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Cardiac Disease

« Heart failure is a leading cause of morbidity and mortality
in developed nations!.

o Left ventricular (LV) remodeling is the alteration of
myocardial structure and function that occurs following
myocardial infarction (MI) and results in progression to
heart failure.

1. Braunwald E. Shattuck lecture--cardiovascular medicine at the turn of the millennium: triumphs,
concerns, and opportunities. N Engl J Med. 1997 Nov 6;337(19):1360-9.




Cardiac Disease

* The left ventricular (LV) remodeling following myocardial
Infarction is associated with structural changes involving

extracellular matrix'-2, fibrosis?, cellular damage* and cell
death>®°,

1. Weber KT, Pick R, Silver MA, Moe GW, Janicki JS, Zucker IH, Armstrong PW. Fibrillar collagen
and remodeling of dilated canine left ventricle. Circulation. 1990 Oct;82(4):1387-401.

2. Volders PG, Willems IE, Cleutjens JP, Arends JW, Havenith MG, Daemen MJ. Interstitial collagen
is increased in the non-infarcted human myocardium after myocardial infarction. J Mol Cell Cardiol.
1993 Nov;25(11):1317-23.

3. Anderson KR, Sutton MG, Lie JT. Histopathological types of cardiac fibrosis in myocardial disease.
J Pathol. 1979 Jun;128(2):79-85.

4. Anversa P, Olivetti G, Capasso JM. Cellular basis of ventricular remodeling after myocardial
infarction. Am J Cardiol. 1991 Nov 18;68(14):7D-16D.

5. Olivetti G, Abbi R, Quaini F, Kajstura J, Cheng W, Nitahara JA, Quaini E, Di Loreto C, Beltrami CA,
Krajewski S, Reed JC, Anversa P. Apoptosis in the failing human heart. N Engl J Med. 1997 Apr
17;336(16):1131-41.

6. Tan LB, Jalil JE, Pick R, Janicki JS, Weber KT. Cardiac myocyte necrosis induced by angiotensin
lI. Circ Res. 1991 Nov;69(5):1185-95.



Deaths From Cardiovascular Disease, 2003

Percentage Breakdown of Deaths From American Heart T

Cardiovascular Diseases R
United States:2003* earn and Live..
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[l Coronary Heart Disease [ ] Stroke
- Heart Failure |:| High Blood Pressure
|| Diseases of the Arteries - Congenital Cardiovascular Defects

Il Rheumatic Fever/Rheumatic Heart Disease[l] Other
Source: CDCINCHS and NHLBI. *Preliminary




Cardiac Disease: Coronary Intervention

Bypass Surgery, Coronary Artery Angioplasty (PTCA)

Dilated
balloon
catheter

Plague
blockage
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Stent Procedure
Dilated balloon Stent deployed
catheter

and stent

Plague



Drug Eluting Stents

Boston Scientific TAXUS Express? Paclitaxel-Eluting Coronary Stent
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GM-CSF Antibody Treatment in Heart Failure

» Recent studies have shown granulocyte-macrophage
colony-stimulating factor (GM-CSF) promotes infarct
expansion and inappropriate collagen synthesis in the
Infarcted ventricle.

e Thus suggesting, enhanced proliferation of monocytes
and macrophages at the time of acute myocardial infarction
(MI) may have deleterious effects on left ventricular (LV)
remodeling.



GM-CSF Antibody Treatment in Heart Failure

» This study was designed to determine if blocking the
effects of GM-CSF alters LV remodeling and
hemodynamics in rats with acute M.

Hypothesis: Pretreatment of rats with GM-CSF antibody
prior to M| will inhibit monocyte and macrophage migration
limiting LV remodeling and preserving LV function.



GM-CSF Antibody Treatment in Heart Failure

« Acute MI was created by ligating the left coronary artery
of rats

* Treatment with a neutralizing monoclonal antibody to rat
GM-CSF (5mg/kg) was performed three times per week for
three weeks, starting 24 hours prior to induction of MI.

« Hemodynamics were measured 3 weeks after ligation.



