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ABSTRACT 

Acquired immunodeficiency syndrome (AIDS) has been associated with several 

cardiovascular abnormalities including dilated cardiomyopathy (DCM). DCM is 

characterized by dilation of the left ventricle and abnormal systoUc and diastolic left 

ventricular function and is often associated with myocarditis and alterations in the 

extracellular matrix. The prevalence and severity of AIDS-associated DCM necessitates 

a better understanding of its disease process. To study AIDS DCM, the LP-BM5 murine 

AIDS (MAIDS) model, which offers many similarities to AIDS and several advantages 

as a model, was used. The cardiac function of MAIDS mice was compared to control 

mice using a conductance catheter system and left ventricular dimensions and compliance 

were significantly altered indicating a dilated cardiomyopathy. Competitive polymerase 

chain reaction was used to quantify the LP-BM5 retrovirus in splenic and cardiac tissue 

from MAIDS mice and illustrated active viral replication in spleen as well as heart tissue 

during the disease process. Immunohistochemistry and Northern blot analysis were used 

to determine the role of inflammation in this process: No staining was observed for 

immune cell infiltrates or the inflammatory mediators tumor necrosis factor-a and 

inducible nitric oxide synthase. The content of cardiac collagen, the major determinant 

of ventricular architecture, was significantly decreased in MAIDS mice compared to 

controls and LP-BM5 was shown to infect cardiac fibroblasts in vitro. Pharmacological 

treatment with zidovudine and/or indinavir prevented cardiac dysfunction through 

decreases in viral load without functional cardiotoxicity. 
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CHAPTER 1. INTRODUCTION 

1.1 Heart Disease 

According to the Centers for Disease Control and Prevention, heart disease is the 

leading cause of mortality in the United States, accounting for over 30% of all deaths 

each year and over 700,000 deaths in 2000 (CDC, 2003). More than 60 million 

Americans live with some form of cardiovascular disease which will cost $351.8 billion 

in heath expenditures and lost productivity in 2003 (American Heart Association, 2002). 

Cardiomyopathies, diseases of the cardiac muscle causing enlargement, thickening, or 

stiffening of the heart, resulted in over 27,000 deaths in the United States in 2000 

(American Heart Association, 2002). 

Heart failure is defined as dysfunction that results in a mismatch of the supply and 

demand of oxygen (Mittmann et al., 1998). This syndrome is characterized by symptoms 

of volume overload, inadequate tissue perfusion, and poor exercise tolerance (Piano et al., 

1998); the inability of the heart to maintain a cardiac output that can adequately meet the 

oxygen demand of peripheral tissues (Katz, 1990); and changes in systolic and diastolic 

function that reflect changes in the subcellular processes of the left ventricle (Piano et al., 

1998). 

Heart failure is caused by conditions that limit ventricular filling or that result in 

pressure or volume overloads or abnormal contraction or relaxation (Piano et al., 1998). 

Note: A list of abbreviations used in this report can be found in Appendix A. 



Pathology can result from dysftinctions in the systolic or diastolic phases of the cardiac 

cycle, or both. Systolic dysfunction is characterized by the inability of the left ventricle 

to contract normally against progressive increases in afterload (Goldsmith and Dick, 

1993). A heart in systolic failure is impaired in its response to: an increased preload, 

resulting in an exhausted Frank-Starling mechanism (Komamura et al., 1993); an 

increased frequency of stimulation (Mittmann et al., 1998); or positive inotropic drugs, 

such as Pi-adrenoceptor agonists (Colucci and Parker, 1989). 

It has been reported that one-third of patients with heart failure have normal systolic 

ftinction but abnormal diastolic function (Dougherty et al., 1984). Diastolic dysfunction 

is manifested as impairment in left ventricular filling at normal or slightly elevated left 

atrial and ventricular pressures and is due to changes in ventricular structure, specifically 

changes in compliance (Gaasch, 1994), or changes in the intracellular mechanisms that 

are responsible for diastolic calcium handling (Grossman et al., 1979). 

Heart failure can be the result of a variety of molecular or cellular alterations in the 

heart in which changes occur in myocytes or non-myocytes and interstitial components. 

Myocyte changes may result from the alteration of contractile proteins, calcium 

homeostasis, or signal transduction (Mittmann et al., 1998). During heart failure, 

contractile protein changes such as decreased activity of the calcium-dependent Mg^^-

ATPase (Pagani et al., 1988), slowing of the rate of cross-bridge cycling (Hajjar and 

Gwathmey, 1992), and decreases in the phosphorylation state of troponin I (Bodor et al., 

1997) have been reported. The first evidence for the role of calcium homeostasis in heart 

failure occurred when an increase in diastolic calcium concentrations and a prolonged 
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calcium transient were observed (Gwathmey et al., 1987). These events were soon linked 

to changes in the calcium reuptake of the sarcoplasmic reticulum calcium ATPase 

(SERCA2a) without changes in the protein levels of SERCA2a or phospholamban (PLB) 

(Limas et al., 1987; Flesch et al., 1996). Changes in signal transduction during heart 

failure occur as a decrease in the number of P-adrenoceptors (Steinfath et al., 1991) and a 

reduction in the stimulation of adenylate cyclase (Bristow et al., 1989) and intracellular 

cAMP levels (Danielsen et al., 1989). This results in the desensitization of cAMP-

generating pathways and a refractoriness to catecholamines (Mittmann et al., 1998). 

The process of heart failure consists of multiple steps. An initiating stimuU, such as 

hypertension, myocardial infarction, genetic factors, or infection, leads to the first stage 

of failure and the activation of compensatory mechanisms. Activation of the sympathetic 

nervous system and increases in the production of catecholamines, specifically 

norepinephrine (Davis et al., 1988; Masking et al., 1986), as well as activation of the 

renin-angiotensin-aldosterone system (Holtz, 1993) serve as compensatory mechanisms 

to enhance cardiac performance (Eichhom and Bristow, 1996) by altering the four 

determinants of cardiac function; preload, afterload, contractility, and heart rate (Opie, 

1998; Katz, 1992). Long-term exposure to this cardiac compensation, however, leads to 

the overexpression of neurohormones (Cohn et al., 1984; Francis and Chu, 1995), 

cytokines such as tumor necrosis factor-a (TNF-a) (Seta et al., 1996), and other peptides 

(Wei et al., 1994; Mukoyama et al., 1991; Gottlieb et al., 1989) causing a decompensated 

stage including myocyte dysfunction, cell death (Piano et al., 1998), hypertrophy 

(Morgan and Baker, 1991), and changes in calcium homeostasis (Limas et al., 1987), 
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excitation-contraction coupling (Schwinger et al., 1994), cross-bridge cycling (Alpert et 

al., 1992), and cytoskeletal architecture (Shaper and Speiser, 1992; Zellner et al., 1991). 

Because of its progressive, multistep process, heart failure has been compared to 

carcinogenesis in that it includes physiologic and molecular initiators, promoters, 

suppressors, and effectors (Chien, 1999). 

Changes in cardiac fiinction can be quantitated as alterations in pressure-volume 

loops. The loops illustrate the different phases of the cardiac cycle: 1) isovolumic 

contraction, 2) isotonic ejection, 3) isovolumic relaxation, and 4) isotonic filling (Figures 

1 and A-1). Certain cellular and molecular components become the major players at each 

phase (Fig. 1). For example, changes in the function of PLB or SERCA2a which regulate 

calcium reuptake into the sarcoplasmic reticulum would be seen as alterations in the 

relaxation phase of the loop (Fig. 1-3). Similarly, changes in the filling phase (Fig. 1-4) 

are indicative of alterations in the properties of the extracellular matrix. A number of 

hemodynamic parameters are used to mathematically describe characteristics of the 

cardiac pressure-volume loop. Filling during diastole, for example, is characterized by P 

(beta), a parameter measuring ventricular compliance; Vo, the theoretical volume that 

would occur in the left ventricle at zero pressure (the x-intercept of ESPVR); and 

EDPVR, a line graphing the end-diastolic pressure-volume relationship. 
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Figure 1. Diagram of a pressure volume loop. (RYR: lyanodine receptor, 
TN: troponin, PLB: phospholamban, SERCA: sarcoplasmic reticulum calcium 
ATPase, PRSW: preload recruitable stroke work, ESPVR: end-systolic pressure-
volume relationship, Ea: arterial elastance, Vo: volume at zero pressure) 
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1.2 Dilated Cardiomyopathy 

Dilated cardiomyopathy (DCM), also called congestive cardiomyopathy, is the most 

common myocardial disorder, accounting for 60-87% of cases of cardiomyopathy 

(Bachinski and Roberts, 1998; American Heart Association, 2002) with an annual 

incidence of 2-8 cases/100,000 and a prevalence of 36/100,000 in the United States and 

Europe (Towbin and Bowles, 2000). DCM is also the leading indication for cardiac 

transplantation (Bachinski and Roberts, 1998) and has a high morbidity and mortality 

(Mestroni et al., 1998). Patients with DCM have 5- and 10-year survival rates of 50% 

and 25%, respectively (American Heart Association, 2002). 

Dilated cardiomyopathy is characterized by dilation or enlargement of the left 

ventricle in the absence of abnormal loading conditions, such as hypertension or valve 

disease, or ischemic heart disease (Elliott, 2000). Abnormal systolic and diastolic left 

ventricular function including a decrease in ejection fi-action, symptoms of congestive 

heart failure, and premature death due to failure and arrhythmias are also characteristic of 

DCM (Leiden, 1997; Opie, 1998). Onset may be at any age, but DCM normally presents 

in adults (Mahon et al., 2000). Typical presenting symptoms include fatigue, shortness of 

breath, edema of the lower extremities, pulmonary congestion, palpitations, and 

arrhythmias; although, systemic embolism or sudden death may be the first sign of DCM 

(American Heart Association, 2002; Elliott, 2000). DCM is often diagnosed incidentally 

(Elliott, 2000) or based mainly on the exclusion of other specific heart muscle diseases 

(Mestroni et al., 1998). 
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Electrocardiographic abnormalities in DCM include T wave changes, atrioventricular 

conduction delays, bundle branch block, atrial fibrillation, and non-sustained tachycardia 

(Elliott, 2000). Characteristic dilation is most easily diagnosed using echocardiography: 

DCM is often defined by a left ventricular cavity dimension of more than 112% of 

predicted normal values and a shortening fraction less than 25% (Elliott, 2000). Mitral 

valve regurgitation or stenosis can also be determined during an echocardiogram 

(American Heart Association, 2002). Exercise tolerance testing, chest X-ray, ultrasound, 

CT scan, endomyocardial biopsy, and serology tests for viruses or neutralizing antibodies 

may also be used in the diagnosis of DCM in certain cases (HeartCenterOnhne™, 2001; 

Elliott, 2000). 

Treatments for DCM are designed to manage symptoms and prevent disease 

progression and compUcations. Pharmacological interventions include diuretics, 

angiotensin converting enzyme (ACE) inhibitors, angiotensin II receptor antagonists, P 

blockers, spironolactone, natriuretic peptides, pentoxyfilline, etanercept, endothelin 

antagonists, warfarin, and class III antiarrhythmics (Elliott, 2000). Heterotopic heart 

transplant tops the list of non-pharmacological treatments for DCM, but due to practical 

and clinical limitations, other procedures may be used; partial left ventriculectomy, left 

ventricular assist devices (LVADs), biventricular pacing, and cardiomyoplasty (Elliott, 

2000; HeartCenterOnline™, 2001). Again, these compounds and procedures act in 

treating the symptoms of DCM, not the causes. 

Dilated cardiomyopathy can be caused by numerous initiators that include 

environmental, genetic, and infectious factors. The use of compounds such as 
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anthracyclines or cocaine or the excessive use of alcohol may cause DCM, as may 

nutritional deficiencies (Elliott, 2000). Certain physiological states such as coronary 

artery disease, chronic tachycardia, valvular heart disease, autoimmune disease (Leiden, 

1997), mitochondrial or endocrine abnormalities (Elliott, 2000), and pregnancy 

(HeartCenterOnline™, 2001) may also lead to DCM. However, this cardiomyopathy is 

inherited in more than 30% of cases (Michels et al., 1992; Keeling et al., 1995); the 

majority are obtained through autosomal dominant transmission (Grunig et al., 1998), but 

autosomal recessive, X-linked, and mitochondrial inheritances are also seen (Berko and 

Svi^ift, 1987; Towbin and Bowles, 2000). Mutations seen in inherited DCM are most 

often found in the genes of cytoskeletal-membrane proteins, which, as a group, link the 

sarcomere to the extracellular matrix. These affected proteins include dystrophin, actin, 

and desmin (Towbin and Bowles, 2000). 

