR1 siRNAâ€‰+â€‰Ad-HK2) and migration (d; nâ€‰=â€‰8 imaging fields for each condition) of HDLECs with indicated siRNAs, which were cultured in fully supplemented medium and treated with control or HK2 adenovirus. Proliferation was measured using xCELLigence and migration was analysed through a wound-healing assay (see Methods). Wound closure area between the first time point and the last time point was measured and normalized to that of control siRNA-treated HDLECs (b) or HDLECs treated with control siRNA and control adenovirus (d). Red dotted lines outline wound area in the last time-point images of HDLECs with different treatments. e, f, Representative images and quantification of microcarrier beads coated with HDLECs under treatments as indicated. Total length of LEC sprouts per bead was quantified. e, f, Arrowheads indicate sprouts extending from the beads. For e, nâ€‰=â€‰14 beads for control siRNA, nâ€‰=â€‰14 beads for HK2 siRNA, nâ€‰=â€‰19 beads for control siRNAâ€‰+â€‰FGF2 and nâ€‰=â€‰25 beads for HK2 siRNAâ€‰+â€‰FGF2. For f, nâ€‰=â€‰25 beads for each condition. Data represent meanâ€‰Â±â€‰s.e.m., **Pâ€‰<â€‰0.01, ***Pâ€‰<â€‰0.001, calculated by one-way ANOVA plus Sidakâ€™s multiple comparisons test (aâ€“f).


Extended Data Figure 8 Effect of endothelium-specific deletion of Hk2 on the lymphatic and blood vessel development in the skin.
a, Schematic of the experimental strategy. b, Bright-field images of E15.5 Hk2iÎ”EC and control embryos treated with tamoxifen at E12.5 and E13.5. Arrowhead denotes area with lymphoedema. c, Representative images of anterior dorsal skin with VEGFR3 and PECAM1 staining from E15.5 Hk2iÎ”EC and control (Hk2flox/flox) embryos with tamoxifen treatment at E12.5 and E13.5. Double-headed arrows indicate the distance between the two leading fronts of the lymphatic vessels, which is larger in Hk2iÎ”EC skin than in control. Lower panels (scale bar, 100â€‰Î¼m) for each genotype are high-magnification images of boxed regions in top panels (scale bar, 250â€‰Î¼m). d, e, Quantification of the distance between the two leading fronts of the lymphatic vessels (d; nâ€‰=â€‰4 litters) and the number of lymphatic branch points per square millimetre of skin area (e; nâ€‰=â€‰5 embryos for control (Hk2flox/flox); nâ€‰=â€‰6 embryos for Hk2iÎ”EC). f, g, Quantification of the number of blood vessel branch points per square millimetre of skin area (f) and area covered by blood vessels (g). nâ€‰=â€‰5 embryos for control (Hk2flox/flox); nâ€‰=â€‰6 embryos for Hk2iÎ”EC. h, LECs were isolated from E15.5 control (Hk2flox/flox) and Hk2iÎ”EC embryos and analysed for cell cycle distribution. Percentage of cells in different cell cycle phases was quantified (nâ€‰=â€‰12 embryos for control (Hk2flox/flox) and nâ€‰=â€‰9 embryos for Hk2iÎ”EC). i, The experimental strategy. j, Representative images of anterior dorsal skin with PECAM1 staining from E15.5 Hk2iÎ”EC and control embryos with tamoxifen treatment at E10.5 and E11.5. Scale bar, 250â€‰Î¼m. k, l, Quantification of the number of blood vessel branch points per square millimetre of skin area (k) and blood vessel covered area relative to skin area (l). nâ€‰=â€‰4 embryos for control (Hk2flox/flox); nâ€‰=â€‰7 embryos for Hk2iÎ”EC. m, Anterior dorsal skin stained for Cx40 in E15.5 Hk2iÎ”EC and control embryos treated with tamoxifen at E10.5 and E11.5. Scale bar, 250â€‰Î¼m. n, Quantification of the number of artery branch points (nâ€‰=â€‰4 embryos for control (Hk2flox/flox); nâ€‰=â€‰7 embryos for Hk2iÎ”EC). Data represent meanâ€‰Â±â€‰s.e.m., *Pâ€‰<â€‰0.05, **Pâ€‰<â€‰0.01, calculated by unpaired t-test (d, e, fâ€“h, k, l, n).

