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Myocardial infarction (MI) is a leading cause of death inliimited States, claiming the
lives of approximately 500,000 people each year. The infarcted heart oesleag
compensatory process called cardiac remodeling, which adverselygeshaeft
ventricular (LV) size and function and eventually may lead to Hedutre. To datethe
only clinical treatments for this condition include surgical regton of blood flow to the
ischemic region (e.g., angioplasty), or pharmacological treatm@ngs, angiotensin
converting enzyme inhibitors) which indirectly manage the symgtarh cardiac
remodeling. Reperfusion of ischemic heart tissue significdintiys myocardial damage
after an MI; however, many MI patients are not candidatesréalitional reperfusion
surgery. Recently, there has been much interest in non-surgicabrdia reperfusion
via pro-angiogenic compounds, specifically vascular endothelialtgrtagtor (VEGF).

Although animal studies using therapeutic VEGF have shown promissuits, these



results have failed to translate into successful clinicdktrichis may be due to the short
half-life of VEGF in circulation. Increasing the dose of VEGFRaymincrease its

availability to the target tissue, but harmful side-effects remain atonc

Encapsulating VEGF and selectively targeting it to the MI &ozbne may improve
vascularization, cardiac function, reduce adverse remodeling atezbavith MI, and
may avoid harmful side effects associated with systemicvedgli Anti-P-selectin
conjugated immunoliposomes containing VEGF were developed to targetdélectin
ligand overexpressed in the infarct border zone in a rat Ml modefialS
echocardiography and Doppler imaging were used to charactgokdienary changes
in LV geometry and function over a period of four weeks after Mfot weeks, hearts
were excised and stained to measure vascularization and collggesitidae. Targeted
VEGF treatment resulted in significant improvements in fraati@hortening at four
weeks post-infarction (32.9 £ 2.2% for targeted VEGF treated vs. 16.91% for
untreated MI). Functional improvements in treated MI hearts \@ecempanied by a
74% increase in perfused vessels in the MI border zone, compared to untreaezatdll h
Left ventricular filling dynamics were significantly impraven the targeted VEGF
treated group, which resulted in a decrease in LV end diastolisupees VEGF treated
hearts (23.4 + 2.9 mm Hg), compared to untreated Mls (81.8 £ 31.8 mm HipurAt
weeks after infarction, hearts treated with targeted VEGFaplyeexhibited a 37%
reduction in collagen deposition, compared to untreated MI hearts. Gahry&GF
therapy significantly improves vascularization, cardiac function,randerates adverse

cardiac remodeling after an infarction.
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CHAPTER 1
LITERATURE REVIEW

Prevalence of Myocardial Infarction

Heart disease is the leading cause of death in the USA, acgptortgreater than half a
million deaths per year. Addressing the symptoms of hearasises of the upmost
importance to treating an aging population. Every year, nearly 1.lmmgeople suffer
from myocardial infarction (Ml), also known as a heart attack,admlit one-third die as
a result (Lloyd-Jones et al., 2010). MI not only causes suffeanthé patient and their
loved ones, but also strains the healthcare system, as milliatdlafs are spent each
year to treat the symptoms of this disease. Failure to addguestore blood flow after
MI may result in the development of an ischemic cardiomyopathsgcaged with
adverse cardiac remodeling and reduced long term survival (Laagie E990). To date,
clinical therapies aimed at treating the symptoms of MI coo$igvasive surgery (e.g.,
angioplasty, stents) and non-invasive drug therapy (e.g., angiotasiarting enzyme
inhibitors, angiotensin Il inhibitors). However, there is no cure for disgase at the
current time.

Development of a Myocardial Infarction

A myocardial infarction (M) is the rapid development of necrdigsue in the
myocardium (generally occurring on the left ventricle antemall) caused by a
sustained lack of oxygen to the cardiomyocytes. An Ml occurs &hewcclusion in the

coronary artery prevents blood from reaching downstream tissue,vidgprihe



myocardium of vital oxygen and nutrients it needs to survive, and catl@nggsue to

become hypoxic, and later, necrotic (Wang et al., 2005).

An obstruction in the coronary artery is generally caused by a thrombus, winmghdera
result of a ruptured atherosclerotic plaque within the lumen of rieeya Myocardial
tissue that relies on this artery no longer receives an adegotent of oxygen to
perform aerobic respiration necessary for cell contraction andval, and the heart
loses some of its pumping ability. A patient suffering from ak#docoronary artery will
experience signs of reduced myocardial contractility, suchagness of breath, angina,
fatigue, and weakness (Friedman et al., 1975). If blood is not quickigred to the
hypoxic tissue, irreversible long term damage, including necansiscar formation, will

occur (Wang et al., 2005).

Cardiomyocytes located in the ischemic region die in one ofwags: apoptosis or
necrosis. Apoptosis, or programmed cell death, is initiated in respmi®ger available
oxygen supply. The cell’'s DNA becomes fragmented, and the namliniebs to form
apoptotic bodies, which are then absorbed by surrounding cells. This ppoesssres
homeostasis in the myocardium, and is often not harmful to adjassune (Bialik et al.,
1997; White, 1996). Irreversible necrosis, or accidental cell deathrsoatien the artery
is occluded for 20 to 30 minutes, and marks the onset of an MI. The reajdts of
necrosis are a breakdown of homeostasis in the myocardial éisdube release of toxic

necrotic cell contents into surround cells, which leads to a logedgulation of the



inflammatory response. A combination of inflammatory response #otivand the
compensatory mechanisms aiming to preserve LV pressure miteatenaladaptive

process known as cardiac remodeling (Firth & Dunnmon, 1990).

Necrosis signals the recruitment of leukocytes to the areajuwil. Necrotic tissue is
removed from the infarcted region and replaced with myofibroblasts—thig

maladaptive survival mechanism intended to maintain structural itytedrithe anterior

wall and prevent the heart from rupturing (Sun et al., 2002). In humangrdusss is
initiated approximately three days following the onset of MI, aray last up to several
weeks. New cardiomyocytes are not generated to replace thaindissue (Leri et al.,
2005). Instead, granulation tissue forms a scar at the site ottiaofa In a large
transmural MI, the whole heart may be subjected to this prosftbsgranulation tissue

forming at regions remote to the Ml site (Frangogiannis, 2008).

Collagenous scar tissue lacks the mechanical compliance ofyheajtocardial tissue,
and prevents the heart from pumping efficiently. Stroke volume, ordluene of blood
pumped from the ventricle during the course of one cardiac cycéeverely reduced,
causing stagnant blood to accumulate in the chamber and changing ggsslients.
The ventricle dilates to maintain normal wall stress (Firth D&nnmon, 1990).
Furthermore, myocardial necrosis causes disproportionate thinningeotkeftective

ventricle wall. These changes in left ventricular geomednse a greater stress load on



the wall of the heart, which can be described by Laplace’s Tanmngssen & Knudsen,
2005). The Laplace equation that describes the relationship betwekstieat and

radius is as follows:

P*R

[Equation 1.1]

whereP is pressureR is the radiush is the wall thickness, andis the wall stress. Figure
1.1(A) shows a normal LV chamber. After an infarction, non-infarassti¢ thickens to
compensate for pressure and diameter increases, and maintain wathsaless (Figure
1.1(B)). This thickening is referred to as LV hypertrophy, and at ekgense of
contractility and increased ischemia(Anversa et al., 1991). Whenate lvave reached
the maximum thickness, the ventricle will continue to dilate ipoese to pressure,
causing the wall stress to increase significantly, and evéntiealding to heart failure

(Figure 1.1(C)).

Figure 1.1.A normal (A) LV chamber becomes dilation and hypertrophied (B) after an
infarct to preserve wall stress. After maximum thickness is readieetdt chamber will
continue to dilate under pressure (C), and eventually cause heatrt failure.



If the symptoms of cardiac remodeling are not managed usthgrefeperfusion
strategies or pharmacological interventions to decreaseupgeksad, heart failure is
inevitable. Depending on the extent of damage caused by an MI, other complicsipns
arise, such as infarct extension, arrhythmia, or damage to-rekded regions of the

nervous system.

Modalities for Quantifying the Extent of Myocardial Infarction

There are several standardized modalities that may beedtito characterize the extent
of myocardial infarction. Some modalities, such as echocardiograply Doppler
imaging, are clinically relevant, while others, such methods feasmring vascular
perfusion, are being used in research applications. Together, tletiseds provide a
more complete picture of the size, functionality, vascularizatiod, tissue composition

of the heart after infarction.

Echocardiography

Echocardiography (ECHO) is a well established, clinically reiewsodality used to non-
invasively estimate the size and cardiac output of the headd@Reet al., 1982).
Although ECHO is commonly used in the clinic, it is easily adoftedise in an animal
model. For a small rodent, the anesthetized animal is laid upiaesposition, and an
ECHO transducer (12 MHz) is placed on the outside of the thoraeity ca a
parasternal window. An ultrasonic signal is sent from the traesdthrough the chest.
The signal is reflected off of phase boundaries with differentitiesisand travels back
to the transducer to be recorded and displayed for analysislffasonic image seen by

the user can be assessed both qualitatively and quantitatively tomidetethe



functionality of the heart. Figure 1.2 shows a parasternal 2-D ofethe left ventricle

(LV).

Figure 1.2.2-D echocardiography of the left ventricle (LV) for a normal heart is
commonly used to quantitatively and qualitatively assess heart functiaminfaected
heart, the inner cavity will be enlarged and the anterior wall will ceasemoti

M-MODE traces are used to quantitatively estimate the demaetd stroke volume of
the heart after MI. A one-dimensional line is passed though then2aBei of the LV and
the motion of the tissue at that line is recorded as a functiomef The m-mode traces
in Figure 1.3 show the depth of the tissue (y-axis) over tim«i§j-alhe sinusoidal
wave of the anterior and posterior walls of the healthy hearticative of the relaxation

(diastolic) and contraction (systolic) of the myocardium through the caryie.



Figure 1.3.M-MODE traces of A.) normal and B.) infarcted rat hearts. The antg&itbr
(AW) of the normal left ventricle (LV) appears as a sinusoidal line. The Atleof
infarted heart ceases to contract, which indicates loss of contractilityeff kentricular
end-diastolic and end-systolic diameters (LVEDD and LVESD, resgégtiare
measured to estimate LV dilation and stroke volume.

Left ventricular end-diastolic and end-systolic diameters (LDERNnd LVESD,
respectively), the thickness of the anterior wall thicknessndudiastole and systole
(LVAWdA and LVAWS, respectively), the posterior wall thickness duritigstole
(LVPWd), and the left ventricular wall displacement (LVWDhdae measured from the
M-MODE trace to quantify changes in LV geometry and stroke veluifhese
measurements can be acquired serially, over a desired perioceotdigive a complete
picture of the evolutionary changes in the LV morphology after Mhifognt increases
in LVEDD and LVESD will in the weeks following an M, indicagjradverse cardiac
remodeling (Gallagher et al., 2007). The LVAWd and LVAWSs will beedimnner due
to cell slippage as the myocardium works against an incrépsarger load (see Figure

1.1).



Cardiac output is estimated using LVEDD and LVESD. Fraction shaggFS) is the
percentage change in LV interior diameter through one cardiae. &dhealthy rodent
heart has an FS of 45 to 55%. A FS of 30% or below generaligates a decrease in
systolic function associated with damage to the myocardium. E&adslated using the

following equation (Slama et al., 2005):

rs LVEDd LVEDs, .y, [Equation 1.2]

LVEDd

Ejection fraction (EF) is another common indicator of cardiac outghithaestimates the
changes in volume through one cardiac cycle. The EF equation asauspderical

geometry for the LV, and is estimated using the following equation:

3 3
g LVEDd™ LVEDS', .4 [Equation 1.3]

LVEDd ®

A normally functioning rodent heart will have an EF of approxima®@86, while an Ml
heart will have an EF of less than 40% at three weeks p@stiioh (Pennock et al.,

1997).

Although ECHO provides a simple, non-invasive method to catalogue changardiac
size and function over a desired period of time, there are sedeabacks to this
method. Although human ECHO has been standardized in the clinic, anitdal BGhe
research lab is very user-dependent, and imaging and measurenmgnfsonra one

individual to the next. Overcoming user variability can be done bfoneng an



intraclass correlation on dimensions acquired by different usbtained using a two-
way mixed effect model, to assess consistency of measuer(idaotler & Buttner,
1994). In an animal model, ECHO measurements may be correlateshavpohological

changes in tissue using histochemical analysis, such as collagen staining.

Pulsed-Wave and Tissue Doppler Imaging

Left ventricular filling impairment, a condition caused by adves@liac remodeling,
can be characterized using Pulsed-wave and Tissue Doppler imdirsgd-wave
Doppler (PWD) measures the velocity of blood as it flows fromdfieatrium (LA) into
the left ventricle through the mitral valve. The mitral valva ibicuspid valve that allows
blood to pass depending on the pressure differences between the attiventicle, as
well as atrial contraction and ventricular relaxation. TisSoepler (TD) measures the
velocity of the mitral annulus tissue. Together, these measaotemtvelocity are used

to assess diastolic (relaxation) dysfunction after Ml.

PWD and TD imaging work on the principle of the Doppler Effect. Irefprihe
frequency of a wave heard by an observer (in this case, the tcensdurelative to the
velocity of the wave source. Similarly to ECHO, the transdus@tdced on the exterior
of the thoracic cavity to generate an apical view, shown in &iduf. A signal of a
specific frequency is sent from the transducer to region efast, and is resonated back
to the transducer at a different frequency depending on the velocity ofghe e new

frequency is used to calculate and record the velocity of blood or tissue.



