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with VESGEN Software as
Research Discovery Tool

Multi-Scale mapping of vascular pattern for

development of regenerative and preventive

therapies targeting diseases dependent on
microvascular remodeling
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Abstract

Vascular pattern may serve as a useful new biomarker principle of complex, multi-scale signaling in pathological,
physiological angiogenesis and microvascular remodeling. Each angiogenesis stimulator or inhibitor we have analyzed,
including VEGF, bFGF, TGF-beta1, angiostatin and triamcinolone acetonide, has induced a novel ‘fingerprint’ or
‘signature’ biomarker vascular pattern that is spatio-temporally unique. Remodeling vasculature thereby provides an
informative read-out of dominant molecular signaling, when analyzed by innovative, fractal-based VESsel GENeration
(VESGEN) Analysis software. Using VESGEN to analyze ophthalmic clinical vascular images, we recently introduced a
potential paradigm shift to the understanding of early-stage progression that suggests new regenerative opportunities
for human diabetic retinopathy (DR), the major blinding disease for working-aged adults. In a pilot study, we discovered
that angiogenesis oscillates as a surprising, homeostatic-like regeneration of retinal vessels during early progression of
DR (/IOVS 51(1):498). Results suggest that the term ‘non-proliferative DR’ may be a misnomer. In new studies,
normalization of the vasculature will be determined from the response of vascular pattern to therapeutic monitoring and
treatment. We have mapped and quantified in vivo experimental models of angiogenesis, lymphangiogenesis and
intravital blood flow from cellular/molecular to higher systems levels that include a murine model of infant retinopathy of
prematurity (ROP); developing and pathological coronary and placental-like vessel models; progressive intestinal
inflammation, growing murine tumors, and other pathological, physiological and therapeutically treated tissues of
transgenic mice and avian embryos.
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Motivation for Microvascular Quantification
and Mapping by VESGEN
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VESGEN

Mapping and Quantification
of Branching Vascular
Pattern
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Human Retina Mouse Retina
Vascular Trees
Diabetic Human Retina
Avian CAM, Yolksac and Mouse/Avian Coronary Vessels

Vascular Networks
Mouse Intestinal Inflammation, CAM Lymphatic Vessels, Abnormal
Mouse Corneal Angiogenesis

Vascular Tree-Network Composites
Mouse Postnatal Retina

Early Embryonic Coronary Vessels, Juvenile and Adult Leaf Venation
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Vascular Structure Image Specification Preferences VESGEN Tools
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Vascular Structure Image Specification Preferences  VESGEN Tools L
Current View: VascularTree
Specify or Modify aln): ROl Image % |
By Apply )ing this process: Multiple Vessel (interactive) 2]
Required Images for Analysis -- Inputs
Input Image BDP 1220064 P1 TM BN AH.tif &4
8DP 122006A P1 TM BN AH_#ROL.tif R
BDP 122006A P1 TM BN AH_#SKEL.tif - '
8DP 122006A P1 TM BN AH_#DM.tif 3
BDP 122006A P1 TM BN AH_#TRM.tif 44
:_ As Full Refresh from Input Image
| Create Cenerations:
%) With Selected Images
Analysis Image(s) -- Outputs
Cenerations Image 8DP 122006A P1 TM BN AH_#GEN.tif 4]
Branches 8DP 122006A P1 TM BN AH_#BRCH.tif 3

Microscope Calibration Factor (Magnification) in microns /pixel: 2.754
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Dynamic Balance Hypothesis
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adapted from Hanahan and Folkman, Cell 86(3):353-64 (1996) .



Long-Term Translational and Basic Research Hypothesis

Vascular patterning provides integrative, insightful read-out of
dominant molecular regulators in complex signaling pathways
of angiogenesis and microvascular remodeling

Fractal-Based VESsel GENeration Analysis (VESGEN) Software

Fractal Dimension, D;

Vessel Number Density, N,

Vessel Length Density, L,

Vessel Diameter, D,

Branchpoint + Endpoint Densities, Br +E,
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VESGEN Hypothesis: ‘Fingerprint’ or ‘Signature’ Vascular Pattern
As Integrative Readout of Complex Signaling
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Progression of Diabetic Retinopathy
by Clinical Fluorescein Angiography

PDR
Normal _ NPDR after Laser Ablation

EARLY Vascular Nonproliferative DR (NPDR)

LATE Vascular Proliferative DR (PDR)
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Fractal Dimension (D) by Box-Counting ( — , B )
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Vascular Pattern in the Human Retina
Is Altered in Early-Stage Diabetes
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Mapplng of Progressive Diabetic Retinopathy by VESGEN

Moderate NPDR Severe NPDR
eneratl )

E
/\
by

WD 00 = O L1 L P

Vascular Trees

wvi
v
-
(]
-
LS
<!

P Parsons-Wingerter, K Radhakrishnan, M B Vickerman, P K Kaiser, IOVS 51(1):498-507 (2010) and in progress



Angiogenesis Oscillates with Vascular Dropout
during Progression of Diabetic Retinopathy
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Slight Trend toward Increasing Diameter of Larger Vessels
during Progression of Diabetic Retinopathy
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Grouping by Vascular Remodeling Status (VRS)
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Conclusions on Novel Vascular Disease
Biomarkers during Progression of
Diabetic Retinopathy

New, surprising discovery on early-stage angiogenesis during moderate
NPDR: Does the retina retain the capacity to regenerate itself?

VESGEN as Research Discovery Tool
Are results important for early-stage regeneration in other inflammatory

diseases such as diabetic nephropathy and tumors?
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Human Retina Mouse Retina

Vascular Pattern as Informative Biomarker and
Integrative Readout of Complex Signaling
Pathways for Angiogenesis, Lymphangiogenesis
and Other Microvascular Remodeling
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VESGEN mapping of vascular networks with Gl inflammatory

progression in experimental mouse DSS model
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Triamcinolone Acetonide (TA) Steroid Treatment in CAM Vascular Tree
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Vascular Networks in Transgenic Mouse Retina

Fluorescence VESGEN Network Output
Microscopy Distance Mapping Colorized Skeleton
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Coronary Vessel Network-to-Tree Transmons
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Lymphangiogenic Sprouting: By Filopodial Guidance?
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Taxonomic/Phylogenetic Identifiers

Botanical rules for leaf vascular patterning
by branching order
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New VESGEN analysis of leaf venation for Arabidopsis
with first bioinformatic dimensional analysis

Taxonomy & Phylogeny: Integrative Bioinformatics:
Differentiated AtHB8::GUS Grouping by Venous Venous Diameter by AtHB8::GUS by Structural &
Xylem Expression Branching Orders Distance Mapping Reticulate Vein Grouping
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Thematic Papers:
Imaging Living
Vasculature
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Novel Angiogenesis and
Vascular Dropout Biomarkers
by VESGEN

Potential New Window of Therapeutic Opportunity
for Early-Stage Regenerative Treatment

Surprising Oscillation of Angiogenesis with Vascular Dropout
during DR Progression
*First demonstration of angiogenesis during Moderate NPDR

*New longitudinal studies with Maria Grant
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