                          Source data
                        


Extended Data Figure 9 Endothelial Hk2 is required for retinal angiogenesis.
a, Schematic of the experimental strategy to assess early formation of the retinal vasculature (P0â€“P5). The red triangles indicate the intragastric injections of tamoxifen at P0, P1 and P2. b, Representative images of IB4-stained retinal vessels in P5 Hk2iÎ”EC and control mice. Scale bar, 500 Î¼m. c, Quantification of vascular progression (d is the distance between the vascular front and the optic nerve; D is the retina radius), vascular density and the number of branch points per square millimetre of retina area. nâ€‰=â€‰18 retinas for control (Hk2flox/flox) and nâ€‰=â€‰24 retinas for Hk2iÎ”EC. d, Angiogenic fronts of IB4- and Erg1/2/3-stained retinal vessels in P5 Hk2iÎ”EC and control mice. Scale bar, 50 Î¼m. e, Quantification of the number of tip cells per 200-Î¼m length (nâ€‰=â€‰4 retinas for control (Hk2flox/flox); nâ€‰=â€‰4 retinas for Hk2iÎ”EC) and the number of vascular front ECs per 0.04-mm2 retina area (nâ€‰=â€‰4 for control (Hk2flox/flox); nâ€‰=â€‰4 for Hk2iÎ”EC). f, Retinal vessels stained for PH3 and IB4 in P5 Hk2iÎ”EC and control mice. Scale bar, 50 Î¼m. g, Quantification of the number of PH3+IB4+ ECs per vascular area (normalized to control mice; nâ€‰=â€‰4 for control (Hk2flox/flox); nâ€‰=â€‰4 for Hk2iÎ”EC). h, Staining for collagen IV (Col4) and IB4 in the retinas of P5 Hk2iÎ”EC and control mice. Scale bar, 50 Î¼m. i, Quantification of Col4+ area per IB4+ area (nâ€‰=â€‰6 retinas for control (Hk2flox/flox); nâ€‰=â€‰8 retinas for Hk2iÎ”EC). Data represent meanâ€‰Â±â€‰s.e.m., **Pâ€‰<â€‰0.01, ***Pâ€‰<â€‰0.001, calculated by unpaired t-test (c, e, g, i).

                          Source data
                        


Extended Data Figure 10 Characterization of FGFâ€“MYCâ€“HK2 signalling in endothelial cells.
a, Schematic showing that E-boxes, which are MYC binding elements, localize in the first intron of human and mouse HK2 genes. Primers were designed to amplify the E-box-containing region (green bar) in ChIPâ€“qPCR assay. b, ChIPâ€“qPCR analysis of DNA immunoprecipitated with MYC antibody or IgG (nâ€‰=â€‰3 independent experiments) in HDLECs. c, qPCR analysis of HK2 expression in HDLECs transfected with control siRNA or MYC siRNA (nâ€‰=â€‰4 experiments). d, qPCR analysis of HK2 mRNA in HDLECs infected with control or MYC adenovirus (nâ€‰=â€‰6 experiments). e, Glycolytic flux measurement of HDLECs transfected with control siRNA or MYC siRNA (nâ€‰=â€‰4 wells of samples for each treatment, representative of two independent experiments). f, Extracellular acidification rate (ECAR) in HDLECs transfected with control siRNA or MYC siRNA. nâ€‰=â€‰6 replicates (three independent experiments, duplicates per experiment). g, Extracellular acidification rate in HDLECs infected with control or MYC adenovirus. nâ€‰=â€‰4 replicates (two independent experiments, duplicates per experiment). h, Anterior dorsal skin was dissected from E15.5 mouse embryos and immunostained with anti-VEGFR3 and anti-MYC antibodies. Arrowheads indicate LECs with Myc expression. i, Confocal images of anterior dorsal skin with VEGFR3, PROX1 and PECAM1 staining from E15.5 MyciÎ”LEC(BAC) and control embryos. Scale bar, 250â€‰Î¼m. j, k, Quantification of the distance between the leading fronts of ingrowing lymphatics (j; nâ€‰=â€‰7 embryos for control (Mycflox/flox); nâ€‰=â€‰9 embryos for MyciÎ”LEC(BAC)) and the number of LECs (PROX1 staining) per 100-Î¼m length of lymphatic vessels (k; nâ€‰=â€‰6 embryos for control (Mycflox/flox); nâ€‰=â€‰8 embryos for MyciÎ”LEC(BAC)). l, qPCR analysis of HK2 expression in HUVECs transfected with control siRNA or MYC siRNA (nâ€‰=â€‰4 experiments). m, n, Representative immunoblot analysis (m) and densitometric quantification (n) of HK2 expression in HUVECs transfected with control siRNA or MYC siRNA (nâ€‰=â€‰4 independent experiments). o, qPCR analysis of HK2 mRNA in HUVECs infected with control or MYC adenovirus (nâ€‰=â€‰2â€“4 experiments). p, qPCR analysis of Hk1 and Hk2 expression in dermal BECs isolated from E15.5 MyciÎ”EC and control embryos with tamoxifen treatment at E11.5 and E12.5 (nâ€‰=â€‰2â€“4 embryos). q, r, Representative western blot (q) and densitometric quantification (r) of MYC expression in HUVECs treated with or without FGF2 (nâ€‰=â€‰5 replicates from three experiments). s, Representative images showing Myc expression was reduced in retinal vasculature of P5 Fgfr1iÎ”EC;Fgfr3âˆ’/âˆ’ compared with control (tamoxifen treatment from P0 to P2). Arrowheads indicate retinal BECs with Myc expression. Scale bar, 50 Î¼m. t, Quantification of the percentage of MYC+ retinal endothelial cells in the vascular fronts (nâ€‰=â€‰4 retinas for each genotype). Data represent meanâ€‰Â±â€‰s.e.m., *Pâ€‰<â€‰0.05, **Pâ€‰<â€‰0.01, ***Pâ€‰<â€‰0.001, calculated by unpaired t-test (bâ€“g, jâ€“l, nâ€“p, r, t). For gel source data, see Supplementary Fig. 1.
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