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ABSTRACT 

Cardiovascular disease (CVD) is a genetic and environmental factors involved 

disease resulting in cardiovascular dysfunction. This study investigated cardiovascular 

dysfunction induced by immunomodulators including methamphetamine (MA), high salt-

fat dietary and retrovirus. The mechanism and potential therapeutic role of T-cell receptor 

(TCR) peptides in cardiovascular disease were studied. The immune and cardiac function 

changes due to chronic MA use were evaluated in C57BL/C mice with LP-BM5 

retrovirus infection plus MA intraperitoneally injection for 12 weeks. MA treatment 

significantly decreased T helper 1 (THl) cytokine production; tumor necrosis factor 

(TNF-a) and oxidative stress were significantly increased in both uninfected and infected 

mice; the load independent contractile cardiac function was significantly decreased. The 

poor dietary intake effects on cardiovascular function were investigated in one-month old 

C57BL/6J mice fed with two established dietary formulations, high salt (HS) and high 

fat-high carbohydrate (HFHSC), separately or in combination (HFHS) for 3 months. The 

HFHSC mice demonstrated significantly increased end-diastolic volume and end-systolic 

volume (p <0.01) and a reduction of ventricular stifftiess (p < 0.05). The HS mice 

exhibited arterial hypertension with an increase in maximum end-systolic pressure (p < 

0.05) and a decrease of arterial elastance (p < 0.05) corroborated by an increase in heart 

weight to body weight ratios (p < 0.01) and vascular types I and III collagen. Modulated 

T-lymphocyte function with a suppressed TH2 subset fashion by TCR peptide 

vaccination significantly increased collagen I and III mRNA and protein in cardiac cells 
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from naive mice (p < 0.05). The gelatinase MMP-2 and collagenase MMP-13 mRNA 

expression were significantly decreased (p < 0.05). Meanwhile, the compliance of heart 

(P and dV/dt min) was significantly increased by T-cell receptor peptide treatment (p < 

0.05). LP-BM5 retrovirus-infection induced DCM was improved by TCR peptide 

treatment. The collagen I & III mRNA and protein levels were significantly increased by 

TCR peptide treatment in both fibroblast and cardiac cells (p < 0.05). In conclusion, drug 

use, poor dietary intake and retrovirus-infection as immunomodulation factors induce 

cardiovascular dysfunction mediated by T-lymphocyte dysregulation. TCR peptide, a 

selective T-lymphocyte function modulator, may be a promising pharmaco-therapeutic 

immunomodulator for cardiovascular disease. 

Key words: Cardiovascular disease; Immunomodulator; Heart function; Cardiac 

fibroblast; T-lymphocyte; T-cell receptor peptide 
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CHAPTER 1. INTRODUCTION 
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1.1 Cardiovascular Disease 

1.1.1 Overview 

According to the Centers for Disease Control and Prevention, Cardiovascular disease 

(CVD), principally heart disease and hypertension, is the Nation's leading killer for both 

men and women among all racial and ethnic groups of the United States. Almost 1 

miUion Americans die of CVD each year, which adds up to 42% of all deaths (1). The 

death rate, as well as the individuals who daily struggle with the complications of CVD, 

are a severe burden on health and medical care. Heart disease and hypertension account 

for almost 6 million hospitalizations each year and cause disability for almost 10 million 

Americans age 65 years and older. CVD costs the nation $274 billion each year, 

including health expenditures and lost productivity (2). 

In addition to genetic factors, studies conducted by the U.S. Center for Disease 

Control revealed that heart disease is related to environmental pollution, daily stress and 

lifestyle behaviors (3). There are a number of health-related behaviors practiced by 

people every day that contribute markedly to CVD. Some of these risk behaviors are 

modifiable including smoking or exposure to environmental tobacco smoke; drug use; 

alcoholism; obesity; sedentary lifestyle; diabetes; poor nutrition intake; virus infection. 

Other risk factors, such as gender, race, age and genetics, cannot be changed (13; 22; 27; 

38; 80, 92). 

CVD is defined as dysfunctional conditions of the heart, arteries, and veins that 

supply oxygen to vital life-sustaining areas of the body like the brain, the heart itself, and 
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other vital organs (41; 67; 69). If the oxygen doesn't arrive at the tissues or organs, they 

will become hypoxia and eventually die. Ischemic Heart Disease is the obstruction of 

blood flow to the heart. In general this results from excess fat or plaque deposits which 

narrow the veins that supply oxygenated blood to the heart. Excess fat or buildup of 

plaque is respectively termed arteriosclerosis and atherosclerosis, and these are associated 

with blood cholesterol levels (33; 73). Total blood cholesterol above 200 mg/dl, LDL 

cholesterol above 130 mg/dl, HDL cholesterol below 35 mg/dl; and lipoprotein level 

greater than 30 mg/dl are indicators of problematic cholesterol. This excess fat or plaque 

buildup is one of the causes of high blood pressure (hypertension), because even though 

the heart works harder, blockages still shortchange the needed blood supply to all areas of 

the body (72; 78). However, up to date, 90% of the causes of essential hypertension 

remain unclear. High blood pressure is called "The Silent Killer" because the first 

warning sign is an angina attack or a deadly heart attack or a stroke (44). Also injury 

caused damage to the heart tissues from CVD or from heart surgery will disrupt the 

natural electrical impulses of the heart and result in cardiac arrhythmia (57). Sudden 

fluctuations in heart rate can cause noticeable palpitations, with an associated faintness, 

or dizziness, and if severely abnormal could interfere with blood flow and even initiate a 

heart attack (37). Infections of the heart, carditis and endocarditis, are additional 

complications that can occur as a result of a weak immune system, liver problems, heart 

surgery, or from an autoimmune disorder like rheumatic fever. Endocarditis is quite 

common in persons with compromised immune systems due to HIV or AIDS. If not 
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appropriately handled, permanent heart muscle damage can occur from the infection (12; 

29; 52). 

1.1.2 Dilated Cardiomyopathy 

Cardiomyopathy is a broad term that includes subacute or chronic disorders of the 

myocardium. It also is used to refer to a group of systemic diseases and processes that are 

toxic to or alter the myocardium. Cardiomyopathies are divided into 3 types: dilated, 

hypertrophic and restrictive. Of these, dilated cardiomyopathy is the most common. 

Dilated cardiomyopathy represents a large subset of congestive heart failure (CHF) cases. 

These cases are differentiated logistically, but not necessarily physiologically, from those 

due to ischemic and hypertensive heart disease (15; 82). 

Dilated cardiomyopathy (DCM) is the most common myocardial disorder, 

accounting for 60-87% of cases of cardiomyopathy (4; 8) with an annual incidence of 2-8 

cases/100,000 and a prevalence of 36/100,000 in the United States and Europe (82). 

DCM is also the leading indication for cardiac transplantation (8) and has a high 

morbidity and mortality (62; 66). Patients with DCM have 5- and 10-year survival rates 

of 50% and 25%, respectively (4). 

The definition of dilated cardiomyopathy is complex and rests in its 

pathophysiology (5; 58). Apoptosis, or programmed cell death, has been reported in 

clinical and experimental dilated cardiomyopathy, which is characterized by depressed 

systolic function or systolic pump failure, cardiomegaly, and ventricular dilatation. 

Reduced left ventricular contractile force leads to decreased cardiac output, resulting in 

increased residual volumes in end-systole and end-diastole (6; 70). 
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Low cardiac output causes upregulation of the sympathetic nervous system and 

the renin-angiotensin system, causing a release of vasopressin and atrial natriuretic 

peptide. Stimulation of these hormonal tracts results in volume expansion, which induces 

vasoconstriction and thus further decreases cardiac output. Treatment for this disorder 

attempts to break down this vicious cycle (23; 59). 

Numerous initiators including environmental, genetic and infectious factors can 

cause DCM. Drug use, alcoholism or poor dietary intake also induces DCM (26). Certain 

physiological states such as coronary artery disease, chronic tachycardia, valvular heart 

disease, autoimmune disease (46), mitochondrial or endocrine abnormalities (79) and 

pregnancy (35) lead to DCM. Viral infection and persistence result in an inflammatory 

response in the heart in which an immune infiltrate is seen followed by a fibrotic event 

(8; 58). The production of the inflammatory cytokine tumor necrosis factor-a (TNF-a) 

also occurs in DCM during this phase leading to the upregulation of inducible nitric oxide 

synthase (iNOS) and an excess production of nitric oxide (NO) (34). Viruses associated 

with DCM include enteroviruses, such as particularly coxsackieviruses B, adenoviruses, 

herpesviruses, cytomegaloviruses (58), and human immunodefieciency virus (HIV) (11). 

The similarity of all the cases of DCM in the disease course (39, 58; 83) 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 clarified our understanding of these pathways and often pointed to the 

extracellular matrix as the common ground in all cases. 

1.2 The Regulation of Cardiac Extracellular Matrix 
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1.2.1 Cardiac extracellular matrix (ECM) 

Heart disease, especially DCM, results from changes in the ECM. In normal heart, 

ECM coordinates the force created by myocj'tes and transforms the force into work to 

induce whole heart contraction. In the diseased heart this linkage is impaired (39). 

ECM is a meshwork of cardiac collagen proteins which are composed primarily 

of fibrillar collagen types I and III. The functional role of collagen in the heart is to retain 

tissue structure, to coordinate the force between myocytes and to transduce the contractile 

force generated by myocytes (36). The collagen content determines ventricular stiffness 

and is correlated with heart compliance (P). The primary forms of collagen in the heart 

are type I, making up 85% of the total collagen, followed by 11% type III, and 4% type 

IV (45). The collagens in the ECM are produced by fibroblasts to allow the diffusion of 

nutrients, wastes, and messengers between blood and tissues (76). The cardiac fibroblasts 

represent two-thirds of the non-myocyte cells in the heart (14). They are not only 

responsible for the maintenance of the ECM (56) but are also associated with 

pathological fibrosis or dilation (9; 10; 21). We have found a significant correlation 

between cardiac collagen content and in vivo ventricular stiffness in our murine studies, 

supporting the concept that cardiovascular dysfunction is related to collagen content and 

composition in the absence of myocardial pathology (95; 96). 

Similarly, the vascular wall is continually remodeling in response to 

hemodynamic conditions and disease states. Vascular tone and compliance are 

determined by the vascular fibroblasts, which not only actively control wall tension but 

also synthesize the major structural components of the vessel wall: collagens types I & III 
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as well as elastin, proteoglycans and glycoproteins. Therefore, collagen content 

homeostasis is extremely important for the structural and functional maintenance in the 

cardiovascular system. 

Evidence suggests that homeostasis of collagen content in ECM is regulated by 

fibroblast collagen synthesis and matrix metalloproteinase (MMP) degradation (56; 68). 

1.2.2 Cardiac fibroblast 

Cardiac fibroblasts perform three major functions related to the composition of 

the ECM: synthesis and organization of ECM, synthesis and secretion of enzymes that 

degrade the ECM and coupling of the mechanical tension transmitted by the cardiac 

myocytes (43). There are phenotypic differences among fibroblasts in the heart, including 

cardiac fibroblast, myofibroblast (MyoFb), and a minor type of valvular interstitial 

fibroblast (VIC). Phenotypic characterization of fibroblasts is confirmed with positive 

staining of vementin for cardiac fibroblast and the MyoFb with a-smooth muscle actin 

(16). MyoFb are important in wound contraction and healing in in vivo and contraction of 

collagen gels in in vitro models—an analytical model to characterize fibroblast function in 

aging (56). Primary cultured cardiac fibroblasts retain their functional and phenotypic 

properties related to growth factor expression, adhesion (14), cell migration and collagen 

gel contraction (18). 

1.2.3 Regulatory function of cardiac fibroblast 

Cardiac fibroblasts secrete soluble inflammatory mediators, growth factors and 

degradation enzymes in addition to their accepted function of collagen sjmthesis or 

degradation. Fibroblasts also control cardiac tissue growth and differentiation (Fig. 1) 



(89; 90). The pro-inflammatory cytokines IL-ip and TNF-a as well as PDGF-AA are 

anti-fibrotic factors (40; 77). MCP-1 serves as a chemokine to attract monocytes, IL-8 is 

a potent chemokine for neutrophils, and RANTES is a chemokine for lymphocytes, those 

are important pro-fibrotic factors. IL-10 is important as a mediator that inhibits 

lymphocyte function—specifically the Thl T-lymphocyte subset. Nitric oxide (NO) 

significantly modulates TGF-pi to promote collagen synthesis. These secreted factors 

promote collagen synthesis by fibroblasts which support the interactions between 

lymphocytes and fibroblasts that facilitate a coordinated inflammatory response to tissue 

injury, a concept supported by others (28; 71) (Figure 2). In summary, cardiac fibroblasts 

are activated during myocardial injury to augment and regulate inflammatory cells. In 

this situation, cardiac fibroblasts secrete cytokines, growth factors, and chemokines 

required for wound healing subsequent to cardiac injury. 

1.2.4 Collagen degradation by MMPs 

MMPs are a family of Zn^"^- and Ca^'^-dependent enzymes, which are important in 

the resorption of extracellular matrices in both normal physiological processes and 

pathological states. Nine MMPs have been identified, cloned, and sequenced, and these 

are divided into three groups based broadly on substrate preferences (Table 1). The MMP 

subgroups include the collagenases that degrade structural type I to III collagens only, the 

type IV collagenases/gelatinases, which act in particular on the basement membrane 

components and partially degraded collagen, and the stromelysins, which have broad 

substrate specificity (proteoglycans, laminin, fibronectin, gelatin, and basement 

membrane collagens). Several studies have shown that proinflammatory cytokines can 
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Fig.l Regulatory function of cardiac fibroblast (Modified from Yu 
Q., grant application: AHA number 042013IZ. July, 2003) 
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Figure 2. Factors regulate collagen synthesis (Modified from Yu Q., 
grant application: AHA number 042013IZ. July, 2003) 
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activate MMPs and alter the ECM. MMP activity is also regulated by T-ljonphocyte 

function (32; 53). Taken together, the MMPs, once being activated by certain immune 

pathways, can completely degrade all extracellular matrix components (24). Figure 3 

summarizes the interaction between immune function and MMP activity. 

Table 1. MMP Subgroups 

Subgroup Name 

Collagenases Interstitial 
collagenase 

Neutrophil 
collagenase 

Gelatinases Gelatinase A 

Gelatinase B 

Stromelysins Stromelysin 1 

MMP Molecular Substrate 
Number Weight (kD) 

Stromelysin 2 10 

Stromelysin 3 11 

PUMP-1 7 

Metalloelastases 12 

55 

75 

72 

92 

57 

57 

51 

28 

57 

Regulator in Native 
Human Inhibitor 
Cardiac 
fibrobalst 

Collagen types III, I, II, VII, IL-1, TNF-a, TIMP-1 
and X; gelatin, proteoglycans PDGF, and-2 

phorbol 
Collagen types I, III, II, TIMP-1 
proteoglycans and-2 
Collagen types IV, V, VII, and Constitutive TIMP-2 
X; gelatin and-1 
Collagen types IV, V, VII, and TIMP-1 
X and-2 
Collagen types III, IV, V, and IL-1, TNF-a TIMP-1 
IX; laminin, fibronectin, and-2 
elastin, gelatin, proteoglycans, 
progelatinase B, procollagenase 
Same as for stromelysin 1 TIMP-1 

and-2 
Gelatin, fibronectin, TIMP-1 
proteoglycans and-2 

Gelatin, fibronectin, laminin, TIMP-1 
collagen type IV, and-2 
procollagenase, proteoglycan 
core protein 
Elastin TIMP-1 

and -2 

(Modified from Clare et al., Disease Circulation Research. 1995;77:863.) 
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Figure 3. Transcription, activation of the latent proenzymes, and inhibition of MMP 
activity. 
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(Modified from Clare et al., Disease Circulation Research. 1995;77:863.) 

1.3 Murine model of LP-BM5 infection-mduced dilated cardiomyopatliy 

1.3.1 LP-BM5 retrovirus 

LP-BM5 is a replication-defective xenotropic murine leukemia virus (BM5d) and 

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

murine leukemia viruses (MuLVs) (7; 19; 61). Infection of LP-BM5 in mouse mimics the 

human AIDS and is a potential model to study retrovirus induced cardiovascular disease. 

1.3.2 Characterization of murine AIDS 
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The LP-BM5 retrovirus exhibits many features of the human immunodeficiency 

virus (47-51). Gardner (30) concluded that "although none of these [murine] models 

offers an exact replica of human [retroviral] disease, each of them does provide useful 

knowledge about mechanisms of pathogenesis that may have relevance to AIDS." 

Watson (84-88) and others (31; 60) found that LP-BM5-murine-retrovirus infection 

produces T-lymphocyte dysfunction, which in many ways resembles that seen in humans 

infected with HIV-1. Murine retrovirus infection severely depressed IL-2 and IFN-y 

production (Thl cytokines) from Con A stimulated splenic T-cells (25; 50; 64; 65; 92). 

Simultaneous production of inflammatory IL-4, IL-6 and IL-10 (Th2 cytokines) was 

dramatically elevated. 

1.3.3 T-lymphocyte dysfunction and dilated cardiomyopathy in MAIDS model 

In general, cardiac fibroblasts possess receptors for many of the Thl and Th2 

cytokines, which can significantly modulate fibroblast function. Any alteration of Thl 

and Th2 cytokines may result in dysfunctional cardiac fibroblasts. T-cell receptor 

peptides regulate the cytokine profile, preventing retroviral suppression of IFN-y, 

excessive IL-4 production and reduced murine retrovirus levels, thereby increasing the 

survival rate and decreasing DCM in infected mice (75). However, cytokine-directed 

cardiac fibroblast function requires further definition. To determine with certainty that T-

Ijmiphocytes regulate cardiac fibroblast function, a retroviral infection induced 

dysregulated Thl/Th2 mouse model was used to investigate changes in cardiac fibroblast 

function. Selectively modulating or balancing Thl/Th2 cytokines may normalize cardiac 

fibroblast function (Figure 4). Humans infected with HIV have a prolonged isovolumic 
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Fig. 4 Scheme of T-lymphocyte function regulates cardiac function in retrovirus-infected 
mice (Modified from Yu Q., grant application: AHA number 042013IZ. July, 2003) 
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relaxation time of 33% (p<0.001) and a 25% (p<0.001) increase in diastolic peak filling 

velocities (17; 20; 55). These reports suggest that both phases of diastole (isovolumic 

relaxation and filling) are affected by HIV immunosuppression. Idiopathic DCM is a 

clinical condition where the heart exhibits failure due to a significant dilation and hypo-

contraction. Adaptive transfer of DCM can be produced through infusion of human 

peripheral lymphocytes harvested from DCM patients to SCID mice (63; 74). These 

results suggest that the transferred lymphocytes induced dysregulation of the murine 

cardiac fibroblasts, leading to DCM. 

