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Study on effect of VEGF expression level and sources on tumor-
induced angiogenesis by numerical simulation

SHI Yu-juan, CAIl Yan, CHEN Qiang, LI Zhi-yong( Biomechanics Laboratory, School of Biologi-

cal Science and Medical Engineering, Southeast University, Nanjing 210096, China)

Abstract: Objective To investigate the effect of vascular endothelial growth factor (VEGF) expression level and
sources on tumor-induced angiogenesis by numerical simulation. Methods A two-dimensional discrete mathe-
matical model of tumor-induced angiogenesis was developed to simulate the growth of microvascular networks in-
side and outside of the tumor, focusing on endothelial cell proliferation, degradation, random motility, chemotax-
is, haptotaxis and stromal-derived VEGF and tumor-derived VEGF. The relationship between VEGF derived by
each compartment and tumor microvessel density was discussed. Results The high VEGF region was consist-
ent with proliferating cell and tumor periphery regions in which microvascular density was also high. The simula-
tion demonstrated that an enlargement of proliferating cell region could lead to higher VEGF expression level and
higher microvascular density. However, for different types of tumors, the correlations between different VEGF ex-
pression sources and microcascular density were not significant. Conclusions The effect of VEGF expression
level and source on VEGF-mediated angiogenesis can be investigated by the proposed model. Particularly, tak-
ing VEGF expression from different sources into consideration could be a useful modeling tool for anti-VEGF tar-
geted therapies.

Key words: Tumor; Ongiogenesis; Vascular endothelial growth factor ( VEGF) ; Expression level; Expression
source; Numerical simulation
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Fig.2 Schematic diagram of the tumor-induced angiogenesis model
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Fig.3 Simulation results (a) Simulation results of tumor-induced angiogenesis, (b) Vascular supply in solid tumors
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Tab.1 Corresponding microvessel density for different tumor radius and different dormant and necrotic region radius

R r S,/8 R % R r S,/ fal it A5 2%
0.4 0.2 0.750 000 3 454.50 0.8 0.35 0.808 594 4353.00
0.4 0.3 0.437 500 3373.00 0.8 0.4 0.750 000 4 430.00
0.5 0.2 0. 840 000 4305.00 0.8 0.45 0.683 594 4254.86
0.5 0.3 0. 640 000 3350.75 0.8 0.5 0.609 375 4175.21
0.5 0.4 0.360 000 3 298.60 0.8 0.6 0.437 500 3975.25
0.6 0.2 0.888 889 3948.00 0.8 0.7 0.234 375 3 605.00
0.6 0.25 0.826 389 3762.43 0.9 0.2 0.950 617 4 699.00
0.6 0.3 0.750 000 3 693.50 0.9 0.3 0.888 889 4299.00
0.6 0.4 0.555 556 3 366.00 0.9 0.35 0.848 765 4273.00
0.6 0.5 0.305 556 3.039.00 0.9 0.4 0.802 469 4021.50
0.7 0.25 0.872 449 4 491.00 0.9 0.45 0.750 000 3911.00
0.7 0.3 0.816 327 4355.94 0.9 0.5 0.691 358 3912.67
0.7 0.35 0.750 000 4102.14 0.9 0.6 0.555 556 3 831.50
0.7 0.4 0.673 469 4 009.67 0.9 0.7 0.395 062 3 828.00
0.7 0.5 0.489 796 3 850. 38 0.9 0.8 0.209 877 3 824.00
0.7 0.6 0.265 306 3.590.50
R IR IR r HIKIRIRFEIX 242
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Fig.5 Simulation results of tumor-induced angiogenesis with different radius of the dormant and necrotic region when tumor radius R =0.7
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