Dilated cardiomyopathy may also be the result of infectious myocarditis. Viral 

infection and persistence results in an inflammatory response in the heart in which an 

immune infiltrate is seen followed by a fibrotic event (Bachinski and Roberts, 1998; 

Mestroni et al., 1998). The production of the inflammatory cytokine TNF-a also occurs 

in DCM during this phase which leads to the upregulation of inducible nitric oxide 

synthase (iNOS) and excess production of nitric oxide (NO) (Habib et al., 1996). Viruses 

associated with DCM include enteroviruses (particularly group B coxsackieviruses), 

adenoviruses, herpesviruses, cytomegaloviruses (Mestroni et al., 1998), and human 

immunodeficiency virus (HIV) (Lipshultz, 1998). The topic of viral myocarditis will be 

discussed fixrther in Section 1.4. 
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In most cases, the precipitating cause of DCM is not readily identifiable. These 

diseases are termed idiopathic dilated cardiomyopathy (IDC) and account for 47% of all 

defined DCM cases (Elliott, 2000; Manolio et al., 1992). It is estimated that 25% of 

cases of IDC are of genetic origin (Chien, 1999), although undetected viral infection may 

also cause a large proportion of IDC cases (Baboonian and Treasure, 1997; Opie, 1998). 

Regardless of the initiating precursor, be it genetic, toxic, or inflammatory, the 

disease course of DCM tends to be very similar in each case; as such, DCM is often 

described as "the final common pathway" of a variety of primary causes (Hunter and 

Chien, 1999; Mestroni et al., 1998; Towbin et al., 1999). This hypothesis is supported by 

several phenomena: studies of other cardiomyopathies have shown that structural and 

metabolic abnormalities both lead to similar phenotypes (Mestroni et al., 1998); further, 

similarities are seen in the clinical course, histopathological findings, and hemodynamic 

changes of DCM cases of various origins (Leiden, 1997). This suggests that common 

cellular or molecular pathways occur which lead to the disease state of DCM. The study 

of both the mutations responsible for familial DCM and viral activity in the heart allowed 

for much illumination of these pathways and often pointed to the extracellular matrix as 

the common ground in all cases. 

1.3 The Cardiac Extracellular Matrix 

In contrast to other forms of heart failure in which cellular or molecular changes 

occur in the myocyte, DCM results fi^om changes in the extracellular matrix (ECM). 

Normally, the force created by the contraction of each myocjlie is transformed into work 
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done by the whole tissue through the linkage of myocytes to the ECM; during DCM, this 

linkage is impaired (Hunter and Chien, 1999). To understand this phenomenon, the 

structure and function of the cardiac ECM must be discussed. 

The ECM in any tissue is composed of a meshwork of fibrous proteins surrounded by 

a gel of glycosaminoglycans. The fibrous proteins provide tensile strength and can be 

structural (collagen and elastin) or adhesive (fibronectin and laminin), while the 

glycosaminoglycans, polysaccharides linked to proteins, resist compressive forces 

(Alberts et al., 1994). This matrix is produced by fibroblasts and allows for the diffusion 

of nutrients, wastes, and messengers between blood and tissues (Sherwood, 1997), while 

remaining in close association with the surface of the producing cells (Alberts et al., 

1994). The ECM affects the proUferation, differentiation, migration, shape, and function 

of the cells it surrounds (Jane-Lise et al., 2000; Alberts et al., 1994). In the heart, the 

ECM also supports and tethers myocytes, defends against infection, aids in the nutrition 

of myocytes, and provides a lubricant for contraction (Weber, 1989). 

In the heart, there are three organizational levels of the ECM: The epimysium is 

connective tissue that envelops the entire cardiac muscle and preserves the sarcomeric 

unit fi-om excessive degrees of stretch. The perimysium, tendon-like extensions of the 

epimysium, aggregates myocytes into myofibers, provides lateral connections, and 

prevents myocyte slippage. The endomysium interconnects and provides support for 

individual myocytes and capillaries and is composed of struts of collagen that run 

perpendicular to the basement membrane (Swynghedaw, 1998; Weber, 1989). Collagen 

is the most abundant protein in mammals accounting for 25% of the total protein mass of 
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the organism (Alberts et al., 1994). The heart, however, contains only 3% of its mass as 

collagen (Swynghedaw, 1998). 

Cardiac collagen prevents hyperphysiological elongation or shortening of the 

myocytes and synchronizes the contraction of each cell by transferring tension 

(Swynghedaw, 1998). This coordination of force to the whole ventricle allows the heart 

to function as a single pump (Caulfield and Borg, 1979). Collagen also provides the 

supportive scaffolding for myocytes, myofibrils, and the vasculature that maintains 

structural integrity and overall cardiac geometry (Kim et al., 2000). The primary form of 

collagen in the heart is type I, making up 85% of the total collagen, followed by 11% 

type III, and 4% type IV (Swynghedaw, 1998). Collagen type I, a triple stranded helix, 

aggregates into thick fibers with the tensile strength of steel, while type III collagen 

forms thinner fibers that cross-link with type I (Swynghedaw, 1998; Opie, 1998). The 

collagens determine ventricular stiffness and their content is correlated with tissue 

compliance (P) (Swynghedaw, 1998). Despite its low concentration, collagen is the 

major structural component responsible for the architecture and functional integrity of the 

myocardium (EghbaU and Weber, 1990). 

The cardiac ECM is linked to the cytoskeletal myofibril and to the sarcomere through 

a chain of specific proteins (Borg and Burgess, 1993; Spinale et al., 2000). The cardiac 

cytoskeleton is a structural network which forms an interface between the cell and the 

extracellular environment, through contractile and transmembrane proteins, and is 

composed of microtubules, microfilaments, and intermediate filaments. The cytoskeleton 

maintains the internal organization of organelles and transmits force fi^om one cell to and 
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from adjacent cells and the ECM (Di Somma et al., 2000; Jane-Lise et al., 2000). The 

collagen of the ECM binds to laminin-2 which is in turn linked to dystroglycan which 

binds dystrophin, the protein linked to cytoskeletal a-actinin, the protein that links actin 

at the Z-line and cross-Hnks actin filaments (Hunter and Chien, 1999; Opie, 1998). 

Numerous other proteins exist in the linkage between the sarcomere and the ECM (Opie, 

1998; Jane-Lise et al., 2000). Desmin, an intermediate filament associated with actin and 

a component of the Z-line, prevents slippage during contraction keeps myofibrils in 

parallel by connecting sarcomeres transversely (Schaper et al., 1991). Vinculin, one of 

the major actin-binding proteins, attaches myofibrils to the intercalated disk and connects 

the cytoskeleton to the ECM via integrins, which act as receptors for collagen and 

fibronectin, a component of the cellular basement membrane (Schaper et al., 1991; 

Ganote and Armstrong, 1993). Vimentin is an intermediate filament in fibroblasts and 

endothelial cells (Heling et al., 2000). And tubulin is organized around the nucleus 

longitudinally in the myocyte and contributes to the stability of the sarcomere in relation 

to other cellular components (Kostin et al., 1998). As stated above, genetic abnormalities 

causing DCM have been described in dystrophin, actinin, and desmin (Hunter and Chien, 

1999). Furthermore, increases in the levels of desmin, tubulin, vinculin, and vimentin, 

acting in a compensatory manner, are present during DCM (Schaper et al., 1991). These 

phenomena support the ECM and its associated proteins as the major players in the 

disease progress of DCM. The role of viral myocarditis as the initiating factor that leads 

to the final common pathway of DCM will now be discussed. 
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1.4 Viral Myocarditis 

Acute myocarditis is an inflammatory disease which leads to tissue damage 

characterized by tissue infiltration of mononuclear cells and foci of necrotic myocytes 

and the expression of the cytokines TNF-a, IL-12, IFN-y, IFN-P, EL-IO, and iNOS. 

During the chronic phase of myocarditis, IFN-y, IL-10, TNF-a, IL-12, TGF-P, and iNOS 

are expressed (Gluck et al., 2001). 

Although myocarditis can be caused by viruses, bacteria, parasites, protozoa, ftingi, 

chemotherapeutics, radiation therapy, and hypersensitivity reactions, viruses are 

considered the most common cause of myocarditis in developed countries (See and 

Tilles, 1991; Liu et al., 1996; Kawai, 1999; Kearney et al., 2001). Support for viruses as 

initiators of cardiomyopathy was reported in 1978 as a higher incidence of neutralizing 

antibodies to Coxsackievirus B (CVB) in patients with idiopathic dilated cardiomyopathy 

than in controls (Kawai et al., 1978). Since then, many viruses have been implicated in 

myocarditis and the resulting DCM, the most common and well-characterized of which is 

still CVB. Other viruses associated with myocarditis include Coxsackievirus A, 

echovirus, adenovirus, influenza A and B, herpes simplex types 1 and 2, 

cytomegalovirus, varicella-zoster, Epstein-Barr, mumps, rubella, rubeola, vaccinia, 

rabies, coronavirus, hepatitis B and C, and human immunodeficiency virus (HIV) 

(Kearney et al., 2001; Liu et al., 1996). HIV, as well as hepatitis C and cytomegalovirus, 

has been associated with DCM (Matsumori et al., 1995; Friman et al., 1995; Barbaro et 

al., 1996). 
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1.5 AIDS and MAIDS 

Acquired immunodeficiency syndrome (AIDS) is currently the fourth leading 

cause of death worldwide (World Heath Organization, 2002). There were 42 million 

people living with HIV or AIDS at the end of2002 and 5 million people, or 14,000 

people per day, were newly infected during 2002. Though preventative measures and 

treatment strategies have decreased the pervasiveness and mortality rates of AIDS, the 

adult prevalence rate is still 1.2% worldwide and 3.1 million people died from AIDS-

related pathologies in 2002 (UNABDS, 2003). AIDS is characterized by an irreversible 

immunosuppression that predisposes patients to multiple opportunistic infections, 

neoplasms, and a progressive dysfunction of multiple organ systems (Rerkpattanapipat et 

al., 2000). The involvement of the cardiovascular system was first described in 1983 and 

involved cardiac Kaposi's sarcoma (Autran et al ). Today, cardiac lesions are present in 

25-75% of AIDS patients (Fisher and Lipshultz, 2001; d'Amati et al., 2001) and 10% of 

patients will present with symptomatic heart failure every five years (Barbaro et al., 

1998). AIDS-associated lesions can include dilated cardiomyopathy, myocarditis, 

endocarditis, pericardial effusion, pulmonary hypertension, coronary artery disease, 

ischemic heart disease, neoplastic invasion, and drug-related cardiotoxicity (d'Amati et 

al., 2001; Rerkpattanapipat et al., 2000). Myocarditis is present in about half of ADDS 

patients (Anderson et al., 1988; Baroldi et al., 1988) and in 83% of AIDS patients with 

DCM as an infiltrate composed mainly of CD8^ and CD3^ lymphocytes (Barbaro et al., 

1998; Barbaro, 1999). DCM has a mean annual incidence rate of 15.9 cases per 1000 

patients with asymptomatic HIV infection (Barbaro et al., 1998) and has a prevalence of 
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10-30% when characterized by echocardiography or at autopsy (Anderson et al., 1988; 

Himelman et al., 1989). This HIV-associated DCM, first described in 1986 (Cohen et 

al.), accounts for 3.6% of all cardiomyopathy patients (Barbaro, 2001). However, the 

HIV-associated disease carries a darker prognosis than idiopathic dilated cardio

myopathy, ischemic cardiomyopathy, or HIV infection in the absence of DCM; for 

example, the median survival for HIV-associated DCM is 101 days, whereas patients 

with similar infection states and no DCM live 472 days (Lipshultz, 1998; Currie et al., 

1994; Felker et al., 2000). The prevalence and severity of HIV-associated DCM 

necessitates its fiirther study. 

The practicality and low cost of using a mouse model in the laboratory, its ability to 

simulate the human disease process, and its extensive use in cardiovascular and 

immunological research make using a murine model of HIV ideal for study. However, 

few authentic murine models represent human HIV infection and its role in 

cardiopathology (Lewis, 2001). The use of transgenic mice, in which all or part of the 

HIV genome is expressed, present several disadvantages; the viral sequences are 

contained in every cell, which is not indicative of human infection with HIV; mice in 

which the complete HIV genome is expressed present an infectious threat to humans; and 

recombination of HIV sequences with endogenously expressed murine retroviruses also 

poses a threat to humans as well as other species (Lewis, 2001). The LP-BM5 model 

offers many similarities to AIDS and several advantages as a model. 

Murine acquired immunodeficiency syndrome, or MAIDS, uses the LP-BM5 

retroviral cluster to induce an AIDS-like syndrome in C57BL/6 mice. LP-BM5 is a 
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mixture of a replication-defective xenotropic murine leukemia virus (BM5d) and 

replication-competent helper ecotropic (BM5e) and mink cell focus (MCF)-inducing 

murine leukemia viruses (MuLVs) (Mosier et al., 1985; Aziz et al., 1989; Chattopadhyay 

et al., 1991). The mixture was originally derived from C57BL/6 mice that had received 

low-dose irradiation (Lieberman and Kaplan, 1959) and characterized using splenic cell-

free extracts (Lateijet and Duplan, 1962). Virus used today was originally obtained from 

bone marrow (BM) stromal cell culture established from virus-inoculated mice (Haas and 

Meshorer, 1979). 