1.4 T-lymphocyte receptor and T-lymphocyte receptor (TCR) peptide 

1.4.1 TCR peptide 

In this study, we used selective T-cell receptor (TCR) peptides to modulate T-

cells without directly affecting other cells or tissues. The TCR binds peptides in 
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association with the MHC in an orientation that positions the comphmentary determining 

regions (CDRl and CDR2 loops) primarily over the MHC and the CDR3 loops over 

peptides present on TCR a and p variable (V) domains (42). Therefore, TCR Vp 

subfamilies have been studied extensively as mechanisms leading to an array of 

autoimmune diseases and their modulation, which can be accomplished with specific 

antigen peptides or antibodies to the Vp region of the TCR. Dr. Watson's laboratory has 

proven that modulating T-lymphocytes with peptides directed to the TCR Vp region 

selectively directs the Ijonphocytes in either a Thl or Th2 response (49; 54; 88). In the 

following research papers, we will show that treating mice with selected TCR Vp 

peptides can significantly alter cardiac fibroblast function, resulting in altered collagen 

gene expression, tissue collagen content and type, and modulated function. 

1.4.2 Possible mechanisms of TCR peptide 

Although the detailed molecular mechanism of TCR peptide treatment remains 

unknown, two potential mechanisms have been proposed for the correction of immune 

dysfunction in retrovirus infection (Figure 5 and 6). Firstly, TCR peptides corresponding 

to the CDRl and Fr2 segments of the Vp chain may interact with MHC molecules, 

altering the antigen presentation process. Secondly, autoantibodies against TCR Vp 

induced by TCR Vp peptide treatment may slow the selective expansion of T cell clones 

by obstructed binding of the antigen to TCR VP chain. 
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1.5 Quantification of cardiovascular function 

Diagnose of CVD is very important for CVD prevention and treatment. ECG and 

MRI are often used to diagnose CVD in human subjects. Cardiac function change can be 

detected by the pressure-volume loops. Our laboratory established a Conductance 

Catheter System (CCS) to measure the heart function in situ of the mouse model. CCS is 

so far the best method to measure the ventricular function (91, 93). It measures LV 

pressure and volume at the same time to generate pressure-vlume loops. From these 

pressure-volume loops, we can compute 28 load-dependent and load-independent 

parameters to describe the ventricular systolic and diastolic function. Among these 28 

parameters, the most common used parameters for LV contractility are dP/dt max which 

is load-dependent and PRSW (preload recruitable stroke work), dP/dt max vs Ved, and 

Ees (end systolic elastnace) which are load-independent; for diastolic function are T 

(including Tweiss and Toiantz) and P (see table 4 for definition and computation). PVA 

(pressure volume area) describes myocardial O2 consumption. Efficiency represents how 

efficient potential energy is converted to stroke work. Ees/Ea (elastance of artery) 

describes how well the ventricular-arterial coupling is. 

1.5.1 Cardiac cycle 

The cardiac cycle and the computation of heart function parameters are illustrated in 

the below figure and tables. There are four phases of the cardiac cycle: 1) isovolumic 

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

7). Certain cellular and molecular components become the major players at each phase 
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(Fig. 7). p, a parameter measuring ventricular compliance is an indicator of alterations in 

the properties of the extracellular matrix. 

end systolic 
pressure-volume relationship 

afterload Diastole 

<0 

Systole 
o_ 

end diastolic 
pressure volume relationship 

preload 

Volume 

Figure 7. Diagram of a cardiac cycle. (RYR: ryanodine receptor, TN: troponin, PLB: 
phospholamban, SERCA: sarcoplasmic reticulum calcium ATPase, PRSW: preload 
recruitable stroke work, ESPVR: end-systolic pressure-volume relationship, Ea: arterial 
elastance, Vq: volume at zero pressure) 

1.5.2 Cardiac cycle associated molecules 

Cardiac function in four phases is associated with different molecules. Table 2 

summarized those molecules. 
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Table 2. The phases of cardiac cycle and associated molecules 

Associated Hemodynamic 
Parameters 

PRSW, ESPVR, dP/dtmax-Ved 
Ea, dV/dtmax 
T 

P, Vo, dV/dtmin 

1.5.3 Cardiovascular function parameter description 

There are four categories of parameters that describe the cardiovascular functions: 

Hemodynamics; LV systolic function; LV diastolic function; and vascular function. 

Table 3 summarized the four categories. 

Table 3. Interpretation and computation of parameters of cardiac function 

Abbreviation Description Method of Calculation 
Table 3.1 Parameter of Hemodynamics 

HR Heart Rate (60 * sample rate) / (Pmax i+1 - Pmax i) 
Vmax Maximum Volume Maximum volume during cardiac cycle** 
Vmin Minimum Volume Minimum volume during cardiac cycle 
Ves End-systolic Volume Volume at the point of maximum P/V ratio 
Ved End-diastolic Volume Volume at the Rwave 
Pes End-systolic Pressure Pressure at the point of maximum P/V ratio 
Ped End-diastolic Pressure Pressure at the R wave 
SV Stroke Volume Vmax - Vmin 
EF Ejection Fraction (Stroke Volume / V@dP/dt max) * 100 
CO Cardiac Output Stroke Volume * Heart Rate 
SW Stroke Work Area enclosed by the pressure-volume loop 
**cardiac cycle is derived from Pmax to Pmax. 

Table 3.2 Parameters of LV Systolic Function 
Maximum dP/dt; Maximum value of dP/dt during 
cardiac cycle 
End Systolic Pressure Volume Relationship; 
Regression of end systolic pressure vs end systolic 
volume 
End Systolic Elastance (of Left Ventricle); The slope 
of end systolic pressure volume relationship 

Phase 

1 Contraction 
2 Ejection 
3 Relaxation 
4 Filling 

Associated Physiological 
Components 

L-type Ca^"" channel, RYR, TNC/I 
Vasculature 
PLB, SERCA2a, TNG, TNI 
Extracellular Matrix 

dP/dt max 

ESPVR 

Ees 
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PRSW relationship Preload Recruitable Stroke Work relationship; 
Regression of Stroke Work vs End Diastolic Volume 

PRSW Preload Recruitable Stroke Work; The slope of 
PRSW relationship 

dP/dt max vs Ved The slope of the regression of dP/dt max vs End 
Diastolic Volume 

Table 3.3 Parameters of LV Diastolic Function 
Minimum dP/dt, Minimum value of dP/dt during 
cardiac cycle 
Tau - Weiss method, Regression of log(pressure) vs 
time 
Tau - Glantz method, Regression of dP/dt vs pressure 
End Diastolic Pressure Volume Relationship, 
Regression of end diastolic pressure vs end diastolic 
volume 
Left ventricular stiffness. Slope of end diastolic 
pressure volume relationship 

Table 3.4 Parameters of Vascular Function 
Pmax Maximum Pressure Maximum pressure during cardiac cycle 
Ea Arterial Elastance End-systolic pressure / Stroke Volume 
Ea slope Vascular Compliance The slope of Ea vs time with phenylephrine 

challenge 

dP/dt min 

tau(Weiss) 

tau(Glantz) 
EDPVR 

P 



33 

STATEMENT OF THE PROBLEM 

Cardiovascular disease is the leading killer in the USA. The death toll and 

medical care expenditures due to the CVD are still increasing, especially among the drug 

users, people with poor dietary intake and retrovirus-infection population. M those 

populations, either they have declined systolic and diastolic function such as dilated 

cardiomyopathy or vascular disease such as hypertension. Drug abuse, poor dietary 

intake and retrovirus-infection are also associated with immune dysfunction, which is 

heightened by declined T-lymphocyte function and enhance B-cell function. However, 

how the immune function regulates cardiac function has not been studied and addressed, 

moreover, the mechanism of those CVD induced by drug use, poor dietary intake and 

retrovirus-infection remains unclear. The extracellular matrix (ECM) is a crucial 

component of the heart and vascular tissue, which not only maintains the architecture of 

the heart but also provides regulatory bases for the heart including signal transduction, 

migration and proliferation. Collagen type I and III, the main components of the ECM, 

provide structural, mechanical and regulatory bases for ECM. Cardiac fibroblasts are the 

major cells that are responsible for collagen I & III synthesis and degradation and affect 

ECM directly. Meanwhile, highly associated immune dysfunction during cardiovascular 

dysfunction suggests that fibroblast function may be regulated by T-lymphocyte function 

mediated by cytokines. Therefore, our central hypothesis of this study is that T-

lymphocyte function regulates cardiac fibroblast function and ECM mediated by 

cytokines. This novel mechanism may renovate our therapeutic concept about 
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cardiovascular disease and stimulate research on immunomodulators to treat 

cardiovascular disease induced by poor dietary intake, drug abuse or retrovirus infection. 

REASEARCH OBJECTIVES 

The overall goal of this study is to investigate the effects of immunomodulators 

on cardiovascular disease induced by drug abuse, dietary intake and retrovirus infection 

as well as the mechanism of T-lymphocyte function regulates the cardiac fibroblast 

function, thereby altering cardiac extracellar matrix. Also those immunomodulators are 

pharmatheutic agents that can modulate and treat cardiovascular disease. 

Study 1: Investigate immune function and cardiac function change induced by chronic 

drug use in normal and retrovirus-infected mice 

Specific Aim 1.1: T-ljmiphocj^e dysfunction induced by chronic drug use in normal and 

retrovirus-infected mice 

Specific Aim 1.2: Cardiac dysfunction induced by chronic drug use in normal and 

retrovirus-infected mice 

Study 2: Investigate the differential effect of high salt, high fat, high single carbohydrate 

or their combination dietary intake on cardiovascular function 

Specific Aim 2.1: Develop a dietary intake induced DCM and hypertensive mouse model 

by using CCS technique 

Specific Aim 2.2: Investigate T-lymphocyte and cardiovascular fibroblast dysfunction 

induced by the dietary intake 

Study 3: T-lymphocyte function regulates cardiac fibroblast function and heart function 

in naive mice and retrovirus-infected mice 
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Specific Aim 3.1: TCR peptide vaccination modulated T-lymphocyte alters cardiac 

fibroblast function and extracellular matrix in naive mice 

Specific Aim 3.2; TCR peptide vaccination modulates T-lymphocyte function and 

restores cardiac fibroblast function in retrovirus-infected mice 

Almost every study resulted in several published papers or manusripts or very 

promising designs and models for subsequent Ph.D. students, so I here assembled all the 

published papers, peer reviews and submitted manusripts as my dissertation. The results 

of each paper or manuscript in this dissertation were summarized in the chapter II, 

Present Study. 
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EXPLANATION OF DISSERTATION FORMAT 

1. The format of this dissertation 

The format of this dissertation was different from traditional format, since I 

included published papers and manuscripts as the major part of this dissertation. This 

dissertation included introduction, present study (chapter II) and appendices. The 

introduction part included review of literature, explanation of the problem, explanation of 

dissertation format and references. The present study included a summary of the most 

important finding in this dissertation. The Appendices included all the original review 

papers, research papers and manuscripts. I put two published review papers, three 

published papers and two manuscripts in the appendices so that readers can be easily 

understand about relationship between immunomodulation and cardiovascular disease as 

well as the mechanism of T-lymphocyte function regulates cardiovascular fibroblast 

function. 

2. The relationship of the research papers 

This dissertation included five original research papers and two review papers 

which I grouped them as appendix A to C. I am the first author of all the seven published 

papers or submitted manuscripts. Appendix A included two review papers and two 

original research papers which mainly investigated the T-lymphocyte and cardiac 

dysfunction induced by chronic drug use. Appendix B included one submitted paper 

which not only investigated the poor dietary intake induced cardiovascular disease but 

also is a very potential hypertensive/DCM mouse model for future study in our 

laboratory. The importance of this study is that we can use our already validated CCS 
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method to investigate the mechanism and phamaco-therapeutic treatment of hypertension 

and DCM. It also helps show our general hypothesis that T-lymphocyte function regulate 

cardiac fibroblast function and extracellular matrix, with in turn the cardiovascular 

function. Without sophisticated models of hypertension and dilated cardiomyopathy, 

there was no way to investigate and search for the therapeutic drugs for those 

cardiovascular diseases. In fact, before I finished this dissertation, my colleagues got very 

exciting progress by using this model in their Ph.D. research. Appendix C included two 

research manuscripts that were the most important findings. We revealed the mechanism 

of T-lymphocj^e function regulates cardiac fibroblast function in naive mouse model by 

using TCR peptide treatment. We further showed our hypothesis that T-lymphocj^e 

function regulates cardiac fibroblast function in a retrovirus-infected mouse model. 

Taken together, this study was carried out from phenomenon to mechanism, from animal 

level to molecular level. 

3. Contribution to each paper 

I was the first author of all these seven published or submitted papers and 

manuscripts and the only person for this project. With the advising from Dr. Larson, Dr. 

Watson and other faculties in my dissertation committee, I designed all the studies, did 

almost all the experiments and wrote all these papers. So I believe it is appropriate for me 

to use these seven papers, reviews and manuscripts as the major part for my dissertation. 
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CHAPTER 2: PRESENT STUDY 
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The methods, resuhs and conclusions in this study are presented in the research 

papers appended to this dissertation. The following is a summary of the most important 

findings in these papers. 

1. T-LYMPHOCYTE AND CARDIAC DYSFUNCTION INDUCED BY 

CHRONIC DRUG USE 

Hypothesis: Chronic drug use induces immune dysfunction and cardiac 

dysfunction in normal and retrovirus-infected mice. 

Methamphetamine (MA) abuse represents a growing problem in the USA with an 

increase of sudden death. MA use significantly decreased production of IL-2 and 

interferon-gamma (IFN-y) in uninfected mice but did not further suppress the reduced 

Thl cytokines in retrovirus-infected mice. There were no significant effects on cytokines 

IL-4 and IL-6. However, tumor necrosis factor (TNF-a) was significantly increased in 

both uninfected and infected mice due to MA treatment. Lipid peroxides in liver were 

significantly increased both in uninfected and retrovirus-infected mice due to MA 

exposure. Vitamin E levels in liver were significantly decreased in uninfected mice due to 

MA treatment. In conclusion, MA has immunomodulation activity, suppressing Thl 

cytokine production and enhancing some Th2 cytokine secretion, as well as increasing 

lipid peroxides in uninfected mice MA increases catecholamine levels, which have 

detrimental effects on heart function through vasoconstriction, myocardial hypertrophy, 

and fibrosis. Murine retrovirus infection induces dilated cardiomyopathy (DCM). In the 

uninfected mice, the load independent contractile parameters, pre-load recruitable stroke 

work (PRSW) and dP/dtmax vs. Ved, significantly decreased by 32% and 35% in MA 
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treated mice when compared to the sahne injected mice. In retrovirus-infected mice, 

although there were no significant difference in Ees, PRSW, and dP/dtmax vs. Ved due to 

MA treatment, they were increased 45%, 15% and 42% respectively when compared to 

saline treated mice. No further lowered heart function during murine AIDS may be due to 

the counteraction of the retroviral DCM and the MA induced myocardial fibrosis and 

hypertrophy (thickening of the ventricular walls). This is supported by increases in the 

End-diastoUc volume (Ved, 38%) and End-systolic volume (Ves, 84%) in the retrovirus-

infected saline injected mice, the decreases of 33% and 17%) in the uninfected MA-

treated mice, but no significant changes in the retrovirus-infected MA treated mice when 

compared to uninfected saline injected mice. In conclusion, MA induced myocardial 

cellular changes compensate for retrovirus induced DCM. 

2. CARDIOVASCULAR DYSFUNCTION INDUCED BY POOR DIETARY 

INTAKE 

Hypothesis: High salt, high fat, high carbohydrate or the combined poor dietary intake 

has differential effects on cardiaovascular function in C57BL/6 mice. 

We were the first one to develop a hj^ertensive model with high salt, high fat 

intake by using our Conductance Catheter System. High fat (HF) and high salt (HS) 

intake are understood to be nutritional risk factors of hypertension. The hypothesis being 

tested is HF intake differ from HS intake in the vascular compliance and arterial 

hypertension. The 4 study groups (n = 8/group) included: (Con) control; (HF) 35.5% 

(w/w) saturated fatty acid with 0.4%) salt dietary intake; (HS) 8%) (w/w) salt dietary 

intake; and (HFS) HF plus !%> salt. The Millar Conductance Catheter System was used 
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to quantify left ventricular mechanics and arterial compliance in 3-month old C57BL/6 

mice. An acute phenylephrine injection (0.5fxg/kg) was administered to compare the 

vascular compliance (Ea slope) of the treatment groups. 

Table 4. The differential effect of high salt, high fat or the combination dietary intake on 
cardiovascular function. 

HW/BW Pmax Ea Ea slope 
Control 

4.0 ±0.2 91 ±3 6.5 ±0.5 2.3 ±0.4 

HF 3.8 ±0.2 86 ±3 6.0 ±0.6 2.8 ±0.4 

HS 4.9 ±0.1* 121± 12* 9 .4± 1.5* 4.1 ±0.7* 

HFS 4.1 ±0.2 103 ±5* 8.2 ± 1.2 7.6 ±0.8* 
HW/BW = heart weight to body weight ratio. 
Ea = arterial elastance. 

Pmax = maximum systolic pressure. 
*=P<0.05 

These data demonstrate that HS diet results in increased vascular resistances and 

cardiac hypertrophy. HF diet alone has no effect on vascular functional properties 

however highly induced DCM. The combining moderate salt intake with HF diet 

increases resting aortic pressures and markedly reduces vascular compliance with a 

catecholamine challenge. In conclusion, these data demonstrate that HF diet combined 

with moderate salt intake produces arterial vasculature that in highly non-compliant to 

stress responses. 

3. T-LYMPHOCYTE REGULATES CARDIAC FIBROBLAST FUNCTION 

Hypothesis: T-lymphocyte function regulates cardiac fibroblast and cardiac function 

mediated by cytokines. 

As we discussed in chapter I and other reviews, cardiovascular diseases, especially 

those were induced by drug use, poor dietary intake or retrovirus infection, were 

significantly associated with immune dysfunction. To further investigate the relationship 
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between T-lymphocyte function and cardiac fibroblast function, we used a selective T-

cell modulator—T-cell receptor peptide to treat the cardiac fibroblast in vivo or in vitro. 

C57BL/6J mice were vaccinated by TCR peptides at day 0 and 15"^. After 30 days, 

cardiac function assay was performed; meanwhile heart and spleen tissues were collected 

for further immune function and extracellular matrix characterization. Results showed 

that T-lymphocyte function modulated by TCR peptide vaccination shifted THl and TH2 

cells to an enhanced THl subset fashion. The cardiac fibroblast function was altered in an 

increased collagen type I & III synthesis and decreased degradation by MMPs, 

suggesting THl subset immune function drives fibrotic in the cardiac extracellular matrix 

structure. 

4. T-CELL RECEPTOR PEPTIDE VACCINATION RESTORE CARDIAC 

FIBROBLAST AND CARDIAC FUNCTION IN RETRO VIRUS-

INFECTED MICE 

Hypothesis: T-cell receptor peptides as immunomodulators improve cardiac fibroblast 

and cardiac dysfunction induced by retrovirus infection. 

T-cell receptor peptide vaccination suppresses TH2 cell subclones. Retrovirus-

infected mice were featured by heightened TH2 cytokine production and suppressed THl 

cytokine production. To further investigate that if modulated immune function by TCR 

peptide vaccination will restore the cardiac dysfunction induced by retrovirus infection, 

1-month-old C57BL/6J mice were infected by retrovirus. At day 0 and 15'^, mice were 

vaccinated by T-cell receptor peptides. At week lO'^, mice were performed cardiac 

function assay, heart, spleen, fibroblast were collected or isolated to further 
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characterization. Results showed that with TCR peptide modulation, cytokine production 

was balanced between THl and TH2 cells, which improved cardiac fibroblast 

dysfunction induced by retrovirus infection in an improved extracellular matrix structure. 