Figure 1.4.An apical view of the rat heart shows all four heart chambers. The mitral
valve is located between the left ventricle (LV) and left atrium (LA).

PWD imaging uses a low-pass filter to reject frequenciesidlan blood flow (such as
tissue motion), and the transducer alternates between transmassloreception of
ultrasonic frequencies. The measurement is taken at the fldhse aiitral valve. PWD

traces for a healthy and a remodeled heart are shown in Figure 1.5.

Figure 1.5.Pulsed-wave Doppler traces for a healthy rat heart. The first peakyis ear
filling wave velocity (E peak) and the second is late filling wave veldéitgeak).



The PWD trace consists of two distinct positive peaks (blood figwhrough the mitral
valve, towards the transducer) and negative peaks (blood flowinghiatadrta, away
from the transducer). The first positive peak of the trace leccéthe early filling wave
velocity peak (E peak), which represents passive filling dubdqtessure differences
between the filled LA and nearly-empty LV. As adverse carceatodeling progresses,
the left ventricle expands, and the pressure gradient betweeantlALV increases,
causing the E peak to spike sharply. The second peak is callddtehiling wave
velocity peak (A peak), which represents active filling dué.Aocontraction and LV
relaxation. After an MlI, the LV tissue cannot relax due to lossoafractility, and the A
peak significantly diminishes as a result. The E/A peak raticeases significantly after
an Ml. Other important PWD trace measurements that helpatbara LV relaxation
impairment, such as acceleration and deceleration time (ATDAndrespectively),

intraventricular relaxation time (IVRT), and slope, are seen in Figure 1.6.
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Figure 1.6.Pulsed-wave Doppler measurements that characterize diastolic ctysfiuof
the left ventricle after MI. Aside from the early and late filling peakegaE and A
peak, respectively), other Pulsed-wave Doppler measurements include diecelena
(DT), slope, acceleration time (AT), and intraventricular relaxatioe (iIMRT).



Tissue Doppler (TD) imaging is used to measure the velocisepfal portion of the
mitral annulus tissue during the cardiac cycle. A typical ff&xe for a normal and
impaired heart is shown in Figure 1.7. The TD trace has two pealsrdso PWD, but
the velocity peaks are negative (away from the transducer)spomee to left ventricular
filling. The first peak represents early diastolic peak véjoof the mitral annulus
which is the movement of the mitral annulus during passive leftigenfilling. The
second negative peak represents late diastolic peak velocity ofitifa annulus (4),
which is the movement of the mitral annulus during active left ventricledilkollowing

an MI, both peaks will decrease in size, indicating left ventictdlaxation impairment

due to loss of tissue contractility.

Figure 1.7.Tissue Doppler traces for a normal rat heart. Two negative peaks peaccardi
cycle represent tissue velocity of the mitral annulus corresponding to damty ()
and late filling (A) wave velocities.



Measurements taken from PWD and TD are used to estimaterneressl LV wall stress.
An increased ratio of E/Eindicates an increase in left atrial pressure (LAP). The
following uses LAP to estimate LV end diastolic pressure (LPED mm Hg (Scott,

2008):

LVEDP 0.987EE 4.229 [Equation 1.4]

a

One of the major drawbacks of PWD imaging is that it islpael dependent; in other
words, the velocity relies on pressure gradients preceding laXatéon, which may be
due to LA enlargement. TD, on the other hand, is load-independent, and when used

conjunction with PWD, calculations are much more reliable (Ahmed et al., 2007).
Histochemical Staining

Immunohistochemical and histochemical staining techniques are used rttifyqtize

number of perfused and anatomical vessels (Wang, 2007), as well msigeteollagen
content and type (Whittaker et al., 1994) within a rodent Ml modehiSgatechniques
can be performed on either fresh frozen or paraffin-embedded heartitishenas been
sectioned in 5 to 15 micron slices. The major disadvantage iningtdissue is that it
requires the heart to be excised, thus sacrificing the animallisoohtinuing the time-

point study.

A myocardial infarction not only induces cell death in cardiomtesybut also in the

supporting vasculature that provides vital oxygen and nutrients to tloeisdimg tissue.



In healthy myocardial tissue, all cardiomyocytes are locatiélsinn20 microns to the
nearest perfused vessel, which is the optimal distance for oxydgeavel (Wang, 2007).
Anatomical vessel density encompasses both perfused and non-perfusad. wWsssel
density quantification is absolutely necessary in the discovenpwél therapies aimed

regenerating the myocardium through revascularization of ischemic.tissue

Perfused and anatomical vessels may be stained using 3,3'-dikaepaybocyanine
iodide (DIOG) and CD31, respectively (Figure 1.8). DIiQ@& a fluorescent dye
generally used for measuring membrane potential in mitochonddeern®y, novel
techniqgues have been developed (Wang et al.,, 2008) to utilize ;Di@Cstaining
perfused vessels. In short, vessels of a live animal are pexfithed solution of DIOG
via intravenous injection, and then the target tissue (in this cams) isequickly excised
and frozen. Vessels perfused with blood at the time of sacrifice will Buer€CD31 is an
endothelial cell marker, and CD31 antibody can be used to stain enalotwls,

subsequently quantify anatomical vessels.



Figure 1.8.Perfused and anatomical vessels dyed with Ri@@ CD31, respectively.

The collagenous scar tissue in the anterior wall of the lefrigentan be quantified to
characterize the size of the infarction and the extent of careimodeling. The infarcted
anterior wall of a transmural MI will be marked by a sigint increase in collagen
deposition. Gomori’s trichrome is a simple, one-step dye commonlytasgidtinguish

collagen from muscle tissue (Figure 1.9). Images of trichromeestahearts may be

measured for scar length, depth, and area, to characterizedtud the M|l and extent of

cardiac remodeling.

Figure 1.9.Gomori’'s trichrome distinguishes the collagen scar tissue (blue) fromenusc
tissue (red) in a transmural myocardial infarction.



Picrosirius red distinguishes between collagen (red), type |,yg&dIll fibers (yellow
and green, respectively) when viewed under polarized light (Figure 1mayes of
picrosirius red-stained hearts are used to measure the collageme fraction to

characterize collagen deposition in the anterior wall.

Figure 1.10.Bright Picrosirius red can be used to quantify collagen deposition along the
anterior wall under polarized light.

Current Treatments for Myocardial Infarction

The current therapeutic approaches to treating symptoms of myddafdration and,
later, adverse cardiac remodeling involve invasive therapies, whicbssggly restore
blood flow to the infarcted region through surgical procedures, or w&lbkshed non-
invasive pharmacological therapies that indirectly reduce filiregsures and volume of

the left ventricle.

Coronary artery bypass grafts (CABG) is a common, ofteergemcy procedure aimed

at providing an alternative route for blood to reperfuse ischéssae in the case of a



severely blocked vessel. Nearly half a million bypass procedavess performed in 2006
in the US (Lloyd-Jones et al., 2010) in an effort to reduce nedrs$ize and infarct size.
A CABG is performed by harvesting a graft vessel frarother region of the patients
body (typically from the left internal mammary artery), apd/isig the vessel into place
along the coronary artery to circumvent an occlusion. Some ofskeewhich may occur
following a CABG are ischemia or restenosis of the graftedué, failure of graft,
devascularization of the harvested tissue, as well as genegalasuisks. Furthermore,
despite reperfusion of the myocardial tissue via CABG, regibrise myocardium may

become transiently ischemic (Weiner, 1992).

Other common invasive therapies aim to widen or re-open the isteartéry via
mechanical action. Balloon angioplasty is an emergency procedurieich a balloon is
inserted into the occluded vessel and inflated to widen the artemepeduse ischemic
tissue. Ideally, angioplasty should occur within 90 minutes of thetaisan MI, but no
later than 12 hours. A drug-eluding stent is used in conjunction with aopéasiy to
prevent restenosis and increase effectiveness of reperfusidm{&otet al., 1990), but
the risk of restenosis and the need for follow-up revascularizegioains high (Takagi
et al., 2008) compared to patients who receive CABG. In a followugy ssix months
after angioplasty and stent insertion, approximately 23% of patieve been found to
have target vessel ischemia (Zellweger et al., 2003), redticengffectiveness of the

procedure significantly.



There are a number of pharmacological interventions designedetwati symptoms
and prevent re-infarction following Ml by controlling blood pressurefm@wand platelet
aggregation. Thrombolytic therapy aims to break up thrombi formed ircdhenary
artery, and reperfuse myocardial tissue to prevent necMaisy patients are excluded
from the use of this therapy due to the increased risk of estiak intracranial
hemorrhaging associated with thrombolytic agents (Patel &yWb€99). Anti-platelet
therapy, aspirin therapy being the most well-known, aims toeptethe formation of
thrombi and reoccurrence of MI. Other pharmacological agents, asi@ngiotensin-
converting enzyme (ACE) inhibitors and angiotensin Il blockers, taimmontrol blood
pressure and volume load by acting as vasodilators and diuretefte(Rft al., 1995).
Beta blockers inhibit sympathetic actions that cause arrhythasawell as reduce the
overall effect of physical exertion on the heart, though the asksciated with these
well-known drugs include stroke and cardiac mortality (Bangadomd., 2007). Overall,
these pharmacological interventions work to attenuate rapid progressardiac

remodeling through indirect means.

Stem Cells to Regenerate Myocardium

Recently, there has been much interest in regenerating sothe &dst cardiac tissue
following an MI as a more direct approach towards preventing aglversodeling and
heart failure. Stem cell-based therapies have become poptitar poirsuit of myocardial
tissue engineering. Stem cells, specifically bone marrowatkistem cells, have been
shown to differentiate into cardiomyocytes and endothelial cellsor@&e 2010).

Although animal trials have shown significant improvements invefitricular function



and decreases in scar size after treatment via stem(Oeliis et al., 2001a; Sesti et al.,

2005), the mechanisms of the effect of stem cells on the myocardium remaim.unclea

Clinical trials of stem cell therapy to treat acute Mvégrimarily used bone marrow-
derived stem cells because they have the advantage of being mtbamdi@ircumventing
rejection compared to other stem cell lines. These clinia$tcan be divided into three
basic groups: direct injection, indirect stimulation via cytokines, emahbinational
therapy. Bone marrow-derived stem cells that have been giiagkcted via coronary
artery showed a decrease in infarct size, but no significant improvement imieit wear
ejection fraction from 4 to 12 months post-therapy (Strauer.eP@0D2; Kuethe et al.,
2004; Janssens et al., 2006). Although animal trials of indirect, cytakilueed
mobilization of stem cells have shown significant improvementsandi@c function
(Orlic et al., 2001b), clinical trials have either shown very moflesethe et al., 2005;
Ince et al., 2005) or no significant improvement (Valgimigli et 2005; Zohinhofer et
al., 2006) in ejection fraction. A combinational therapy, which includeadotonary
injection of stem cells in addition to indirect mobilization, h&so dailed to produce

consistent increases in ejection fraction (George, 2010).

Despite promising efforts, clinical results of stem celllsrihave been marginal at best.
This may be due to the lack of a supporting vascular microenvirtnnezessary for

transplanted cells to survive. Protection and regeneration of theulaasc



microenvironment may result in better engraftment, and ultimatetye effective

therapies, in the regeneration of myocardium using stem cell therapy.

Therapeutic Angiogenesis

Despite aggressive revascularization following coronary stenosis, CABG or
angioplasty, many regions of the myocardium remain ischemitw@tger et al., 2003).
Within the past two decades, there has been much interest in degelopi
pharmacological-based strategies aimed at more completeutaazation via the use of
vascular growth factors. This type of therapy would be espgcisdiful for patients with
diffused coronary artery disease, who are not candidates for dreditinvasive
revascularization therapies. Vascular endothelial growth factor BYEGmajor mediator
of angiogenic processes, has become a popular antagonist used &viessel growth
and repair in ischemic regions of the myocardium. VEGF is artiyn produced by
endothelial, hematopoietic, and stromal cell in response to hypox@F\4dets on VEGF
receptors on the surface of the endothelial cells to recryiteaiursory endothelial cells
to the site of angiogenesis, increase permeability of exigésgels, and mediate survival

of newly formed vasculature (bo-Auda & Benza, 2003).

Animal trials of pro-angiogenic VEGF, delivered either gwatein or via vectors, have
shown variably positive results. Ischemic myocardium treatell suiigle large doses of
VEGF have shown significant improvements in collateral vasculaodblflow and

density compared to untreated ischemic tissue in both dogs (Baaai E294) and pigs

(Lopez et al., 1998). Recombinant adenovirus vectors have been shown tafbads



effective way to transfer genes to the heart (Muhlhausek,et96; Magovern et al.,
1996), leading to therapeutic transfer of VEGF-encoding cDNA rfgoroavement of
vascular perfusion in ischemic myocardium (Magovern et al., 1997; Maak, €998).
Hind-leg ischemia models have resulted in improvements of vaspatéusion after
treatment with plasmid VEGF, which expressed a higher uptakeEGFVin ischemic
muscle tissue compared to normal tissue (Tsurumi et al., 1996). fdsedts became the

basis for clinical trials of VEGF as an angiogenic therapy followrygcardial ischemia.

Despite promising results of VEGF therapy in animals, clinicals have not been as
successful, resulting in little or no significant angiogenesibie infarcted tissue. Many
of these trials were conducted in patients who were not candidatesvascularization
after myocardial ischemia. Patients who received a high dose 06167 pg/kg)
intracoronary injection of VEGF showed modest improvements in reggmnfyision
compared to low dose (0.005 to 0.017 pg/kg) and controls (Hendel et al., 2000). The
VIVA trial, which tested the effects of intracoronary VE@#otein injection on patients
ineligible for revascularization surgery, resulted in significamprovements in angina,
but no difference in nuclear perfusion or angiography (Henrl,e2G03). A clinical trial
utilizing naked plasmid DNA encoding VEGF directly into thehismic myocardium
resulted in a reduction of angina but no significant changes ivdetricular ejection
fraction (Losordo et al., 1998). The REVASC trial, which dired#ivered replication-

deficient adenovirus-containing VEGF to the myocardium of 67 patiergs|ted in an



increase in exercise time and decrease in angina at 26 aek&reatment (Stewart et

al., 2006).