This model is similar to AIDS in the many changes that accompany the disease 

process: alterations in immune function, cytokine production, T cell differentiation, 

oxidative stress, and resistance to infection. In addition, LP-BM5 cannot be transmitted 

to humans or to other mice (Liang et al., 1996). After intraperitoneal injection of the LP-

BM5 MuLV into adult mice, a brief period of increased immune responsiveness occurs, 

followed by a profound immunosuppression and the development of massive 

lymphadenopathy, hypergammaglobulinemia, splenomegaly, polyclonal B cell activation 

and dysfixnction, T cell fiinctional deficiency, and a widespread lymphoproliferative (LP) 

disease (Mosier et al., 1985; Liang et al., 1996). Originally, the lymphoproliferative 

disease was mistaken for lymphoma and the model was developed for use in cancer 

research. Its use as a model for AIDS presents a rare case in which an animal model was 

developed before the disease it models was recognized. 



27 

1.6 Statement of the Problem 

The prevalence of HIV-associated DCM necessitates a better understanding of the 

disease process. Financial, ethical, and pragmatic factors prevent the use of human 

subjects and favor the use of a murine model for this research. The following chapters 

discuss experimentation involving mice infected with LP-BM5 (MAIDS mice) and the 

resulting cardiac pathology. Chapter 2 describes the characterization of MAIDS DCM, 

Chapter 3 discusses the mechanisms of the disease process, and Chapter 4 explains the 

pharmacological prevention of the DCM. The following hypotheses and specific aims 

were completed for this study. 

Hypothesis 1: MAIDS causes cardiopathology. 

Rationale; AIDS has been associated with various cardiovascular abnormalities. 

Specific Aim 1.1; Compare the cardiac fiinction of MAIDS mice with control mice. 

Methods; Conductance catheter system analysis of cardiac function. 

Results; MAIDS causes dilated cardiomyopathy. 

Specific Aim 1.2; Determine the role of cardiac viral infection in MAIDS. 

Rationale; HIV has been detected in the heart during AIDS cardiomyopathy. 

Results; LP-BM5 is present in the hearts of MAIDS mice. 

Specific Aim 1.3; Ascertain the role of cardiac inflammation during MAIDS. 

Rationale; Viral myocarditis has been hypothesized to cause AIDS cardiomyopathy. 

Methods; Immunohlstochemistry for immune cell infiltrates, Northern blot analysis 

for inflammatory mediators. 

Results; No chronic inflammatory reaction is present in the hearts of MAIDS mice. 
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Hypothesis 2: MAIDS DCM results from a change in extracellular collagen. 

Rationale: Collagen is the primary protein responsible for ventricular architecture. 

Specific Aim 2.1; Compare the collagen content in MAIDS hearts to controls. 

Methods; Histological staining for collagen and collagen assay. 

Results; The collagen content in MAIDS hearts is decreased compared to controls. 

Specific Aim 2.2; Ascertain the role of fibroblasts in the change in collagen. 

Rationale; Fibroblasts are the non-permanent cells of the heart responsible for the 

production of collagen. 

Methods; In vitro infection of fibroblasts with LP-BM5 and its quantification. 

Results; LP-BM5 can replicate in cardiac fibroblasts. 

Hypothesis 3: Pharmacological intervention during MAIDS prevents DCM without 

cardiac toxicity. 

Rationale; Controversy exists regarding the role of therapeutics both in the incidence 

of cardiomyopathy in ADDS and in their cardiotoxicity. 

Specific Aim 3.1; Determine the effects of drug treatment on MAIDS DCM. 

Methods; Treat MAIDS mice with zidovudine (AZT) and/or indinavir (IND). 

Rationale; Reverse transcriptase inhibitors and protease inhibitors are the mainstay of 

current AIDS therapy. 

Methods; Compare the cardiac function of control mice, MAIDS mice, MAIDS mice 

treated with AZT, MAIDS mice treated with IND, and MAIDS mice treated with 

a combination therapy using the conductance catheter system. 
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Results: Therapeutics prevent the DCM of MAIDS. 

Specific Aim 3 .2; Determine the mechanism of cardiac dysflinction prevention. 

Methods: Compare the spleen weights of mice from each group. 

Rationale; Spleen weights are indicative of viral load. 

Results; Therapeutics decrease spleen weight: a decrease in viral load is the 

mechanism of dysflinction prevention. 

Specific Aim 3.3: Determine the cardiotoxicity of antiviral treatment. 

Methods; Compare the cardiac fiinction of control mice treated with each drug 

using the conductance catheter system. 

Results; Monotherapy does not cause fiinctional cardiotoxicity. 
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CHAPTER 2. RETROVffiALLY INDUCED DILATED CARDIOMYOPATHY 

2.1 Introduction 

The introduction and extensive use of highly active anti-retroviral therapy (HA7\RT) 

for the treatment of HIV infection has brought longer life-spans and an improved quality 

of life for HIV-infected and AIDS patients in the developed world (Barbaro, 2001; 

Palella et al., 1998). The probability of survival after two years in HIV^ patients with 

opportunistic infections increased from 49% for those diagnosed in 1993 to 80% for 

those diagnosed in 1997 (Lee et al., 2001). However, the increased prevalence of 

secondary diseases occurring late in the disease course has become a clinical concern. 

Risk factors for cardiovascular abnormalities, such as hypercholesterolemia, 

hypertriglyceridemia, diabetes mellitus, hypertension, visceral fat accumulation, and 

cigarette smoking, are prevalent in HIV^ patients (Falusi and Aberg, 2001). Cardiac 

complications can include coronary heart disease, arterial hypertension, pericardial 

efifiision, isolated right ventricular and pulmonary disease, and dilated cardiomyopathy 

(DCM) (Barbaro, 2001). Significant left ventricular dysftinction is seen in 8% of 

asymptomatic HIV^ patients within five years (Barbaro et al., 1998); and, more 

specifically, AIDS is recognized as an important etiological factor for DCM (Barbaro et 

al., 1996). 
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Viral myocarditis has been established as a primary cause of DCM in HIV infection 

(Barbaro et al., 1998). In one study, HTV was detected by in situ hybridization in 76% of 

the hearts of ADDS patients with characterized DCM (Barbaro, 1999). The mechanism of 

pathology in these cases is unclear as myocytes do not express the HIV receptor, CD4, 

and there is no apparent association between this infection and single myocyte 

dysfunction (Barbaro et al., 1998). Transgenic mice expressing partial HIV sequences 

produce no virions, but do present with cardiac abnormalities (Tinkle et al., 1997). This 

observation, along with the key role that cytokines play in the pathogenesis of congestive 

heart failure in the general population (Barbaro and Lipshultz, 2001), led to the 

hypothesis that the cardiopathology of AIDS is cytokine-mediated. HIV infection is 

associated with the production of the inflammatory cytokine tumor necrosis factor-a 

(TNF-a) and the enzyme inducible nitric oxide synthase (iNOS). During viral infection, 

TNF-a is produced and acts as a potent stimulator of iNOS (Torre-Amione et al., 1995), 

which then produces excess nitric oxide (NO) leading to increased levels of cyclic GMP, 

decreased myocyte calcium influx, a negative inotropic effect, and myocardial failure 

(Balligand et al., 1993; Tsujino et al., 1994; Opie, 1998). In addition to viral myocarditis, 

TNF-a is associated with the pathogenesis of myocardial infarction, chronic heart failure, 

atherosclerosis, and allograft: rejection (Latini et al., 1994; Levine et al., 1990; Meldrum, 

1998). NO is also understood to be a key player in the pathology of viral myocarditis 

(Haywood et al., 1996). Further, the gene expression of iNOS is associated with heart 

failure and the protein has been detected in ventricular myocytes from patients with end-
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stage heart failure (Haywood et al., 1996). Staining for both TNF-a and iNOS is 

increased in myocardial biopsies from HIV^ patients with DCM when compared to non-

infected patients with idiopathic dilated cardiomyopathy, although the intensity of the 

staining is not altered by anti-retroviral treatment (Barbaro et al., 1999). The intensity of 

staining for both TNF-a and iNOS is also increased in idiopathic dilated cardiomyopathic 

myocardial biopsies when compared to control biopsies (Barbaro et al., 1999). 

To study the disease process of this cardiomyopathy, a mouse model was used. 

Murine models of viral infection are widely used to investigate myocarditis (Reyes and 

Lemer, 1985; Estrin et al., 1987). Murine acquired immunodeficiency syndrome 

(MAIDS) induced through infection with the LP-BM5 retroviral cluster is an established 

model of the systemic immune dysfunction related to HIV infection. For this study, it 

was hypothesized that, during MAIDS, viral infection of the heart occurs resulting in a 

dilated cardiomyopathy. To compare the cardiac function of the MAIDS mice to control 

mice, pressure-volume loops were obtained using a conductance catheter system. This 

method of measurement is considered one of the best current approaches for the 

assessment of cardiac function (Opie, 1998). The expression of TNF-a and iNOS and the 

presence of an inflammatory infiltrate were also investigated. Although no inflammatory 

viral myocarditis was seen, viral infection of the heart does occur in MAIDS causing a 

marked dilated cardiomyopathy. 
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2.2 Materials and Methods 

2.2.1 Mice 

All animal studies presented here were performed after approval by the University of 

Arizona Committee on Animal Research and utilized 4-week-old female C57BL/6 mice 

obtained from Charles River Laboratories (Wilmington, DE). Mice were housed in the 

University of Arizona animal facility with a 12-hour light/dark cycle and free access to 

water and a sterilized diet of NTH-SI (mouse diet #7001, Teklad, Madison, WI). Mice 

were randomly assigned to experimental groups. 

2.2.2 LP-BM5 Viral Infection 

At 5 weeks of age, mice received an intraperitoneal (i.p.) injection of 100 |iL of 

minimum essential medium (MEM) contmning LP-BM5 murine refrovirus with an 

esotropic titer of 4.5 logio x 10'^ PFU/L, a dose that consistently produced a disease state 

previously (Sepulveda et al., 2000). Mice were evaluated at 12 weeks post-infection as 

this time point allowed for flill presentation of the disease without complicating 

pathological effects. 

2.2.3 Cardiac Junction 

Parameters of in vivo hemodynamic cardiac fixnction in LP-BM5-infected and in non-

infected mice were determined through analysis of pressure-volume loops (PVLs) 

acquired using a conductance catheter system (CCS) according to the method previously 



34 

reported (Yang et al., 2001; Yang et al., 2000; Yang et al., 1999). Parameters were 

measured at 12 weeks post-infection as this time point allowed for the determination of 

significant cardiac dysfiinction not influenced by respiratory or pre-load issues resulting 

from increased thoracic lymph node size that occur at later time points. Briefly, after the 

induction of anesthesia with urethane (1000 mg/kg, i.p.) followed by a-chloralose (50 

mg/kg, i.p.), the mice were placed on a surgical platform maintained at 37.5°C and 

ventilated through a tracheotomy with a pressure-controlled respirator (RSP 1002, Kent, 

CT) at a rate of 120 breaths/min and FIO2 of 1.0. A loading volume of 200 jjL of 

hetastarch (6% hetastarch in 0.9% saline, Abbott Laboratories, N. Chicago, IL) was 

injected through an external jugular catheter prior to placement of the conductance 

catheter (Millar MCS-lOO) into the left ventricle. With the ventilator turned off for 3 

seconds, pressure-volume relationships were acquired by reducing the ventricular preload 

with acute compression of the inferior vena cava. The data were acquired using 

BioBench custom software and analyzed with Microsoft Excel according to calculations 

described by Glower et al. (1985) and Kass et al. (1986). A diagram of a PVL can be 

seen in the appendix (Fig. A-1). 

2.2.4 Tissue Harvesting 

At time points of 4, 10, 12, and 14 weeks post-infection, mice upon which no 

surgeries were performed were euthanized using ether and the spleens and hearts were 

removed. The spleens were snap-frozen in liquid nitrogen, and stored at -80°C until later 

use. The apex of the heart was removed, fixed in 10% formalin, and embedded in 
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paraffin for use in histology and immunohistochemistry. Heart tissue was also harvested 

for transmission electron microscopy. The remainder of the heart was snap-frozen and 

stored as with the spleens. Concomitantly, tissues from age-matched, non-infected mice 

were taken at these time points to act as controls. 

2.2.5 DNA Extraction 

Genomic DNA was isolated from pulverized heart and spleen tissue using a 

commercially available kit (Easy-DNA, Invitrogen, Carlsbad, CA), precipitated using 3M 

sodium acetate and 100% ethanol, and purified using Phase Lock Gel (Eppendorf-

Brinkmann, Westbury, NY). The purity and concentration of DNA in each sample was 

determined using a spectrophotometer. 