In turn, the cardiac function was restored in both systolic and diastolic function. 

5. CONCLUSION 

1. Methamphetamine use induces heart dysfunction in both normal and retrovirus-

infected mice. Meanwhile methamphetamine as an immunomodulator affects immune 

system by suppressing Thl function and enhancing Th2 function. 2. Poor dietary intake 

has differential effects on cardiovascular function. High salt intake induces vascular 

dysfunction with increased collagen content which manifests as hypertension while high 

fat intake induces dilated cardiomyopathy. Also poor dietary intake induces immune 

dysfunction. 3. T-lymphocyte function regulates fibroblast function mediated by 

cytokines on collagen synthesis and degradation. 4. Selective T-cell receptor peptide 

treatment restores the dysregulated immune function and cardiac function in retrovirus-

infected mice. 

6. FUTURE STUDIES 

1. Immunobasis of dilated cardiomyopathy induced by retrovirus infection. The 

causes of dilated cardiomyopathy still remain unclear. In our concept, retrovirus induced 

immune dysfunction may dysregulate cardiac fibroblast function. The heightened Th2 

cytokines by retrovirus infection may be responsible for the stimulation of MMP activity 

and suppression of collagen synthesis by cardiac fibroblasts. This topic has been written 

and submitted as a grant application to American Heart Association in July, 2003. 
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2. Investigate the hypothesis that vascular dysfunction induced by high salt intake 

is mediated by dysregulated T-lymphocyte function. 90% of essential hypertension 

remains unclear of its mechanism. The poor dietary intake induced hypertension is a 

more serious problem in our daily life. However, how high salt intake induces 

hypertension is a very interesting topic. We hypothesized that high salt intake induces T-

lymphocyte dysfunction, which directs the vascular dysfunction, stimulates the vascular 

fibroblast collagen synthesis and decreases MMP activity. Meanwhile, the high fat 

induced dilated cardiomyopathy should be further characterized. 

3. Identify the pathway and mediators that T-lymphocyte function regulates the 

cardiovascular function. In vivo, use IFN-y knockout mice injected with IL-4 to mimic 

the imbalance Thl and Th2 dysfunction and characterize the cardiac fibroblast and 

cardiac dysfunction. T-cell receptor peptide treatment also will be applied to this in vivo 

study. In vitro, isolate dysregulated T-lymphocyte to co-culture with normal cardiac 

fibroblasts, characterize the function of cardiac fibroblasts. Whether the dysfunctional 

cardiac fibroblasts will be improved by T-cell peptide treatment also should be 

investigated. 
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ABSTRACT 

Acquired immunodeficiency syndrome has become a worldwide crisis. As AIDS 

patient survival increases with more effective antiviral therapy, heart disease in AIDS 

will become more apparent. This paper explores the common heart diseases in AIDS 

patients as well as their cause and pathogenesis. The heart diseases involved in AIDS 

patients include myocarditis, dilated cardiomyopathy, pericardial effusion, non-bacterial 

endocarditis, pulmonary hypertension, cardiac neoplasm and drug-induced cardiotoxicity. 

While some of those heart diseases are independent of HIV infection, other cardiac 

pathologies are related to opportunistic infection. Ethanol use, drug abuse, low levels of 

nutrients and low socio-economic status can also increase heart disease morbidity in 

AIDS patients. Cardiac abnormalities are more common in the later stages of AIDS and 

can occur without any clinical manifestation and complicate the course of the disease. 

Present diagnosis and treatments described in this paper are inadequate for promoting 

recovery. Intense research is needed to discover effective treatments for AIDS patients 

with heart disease. 

Key words: Heart disease; AIDS; HIV 
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INTRODUCTION: 

Acquired Immunodeficiency Syndrome (AIDS) is caused by infection with 

Human Immunodeficiency Virus (HIV). According to the Joint United Nations 

Programme on HIV/AIDS and the World Health Organization, 36.1 million adults and 

1.4 million children were living with HIV at the end of 2000.^'^ AIDS deaths since the 

beginning of the epidemic total 21.8 million. During 2000, some 5.3 million people 

became infected with HIV, with 3 million deaths from HIV/AIDS. Deaths among those 

already infected will continue to increase.'^'^ In the United States, about 40,000 new HIV 

infections occurred in the year 2000, with 688,000 cases of AIDS reported since 1981.'^^ 

In recent years, understanding AIDS as a dynamic viral infection has evolved. AIDS-

associated heart lesions are often unrecognized, even in the initial phase of AIDS 

outbreak.^^^^ In retrospective studies, about 50% of AIDS cases reported showed cardiac 

abnormalities.^^' In the United States more than 5,000 patients per year are estimated to 

have cardiac complications resulting from HIV infection. The present review provides 

information on heart disease in AIDS, including its cause and pathogenesis. 

DESCRIPTION: 

AIDS is characterized by an acquired, profound, irreversible immunosuppression 

that predisposes the patient to multiple opportunistic infections, malignant neoplasms, 

and a progressive dysfunction of multiple organ systems. The first cardiac involvement in 

AIDS patients was reported in 1983,^^^ describing myocardial Kaposi's sarcoma at 

autopsy. Symptomatic and asymptomatic cardiac involvement in AIDS patients ranges 

between 28% and 73%.^^^^ Epstein, et al^^^^ reported that cardiovascular disease was the 

fourth leading cause of dilated cardiomyopathy in the United States. Congestive heart 
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failure has become the leading cause of death in pediatric patients with AIDS; half of 

them die within 6 to 12 months 

HEART DISEASES IN AIDS: 

Cardiac disease involved in AIDS patients may occur coincidentally, a 

complication of AIDS, the treatment of AIDS or the direct result of HIV infection of the 

heartP^^ As the AIDS epidemic spreads, heart disease problems resulting from AIDS 

become more prominent due to increased numbers of newly diagnosed patients with 

AIDS. In addition, the highly active antiretroviral therapy (HAART) that has enhanced 

the survival rate in HIV/AIDS patients facilitates manifestation of late-stage HIV 

infection, including HIV-related cardiac diseases. These cardiac diseases mainly include 

myocarditis, dilated cardiomyopathy, pericardial effusion, non-bacterial endocarditis, 

pulmonary hypertension, cardiac neoplasm and drug-induced cardiotoxicity. Heart 

disease can occur in various AIDS stages, but it is more common to detect cardiac 

abnormalities in the later stages. Some of those cardiac abnormalities can occur without 

any clinical manifestation, and they can complicate the course of the disease severely.''^"' 

Myocarditis is an inflammatory heart disease. Through autopsy statistics, 

approximately one third of all AIDS patients had myocardial complications, but only 

20% of patients with myocarditis found the specific cause. Organisms such as 

Toxoplasma gondii, Mycobacterium tuberculosis, and Cryptococcus neoformans are 

common pathogens that can cause AIDS myocarditis, while Myocobacteruim avium 

intracellulare complex, Coccidioides immitis, cytomegalovirus have been reported as 

rarely infectious pathogens of myocarditis in AIDS patients'^^^^. A recent review reported 
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that HIV, in the absence of opportunistic pathogens, can cause myocarditis in AIDS 

patientsJ^^^ HIV and its protein components were found in AIDS patient's heart tissue 

with myocarditis, suggesting that HIV and its components may be the cause of 

myocarditis^^' Myocarditis may also play a role in the development of ventricular 

dysfunction in HIV patientsJ"^^ 

Dilated cardiomyopathy involves dilation of ventricular cavities and increased 

heart weight. The first case of AIDS-related dilated cardiomyopathy was described in 

1986 followed by some other reported cases Dilated cardiomyopathy is one of the most 

common cardiac complications of HIV infection; it occurs in the later stages of HIV 

infection, usually with a significantly low CD4 cell countJ'^^ Dilated cardiomyopathy can 

enlarge all four chambers of the heart, diffuse left ventricular hypokinesis and increase 

fractional shortening and eventually myocardial dysfunction. Survival of patients with 

myocardial dysfunction is extremely low, approximately 30% of HIV-related deaths due 

to myocardial dysfunction.^^' The pathogenesis of cardiomyopathy remains obscure; 

Giuseppe Barbaro reported that dilated cardiomyopathy was associated with infective 

endocarditis and pericardial effusion.^'^^ Some case studies have shown that HIV can 

cause the injury of cardiac.Animal model studies using murine AIDS have shown 

that immune dysfunction facilitated Coxsackievirus infection, cardiomyopathy and 

premature death^^^^; cocaine injection accentuated both. 

Pericardial effusion is another common form of cardiovascular involvement in 

HIV infection. Mycobacterium tuberculosis hominis and Mycobacterium avium 

intracellular pericarditis had a greater prevalence.Its clinical manifestation includes 
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pericardial effusion, pericarditis, cardiac tamponade and constrictive pericarditis. 

Approximately 20% of AIDS patients have pericardial effusion.^^^' Most cases of 

pericardial effusion are indiopathic, but its etiology can be infections, lymphoma, 

Kaposi's sarcoma, myocardial infarction, or fibrinous exudates. 

Endocarditis in AIDS patients is relatively uncommon and usually nonbacterial; 

the incidence rate is 3% to 5% in AIDS patients, Staphylococcus aureus and Candida 

albicans endocarditis usually are prevalent. It often occurs in drug addicts older than 

50 years. HIV infection may increase the risk of infective endocarditis among 

intravenous drug users and homosexuals. The major organisms that cause endocarditis in 

AIDS patients are Saureus (75%) and Streptococcus viridans (20%).'^^^^ The symptoms of 

t h o s e  p a t i e n t s  a r e  f e v e r ,  s w e a t s ,  w e i g h t  l o s s ,  p n e u m o n i a  a n d / o r  m e n i n g i t i s . T h e  

mortality from infective endocarditis increases significantly in the late stages of HIV 

infection. 

The first case of pulmonary hypertension in AIDS patients was reported in 

1987 [21] incidence of pulmonary hypertension in AIDS patients is much higher than 

in the general public, and mainly male and young patients are associated with it.'^'^ Its 

common symptom is dyspnea, and intravenous drug abuse, homosexuality and 

hemophilia are the risk factors.Half of those AIDS patients that had pulmonary 

hypertension died within a year because of the right-sided heart failure and respiratory 

failure. The pathogenesis of pulmonary hypertension in AIDS patients is unclear, 

according to a study performed by Mette^^^^ revealed that HIV is not directly associated 

with pulmonary hypertension in AIDS patients; however, increases of endothelin 1, TNF-
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a, and platelet-derived growth factor due to HIV are associated with pulmonary 

hypertension 

There are two types of cardiac-associated malignant neoplasm common in 

patients with AIDS: Kaposi's sarcoma involves the heart and is usually metastatic; 

lymphomas are extremely rare in the heart even though they are the commonest cancer in 

AIDS. Incidences of Kaposi's sarcoma involving the heart range from 12% to 28% in 

retrospective autopsies.Most of the patients were homosexual or bisexual. Kaposi's 

sarcoma involves the visceral layer, serous pericardium or the subepicardial fat. 

Lymphomas are usually unsuspected clinically. Presentation with cardiac symptoms 

includes congestive heart failure, pericardial effusion, and heart block,^^^' while 

asymptomic lymphomas in AIDS progress rapidly and lead to cardiac dysfunction. The 

prognosis of patients with HIV-associated cardiac lymphoma is generally poor.^^^ 

Although there are several reports of coronary artery abnormalities in AIDS 

patients,its incidence is relatively uncommon. Through autopsy of the abnormal 

coronary artery in AIDS patients, significant coronary lesions were found as 

atherosclerosis, fibrosis sclerohyalinosis and myocardial interstitial fibrosis. However, 

the cause of these lesions is not clear. Atherosclerosis or angitis may be related to an 

opportunistic viral infection, given the absence of other cardiovascular risk factors. 

Medications taken by AIDS patients may cause cardiovascular toxicities such as 

dilated cardiomyopathy, ventricular tachycardia, myocardial infarction or ischemia and 

congestive heart failure. AIDS patients treated with amphotericin B, interferon-alpha, 

AZT and doxorubicin showed cardiotoxicities.'^^^^ 
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ALCOHOL USE, DRUG ABUSE AND HEART DISEASE IN AIDS: 

Alcohol use and drug abuse can increase the morbidity from heart disease in 

AIDS patientsJ^^^ Alcohol (ethanol) consumption alters cardiac contractile function and is 

a leading cause of cardiomyopathy in the United StatesP"^^ Alcoholic cardiomypathy 

enlarges the heart and induces endocardial thickening, remodeling, interstitial fibrosis, 

myocyte hypertrophy and atrophy, and focal necrotic myocyptesJ^'^ In murine AIDS, 

ethanol consumption has been shown to promote cardiomyopthy (unpublished data). 

Cocaine abuse also may contribute to development of heart disease in murine'^^^ 

and humam AIDS patients. Cocaine can be a cardiotoxin to myocardial cells and also has 

vascular effects on AIDS patients. Myocardial effects of cocaine administration include 

cardiomegaly and left ventricular hypertrophy. Cocaineinjection and increased heart 

disease in murine AIDS, especially with Coxsackievirus B3 infection, correlate with 

significant heart lesions. 

A recent review concluded that the heart is very sensitive to methamphetamine 

and could easily be damaged by methamphetamine. Heart problems from 

methamphetamine abuse include tachycardia, dilated cardiomyopthy, and even heart 

failure. 

Heart disease in AIDS may also be associated with low levels of tissue nutrients 

resulting from poverty-induced malnutrition. Low levels of selenium or L-camitine can 

cause heart failure in AIDS patients. Selenium content in hearts from AIDS patients has 

been found to be substantially diminished; selenium supplementation reversed the 
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cardiomyopathyP^^ Combined selenium and vitamin E deficiency cause fatal myopathy 

in guinea pigsJ^°^ In African AIDS patients, lower socio-economic status was a 

significant mortality risk factor for heart diseaseP'^^ 

DIAGNOSIS AND TREATMENT: 

The assessment methods of heart disease in AIDS patients include physical 

examination, electrocardiogram (ECG), two-dimensional echocardiogram and Doppler 

echocardiography. Pathologic examinations include autopsy, routine techniques 

(hemotoxilin-eosina), Ziehl-Neelsin, Gomori, and GrocottJ'^'^^ 

Except for anecdotal evidence, no particular reports of treatment for AIDS 

patients with heart disease existP^ Though anti-HIV drugs can reduce viral replication, 

delay disease progression, and prolong survival, the prevalence of cardiac involvement 

can not be significantly influenced by anti-HIV therapy. The treatment regime should 

avoid cardiotoxic drugs and supplement with nutrients such as vitamin E and selenium. 

CONCLUSION: 

Cardiac diseases in AIDS patients have become more prominent, primarily 

presenting as myocarditis, dilated cardiomyopathy, pericardial effusion, non-bacterial 

endocarditis, pulmonary hypertension, cardiac neoplasm and drug-induced cardiotoxicity. 

In some cases opportunistic infections, HIV protein components, Kaposi's sarcoma, 

cardiac lymphoma and antiretrovirus drugs may cause cardiac disease in AIDS patients. 

However, the cause and pathogenesis of some heart diseases in AIDS is not clear. 

Alcohol use, drug abuse and malnutrition can increase the morbidity of AIDS patients 

with heart disease. 
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Abstract 

Methamphetamine (MA) not only affects the nervous system but also has cardiac toxicity and 

immunosuppressive properties. This manuscript will provide support that there is a relationship between MA use 

and heart disease as well as immune dysfunction. The cardiovascular manifestations of acute MA use include 

tachycardia, atrioventricular arrhythmias, myocardial ischemia, myocardial ischemia and hypertension, resulting in 

cardiac lesions. Chronic use of MA causes cardiomyopathy including cellular infiltration, myocardial hypertrophy, 

myocardium rupture and fibrosis. The increased catecholamine levels are responsible for the cardiac lesions induced 

by MA. The additional problem with MA use is its potential to disrupt the immune system function leading to 

suppression of mitogen-stimulated lymphocyte, a reduction in circulating lymphocyte numbers and alternation T-

lymphocyte cytokine secretion as well as B cell proinflammatory cytokine secretion. Concomitant MA use and 

Human Immunodeficiency Virus (HIV) infection not only enhances immunosuppression associated with HIV but 

also increases the heart disease occurrence with a coincidentally complication of AIDS or AIDS medications. 

© 2003 Elsevier Science Inc. All rights reserved. 

Keywords: Heart disease; Methamphetamine; HIV; AIDS 

Introduction 

Methamphetamine (MA) also known as speed, crank, go, crystal, meth, ICE or poor man's cocaine, is 
a derivative of amphetamine. Amphetamine including MA has a similar structure to a natural extract, 
ephedrine, a sympathomimetic amine used as a stimulant and possessing appetite suppression and 
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bronchodilation properties. (MacKenzie and Heischober, 1997) MA was first synthesized by a German 
chemist in 1887, studied extensively, and used in the clinic until 1930s. (Anglin et al., 2000) 
Subsequently, MA was widely available for users and caused abuse epidemic that occurred rapidly. In 
the 1960s, the United States government realized that MA has significant potential of tolerance and 
physiologic dependence. Therefore in 1970, MA was restricted as a controlled substance by government 
law. MA is easily made in clandestine home laboratories by reduction of ephedrine or by the 
condensation of the phenylacetone and methylamine. MA is less expensive compared to cocaine and 
has become the most common illicit abused amine dnig, resulting in rapidly increased users number In 
1996, about 2.3% of the population had used MA at least once in the United States and this epidemic 
also greatly spread world-widely such as Asian countries. (The National Institute on Drug Abuse, 2002; 
NIDA Research Report, 2002). 

MA as a sympothemimic stimulant affects the central nervous system (CNS). MA use leads to rapid 
rise in blood levels generating a quick and long lasting high resulting in intense euphoria and addictive 
potential. (Centers for Disease Cx)ntrol and Prevention, 1995) MA can be taken orally, snorted, smoked 
or injected, in approximately increasing order of immediacy of onset. Duration is subjective, but is 
probably on the order of 4-8 hours. Delayed absorption (for example, due to oral ingestion) can prolong 
the effects relative to time of administration. Of course, larger doses last longer due to the fact that it is 
removed from the blood at a finite rate. The serious side effects of MA use include neurologic, obstetric, 
gastrointestinal, renal, endocrine complications, with possible long-term damage and cardiovascular 
disease, which is the most common complaint by MA users. (Derlet and Horowitz, 1995) MA abuse is 
also a social problem related to crime, traffic and non-traffic accidents, physical and psychological 
hazards. In California, MA-related hospital admissions increased 49% in 1994 compared to 1993. In 
Iowa, MA use accounted for 65% drug arrests, even more than alcohol arrests. (US Department of 
.Tustice-Drug Enforcement Administration, 1996) In 1999, the American Association of Poison Control 
Centers' (AAPCC) Toxic Exposure Surveillance System did not categorize specific methamphetamine 
exposures; these exposures were included in the amphetamine category. A total of 16,684 exposures 
were reported, with 4593 in those younger than 6 years and 4614 in those older than 19 years. During 
1999, a total of 18 deaths associated with amphetamine exposures were reported to the AAPCC. 
Frequently, many local coroners' offices have more reliable data on fatalities associated with street-drug 
abuse. More seriously, MA acute overdose or chronic use has high death rate. A 5-year retrospective 
investigation in Japan revealed that 2.32% victims of drug use were MA-related in the drug-related death 
cases. (Zhu et al., 2000) In Greece, until 1997, only one MA-related fatality case was reported, while 
from 1997 to 2002, there were 7 out 1500 fatalifies. (Raikos et al, 2002) MA use is also highly related to 
HIV infection and AIDS development. (Rotheram-Borus et al., 1994; Molitor et al., 1998). 