Some clinical trials have shown some modest improvements in aagihexercise time,
as well as perfusion, though these improvements are inconsistemiasrize the result of
a placebo effect (Ahn et al., 2008; Fortuin et al., 2003). Low doses GfFV&med more
at avoiding deleterious side effects, such as permeated vaseulédumation of
hemangiomas, and unintended angiogenesis, may be the reason for sucbspi®r
VEGF has a very short half-life in circulation, and a much ladgse of protein VEGF
would be required to reach the target tissue. VEGF gene transfer, on the otheoblahd, c
effectively release small amounts of VEGF, but only fohartsperiod of time (Mack et
al., 1998). A small dose of VEGF may be effective in promoting aegiesjs if it is
encapsulated to increase circulation time, then releasedispigiat the target tissue (in
this case, the infarct region). A targeted drug deliveryesystpopular in cancer

treatment, could potentially be utilized to achieve this goal.

Targeted Drug Delivery

Targeted drug delivery encompasses a number of methods that aiensport drugs to
specific tissuesn vivo. In general, targeted drug delivery requires a drug vehitle,
which the drug is either encapsulated or attached, that will home¢hiattargeted tissue
either through cardiovascular fluid dynamics (e.g., passive accuom)jabr a targeting
moiety (e.g., antibody/ligand complex), or a combination of both. The gjo@rgeted

drug delivery varies with purpose, such as avoiding harmful sideteféecperipheral



tissues, or decreasing drug dosage to create a more casitrefieeatment. Recently,
targeted drug delivery schemes have been widely used in aoBfcaherapy
development (Wang et al., 2005; Pattillo et al., 2009). Creating amipipiy a nano-
particulate targeting scheme aimed at selectively delgest specific drug to specific
tissue involves choosing the right drug carrier and, if necesHaeyright targeting

moiety.

Nano-particlulate Drug Carriers

A major challenge in the development of a nano-particulate drligede system is
choosing an appropriate drug carrier that is effect in cost, bio-cdlipatiand suited to
contain a specific drug. Nano- and micro-particulate vehicles have bedy wutitized in
experimental cancer treatments over the past decade, which adue the development

of a broad variety of potential carriers.

Polymer-based drug carriers are water-soluble nano-sizetbmalecules that may be
conjugated to a specific drug so that it may act similarlydo-viral vectors for the
delivery of a drug to specific tissue. Polymeric drug cesrisomposed of natural or
chemically synthesized polymers may be easily tailored coramodate physiological
features of the target tissue. There are two major types gmpdt drug carriers:
reservoir devices that completely encapsulate drugs insidellaand matrix devices that
capture drugs in a polymer network. One of the major challeafyg®lymeric drug

carriers is cytotoxicity, as many polymeric therapies are effeeijainst the target tissue,



but are too toxic to be considered useful (Duncan, 2003). Recentlyhdselb®en a lot of
interest in the development of biodegradable polymers that dissotvebimibgically

acceptable compounds, to overcome toxicity and control drug release (Vogelson, 2001).

Liposomes are composed of a bilipid layer of phospholipids, similaeltanembranes
already found in the body (see Figure 1.11). Liposomes are inexpd&nsogenpadible
nano-particles that are used clinically in certain chemothesgpiaunorubicin) to protect
peripheral tissues from receiving toxic doses of the drug. Hydrophiyvgs may be
encapsulated between the bilipid layer, and hydrophilic drugshaepsulated inside the
liposome. Stealth liposomes may be combined with PEGylated lipdsdrease

circulation time and reduce uptake into the spleen and liver.

Figure 1.11.A stealth liposome composed of a bilipid layer, with PEGylatd lipids to
decrease uptake and increase circulation time.

Other experimental drug carriers include nanotubes and quantum datstubizs are
cylinders assembled by sheets of atoms with diameter andh lehgano or micro meter

range. Molecules may be loaded inside or attached to the surfaitee afanotube.



Quantum dots are spherical particles with diameters withinatigerof nhanometers. The
type of fluorescence emitted from quantum dots is dependent on thaf Hieeparticles.
By surrounding the quantum dots with a protective hydrophobic bilayer,niagybe
dispersed in aqueous solution and remain stable for long periods oBothenanotubes
and quantum dots may be conjugated to targeting moieties to sdletdnget specific
tissue. While the fluorescent properties of quantum dots may be usdhd study of
targeting schemes and tissue selectivity, quantum dots cannot eatapsdliug with a
short half-life, such as VEGF. Both quantum dots and nanotubes have toxidipsope
that may harm peripheral tissues when large doses of targeted are injected

systemically.

Selective Targeting Moieties

Particles may be selectively targeted to specific tissaedan the dynamic properties of
the drug carriers in circulation (i.e., passive accumulatio)yaonjugating the carriers
with a moiety that will hone into the target tissue. These mesiahclude different
receptor-ligand complexes that are specific to the tatigstie, such as a lectin-
carbohydrate or an over expressions of folate receptors (Sudiméaele,82000). Other
moieties may be induced in the target tissue, such as the upi@gwé adhesion
molecules in irradiated (Yuan et al., 2005) or damaged tissues.Xphession of the
moiety in the target tissue must be significantly increasecaced to its expression in

peripheral tissues in order to be effective.



Mechanical or chemical tissue damage initiates the inflaompaesponse, in which
endothelial cell adhesion molecules (ECAMS) in the vessels duilieunding tissue are
overexpressed in order to attract and capture leukocytes. Theesofféhe leukocytes
contains antibodies that correspond to ECAMs. The antibody/ECAM contpleses

leukocytes roll along, attach firmly, and transmigrate thrahghvessel wall and into the
damaged tissue. This leukocyte adhesion system may be mihbgkeonjugating drug

carriers with antibodies that correspond to the upregulated ECAklIsler to selectively

target activated vessel waltsvivo (Figure 1.12).
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Figure 1.12.Drug carriers are conjugated with ligands which selectively attach to
upregulated endothelial cell adhesion molecules in the endothelium of the infarcted
myocardium.

Necrosis of the myocardium following an MI initiates the inftaatory response and
recruitment of leukocytes to repair damaged tissue, making ECAb&@idate for a
targeting scheme aimed at the infarcted heart. A previous dtady shown that

fluorescent particles conjugated anti-P-selectin prefergnadhered to the border zone



of the infarcted myocardium compared to the surrounding myocardiumaa# Ihour
following the induction of an MI in a rat model (Scott et al., 200%)ti-P-selectin
conjugated immunoliposomes were developed as drug carriers that d¢fmdiively
carry growth factors, such as VEGF, selectively to the infaoctier zone (see Figure

1.13).
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Figure 1.13.An anti-P-selectin conjugated immunoliposome consists of a stealth
liposome attached to a thiolated anti-P-selectin via maleimide bonds. Theadiegcan
be filled with vascular endothelial growth factor and targeted spetjficathe border
zone of a myocardial infarction.

Previously, our lab has developed a novel microvascular network on a RIbMS
(Rosano et al.,, 2009) as an vitro method for studying cell/drug carrier interactions.
These synthetic microvascular networks (SMNs) were coatdd emtiothelial cells to
mimic microvasculature foundh vivo. The SMNs were used to study cell/particulate
drug carrier interactions, which are partially dependent on the utiiguécs of the
network geometry, to develop targeting schemes using nanoparticulateadriggs to
target heart tissue (Scott et al., 2007; Scott et al., 2009), as well as tumor tsle ¢P

al., 2005). While targeted drug delivery systems are well-knowithén study and



development of cancer treatments, there are few heart disemapi¢s that utilize this

novel technology (Scott et al., 2008).



CHAPTER 2
INTRODUCTION

Recent attempts to regenerate infarcted myocardium using stebasetl therapies have
yielded disappointing results. Failure of stem cell-based therapies majlyae due to

an inadequate vascular microenvironment, which is responsible for supplying oxygen and
nutrients to differentiating stem cells. Therapeutic angiogenesisth@an®r non-

invasively initiating reperfusion of infarcted myocardium using a systeme afos

vascular growth factors in the form of either protein or gene, has shown proresutis

in animal studies, but has failed to demonstrate significant changes in climisallthe
shortcomings of these trials may be due to the short circulation time of VEGF and

inadequate dose to the target tissue.

Hypothesis

| hypothesized that local delivery of vascular endothelial growth fa¢teGE) to the
infarct region via targeted nanoparticle drug carriers could initi@teegrowth of
neovasculature, which could prevent adverse cardiac remodeling assodiated w

ventricular dilation and decreased cardiac output.

Specific Aims
The overall goal of this study was to develop nano-sized immunolipsomesaantai
pro-angiogenic compound (VEGF) that can be selectively targeted to @ihssliecules

expressed in the infarct tissue. The specific aims for this project aere t



1. Selectively deliver pro-angiogenic compounds to the infarct region by targeting
MI upregulated adhesion molecules in microvessels bordering on the infarct site,
and determine if this targeted delivery of pro-angiogenic compounds to infarct
tissue results in significant improvements in vascularity, perfusion, and cardiac

function.

2. Determine effects of targeted VEGF therapy on cardiac remodeling by measuring

diastolic function, as well as collagen content within the Ml region.

The long-term goal of this project is to develop a clinically relevant, conyenitierapy

aimed at the regeneration of myocardial tissue in a clinical setting.



CHAPTER 3

DESIGN, METHODS, AND RESULTS FOR SPECIFIC AIM 1

Specific Aim 1:Selectively deliver pro-angiogenic compounds to the infarct region by
targeting MI upregulated adhesion molecules in microvessels bordering anfénet
site, and determine if this targeted delivery of pro-angiogenic compoumndfartct tissue

results in significant improvements in vascularity, perfusion, and cardiac function.

Experimental Design for Specific Aim 1

The overall approach to Specific Aim 1 was to study the effi#catibody conjugated
drug carriers containing vascular endothelial growth factor (WE@h cardiac function
and vascular density after an MI. This was achieved by utiliestgppcardiography and
histochemical staining techniques to quantify cardiac output and vasatin of the
MI border zone, respectively. Previously, it has been shown that finession of cell
adhesion molecules in the MI border zone, specifically P-gelatiich is maximally up-
regulated at 1-4 hours after infarction, can be used to selgatigbver drug carrying
particles to the infarcted tissue (Scott et al., 2007). In thidys myocardial infarction
was induced in male Sprague-Dawley rats through ligation ofld@ftedescending
coronary artery. One minute after surgery, the treatment group @) received an
injection of VEGF encapsulated immunoliposomes (0.12 pg/kg BW). Serial
echocardiograms were performed the first three days, andvineidy, up to four weeks
post-infarctin, to characterize changes in left ventricular gagnand function over

time. A sham (no MI) group (n = 5) and an untreated MI group (n =7@ ¥ollowed for



comparison. After the fourth week, hearts were excised and dtéoneperfused and
anatomical vessels. It was found that hearts treated withteadrg¢EGF showed a
significant improvement in cardiac size, function, and vascular dertypared to

untreated MI hearts.

Experimental Methods for Specific Aim 1

Preparation of Stealth Immunoliposomes Containing VEGF

Pegylated lipids were used in the formulation of liposomes to dertba uptake of the
drug carriers in the liver and spleen. A maleimide group on the pedylpids was used

to attach a thiolated antibody. Liposomes were composed of 50 mole % hydrogegated s
L- -phosphatidylcholine (HSPC), 45 mole % cholesterol, 3 mole % 1,2-digtesan
glycero-3-phosphoethanolamine-N-[ (polyethylene glycol)2000] (DSPG&2®00) and 2
mole % DSPE-PEG-maleimide (Avanti, Alabaster, AL). Lipidsrevelried under
vacuum overnight (< 0.2 Torr), and then rehydrated in 37 °C deionized waade
extruded (Lipex, Vancouver, BC, Canada) 10 times with a 0.2 micron filtetgdjaare),

yielding a liposome diameter of 180.0 £ 13 nm.

lgG.a mAb RMP-1 to rat P-selectin was thiolated in an iminothiolandebuthen
conjugated to the immunoliposomes by incubating the thiolated antibodiy tinét
liposomes overnight at 4 °C. The unconjugated antibody was separatadtlie
liposomes by ultracentrifugation, then the immunoliposomes were fdeEgk under
vacuum overnight with 10@ of human VEGIssa (Genentech Inc, San Francisco, CA).
The following day, immunoliposomes were rehydrated in a Tris b(ftdr7.4) solution

at 37°C and gently vortexed until vesicles were fully reformed thed incubated at



room temperature for 1 hour. Free VEGF (not encapsulated) wasassd from the
immunoliposomes with a Hi Trap Heparin HP Column (GE Healthéaseataway, NJ).
Immunoliposomes were then resuspended in Tris buffer to a working 10pnd/

concentration.