2.2.6 Detection of Virus by cPCR 

The presence of the LP-BM5 retrovirus in vivo was demonstrated using competitive 

polymerase chain reaction (cPCR) to amplify a portion of the pl2 viral gene inserted into 

the genomic DNA from murine heart and spleen tissue. Primers corresponding to base 

pairs 1456-1473 (sense 5'-AACCTTCCTCCTCTGCCA-3') and 1579-1596 (antisense 

5'-GAAAGCCCGAGAGGTGGT-3', GenBank Accession M64096) were used to 

competitively amplify a 141-bp sequence unique to the BM5d portion of the LP-BM5 

virus cluster (Chattopadhyay et al., 1991) from 0.5 ng DNA in parallel with known 

amounts of a 106-bp competitor (5x10^^ to 5x10^ copies) provided by Anna Casablanca 

and Mauro Magnani (Casabianca et al., 1998). The competitor was created through Ncol 



36 

and Kspl digest and ligation of a plasmid containing the 141-bp viral sequence whereby a 

35-bp fragment from the plasmid (positions 1529-1564) was deleted. cPCR was 

performed in the presence of IX buffer, 1 mM MgCl2, 0.2 mM of each dNTP, 2.5 U 

Amplira^ Gold DNA Polymerase (PE AppUed Biosystems, Foster City, CA), and 0.4 

pM of each custom primer (Life Technologies, Rockville, MD) in a final volume of 25 

(jL as follows; one cycle of denaturation at 95°C for 5 min and 32 cycles of denaturation 

at 95°C for 30 sec, annealing at 58°C for 30 sec, and extension at 72°C for 30 sec, 

followed by a final extension of 72°C for 5 min. DNA from non-infected tissues along 

with a reaction lacking any DNA or competitor were used as negative controls. cPCR 

products were electrophoresed on pre-cast 4-20% gradient TBE polyacrylamide gels 

(NOVEX, Invitrogen, Carlsbad, CA), visualized using ethidium bromide, and 

photographed. The volumes of the photographed bands (intensity x area in mm^) were 

determined using a G-800 densitometer (Bio-Rad Laboratories, Hercules, C A) and 

plotted in series as a function of the logio of the competitor copy number using Microsoft 

Excel. The viral titer is expressed mathematically as the point at which the two graphed 

lines intersect. In reactions with more virus than competitor, the 141-bp band is more 

intense. In those with more competitor, the 106-bp band is stronger (Fig. A-2). 

2.2.7 Immunohistochemistry 

The paraffin-embedded slices of the heart apex were used for immunohistochemistry 

to identify immune cells in the heart. Commercially available primary antibodies (goat 

anti-mouse CD, Santa Cruz Biotechnology, Santa Cruz, CA) reactive against CD8^ T 
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cells (a-CD8), CD4^ T cells (a-CD4), B cells (a-CD20), and macrophage (a-CD68) 

were used. All reactions were performed on an automated immunostainer (Gen°, 

Ventana Medical Systems, Tucson, AZ). Biotinylated rabbit anti-goat antibody Fab 

fragment (Vector Laboratories, Burlingame, CA) and avidin-horseradish peroxidase 

(Ventana Medical Systems) were used as secondary binding proteins. Bound antibody 

was detected using diaminobenzidine as the color substrate (Ventana Medical Systems) 

and sections were counterstained with hematoxylin and evaluated using light microscopy. 

2.2.8 RNA Extraction and Northern Blot Analysis 

Total RNA was extracted from murine heart tissue or cultured murine macrophage 

(RAW cell line) using TRIZOL reagent (Invitrogen), eiectrophoresed through 1% agarose 

containing 1.85% formaldehyde, and transferred to a nylon membrane (Hybond, 

Amersham, Arlington Heights, IL). The blot was prehybridized in buffer containing 6X 

SSC, 5XDenhardt's solution, 1% SDS, 50% formamide, 100 ^ig/mL salmon sperm 

DNA, and 0.05 M NaH2P04. The blot was then hybridized with ^^P-labeled denatured 

probes specific for murine iNOS or TNF-a, washed (twice at room temperature in 2X 

SSC and 0.1% SDS, once at 42°C in IX SSC and 0.5% SDS, and twice at 56°C in 0.5X 

SSC and 0.5% SDS), and exposed to film. 
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2.2.9 Statistical Analysis 

Data are reported as mean ± SEM. Differences between groups were compared using 

two-sample Student's t-tests assuming equal variances (Microsoft Excel). Differences 

were considered significant at p<0.05. 
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2.3 Results 

2.3.1 MAIDS Mice have Dilated Cardiomyopathy 

Multiple anatomical and hemodynamic parameters of cardiac fiinction were acquired 

with a conductance catheter system from both control mice and mice infected with the 

LP-BM5 virus cluster (MAIDS mice). These parameters and the statistical significance 

of their differences can be seen in Table 1. Although MAIDS causes no change in heart 

rate or body and heart weight, the splenic weights of MAIDS mice, a marker of infection 

with LP-BM5, were an average of 6.5 times those of control mice (p=0.00001). 

Regarding cardiac function, MAIDS mice show significantly increased left ventricular 

volumes with an 89% increase in the end-systoHc volume (Ves, p=0.0023) and a 28% 

increase in the end-diastolic volume (Ved, p=0.019). The Vo, an extrapolated theoretical 

volume at ventricular pressures of zero (the ESPVR x-intercept), was also significantly 

increased (60%, p=0.036). A decrease of 56% in beta (P), a parameter of ventricular 

compliance, was observed (p=0.023). The change in value of this parameter is indicative 

of ventricular dilation and is best-assessed using pressure-volume loops (Sanderson, 

1997). The tau, a measure of the rate of relaxation, was increased by 22% (p=0.041). 

The cardiac output (CO) and stroke work (SW) were decreased by 25% (p=0.025) and 

28% (p=0.032), respectively. The increases in ventricular volumes and compliance are 

reflected in a 20% decrease in stroke volume (SV, p=0.038) and a 36% decrease in 

ejection fraction (EF, p=0.0019). Three load-independent parameters of general cardiac 

function, preload recruitable stroke work (PRSW), the slope of the end-systolic pressure-
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volume relationship (ESPVR) or Ees, and dP/dtmax-Ved, were also decreased (20%, 

p=0.021, 45%, p=0.02, and 37%, p=0.027, respectively). The dilatory changes in cardiac 

function can be readily seen in a comparison of the pressure-volume loops of control and 

MAIDS mice (Fig. 2). The ESPVR for each is plotted from the series of loops obtained 

subsequent to compression of the inferior vena cava (FVC). Together, these functional 

data suggest that MAIDS causes a dilated cardiomyopathy. 

Histologically, the cardiac tissue of MAIDS mice appears abnormal when compared 

to control tissues, although no overt necrosis or immune cell infiltration is seen (Fig. 3). 

The intracellular space is increased in the MAIDS tissue when transverse sections are 

viewed and the association of the myocytes to one another is altered in longitudinal 

sections. Transmission electron micrographs (Fig. 4) also show alterations in the 

structure of the myofibrils of MAIDS hearts at an intracellular level when compared to 

control tissue. 

2.3.2 LP-BM5 is Present in the Cardiac Tissue of Infected Mice 

The competitive PGR performed on DNA isolated from MAIDS mice illustrated the 

presence of the incorporated LP-BM5 virus genome in increasing levels over time in both 

spleen and heart tissue (Fig. 5). This indicates active viral replication over the course of 

the disease. The virus levels in the heart were an average of 42% of those of the spleen 

tissue suggesting direct infection of the heart with LP-BM5. No viral signal was detected 

in control mice in either tissue. 
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Table 1. Comparison of anatomical parameters and cardiac 
hemodynamics between control mice and MAIDS mice (mean ± SEM, 
ns: not significant). 

Parameter Unit Control Mice MAIDS Mice p value 
n 8 9 
Body Weight g 32.01 + 1.31 30.36 ±0.56 ns 
Heart Weight mg 123.61 ±5.34 113.81 ±5.39 ns 
Heart/Body Wt 3.88 + 0.14 3.76 ±0.19 ns 
Spleen Weight mg 92.44 ±15.58 604.67 ± 46.95 0.00001 
Spleen/Body Wt 2.88 ± 0.49 19.89 ± 1.42 0.00001 
HR beats/min 516.75 ± 16.85 483.16 ±10.94 ns 
Ves nL 9.42 ± 1.73 17.83 ± 1.72 0.0023 
Ved ^L 19.85 ± 1.87 25.47 ± 1.62 0.019 
SV [iL 11.91+0.98 9.55 ±0.74 0.038 
SVI ^L/g 0.38 ± 0.03 0.31 ±0.02 0.074 
Vo [iL 2.84 ± 1.41 7.61 + 1.51 0.036 
CO mL/min 6.19 ±0.60 4.63 ± 0.39 0.025 
CI fiL/min/g 194.59 ± 19.74 152.57 ± 12.51 0.049 
EF % 60.75 ±5.13 38.62 ± 3.68 0.0019 
Pmax mmHg 80.99 ± 3.44 73.24 ±2.45 0.046 
Pes mmHg 73.95 ±3.33 70.42 ± 2.26 ns 
Fed mmHg 2.79 ± 0.45 2.22 ± 0.20 ns 
SW mmHg*nL 840.25 ± 100.77 602.22 ± 53.54 0.032 
SWI mmHg*|iL/g 26.61 ±3.42 19.82 ± 1.68 0.05 
Ea mmHg/nL 6.54 ±0.59 7.60 ± 0.66 ns 
Ees mmHg/jiL 16.60 ±2.79 9.18 ± 1.46 0.02 
Ea/Ees 0.47 ± 0.07 0.93 ±0.12 0.0028 
PRSW mmHg 78.94 ± 3.69 63.44 ± 5.75 0.021 
PE mmHg*jiL 195.63 ±35.60 314.56 ±33.76 0.015 
PVA mmHg*|iL 945.38 ± 131.39 897.22 ±81.78 ns 
Efficiency % 79.13 ±2.44 64.89 ± 2.73 0.0008 
PE% % 21 ±2 35 ±3 0.0008 
dP/dtmax mmHg/sec 7479.68 ± 880.58 5482.88 ±518.62 0.038 
dP/dtmin mmHg/sec -6365.78 ±523.10 -5151.63 ±405.26 0.045 
dP/dtmax-Ved mmHg/sec/iiL 635.73 ± 77.63 400.35 ±80.19 0.027 
tau msec 10.22 ± 0.84 12.48 ±0.85 0.041 
p mmHg/|aL 0.16 ±0.03 0.07 ± 0.02 0.023 
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Figure 2. Pressure-volume loops and end-systolic pressure-volume 
relationship (ESPVR) obtained from a conductance catheter system of a 
representative control mouse (left, solid lines) and a representative 
MAIDS mouse (right, dashed lines). 
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Figure 3. Hematoxylin and eosin stains of myocardial tissue from 
control mice (A and B) and mice infected with LP-BM5 for 10 weeks (C 
andD). 



Figure 4. Transmission electron micrographs (TEMs) of control (A) and 
MAIDS (B) murine heart tissue (2300X). 



45 

1400000 

2 1200000 

° 1000000 

800000 
a> 

600000 o 
" 400000 
(0 

5 200000 

0 

0 4 10 12 14 

Weeks Post-infection 

0 Spleen • Heart 

J 

1 
1
—

k
 

j-
1
—

k
 

T 

j-
1
—

k
 

X" ± 

j-

Figure 5. Level of LP-BM5 virus determined by competitive PCR 
present in spleen and heart tissues of infected mice over time, (mean ± 
SEM; n=3 per group) 



2.3.3 MAIDS DCM Does Not Result from Inflammatory Viral Myocarditis 

Upon investigating the presence of an inflammatory response in the heart during 

MAIDS using Northern blot analysis for TNF-a and iNOS, the message of neither 

inflammatory mediator was shown to be increased in the heart tissue of MAIDS mice 

when compared to controls (Fig. 6). Similarly, immunohistochemistry for B cells, CD4^ 

T cells, CD8^ T cells, and macrophage showed no immune cell infiltrate in the hearts of 

MAIDS mice. This suggests the absence of an immune-mediated inflammatory response 

during cardiac infection with LP-BM5. 
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Figure 6. Northern blot detection of mRNA for TNF-a (left) and iNOS 
(right) in a murine macrophage cell line (M0), control mice (C), and 
mice infected with LP-BM5 for 8,12, or 16 weeks. 
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2.4 Discussion 

Viral myocarditis may account for at least one-third of cases of dilated 

cardiomyopathy (DCM) in adults (Parrillo et al., 1984). The cardiomyopathy associated 

with HIV-positive patients is becoming increasingly important, although the pathogenesis 

remains unclear (Felker et al., 2000). Virally induced DCM usually follows a course 

involving an acute phase of inflammatory infiltration and cytokine production followed 

by ventricular dilation and dysfunction, interstitial fibrosis, and myocyte hypertrophy 

(Gluck et al., 2001). Mice infected with the LP-BM5 retroviral cluster serve as an 

accepted model for AIDS based on the immunological similarities between the two 

diseases; however, the cardiac pathology reported in humans has not been described in 

the LP-BM5 murine model. This study demonstrated that LP-BM5 infection in C57BL/6 

female mice leads to a functional DCM without a chronic inflammatory response and the 

resulting hypertrophic and fibrotic cardiac changes. 

Measurements acquired fi-om pressure-volume loops were indicative of DCM (Fig. 2, 

Table 1). The significant differences in the measured dynamic left ventricular volumes, 

Ves and Ved, and the Vo, the extrapolated parameter derived from Ees, support this 

conclusion. The contractile and diastolic fiinctions were also impaired which may have 

been due to the loss of ventricular architecture. General cardiac function was altered 

during MAIDS as seen by significant changes in the values of PRSW, ESPVR, and 

dP/dtmax-Ved. Diastolic dysfunction is fairly universal when systolic dysfixnction is 



present (Yu et al., 1996). The changes seen in p and tau are indicative of diastoUc 

dysfijnction in the MAIDS mice. 