Thus, understanding the mechanisms, pathogenesis and effects of MA use and HIV infection on heart 
disease will help define therapeutic targets and avenues of prevention for these MA users, AIDS and 
heart disease patients. 

Pharmacology 

MA Free Base is N, a-Dimethylbenzeneethanamine C6H6CH2CH(NHCH3)CH3, molecular weight is 
149.24. Its hydrochloride salt, which is strongly hydrophihc, is as easily smoked as cocaine. It is an N-
methyle homologue of amphetamine. MA freebase is an oil and is uncommon on the street. MA is a white. 
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Fig. I. Clandestine methods for MA synthesis. 

odorless, bitter, crystalline powder that can be soluble in water and alcohol. The purity of MA depends on 
the manufacture process. Ephedrine or pseudoephedrine is the basic MA precursors. Chloroephedrine is 
the intermediate of MA synthesis, which also affects the purity of MA. (Fig. 1) (Varner et al., 2001) Impure 
M A has an increased toxicity that causes additional medical complications. MA can be ingested, injected, 
smoked and snorted intranasally. (MacKenzie and Heischober, 1997) Immediately aftei-wards, the user 
experiences an intense rash or "flash" that lasts only a few minutes and is extremely pleasurable. As with 
similar stimulants, M A most often is used in a "binge and crash" pattern. When inhaled, MA vapors are 
rapidly absorbed across the large surface area of the alveolar membrane and are deposited in lungs. (Riviere 
et al, 2000) Redistribution happens after MA administration, first to the kidneys followed by the spleen, 
brain, liver, heart and finally to the seram. (Riviere et al., 2000). 

MA has (+) and ( — ) enantiomer. The (+) enantiomer is five times as potent as the ( — ) enantiomer. 
(Cho, 1990) The chemical structure of MA is amphetamine with an addition of one methyl group. (Fig. 
2) The methyl group makes the drug even more potent by facilitating its penetration into the central 

H 

Fig. 2. The structure of MA. 
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Table 1 

Short-tenn and long-term effects of MA 

Short term Long-temi 

Increased attention 
Decreased fatigue 
Increased activity 
Decreased appetite 
Increased respiration 
Hypothermia 
Euphoria and rush 

dependence 

addiction psychosis 
paranoia 
decreased appetite 
weight loss 
repetitive motor activity 
stroke 

nervous system. (Davis and Swalwell, 1994) MA's actions are often compared to cocaine since MA and 
cocaine are both potent sympathomimetics. (Schindler et al, 1992) The average half-life of MA in the 
body is much longer than cocaine. (Schindler et al, 1995) Table 1 summarized short-term and long-term 
psychological and physical effects of MA use. 

The cardiovascular complications and heart disease of MA 

MA can cause a variety of cardiovascular problems, which include rapid heart rate, irregular 
heartbeat, increased blood pressure, and irreversible damage brain blood vessels, leading to stroke. 
(Vamer et al, 2002) Intravenous administration of MA in rats caused a pressure response consisting of 
an initial rapid blood pressure increase and a biphasic heart rate change consisting of bradycardia 
followed by tachycardia. ( Varner et al., 2002). 

MA overdose induces tachycardia, atrioventricular arrhythmias, myocardial ischemia and acute 
hypertension. (Deriet and Horowitz, 1995) Chronic MA use results in inflammation of the heart lining 
and cardiomyopathy including cellular infiltration, myocardial hypertrophy, myocardium rupture and 
fibrosis. (Citron et al., 1970; Smith et al., 1976; Kalant and Kalant, 1975) The cardiotoxicity of MA is 
also evident in the autopsy investigations. In total 84 autopsies, 35 were found aortic dissection, among 
them, there were seven cases tested as MA positive. The aortic dissection was found in those MA users, 
which is most likely due to MA's hypertensive effect. (Swalwell and Davis, 1999) MA was detected in 
another anatomic and toxicologic investigation of 413 deaths. Coronary artery disease with enlarged 
hearts, ranging from minimal to severe multivessel, was identified in 79 of the 413 M A users. 65% death 

Table 2 
MA cellular and heart stractural toxicity 

Model Outcomes References 

Myocytes Cellular granulation, myocyte hypercontraction, broken membrane, increased (He, 1995; Macno ct a!., 
cell size, injured cytoskeleton, cellular hypotrophy 2()00a,b) 

Mouse Hypotrophy, myolysis, edema, cellular infiltration, contraction band necrosis, (Matoba, 2001; 
disarrangement of myofibers, vasculation, fibrosis Islam et al., 1995) 

Rat Myocytic degeneration, necrosis, myocytolysis, contraction bands, atrophied (Kaiho and Ishiyama, 
myocytes, fibrosis, myoglobin loss, myocardial mitochondrial dysflinetion 1989; He et al., 1996) 



74 

Q. Yu el al, / Life Sciences 73 (2003) 129 140 133 

Table 3 
MA case studies 

Complications Outcomes References 

MA intoxication. 

Suicidal intention, 

vomiting, myalgias, 
paresthesias, 
headache, and 

orthostasis 

Cardiac tamponade, Ventricular ourflow laceration, 

pulmonary edema, DCM, diffuse, vasospasm, myocardial 
infarction, idiopathic congestive cardiomyopathy, septic shock, 
disseminated intravascular coagulation, rhabdomyolysis 
with myoglobinuria, azotemia 

(Horigiichi et al, 1999; Hong 

et al., 1991; Jacobs. 1989; Kendrick 
et al., 1977; Meeker and Reynolds, 

1990; Rajs and Falconer. 1979; 
Farnswoilh et al.. 1997; 
Furst et al., 1990) 

cases were due to MA toxicity. (Karch et al., 1999) Morphology and histopathology studies of MA's 
cardiotoxicity in different model were summarized in Table 2. 

MA also induces cardiomyopathy, leading to myocardial infarction (MI), dilated cardiomyothy (DCM) 
in the moderate MA users. Table 3 summarized some complications and heart disease in MA users. 

The cardiotoxicity seen with MA use is similar to that seen with the use of cocaine. However, MA 
does not cause the same degree of severity vasoconstriction as cocaine. (Derlet and Horowitz, 1995; 
Nahas et al., 1991; Pitts and Marwah, 1988) Small doses of topical, intranasal cocaine result in a 
significant reduction in epicardial coronary arterial diameters (6-9%) and coronary blood flow, despite 
the fact that myocardial oxygen demand increases. (Lange et al, 1989) The moderate vasoconstriction 
caused by MA may benefit heart conditions by preventing secondary damage from the vasoconstriction, 
which is very severe to the heart in cocaine use. (Benzaquen et al., 2001) However, because of the 
cardiotoxicity associated with MA, large doses cause congestive heart failure (CHF) and sudden death. 
(Derlet and Horowitz, 1995; Bailey and Shaw, 1989). 

Chronic MA use alters the hemodynamic parameters in heart fonction. The pre-load and after-load 
independent contractile parameters that describe the left ventricular contractility including pre-load 
recniitable stroke work (PRSW) and LV end diastolic volume at the occurrence of maximum dP/dt (dP/ 
dtmax vs. Ved) are significantly decreased in MA treated mice, the decreased LV contractility suggests 
LV enlargement even dysflmction. (Yu et al, 2002a,b) This information is consistent with the autopsy 
reports of MA use. (Swalwell and Davis, 1999). 

It has been reported that detrimental effects of MA could be reversed upon cessation of use; however, 
this reversal takes time. After 12 weeks of MA treatment, the walls of the heart became thicker. There 
were also cellular disarray, infiltration, edema, myolysis, tissues granulation, fibrosis and vacuolization. 
However, these symptoms were reversed within 4 weeks after MA use was discontinued, with the 
exception of the fibrosis. (Islam et al., 1995) The irreversible fibrosis in long-term MA use makes it a 
severe consequence both on deteriorating the cardiac tissue and function. (Islam et al., 1995; Jacobs, 
1989; Robinson and Becker, 1986). 

Mechanisms of M A in heart disease 

As a psychological stimulant, MA produces intoxication through the increased stimulation of dopamine 
and norepinephrine receptors in the brain. The alertness, euphoria and sense of well being results from the 
use of MA. MA potentiates the presynaptic neural tenninal's release of catecholamine neurotransmitters, 
norepinephrine, and dopamine, causing stimulation of the postsynaptic receptor. MA inhibits the uptake of 
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these neurotransmitters and prevents their degradation by inhibiting monoamine oxidase. (Ruth et al., 
1978; Wagner et al., 1980) MA does not stimulate postsynaptic catecholamine receptors directly. Because 
the effect of the dmg depends on endogenous catecholamine stores, continued use leads to depletion, and a 
clinical binge-crash cycle occurs. This action on endogenous catecholamines also explains the rapid 
development of tachyphylaxis. These effects are stereoselective, with the d-form being approximately five 
times as active as L-form. Evidence also suggests that permanent damage may occur to the synaptic 
"complexes" in chronic users of MA. Such damage has been documented in experimental animals given 
prolonged high doses of MA, possibly due to formation of free radicals or the interaction of an excitatory 
amino acid. 

Increased catecholamine levels are responsible for cardiotoxicity by coronary vasoconstriction, 
calcium overload, and the production of oxygen-free radicals by either the auto-oxidation of catechol
amines or their degradation by monoamine oxygenase. (Wagner et al, 1980) Abnormal catecholamine 
levels also have some other detrimental effects on the heart, such as inducing hypertrophy, myocardial 
ischemia and reperflision, fibrosis, infarction, and cardiomyopathy. (Maeno et al., 2000a,b; Islam et ai., 
199.5; Fiirst et al., 1990; Simpson et al., 1982; Uchima et al., 1983; Tang et al., 1987) The chronic 
norepinepherine (NE) treatment in rats causes left ventricle (LV) remodeling and fibrosis. The matrix 
metalloproteinase 2 (MMP-2) activity associated with hypertrophy was also enhanced in these rats. 
(Briest et al.. 2001) Additionally, dysfunction of the heart causes increased cardiac workload which 
increases the risk of a sudden release of an asymptomatic atherosclerotic plaque. These factors put 
subjects at an increased risk for myocardial infarction. Thus, increased catecholamine levels due to MA 
use are a significant factor that leads to heart disease. 

MA can direct affect cardiomyocytes by increasing the intracellular Ca^ ' concentration. The 
increased Ca" ^ markedly inhibits synthesis of myosin, therefore inhibits development of cardiomyocytes 
as well as damages the microtubular and actin structure of cardiomyocytes. (Salomon, 1978; Guo et al., 
1986; Keith et al., 1983; Schliwa et al., 1981). 

The signaling pathways of MA to the cardiac responses are MA-dose dependent and mediated via al
and Bl-adrenoceptors by regulation of G-protein coupled PKA and IPS casacade signaling pathways. 
(Schindleretal., 1992). 

MA also affects vascular system by increasing the sensitivity to the pressor actions, while the 
sensitivity to the depressor actions decreases. MA administration also can have the far-reaching 
consequences of aneurysms and even aortic dissection. (Harrington et al., 1983) Increased blood 
pressure and tachycardia increase the workload on the heart and its accompanying vessels, focused on 
arterial branch points. This increased pressure can lead to aneurysms. Added stress of chronic MA use 
causes small intimal tears and in some cases vascuolitic (Schindler et al., 1992; Citron et al., 1970; 
Harrington et al., 1983) and myocardial lesions. (Kobayashi, 1986; Call et al,, 1982; Nogi et al., 1988) 
These small tears can eventually lead to gross aortic dissection, resulting in death with prolonged MA 
use. It has been shown that binge use of MA results in significant cardiac pathology, including focal 
monotypic inflammatory infiltrates and foci of necrosis in the hearts of rats. ( Wagner et al, 1980). 

The immunomodulation of MA 

Limited studies about the effects of MA or its related amphetamines on immune function revealed that 
MA has immunomodulation properties. MA injected rats at 25 mg/Kg dose induced both thymic and 
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splenic lyphocytes death via apoptosis. {Iwasa et al., 1996) The in vitro study showed MA Exposure 
resulted in a decreased IL-2 production by T-lymphocytes, while B-lymphocyte proliferation was 
suppressed by MA. Also NK cell function was enhanced by MA exposure. (House et al., 1994) The in 
vivo study of MA showed that MA treatment significantly suppressed the cytokines IL-2 and INF-"/ 
expression while no significant effects on cytokines IL-4 and IL-6 in normal mice. However, TNF-a was 
significantly enhanced by MA treatment. (Yu et al., 2002a,b) Lee et al. recently reported that MA 
induces significantly increase in DNA binding activities of redox responsive transcription factors, AP-1 
and NF-KB, which are known to regulate gene expression of the TNF-a. The increased AP-1 and NF-KB 
cause MA-mediated increased lipid peroxides, in addition of the upregulated TNF-a gene expression 
may also be responsible for MA-induced heart disease. (Lee et al, 2001) This result fiirther supports our 
conclusion that MA has immunomodulation activity, which is also responsible for heart disease. 

MA derivatives also were showed the immunomodulation functions. In vitro, high concentration of 
amphetamines including MA affects immune function with a significant suppression of IL-2, but not IL-
4 by T-lymphocytes, as well as a suppression of B-iymphocyte proliferation. (Zule and Desmond, 1999) 
The MA derivatives such as 3,4-methylenedioxymethamphetamine (MADA) cause lymphocytes death 
and decreases lymphocyte's response to concanavalin A (Con A) stimulation, reduced leukocyte 
numbers and an increase in plasma corticosteroid levels, which suppresses T cells. (Briensven et al., 
2001) Acute MDMA administration also was found to impair IL-lp and TNF-a secretion following an 
in vivo LPS challenge, and that TNF-a is more sensitive to the suppressive effects of MDM A than IL-1C) 
is. (Connor et al. 2000) Freire-Garabal et al. investigated the immune effects of chronically amphetamine 
(0.4 mg/kg/day) injection. They foxmd a reduction in thymus and spleen cellularity, and in peripheral T 
lymphocyte population. (Freire-Garabal et al., 1991) Those results suggest that MA and its derivatives 
have immunotoxicity, cause immune dysfunction, exist some extent of interaction between MA and HIV, 
as well as increase the susceptibility of cardiovascular disease. 

MA and HIV infection 

Numerous epidemiology studies showed that there is a higher risk rate of HIV infection in drug users. 
(Estrada, 2002; Sterk, 2002; Bell et al., 2002) In the Russian Federation, between 1998 and 1999 over 90 
per cent of all new HIV infections were found among injecting drug users. In 1999, the number of 
countries reporting injecting dnig use was 136, up from 80 countries in 1992. Of these 136 countries, 93 
also identified HIV among drug injectors. In nearly one-third of the Americans infected with HIV, 
intravenous drug use is a major risk factor of HIV transmission, making drug abuse the fastest growing 
vector for the spread of HIV in the nation. (NIDA Research Report, 2002) Increased HIV transmission is 
a likely consequence of increased MA abuse, particularly in individuals who use the drug intravenously 
with shared needles and syringes, which is a common route of HIV exposure. In near future, those men 
have sex partners via the internet will increase the risk of HIV infection prevalence. (Benotsch et a!., 
2002) A recent survey in Thailand found that the prevalence of HIV infection is 2.44% in MA users 

which is significantly higher than common people. (Vongsheree et al., 2001) MA gives a high and 
enhances individual's libido, which may lead to multi-sexual relationships and unsafe sexual behaviors, 
(Zule and Desmond, 1999; Briensven et al., 2001) which is also a very important HIV exposure route. 
MA was reported as a widely used recreational drug in homosexual, bisexual and commercial sex 
workers, who have an alarming HIV infection rate. (Shoptaw et al., 2002; Gomian et al., 1997). 
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HIV-infected patients remain asymptomatic for years prior to the development of AIDS. However, the 
immune flmction in HIV-infected individuals will gradually deteriorate and eventually culminate in 
immune incompetence. Medications given to AIDS patients, infections with opportunistic pathogens and 
dmg abuse may contribute to the immunosuppressive effect of HIV. A number of opportunistic 
pathogens, such as coxackievirus, will cause heart disease in the immune compromised AIDS patients. 
HIV is also neurotoxic and introduces oxidative stress, which may exacerbate the vulnerability of the 
CNS and accelerate the disease progression. (Nath et al., 2001) The retrospective studies revealed that 
about 50% of reported AIDS cases showed cardiac abnormalities. (DeCastro et al., 1992; Fong et al., 
1993) Symptomatic and asymptomatic cardiac involvement in AIDS patients ranges between 28% and 
73%. (Lewis, 2000) The first cardiac involvement in AIDS patients was reported in 1983, (Autran et at., 
1983) describing myocardial Kaposi's sarcoma at autopsy. The cardiac diseases in AIDS patients mainly 
include myocarditis, dilated cardiomyopathy, pericardial effusion, non-bacterial endocarditis, pulmonary 
hypertension, cardiac neoplasm and medication-induced cardiotoxicity. 

MA and HIV-1 are both immunomodulators, which lead to immune dysfiuiction. Yet the 
understanding of the potential effects that simultaneous exposure to MA and HIV have on disease 
progression is extremely limited. Studying the interactions between MA and HIV disease pro
gression is very important and essential. (Phillips et al., 2000) Whether MA use will potentiate HIV 
activity on immune dysfunction or heart disease remains unclear. A study investigated the co-
activity of lentivirus infection and MA use in brain, they found that lentiviral replication was related 
to proviral copy number, suggesting the effect of MA is at the viral entry or integration into host 
genome levels, but not at the translational level. Thus, lentiviral infection of the brain in the 
presence of the psychostimulant MA may result in enhanced astrocyte viral replication, producing a 
more rapid and increased brain viral load. (Gavrilin et al., 2002) Another study tried to investigate 
the effect of MA use exacerbates LP-BM5 retrovirus induced murine AIDS. It was shown that MA 
did not further suppress the secretion of Thl cytokines already reduced by murine AIDS, however, 
TNF-a secretion and hpid peroxidation were further enhanced in LP-BM5 murine leukemia virus 
infected mice by MA treatment. The increased TNF-a levels as well as hpid peroxides suggest that 
MA has the potential to exacerbate heart function and increase stress-responsive oxidation. (Yu et 
al., 2002a,b). 

Conclusion 

MA is a complex drug with dangerous cardiac side effects. The rise in MA abuse has resulted in an 
increase in MA-related health risks such as heart disease, HIV infection and mortality. The possibility of 
MA cardiotoxicity including tachycardia, atrioventricular arrhythmias, myocardial ischemia and hyper
tension should be seriously considered before using MA. Mechanisms of heart disease include increases 
in the level of catecholamines and secondary problems associated with increased vasoconstriction, 
vasospasm, hypertension and tachycardia. Cardiac hypertrophy, atrophy and dcstmction of the micro-

tubular and actin structures also lead to heart disease. 
MA and its derivatives also have immunomodulatory activity. It alters immune flmction by inhibiting 

T-lymphocytes, changing cytokine production, as well as, increasing oxidative stress. Particularly, 
enhanced TNF-a due to MA use is a very important factor related to both immune dysflmction and heart 
disease. Sharing of needles, syringes and inappropriate sexual behavior in MA users put them at higher 
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risk of HIV infection. Altliough the exact iiiteraction of MA and HIV is not clear, both are CNS toxicants 
and have immunosuppressive effects, which accelerate AIDS progression. 