Rat Infarction Model

All animal procedures were performed in accordance with protoppsoeed by The
Institutional Animal Care and Use Committee (IACUC). Six-kedd male Sprague-
Dawley rats (150-160 grams) were obtained from Harlan Laborat@ndsanapolis,
Indiana) for these studies. All rats were housed 2 animalsguer, ceceived 12 hour
light/dark cycle and were fed standard rat chow. Anesthesia m@scdad using
Isofluorane (4% induction, 2% maintenance) and the animals receivadatoey
support. Upon adequate anesthesia, a left thoracotomy and pericardiotamy we
performed, the heart was rapidly exteriorized, and ligation ofefih@nterior descending
coronary artery was performed using a 6.0 silk suture. Upon completiba pfocedure,
the chest was closed and the lungs re-inflated using positivexpirdtery pressure. The
animals were allowed to recover at ambient room temperahdevare available for
additional studies twenty-four hours after surgery. The poesehan Ml was verified
using echocardiography 24 hours after surgery based on elevation asstmpref ST
segment or T wave inversion (Scott et al., 2009; Sun & Weber, 1996)easeidcmotion

of the anterior left ventricular wall.



Treatment Protocol

For geometrical and functional ECHO studies, animals that undeMiestirgery were
randomly assigned to one of five groups: anti-P-selectin conjugatednolimosomes
containing VEGF (0.12 ug/kg BW, n = 10), empty anti-P-selectin corgdgat
immunoliposomes (n = 5), non-specific binding immunoliposomes containing VEGF
(0.12 ug/kg BW, n = 4), systemic VEGF (30 ug/kw BW, n = 3)noitreatment (n = 7).
Animals with no Ml were matched by body weight and followed tonparison (n = 5).
Animals treated with targeted VEGF at 4 hours (n = 4) and 24 Hours 4) post-
infarction were followed to determine the effects on injectioretiFor vascular studies,
animals were assigned to one of the following groups: anti-RBtseleonjugated

immunoliposomes containing VEGF (0.12 ug/kg BW, n = 7), no treatment (n = 5).

Transthoracic Echocardiography

Transthoracic echocardiograms were performed after semiioaessedation was
administered intramuscularly using Xylazine (10 mg/kg) andidigta (50 mg/kg). After
anesthesia, each animal had their chests shaved and was pldoe=gupine position for
imaging. Imaging began 5 minutes after the administrationdzt®a to allow the heart
rate to stabilize. A Philips Sonos 5500 machine and a multi-freguesmesducer set at
12 MHZ was used for 2-D imaging. Imaging was performed usimg@h of 2 cm.
Echocardiograms analyzed by different operators were shown taylg heproducible
using an intraclass correlation, obtained using a two-way miXedtehodel, to assess

consistency of measurements (Muller & Buttner, 1994).



Regional wall motion assessment was used to give a non-invasiltextteva of left
ventricular function and internal chamber dimensions. The left ventrienlddiastolic
(LVEDD) and end-systolic (LVESD) diameters were measurkshgawith anterior and
posterior wall thickness. All measurements were made usinggddéeng-edge method.
Fractional shortening and ejection fraction were calculated sjogtions 1.2 and 1.3.
A large MI was defined as a significant increase in tiEDD greater than two standard

deviations above the normal chamber size.

Quantify Changes in Vascularity Through Histochemial Staining

Previously, immunohistochemical and histochemical staining techniques we
developed to quantify the density of perfused and anatomical vassbes border zone
of an MI(Wang et al.,, 2008). Briefly, DiOCwas injected via tail vein into an
unconscious animal, and one minute later the heart was excised and frozensSeete
taken at 9 um through the infarct region, and images were viewed flisongscent
microscopy (490 nm excitation, 520 nm emission) on a Nikon Eclipse TH2@@es
were acquired for analysis using a monochrome Q Imaging R&80@ camera and
ImagePro imaging software. These images were used to detetih@ average distance
of tissue to the nearest perfused vessel. The distribution ohckstdrom the nearest
vessel can be used as an index of effective oxygen diffusion distatissue (Wang et
al., 2008; Wang et al., 2007) to assess adequacy of microvascular fitatonfical
vessels were stained using CD31 (BD Biosciences, Franklin LaKRsthen imaged

using the monochrome Q Imaging Retiga 1300 camera and a Nikon Eclipse TE200.



Statistical Analysis

Results are expressed as the mean value + SEM. The sigeéfioadifferences between
three experimental groups was determined by one-way Analysiaraince (ANOVA,
SigmaStat 3.1, Systat Software Inc., San Jose, CA). The Kohoa@mirnov Test
(using Statgraphics Centurion XV, StatPoint Inc., Herndon, VA) wad teseetermine
significant differences in the distribution of distances to theestgoerfused vessel.

Values of p<0.05 were considered statistically significant.

Results for Specific Aim 1

Serial echocardiograms characterized adverse geometricafuanotional changes in
hearts of all Ml groups, compared to sham hearts with no MI. émtdimensions of the
left ventricle in both diastole and systole were greater imédirts than sham hearts four
weeks after the induction of Ml (Figure 3.1). Hearts treated targeted VEGF therapy
exhibited less dilation in both diastole and systole at four wemlst-infarction,
compared to untreated MIs and compared to systemic VEGF, empigteid
immunoliposome, and non-targeted VEGF immunoliposome treated ($@itt 2009)

(data not shown).

Likewise, hearts treated with targeted VEGF therapy showgdfisant increases in
fractional shortening and ejection fraction, compared to untreatecaMi other control
MI groups (Scott et al., 2009) (data not shown), suggesting improvements in oodeall st

volume of the left ventricle (Figure 3.2).
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Figure 3.1.Left ventricular dimensions during A.) diastole, and B.) systole for sham (no
MI), targeted VEGF treated Mls, and untreated Mis. Targeted VEGHthezaulted in

a significant decrease in left ventricle dilation at four weeks posteiidar compared to
the untreated MI group. * p < 0.05 for targeted VEGF treated vs. untreated MI.
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Figure 3.2.Functional changes measured as A.) Fractional shortening, and B.) ejection
fraction, for sham (no MI), targeted VEGF treated MIs, and untreated-d&ts treated
with targeted VEGF therapy showed significant increases in both fracstoor@ening

and ejection fraction up to four weeks post-infarction, compared to the untreated Ml
group. * p < 0.05 for targeted VEGF treated vs. untreated M.

Animals treated with targeted VEGF therapy at 4 hours and 24 hourénfawstion

exhibited a similar trend in fraction shortening over a period of four weeksraftection



of infarction, compared to the experimental group that receivetimeed immediately

following the induction of an Ml (Figure 3.3).
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Figure 3.3. Animals treated with targeted VEGF therapy 4 hours and 24 hours after Ml
exhibited no significant difference in fractional shortening compared to Enireated
with targeted VEGF therapy immediately following the induction of MI.

Hearts treated with targeted VEGF therapy also experienceiticeease in vascular
density of both perfused and anatomical vessels in the border zonehdf t@mpared
to untreated Mls (Scott et al., 2009). Figure 3.4 qualitatively shoovenal healthy
vascular density compared to a severely decreased vasculay ddtesi an MI. Mis
treated with targeted VEGF therapy exhibit greater vessdaitgefor both perfused and

anatomical vessels, compared to untreated Mls.
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Figure 3.4.Panels A, B, and C: DiOGtains for perfused vessels for sham (no MI),
untreated MI and targeted VEGF treated MI, respectively. Panels D, E, @RBE:was
used to stain for anatomical vessels for sham (no MI), untreated M| and targetéd VEG
treated MI, respectively. Both MI groups show a decrease in vasculatydsrfsiur

weeks post-infarction, but hearts treated with targeted VEGF showed &caighyf

greater vascular density than untreated MI hearts (Scott et al., 2009)

The cumulative frequency of distance to the nearest perfused (fegsee 3.5) serves as
an index of oxygen diffusion to the surrounding tissue (Wang et al., 208metéd
VEGF therapy resulted in improvements (i.e., decreases) in tteabsto the nearest
perfused vessel as compared to UMI animals. These improvenmeti® iperfusion

distance are associated with improvements in cardiac geometry andriunctio
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Figure 3.5.The cumulative frequency of myocardial tissue distance to the nearest
perfused vessel was quantified at four weeks post-infarction. Healthg tsswithin 20
microns distance to a perfused vessel. Following an Ml, vessel density in theZzmoreer
of the MI decreases significantly, but hearts treated with targeted ig&dply have a
greater percentage of tissue within 20 microns of a perfused vessel comparedatedintre
MI hearts (Scott et al., 2009)

Summary for Specific Aim 1

Previously, we have shown that particles conjugated with antieletise preferentially
adhere to the border zone of the MI (Scott et al., 2007). This muastpeen utilized in
the development of an immunoliposome conjugated with anti-P-selectiy Wascbeen
loaded with vascular endothelial growth factor (Scott et al., 200@) effects of targeted
VEGF treatment on cardiac size and function were evaluaiad osn-invasive serial
echocardiography over a period of four weeks, beginning one dayhadterduction of
an Ml in a rat. Targeted VEGF treated hearts experiencéghdicant decrease in LV
size and an increase in LV function, evidenced by an increase in fractionahgtgend
ejection fraction, compared to untreated MI hearts and controlgtsHeaated with

targeted VEGF therapy 1 minute after Ml showed no signifiddfgrences in fractional



shortening compared to hearts treated with targeted VEGFpthatd and 24 hours after
the induction of infarction, indicating clinical relevance of the chdsea-scale. These
changes were accompanied by an increase in perfused and anatasto#ar density at
four weeks post-infarction, shown by vessel staining via Ri@@ CD31, respectively.
Hearts treated with targeted VEGF therapy experienced a ndPéase in perfused
vessels and a 21% increase in anatomical vessels. The percgriagee within 20 pm

of a perfused vessel was also significantly increased, suggésdihmyocardial tissue in

the border zone had greater access to oxygen compared to untreated MI heart tissue.

Revascularization after myocardial ischemia due to Ml liiies amount of damage to
the tissue. VEGF is a major antagonist and mediator of angiegeand vessel repair.
Clinical trials utilizing small doses of VEGF as an aitive to surgical
revascularization have shown very modest and inconsistent resultscutavgserfusion
and cardiac function (Lekas et al., 2006). A small systemic dOgEGF in protein form
avoids harmful side effects, which may be detrimental to fudiaical study, however,
decreases the bioavailability of VEGF in the ischemic myocardinrthis study, a large
dose of systemic VEGF protein showed no improvement in cardiacegigoon function
(Scott et al., 2009), compared to targeted VEGF therapy, suggelsit encapsulation
and selective targeting of VEGF increases bioavailabilitthat site of ischemia. An
independent pathology report resulted in no changes in normal tissueimgditeat

encapsulation of VEGF inside a drug carrier may decrease advdeseffects, such as



leaky vessels and unintended angiogenesis, which are associtttethrgge doses of

systemic VEGF therapy.



CHAPTER 4

DESIGN, METHODS, AND RESULTS FOR SPECIFIC AIM 2

Specific Aim 2:Determine effects of targeted VEGF therapy on cardiac remodeling by

measuring diastolic function, as well as collagen content within the Ml region.
Experimental Design for Specific Aim 2

Doppler imaging techniques, in conjunction with collagen staining, uszd to quantify
the effects of targeted VEGF therapy on cardiac remodetigdéastolic dysfunction
after an MI. A large MI was induced in male Sprague-Dawdy, rand one minute after
infarction the treated group received a dose of anti-P-selectnjugated
immunoliposomes containing vascular endothelial growth factor (VEHGE, 6). An
untreated MI group (n = 5) and sham group (no MlI, n = 3) was followetbfaparison.
Serial Pulsed-wave and Tissue Doppler traces were acquired ofeldayng surgery,
weekly up to four weeks post-infarction, to assess left ventriéilliag dynamics. Left
ventricular dimensions were also acquired from M-MODE traseg Chapter 3) to
characterize geometric changes associated with adverdmccaemodeling. After 4
weeks, hearts were excised and stained for collagen content usingri&dnchrome
and picrosirius red stain kits. At four weeks post-infarction, teeagated with targeted
VEGF therapy showed improvements in cardiac remodeling, as evitlbp@elower left
ventricular end diastolic pressures (23.4 £ 2.9 mm Hg targeted Vie@ted vs. 81.8 £
31.8 mm Hg untreated M), decreased LV dilation (see Chapter 3), and a 3i&4seeda

collagen deposition in the anterior wall, compared to untreated Mish&asignificant



reduction in adverse cardiac remodeling may ultimately play aimdlee prevention of

heart failure.

Experimental Methods for Specific Aim 2

Anti-P-selectin  conjugated immunoliposomes containing VEGF weraufaetured
using the techniques described previously (see Chapter 3). The evaluttbaages of
left ventricular geometry were determined using 2-D ECHO tectasi from Chapter 3.
In addition to LVEDD, anterior wall thickness (AW) was measurto assess LV
geometric changes. Myocardial infarction was induced in f8plague-Dawley rats as
described previously in Chapter 3. Animals for Doppler Imaging vedegither anti-P-
selectin conjugated immunoliposomes containing VEGF (0.12 ug/kg B¥6)n or no
treatment (n = 5). A sham (no MI) group was followed for comparignimals used in
the collagen study received either anti-P-selectin conjugated imipos@nes

containing VEGF (0.12 ug/kg BW, n = 6), or no treatment (n = 6).

Pulsed-wave and Tissue Doppler Imaging

Serial Doppler imaging began 24 hours after the induction of anridineas performed
after semi-conscious sedation was administered intramusculany Xylazine (10
mg/kg) and Ketamine (50 mg/kg). After anesthesia, each amatatheir chests shaved
and was placed in the supine position for imaging. Imaging began 5 miaiike the
administration of sedation to allow the heart rate to stabiizéhilips Sonos 5500
machine and a multi-frequency transducer set at 12 MHZ wadarsgeD imaging, as a

depth of 2 cm. Imaging was performed using a depth of 2 cm. Pulse Dxgyder



imaging was performed using a sample volume of 6 mm and a ppped of 100

mm/sec.