Rodent Model of Heart Falilure
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Conductance Catheter System (CCS)

=== CoOnductance electrodes =

Pressure electrode

+ j v
b

1.4 french catheter = 0.6 nL

Conductance Catheter System (CCS) and a photograph of
the CCS inserted into the apex of a mouse heart.



GM-CSF Antibody Treatment in Heart Failure

Global Left Ventricular Function
Among Treated Groups
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LVEF (%) among treated groups. Sham (N=5), Ml (N=10), MI + GMCSF Ab
(N=12). Data are mean + SE. * p<0.05 vs. all groups ** p<0.05 vs. M| and
Sham



GM-CSF Antibody Treatment in Heart Failure

1.2 7

LV End Systolic Diameter (cm)

0:2

..

0.0

1.0

0.8 -

0.6 +

0.4

Left Ventricular End Systolic Diameter
Among Treated Groups

*

Sham

Mi M| + GCSFADR

LVESD (cm) for Sham , Ml and Ml + GMCSF Ab. Data are mean + SE. N=4in
Sham, N=5 in Ml and N=9 for Ml + GMCSF Ab. * p<0.05 vs. MI+ GMCSF Ab.

** p<0.05 vs. MLI.



Whole-Slide Digital Pathology System

Aperio ScanScope CS




Immunohistochemistry Analysis
Digital whole slide scanning with algorithm-based morphometry

Original Image Threshold Image

* Glass slides were digitally scanned on the Aperio CS ScanScope System



Inflammatory Cell Analysis
Digital whole slide scanning with algorithm-based morphometry

Representative immunohistochemistry results from CD-68 antibody (activated
macrophages) for GMCSF-AD treated hearts (left) and NaCl-treated hearts (right).
Scale bars = 100 pm.

* Glass slides were digitally scanned on the Aperio CS ScanScope System



Inflammatory Cell Analysis

Digital whole slide scanning with algorithm-based morphometry
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Histopathology Analysis

Digital whole slide scanning with algorithm-based morphometry

Representative trichrome staining of left ventricle cross-sections from GMCSF-Ab
treated (left) and NaCl control (right) hearts. Scale bars = 2.0 mm

* Glass slides were digitally scanned on the Aperio CS ScanScope System



Histopathology Analysis

Digital whole slide scanning with algorithm-based morphometry

Infarct Area Total Area (mm 2) % Infarct
(mm?)
NaCl -Treated 10.48 + 2.69 30.9 + 3.58 34.76% + 5.76
GMCSF-Ab 6.01* + 2.58 34.28 + 3.14 16.39%** + 8.53
Treated

Morphometry analysis of NaCl-treated hearts (N=5) and GMCSF-ADb treated hearts
(N=5) using Aperio whole slide scanned images and the ImageScope Software
v10.0.36.1808. Data are mean + SE. * p<0.02; ** p<0.01



Conclusions

« We report improvements in LV ejection fraction and
partial reversal of LV remodeling using an antibody
against GM-CSF.

 Furthermore, hearts treated with GM-CSF Ab had
significant reductions in infarct size.

e These findings suggest that inhibition of monocyte and
macrophage migration may be beneficial in the treatment
of heart failure after M.
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Embryonic-like Extracellular Matrix

* Human neonatal fibroblasts are grown in suspension under hypoxic conditions in
3-D tissue culture to simulate aspects of the embryonic environment

 Two main regenerative products result from these bioreactor conditions: cell
conditioned medium (CCM) and human extracellular matrix (hECM)

* By simulating the embryonic environment, we hypothesize that the CCM and
hECM produced will provide a unique material for tissue regeneration applications




Adult vs. Fetal Wound Healing

Table 1. COMPARISON OF
ADULT AND FETAL SKIN WOUND
HEALING CHARACTERISTICS

Wound healing Wound Healing Scarless wound
with scar Characteristics Adult Fetus healing
| Scar Present Absent /
Cell Proliteration Slower Faster -
Normoxic Speed to closure Slower Ehister Hypoxic
— Scab Present Absent /
| Oxygen tension Greater Lesser
Fluid environment Absent Present Higher levels
Sterile environment Absent Present Collll &V
Primarily Col | Skin temperature Cooler Warmer
aild Acute inflammation Greater Lesser /
== |__Matrix ition lower, disorgani r
TGFg & bFGF Greater Lesser
/ Angiogenesis Greater Lesser \
Epithelialization Slower Faster
Hi gh er levels Keratinization Present Immature Lower levels
of TFGb & bFGF OLTGED - & DEGE

Adzick et al., Annals of Surgery, 1994.