Despite the current knowledge of MA use, heart disease and HIV infection, additional research is 
needed to pinpoint the remaining unknown pathways and mechanisms of action among them. This 
knowledge would lead to better treatment and prevention programs for HIV infection and heart disease 
caused by MA use. 
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Abstract 

Methamphetamine (MA) abuse represents a growing problem in the USA with an increase of sudden death. To evaluate the 

immune function eilterations due to chronic methamphetamine use, we examined C57BL/C mice with LP-BM5 retrovirus 
infection plus methamphetamine exposure. Mice were randomly assigned to the following groups: placebo, placebo retrovirus-
infected, vminfected MA treated and retrovirus-infected MA treated. Placebo, MA-treated groups were intraperitoneaUy injected 
with saline, MA, respectively, with a gradually increasing dose from 15 to 40 mg/kg for 12 weeks (5 days/week). Con A- and 
LPS-induced mitogenesis of splenocytes, cytokine production by splenocytes culture and lipid peroxides in the liver were 
measured. Heart tissue histopathology was analyzed in all the groups with murine cytomegalovirus (CMV) superinfection. Our 
data showed that MA treatment significantly decreased production of IL-2 and interferon gamma (IFN-7) in uninfected mice but 
did not further suppress the reduced Thl cytokines in retrovirus-infected mice. There were no significant effects on cytokines 
IL-4 and IL-6. However, tumor necrosis factor (TNF-a) was significantly increased in both uninfected and infected mice due to 

MA treatment. Lipid peroxides in liver were significantly increased both in uninfected and retrovirus-infected mice due to MA 
exposure. Vitamin E levels in liver were significantly decreased in uninfected mice due to MA treatment. CMV superinfection 
greatly mcreased the cardiac lesions in retroviras-infected mice while no significant histopathology changes were detected due 
to MA treatment. Our data suggest that MA has immunomodulation activity, suppressing Thl cytokine production and 
enhancing some Th2 cytokine secretion, as well as increasing Upid peroxides in uninfected mice. The interaction between LP-
BM5 and MA remains unclear. © 2002 PubUshed by Elsevier Science B.V. 

Keywotxis: Methamphetamine; LP-BM5 murine leukemia; Murine AIDS; Cytokine; Immune fiinction 

1. Introduction 

Methamphetamine (MA), also known as speed, 
crank, go, crystal, meth, ICE or poor man's cocaine, 
is a derivate of amphetamine. It is a potent central 
nervous system (CNS) stimulant, facilitates liberation 

Corresponding aullior. Tel.; +1-520-626-2850; fex: +1-520-

626-6001. 

E-mail addres.>i: rwatson@u,arizona.edu (R.R. Watson). 

of norepinephrine from adrenergic nerve terminals, 
inhibits its reuptake and gives users a quick high [1]. 
MA users increased in 1990s in the United States with 
a number of sudden deaths. MA use causes serious 
side effects including cardiovascular arrythmias, hy
perthermia, intracranial haemorrhage, congestive heart 
failure and sudden death [2]. In addition, MA use may 
induce immune dysfunction. 

In vitro use of amphetamines including MA affects 
immune function with a significant suppression of IL-

1567-5769/02/$ - see front matter © 2002 Published by Elsevier Science B.V. 
PII; S1567-5769(02)00047-4 
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2, but not IL-4 production by T-lymphocytes, as well 
as a suppression of B-lymphocyte proliferation; how
ever, this occurred only at the highest amphetamine 
concentrations [3], A ring substituted phenyliso-
propylamine and structurally related to MA, 3,4-
methylenedioxymethamphetamine (MDMA), had 
immunomodulatory properties. It caused death of 
lymphocytes from the spleen and thymus as soon as 
4 h post injection [4], A single injection of MDMA 
decreased lymphocyte responsiveness to concanavalin 
A (Con A) stimulation, reduced leukocyte numbers 
and an increase in plasma corticosteroid levels, which 
could suppress T cells [5], MDMA alters Con A-
induced Thl and Th2 type cytokine secretion, sup
pressing lipopolysaccharide (LPS)-induced secretion 
of the proinflammatory cytokine TNF-a, but not IL-
1 (i [6]. Acute MDMA administration in vivo follow
ing challenged with LPS impaired circulating IL-l(i 
and TNF-a secretion cells [7]. Those data suggest that 
amphetamines including MA administration may be 
immunotoxic and cause immune dysfimction, increas
ing disease susceptibility such as cardiovascular dis
eases. However, how chronic MA exposure affects the 
immune function has not been well defined. 

Intravenous drug abuse increases the risk of HIV 
infection due to sharing of contaminated syringes. It 
remains unclear whether MA could further modulate 
the already damaged immune system by HIV infection 
in drug abusers, as reported of cocaine and morphine 
injection [8,9]. In addition, immune fimction changes 
due to chronic MA injection during murine AIDS may 
help to explain the prevalence of heart disease in HIV 
patients. 

In the present study, the effects on immune 
function of chronic MA exposure were examined in 
both uninfected and retrovirus-infected mice as well 
as the side effects of immune dysfunction, including 
increased lipid oxidation, loss of vitamin E and 
cardiovascular lesions with/without CMV superinfec
tion. 

2. Material and methods 

2.1. Animals 

Sixty-four 4-week-old female C57BL/6 mice were 
obtained from Charles River Laboratories (Wilming

ton, DE) and were certified virus-free. They were 
housed in the animal facility of the Arizona Health 
Science Center with four per cage under diurnal 
lighting conditions with freely accessible food. The 
housing facility was maintained at 22 °C and 60% to 
80% relative humidity with a l2-h light/daik cycle. 
Mice were fed with a NIH-31 modified mouse sterile 
diet (mouse diet #7001, Teklad, Madison, Wl) and 
water ad libitum. Animal studies were performed 
with the approval of the University of Arizona 
animal review committee. Guidelines for the Care 
and Use of Laboratory Animals and Principles of 
Laboratory Animal Care were followed in this 
study. 

After 2 weeks of adaptation, 32 mice were intra-
peritoneally infected with LP-BM5 murine leukemia 
retrovirus. Both uninfected and retrovirus-infected 
mice were randomly assigned to the following four 
groups: uninfected with saline injected (control); 
uninfected with MA (NIDA, Bethesda, MD) injec
tion; retrovirus-infected with saline and retrovirus-
infected with MA injection. Tlie 0.9% saline injection 
was intraperitoneally given in 0.1 ml/kg 5 days/week 
for 3 months. MA was prepared immediately before 
injection was administered intraperitoneally 5 days/ 
week for 3 months. The beginning dose was 15 mg/ 
kg. Each week thereafter, the dose was increased by 5 
mg/kg until the maximum dose 40 mg/kg was 
reached. Then, the dose was kept constant at 40 mg/ 
kg. Eight mice from each group were used for heart 
function assay and those mice were exempted from 
injection 24 h before assessment. The remaining 32 
mice were intraperitoneally infected by murine cyto
megalovirus (CMV) in a titer of 3.6XlO"' virus 
particles in RPMI 1640 medium with 0.1 ml/mouse; 
10 days later, they were sacrificed for the cardiotro-
phic viral study. 

2.2. LP-BM5 murine leukemia retrovini.'i infection 

The LP-BM5 retrovirus at 0.1 ml/mouse was 
injected intraperitoneally. The virus titer had an eco-
tropic (XC) of 4.5 logio PFU/ml. It induces disease 
with a time course comparable to that previously 
published [10]. Infection of adult female C57BL/6 
mice with LP-BM5 MuLV leads to the rapid induc
tion of clinical symptoms with virtually no latent 
phase. 
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2.3. Mitogenesis of splenocytes 

Splenic T- and B-cell proliferation was determined 
by [^H]thyniidine incorporation as described previ
ously [11]. Briefly, splenocytes in 0.1 ml of CM 
(1X10^ cell/ml) were cultured in 96-well flat-bot-
tomed culture plates (Falcon, Beet on Dickinson Lab-
ware, Franklin Lakes, NJ) with Con A (0.1 ml/well; 
10 n^ml) and LPS (0.1 ml/well; 10 |.ig/ml). Cells 
were incubated at 37 °C in a 5% CO2 incubator for 44 
h for Con A-induced T-cell and LPS-induced B-cell 
proliferation, and then pulsed with [^H]thymidine (0.5 
nCi/well; New England Nuclear, Boston, MA). After 
4 h, cells were harvested with a cell sample harvester 
(Cambridge Technology, Cambridge, MA). Radioac
tivity was determined by a liquid scintillation counter 
(Tri-Carb, 2200 CA, Packard, Lagunahills, CA). Data 
were presented as counts per minute (cpm). 

2.4. Enzyme-linked immunosorbent assay (ELISA) for 
cytokines 

The production of IL-2, IL-4, IL-4, IFN-7 and 
TNF-a from total mitogen-stimulated splenocytes 
was determined as described previously [9]. Briefly, 
spleens were gently teased with forceps in culture 
medium (CM; RPMI 1640 containing 10% fetal 
bovine serum, 2 mN glutamine, IXlO^ units/1 of 
penicillin and streptomycin), producing a suspension 
of spleen cells. Red blood cells were lysed by incu
bation with a lysis buffer (0,16 M ammonia chloride 
Tris buffer, pH 7.2) at 37 "C for 3 min. The cells were 
then washed twice with CM. Cell concentrations were 
determined and adjusted to 1x10^ cells/ml. Spleno-
cyte viability was >95%, as determined by trypan 
blue exclusion. Splenocytes (0.1 ml/well) were cul
tured in triplicate on 96-well flat-bottomed culture 
plates (Falcon 3072, Lincoln Park, NJ) with CM. 
Splenocytes were then stimulated with concanavalin 
A (Con A, 10 mg/1, 0.1 ml/well; Sigma, St. Louis, 
MO) to determine the production of IL-2 and IL-4 
from total splenocyte culture after 24 h and of IFN-7 
after 72 h in a 37 °C, 5% CO2 incubator. Mixed T and 
B splenocytes were also incubated for 24 h after the 
addition of lipopolysaccharide (LPS; 10 mg/1; 
GIBCO, Grand Island, NY) to induce IL-6 and 
TNF-of production. After incubation, supematants 
were collected and stored at —70 °C until analysis. 

953 

Cytokines were determined by sandwich ELISA using 
a commercial Pharmagen kit (San Diego, CA) as 
described in previous studies [13]. 

2.5. Lipid peroxidation assays 

Liver tissues were removed gently, snap frozen in 
liquid nitrogen, and stored at —70 °C. Quantitative 
determination of lipid peroxides in liver was done by 
using the LPO-CC K-ASSAY (Hamiya Biomedical, 
Seattle, WA). Phospholipids were extracted from 
approximately 0.2 g liver in chloroform/methanol 
(2:1, v/v). After centriftjging, the chloroform layer 
was mixed with 0.6 ml saline to separate proteins. 
The chloroform layer was evaporated in a steady flow 
of nitrogen gas, and lipid residues were dissolved 
with 100 |j1 of isopropanol. Test samples, standards 
and controls were added in the triplicate in the same 
96-well microplate. Lipid peroxides were quantified 
by colorimefrically measuring methylene blue at 675 
run. 

2.6. Determination of vitamin E 

Vitamin E levels in liver were measured by HPLC 
as described previously [12]. Briefly, about 0.2 g of 
liver was homogenized in 1 ml of water; butylated 
hydroxytoluene was added to prevent oxidation of a-
tocopherol. Pentane, ethanol, and sodium dodecyl 
sulfate were used to extract a-tocopherol from the 
homogenate. Extracts were evaporated under a steady 

Table 1 
Histopathologic scores of mice treated witli MA or infected with 

CMV 

Treatment Cardiac lesions ( :% )  

Retrovirus CMV MA 0 1+ 2+ 3+ 4+ 

- — 100 0 0 0 0 
+ - 100 0 0 0 0 
- + 75 25 0 0 0 
+ + 28,1 0 29 42.9 0 
- + + 100 0 0 0 0 
+ + + 30 10 10 40 10 

Patliologic score: 0, no lesion; 1+, mild focal nonsuppurative 

myocarditis with myocardiocyte degeueration and necrosis to mild 

multifocal nonsuppurative myocarditis witli myocardiocyte degen
eration and necrosis; 4+, severe multifocal nonsuppurative my

ocarditis with myocardiocyte degeneration and necrosis. 
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flow of nitrogen gas at 20 °C and then dissolved in 
0.5 ml of methanol injection onto a Cis column 
(3.9xl50-mm NovaPak, Millipore, Bedford, MA). 
A mobile phase was used composed of methanol/1 
mol/1 of sodium acetate in the ratio of 98:2 (v/v) at a 
flow rate of 1.5 ml/min; a-tocopherol, eluting at 6.5 
min, was monitored by a fluorescence detector (Milli-

A. 
60 1 

pore) at 290-nm excitation and 320-nm emission 
wavelength. 

2.7. Histopathology 

After mice were sacrificed, hearts were removed, 
rinsed in saline, transversely cut in half and immedi-

B Saline 
W Methamphetamme 

Unmfected Retrovifus-inJ^ed 

B. 

60-, 

BSatine 

B Methamphetamme 

Uninfected Retrovirus-inlected 

Fig, 1. (A) Effects of MA on Con A-stimulated T-cell proliferation of splenocytes. (B) LPS-stimulated B-cell proliferation of splenocytes. 

Samples were all measured in triplicate. The bars are the mean+S.E.M. Letters indicate significant differences at /XO.05; (a) compared witli 
uninfected mice receiving same treatment; (b) compared with tlieir respective untreated controls. 
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Fig, 2. IL-2 (A); IFN-7 (B); IL-4 (C); IL-6 (D); TNF-ct (E), Effects of MA on Thl and Th2 cytokine productions by Con A- and LPS-stiraiilated 

splenocytes. Splenocytes (1 x;10' cell/nil RPMI medium) were incubated with Con A for 24 h IL-2, 24 h IL-4, 72 h IFN-7 and witli LPS for 24 

h IL-6 and TNF-a at 37 "C. After collecting supematants, rat anti-murine IL-2, IL-4, IL-6, IFN-7 and TNF-ot antibodies were used to detect 

murine IL-2, IL-4, IL-6, IFN-7 and TNF-a. The concentration of cytokines was measured triplicate by ELISA at 450 nm. The bars are the 

mean2;S,E.M, for seven to eight mice. Letters indicate significant differences at p<0,05; (a) compared with uninfected mice receiving same 

treatment; (b) compared with their respective untreated controls. 
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Fig. 2 {continued). 

ately placed in Coney fixative and stored at 0 °C. Fixed 
heart tissues were sectioned (6 |jm) on a Zeiss HM 505 
N cryostat (Carl Zeiss, Thomorweed, NY) and stained 
with hematoxylin and eosin. A pathologist without 
knowledge of the experiment graded the extent of 
myocardium lesions. The grading was performed in a 
semiquantitative manner according to the relative 

degree of mononuclear cell infiltration and the extent 
of necrosis (Table 1). 

2.8. Statistical analy.n'! 

All data were reported as mean±S.E.M. All vari
ables were compared using one-way analysis of 
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variance (ANOVA), followed by a two-tailed Stu
dent's /-test for comparing differences between the 
parameters in the four groups. p<0.05 was used as a 
criterion for statistical significance. 

3. Results 

3. J. Proliferation of splenocytes 

Proliferation of Con A- and LPS-induced spleno
cytes was significantly (/><0.05) reduced by LP-BM5 
retrovirus infection (Fig. 1A,B). MA significantly 
(/?<0.05) reduced Con A-induced T-cell proUferation 
in uninfected mice, while no significant effects 
showed in retrovirus-infected mice (Fig. lA). MA 
significantly (/XO.Ol) reduced B-cell proliferation in 
retrovirus-infected, while no effects were evident in 
uninfected mice (Fig. IB). 

3.2. Cytokine production by splenocytes from normal 
and intmunodejicieni mice due to MA exposure 

Production of the Thl cytokines, IL-2 and IFN-
7, by Con A-stimulated in mixed B and T spleno
cytes was significantly (/K0.05) inhibited by retro
virus infection. MA treatment significantly decreased 

IL-2 (/KO.Ol) and IFN-*y (/KO.OS) in uninfected 
mice, while there were no further suppress effects 
on Thl cytokines in retrovirus-infected mice (Fig. 
2A,B). 

Inflammatory Th2 cytokines stimulate B-cells to 
promote antibody production, suppress Thl cells and 
increase susceptibility to viral infection. Production 
of Th2 cell cytokines, lL-6 (/7<0.01) and TNF-a 
(p<0.05) secreted by LPS-induced in total spleno
cytes and IL-4 (p<0.01) secreted by Con A-induced 
in total splenocytes were significantly enhanced fi^om 
LP-BM5 retrovirus infection, while there are no 
significant further changes in lL-4 and IL-6 due to 
MA exposure (Fig. 2C-E). However, TNF-a pro
duction was significantly (/><0.05) increased by MA 
treatment in both uninfected and retrovirus-infected 
mice when compared to corresponding controls (Fig. 
2E), 

3.3. Lipid peroxides in immunodeficient mice treated 
with MA 

Lipid peroxides in liver tissues were significantly 
(p<0.05) enhanced by retiovirus infection when com
pared to uninfected mice. MA treatment significantly 
(/7<0.05) increased lipid peroxides in both uninfected 
and retrovirus-infected mice (Fig. 3A). 
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Fig, 3. (A) Effect of MA on lipid peroxides production, (B) Effect of MA on vitaniin E levels (B) in mice. Hepatic vitamin E level was used as 

an indicator for oxidative stress in liver. Mouse liver (0.2 g) was used to extract vitamin E and assay was performed by HPLC. Lipid peroxides 

was determined with 0.2 g of mouse liver tissue. Phospholipid in tlie liver tissue was extracted by CHClj/methanol {2:1 vA') method. Lipid 

peroxides were measured by ELISA reader at 678 mn. Every sample from each mouse was measure in triplicate. The bars are themean±S.E.M 

tor five to six mice. Letters indicate significant differences at p<0.05; (a) compared with uninfected mice receiving same treatment; <b) 

compared with their respective untreated controls. 

3.4. Hepatic vitamin E levels treatment significantly (/KO.OS) decreased vitamin 
E levels in uninfected mice while no further 

Hepatic vitamin E levels were significantly decrease was evident in retrovirus-infected mice 
(p<0.05) decreased during murine AIDS. MA (Fig. 3B). 
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Fig. 4. Canliac lesion percentages in mice with MA treataient and/or infected with CMV. Bars represent the cardiac lesions in different treatment 

groups. The percentages represent tiie number of mice in which heart tissue liistopathologic change witli different scores can be detected (refer to 

Table 1), 

3.5. Heart cytopathology of immunodeficient mice 
infected with CMV and treated with MA 

Dual CMV+ LP-BM5 retrovirus infections signifi
cantly increased myocarditis, while no significant 
additional cardiac lesions were detected due to con
comitant MA exposure (Fig. 4). 