The peak early and late filling wave velocity (E wave and Areyaespectively) was
measured with the Doppler sample volume at the mitral valvietdgds. The ratio of E
wave velocity to A wave velocity (E/A) was calculated as atination of diastolic
dysfunction. Pulsed Tissue Doppler imaging from the septal méradulus was
performed in the apical four chamber view to measure the ggrbcardial relaxation
(E) velocity. The ratio of the peak E wave velocity tovElocity (E/ E) was calculated,
and a value of greater than 15 was considered abnormal and rafieictsrease in left
ventricular filling pressures. The left ventricular end-diastpliessure (LVEDP) was

calculated using Equation 1.4.

Gomori's Trichrome to Quantify Scar Area and Length

Gomori’s blue collagen trichrome kit (Richard Allen Scientifiegs used to stain muscle
tissue red and collagenous scar tissue blue. In briefy, 9 um seatifrash frozen heart
tissue were obtained on polylysine coated slide. Hearts wee Wwith Bouin’s solution
at 56 °C for 1 hour, and then stained according to the manufactirectons. Stained
heart sections were dehydrated using various grades of alcoholylemeésy and then
mounted with glass slides. Images were obtained using a NikotaDgjght color
camera and Nikon Element software. A full mosaic image weated using Adobe
Photoshop CS software. Image J was used to measure the lengtiblofetigfarct scar,
normalized to the circumference of the heart, and the argheotollagen region,

normalized to the total area of the heart.



Picrosirius Red for Collagen Volume Fraction

A Picrosirius Red stain kit (Polysciences, Inc.) was used tordigie collagen deposition
in the infarcted anterior wall. When viewed under polarized lightppigus red reveals
collagen as red. Briefly, 9 um sections of fresh frozen hésmtd were obtained on
polylysine coated slide. Hearts were fixed with formalin (48fmaldehyde) for 10
minutes, and then stained according to the manufacturer’'s directtaimed heart
sections were dehydrated using various grades of alcohol and xydéemethen mounted
with glass slides. Images were obtained under polarized light adiigon Digital Sight
color camera and Nikon Element software. A full mosaic imaae eveated using Adobe
Photoshop CS software. Image J was used to measure the total intensitggaicolithe
region of interest. RGB channels were separated, and a histoftamred channel was

obtained, and analyzed for intensity.

Statistical Analysis

Results are expressed as the mean value + SEM. The sigedfioadifferences between
the three experimental groups was determined by one-way Anadysiariance
(ANOVA, SigmaStat 3.1, Systat Software Inc., San Jose, CAuegabf p < 0.05 were

considered statistically significant.

Results for Specific Aim 2

Left ventricular dilation associated with adverse cardiac rehmgdend changes in
pressure gradient within the left ventricle was attenuated tétatment with targeted

VEGF, as shown in Specific Aim 1 (Figure 3.1). Preservatiorthef anterior wall



thickness in VEGF treated hearts (Figure 4.1) accompanied impeowenm interior

dimensions.
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Figure 4.1. Anterior wall thickness for sham (no MI), targeted VEGF treated MI, and
untreated MI groups. At four weeks post-infarction, hearts treated with rgE@BF
therapy exhibit a preservation of anterior wall thickness. * p < 0.05 for targeted VEGF
treated vs. untreated MI.

Diastolic filling characteristics of the left ventricleeve significantly improved in
targeted VEGF treated hearts at four weeks after the industian MI. The ratio of

early to late filling wave velocities (E/A) increases daling an MI due to impaired LV
filling dynamics. The E peak increases dramatically follgxam MI, due to increases in
the pressure gradient between the left atrium and left ekntiHearts treated with
targeted VEGF therapy experienced a reduction in early fMiage velocity (E peak) at
four weeks post-infarction, compared to untreated MI hearts (datshowin). At four

weeks after infarction, hearts treated with targeted VEGFRplyeexhibit an attenuation



of filling impairment, evidenced by a decrease in E/A fillimgve velocity ratio (Figure

4.2).
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Figure 4.2.Early to late filling wave velocity ratio (E/A) for sham (no MI), untezhMl,
and targeted VEGF treated MI. Hearts treated with targeted VEGF yrsray a
general decrease in the rate of E/A increase over a period of four aftseidgll.

Likewise, the early filling to early mitral annular (E)Brelocity ratio, which serves as a
strong predictor for adverse cardiac events (Sharp et al., 2010) malarreated with
targeted VEGF therapy exhibited a general reduction reduced atweeks post-

infarction, compared to untreated animals (Figure 4.3).



Figure 4.3.Early filling to early mitral annular (E4gvelocity ratio for sham (no Ml),
untreated MI, and targeted VEGF treated MI. Hearts treated with taNgE@H therapy
exhibit a decrease in E{Eatio four weeks after MI.

A decrease in E/Eratio indicates less pressure on the anterior wall of thedrd a
decrease in the rate of remodeling. This can be seen asiraatestf LVEDP (Figure

4.4), which is significantly decreased in hearts treated with targeted \WHeGipy.



Figure 4.4.Left ventricular end-diastolic pressure (LVEDP) estimation for sfraam
MI), untreated MI, and targeted VEGF treated MI. * p < 0.05 for targeted VEGFdreate
vS. untreated MI.

Gomori’s trichrome revealed a thick, collagenous scar in blue ak@ngriterior wall of
the left ventricle in both targeted VEGF treated and untreatiedads (Figure 4.5). The
scar length, as a percentage of the total circumferehtieeoheart, was significantly
shorter in hearts treated with targeted VEGF than untreatedhddits (Figure 4.6).
Likewise, the area in the anterior wall which was composed ofdhagen scar tissue
was significantly smaller in hearts treated with targe¢@&GF therapy, compared to

untreated Mls (Figure 4.7).



Figure 4.5.Trichrome for targeted VEGF treated and untreated Ml rat hearts
distinguishes blue collagen scar tissue from red muscle tissue.

Figure 4.6.Collagen scar length as a percentage of the heart circumferences. Heart
treated with targeted VEGF therapy show a significant decrease in thie dénige
infarcted tissue. * p < 0.05 for targeted VEGF treated vs. untreated M.



Figure 4.7.Collagen scar area as a percentage of total area (excludes papikatgsn
Hearts treated with targeted VEGF therapy showed a decrease in theoksedeactional
area that is composed of scar tissue. * p < 0.05 for targeted VEGF treated \sedntre
MI.

Collagen deposition through the anterior wall was quantified ysitgyized images of
picrosirius red stained hearts (Figure 4.8). Collagen appearsi@grse red color under
polarized light. Hearts that underwent MI surgery had a significgreater deposition

of collagen in the LV anterior wall compared to non-infarcted heartsin@i49).

VEGF treated Untreated Ml

Figure 4.8.Left ventricle anterior wall stained with picrosirius red and viewed under
polarized light reveal collagen deposition for targeted VEGF treated and adth\at
hearts.



Picrosirius red pixel intensity quantification of hearts edawith targeted VEGF therapy
revealed significantly less collagen deposition (37% decreaséhe anterior wall,
compared to untreated MI hearts (Figure 4.5). Collagen deposition antkisgth are

associated with a decrease in LV function and increase in adverse candaaizling.

Figure 4.9.Picrosirius red pixel intensity for anterior walls of untreated Ml tissue,
targeted VEGF treated MI tissue, and non-infarcted tissue. Hearts that umideiiwe
surgery exhibit significantly greater collagen deposition compared tinfemected heart
tissue. Hearts treated with targeted VEGF therapy showed a 37% in the amount of
collagen deposition compared to untreated MI hearts. * p < 0.05 for targeted VEGF
treated vs. untreated MI.

Functional data acquired through non-invasive ECHO may be correlatdd wi
histochemical collagen data. Figure 4.10 shows fractional shorteonimglated with
collagen scar length (A) and picrosirius red pixel intensity {Bje extent of collagen
deposition, and, subsequently, the extent of remodeling, may be estibzsed on

fractional shortening, which is acquired non-invasively.



Figure 4.10.Fractional shortening correlated well with collagen scar lengthr{é) a
picrosirius red pixel intensity (B). A low fractional shortening is asdedi with high
levels of collagen deposition and a large scar in the myocardium.

Summary for Specific Aim 2

The remodeling process is initiated by the immune responseysfadithving the onset
of an MI (Sun et al., 2002). Necrotic tissue is replaced wittagetl, which acts as a
structural support but lacks the compliance of a healthy myocarditithin two weeks
after the initial MI, the amount of collagen in the infract regomcreased 3 to 8-fold,
compared to normal myocardium in the rat heart (Cleutjens,et%5). Stroke volume
of the LV decreases, and pressure gradients within the LV arecstibjchange, as well
as LV geometry and diastolic function. Maintenance of the vasgutoenvironment in
the myocardium through the targeted delivery of pro-angiogenic composucts,as
VEGF, may lead to the preservation of myocardial function and improved diaslolic f
characteristics of the left ventricle associated with attemuaf LV remodeling (Scott et

al., 2008).



A combination of echocardiography, Doppler imaging, and collagen stai@agised to
characterize the extent of remodeling in infarcted heartdetlewith targeted VEGF
therapy, compared to untreated MI hearts. Geometric features of therefthe, such as
interior dimensions and anterior wall thicknesses, have been edsassg serial
echocardiograms, and left ventricular filling characteristiesenassessed using serial
Pulsed-waved and Tissue Doppler imaging. Hearts were excrsgédstained with
Gomori's trichrome and picrosirius red for evaluation of scar dimassand collagen
deposition in the anterior wall, respectively. Our findings inditaaé the targeted VEGF
therapy significantly reduces or delays the overall progness adverse left ventricular

remodeling after an M.

Changes in left ventricular geometric features were sigmfig decreased in infarcted
hearts treated with targeted VEGF therapy, compared to umtigidée A decrease in left
ventricle dilation and preservation of anterior wall thickness stg@étenuation of both
adverse cardiac remodeling and progression towards a more splyaaraktry. In
addition, noninvasive assessment of cardiac filling pressures shoyeavement in the
targeted VEGF group, with the lowest LVEDP and f/&io occurring in the VEGF
treated group at four weeks after infarction. Accompanying thesdts, collagen scar
length and scar area, assessed with Gomori's trichromeingfaiwere significantly
decreased after treatment with targeted VEGF therapy, alithg decrease of collagen

deposition through the anterior wall, as evidenced by picrosriugaighg. Increases in



collagen deposition in the infarcted region for both untreated and \ieated Mis were
consistent with previous studies (Cleutjens et al., 1995). Fractiondksimg can be
used as a predictor of collagen deposition, as well as thatexftremodeling of the left
ventricle after MI. Together, along with non-invasive seriahogardiograms and
Doppler imaging, these findings suggest that a single dose dP-aeliectin conjugated
immunoliposomes containing VEGF results in a significant decreasige amount of

adverse cardiac remodeling following an Ml.

This study supports the concept that the creation of a suitabl@emicronment,
particularly a functioning microvasculature, may be an importdjinative requirement
for favorably altering the remodeling process after an MI. Aultiation of targeted
VEGF immediately following a myocardial infarction may ultielgt be a clinically
relevant model, since microvascular dysfunction has been recognized as@ueocs of
prolonged coronary occlusion. Further studies are needed to clarifydebes and on
what time scale pro-angiogenic compounds need to be administeredkitoizeathe

effectiveness of these treatments.



CHAPTER 5

DISCUSSION AND FUTURE WORK

Heart disease is the leading cause of death in the Unitéek Séand is associated with
significant morbidity and mortality worldwide (LIoyd-Jonesatt 2010). With an aging
population and strained healthcare system, new and novel treatarent@tal for
alleviating the burden caused by myocardial infarction. Myocandfiatction (M) is the
end result of a partial or full occlusion of the coronary arteryciwbupplies blood to the
myocardium. To date, the only standard clinical treatments forinMdlve invasive
surgery, which aggressively restores blood flow to the ischemiauetisor
pharmacological interventions that indirectly aim to attenuatlverse cardiac
remodeling. Restoration of coronary flow has been shown to limit zieeo$ithe infarct
(Takagi et al., 2008). However, revascularization through the useteotssand
angioplasty, or coronary bypass graft does not guarantee adequiatgopeto the
myocardium. Furthermore, many patients are not candidatesiébr surgery. Studies
have shown that the delivery of oxygen rich blood to the myocardium iomigt
dependent on epicardial artery flow but also on the integrity of tbeairculation and
collateral vessels. Progressive LV dilation, diastolic dysfancand the development of
heart failure have been reported under conditions where signifiegibns of
microvascular dysfunction occur, even in the presence of adequatrdedidlow

(Carrabba et al.,, 2009). These findings suggest that methods ugedserve and



improve microvascular structure and function could have an important iropacV

remodeling.

Regenerative strategies, such as bone marrow-derived sténtheelpy, aimed at
rebuilding lost myocardium have shown promising results using ditf@ammal models,
but have failed to translate into an effective clinical therapy. This mayeyerdpart, to a
lack of supporting microvasculature to increase engraftment and/al of stem cells.
Maintenance of the existing vascular microenvironment may lnyibcardial damage
and promote a favorable environment for the implementation of stehbaseld

regenerative strategies.

Although therapeutic angiogenesis has shown promising resulessadaularization in
animal studies, these results did not carry over to clinied$t The reason for this may
be low clinical doses aimed more at reducing harmful sidetsffédtan actually
promoting angiogenesis in the myocardial tissues (Hendel €2(lQ). An increased
dosage may cause damage in distant tissues, such as lealkys,vessntended
angiogenesis, and hemangiomas. Unfortunately, several pro-angiagpmpounds used
for therapeutic angiogenesis (such as vascular endotheliathgfastor) have a very
short half-life in circulation, and require a much larger dose taagyéte target tissue

when injected systemically.