Affects of Hypoxia in 3D Culture on Gene Expression (ECM)

Primary human neonatal fibroblasts were cultured as

«Standard monolayers in tissue culture flasks for comparison to...

*Hypoxic, 3-dimensional cultures, within a naturally deposited, “fetal-

like” young provisional ECM

Agilent microarrays showed the differential express lon of over 5000
genes under the hypoxic versus traditional tissue ¢ ulture
conditions.



Effects of Hypoxia on Gene Expression
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ECM Characterization

» Minimal Post-Processing
« Material can be air-dried, frozen or lyophilized
* Physical Forms
Liquid Suspension
Paste
Powder
Sheets
Injectable

o Three-Dimensional Structures
« Sterilizable (irradiation)
* Minimal Storage Requirements
« Easy to handle
» Formulate with other compounds

o Novel biocomposites

(e.g., bone filler, cell delivery vehicle)
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Angiogenic Assay Screening

o AJ/ New
microvasculature

30 )m

80 CMm 80 CMm

Human ECM Porcine ECM



TriLite™ Crosslinker

Easy manufacturing process in use on medical devices

Biocompatible — independent testing of coatings containing
TriLite™ are non-cytotoxic, non-irritant, non-sensitizing




Human ECM coated Polypropylene Mesh

Coating of hECM onto biomedical materials. Anti-fibronectin
Immunofluorescent staining of hECM-coated (left) and uncoated (right)
polypropylene mesh.



Subcutaneous Biocompatibility Evaluation (2 wk)
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Control Polypropylene (no hECM) Coated Polypropylene (with hECM)

Red arrows indicate foreign body giant cells (FBGC)



Subcutaneous Biocompatibility Evaluation
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Fibrous Capsule Analysis
Digital whole slide scanning with algorithm-based morphometry
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Original Image Threshold Image

* Glass slides were digitally scanned on the Aperio CS ScanScope System



Fibrous Capsule Analysis
Digital whole slide scanning with algorithm-based morphometry

Threshold Image

* Glass slides were digitally scanned on the Aperio CS ScanScope System



Fibrous Capsule Analysis
Digital whole slide scanning with algorithm-based morphometry

The mean fibrous capsule area was significantly lower with surface treated (Surface
Tx) polymers. p<0.05.

* Glass slides were digitally scanned on the Aperio CS ScanScope System



Human ECM Cardiac Project Goals

We hypothesize that the embryonic-like ECM will pro  vide:

(1) structural benefits to thinned, hypertrophic myo cardium

(2)induce the development of new blood vesselstoh  elp
restore needed blood perfusion into ischemic cardia C
tissue

(3) perform tissue repair by replacement/augmentatio n of
cardiac tissue with adult bone marrow derived stem cells.



Rodent Model of Heart Failure

1. Open Chest 2. Excise Heart

3. Vessel Ligation 4. Close Chest



Injectable Therapies

Non Infarct

rd

-~

Infarct



Rodent Model of Heart Failure

 Ligation, recover animals, wait 3 weeks for
establishment of heart failure.

— EXxpect a 25-50% mortality rate with the model.

e Re-enter the chest after 3 weeks and deliver
therapy/treatment. Recover animals and wait 3
weeks for evaluations.

e QOutcome measurements include:

— Hemodynamics (echocardiography, conductance catheter)
— Mophometry analysis (whole-slide digital scanning: % infarct)

— Immunohistochemistry analysis (whole-slide digital scanning:
microvessel density, inflammatory analysis)



CCM Improves hMSC Monolayer Culture Expansion

Day O Day 3 Day 7

Untreated

CCM



Injectable hECM Scaffold

Injectable human ECM material
delivered through a 30 gauge
needle.



Scaffold Supports Bone Marrow-Derived Stem Cells

Harvested bone marrow
mononuclear cells (BMMNCSs)
labeled with a CFDA cell
tracer.