4. Discussion 

The current study confmned the previous studies 
that retrovirus infection induces immune dysfunction 
as well as increased Upid peroxides [9,13]. Chronic 
MA exposure significantly suppressed cytokine IL-2 
and IFN--y produced by total splenocytes in normal 
mice while it had no significant effects on already-
retrovirus-suppressed Th 1 cytokine production. For 
Th2 subset cytokines, chronic MA exposure did not 
have significant effects on IL-4 and IL-6 produced by 
total splenocytes in both uninfected and retrovirus-
infected mice, while MA significantly increased TNF-
a expression. 

MA stimulates CNS and mimics the pharmacolog
ical effects of cocaine [14]. Chronic use of drugs 

including cocaine, morphine, MA, etc., has serious 
adverse effects such as cardiovascular disease [2]. 
Though how heart diseases are caused due to drug 
use has not been well explained, the effects on vascu
lature systems through proinflammatory cytokine 
expression have been widely explored [15,17,18]. 
From our previous study, chronic MA administration 
induces severe left ventricle dysfunction in mice [16]. 
Pro-inflammatory cytokines, TNF-a and IL-6, play an 
important role in causing heart disease [17-19]. 
Patients with chronic heart failure often have an 
elevated expression of pro-inflammatory cytokines in 
serum and the myocardium. TNF-a depresses myo
cardial contractile fimction, either by directly inducing 
cardiac myocyte apoptosis through a sphingosine-
dependent mechanism [20], or indirectly through the 
induction of nitric oxide synthase [21]. IL-6 mRNA 
expression levels were found to be elevated in post
infarction lefl-ventricular-dysfunction rats with heart 
failure [22]. Besides, excessive TNF-a and IL-6 
expression during human AIDS is a potent enhancing 
factor in the spreading of HIV to new target cells [23]. 
Those results suggest that inflammatory cytokines may 
closely relate to heart function. In the present study, 
although no significant changes in IL-6 expression 
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were detected after MA treatment, MA greatly 
enhanced TNF-a expression. Pathological effects of 
enhanced expression of TNF-a in the body may cause 
heart dysfunction in both uninfected and retrovirus-
infected mice due to MA exposure. In addition, 
increased opportunistic infections during immune dys
function stimulate phagocytes to release more free 
radicals, resulting in lipid peroxidation increase and 
antioxidant vitamin E loss [24]. Free radicals produced 
by HIV or LP-BM5 retrovirus infection also stimulate 
TNF-a gene expression [25], further exciting oxida
tive stress by activating macrophages and neutrophils 
[26], It is commonly agreed that fi-ee radicals and 
oxidative stress play very important role in cardiovas
cular disease development. In the present study, lipid 
peroxides were significantly increased both in unin
fected and retrovirus-infected mice as well as the 
retention of antioxidant vitamin E levels were signifi
cantly lowered in uninfected mice after MA treatment; 
this means overall oxidative stress was enhanced by 
MA, taken together with the enhanced TNF-a expres
sion, suggesting that MA has the potential to cause 
heart dysfunction as we found recently [16]. 

The use of addictive materials, including alcohol 
and drugs, may result in modulation of the immune 
response that takes the form of either immunosup
pression or immunostimulation. Alcohol, morphine, 
cocaine and amphetamine use was reported as having 
immunosuppression effects, suppressing TTil cell pro
liferation [27-29]. Cocaine treatment also suppresses 
immune lymphocyte proliferation and is involved in 
the alternation of immune fiinction through inducing 
plasma corticosterone response [30,31]. Amphetamine 
exposure activates the pituitaiy-adrenal system, as 
indicated by increased corticosterone and catechol
amine plasma levels [32,33]. Furthermore, chronic 
amphetamine treatment induces immunosuppressive 
effects by increasing the utilization or release of 
dopamine in mesotelencephalic and hypothalamic 
dopamine, which negatively affects the central nerv
ous system [34]. In the present study, MA exposure 
significantly suppressed T-cell proliferation and Thl 
cytokine production produced by splenocj^es (IL-2 
and IFN--y) in uninfected mice, which revealed the 
immunosuppressive effects of MA. In addition. House 
et al. reported that in an in vitro study, MA exposure 
significantly suppressed T-cell production of IL-2, but 
not of IL-4, as well as suppressing B-lymphocyte 

proliferation at very high concentrations. Our results 
from in vitro murine splenocytes with MA exposure 
were consistent with this result (data not shown). 

Drug use is a very important factor that increases 
the risk of AIDS due to sharing syringes [35]. LP-
BM5 murine leukemia retrovirus, which leads to 
murine AIDS, has been an effective animal model 
to investigate immune function changes due to drug 
use. LP-BM5 infection inhibits lymphocyte prolifer
ation and cytokine release of Thl cells, while it 
stimulates cytokine secretion of Th2 cells. Studies 
of heroin, cocaine and cocaethylene have shown 
accentuated immune dysfunction due to treatment 
with these drugs during murine AIDS. A speculation 
was made that MA may have a synergistic effect of 
HIV since MA and HIV or LP-BM5 both affect CNS 
through their neurotoxicity properties and have immu
nosuppressive effects [14]. However, in our study, 
chronic MA exposure did not show further suppres
sion of T-cell proliferation, or Thl type cytokines lL-2 
and IFN-7 expression, while B-cell proliferation was 
further suppressed during murine AIDS, suggesting 
MA did not exacerbate immune dysfunction during 
murine AIDS. The exact interaction between MA and 
HIV or LP-BM5 is not clear. In vivo MA metabolism 
changes, MA pharmacological effect changes during 
AIDS, or the direct interaction between LP-BM5 and 
MA may account for this result, which needs further 
study. 

Studies revealed that intravenous drug use causes 
cardiac lesions [13,36,37]. Cocaine and cocaethylene 
injection cause immune dysfiinction cis well as cardiac 
lesions, with the Coxsackie virus superinfection, 
cocaine and cocaethylene further damaged myocytes 
during murine AIDS [36,37]. Cocaine use increases 
heart disease incidence by decreasing intracellular 
calcium and inducing myocardial ischemia [38,39]. 
In our present study, with the CMV superinfection, 
LP-BM5 showed significant cardiac lesions; however, 
MA did not appear to exacerbate the effects on heart 
lesions during murine AIDS, nor did it appear to cause 
any lesions of its own. Several reasons may account 
for this result: cardiac lesions were reported as rever

sible in MA users [10] and heart is the fifth organ that 
MA accumulation occurred [40]; in our mouse stud
ies, treatment might not be long or constant enough 
since no injections were given on weekends; in 
addition, the reported doses in studies ranged from 
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0.04 mg/kg per injection as high as 50 mg/kg per day 
[14], since we stopped increasing MA dosage after 
one mouse was dead with MA injection; therefore, the 
dosage in the present study might not be optimal for 
detectable heart lesions. 

In conclusion, chronic MA treatment showed sig
nificant suppressive effects on Thl cytokine produc
tion while no significant effects appeared on Th2 
cytokine expression in uninfected mice; nonetheless, 
TNF-a was significantly enhanced, which may be an 
important factor that causes heart dysfunction, con
sidered together with the significantly increased lipid 
peroxides. MA did not exacerbate immune dysfunc
tion during murine AIDS, which needs further studies 
to make clear the exact interaction between HIV/ 
LP-BM5 retrovirus and MA, whether MA can indi
rectly regulate HFV/LP-BMS retrovirus amplification 
through certain mechanism. 
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Abstract 

Methamphetamine (MA) increases catecholamine levels, which have detrimental effects on heart function 
through vasoconstriction, myocardial hypertrophy, and fibrosis. Murine retrovirus infection induces dilated 
cardiomyopathy (DCM). The present study investigated the cardiovascular effects of chronic MA treatment on 
uninfected and retrovims-infected mice. C57BL/6 mice were studied after 12 weeks treatment. The four study 
groups were (group I) uninfected, MA placebo; (group II) infected, MA placebo; (group III) uninfected, MA 
treatment; and (group IV) infected and MA treatment. MA injections were given i.p. once a day for 5 days/week 
with a increasing dose from 15 mg/kg to 40 mg/kg. Left ventricular mechanics were measured in situ a using 
Millar conductance catheter system for pressure-volume loop analysis. Cardiac pathology was determined with 
histological analysis. In the uninfected mice, the load independent contractile parameters, pre-load recruitable 
stroke work (PRSW) and dP/dtmax v^. Ved, significantly decreased by 32% and 35% in MA treated mice when 
compared to the saline injected mice. In retrovims-infected mice, although there were no significant difference in 
Ees, PRSW, and dP/dt^ax vi'. Ved due to MA treatment, they were increased 45%, 15% and 42% respectively when 
compared to saline treated mice. No fiirther lowered heart function during murine ADDS may be due to the 
counteraction of the retroviral DCM and the MA induced myocardial fibrosis and hypertrophy (thickening of the 
ventricular walls). This is supported by increases in the End-diastolic volume (Ved, 38%) and End-systolic volume 
(Ves, 84%) in the retrovims-infected saline injected mice, the decreases of 33% and 17% in the uninfected MA-
treated mice, but no significant changes in the retrovims-infected MA treated mice when compared to uninfected 
saline injected mice. These data suggest that MA induced myocardial cellular changes compensate for retrovims 
induced DCM. © 2002 Elsevier Science Inc. All rights reserved. 
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Introduction 

Methamphetamine (MA) is a derivative of amphetamine with strong effects on the central nervous 
system; it is highly addictive both physically and psychologically [1]. The cardiovascular manifestations 
of MA abuse are tachycardia, atrioventricular arrhythmias, myocardial ischemia and hypertension [2-4]. 
At autopsy after sudden death, some MA users have cardiac lesions or dilated cardiomyopathy, 
interstitial edema, cardiac hypertrophy, disarrangement of myofibers, rupture of myocardium and 
fibrosis [5-8]. Acute and overdose of MA use can cause sudden congestive heart failure leading to 
sudden death [9] while chronic administration of MA may cause cardiomyopathy in humans [4,10]. 

MA stimulates the CNS indirectly by promoting the release while inhibiting the breakdown 
catecholamines including norepinephrine (NE), detrimentally affecting the heart [11]. Chronic infusion 
of subhypertensive doses of NE in dogs causes myocardial hypertrophy [12]. Long term NE treatment in 
rats induced a 37% increase in interstitial fibrosis of left ventricle [13], And also MA use increases 
intracellular concentration causing hypertrophy, atrophy, and damage to the microtubular and actin 
structures [10]. 

In cultured adult rat cardiomyocytes, MA directly induces an increase in cell size and reorganization 
of myofibrils, suggesting that chronic MA exposure facilitate the development of adult rat cardiomyo-
cyte hypertrophy [6,10]. However, little is knovra about the heart function changes during chronic MA 
administration, especially in animals with existing cardiac infections. 

Intravenous drug use greatly increases the risk of HIV infection due to viral contamination of needles 
[1,14], leading to AIDS with cardiac dysfunction as a serious complication [15]. In the United States, 
ethanol and cocaine consumption increase the HIV-infection risk and alter cardiac contractile function, 
becoming a leading cause of cardiomyopathy in human [16-18]. Murine AIDS model studies also 
revealed that ethanol and cocaine use have accentuated negative effects on the immune system and heart 
function [8,19,20]. MA consumption was reported as associated with the disease progression of HIV 
infection and the cardiac disease in humans [1,21]. However, heart function changes due to chronic MA 
administration during murine AIDS are unclear. 

In the present study, we used a murine AIDS model to characterize the effects of chronic 
administration of MA on heart function in vivo, using an in situ conductance catheter system (CCS) 
to define cardiac effects of MA on heart hemodynamics in normal and retrovirally damaged mice. 

Materials and Methods 

Animals 

Animal studies were performed with approval of the University of Arizona animal review committee. 
Guidelines for the Care and Use of Laboratory Animals and Principles of Laboratory animal Care were 
followed in this study. 

Thirty-two four-week-old C57BL/6 female mice were purchased from Charles River Laboratories 
(Wilmington, DE) and were certified virus-free. The mice were housed in the animal facility of the 
Arizona Health Science Center with four per cage under diurnal lighting conditions with freely 
accessible food. The housing facility was maintained at 22 °C and 60 to 80% relative humidity with 
a 12-hour light/dark cycle. Mice were fed with a NIH-31 modified mouse sterilizable diet (mouse diet 
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#7001, Teklad, Madison, WI) and water ad libitum. Aiiter two weeks of adaptation, thirty-two mice were 
intraperitoneally infected by LP-BM5 murine leukemia retrovirus. Both uninfected and retrovirus-
infected mice were randomly assigned to following four groups: uninfected saline treated (control), 
uninfected MA (From NIDA, Bethesda, MD) treated, infected saline treated and infected MA treated. 
0.9% saline treatment was intraperitoneally given in 0.1 ml/kg 5 days/week for three months. MA 
(prepared immediately before injection) treatment was intraperitoneally administrated by 5 days/week 
for three months. We started the MA dose at 15 mg/kg according to MA neurotoxicity [22], and each 
week thereafter, the dose was increased according to our observation by 5 mg/kg until the dose was 40 
mg/kg [8]. Then the dose was kept constant at 40 mg/kg. Eight mice from each group were used for heart 
function assay and those mice were exempted from injection 24 hr before assessment. 

LP-BM5 Murine Leukemia Retrovirus Infection 

The LP-BM5 retrovirus at 0.1 ml/mouse was injected intraperitoneally. The virus titer had an 
ecotropic (XC) of 4.5 logio PFU /ml. It induces disease with a time course comparable to that previously 
published [23], Infection of adult female C57BL/6 mice with LP-BM5 MuLV leads to the rapid 
induction of clinical symptoms with virtually no latent phase. 

In situ measurements of heart function with the Conductance Catheter System (CCS) 

Heart ftinction of mice was measured in vivo with CCS as described by Yang [24]. Briefly, after the 
induction of anesthesia with urethane (1,000 mg/kg i.p.) followed by a-choloralose (50 mg/kg, i.p.). The 
mice were 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. The mice were placed on a thermally controlled surgical 
plateform and maintained at 37.5 °C. A total loading volume of 300 |J,1 of hetastarch (6% hetastarch in 
0.9% saline, Abbott Laboratories, N. Chicago, XL), which provides volume loading to make up for 
vasodilation due to general anesthesia and any possible blood loss, was injected through the external 
jugular catheter prior to insertion of the Millar Catheter [24], A transverse substernal incision was made 
to expose the cardiac apex and inferior vena cava. The Millar Catheter was inserted into the left ventricle 
through a stab wound made with a 25 gauge needle and positioned along the cardiac longitudinal axis 
with the distal electrode in the aortic root and the proximal electrode in the cardiac apex. With the 
ventilator tumed off for 3 seconds, pressure-volume relationships were acquired by reducing the 
ventricular preload with an acute compression of the inferior vena cava. 

The Millar CCS Controller (Millar MCS-lOO) was set with a frequency select at 20 kHz, the low pass 
cutoff frequency at 50 kHz, the full-scale current selected at 30 |aA, and the Pressure Transducer (TCB-
600) at 1 V/100 mmHg. The signals were acquired at a rate of 1000 Hz with BioBench custom software. 
The volume of the left ventricle was calibrated according to the method described by Yang et al [24], 

Data Analysis 

The data was analyzed with Microsoft Excel according to the calculations described by Glower [25] 
and Kass [26]. The regression analysis between parameters was also performed with Excel. The software 
Pvan (Conductance Technologies, Inc. San Antonio, TX, and Millar Inc., Houston, TX) and SonoSOFT 
(Sonometrics Corporation, London, Ontario, Canada) were used to analyze the pressure-volume loop 
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data. From the baseline loops, all of the hemodynamic parameters were calculated, and from the IVC 
compression loops, the parameters describing heart contractility [Ees (end systolic elastance), PRSW 
(preload recruitable stroke work), dP/dtmax v^.Ved] were calculated. 

Statistical Analysis 

All data was reported as mean ± SEM. MINTAB Student paired t test was used to compare the 
differences between the parameters in the four groups. P < 0.05 was used as criteria for statistical 
significance. 

Table 1 
Effects of methamphetamine on uninfected and retrovirus-infected mice 

Parameter Unit Uninfected injected with Retrovirus infected injected with 

Saline MA Saline MA 

Mean ± SE Mean ± SE Mean ± SE Mean ± SE 

BW g 24.4 ± 0.6 22.3 ± 0.2" 26.0 ± 0.1 25.7 ± 0.9 

HR bpm 545 ± 15.3 485 ± 18=' 487 ± 18'' 507 ± 18 

Ved |j,L 20.2 ± 2.8 13.6 ± 1.7" 27.8 ± 3.9'' 19.8 ± 2.r 

Ves |xL 10.3 ± 1.8 8.5 ± 1.9 19.0 ± 3.7'' 9.9 ± 1.5' 

Pmax mmHg 92.2 ± 7.2 71.5 ± 3.7" 69.3 ± 2.3'' 74.9 + 9.6 

SV |xL 10.7 ± 1.5 5.8 ± 0.4" 11.0 ± 0.8 11.0 ± 0.9 
EF % 53.2 + 4.3 46.2 ± 6.0 42.5 + 4.6 55.5 ± 4.0' 
CO |iL/min 5863 ± 919 2828 ± 232" 5309 ± 328 5519 ± 390 
CI jxL/min/g 257 ± 39.2 126 ± 9.7" 204 ± 8.4 217 ± 18.5 
SW mmHg*|j,L 750 ± 119 311 ± 31.2" 615 ± 57.6 646 ± 103 
SWI mmHg*|xL/g 30.9 ± 4.9 13.9 ± 1.3" 23.4 ± 1.6 25.8 ± 4.4 
PVA mmHg*nL 1534 ± 256 727 + 90" 1748 ± 252 1190 ± 191 
SVI jiL/g 0.46 ± 0.06 0.26 ± 0.02" 0.44 ± 0.02 0.43 ± 0.04 
Ea mmHg/s 10.7 + 1.6 11.9 ± 0.6 6.3 ± 0.6 6.5 ± 0.8 
Ees mmHg/nL 24.4 ± 6.7 29.0 ± 5.0 8.2 ± 1.3'' 11.9 ± 4.5 
Ea/Ees 0.47 ± 0.07 0.49 ± 0.09 0.90 ±0.18'' 0.82 ± 0.17 
T ms 6.9 + 0.4 8.8 ± 0.6" 7.6 ± 0.6 7.6 ± 0.5 

P mmHg/|j,L 0.03 ± 0.02 0.18 ± 0.05" 0.10 ± 0.02'' 0.06 ± 0.02 
PRSW mmHg 105 + 6.6 71 + 6.2" 72 + 10.2'' 83 ± 18.2 
dP/dt,^ax vs. Ved HL 899 ± 173 586 ± 94" 323 ± 62'' 459 ± 109 

dP/dtrt^ax mmHg/s 7920 ± 876 4654 ± 465" 5148 ± 459'' 5659 ± 503 

dP/dt,^in mmHg/s -7194 ± 675 -4782 ± 501" -4987 + 348'' -5305 ± 622 

Hemodynamic parameters'. BW, body weight; HR, heart rate; P, slope of end-diastolic pressure-volume relationship; CO, 
cardiac output; CI cardiac output index; SW, stroke work; SWI, stroke work index; SV, stroke volume; SVI, stroke volume 
index; dP/dt„,ax> maximum derivative of change in systolic pressure over time; dP/dtn,i„, maximum derivative of change in 
diastolic pressure over time; Ea, elastance of artery; Ees, end-systolic volume elastance; EF, ejection fraction; PVA, pressure-
volume area; Ved, end-diastolic volume; Ves, end-systolic volume; T , time constant of iosvolumic relaxation; PRSW, preload 
recrtiitable stroke work; Ees/Ea, End-systolic elastance-to-arterial elastance ratio. 