We hypothesized that encapsulating pro-angiogenic growth faatatsagistudy, VEGF)
inside a nano-particulate drug carrier and targeting them ggadigifto the infarct border
zone would allow the myocardium to gain the benefits of therapeugiogenesis while
avoiding harmful side effects associated with systemic deliwtey have shown that a
low dose of vascular endothelial growth factor (VEGF, 0.12 pg/kg bedight)
encapsulated in anti-P-selectin conjugated immunoliposomes improvéisiccaize,

function, vascularity, and attenuates LV remodeling after an Ml.

Anti-P-selectin conjugated immunoliposomes encapsulating VEGF adexaoped and
tested on a rat Ml model. The MI model was created by ligatidhe left descending
coronary artery of a male Sprague-Dawley rat. Animalsews®lected randomly to
receive an injection of targeted VEGF therapy, or remain atete A sham (no MI)
group was followed for comparison. Echocardiography and Doppler imé&eghgiques
provided a non-invasive method for characterizing changes in leftiotdat size,

function, and LV filling characteristics over a period of four week®r the initial

infarction. After four weeks, hearts were excised for histocb@&nanalysis of vascularity
and collagen deposition. Novel staining techniques using P@&d CD31 stained for
perfused and anatomical vessels. Gomori’s trichrome was used itgulist collagen

from muscle tissue, and picrosirius red was used to quantify coltegesition through
the anterior wall of the left ventricle. An independent pathologynedamonstrated the

side effects of the targeted VEGF therapy on peripheral andteetissue. Together,



these approaches were used to conduct a comprehensive study féédtseod targeted

VEGF therapy on the myocardium after MI.

MI hearts treated with targeted VEGF therapy showed signtficaprovements in
cardiac size and function, as evidenced by serial echocardiogramndefl ventricular
end-diastolic and end-systolic interior dimensions (LVEDD and §MErespectively)
increased at a slower rate than untreated MI hearts, over the course oédtar At four
weeks post-infarction, hearts treated with targeted VEGF shgvead improvements in
fractional shortening, which is an assessment of cardiac funé&temompanying these
results were improvements in vascular density for both perfused (@d8#ase) and
anatomical (21% increase) vessels. The availability of oxygehetanyocardial tissue
increased significantly in VEGF treated hearts, compared teatatli myocardium. The
amount of damage to the myocardium is decreased by restoring Wnvodof the
ischemic tissue in the border zone of the MI, achieving similaefits to invasive
surgery aimed at aggressive reperfusion. An independent pathology stxavmed no
adverse side effects to other tissues by the VEGF antieetsel conjugated

immunoliposomes.

Hearts treated with targeted VEGF therapy also showeddicagt reduction in adverse
cardiac remodeling associated with left ventricular fillimpairment and changes in LV

geometry. Echocardiograms showed a preservation of both LV dilatdbargerior wall



thickness in hearts treated with targeted VEGF therapy, velighests attenuation of the
progression of the heart toward a more spherical geometry. Dopgmignshowed a
reduction in left ventricular filling impairment, evidenced by decreasechaistins of left
ventricular end diastolic pressure. Collagen staining with Gomoiclsrome revealed a
decrease in total scar length and area, and picrosirius red ;slooWwé% decrease in
collagen deposition in the anterior wall. These results suggestetredcularization of
the ischemic border zone of the MI prevents collagen deposition. ifitiign, increases
the amount of normally functioning tissue in the myocardium, to prefner

remodeling of the heart.

Targeted VEGF therapy via nano-particulate drug carriera isovel treatment for
symptoms of myocardial infarction. Revascularization is criticathe attempt to limit
myocardial necrosis during the onset of an MI, and attenuate adasdsac remodeling.
Encapsulation of the VEGF and the use of a targeting moiety engueatar amount of
drug will reach the target tissue. Future studies may includmigption of targeting at
different time points and drug doses. A combination of anti-P-selecimugated
immunoliposomes along with bone marrow-derived stem cells maytecrea
comprehensive regenerative strategy aimed at attenuation ofyliptoms, and

eventually a cure for heart disease.
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APPENDICES



APPENDIX A: ANIMAL PROCEDURES

A-1) Anesthesia Protocols for Rat

Isofluorane Inhalation Protocol

Materials:

Clear, airtight box (large enough for animal)
Isofluorane
Oxygen tank with breathing apparatus

Protocol:

1. Before beginning, make sure there is adequate isofluorane in the breathing
apparatus (fill between lines)

2. Turn on oxygen tank and adjust breathing apparatus to 1.5 L/min oxygen and 2-
3% isofluorane

3. Put asmall splash of Isofluorane in the airtight box

4. Place animal in box until it is relaxed (DO NOT leave the animal alone olf it wi
die!). The breathing will slow down

5. Gently remove animal

6. Place the animal’s nose in the nose cone of the breathing apparatus

7. Allow a minute or two for the animal to adjust. Pinch the toe to make sure animal
is fully anesthetized

8. To stop anesthesia, simply remove animal from breathing apparatus and allow
breathing to return to normal. Animal will recover fast when using inhalation

anesthesia



Intramuscular Injection Protocol

Note: all use of ketamine/xylazine must be recorded by date and amount used.IMark al
prepared bottles for future use and always stored in a locked cabinet!

Materials:

Prepared ketamine/xylazine: mix 1.5 mL of xylazine into a new 10 mL Ketaset®
Ketamine and vortex lightly for a mixture of 87% ketamine and 13% xylazine

1 mL syringe with 30 %2 gauge needle

Clear, airtight box (large enough for animal)

Isofluorane

Protocol:

9. Put a small splash of Isofluorane in the airtight box

10.Place animal in box until it is relaxed (DO NOT leave the animal alone olt it wi
die!). The breathing will slow down

11.Gently remove animal

12.Inject approximately 1.0 mL/kg bodyweight of ketamine/xylazine into thadwmits
of the hind leg (into the muscle). The syringe does not have to go far into the leg;
a prick will do

13. Allow animal to become fully anesthetized (about 5 to 10 minutes). Pinch the toe

to check. If the whiskers are moving, the animal is not yet fully anesttietize

The extent of anesthesia (i.e., time for animal to recover, whether aniroatfetely
anesthetized) depends on the weight of the animal and how often it is anestheyimed. If
plan on anesthetizing an animal several days in a row and the animal is no longer

responding well to the anesthesia, increase the dose by increments of 0.025 mL.



A-2) Induction of Myocardial Infarction in Rats

Pre-Surgery:

1. Induce anesthesia with 4-5% inhalated isoflurane

2. Use oxygen apparatus and 2-3% isoflurane anesthesia for the duration of.surgery

Check depth of sedation with “toe pinch” test.

3. Shave chest and clean with alcohol

4. Only use sterilized surgical tools

Surgery:

1. Make a small incision in the skin overlying the sternum. Using an “opening
scissor” motion, separate connective tissue from muscle, then make a small cut

toward the left sholder, exposing the muscle.

2. Without cutting, separate the muscle from the ribs. Sew a 4.0 silk suture through
the tissue to close the chest quickly once the surgery is complete (like a

drawstring bag)

3. Gentley, with several strokes, separate the forth and fifth ribs to exposentie

and heart.

4. After left thoracotomy and pericardiotomy, rapidly exteriorize the hedintavi
cotton swab. Tie a 6.0 silk suture around the left coronary artery as close to the

atrium as possible.



5. Place the heart back in the chest, and pull the 4.0 suture and tie to close the

muscle around the chest opening. Staple the the skin on the chest.

6. Reinflate the lungs using positive end-expiratory pressure from thetrode

respirator until the animal’s breathing returns to normal.

Post-Surgery:

1. Administer Buprenorphine prophylactically S.C. (subcutaneously) at a
concentration of 0.05mg/1kg as a single dose before the animal recovers from

anesthesia.

2. Place the animal on a heating pad and observe for approximately two hours until
fully recovered. Labored breathing, muscle spasms, loss of balance, and loss of
appetite are typical signs that the animal is under stress and if observed,

euthanasia will be administered appropriately.

3. If any problems are observed during the post-operated recovery time where the
animal appears to be in distress or pain, it will be euthanized appropriately using
an overdose of KCl injecteda the tail vein after the animal is re-anesthetized as

previously described using gas anesthesia.

Euthanasia:

Any animals that are observed to be under stress are anesthetized Witansof
inhalation as previously described and euthanzied withvi&hil vein injection.

Labored breathing, muscle spasms, loss of balance, and loss of appetite drsityysEca



that the animal is under stress and if observed, euthanasia will be administered

appropriately.

At the end of each experiment, every animal will be injected with Px¥Ctail vein 1
min before sacrifice. Animals are euthanized with an overdose of KCI injecesd gi
into the heart muscle under anesthesia and cardiectomy. The excised hezenisfr

OCT inside a container with a mixture of dry ice and 2-Methylbutane.



A-3) Justification of Animal Use

Despite advances in the field of medical science, we still do not possesshiheldgy to
accurately depict the effects of myocardial infarction imnavitro orin silico setting.

The only adequate way to study novel therapies for the treatment of myocaatiztionf

is through the use of an vivo animal model. The cardiac response of male Sprague-
Dawley rats in the case of an Ml is similar to the response found in humans. Our
protocols have been optimized in an effort to reduce the number of animals necessary for
study. Our protocols for these animal studies have been approved by the dnstituti

Animal Care and Use Committee.



A-4) Animal Care and Transportation

In addition to daily observations, the Temple University Weiss Hall aniroéityehas a
standing veterinarian, Dr. Milton April, to provide animal care. The Temple Uitiwers

Animal Welfare Assurance No. is A3595-01.

1. Transport animals from the Animal Facility in approved cases. Do not place more
than two rats or four mice per case.

2. Provide clean cages with food, water bottle, and appropriate animal equipment from
the Animal Facility every time the animals are transported.

3. Lab temperature should be 73° F.

4. The newly brought cages are stored in clean environment that was sterittzed w
30% to 70% ethanol with DI water prior to the arrival.

5. Once all the appropriate procedures are performed on the animal, bring the animal
back to the facility.

6. Return cages to animal facility to be properly cleaned and maintained.

7. Clean the transport cases with soap and spray with alcohol after every use



A-5) Treatment Protocol

Tail Vein Injection Protocol for Rat

Materials

Heating pad

1 mL syringe with 26 gauge beveled needle, ¥z inch long
Protocol

1. Be sure animal is fully anesthetized

2. Heat tail on heating pad to dilate the vessels

3. When tail is warm, lay animal on its side. Start at the base of the tail, gnd ver
gently stroke the tail vein so that the blood goes toward the tip. If you do this too
harshly, you will break the vessels and not be able to clearly see the vein

4. Hold the tail straight with your non-dominate hand, pinching with the index and
middle finger about 2 inches from the tip of the tail, and holding the tip with the
thumb and ring finger.

5. Hold syringe with your dominate hand. The middle of the syringe should be
securely held with your index finger and thumb. Be sure that you can easily move
the piston smoothly in and out with your ring finger and pinky

6. Rest the syringe on the thumb of the non-dominant hand for support. With the

bevel side of the needle down, gently prick the top layer of skin over the vein. The

needle should be held as parallel to the vein as possible.



7. Gently push the almost-parallel needle into the vein

8. With your dominant ring finger, pull the syringe piston out. If there is blood, then
you are in the correct position. If not, try further up the tail (DO NOT INQEC

9. Without moving the tail or syringe, gently push the contents of the syringe into
the vein with your pinky finger.

10.If there is resistance, then the needle is not in the vein. Try again further up the
tail.

11.0nce the contents have been injected, hold the tail and slowly pull out the needle.

Treatment Protocol

Immediately following MI surgery, before the animal regains consciousaessals
receiving treatment are given the appropriate treatment via tail veitionje€or
example, animals receiving anti-P-selectin conjugated immunoliposonte¥ G F

received 0.12 pug/kg body weight VEGF injection.



A-6) Heart Excision and Freezing

Materials

Surgical tools: operating scissors, blunt forceps, hemostatic &reegipel, etc.
Saline

Aluminum foil (form over end of glass test tube to make small cups)
O.C.T. (optimal cutting temperature) compound (Tissue-Tek, #4583)
Methylbutane-2

Dry ice

Protocol

1. Be sure the animal is COMPLETE ANESTHETIZED! Do “toe pinch” test.

2. When proper anesthesia has been achieve, grab skin above thorax and cut away

completely

3. Hold the tip of the sterum (xiphoid process) with forceps, snip just under sterum,

then to the left and right. Cut through the ribs.

4. Carefully, completely cut away ribs and sternum on left, right and front sides. Us
hemostatic forceps (with rachet teeth) to hold chest plate up. The thoracic cavity

should be completely exposed, including the heart.

5. Clamp aorta with forceps, and cut through aorta and connective tissue. Remove

heart completely and immediately place in saline.

6. After all blood is washed out of the heart chambers, cut off any pieces of aorta.
Fill ventricles with O.C.T. (use syringe with low-gauge needle), then place in

aluminum cup, and immerse completely in O.C.T.



7. Flash freeze in methylbutane-2 with dry ice (ALWAYS put ice in methylbytane

not the other way around!). Label, date, and store in -80 C until needed.



APPENDIX B: IMAGING AND STAINING PROTOCOLS
B-1) Staining Perfused Vessels with DiIO£

Solution must be used the same day. Di@Cight-sensitive.