Harvested bone marrow mononuclear
cells (BMMNCs) cultured on hECM.



Future Cardiac Project: Study Design

O 0O 00 0

Treatment Group

F alone

F +ccm

F +ecm

F+ccm + ecm

F + stem cells + ecm

Sample Size (n)
12
12
12
12
12



Cardiac Project Goals & Next Steps

We hypothesize that the embryonic-like ECM will pro  vide:

(1) structural benefits to thinned, hypertrophic myo cardium

(2) induce the development of new blood vesselstoh  elp restore
needed blood perfusion into ischemic cardiac tissue

(3) perform tissue repair by replacement/augmentatio n of cardiac
tissue with adult bone marrow derived stem cells.



Cardiac Project Goals & Next Steps

We hypothesize that the embryonic-like ECM will pro  vide:

(1) structural benefits to thinned, hypertrophic myo cardium

(2) induce the development of new blood vessels to h elp restore
needed blood perfusion into ischemic cardiac tissue

(3) perform tissue repair by replacement/augmentatio n of cardiac
tissue with adult bone marrow derived stem cells.

Next:

(1) large animal GLP safety study with parameters of efficacy.

(2) Design Human Clinical Phase | Protocol



Conclusions

* By “mimicking” the embryonic environment in
bioreactors, unique embryonic-like hECM and
conditioned medium are produced

* The human ECM material can be developed into a
variety of forms, lyophilized, sheet constructs, or as an
Injectable

* Results to date support the use of the hECM as a
surface coating technology for currently used
biomaterials and medical devices

e Ongoing studies will evaluate the human ECM as a
bulking agent for cardiac repair
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TRANSCYTE™

a temporary cover
that aids in
treatment and
healing of full- and
partial-thickness
burns

DERMAGRAFT®

a permanent
implant that aids
in chronic
wound closure

ANGINERA®

a cardiac patch
that aids in
angiogenesis



Platform Technology

Matrix Growth
proteins  factors

Human fibroblasts

Bioabsorbable scaffold Cells multiply on scaffold Cells secrete growth factors
and human matrix proteins

Completely human tissue forms



Fibroblast Cells Attach, Stretch Across Spaces, and
Create a Human Tissue

Advanced Tissue Sciences, Inc. 1999 — “leveraging the fibroblast “



SCID Mice Studies

* |nitial feasibility studies evaluated the ability of

Anginera to stimulate new microvessel
development

 Follow-up studies evaluated the functional effect of
Anginera treatment onto acutely infarcted hearts



SCID Mouse Model

Thermal Occlusion of LAD Ischemic / Infarcted Injury




SCID Mouse Heart Explants (14 Days)

Untreated Non-Viable

Control Anginera Viable Anginera
(Sham) Construct Construct



SCID Mouse Model

Implantation

14 days post-op



Microvessel Density
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Kellar et al., Circulation. 2001;104:2061-2068



Microvessel Analysis
Digital whole slide scanning with algorithm-based morphometry




Microvessel Analysis
Digital whole slide scanning with algorithm-based morphometry

—

* Glass slides were digitally scanned on the Aperio CS ScanScope System



Conductance Catheter System (CCS)

— CoOnductance electrodes

Pressure electrode

o
L o ]

1.4 french catheter = 0.6 nL

Conductance Catheter System (CCS) and a photograph of
the CCS inserted into the apex of a mouse heart.



Ejection Fraction
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p<0.05

Kellar et al, Tissue Engineering. 2005; 11:1678-178 7



Images at 2 weeks post-infarction

Normal Normal + 3DFC

Infarct only Infarct w;) Blozr(lz-viable Infarct + 3DFC



Rat Heart Failure Model

 Chronic ischemic rat HF
model
— Surgery only
— CHF
— CHF + Anginera

e Results

— Improved LV Ejection
Fraction

— Improved myocardial blood
flow
e All data at 6-weeks
e *P <0.05vs all groups,
e *» P <0.05vs CHF and Sham

Presented at TCT 2007 by Steven Goldman, M.D., Head of Tucson VA Heart Lab, SAVAHCS, Tucson,
AZ



Canine GLP Safety Study

- A GLP safety study primarily evaluated the safety
of Anginera when applied as an epicardial patch to
the chronically ischemic hearts

- Additionally, as part of this GLP study, additional
parameters were evaluated to analyze the biologic

effect of Anginera.