" Indicates uninfected mice MA injected were significantly different from uninfected mice saline injected. 
'' Indicates retrovirus-infected mice saline injected were significantly different from uninfected mice saline injected. 

Indicates retrovirus-infected mice saline injected significantly different from retrovirus-infected mice MA injected. 
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Results 

Comparison of Hemodynamics Between Uninfected and Retrovirus-infected Mice 

Table 1 compares the hemodynamic function parameters of uninfected and retrovirus-infected mice. 
Retrovirus infection significantly decreased End-systolic volume elastance (Ees, p < 0.05) (Fig. 1), 
and preload recruitable stroke work (PRSW, p < 0.01) (Fig. 2), by 66 and 31% respectively. 
Infection also lowered heart rate (HR, p < 0.05), maximum pressure (Pmax, p < 0.01) and 
maximum derivative of change in systolic pressure over time (dP/dtmax) P < 0.01), and dP/dt^ax vs. 

Ved (p < 0.01). Diastolic fixnction parameters maximum derivative of change on diastolic pressure 
over time (dP/dt^in), which shows the rate of diastolic relaxation was significantly (p < 0.01) 
decreased in retrovirus-infected mice. However retrovirus infection increased End-systolic volume 
(Ves, p < 0.05) and End-diastolic volume (Ved, p < 0.01) significantly by 84 and 38% respectively, 
along with slope of end-diastolic pressure-volume relationship ((3, p < 0.05). The afterload Ea 
was not affected by retrovirus infection whereas the coupling ratio of arterial elastance to ventricular 
elastance (Ea/Ees) increased two-fold in retrovirus-infected mice compared with normal mice 
(p < 0.05). 

Hemodynamic Dysfunction Due to MA Administration in Uninfected Mice 

In uninfected mice, MA treatment significantly decreased HR (p < 0.05), Ved (p < 0.05), Pmax 
(p < 0.05), stroke volume index (SVI, p < 0.01) (Fig. 3), cardiac output index (CI, p < 0.05) Fig. 4, 

35 

•Saline 

9MA 
M T 

b 

Uninfected Infected 

Fig. 1. Changes of the end-systolic volume elastance (Ees) in four groups (uninfected, MA placebo; uninfected, MA treatment; 
infected, MA placebo; infected, MA treatment). 
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Fig. 2. Changes of the preload recruitable stroke work (PRSW) in four groups (uninfected, MA placebo; uninfected, MA 
treatment; infected, MA placebo; infected, MA treatment), a indicates uninfected mice MA injected were significantly different 
from uninfected mice saline injected, b indicates retrovirus-infected mice saline injected were significantly different from 
uninfected mice saline injected. 

Stroke work index (SWI, p < 0.01) (Fig. 5), dP/dtmax (P < 0.01), dP/dtmin (p < 0.01), PRSW (p < 0.001), 
dP/dtmax Ved (p < 0.05) (Table 1); however the time constant of isovolumic relaxation (t, p < 0.01) 
and P (p < 0.01) were significantly increased. Preload dependent parameters CI and SWI decreased by 

0,6 n 

O Saline 

• MA 

Uninfected Infected 

Fig. 3. Changes of the stroke volume index (SVI) in four groups (uninfected, MA placebo; uninfected, MA treatment; infected, 
MA placebo; infected, MA treatment). 
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Fig. 4. Changes of the cardiac output index (CI) in four groups (uninfected, MA placebo; uninfected, MA treatment; infected, 
MA placebo; infected, MA treatment). 

51 and 55% respectively (Figs. 3 and 5), and preload independent parameters PRSW and dP/dtmax v^'. 
Ved decreased by 32 and 35% respectively. Also Ved and Ves were decreased by 33 and 17% 
respectively. 
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Fig. 5. Changes of the stroke work index (SWI) in four groups (uninfected, MA placebo; uninfected, MA treatment; infected, 
MA placebo; infected, MA treatment). 
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Hemodynamics Dysfunction Due to MA Administration in Retrovirus-infected Mice 

In retroviras-infected mice, MA treatment significantly decreased Ved (29%, p < 0.05), Ves (48%, 
p < 0.05) and significantly increased (31%, p < 0.05) ejection fraction (EF) (Table 1). MA treatment did 
not significantly lower the load independent parameters PRSW, Ees, dP/dtmax vs. Ved; they increased 
them by 15, 45 and 42% respectively when compared to saline injected mice. 

Discussion 

In the present study, chronic MA exposure effects on the cardiac system were evaluated both in 
uninfected and retrovirus-infected mice as well as the cardiac effect due to retrovirus infection. 
Retrovirus infection greatly decreased heart function from the data of hemodynamic parameters. Left 
ventricle (LV) contractility was significantly lower in retrovirus-infected mice than in normal mice. Ees, 
PRSW and dP/dtmax v^. Ved are pre-load and after-load independent parameters, quantifying the LV 
systolic mechanics. In addition, PRSW is based on the modified Frank-Starling law; not influenced by 
noise or ventricular geometry and statistically robust parameter for LV contractility due to its linear 
feature [25]. In our study, PRSW in retrovirus infected mice of 72 ± 10.2 mmHg was significantly 
(p <0.01) lower than the controls 105 ± 6.6 mmHg (Fig. 2). The correlation of stroke work and end-
diastolic volume is PRSW, the comparison of PRSW slope is shown in Fig. 6: Saline injected, uninfected 
mice (y = 104.27*x — 1487.83, r^ = 0.98); MA injected, retrovirus-infected mice (y = 59.63*x -
1083.48, r^ = 0.95). The decreased slope indicates that the heart function was decreased due to the MA 
treatment. Also, Ees and dP/dtmax vs. Ved were significantly (p < 0.01) decreased while Ves and Ved 
significantly (p < 0.05) increased when compared to uninfected mice. Ees was computed from the slope 
of the ESPVR, in retrovirus-infected mice, Ees markedly decreased and, very obviously in Fig. 7A and 
C, the pressure-volume relationship loops are greatly rightward shifted as compared to uninfected mice. 
Again this indicates the decreased heart function due MA administration. The lowered LV contractility 
and rightward shift of pressure-volume loops due to retrovirus infection are consistent with the human 
autopsy reports of HIV infected individuals of dilated cardiomyopathy (DCM) [27]. Whether rightward 
shift of pressure-volume loops in this study is due to DCM is not clear. It has been reported that MA 
administration promotes the catecholamines including norepinephrine release [11], norepinephrine can 
directly stimulate the cardiac adrenoceptors, enhance the expression of collagen in cardiac leading to 
increased fibrosis, the remodeling of rat heart results in hypertrophy [12], thus decreased the heart 
fianction. Also, direct viral activity or altered cytokine secretion may account for the decreased LV 
contractility due to retrovirus infection. Some animal model studies have reported that retrovirus 
infections through altered immune function, especially immune mediators, including cytokines and 
proteins, may cause the abnormal myocardium, and one of the cardiac complications of AIDS is DCM, 
which leads to diastole and systole dysfunction [28-30]. 

More evidently, in vitro studies of adult rat cardiomyocytes showed that chronic MA administration 

causes cellular hypertrophy [6,13], suggesting that MA has a direct effect on myocytes. Autopsies of 
MA abusers also found the hypertrophied cardiomyocytes and increased thickness of LV walls 
[27,31,32], Wikman-Coffelt et al. reported that hypertrophied ventricle would make the pressure-
volume loops leftward shift with lowered SV and pressure, as hypertrophy continues to progress, the LV 
contractile function decreases along with Ved decreasing [33]. Our data demonstrated that in uninfected 
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Fig. 6. Comparison of The Preload Recruitable Stroke Work (PRSW) Relationship Between Uninfected and Retrovirus-infected 
Mice with Saline or MA Injected. Stroke work was platted against end-diastolic volume (Ved), which was acquired from a 
series of pressure-volume loops during inferior vena cava occlusion. Regression line is the PRSW relationship, and slope of 
this line is PRSW. The four representative linear PRSW relationships are shown. A: uninfected mice with saline injected, y = 
104.27*x — 1380.15, r^ = 0.98. B: uninfected mice with MA injected, y = 69.13*x — 277.65, r^ = 0.99. C: retrovirus infected 
mice with saline injected mice, y = 59.63*x — 1083.48, r^ = 0.95. D; retrovirus infected mice with MA injected, y = 89.80*x 
- 969.89, ? = 0.97. 

mice, MA administration causes HR, CI, SWI, SVI, dP/dtmax and dP/dtmm significantly decreased (Table 
1). From the data of PRSW and dP/dtmax vs. Ved, we can tell that MA decreases LV contractility, the 
mean PRSW was 105 ± 6.6 mmHg in saline injected and 71 ± 6.2 mmHg in MA injected mice (Fig. 2). 
The linear PRSW also showed the different regression in Fig. 6: Saline injected mice (y = 104.27*x 
— 1380.15, r^ = 0.98); drug injected mice (y = 69.13*x — 277.65, = 0.99), however, the Ees of these 
two groups does not exist significantly difference while the pressure-volume loops are obviously 
leftward shifted (Fig. 7A and B), T was significantly (p < 0.05) increased by 28% while Ved was 
significantly decreased in MA injection mice, the increased T demonstrated that prolonged time in 
ventricular relaxation and the decreased Ved is consistent with LV chamber hypertrophy as well as 
decrease in chamber volume. These data are consistent with the conclusion that MA causes cardio-
myocyte cellular hypertrophy, which leads to LV wall thickening, as the muscle mass increases along 
with the stress of LV wall, there is a significant increase in diastolic stiffness, and the contractile fiinction 
is clearly decreased. 

In retrovirus-infected mice. Compare the hemodynamics of MA administration with saline injected, 
the data showed that chronic MA consumption significantly (p < 0.05) increased EF (23%) while 
significantly (p <0.01) decreased Ves (92%). No significant differences existed between saline and MA 
treatment in PRSW, Ees and dP/dt^ax vs. Ved. PRSW of two groups were by mean of 72 ± 10.2 mmHg 
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Fig. 7. End-systolic Pressure-volume Relationship (ESPVR) of Uninfected and Retrovirus-infected Mice with Saline or MA 
Injected. Response to ramping of the preload by occlusion of inferior vena cava produced the corresponding pressure-volume 
loops changes. End-systolic pressure (Pes) was plotted against end-systolic volume (Ves) to derive the ESPVR (dotted line). 

The slope of the regression line (ESPVR) is ventricular end-systolic elastance (Ees) (black line). The representative end-systolic 
pressure-volume relationships of the four groups are shown. A; uninfected mice with saline injected. B: uninfected mice with 
MA injected. C: retrovirus infected mice with saline injected mice. D: retrovirus infected mice with MA injected. 

and 83 ± 18.2 mmHg respectively (Fig. 2). The PRSW linear was shown in Fig. 6; saline injected mice 
(y = 59.63*x — 1083.48, r^ = 0.95), MA injected mice (y = 89.80*x — 969.89, r^ = 0.97), the enhance 
slope of infected and MA administrated mice suggests that MA treatment did not accentuate the negative 
effects of retrovirus on LV contractility since MA administration can cause dysfunction. The pressure-
volume relationship loops are backup to normal (Fig. 7A and D) and so is Ved. Whether this result 



106 

Q. Yu et al. /Life Sciences 71 (2002) 953-965 963 

indicates MA treatment can benefit for retrovirus-induced DCM or not needs further study. And from our 
histopathology study, there were no significant cardiac lesions due to MA treatment (data not shown). 
An explanation is that chronic MA exposure induces myocytes hypertrophy, and thickens the wall of LV, 
it counteracts the effects of retrovirus induced dilated cardiomyopathy. Alternatively, cytokines were 
known to be related to heart disease and might also contribute to the toxic effects of MA, such as 
interleukin-6 (lL-6) and tumor necrosis factor-a (TNF-a) [34,35], while they are also altered by 
retrovirus. Although an in vitro study of exposure of murine cells to MA enhanced NK cell function [36] 
and rats given a single injection of 3,4-methylenedioxymethamphetamine (MADA) developed a 
decreased lymphocyte responsiveness to Con A stimulation [37], those data are far from extensive to 
show the immunosuppression property of MA. Thus the interaction of retrovirus and MA through 
cytokines may moderate the cardiovascular effects of MA and need ftirther study. 

However, MA is capable of directly causing neuron, splenic cells and myocardial damage via 
apoptosis [38,39]. MA facilitates the formation of reactive oxygen species which can form a toxic 
metabolite ONOO- with reactive oxygen, which in turn can cause cell damage and infarction [40]. 
Besides, studies showed that in brain, MA promotes the p53 mRNA expression, which is related to 
necrosis [41,42]. Taken together, those factors indicate that MA can cause neural damage, cardiocyte 
damage and cardiac dysfunction, however the result of no further heart dysfunction of MA admin
istration to retrovirus induced DCM is worthy of further study. 

Conclusion 

The present study of chronic MA treatment showed significantly lowered the heart function in 
uninfected, saline injected mice while no significant cardiac effects in retrovirus-infected mice. MA 
consumption does not exacerbate the heart function during murine AIDS. This may be due to the 
compensation of MA induced LV wall thickening and retrovirus induced dilated cardiomyopathy. 
Further studies are needed to establish possible factors involved in this cardiopathology, including 
autoantibodies of myocytes, infection of heart tissue by virus, cytokine activity and p53 expression in 
heart tissue. 
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ABSTRACT 

This study compared two established dietary formulations, high salt and high fat-

high carbohydrate, separately or in combination on the induction cardiovascular 

dysfunction. One month old C57BL/6J mice were fed one of the following diets for 3 

months; control diet, a diet of high fat-high simple carbohydrate (HFHSC), an 8% NaCl 

diet (HS), or HFHSC diet supplemented with 1% NaCl (HFHS). After 3 months, the 

HFHSC mice demonstrated significantly increased end-diastolic volume and end-systolic 

volume by 35% and 78% respectively (p <0.01) and a reduction of ventricular stiffness 

by 27% (p - 0.015). The HS mice exhibited arterial hypertension with an increase in 

maximum end-systolic pressure by 33% (p = 0.024) and a decrease of arterial elastance 

by 44% (p = 0.020) corroborated by an increase in heart weight to body weight ratios (p 

= 0.002) and vascular types I and III collagen (p = 0.03 and p = 0.0008 respectively). 

The combined diet group HFHS revealed a striking response to a i-adrenergic challenge 

by 230% (p = 0.00034). These data suggest that HFHSC diet causes dilated 

cardiomyopathy whereas the HS diet produces arterial hypertension and the combined 

diet HFHS a vascular dysfunctional state that was highly responsive to a-adrenergic 

stimulation. 

Key words: sodium chloride intake, hypertension, vascular function, cardiomyopathy, 

heart function, conductance catheter, C57BL/6. 
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INTRODUCTION 

According to the Centers for Disease Control and Prevention, the principle 

components of cardiovascular disease are heart disease and stroke. Approximately 61 

million Americans, 25% of the population, live with the effects of stroke or heart disease, 

making these diseases the first and third causes of deaths each year, respectively. The 

most common risk factor for cardiovascular and cerebrovascular morbidity and mortality 

is hypertension. Clinical hypertension is defined as a systolic blood pressure above 139 

mm Hg and a diastolic pressure above 90 mm Hg [1]. Hypertension is a polygenic trait 

influenced by both environmental and genetic factors. It has been suggested that the 

blood pressure of many individuals is sodium sensitive, rising with total body sodium, 

and the dietary salt load [2]. 

Salt-induced hypertension is commonly studied in rat models in which several 

investigators have identified quantitative trait loci (QTL) linked to blood pressure 

changes [3]. Determination of hypertension has been accomplished in mice by the tail 

cuff method and telemetry blood pressure measurement, however the attainment of valid 

measurements in mice is difficult [4,5]. The study contained herein used male C57BL/6J 

inbred mice which have six blood pressure QTL making this strain genetically 

susceptible to diet-induced hypertension [4-6]. Five of the loci are concordant with QTL 

in rats and four are concordant with hypertension loci in humans, suggesting that this 

murine model of salt-induced hypertension adequately parallels human hypertension and 

is a valuable research tool [6]. 

It has been shown that C57BL/6J mice will develop hypertension when fed 8% 

NaCl (w/w) in the diet [5,7], or 1% NaCl (w/v) in the drinking water [6]. It has also been 
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reported that C57BL/6J male mice fed a high fat/high simple carbohydrate diet (HFHSC) 

for 3 months develop hypertension [4]. However, the cardiac and vascular function 

changes due to the high salt or HFHSC have not been defined. Therefore, we investigated 

the individual or a number of combinations of diets high in sodium and fat to determine 

which combination will develop the most profound hypertension in C57BL/6J mice. 

The murine conductance catheter system was used as a all-inclusive method for 

quantification of the cardiovascular function in mice [8-11]. Unlike other methods of 

blood pressure analysis, the conductance catheter system affords a thorough and 

simultaneous analysis of cardiac and vascular function of each mouse. Also a low dose 

phenylepherine challenge was used to derive a slope of the arterial elastance (Ea) versus 

time to provide as an additional method to assess vascular compliance. 

The goal of this study was to compare two established dietary formulations that 

have been shown to induce arterial hypertension, high salt and high fat-high 

carbohydrate, separately and in combination to define the specific effects of each on the 

induction of cardiovascular dysfunction. 

MATERIALS AND METHODS 

Mice 

This study was approved by the animal review committee. The procedures in the 

''Guidelines for the Care and Use of Laboratory Animals'" (DHEW Pubhcation No. 

(NIH) 85-23, Revised 1985, Office of Science and Health Reports, DRR/NIH, Bethesda, 

MD 20205) and ''Principles of Laboratory Animal Care" (published by the National 

Society for Medical Research) were followed in this study. C57BL/6J, 4-week-old, 
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female mice were obtained from The Jackson Laboratory (Bar Harbor, ME) and housed 

in the Central Animal Facility at the University of Arizona. 

Groups 

Four groups of mice were fed the following diets ad libitum for 3 months. Group 1 

(Control) were fed the NIH-31 modified mouse sterilizable diet with 6% fat (w/w) and 

0.4% NaCl (w/w) (Harlan Teklad, Madison, WI). Group II (HFHSC) was fed a high fat 

diet consisting of 35.5% fat (w/w), 35.4% simple carbohydrates (w/w) and 0.4% NaCl 

(w/w) (Bio-Serv, Frenchtown, NJ). Group III (HS) were fed the AIN-93M Purified 

Rodent Diet with 8% NaCl (w/w) (Dyets, Inc. Bethlehem, PA). Group IV (HFHS) were 

fed the HFHSC diet and 1% (w/v) NaCl in the drinking water for two weeks prior to 

termination of the study. Control, HS and HFHSC diets have similar mineral, vitamin 

concentration and other basic compositions (Table 1). 