Materials

Dimethyl Sulfoxide (DS) CAT#: BP231-100 from Fishersci.com

PBS 1X 500ml, without Ca and Mn, CAT#: 21-040-CV from Fishersci.com or
51225 from Cambrex

DiOC; CAT#: D378 from Molecular Probes

Protocol

1. Mix 3.0 mI DS, 2.4 mg (0.0024 on scale) Di@i@ 15 ml tube covered in AL foll

2. Vortex the mixture
3. Add 1.0 ml PBS in the vortexed mixture for 30 minutes @ 37 C

4. Inject 0.1ml of mixture per 100g animal via tail vein

Notes:

1. After injecting the solution via tail vein, you have 1 min to extract the heart

2. Freeze the heart immediately (see Heart Excision and Freezing Protocol)



B-2) Sectioning Heart Tissue

Materials

Tissue, pre-frozen at -8, in O.C.T. Compound

O.C.T. Compound (Tissue-Tek, #4583)

Poly lysine coated slides (Superfrost Plus Gold Slides, # 71864)
Leica CM3050S manual

Protocol

Before you start, be sure to replace dull blades. Clean blade lightly witlsia Itlean
the glass gently with kimwipe. The edge of the glass is very delicatefsneven a
small notch on the edge of the glass will tear the tissue.

1. Place frozen tissue (-8@) and slides in cryostat (-2C) for 30 minutes

2. Attach frozen tissue to a base using O.C.T. Compound. Give the O.C.T. a couple
minutes to freeze

3. Screw base and tissue into tissue holder, and position tissue behind blade

4. Refer to Leica CM3050S manual for instructions on automatic trimming (trim
excess O.C.T. and tissue at 30 um)

5. When you are ready to take a section, take a couple 10 um sections to even out the
surface of the tissue block. Brush the blade gently to clean.

6. Flip glass over blade, slowly slice a 10 um section. The section may curl, but
should not be ripped or creased. If so, discard the section, brush the blade clean
and try again

7. Gently, using a small brush, uncurl the section. Press the poly lysine coated side
of the slide onto the section to flatten it onto the slide

8. Warm the back of the slide with your hand to secure the section to the slide

*xMPORTANT NOTE*****
It is important to gradually change the temperature of delicate sections

If you ARE using the tissue right away for staining, store in a -20 @ffeezer while
sectioning. When you are ready to use the tissue, place i@ aefrigerator for 20
minutes, then bring to room temperature.

If you ARE NOT using right away, store in -8C freezer. When you are ready to use,
place the slides in a -20 to Q freezer for 20 minutes, a € refrigerator for 20 minutes,
then bring to room temperature.



B-3) DIOC; Imaging Protocol

Note: DIOG diffuses into the tissue quickly, so the image must be acquired rapidly. Keep

the temperature and humidity low during imaging (about 5@&)C+ is toxic, so wear

gloves.

1.

2.

3.

Turn on camera, fluorescent light, and microscope.

Switch to xf-100-2 fluorescent filter (excitation 490 nm, emission 520 nm).
Press “Acquire”, and then go to “StagePro”. It will prompt to set area usiig li

of the stage — make sure that this option is clicked. Also, make sure the lenses and
the podium are lowered to prevent breaking while the stage is moving.

Place slide on the platform for imaging and focus at 10X magnification

Pick two regions to image: one at the MI border zone, and one of healthy tissue
(RV). Orient the stage at that location using “Specify Area” by “Cornarie
“Acquire Menu”. Record coordinates for each region (X and Y). Click “Current
Position”. Do not re-center the stage each time. These coordinates widd®us
image CD 31 after staining. Acquire a 4x4 mosaic.

Press “acquire image”

Save mosaic image

At the end of sectioning, place the slide box at -80C.



B-4) Staining for Anatomical Vessels with CD31

Materials

Dulbecco’s PBS powder without calcium packet (Gibco-BRL cat #: 21300-025)
Millipore DI water

PAP pen SuperHT (rpicorp.com cat#: NC 9814381)

Normal rat serum (Jackson Immunoresearch, cat # NC9834724)

DAKO Peroxidase Blocking Reagent, Universal LSAB2 kit (DAKO, cat#:
KO675)

AEC substrate (DAKO, 110ml, cat#: K3464)
DAKO Background Reducing Reagent
Mouse anti-rat CD31 primary Antibody

Protocol Day 1

1.

Thaw Poly-L-lysine or Superfrost slides (with sections) at 4 C (reftiggrior 30

min.

. Place coplin jar (to be used in the next step) in the freezer (-20) for cooling.

Fix thawed slides in acetone (150 ml) in the cold coplin jar for 3-5 min.

Leave fixed slides within the humid box at room temperature for 5-10 min.

Circle each section with PAP pen (Fishersci.com, NC9814381) — cover the entire
circumference of the section.

3 X 5min 1X PBS (200 ml per wash).

. Add 100 microlitters 5%mormal rat serum (Jackson Immunoresearch:

NC9834724 from fishersci.com) buffered with PBS to each section and keep at

RT for 30 min.

NOTE: 5 micro of NRS/section and 95 micro of PBS/section.

8.

3 X 5min 1XPBS



9. Add a drop oDAKO Peroxidase Blocking Reagenper section and leave at RT
for 5 min.

10.3 X 5min 1XPBS

11.Incubate each section with 100 microlittersvaduse anti-rat CD31 primary Ab
(from Pharmingen) diluted iBAKO Background Reducing Reagentover night
in humid box in the refrigerator (4° C).

NOTE: 1:100 dilution, ImicroL Ab/99microL Reducing agent per section, make 100

microL more.

Protocol Day 2

12.Thaw slides at RT in humid box for 30 min.

13.3 X 5min 1XPBS

14.Use DAKO LSAB 2 Kit, Peroxidase (for Rats) — HRP-rat anti-mouse Ig:
Add 100 micro (2-4 drops) of Link Antibody to each section. Leave on for
10 min in humid box.
3 X' 5min 1X PBS wash
Add 100 microL (2-4 drops) per section of Streptavidin. Store 10 min in
humid box at RT.

15.Wash 3X5 min PBS

16.Add 100microL (2-4 drops) of AEC substrate in the dark (protect with foil). Store

at RT for 45 min.
17.Place slides into 180ml of dH20O (protect with foil) for 5min

18.Wash 1x5 min PBS



19.Place in DI HO for 5 min

20.Place slides in 1% formalin (protect from light). Store for at least 10minebefor
imaging.
Note: to prepare 1% formalin, add 20ml of 10% formalin and 180ml of PBS and

shake well

21.For later use, store formal container with slides in refrigerator.

22.CD31 imaging can be done 10 minutes after slides were placed in 1% formalin.
Follow CD31 imaging protocol.

23.Inverted TE200 Nikon microscope with a motorized stage controlled by a
computer using ImagePro (Media Cybernetics) is used to collect the images

24.Microscope should be calibrated — use 10X magnification from “special” menu.

Make sure it is calibrated properly!!!!



B-5) Staining for Collagen With Gomori’s Trichrome

Muscle: red
Collagen: blue
Nuclei: black

Materials

Gomori's Trichrome (blue collagen)—Richard-Allan Scientific (cat # 87020)
0 Working Weigert’'s Iron Hemotoxylin must be used within 10 days of
mixing (mix 50 mL part A and 50 mL part B for stain)
Ethanol anhydrous
DI water

Method

1.

2.

3.

8.

9.

Section hearts at 9 um and let dry

Place slides in Bouin’s Fluid @ 56 C for 1 hour

Rinse sections in running tap water for 5-10 minutes until yellow color is
removed

Stain sections in Working Weigert’'s Iron Hematoxylin Stain for 2 minutes
Rinse sections in tap water until excess is removed

Stain sections in Trichrome Stain for 10 minutes

Place sections in 1% Acetic Acid Solution for 5-10 seconds

Rinse sections in DI water for 30 seconds

Dehydrate in 95% ethanol for 1 minute

10. Dehydrate two changes of ethanol anhydrous alcohol for 1 min each

11.Place slide in xylene for 30 s

12.Use Permount glue to mount a slide cover to slide

13.Let Permount cure overnight



B-6) Staining for Collagen With Picrosirius Red

Under polarized light:

Collagen: red

Type I: yellow
Type IlI: green
Materials

Picrosirius Red stain kit (Polysciences, Inc, cat. # 24901-500)
10% Formalin

DI water

Ethanol anhydrous

Xylenes

Permount + glass slide covers

Methods

1.

2.

8.

9.

Fix tissue in 10% formalin for 10 minutes

Rinse in DI water 3X

Place slides in solution A for 2 minutes

Rinse with DI water 3X

Place slides in solution B (Picrosirius stain) for 90 minutes

Place slides in solution C for 2 minutes

Dehydrate with 70% ethanol for 45 s

Dehydrate with 2 changes of 100% ethanol for 30 s each change

Place slide in xylene for 30 s

10.Use Permount glue to mount a slide cover to slide

11.Let Permount cure overnight

12.View under polarized light



B-7) General Color Imaging Protocol

Materials

Nikon Color Camera

Nikon Element Imaging Software

Gomori’'s Trichrome and Picrosirius Red stained slides
Adobe Photoshop

Protocol

1. Take all images at 4x magnification. Before imaging, adjust the condenser to

focus the light on the same plane as the specimen

2. For picrosirius red slides, position and adjust the polarized condenser filter and

analyzer.

3. For trichrome imaging, you can white balance the image in Nikon Element. In

general, exposure time for trichrome is 10 ms, and picrosirius is 600 ms.

4. Go tofile andoptions. Selecfpeg as the file type and select the directory in

which to save your images.

5. Starting at the upper left-hand corner of the heart section, Autssapture to
take the image and save it into the proper directory. ThenIpresand move the
stage to the right, being sure to overlap the images. Continue for the entire

section.



6. The images can be put together using Adobe Photoshop. Adjust the size (5 by 4
inches, 150 ppi) and, for trichrome, autolevels of all the images (can be done as a

batch-process).

7. Drag all the images to a new file (35 by 35 inches). They will each appear at

separate layer. Turn off all but layers 1 and 2.

8. Zoom into the two active layers. Change the opacity of layer 2 to 40%, and drag
layer 2 ontop of layer 1 until features on both images are aligned. Change the

opacity back to 100%.

9. Activate layer 3, change the opacity to 40%, drag layer 3 onto layer 2 until they

are aligned, than change the opacity back to 100%. Continue for all layers.

10. SelectLayer at the top menus, théttatten Image. The composite image can be

saved as a jpeg, and used in ImageJ for analysis.



B-8) Image Analysis Protocols

Vascular Density Analysis—DiQC

Using ImagePro Plus software and vessel images (DICO7 and CD31).
1. After capture of all images register the Didfages to their corresponding
bright field images to correct the possible shift from the mechanical and the
digital inaccurate
2. Process the DiOdmages to eliminate the background and enhance the stains.
3. Count the number of perfused and anatomical vessels using Count function under
Measure tab
4. Create a distance map of the Difasing Distance Filter function under Filter tab
5. Measure the intensity of the distance map using histogram and export the data to

an Excel file to generate the distance to the nearest perfused vessel data.

Measuring Collagen Scar Length

Using ImageJ software

1. Open trichrome image in ImageJ software.

2. Using free hand measuring tool, trace the entire circumference of thénhaget

3. Pres<Ctrl + m to bring up the measurement. Copy the length measurement into

an Excel spreadsheet.



4. Using free hand measuring tool, trace the length of the blue scar tissupeaid re
step 3. Find the % of the circumference composed of scar tissue using the
following equation:

Lengthof Scar
Total Circumference

Scarlength% *100%

Measuring Collagen Volume Fraction %

1. Open Picrosirius Red composite image in ImageJ software.

2. Select region of interest (anterior wall) and open in a new image window. Be sure

to crop any white regions.

3. Under the Image menu, select Color, then Split Channels. The image will be split

into Red, Blue, and Green channels. Blue and Green are not needed.

4. Show the histogram for the red channel image (Ctrl + h). Click list to bring up a
list of pixel values. The left column is the pixel value and the right column is the

number of pixels at that value. The pixel values can be copied into Excel.

5. Multiply the channel value with the corresponding number of pixels (multiply
rows from the histogram list). Sum the new values. Sum the pixel row. Divide

the summed new values by the total number of pixels to get pixel intensity.

6. Repeat for all samples in each group.



7. APPENDIX C: PREPARATION OF STEALTH IMMUNOLIPOSOMES

C-1) Preparation of Lipid Stock

Materials:

HSPC (Avanti 840058P 1 g $275.00)

Cholesterol (Avanti 700000P 5 g $105.00)

DSPE-PEG2000 (Avanti 880120P 200 mg $170.00)
DSPE-PEG2000 maleimide (Avanti 880126P 10 mg $82.00)
Chloroform, 99.8 % (Acros 67-66-3)

Teflon tape

Parafilm

Approximate desired concentrations of lipids in organic solvent (chloroform):

Lipid Desired concentration | MW Amount (mg/mL)
PEG-MAL 9mM 2939.82 26
PEG 8.5 mM 2805.54 23
HSPC 100 mM 762 76.2
Cholesterol 90 mM 386.66 34

To be perform under fume hood.

Protocol:

1.

Measure amount of lipid powder (mg/mL) and add to chloroform in glass tube
with cap

. Gently swirl powder in chloroform until dissolved
Seal tube with Teflon tape, then Parafilm

Perform phosphate assay on PEG, PEG-MAL, HSPC
Perform cholesterol assay on cholesterol

Store stock solutions at < -20° C



C-2) Preparation of Stealth Liposomes

Materials:

Lipid stocks in chloroform:
o PEG-MAL
o PEG
o HSPC
0 Cholesterol
Nitrogen gas
Labconco FreeZone Vacuum ( < 0.2 torr)
Avanti Miniextruder with 0.2 um pore membranes

Calculate Amount to Pipette from Lipid Stock

Calculate, using the concentration of stock solutions (from phosphate/cholestaydl ass
and the desired lipid fractions, the amount of lipid to pipette from the lipid stock to make
a final working solution ofimL (volume) at a concentration 8@®mM (concentration)

and at the following component proportions (mol %):

50HSPC :45 Cholesterol 3 DSPE-PEG2k 2 DSPE-PEG2k maleimide
The amount you need to pipette of each lipid can be calculated:

0,
Amountneeded L mol % 10mM 4mL *1000
mM lipid stock

Liposome Formation

1. Pipett lipids into a clean test tube and evaporate with nitrogen to a thin film then
put under vacuum overnight (Labconco FreeZone).

