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Abstract

IncuCyte Technology

Pharmacologic Effects on Tube Formation
A

Neo-angiogenesis in adults is central to several diseases including
cancer, arthritis, diabetes, macular degeneration and wound healing.
Angiogenesis inhibitors targeting vascular growth factors, signaling
pathways and matrix proteases are demonstrably effective in both
preclinical models and clinical use, but the effectiveness of this form of
therapy can be transitory due to evasive and intrinsic resistance. To
facilitate the discovery of new classes of anti-angiogenic drugs, as well
as to understand the mechanism of action of existing drugs, we
developed a compact fluorescent imaging instrument that quantifies
multiple aspects of tube formation in living co-cultures of HUVEC and
normal human fibroblasts. Stably labeling HUVEC with lentiviral-GFP
enabled the visualization and quantification of tubule structures in a
time-dependent manner for up to 14 days. In the presence of VEGF,
tube formation was evident by day 3 and continued to develop until the
experiments were terminated. Control experiments established that
GFP labeling did not perturb tube formation. Algorithms were
developed to quantify tube length, area and branching in this coculture model system. The effects of pro-angiogenic (VEGF and
angiopoietin-1) and anti-angiogenic agents (mycophenolic acid,
suramin, and rapamycin) were quantified. As expected, the effects of
all pharmacological agents tested were time- and concentrationdependent. Some relations were monophasic, whereas others more
complex. Time-lapse movies of tube formation revealed the dynamic
interactions taking place in this model system. Knowing the time-effect
relation established an optimal and/or minimum time frame for
studying drug action. Ongoing studies are designed to develop in vitro
models of resistance to anti-angiogenic drugs by using combinations
of pro-angiogenic factors that more closely mimic the condition found
in vivo.
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LED light source; 50,000 hrs; relatively little heat
Phase and HD Phase optics
Fluorescent optics optimized to image EGFP in media
Automated data acquisition and analysis
Export images and movies
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GFP Expression does not Alter Growth
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24-well format
20x objective
9 images per well
Data acquired every 6
hours for 6 days
• IncuCyte’s confluence
algorithm quantified
growth rates

Co-Culture Angiogenesis Assay
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• HUVECs plated with normal human dermal fibroblasts in a 24well or 96-well format
• Media with drugs replaced 3 times a week
• Incubate for 10-14 days
• Visualize tubes with antibody to von Willebrand factor or UEAFITC
• Measure drug effects after terminating experiment
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Fig. 3. Tube formation of HUVECs in the presence or absence of VEGF.
HUVECs were infected with Lentivirus-GFP at 100 MOI prior to co-culture
experiments. HUVECs and NHDFs were seeded at a density of 1:3.5 in a 24-well
format and allowed to grow at 37°C. Images at 14 days of co-culture show that
tube formation is enhanced in the presence of VEGF. Scale bar, 400 mm.

Fig 1. Co-culture of NHDFs and HUVECs in a 24-well format and grown for 14 days at
37°C. Co-cultures were then stained either with an anti-von Willebrand factor antibody
(A) or with UEA-FITC (B) to visualize tube formation.
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Long-Term Labeling of HUVEC
• Lipophilic dyes such as DiOC18 and DiLC18 are non-perturbing, but
compartmentalize in tubes after 3-4 days
• UEA-FITC specifically labels HUVECS, is non-perturbing, but is
rapidly internalized and degraded within 3 hr
• Quantum dots are non-perturbing, but are not well retained in tubes
• Lentiviral-GFP vector homogeneously labeled HUVECs
−Viral infected cells grew similar to mock infected
−Formed tubes in Matrigel assay similar to mock infected
−Formed tubes in co-culture assay similar to mock infected
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Fig. 5. Angiopoietin-1 enhances, while suramin, rapamycin, and mycophenolic
acid inhibit, tube formation and branching in a dose-dependent manner. Images
at 11 days of co-culture show that angiopoietin-1 stimulates (A), while suramin
inhibits (C), both tube formation and branching. Scale bars, 400 mm.
Quantification of (B) angiopoietin-1, (D) suramin, (E) rapamycin, and (F)
mycophenolic acid effects on tube formation and branching using IncuCyte
software. Graphs indicate kinetic measurements of HUVEC tube formation over
time in the presence of VEGF and the indicated pharmacologic agents.
Experiments were imaged every 12 h for 11 days at 37°C prior to analysis. For
each graph, inset shows the effect of each treatment on branch point formation.

Summary and Conclusions
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• The kinetic co-culture assay is a medium throughput
assay with high translational value.
− Lentiviral GFP labeled HUVECs enabled
measurement of tube formation for up to 14 days.

MOI 100
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• IncuCyte FLR quantitatively assessed the time- and
dose-dependent effects of pharmacological agents in
this co-culture assay.

Fig. 2. Representative images of HUVECs infected with lentiviral-GFP at
the indicated MOI and grown for 48h at 37°C to allow for GFP expression.

Fig. 4. Summary of algorithm used to measure tube formation and branching
using IncuCyte software. (A) Fluorescence images are classified and segmented
(B) based on structural characteristics. (C) This skeleton is then used for analysis
to quantify tube formation and branching. (D) Quantification of VEGF effects on
tube formation and branching (inset).

− Angiopoietin increased tube formation and branching in the
presence of maximal VEGF.
− Suramin, rapamycin, and Mycophenolic Acid inhibited tube
formation and branching in the presence of maximal VEGF.