- Histology was evaluated to confirm angiogenesis

- Echocardiography data was analyzed to evaluate the effect on
left ventricular function.



Canine GLP Safety Study

Pre-Ameroid Post-Ameroid Pericardial close
placement placement




Canine GLP Safety Study

Ameroid ring

Lack of distal
blood flow

Angiogram following 30 days of ameroid closure



Anginera ™ placement after 30 days of ameroid closure.

Pre-Anginera placement Single piece of Anginera Pericardial close
placed




Representative Hematoxylin and Eosin stained sectio ns illustrating evidence of new
microvessels visible in the tissue surrounding Angi nera.



Systolic Wall Thickening at the 30 day timepoint

p<0.05 vs all baseline groups; dvs dobutamine groups Ischemia-only and NV Anginera



Canine Safety (GLP study)

Summary:
* FDA participated in study design

* No safety issues observed at both time points (30 & 90
days) and dosing levels (1 & 3 patches)

 These data support the conclusion that treatment with
viable Anginera improves ventricular performance and
ventricular wall motion in chronically ischemic canine
hearts after 30 days of treatment.

 These data were part of an IND submission to the FDA
which lead to FDA approval to start Phase | Clinicals.



Anginera ™ Patch, First Human Implant (May 2006)




Anginera ™ — Clinical Evaluation




Phase | Clinical Trials

« Phase | CABG Trial
- Adjunct to Bypass
. 15 patient study
- U. Maryland, U. Penn, Yale University
- Enroliment closed 2007

- Phase | LVAD Trial
- Bridge to transplant patients
- U. Penn, U. Maryland, Rush Memorial (Chicago)
- Histology complete on 5 patients
- Enroliment closed 2008



Echocardiography - Wall Motion

« Wall motion data mapped
onto 16-segment model
—Kkinetic motion scale

—Anginera patches cover 3-6
segments Baseline Echo

—Time points at baseline, 2
weeks, 1, 3, 6 & 12 months.

—Computationally compare
time points to baseline.

e Results

—6/10 patients show A,
Improvement in Anginera- A A
treated segments beyond
what is seen in CABG-treated
segments. 1-month



Arteriole Density Patient #2*

*Presented at TCT 2007
by Bartley Griffith, M.D., Chief,
Cardiac Surgery, U. Maryland

Myocardium

Anginera

Epi

2mm\ v

/

Anginera No Patch
Epicardium 38.2 +7.6 12.1 + 3.2
0-2mm Myo 21.9 +9.2 12.2 +1.3
>3mm Myo 245 +8.5 11.2 +2.3




Heart Tissue Revascularization

- Significant increase in arterioles under patch

- Arteriole formation deep into myocardium
(> 3mm) under Anginera patch

- Conclusion: maturation of newly formed blood
vessels in 3 weeks



Conclusions

* Anginera has been shown to stimulate
angiogenesis and improve cardiac function in a
variety of murine cardiac models (e.g. acute
Infarct, chronic heart failure)

 Similar findings have been demonstrated in a
canine ameroid model

* In two separate Phase | clinical trials, Anginera
has been shown to be safe, stimulate

angiogenesis under the patch, and improved
wall motion

* Phase Il clinical trials are in the planning stage
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3DFC Patch, Co-cultured with Neonatal Cardiomyocyte s

Y

Trichrome staining, 2 days in culture. Neonatal
cardiomyocytes are seen localized to one side of th e
patch (arrows).



3DFC Patch, Co-cultured with Neonatal Cardiomyocyte s

Double labeling Immunohistochemistry following 2 da ys in culture. Neonatal
cardiomyocytes are seen localized to one side of th e patch (troponin = red).
Fibroblasts are seen with vimentin staining (blue).



0.5cm
Lancaster and Goldman, 2009 VA Healthcare System Tucson, Arizona



0.5cm

Lancaster and Goldman, 2009 VA Healthcare System Tucson, Arizona
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