2. Rehydrate (at transition temperature 37 °C) with 1 mL of distilled wateallgr
volume and more concentrated = higher entrapment), vortex for 30 minutes

3. Extrude with 0.2m filter 11 times (Avanti Mini-extruder) at 37 °C

4. Size the liposomes in the Zetasizer and record the following information. The

optimum concentration to size would have a kCps between 200 to 300.



C-3) Buffer Preparation

Materials:

DI water
Beakers and flasks
The following amounts for buffers:

Tris/Saline Buffer TEA/NaCI/EDTA Buffer

60uM TEA, 100mM NaCl, 1ImM EDTA,

20mM Tris, 135mM NacCl, pH 6.0 bH 8.0

8.95x103 mg/mL TEA
2.42 mg/mL Tris
5.84 mg/mL NaCl
7.89 mg/mL NaCl
0.292 mg/mL EDTA

Protocol:

1. Measure out powders and add to beaker

Add enough DI water for about 75% of the final volume, and then add any liquid
components

Mix using magnetic stir bar

Check and adjust pH of solution

Pour solution into a flask the size of the final volume

Add remain DI water to final volume and invert several times

If a sterile buffer is necessary, use vacuum and sterile filter

LABEL, DATE, and INITIAL EVERYTHING!

no

© NO O~ W

For thiolation buffer, add 2 mM iminothiolane to the TEA/NaCI/EDTA Buffer in
appropriate proportions.



C-4) Antibody Conjugation to Stealth Liposomes

Materials:

Microcon YW-3O0 filter tubes (filters coated in powdered milk + PBS for 1 hour,
then rinsed well and dried to prevent proteins from sticking)

pH 8.0 TEA/NaCI/EDTA buffer

pH 8.0 in TEA/NaCI/EDTA thiolation buffer

pH 6.0 Tris/Saline buffer

Antibody

Prepared Stealth Liposomes

Protocol:

Change buffer of protein

1. Centrifugation Antibody in Microcon YM-30 filter tube at 14,000 rpm for 13min
2. Flip the filter over and add 100uL of pH 8.0 TEA/NaCI/EDTA buffer and
centrifuge at 6,000 rpm for 13min. Do this 2 times.

Thiolate Antibody

3. Maleimide is 2% of this concentration and half of the maleimide is inside and half

is outside the liposome therefore,

(mM of totallipid in stocksample) (0.01) mM of maleimidein stock

4. To calculate how much antibody we need use 90:1 (Maleimide:Antibody)

(mM of maleimidein stock) (volumeof stockmL)
nmolesof antibodyneeded

(90)

(nmolesof antibodyneeded) (MW of antibodyg/mol or daltons)

L of antibodystockneeded
(concentréion of antibody g/mL)

5. To prepare antibody we want 5:1 (Immunothiolane:Antibody)



(nmolesof antibodyneeded) (5) (1000)

L of immunothiolanestockneeded
(concentréion of immunothiolanemM)

6. Combine uL of immunothiolane stock and uL of antibody stock
in 250 L of pH 8.0 in TEA/NaCI/EDTA thiolation buffer and incubate for 1 hour
at RT.

Stop reaction by centrifugation

7. Centrifuge Thiolated Antibody in Microcon YM-30 filter tube at 14,000 rpm for
13min

8. Flip the filter over and add 100 of pH 6.0 Tris/Saline buffer and centrifuge at
6,000 rpm for 13min (Same buffer as LUVS). Do this 2 times.

9. Incubate with liposomes overnight atCishaking

10. Separate conjugated liposomes from free antibody by centrifugation at 30,000

rpm for 1 hour.



C-5) Vascular Endothelial Growth Factor Encapsulation

Materials for 4mL of 10 mM Immunoliposomes:

VEGF stock (500 ug/mL)

HiTrap Heparin HP column

pH 6.0 Tris/Saline buffer

Prepared antibody conjugated immunoliposomes

Protocol:

1.

Add 200 L of VEGF (from a stock @ concentration 5@0mL) and flash freeze
by swirling the liquid in an isopropanol/dry ice bath.

Freeze dry under vacuum overnight

Add 0.2mL of Tris/saline buffer (at transition temperature <40°C) and rotate the
flask to wet and resuspend. (lightly vortex)

Add additional Tris/saline buffer slowly up to 1mL.

Let sit at room temperature for 30 minutes.

Separate free drug (unencapsulated) from the lipostotiesing manufacturer’s
instructions with a HiTrap Heparin HP Column

In short, place the 1mL liposome sample in the top of the column and
washthrough with buffer. The liposomes will come out in fractions 2-7. (The
fractions containing the liposomes will be cloudy)

Dilute the liposome fractions back up to the working concentration. (A small

amount can be saved for phosphate and VEGF assay here)



Freezing Liposomes for Storage

1. Make aliquots of 0.5mL into 1.5mL centrifuge tubes.
2. Quick freeze aliquots in a dry ice/acetone bath.

3. Store in -80°C freezer till use.



C-6) Phosphate Assay

Materials:

50% HSO,

30%H0,

5% ammonium molybdate
FSR 5g/31.5mL

DI water

Sodium Bisulfate
Phosphate standard
Sample for assay

Protocol:

1. Preheat water bath to 100°C and turn aluminum heating block to the black mark

2. Pipet standard and sampl€sr standard, pipett the following into test tubes: 2
blanks (no phosphate standard), 2040 L, 60 L, 80 L, 100 L, 120 L of the
phosphate standard into test tubes. Calculate the amount of sample to pipet to
yield an estimated spec reading concentration oM40Run standard assay with
sample in triplicate for each curve. For 1mM liposome stock concentration pipet
40 L to yield an estimated spec reading of 40nM.

3. Add 200uL of 50% HSOy to each test tube then vortex

4. Place tubes in preheated Al block (200°C) for 5min

5. To avoid brown color, add 200ul,8, and char in block for 30min

6. If still brown after 30min, add 100uL &, for additional 20min

7. Remove tubes from block and allow to cool.

8. Add 2.3mL of HO; add 115L of ammonium molybdate to each tube then vortex



9. If sample is yellow; add few crystals of sodium bi
10. Add 115 L FSR then vortex

11. Place tubes in water both (rolling boil) 100°C for

sulfate and vortex

20min or until blue

12. Cool tubes completely. Use Wallac 1420 Workstation software and ¥ictor

Read absorbance at 660nm (start with least concentrated samples) and record the

following information.

Pipett uL| Spec Reading at 660n'nConcentratior‘
0 0
c 0 0
i)
5
© 20 13nM
n
S
8 40 26nM
n
e 60 39nM
©
e
@ 80 52nM
o
<
a 100 65nM
120 79nM
Sample 1] 5
Sample 2| 5
Sample 3

Plot the concentration of samples (nM — y axeslsusabsorbance (nm — x axis) using

excel then display the equation for the relationship and record the_Slope

(slopeof theline from excelequationnmol/nm) (averagebsorbancef samplesim)

(L of samplepipettedinto assay)

mM of stocksample



Cholesterol has no phosphates so the ACTUAL liposome concentration is the above

value times 100/55 which is the total stock sample concentration of

(mM of initial sample) (100)

mM of totallipid in stocksample
(55)



APPENDIX D: ULTRASOUND IMAGING

Note: the next four protocols (D-1 through D-4) are to be performed sequdatly.

D-1) General Ultrasound Setup

Materials:

Philips Sonos 5500 Ultrasound Machine (software package Version D.1)
S12 Ultrasound Probe

Ultrasound Gel

ECG clips

5.2 GB Magenta Optical Disk

Protocol:
1. Anesthetize animal using “Anesthesia—ketamine/xylazine” protocol
2. Shave chest, right and left arm, and left leg of the rat.
3. Apply ultrasound gel on the shaved limbs and chest.
4. Position the animal on back.
5. Turn on ultrasound machine.
6. Press théresetbutton on the left plasma screen and make Gardiac and
Rat are selected.
7. PresgProbe on the left plasma screen and make s@feéS12is selected
8. Catalogue animals with number system (mark on tail)
9. PresdPatient ID button on the main control panel and enter in the pertinent

information for the animal in which the echocardiogram will be performed on.

Patient ID Example:

Last name: 4AWKMIRAT1



10.

11.

12.

13.

First name: TREATED 266G

XXXXX: SWKPOSTMI

PresdPatient ID button again to exit to main screen.
Clamp the ECG leads on the shaved portion of the rat limbs
Red Lead: Left Leg
Black Lead: Left Arm
White Lead: Right Arm
Observe the green ECG trace that appears on the screen.
PressPhysioon the left plasma screen to bring up ECG options. Make sure
ECG andPhysio Suppressare highlighted andirigger is set toOFF. Adjust
the Gain with the knob to achieve a well-defined trace. If a good ECG trace is

not observed, adjust the leads as needed.

D-2) 2-D Echocardiography Imaging
Pres22D on the right plasma screen, then pilessp on the left plasma
screen. On the left plasma screen, turn knobs to adjust the menus to the
following settingsManual Entry , Loop Type to Time, Time to 3, and
Format to FULL . On the right plasma screen ensure the probe is set to
Frequency Fusion 3
Administer a liberal amount of gel to the end of the ultrasound probe.
Position the ultrasound probe for a parasternal short-axis view of the heart:
place the probe horizontal, slightly angled, with the notch pointed left,

about 2 cm down from the armpit of the animals left arm.



4. The heart should be apparent on the monitor.

5. Adjust the position on the ultrasound probe so that the view is at the level
of the two papillary muscles (see Figure 1.2).

6. PressAcquire Loop on the left plasma screen and hold the ultrasound

probe still to save a 3 second video clip of the heart motion.

D-3) M-MODE Imaging and Analysis

1. On the right plasma screen pré4SIODE

2. On the right plasma screen ensure that the scroll speed isSse¢ép 150

3. Use trackball to move the blue line present on image of the 2-D heart the top
right of the screen so that it passes through the anterior and posterior walls of
the left ventricle.

4, Keep the probe still to ensure a good M-MODE trace (see Figure 1.3, little
noise, clean lines). When the trace shows the sinusoidal contraction and
relaxation of the posterior wall, Hireezebutton on the main control panel.

5. Use the trackball to scroll back to the desired MMODE and on the left plasma
screen presksoop thenAcquire Frame.

M-MODE Analysis

6. On the left plasma screen prégsalysis then highlightDimension
measurements.
7. Below are measurements to be taken

LVPWd — Left Ventricular Anterior Wall during diastole



LVPWs — Left Ventricular Anterior Wall during systole
LVEDD - Left Ventricular End Diastolic Diameter

LVESD - Left Ventricular End Systolic Diameter

NOTE: There isn't a button for anterior wall so the posterior button was used.

10.

11.

12.

On the left plasma screen press the desired measurement\(€¥/d ) then
on the main control panel press thaliper button to bring up the
measurement crosshairs. Select measurements with the trackball.
Make the desired measurement and s&atér on the main control panel.
Repeat for other 3 measurements.

PressAnalysis twice on the left plasma screen, then sdRagiort. Highlight
Short Report andMMODE on the left plasma screen.

Press Acquire Report to save the data.

D-4) Pulsed-Wave Doppler Imaging

On the right plasma screen, selk@¥ thensecondary controls Use the knob

to change thgate lengthto its minimum value (0.06).

Pres22D on the left plasma screen.

Place the probe in the 4 chamber apical position (Figure 1.4) on thiotat.

it is easy to start in a parasternal short-axis view, and then tilt the probe
toward you to find apical view.

Using the track ball, move the crosshairs to the leaflet tips of the mitral valve

perpendicular to the mitral annulus.



10.

11.

12.

13.

14.

15.

Press th&W button on the right plasma screen to acquire a Pulsed-Wave
Doppler trace.

After an adequate trace is achieved (see Figure 1.5), pressetdmebutton.
SelectAcquire Frame on the left plasma screefscquire Frameis under the

Loop main menu.

D-5) Tissue Doppler Imaging

On the right plasma screen, pr&4& thenSecondary Controls Use the

knob to change thgate lengthto its minimum value (0.06).

PressSecondary Controlsbutton again then preSgale Decrease the
velocity scale so that the maximum is 0.1

Select2D. Place the probe in the 4 chamber apical view on the rat (see D-3
above).

Using the track ball, move the crosshairs septal mitral annulus.

Press théW button on the right plasma screen to start Pulsed-Wave Doppler
measurements (withissue Dopplerstill highlighted)

After an adequate trace is achieved (see Figure 1.6), pressetdrebutton.

On the left plasma screen préssjuire Frame. Acquire Frameis under the
Loop main menu.

To save acquired frames, selgctd Study, underDisk on the left plasma

screen. When prompted, store all loops.



D-6) Doppler Image Analysis

Note: measurements can be performed at any time after they are acquired.

SelectLoop, and then sele®etrieve Study. Open the desired study.

Use the knob on the left panel to turn to the desired trace (either PW or tissue
Doppler)

SelectCaliper button to bring up the measurement crosshairs. Select
measurements with the trackball.

Make the desired measurement and s&atér on the main control panel.
Repeat for all measurements (see Figure 1.6 and 1.7).

Manually record measurements.

When finished, seled&nd Study underDisk on left plasma screen.