The hypothesis stated that the cardiac dysfunction induced during MAIDS was due to 

an over-expression of TNF-a and iNOS; however, neither the message for these 

inflammatory mediators nor the presence of an immune cell infiltrate was detected. The 

presence of virions in cardiac tissue typically results in an inflammatory response 

characterized by immune cell infiltrates and the expression of inflammatory mediators, 

such as TNF-a and iNOS. The absence of an inflammatory response during LP-BM5 

infection may result from the systemic immune dysfiinction that is a result of the MAIDS 

disease process. Conversely, the extensive homology of the LP-BM5 virus to 

endogenous murine retroviruses may allow cardiac infection to go unobserved by the 

immune system. LP-BM5, originally extracted from irradiated mice, contains a 

replication-defective retrovirus with a genome of 4.8 kilobases, no pol or env genes, and 

a novel pl2 gag sequence (Aziz et al., 1989). The endogenous murine retrovirus is 

replication-competent and contains 8.8 kilobases (Aziz et al., 1989). 

Examination of the cardiac tissue for fibrosis and hypertrophy fiirther supported an 

absence of inflammation. Histological study of cardiac tissue showed an increase in the 

intracellular space without the presence of proteins, which has been characterized in 

DCM (Heling et al., 2000; Di Somma et al., 2000). Furthermore, the alteration in the 

spatial orientation of the myocytes seen microscopically in MAIDS hearts is 

characteristic of extracellular remodeling (Tyagi et al., 1996). During HIV-associated 

DCM, the myocardium becomes "flabby" and the ventricular wall can collapse upon 
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sectioning (d'Amati et al., 2001). These characteristics were indicative of the disease 

process in the MAIDS mice; upon removal and sectioning of the heart, gross alterations 

in the tissue architecture could be observed when compared with hearts from control 

mice. 

The cardiac tissues from infected mice demonstrated the presence of inserted viral 

sequences. Often, during typical viral myocarditis, no culturable virus is present by the 

onset of the chronic phase of the infection, but viral RNA persists beyond the acute 

inflammatory phase and through the development of DCM (Matsumori and Kawai, 

1982). The presence of enteroviral genomic RNA has been shown in both 

endomyocardial biopsies (Weiss et al., 1992) and in murine models of chronic heart 

disease (Klingel et al., 1992). The levels of LP-BM5 in the heart imply a possible direct 

effect on cardiac myocytes or cardiac fibroblasts leading to a dilated cardiomyopathy. 

These data are consistent with clinical studies that relate the presence of HIV nucleic acid 

with the development of DCM (Barbaro et al., 1998; Herskowitz et al., 1994; Grody et 

al., 1990). A recent study demonstrated that 15.9 of each 1000 asymptomatic HIV-

positive patients developed cardiomyopathy, were positive for CD3^ and CD8^ 

lymphocyte infiltrates, and showed detection of HIV in myocardial biopsies (Barbaro, et 

al. 1998). HIV cardiomyopathy has, however, been demonstrated in the absence of an 

inflammatory reaction in the heart (Barbaro et al., 1998). During myocarditis, an 

inflammatory cell infiltrate may be extremely transient or not present at all (Obrador et 

al., 1993). 



51 

CHAPTER 3. LOSS OF COLLAGEN DURING MAIDS 

3.1 Introduction 

Although myocytes are central to the contractile fiinction of the myocardium, the 

cardiac interstitium and its fibrillar collagen matrix also play an important role in 

determining cardiac performance (Pelouch et al., 1993). Though myocytes make up 

more than two-thirds of the volume of the myocardium (Zak et al., 1973), fibroblasts may 

represent two-thirds of the total number of cells (Weber, 1989). Fibroblasts are 

ubiquitous cells that provide mechanical strength to the tissue by secreting extracellular 

matrix components and actively define the structure of tissue microenvironments 

(Komuro, 1990; Buckley et al., 2001). Furthermore, the structural characteristics and 

arrangement of the collagen fibers with respect to the myocytes may have more influence 

on the mechanical behavior of the myocardium than the amount of collagen present there 

(Weber, 1989). 

For eflficient fijnction, the heart requires structural linkages which transmit the force 

of contraction and prevent the slippage of myocytes during contraction (Imanaka-

Yoshida et al., 1999). Alterations in collagen structure and composition have been 

reported in several cardiac disease states including idiopathic dilated cardiomyopathy 

(IDC) (Gunja-Smith et al., 1996), volume-overload hypertrophy (limoto et al., 1988), 

congestive cardiomyopathy (Spinale et al., 1995), and dilated cardiomyopathy (DCM) 

(Weber et al., 1988). Endomyocardial biopsies fi^om patients with IDC reveal extensive 

changes in the collagenous fi-amework of the heart (Weber et al., 1988). Structural 
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abnormalities are considered the primary cause of congestive heart disease, not the effect 

(Richarson et al., 1996). Patients with congestive heart failure show an increased level of 

collagen degradation products and left ventricular dilation results from a discontinuity of 

the collagen network (Spinale et al., 2000). Collagen tethers are lost in naturally 

occurring DCM in Doberman pinschers resulting in a decrease in tensile strength and 

muscle bundle slippage (Grilbert et al., 2000). Also, during DCM, the expression of the 

myocardial structural proteins desmin, vinculin, tubulins, fibronectin, vimentin, 

dystrophin, talin, and spectrin is increased and the organization of these proteins is 

disrupted. This illustrates a loss of the normally-associated structural elements and a 

compensatory mechanism to ensure cellular integrity and sarcomere stability (Heling et 

al, 2000). 

Often, an initial episode of damage, by infection or an infarct, will lead to remodeling 

and deterioration of cardiac ftinction which progresses into a chronic disease state. 

Myocardial remodeling is characterized by an alteration in the composition and 

distribution of the extracellular matrix (ECM), as well as changes in the spatial 

orientation of intracellular components and cells (Sanderson, 1997). The role of viral 

myocarditis in cardiac remodeling is important in many disease processes. The human 

Coxsackie-Adenovirus receptor (CAR) is co-localized with certain integrins on the 

cardiomyocyte sarcolemma and is upregulated in DCM (Noutsias et al., 2001). 

Dystroglycan acts as a receptor for the arenaviruses lymphocytic choriomeningitis virus, 

Lassa fever virus, Mobala, and Oliveros in mouse fibroblasts (Cao et al., 1998). 

Dystrophin, the cytoskeletal protein defective in genetic DCM, is cleaved by the 



53 

Coxsackieviral protease 2A (Badorff et al., 1999), allowing for another link between viral 

myocarditis and the disruption of the ECM. The virally induced DCM presents a unique 

pathogenesis; the inherited loss of dystrophin seen during X-linked dilated 

cardiomyopathy or Duchenne and Becker muscular dystrophy allows for compensatory 

mechanisms to take place, whereas acute viral infection does not (BadorfFet al., 2000; 

Bowles et al., 2000). Further, increased heart weights due to fibrosis and hypertrophy are 

often seen during HTV-associated DCM (d'Amati et al., 2001). 

The association of cardiac viral infection and ECM disruption and the role of collagen 

as the protein primarily responsible for ventricular architecture and as a major player in 

DCM led to the hypothesis that MAIDS-induced DCM is caused by a loss of collagen. 

To compare the levels of collagen in hearts from MAIDS mice to those of control mice, 

histological staining and a collagen assay were performed. The role of fibroblasts in the 

pathogenesis of MAIDS DCM was also investigated. 
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3.2 Materials and Methods 

3.2.1 Mice and LP-BM5 Infection 

At 5 weeks of age, female C57BL/6 mice received an i.p. injection of 100 pL of 

MEM containing LP-BM5 murine retrovirus with an esotropic titer of 4.5 logio x 10'^ 

PFU/L (Sepulveda et al., 2000). 

3.2.2 Collagen Staining of Cardiac Tissue from MAIDS Mice 

Sections of formalin fixed, paraffin-embedded control and MAIDS heart tissue were 

stained using standard Trichrome and Verhoeflf van Giessen stains for muscle, collagen, 

and elastin. Separate sections were stained for reticular fibers using a conmiercially 

available kit (Ventana Medical Systems, Tucson, AZ). Tissue was processed on a 

Ventana Medical Systems Special Stains Platform through a modification of the standard 

histological method (Bancroft and Gamble, 2002). Briefly, the tissue sections were 

oxidized using potassium permanganate. Then, an ammonical silver carbonate solution 

was applied followed by a reduction step using formalin. Gold chloride was then added 

for better contrast and clarity of highly-glycosylated (newly-synthesized) collagen. The 

stained collagen was then quantified as pixels/field using computer imaging software. 

3.2.3 Determination of Collagen Content in Cardiac Tissue from MAIDS Mice 

Heart tissue ft^om control or MAIDS mice was homogenized in a solution of 5 mg/mL 

pepsin in 0.5 M acetic acid using a dounce. To extract acid-soluble collagen, 



homogenates were shaken for 20 hours and centrifiiged at 14,000 x g for 30 minutes, 

each at 4°C. The supernatant was then centrifiiged at 14,000 x g for 30 minutes and the 

resulting supernatant was analyzed for total protein concentration using a commercially 

available kit with BSA standards (BCA Protein Kit, Pierce, Rockford, IL) and assayed for 

acid-soluble collagen using a Sircol Collagen Assay as per the manufacturer's 

instructions (Biocolor Ltd., Belfast, Ireland). 

3.2.4 Cardiac Fibroblast Isolation and Infection with LP-BM5 

Non-infected, 4-month-old C57BL/6 female mice were sacrificed by cervical 

dislocation and hearts were removed for cardiac fibroblast isolation. The heart was 

minced and rinsed in 4 washes of 37°C Krebs-Henseleit Buffer (KHB; Sigma-Aldrich, St. 

Louis, MO). Heart tissue was placed in 10 mL of digestion solution containing Liberase 

3 Blendzyme (Roche, Indianapolis, IN) in KHB. Samples were placed in a shaking 

incubator at 37°C for 15 minutes and vortexed for 30 seconds. The supernatant was 

removed and centrifiiged at 300 x g for 10 minutes. The resulting supernatant was 

discarded and the pellet was resuspended in 20 mL of Dulbecco's MEM F-12 (with 10% 

FCS, 5000 U/L penicillin, 5 mg/L streptomycin, and 250 p,g/mL amphoterocin B) and 

plated in a culture flask. Tissue digestion was repeated 15-18 times to increase yield. 

Cells were rinsed 2 hours after plating to remove non-adherent cells and incubated at 

37°C with 5% CO2 for the remainder of the experiment. 

After culture for 2 weeks, the media was removed from the cells and replaced with 20 

mL of fresh media containing 8 p,g/mL Polybrene (Sigma) which allows for optimal viral 



binding. The culture was then infected with 200 |jL of the LP-BM5 retrovirus described 

above (Section 3.2.1) and incubated for 0-7 days. At each time point, cells were 

harvested with a cell scraper for nucleic acid isolation. 

5.2.5 DNA Extraction and Detection of Virus by cPCR 

Genomic DNA was isolated from cultured fibroblast pellets using a commercially 

available kit (Easy-DNA, Invitrogen, Carlsbad, CA), precipitated using 3M sodium 

acetate and ethanol, and purified using Phase Lock Gel (Eppendorf). The purity and 

concentration of DNA in each sample was determined using a spectrophotometer. 

The presence of the LP-BM5 retrovirus in vitro was demonstrated using cPCR as for 

the in vivo virus described in Chapter 2. Briefly, the 141-bp sequence unique to the LP-

BM5 virus was amplified from 1.0 |i,g fibroblast DNA in parallel with known amounts of 

the 106-bp competitor (5x10^ to 5x10^ copies). The cPCR reactions were cycled 

identically to those described in Chapter 2. DNA from non-infected cells as well as a 

reaction lacking any DNA or competitor were used as negative controls. cPCR products 

were electrophoresed on polyacrylamide gels, visualized using ethidium bromide, and 

photographed. The volumes of the photographed bands (intensity x area in mm^) were 

determined using the G-800 densitometer and used to calculate the viral titer. 
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3.2.6 Statistical Analysis 

Data are reported as mean ± SEM. Differences between groups were compared using 

two-sample Student's t-tests assuming equal variances (Microsoft Excel). Differences 

were considered significant at p<0.05. 
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3.3 Results 

3.3.1 Collagen Content is Decreased in the Hearts of MAIDS Mice 

Figures 7 and 8 show no increase in intermyocyte collagen in MAIDS mice. 

Furthermore, staining (Fig. 9) and quantification (Fig. 10) of newly-synthesized reticular 

collagen showed no increase in the generation of collagen, although the morphology of 

these sections did appear markedly altered. In control tissues, the myocytes are tightly 

aligned and the collagen appears continuous and darkly stained. The spaces between the 

myocytes in the MAIDS tissue are increased and the collagen staining is intermittent and 

less dark. Figure 11 shows the comparison of collagen content between MAIDS mice 

and age-matched control mice. The collagen fraction of total protein decreases from 10.8 

± 1.0080% to 7.4 ± 0.6199% (p=0.01). This suggests a change in the cardiac 

extracellular matrix of mice with MAIDS, which is supported by the functional data 

presented in Chapter 2. 

3.3.2 LP-BM5 can Irrfect Cardiac Fibroblasts in vitro 

In vitro infection of isolated cardiac fibroblasts with the LP-BM5 retroviral cluster 

resulted in viral replication in a linear fashion for 7 days (Fig. 12). This in vitro study 

suggests that the replicating virus discovered in whole heart extracts (Chapter 2) is 

present in cardiac fibroblasts in vivo. 



Figure 7. Trichrome staining of control (A) and MAIDS (B) heart tissue. 



Figure 8. VerhoefT van Giessen staining of control (A) and MAIDS (B) 
heart tissue. 



Figure 9. Reticular staining of control (A) and MAIDS (B) heart tissue. 
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Figure 12. LP-BM5 viral load in isolated and cultured cardiac 
fibroblasts, (mean ± SEM, n=2) 
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3.4 Discussion 

During chronic viral infection, cardiac fibrosis and heavily collagenized multifocal 

scars with tendril-like extensions may be present (Gluck et al., 2001). Using Trichrome 

and Verhoeff van Giessen staining to visualize changes cardiac collagen, no fibrosis was 

seen during infection with LP-BM5. H&E and Trichrome stains have been used to 

examine fibrosis in transgenic mice expressing Coxsackievirus B sequences (Wessely et 

al., 1998). The interstitial fibrosis seen during dilated cardiomyopathy has been 

correlated to cytotoxic T cell damage in the myocardium (Badorff et al., 1997). 

Furthermore, structural alterations in the heart and the breakdown of the cytoskeleton are 

present during viral infection even before an inflammatory infiltrate is present (Klingel et 

al., 2000). The lack of cardiac fibrosis during MAIDS fijrther eliminates the role of 

chronic inflammation in the pathogenesis of this disease and supports a process of ECM 

remodeling. The cardiac remodeling process includes collagen fiber degradation and 

edematous-appearing intermuscular spaces that resemble dermal wound healing (Clore et 

al, 1979). The increase in intracellular space has been hypothesized to result fi"om the 

increased production of hydrophilic glycosaminoglycans or increased coronary 

microvascular permeability (Weber et al., 1988). Intracellular space is increased in the 

hearts of MAIDS mice (Chapter 2). 

Although no fibrosis was seen in the hearts of MAIDS mice, no intermyocyte 

collagen could be visuaUzed. Therefore, collagen protein content was determined and 

was found to be significantly decreased in the hearts of MAIDS mice. In addition, the 
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synthesis of collagen was found to be unchanged during MAIDS. However, the half-life 

of collagen is 80-120 days (0.6% synthesis/day)—^ten times longer than most other 

proteins (7.2% synthesis/day) (Weber, 1989). A decrease in collagen is indicative of 

DCM: collagen expression in DCM is quite low (Tyagi, 1998). A reduction in the 

number of fibrillar collagen tethers in DCM allows for myocardial dilation and slippage 

of myocytes (Weber et al., 1988). 

The viral infection of cardiac fibroblasts (Fig. 12) may play a direct role in the change 

in collagen levels. Ecotropic MuLVs use a pH-dependent entry pathway to gain access to 

a cell (McClure et al., 1990). This requires endocytosis of the virion and acidification of 

the endosome for viral penetration (Ikeda et al., 2000). The surface glycoprotein of 

ecotropic MuLVs uses mCAT-1 as its cellular receptor. mCAT-1 is a transmembrane 

protein that fiinctions physiologically as a cationic amino acid transporter which can 

transport lysine, arginine, and ornithine (Kim et al, 1991; Wang et al., 1991). The 

physiological fiinctions of retroviral receptors are independent of their fiinctions as viral 

receptors although the physiological fijnction may be impaired by viral binding: 

occupancy of the mCAT-1 receptor by virus reduces the efficacy of amino acid transport 

(Wang et al., 1992). Collagen is synthesized as three amino acid repeats of glycine-X-Y, 

where X and Y are frequently proline and hydroxyproline or lysine, respectively, but can 

be any amino acid (Hay, 1991). Impaired amino acid transport may prevent the synthesis 

of collagen by limiting the amounts of lysine or other amino acids present in the 

fibroblast. 
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Furthermore, the insertion and replication of LP-BM5 in cardiac fibroblasts may 

disrupt collagen production. The repUcation of other cardiotropic viruses leads to 

modifications in the metabohsm of the host cell (Klingel et al., 2000). Once a retrovirus 

enters the host cell, the RNA is reverse transcribed into double-stranded DNA and 

integrated into the host genomic DNA where it is passed on to any daughter cells. The 

sites where integration occur are non-specific, but not random (Withers-Ward et al., 

1994). Target site selection is affected by chromatin assembly, DNA-binding proteins, 

DNA sequence and structure, transcription activity, DNA methylation, and the specific 

viral integrase (Holmes-Son et al., 2001). Viral integration into the host genome is a 

mutagenic process that may affect host gene expression and disrupt cellular fiinction 

(Holmes-Son et al., 2001). Disruption of the collagen gene or genes associated with 

collagen production during LP-BM5 infection of cardiac fibroblasts may lead to the 

decreased cardiac collagen content observed in MAJDS. Also, during infection with 

Coxsackievirus B or echoviruses, cell proteins can become tyrosine-phosphorylated upon 

viral replication and proteolytically cleaved (Huber et al., 1997). This cannot be 

eliminated as a possible mechanism during MAIDS. 

The disruption of the extracellular matrix and cytoskeleton rather than the cardiac 

muscle during DCM has led groups to term the disease process a "cytoskeletopathy" 

(Bowles et al., 2000) or a "cardiopathy" (Weber et al., 1988) rather than a "myopathy." 

These descriptions seem fitting for the cardiopathogenesis that occurs during viral 

infection with LP-BM5. 
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CHAPTER 4. THERAPEUTIC PREVENTION OF HEART FAILURE 

4.1 Introduction 

The establishment of antiviral drugs as the mainstay of treatment for AIDS in 1997 

has been able to reduce viral loads in plasma to undetectable levels and increase the 

CD4" T cell levels in many patients (Micon et al., 2001; Persidsky and Limoges, 2001). 

Although the widespread use of antivirals has increased the life spans of AIDS patients, it 

has also provided an increased exposure time to such compounds. In addition to viral 

myocarditis, the cardiotoxicity of long-term administration of antiviral therapeutics 

including the reverse transcriptase inhibitor zidovudine (AZT) has also been 

hypothesized to play a role in AIDS cardiomyopathy (Dalakas et al., 1990; Lewis et al., 

1991; Herskowitz et al., 1992). Combination therapies of nucleoside-transcriptase 

inhibitors and a protease inhibitor have also been reported to increase the risk of 

cardiovascular complications (Rerkpattanapipat et al., 2000). However, it is often hard to 

distinguish the effects of toxicity and the state of immunodeficiency in AIDS-induced 

cardiomyopathy (Barbaro et al., 1998). 

Treatment with AZT has been shown to cause cardiac dysftinction in HIV-transgenic 

mice including decreases in dP/dt-max and increases in dP/dt-min (Lewis et al., 2000). 

The cardiopathology associated with AZT treatment is most often attributed to 

mitochondrial changes including fragmentation of the cristae and organelle swelling 

(Lewis et al., 2000). The mechanisms of the toxicity include inhibition of mitochondrial 

DNA replication and disruption of the electron transport chain (Barile et al., 1998). 
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Today, controversy exists regarding the role of highly active antiretroviral therapy 

(HAART) in AIDS cardiomyopathy. HAART has been shown to decrease the incidence 

of cardiomyopathy in AIDS (Pugliese et al., 2000; Micon et al., 2001), but also has been 

found to have no effect (Lipshultz et al., 1992; Cardoso et al., 1997). 

This study examined the effects of anti-retroviral therapeutics on the cardiac 

dysfiinction of the HIV model, MAIDS. Previous studies have shown that treatment with 

AZT can reduce lymphadenopathy, splenomegaly, hypergammaglobulinemia, and 

proviral DNA content (Fratemale et al., 1996), but no data exists regarding the treatment 

of cardiac pathogenesis. 
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4.2 Materials and Methods 

4.2.1 Mice and LP-BM5 Infection 

At 5 weeks of age, female C57BL/6 mice received an i.p. injection of 100 |iL of 

MEM containing LP-BM5 murine retrovirus with an esotropic titer of 4.5 logio x 10"^ 

PFU/L (Sepulveda et al., 2000). Mice were studied 18 weeks later as this virus appeared 

to be less virulent than previous strains (as noted grossly by smaller lymph nodes). 

4.2.2 Therapeutic Dosing 

Mice were randomly assigned to experimental groups and dosed with drug in their 

drinking water beginning 2 weeks after LP-BM5 infection and lasting 16 weeks. Age-

matched non-infected mice were treated similarly. Azidothymidine (AZT, zidovudine; 

Sigma-Aldrich, St. Louis, MO), a nucleoside analog, was given at a dose of 0.9 mg/day 

or 28 mg/kg/day (assuming the daily water intake for a mouse is 5 mL and average body 

weight is 31 g), which is 3.5 times the human dose of 7.14 - 8.57 mg/kg/day (500-600 

mg/day). Indinavir (IND, Merck & Co., Whitehouse Station, NJ), a retroviral protease 

inhibitor, was given at a dose of 1.5 mg/day or 49 mg/kg/day, which is about 1.5 times 

the human dose of 34 mg/kg/day (2400 mg/day). Mice in the combination therapy group 

received 0.9 mg AZT/day and 1.5 mg IND/day. 
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4.2.3 Measurement of Heart Function 

Heart function was determined using a conductance catheter system (CCS) as 

described in Chapter 2. 

4.2.4 Tissue Harvesting 

After surgery with the CCS, heart and spleen tissue was harvested and weighed to 

obtain organ wet weight and then stored at -80°C. Heart tissue from each treatment group 

was also harvested, sectioned, placed in OCT compound (Sakura Tissue-Tek, Torrance, 

CA), and stored at -80°C for later sectioning and staining with hematoxylin and eosin. 

4.2.5 Statistical Analysis 

Data are reported as mean ± SEM. Differences between groups were compared using 

two-sample Student's t-tests assuming equal variances (Microsoft Excel). To examine 

difference between multiple therapeutic groups, one way analysis of variance (ANOVA) 

was performed using the Fisher LSD methods of pairwise comparisons. Differences 

were considered significant at p<0.05. 
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4.3 Results 

4.3.1 AZT or IND can Return Heart Function to Normal 

The hemodynamic parameters of infected mice treated with azidothymidine (AZT) or 

indinavir (IND) exhibit a prevention of dysfunction when compared to non-treated 

infected mice (Table 2 a-c). Figure 13 illustrates this prevention graphically for general 

cardiac function (Fig. 13a), and phases of contraction (Fig. 13b), ejection (Fig. 13c), 

relaxation (Fig. 13d), and filling (Fig. 13e). No significant differences occur in heart 

function between infected mice treated with AZT and infected mice treated with IND, 

except in the case of heart rate. Mice treated with IND, have significantly lower heart 

rates than those treated with AZT (p=0.045). However, non-infected mice treated with 

IND did not show significantly decreased heart rates when compared to controls (see 

Section 4.3.4). Analysis of all groups using ANOVA found the indexed cardiac output 

(CI) of MAIDS mice to be significantly different than both control mice (p=0.027) and 

MAIDS mice treated with IND (p=0.028). Differences between groups regarding other 

hemodynamic parameters did not reach significance when analyzed by ANOVA. 

4.3.2 Combination Therapy is More Efficacious than Single Therapy 

Table 3 demonstrates the dysfunction of the cardiac cycle during MAIDS (a) and the 

prevention of this dysfunction by combination therapy with both AZT and IND (b). 

When compared to Table 2, these data are more significantly different in number of 

parameters and level of significance than for mice treated with single therapy. Figure 14 
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demonstrates the prevention of cardiac dysfunction with combination therapy for 

parameters of general cardiac function (Fig. 14a), and phases of contraction (Fig. 14b), 

ejection (Fig. 14c), relaxation (Fig. 14d), and filling (Fig. 14e). Analysis of all groups 

using ANOVA found the indexed cardiac output (CI) of MAIDS mice to be significantly 

different than control mice (p=0.021) and MAIDS mice treated with combination therapy 

(p=0.005). Significant differences were also seen in the indexed stroke volume (SVI) 

when MAIDS mice were compared to controls (p=0.014) and to MAIDS mice treated 

with combination therapy (p=0.004). Differences between groups regarding other 

hemodynamic parameters did not reach significance when analyzed by ANOVA. 
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Table 2. (a) Comparison of cardiac hemodynamics between control mice and 
MAIDS mice (mean ± SEM, ns: not significant). 

Parameter Unit Control Mice MAIDS Mice p value 
n 

Body Weight 

HR 

Ves 

Ved 

SVI 

CI 

EF 

SWI 

Ea 

Ees 

PRSW 

dP/dtmax 

dP/dtmin 

dP/dtmax-Ved 

tau 

beats/min 

hl 

hl 

^l/g 

nL/min/g 

% 

mmHg*^L/g 

mmHg/nL 

mmhg/nl 

mmHg 

mmHg/sec 

mmHg/sec 

mmHg/sec/|jL 

msec 

25.775 + 0.42 

8.505 ± 1.69 

15.695 ± 1.138 

0.311+0.06 

53.175 ±8.00 

17.330 ±2.38 

9.538 ±1.56 

13.97 ±1.50 

89.318 ±7.98 

11 

26.436 ± 0.45 

512.375 ± 22.26 526.69 ±14.01 

10.232 ± 1.97 

21.018 ±1.50 

0.511 ±0.04 

160.636±22.58 270.021 ± 25.19 

61.891 ±4.12 

30.221 ±2.91 

6.747 ± 1.38 

8.04 ± 1.02 

90.862 ± 7.78 

5086.48 ± 454.42 7346.04 ± 707.85 

-4210.35 ± 329.83 -5495.39 ± 741.64 

413.725 ±53.13 464.916 ± 68.78 

13.173 ±1.12 12.043 ± 0.78 

ns 

ns 

ns 

0.042 

0.030 

0.044 

ns 

0.038 

ns 

0.028 

ns 

ns 

ns 

ns 

ns 

mmhg/nl 0.1875 ±0.053 0.105 ±0.023 ns 
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Table 2. (b) Comparison of cardiac hemodynamics between MAIDS mice and 
MAIDS mice treated with azidothymidine (+AZT) (mean ± SEM, ns: not 
significant). 

Parameter Unit MAIDS Mice +AZT Mice p value 
n 

Body Weight 

HR 

Ves 

Ved 

SVI 

CI 

EF 

SWT 

Ea 

Ees 

PRSW 

dP/dtmax 

dP/dtmin 

dP/dtmax-Ved 

tau 

P 

11 8 

g 

beats/min 

jil 

mL 

^l/g 

nL/min/g 

% 

mmHg*^L/g 

mmHg/jiL 

mmhg/nl 

mmHg 

mmHg/sec 

mmHg/sec 

mmHg/sec/^L 

msec 

mmHg/nL 

26.436 ± 0.45 24.963 ± 0.94 

526.69 ±14.01 502.18 ±18.01 

10.232 ± 1.97 

21.018 ±1.50 

0.511 ±0.04 

8.513 ± 1.04 

18.314 ± 1.08 

0.492 ± 0.049 

270.021 ± 25.19 250.798 ± 26.69 

61.891 ±4.12 

30.221 ±2.91 

6.747 ±1.38 

8.04 ± 1.02 

90.862 + 7.78 

62.325 ±3.50 

30.768 ±2.82 

7.159 ±0.74 

15.684 ±1.75 

98.381 ±8.10 

7346.04 ± 707.85 6368.58 ± 483.76 

-5495.39 ±741.64 -5083.97 ± 406.44 

464.916 ±68.78 363.236 ± 65.82 

12.043 ± 0.78 

0.105 ±0.023 

12.773 ±1.18 

0.109 + 0.03 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

0.005 

ns 

ns 

ns 

ns 

ns 

ns 
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Table 2. (c) Comparison of cardiac hemodynamics between MAIDS mice, and 
MAIDS mice treated with indinavir (+IND) (mean + SEM, ns: not significant). 

Parameter Unit MAIDS Mice +IND Mice p value 
n 

Body Weight 

HR 

Ves 

Ved 

SVI 

CI 

EF 

SWI 

Ea 

Ees 

PRSW 

dP/dtmax 

dP/dtmin 

dP/dtmax-Ved 

tau 

3 

g 

beats/min 

liL 

hl 

til/g 

nL/min/g 

% 

mniHg*nL/g 

mmHg/|iL 

mmHg/^L 

mmHg 

mmHg/sec 

mmHg/sec 

mtnHg/sec/nL 

msec 

mmhg/nl 

11 

26.436 + 0.45 

526.69 ± 14.01 

10.232 ±1.97 

21.018 ±1.50 

0.511 ±0.04 

10.967 ± 1.55 

18.103 ±0.79 

0.394 ± 0.06 

61.891 ±4.12 

30.221 ±2.91 

6.747 ±1.38 

8.04 ±1.02 

90.862 ± 7.78 

56.55 ±7.03 

21.376 ±3.58 

8.248 ± 1.86 

13.664 ±2.41 

83.420 ±6.70 

7346.04 + 707.85 5682.74 ± 928.29 

-5495.39 ±741.64 -4391.16 ± 479.15 

464.916 ±68.78 502.482 ± 68.39 

12.043 ± 0.78 

0.105 ±0.023 

12.808 ± 0.95 

0.138 ±0.04 

ns 27.0 ± 0.467 

448.467 ± 6.94 0.005 

ns 

ns 

ns 

270.021 ± 25.19 175.427 ± 19.05 0.03 

ns 

ns 

ns 

0.08 

ns 

ns 

ns 

ns 

ns 

ns 
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Figure 13 (a). Changes in hemodynamic parameters of general cardiac 
function (mean percent of mean control). CI: cardiac index, SWI: 
stroke work index, AZT: azidothymidine, IND: indinavir. • p<0.05 vs. 
Control, • p<0.05 vs. MAIDS. 
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Figure 13 (b). Changes in hemodynamic parameters of contraction 
(mean percent of mean control). Ees: end-systolic elastance, AZT: 
azidothymidine, IND: indinavir, •p<0.05 vs. Control, • p<0.005 vs. 
MAIDS, • p<0.05 vs. MAIDS. 
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Figure 13 (c). Changes in hemodynamic parameters of ejection (mean 
percent of mean control). Ea: arterial elastance, Ves: end-systolic 
volume, AZT: azidothymidine, IND: indinavir. 
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Figure 13 (d). Changes in hemodynamic parameters of relaxation (mean 
percent of mean control) AZT: azidothymidine, IND: indinavir. 



81 

166.2 

16-7115:^ 

Beta 

I Control 

n=4 
SMMDS 

n=:11 

Ved 

• MAIDS+ AZT 

n=8 

SV 

• MAIDS + IND 

n=6 

Figure 13 (e). Changes in hemodynamic parameters of filling (mean 
percent of mean control). Ved: end-diastolic volume, SV: stroke volume, 
AZT: azidothymidine, IND: indinavir. •p<0.05 vs. Control. 
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Table 3. (a) Comparison of cardiac hemodynamics between control mice and 
MAIDS mice (mean ± SEM, ns: not significant). 

Parameter Unit Control Mice MAIDS Mice p value 
n 

Body Weight 

HR 

Ves 

Ved 

SV 

SVI 

CO 

CI 

EF 

SW 

SWI 

Ea 

PRSW 

dP/dtmax 

dP/dtmin 

dP/dtmax-Ved 

g 

beats/min 

|il 

hl 

hl 

^l/g 

mL/min 

HL/min/g 

% 

mnlhg*^l 

mmHg*nL/g 

mmHg/jiL 

mmHg 

mmHg/sec 

mmHg/sec 

mmHg/sec/^L 

24.425 ± 1.39 27.775 ± 1.06 

480.225 ± 39.65 494.15 ± 12.83 

6.96 + 1.09 

14.73 + 0.71 

8.14 ±0.62 

0.33 + 0.03 

6.21+2.13 

19.235 + 3.12 

13.67 + 1.10 

0.50 ± 0.05 

162.12 + 21.88 

61.20 + 3.35 

499.00 ± 44.47 

20.36 + 0.93 

8.83 + 1.03 

75.26 ± 12.46 

-5176.30 ±501.65 -5117.73 + 568.41 

ns 

ns 

ns 

ns 

0.005 

0.04 

3955.62 ± 548.87 6719.96 + 420.97 0.007 

244.12 ± 21.63 0.04 

72.425 ± 6.33 ns 

792.75 ± 98.35 0.03 

28.86 ±4.01 0.08 

4.625 + 0.58 0.01 

59.87 ± 7.63 ns 

6105.77 ±694.06 6791.34 ± 1198.35 ns 

421.07 ±61.41 373.69 ±71.11 

ns 

ns 

tau msec 11.59± 1.10 11.16±0.48 ns 
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Table 3. (b) Comparison of cardiac hemodynamics between MAIDS mice and 
MAIDS mice treated with AZT and IND (+Combo) (mean ± SEM, ns; not 
significant). 

Parameter Unit MAIDS Mice +Combo Mice p value 
n 

Body Weight 

HR 

Ves 

Ved 

SV 

SVI 

CO 

CI 

EF 

SW 

SWI 

Ea 

PRSW 

dP/dtmax 

dP/dtmin 

g 

beats/min 

hl 

hl 

mL 

hl/g 

mL/min 

nL/min/g 

% 

mmHg*nL 

mmHg*nL/g 

mmHg/nL 

mmHg 

mmHg/sec 

mmHg/sec 

27.775 ±1.06 27.600 ±1.40 

494.15 ±12.83 450.975 ± 19.03 

6.21 ±2.13 

19.235 ±3.12 

13.67 ± 1.10 

0.50 ± 0.05 

13.93 ±2.58 

21.34 ±1.85 

8.23 ± 0.87 

0.303 ± 0.04 

244.12 ±21.63 

72.425 ± 6.33 

792.75 ± 98.35 

28.86 ±4.01 

4.625 ± 0.58 

59.87 ± 7.63 

ns 

ns 

0.06 

ns 

0.008 

0.03 

6719.96 ±420.97 3715.623 ±458.53 0.003 

136.42 ± 19.07 0.01 

39.400 ± 6.78 0.01 

412.75 ± 66.47 0.02 

15.34 ±2.84 0.03 

7.59 ±0.49 0.008 

74.423 ±9.35 ns 

6791.34 ±1198.35 4074.88 ± 578.55 0.09 

-5117.73 ±568.41 -3801.243 ± 530.84 ns 

dP/dtmax-Ved mmHg/sec/^L 373.69 ±71.11 202.22 ±44.03 0.05 

tau msec 11.16 ±0.48 16.033 ±2.99 ns 
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Figure 14 (a). Changes in hemodynamic parameters of general cardiac 
function (mean percent of mean control). CO: cardiac output, CI: 
cardiac output index, SW: stroke work, SWI: stroke work index, 
PRSW: preload recruitaWe stroke work, COMBO: MAIDS+AZT+IND, 
T p<0.01 vs. Control, • p<0.05 vs. Control, • p<0.01 vs. MAIDS, X 
p<0.05 vs. MAIDS. 
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• CONTROL O MAIDS • COMBO 
n=4 n=4 n=4 

Figure 14 (b). Changes in hemodynamic parameters of contraction 
(mean percent of mean control). £F: ejection fraction, COMBO: 
MAIDS + AZT + IND. Tp<0.01 vs. Control, • p<0.05 vs. Control, • 
p<0.01 vs. MAIDS, X p<0.05 vs. MAIDS. 
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Figure 14 (c). Changes in hemodynamic parameters of ejection (mean 
percent of mean control). Ves: end-systolic volume, Ea: arterial 
elastance, COMBO: MAIDS + AZT + IND. •p<0.01 vs. Control, • 
p<0.05 vs. Control, • p<0.01 vs. MAIDS, X p<0.05 vs. MAIDS. 
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Figure 14 (d). Changes in hemodynamic parameters of relaxation (mc^an 
percent of mean control). COMBO: MAIDS + AZT + IND. 
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Figure 14 (e). Changes in hemodynamic parameters of filling (mean 
percent of mean control). Ved: end-diastolic volume, SV: stroke volume, 
SI: stroke volume index, COMBO: MAIDS + AZT + IND. • p<0.01 vs. 
Control, • p<0.05 vs. Control, • p<0.01 vs. MAIDS, X p<0.05 vs. 
MAIDS. 



89 

4.3.3 Histological Changes in MAIDS and with Treatment 

Figures 15, 16, and 17 demonstrate the histological changes seen in murine cardiac 

tissue during MAIDS and its treatment using H&E staining. Figure 15 shows increased 

intracellular space and a loss of tissue architecture in the representative MAIDS frozen 

section (B) when compared to control tissue (A). The architecture and cellular spacing 

appears to be prevented in MAIDS mice treated with AZT or IND (Fig. 16). The absence 

of cardiac changes in non-infected mice treated with anti-retrovirals is seen in Figure 17. 

4.3.4 Drug Therapy Decreases Spleen Weight 

Although no differences were seen in body weight or heart weight between groups, 

when spleen weight was indexed against body weight, significant changes were seen 

(Fig. 18). Table 4 presents these data and their statistical significance. All therapies 

decreased spleen weights to where they were significantly lower than in MAIDS, but not 

to where they were no longer significantly larger than control spleens. In addition, non-

infected mice treated with AZT, IND, or combination therapies showed significantly 

decreased indexed spleen weights when compared to controls. 

4.3.5 Single Therapy Does Not Cause Cardiac Toxicity 

When parameters of cardiac function were compared between control mice and mice 

treated with single drug therapy (AZT or IND), no significant changes were seen in body 

weight, heart rate, end-diastoUc volume, end-systolic volume, maximum pressure 

(Pmax), ejection fraction, indexed cardiac output, indexed stroke work, arterial elastance. 



dP/dtmax, dP/dtmin, Ees, beta, preload recruitable stroke work, or dP/dtmax-Ved 

(p>0.05). There were, however, ultrastructural changes seen in the cardiomyocyte 

mitochondria of mice treated with AZT and IND (Fig. 19). 



Figure 15. Hematoxylin and eosin staining of control (A) and MAIDS 
(B) heart tissue. 



Figure 16. Hematoxylin and eosin stains of heart tissue from MAIDS 
mice (A) and MAIDS mice treated with AZT (B) or Indinavir (C). 



Figure 17. Hematoxylin and eosin staining of heart tissue from control 
mice (A) and mice treated with AZT (B) or Indinavir (C). 
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Figure 18. Indexed spleen weights of non4nfected (Control) and infected 
(MAIDS) mice treated with no drug, azidothymidine (AZT), indinavir 
(IND), or combination therapy. (COMBO; AZT + IND, +AZT: MAIDS + 
AZT, +IND; MAIDS + IND, +COMBO: MAIDS + AZT + IND; •p<0.0002, • 
p<0.005, • p<0.02, • p<0.04 vs. control; x p<0.03, V p<0.004 vs. MAIDS) 
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Table 4. (a) Body, spleen, and indexed spleen weights for non-infected 
(Control) and infected (MAIDS) mice treated with no drug, 
azidothymidine (AZT), indinavir (IND), or combination therapy, (mean 
± SEM; COMBO: AZT + IND, +AZT: MAffiS + AZT, +IND: MATOS + BSD, 
+COMBO: MATOS + AZT + mD) 

Body Weight (g) Spleen Weight (g) Spleen Wt/Body Wt 

Control 22.98 ± 0.287 0.0957 ± 0.013 0.4166 ±0.059 

AZT 26.80 ± 0.976 0.0852 ± 0.003 0.3202 ±0.014 

BSD 28.62 ± 0.855 0.0800 ± 0.003 0.2804 ± 0.011 

COMBO 27.71 ± 0.840 0.0838 ± 0.003 0.3052 ±0.013 

MATOS 26.93 ± 0.663 0.8304 ± 0.087 3.0764 ±0.309 

+AZT 25.05 ± 1.308 0.4508 ± 0.085 1.7916 ±0.328 

+BSD 27.60 ± 1.446 0.4364 ± 0.087 1.5377 ±0.279 

+COMBO 28.36 ± 1.729 0.6101 ±0.074 2.1385 ±0.206 

Table 4. (b) Statistical significance of indexed spleen weight (spleen 
weight/ body weight) presented in Table 4 (a). 

p value vs. Control p value vs. MATOS 
Control — 

AZT 0.03 

BSD 0.005 

COMBO 0.01 

MATOS 0.0001 ~ 

+AZT 0.01 0.02 

+mD 0.02 0.003 
+COMBO 0.0002 0.02 
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Figure 19. Transmission electron micrographs of murine heart tissue 
from a control mouse (A: 5,000X, B; 20,000X) and a mouse treated with 
AZT and IND (C: 5,000X, D: 20,000X). 
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4.4 Discussion 

In the current study, AZT was shown to inhibit certain parameters of cardiac 

dysfunction even without total reversal of the immune dysfunction. Previously, AZT was 

shown to only inhibit MAIDS if given immediately after inoculation (Gangemi et al., 

1989; Ohnota et al., 1990). This therapeutic regime does not temporally model human 

infection and treatment. The increased efficacy of combination therapy in reversing heart 

dysfunction in MAIDS when compared with single therapeutic regimens supports the use 

of the "AIDS cocktail" in human treatment. The use of combination therapy presents 

several advantages when compared to monotherapy including synergistic activity, 

decreased toxicity, delay of viral resistance, multiple viral sites of action, and clinical 

efficacy (Fratemale et al., 1996). The use of both a reverse transcriptase inhibitor and a 

protease inhibitor appears to bring heart function toward normal levels in addition to 

preventing the immune dysfunction that occurs during MAIDS, although the spleen 

weight changes were not significant when compared to the single therapy groups. 

The more than 7-fold increase in indexed spleen weights in MAIDS mice (Fig. 18) is 

a defining characteristic of the disease: the LP-BM5 virus was first believed to be a 

tumorigenic virus, and later discovered to be lymphoproliferative (Laterjet and Duplan, 

1962; Mosier et al., 1985). The mechanism responsible for the significant decrease seen 

in spleen weight with therapeutics is most likely two-fold: First, the anti-retroviral 

treatment may inhibit viral production enough to prevent the lymphoproliferation that 

occurs in a non-treated disease. Second, the drugs themselves appear to be anti-
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lymphoproliferative. The indexed spleen weights of non-infected mice treated with AZT, 

IND, or both therapeutics were significantly lower than those of control mice (Fig. 18). 

The weight of lymph tissue during MAIDS has previously been correlated to viral copy 

number (Casabianca et al., 1998). 

Because there was no significant difference between decreased spleen weights in any 

of the therapeutic groups, and the two therapeutics have different anti-viral mechanisms 

(AZT is a reverse transcriptase inhibitor and IND is a viral protease inhibitor), it is 

suggested that the improvement in heart function, also not significantly different between 

therapeutic groups, is due to a general decrease in viral load and not an inhibition of viral 

protease activity (i.e., cleavage of collagen or other extracellular matrix-associated 

proteins). Although the therapeutics inhibited the progression of MAIDS, eradication of 

the virus in cardiac tissue is impractical as the inserted proviral DNA is replicated and 

passed to daughter fibroblasts; the therapeutics can only prevent new cells from being 

infected. 

From the heart fimction data acquired in this study, it appears that neither AZT nor 

IND causes direct cardiac dysfunction, as has been previously reported. The dose of 

AZT reported here (28 mg/kg/day, 3.5 times the normal human dose), however, is much 

lower (ten-fold) than doses previously found to cause toxicity, although the dose of IND 

is similar to other studies (Lewis et al., 2000; Lewis, 2001). This indicates that sub-toxic 

doses of AZT are still able to affect immune and cardiac pathology relevant during 

MAIDS. 
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CHAPTER 5. CONCLUSIONS 

5.1 Summary 

Murine acquired immunodeficiency syndrome (MAIDS) causes dilated 

cardiomyopathy (DCM) through direct infection of cardiac fibroblasts and disruption of 

collagen synthesis and not through a chronic inflammatory mechanism. Treatment with 

AZT, IND, or combination therapy prevents the immune and cardiac dysfunction that 

occurs during MAIDS with no functional cardiopathology. 

5.2 Limitations of the Study 

The conclusions presented here do not exclude the following possibilities: Viral 

proteases may be responsible for cleavage of extracellular matrix-associated proteins, 

such as dystrophin or dystroglycan. Retroviral proteases normally cleave viral 

polyproteins into their mature structural proteins and replication enzymes, although HIV-

1 protease can cleave a variety of host cell proteins in vitro (Snasel et al., 1996) and in 

vivo (Honer et al., 1991; Adams et al., 1992). These proteins are mostly components of 

the cytoskeleton and include vimentin, desmin, actin, myosin, and tropomyosin (Snasel et 

al., 2000; Shoeman et al., 1993). The MuLV protease has been shown to affect actin-

containing stress fibers in murine fibroblasts (Luflig and Lupo, 1994) with no outward 

change in cellular morphology (Oroszlan and Luftig, 1990). Cellular proteases may also 

be responsible for the cleavage of collagen, although this is unlikely as matrix 

metalloproteinases (MMPs) are normally stimulated only throu^ the action of cytokines 
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or a fibrotic event. Furthermore, the systemic immune dysfunction present in MAIDS 

may lead to dysregulation of cardiac fibroblasts and/or changes in calcium cycling 

proteins (PLB, SERCA2a, etc.). The increased levels of oxidative stress present during 

MAIDS may also be responsible for the decrease in collagen as this stressor has been 

shown to activate MMPs and decrease the synthesis of fibrillar collagen (Siwik et al., 

2001). Furthermore, the LP-BM5 retroviral cluster is very sensitive to anti-retroviral 

drugs and the MAIDS model may not replicate certain factors of treatment in AIDS, 

including the development of viral resistance to therapeutics (Persidsky and Limoges, 

2001). 

5.3 Significance 

Although dilated cardiomyopathy resulting from viral infection is often associated 

with myocarditis, the LP-BM5 MAIDS model demonstrates the development of DCM 

without concomitant inflammation. In one study, myocarditis was present in 83% of 

HIV^ patients with DCM, but it was absent in 17% of the patients. Also, 43% of the 

patients with myocarditis showed no presence of HIV in endomyocardial biopsies 

(Barbaro et al., 1998). This supports the "final common pathway" hypothesis of DCM in 

which a variety of stimuli can lead to the same disease and supports the use of the LP-

BM5 model as a good representation of AIDS-associated DCM. Regardless of the 

molecular mechanism of the DCM in MAIDS, therapeutics preventing viral replication 

are the most practical weapon in preventing the development of DCM in AIDS patients 
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as illustrated by the prevention of cardiac dysfunction with the use of antivirals in these 

studies. 

MAIDS is caused by a virus cluster with significant homology to endogenous murine 

retroviruses. Perhaps in humans, a similar event occurs in which a mutated endogenous 

retrovirus replicates, with or without a helper virus, and causes "idiopathic" DCM 

without the inflammatory response normally indicative of viral myocarditis thus escaping 

cUnical recognition. It is proposed that the LP-BM5 MAIDS model be viewed not only 

as a model of the immune system and cardiac dysfunction characteristic of human AIDS 

but also as a model for "silent viral" DCM previously viewed as "idiopathic." 
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APPENDIX A. ABBREVIATIONS AND REPRESENTATIVE FIGURES 

Table A-1. Abbreviations used. 

ACE angiotensin converting enzyme 
AIDS acquired immunodeficiency syndrome 
ATP adenosine triphosphate 
AZT 3' -azido-3' -deoxythymidine, azidothymidine 
BCA bicinchoninic acid 
BM5d replication-defective MuLY in LP-BM5 
BM5e replication-competent MuLY in LP-BM5 
BSA bovine serum albumin 
bp base pair 
cAMP cyclic adenosine monophosphate 
CCS conductance catheter system 
cGMP cyclic guanosine monophosphate 
CI cardiac index (CO/Body Wt) 
CO cardiac output 
cPCR competitive polymerase chain reaction 
CT computed tomography 
CVB Coxsackievirus B 
DCM dilated cardiomyopathy 
Ea arterial elastance (afterload) 
EDTA ethylenediamineteraacetic acid 
Ees end-systolic elastance, slope of the line of ESPYR 
EF ejection fraction 
ESPVR end-systolic pressure-volume relationship 
EtBr ethidium bromide 
FCS fetal calf serum 
HAART highly active antiretroviral therapy 
fflV human immunodeficiency virus 
HR heart rate 
IDC idiopathic dilated cardiomyopathy 
XL interleukin 
IND Indinavir 
iNOS inducible nitric oxide synthase 
i.p. intraperitoneal 
IVC inferior vena cava 
KHB Krebs-Henseleit Buffer 
LP-BM5 HIY-model murine leukemia retroviral cluster 
LVAD left ventricular assist device 
MAIDS murine acquired immunodeficiency syndrome 
MCF mink cell focus 
MEM minimum essential medium 



Table A-1-- Continued 

MMP matrix metaiioproteinase 
M0 macrophage 
MuLV murine leukemia virus 
NO nitric oxide 
PE potential energy 
Fed end-diastolic pressure 
Pes end-systolic pressure 
PLB phospholamban 
Pmax maximum pressure 
PRSW preload recruitable stroke work 
PVL pressure-volume loop 
RYR ryanodine receptor 
SERCA2a sarcoplasmic reticulum calcium ATPase 
SEM standard error of the mean 
SV stroke volume 
SI stroke volume index (SV/Body Wt) 
TBE tris borate EDTA 
TEM transmission electron micrograph 
TGF-p transforming growth factor-P 
TNC(I) troponin C (or I) 
TNF-a tumor necrosis factor-a 
Ved end-diastolic volume 
Ves end-systolic volume 
Wt weight 
SW stroke work 
SWI stroke work index (SW/Body Wt) 
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Figure A-1. A representative cardiac pressure-volume loop. Phase 1: 
contraction, Phase 2: ejection. Phase 3: relaxation, Phase 4: filling. 
Systole is composed of Phases 1 and 2 and diastole is comprised of 
Phases 3 and 4. The slope of the end systolic pressure-volume 
relationship (£SPVR) is the Ees and the x-intercept of this line is the Vq. 
The stroke volume is the distance between Phase 3 and Phase 1. The 
point labeled preload is the Ved and Ped, and the point where the 
ESPVR crosses the loop is the Ves and Pes. Stroke work is the area 
inside the loop. 



Figure A-2. Photograph of a representative EtBr-stained 4-20% 
gradient TBE gel separating amplified LP-BM5 competitive PCR 
products. (lOObp ladder; each 3 lanes is one sample; Competitors: 
1x10®, 5x10®, 1x10  ̂copies/|iL, 106bp; viral product: 141 bp) 



appendix b. animal subjects approval 

The University of Arizona Institutional Animal Care and Use Committee (lACUC) 

Protocols: 

#00-058 

Immunomodulation of Retroviral Cardiopathology 

#98-046 

Prevention of Retroviral Immunosuppression 

#97-076 

Immunomodulation of Retroviral Cardiopathology 

#98-008 and #01-004 

Alcohol Induced Immunomodulation: Retroviral Cardiopathology 
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