Quantification of left ventricular and arterial mechanics 

The Millar Conductance Catheter System (CCS) was used as has been previously 

described by our laboratory [8,9,12]. All mice were anesthetized with urethane in saline 

(1000 mg/Kg, i.p.) and a-chloralose in propylene glycol (50 mg/Kg, i.p.). The advantage 

of this anesthetic technique is that it causes minimal cardiac and vascular depression and 

inhibits sympathetic outflow from the CNS that may confound data interpretation [13]. 

The mice were ventilated through a tracheostomy connected to a Pressure Controlled 

Respirator (RSP 1002, Kent, CT) at a rate of 120 times/min and Fi02 of 1.0. The mice 

were placed on a surgical table maintained at 37.5°C. The external jugular vein was 

cannulated with a #23 gauge butterfly and volume administration was limited to 300 |j,L 

of hetastarch (6% hetastarch in 0.9% saline, Abbott Laboratories. The apical portion of 
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the heart and the inferior vena cava (IVC) was exposed through a sub sternal-transverse 

incision. A Millar Conductance Catheter 1.4 Fr (Millar Corporation, Houston, TX) was 

inserted into the apex of the left ventricle with the distal electrode in the aortic root and 

the proximal electrode in the LV apex. The volume calibration line and parallel 

conductance were determined as described previously [12]. The parameters of 

contractility, diastolic function, and left ventricular elastance were expressed as follows: 

Ees was derived from end systolic pressure volume relationship (ESPVR); end-diastolic 

elastance (P) was derived from end diastolic pressure volume relationship (EDPVR); and 

CO, SW, PRSW, dP/dtmax-Ved, dP/dtmax, dP/dtmin, dV/dtmin, and tau were measured 

directly (the abbreviations were defined by Yang (8)). The arterial elastance (Ea) and 

maximum arterial pressure (Pmax) were also measured directly. These computations are 

performed according to those reported recently by Georgakopoulos [14] and Yang 

[8,12,12,15] and previously by Glower [16] andKass [17]. 

Dynamic Vascular Compliance 

To assess dynamic vascular compliance 50 |J.g/kg (10 [iL) of phenylephrine was 

infused through the internal jugular and the slope of the increased of Ea over time was 

determined (Slope). The first 20 pressure-volume loops after the infusion of the 

phenylephrine were used to derive the slope (Ea versus time). This a-agonist challenge 

was used to provide further characterization of the arterial bed compliance. 

Semi-quantification of collagen mRNA expression with RT-PCR 

Aortic tissues were stored in TRIZOL reagent (Gibco BRL). The RNA was 

extracted and concentrations are determined using a BIO-RAD Biophotometer. The RNA 

was reverse-transcribed from 5 mg of total RNA in a final volume of 20 [iL RT mixture 
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for 2 hours at 37 °C. The RT mixture consisted of 4[iL 5x RT buffer l|iM dNTP's, 20 U 

RNAse inhibitor, 3)a,g random primers, and Superscript RT enzyme. PCR's were 

performed in a 50 ^iL reaction volume containing 1ml cDNA, 5 |a.L lOx PCR buffer, 1ml 

lOmM dNTP's, 2 )j,L 50mM MgS04, 1 laL lOmM each primer, and lU Taq DNA 

polymerase. A hot start was applied for 4 minutes at 95 °C and the cycle (denaturation 

step at 95°C for 30 sec., annealing step at 60°C for 30 sec, and an elongation step at 

72°C) was repeated for the determined number of cycles. Linearity of each collagen 

primers types Ia2 and Illal and 18s were determined prior to assay using cycles between 

24 and 32. Quantum 18s primers for rRNA internal standards (Ambion, Austin, Tx) were 

used to normalize the PCR bands. PCR products were then analyzed by horizontal 

electrophoresis in a 1% agarose gel. The gels were photographed on a uv light source and 

analyzed with a Bio-Rad GS-800 Calibrated Densitometer. 

Statistical Analysis 

ANOVA with multi-comparison procedures was used to test the differences 

among the defined groups. The differences were calculated with a significance level of 

(0.05) and power (0.8). Values obtained from treatment groups were compared to control 

values using the Student's t-test. Comparable non-parametric tests (Kruskal-Wallis and 

the rank sum test) were substituted when tests for normality and equal variance failed. All 

data are reported as means ± standard error of the mean. 

RESULTS 

Major Compositions in Control, HS and HFHSC Diets 

Compare to control diet the HS diet has a high percentage of salt ingredients (8%) 

and the HFHS has a high fat (35.5%)-simple carbohydrate (35.7%) composition as well 
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as a high ratio of fat-simple carbohydrate to protein (36.1:1). There is no obvious 

difference in other basic compositions (Table 1). 

Cardiac Hemodynamics 

Most striking was the differential response to the two diets, high fat-high simple 

carbohydrate versus high salt, related to hemodynamic parameters as illustrated by Figure 

1. Table 2 and Figure 1 show that the HFHSC diet caused a significant increase in 

dynamic ventricular volumes and decrease in ejection fraction that is characteristic of 

dilated cardiomyopathy. The end-diastolic and end-systolic volumes were increased from 

23.5 ± 1.1 to 31.8 ± 1.5 and 11.5 ± 0.9 to 20.5 ± 1.6 i^l comparing the control group with 

the high fat diet treatment group (p <0.001) and consistent with a decrease in ventricular 

stiffness (P) which was reduced from 0.15 ± 0.02 to 0.11 ± 0.01 mm Hg/|j,L (p = 0.015). 

The cardiac index was also decreased by 21% (p = 0.08) in the high fat diet group. These 

hemodynamic parameters were supported by a decrease in ejection fraction from 55.8 ± 

3.5% in the control group to 42.3 ± 3.4 % (p == 0.019) in the HFHSC diet group that 

supports a conclusion this diet may induce a dilated cardiomyopathy producing a cardiac 

failure state. Conversely to what would be expected the addition of 1% salt to the high fat 

diet, group HFHS, reduced the high fat diet induced heart failure state. 

The high salt diet (HS) appeared to cause compensatory cardiac functional 

changes that were consistent with arterial hypertension. The heart weight to body weight 

ratio was significantly increased (p = 0.002). The rate of ventricular filling, dV/dtmin, 

was decreased by 23% (p = 0.023) coinciding with a 33% increase in left ventricular 

stiffness ((3). There was significant (p = 0.031) prolongation of isovolumic relaxation (x) 
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and a decrease isovolumic contraction (dP/dtmax-Ved) that are characteristic parameters 

of left ventricular diastolic and systolic dysfunction associated with chronic hypertension. 

Vascular Hemodynamics 

High fat diet caused no vascular dysfunction however the salt diet groups 

demonstrated significantly altered vascular function. Table 3 demonstrates that the high 

salt group (HS) were hypertensive represented by a 33% increase in the parameter Pmax 

(p = 0.024) and an increase of the arterial elastance, Ea, of 45% (p = 0.021). Figure 2 

shows that the increase of Pmax and Ea corresponds with an increased expression of in 

arterial vascular mRNA collagen type Ia2 and Illal (p = 0.03 and p = 0.0008 

respectively) that comprise to the collagen in the adventitial vascular layer. Combining a 

salt diet with the high fat diet (HFHS group) resulted in significantly increased Pmax but 

not Ea. To reveal further vascular dysfunction immediately after a phenylephrine 

challenge of 50 mg/kg i.v., the Ea was plotted against time (20 cardiac cycles). Table 3 

and Figure 3 show the Ea versus time slopes and plots of the vascular compliance 

changes due to this a-adrenergic agonist. There was a 78% (p = 0.035) increase in the 

slope in the HS group and a 230% (p = 0.0004) increase in the HFHS group. This 

phenylephrine challenge revealed that the arterial vasculature was highly non-compliant 

with high salt diet and that the addition of a high fat to the high salt-high simple 

carbohydrate diet markedly amplified arterial vascular dysfunction. These data 

demonstrate that HFHS diet may cause nominal hypertension however combined with a 

catecholamine release, as may be seen during physiologic conditions of stress, profound 

hypertension may occur. 

DISCUSSION 
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The major findings of this cardiac and vascular functional study are as follows; a 

high fat and high simple carbohydrate (HFHSC) diet induces cardiac dysfunction that is 

consistent with dilated cardiomyopathy (DCM) and no hypertension, control diet 

supplemented with 8% NaCl (HS) results in vascular dysfunction and hypertension with 

compensatory cardiac hypertrophy, and a combination diet of high fat and high simple 

carbohydrate diet supplemented with 1% NaCl (HFHS) in the drinking water produces a 

arterial vasculature that is hyper-responsive to catecholamine stimulation. The dynamic 

cardiac and arterial vascular dysfunction is related to the remodeling of these tissues in 

response to the studied diets whereas the aberrant response to catecholamine stimulation 

is related either to vascular remodeling or increased adrenergic receptor expression. The 

mechanism and further characterization of this cardiac and vascular remodeling in 

response to these dietary regimens will be the subject of future research. 

It has been previously reported that C57BL/6J mice are genetically susceptible to 

diet-induced hypertension [4,5]. To verify these observations, we characterized the 

cardiac and vascular function in C57BL/6J mice fed a control diet supplemented with 8% 

NaCl (w/w), in addition a high fat/ high simple carbohydrate diet with and without NaCl 

supplementation. A number of methods have been used to measure arterial blood 

pressure in mice including the tail cuff method [4,7], acute catheterization [18], and 

telemetry [5]. The tail cuff and acute catheterization methods both require restraint, 

which can elevate blood pressure. Moreover, these methods generate no information 

related to the integrated analysis of cardiac and vascular function. The Millar 

conductance catheter system has been shown to provide over 35 hemodynamic 

parameters that can provide a detailed characterization of cardiac and vascular function 
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through analysis of left ventricular pressure-volume loops [8,11,12]. Moreover, during 

the ejection phase of the pressure-volume loops, the arterial vascular properties (Ea) can 

be specifically analyzed through the integration of the stroke volume and systolic blood 

pressure. Therefore, the conductance catheter system has the advantage to incorporate 

cardiac and vascular pressures with dynamic volumetric parameters to fully characterize 

the effects of diets that are clinically known to cause cardiovascular pathology. 

The reported technique to challenge the vascular system with a low dose of an ai-

adrenergic agonist revealed vascular dysfunction that was not apparent in the static 

condition of our study. This technique was first described by Forster et al is 1989 and by 

others to characterize the peripheral vascular response in animals and humans in models 

of congestive heart failure and hypertension [19-21]. The significantly increased 

expression of types I and III collagen genes in the salt treated mice that could have 

accounted for the increased vascular resistance in the presence of phenylephrine induced 

peripheral vascular vasoconstriction. Alternatively, the increased response to 

phenylephrine challenge could have also been due impart to an increased in ai-

adrenoceptor expression. The phenylephrine challenge technique revealed silent 

hypertension that was not apparent in the non-challenged mouse. 

Our study also suggests that there was a significant change in heart to body 

weight ratios in mice fed the 8% salt (w/w) diet that is consistent with a chronic arterial 

hypertensive state. This cardiac hypertrophy is supported by an increased in the 

ventricular stiffness (P), a decrease in the rate of diastolic filhng (dV/dtmin), and rate of 

isovolumic relaxation (t). Therefore, these cardiac parameters support the conclusion that 

the mice were chronically hypertensive with the high salt dietary intake. 
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Feeding the HFHSC diet was to evaluate this substitute dietary means for the 

establishment of arterial hypertension. However, this study provided alternate findings 

suggesting HFHSC induces DCM without hypertension. Mutation of fatty acid metabolic 

pathway resulted destroyed fatty acid metabolism is one of the mechanisms that account 

for the clinical chronic cardiomyopathy and rhabdomyolysis [22]. Animals fed with 

protein-restricted diets have decreased taurine concentrations leading to the development 

DCM secondary to taurine deficiency [23]. In our study, high simple carbohydrate and fat 

intake induces DCM in mice, suggesting that improper ratio of protein to fat + simple 

carbohydrate (control: 2.1, HFHSC: 36.1, Table 1) diet can develop DCM. Moreover, the 

HFHSC is a ketogenic diet that has been also suggested to be linked to DCM [24]. 

Therefore three months of a HFHSC diet produced DCM through the combined effect of 

altered fat and carbohydrate substrates in the diet. Most remarkable was that a 2 week 

administration of 1% NaCl in the drinking water in the HFHSC diet abrogated the dietary 

provoked DCM but induced an aberrant vascular response to ai-adrenergic stimulation. 

Because hypertension is a polygenic, complex, and highly variable phenotype, 

influenced both by genetics and environment, it is difficult to definitively identify the 

mechanism(s) of hypertension in this murine study. However, it is well-understood that 

the renin-angiotensin system plays a crucial role in the regulation of blood pressure, 

electrolyte, and volume homeostasis. Renin secretion is regulated by renal perfusion 

pressure, renal sympathetic nerve activity, and tubular sodium load [25]. The metabolic 

events of angiotensin II is promotion of increased arterial pressure, sodium retention, and 

mitogenesis of vascular cells and hypertrophy of cardiac myocytes [7]. However, it is 
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unlikely that the renin-angiotensin system is the only mechanism sensitive to salt-load 

influencing hypertension in this system. 

Our data suggest that increased salt intake not only influences blood pressure but 

also induces cardiovascular remodeling and function suggesting factors in addition to 

ACE activity that are influencing disease pathology. Moreover, we demonstrated that 

high fat-high simple carbohydrate diet does not induce hypertension without 

supplementation of high salt to the diet. Most striking is that the high fat - high simple 

carbohydrate diet induces a DCM that is consistent with a heart failure state. These data 

underscore the role of diet in the induction of cardiac and vascular dysfunction and 

demonstrate the advantage of an integrated analytical system to define cardiac and 

vascular function for the characterization of cardiovascular disease processes. 
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Table 1. 

Control 
Protein 14 
Fat 20 
Fiber 0.5 
Carbohydrate 10 
Mineral mix 0.35 
Vitamin mix 0.1 
NaCl 0.4 

Table 2. 

CARDIAC FUNCTION 
Parameter 
s Units 
n 
BW g 
HW/BW mg/g 

HEMODYNAMICS 
HR bpm 
Ved I^L 
Ves )a,L 
SVI |iL/g 
EF % 
CI )aL/min/g 

SYSTOLIC FUNCTION 
dP/dt max mmHg/s 
PRSW mmHg 
dP/dtmax-
Ved mmHg/)j.l 

DIASTOLIC FUNCTION 
P mmHg/|a,l 
dP/dt min mmHg/s 
dV/dt min |a,l/s 
T weiss ms 

HS HFHSC 
14 20 
20 35.5 

0.5 0.1 
10 35.7 

0.35 0.4 
0.1 0.1 

8 0.4 

Control 
8 
37.6 ± 1.2 
4.1 ±0.2 

HFHSC 
8 
47.1 ±2.0'' 
3.8 ±0.2 

HS 
8 
28.7 ± 1.2'' 
4.8 ±0.1" 

HFHS 
8 
43.9 ±2.3' 
4.0 ± 0.2 

563.6 ±8.6 
23.5 ± 1.1 
11.5 ±0.9 
0.36 ±0.03 
55.8 ±3.5 
201 ± 17 

544.7 ± 19.7 
31.8 ± 1.5'' 
20.5 ± 1.6'' 
0.29 ± 0.02 
42.3 ± 3.4' 
158± 12 

521.9 ± 17.5 
22.3 ± 2.7 
11.4 ±2.0 
0.45 ± 0.03' 
58.4 ±4.7 
230 ± 12 

522.7 ± 13.8 
29.3 ±3.3 
16.9±3.1 
0.31 ±0.03 
48.0 ±6.1 
166 ±20 

9165 ±399 
109.8 ±3.4 

552 ±34 

8431 ±657 
115.0±7.4 

480 ± 88 

9485 ± 977 
97.1 ±3.5' 

469 ± 41 

9303 ± 464 
117.2 ±6.9 

629 ±91 

0.18 ±0.02 
6394 ± 273 
676 ±41 
5.8 ±0.3 

0.11 ±0.01' 
5797± 129 
676 ± 80 
6.0 ±0.5 

0.24 ± 0.03 
7019± 542 
524 ± 42' 
8.8 ± 1.1' 

0.16 ±0.03 
6956 ± 465 
574 ±91 
6.8 ±0.3' 
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Table 3. 

VASCULAR FUNCTION 
Parameters Units Control HFHSC 
Pmax mmHg 90.9 ± 2.7 85.7 ±2.9 
Ea mmHg/|J,l 6.5 ± 0.5 6.0 ±0.6 
Slope mmHg/|j,L/sec 2.3 ± 0.4 2.9 ± 0.4 

HS 
120.7 ± 12.1' 
9.4± 1.5" 
4.1 ±0.7" 

HFHS 
102.7 ±4.5" 
8.18 ± 1.2 
7.6 ±0.8'' 

Figure 1. 
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Figure 2. 
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Figure Legends-

Table 1. The Percentage of Major Compositions in Control, High Salt and High Fat 
High Simple Carbohydrate Diets. 

Table 2. Cardiac Function. Comparison of High Fat-High Carbohydrate to High 

Salt Diets induction of Cardiac Dysfunction. 

These data represent the mean ± SEM of cardiac functional parameters after 3 months of 

treatment with high fat-high simple carbohydrate (HFHSC), 8% salt (HS), and the 

combined HFHSC plus 1% salt in the drinking water (HFHS). 

Ved = end-diastolic volume, Ves = end-systolic volume, SVI = stroke volume indexed 

with body weight, EF = ejection fraction, CI = cardiac output indexed with body weight, 

dP/dtmax = dP/dt maximum of isovolumic contraction, PRSW (preload recruitable 

stroke work) = the slope of stroke work plotted against Ved, dP/dtmax-Ved = slope of 

dP/dtmax plotted against Ved that describes isovolumic contraction, (3 = slope of end-

diastolic pressure volume relationship plotted against Ved, dP/dtmin = rate of diastolic 

relaxation, x weiss = time constant of isovolumic relaxation. 

" = p < 0.05 compared to control, = p < 0.01 compared to control 

Table 3. Vascular Function. Comparison of High Fat-High Carbohydrate to High 

Salt Diets induction of Vascular Dysfunction. 

These data represent the mean ± SEM of arterial vascular functional parameters after 3 

months of treatment with high fat-high simple carbohydrate (HFHSC), 8% NaCl (HS), 

and the combined HFHSC plus 1% NaCl in the drinking water (HFHS). 

Pmax = maximum aortic pressure, Ea (arterial elastance) = Pmax divided by SV, Slope = 

the time constant of Ea with 50 |a.g/kg of phenylephrine infusion. 
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= p < 0.05 compared to control, ^ = p<0.01 compared to control 

Figure 1. Representative Pressure-Volume Loops from the Four Treatment Groups 

These representative loops illustrate the dilated cardiomyopathy produced with the 

HFHSC diet and the hypertension caused by 8% salt diet. 

1. Control, II. High fat - High Simple Carbohydrates, III. 8% Salt Diet, 

IV. Combined High Fat - High Simple Carbohydrates with 1% NaCl. 

Figure 2. These RT-PCR blots of Aortic Collagen Types I and III 

These blots illustrate the increased expression of collagen types I and III after 3 months 

of 8% NaCl diet in C57BL/6J male mice. 

Figure 3. Slope of Ea over Time of the Four Dietary Treatment Groups 

The phenylephrine challenge revealed a significantly increased response to ai-adrenergic 

treatment in the 8% salt diet and most striking the vascular response in the high fat -

High Simple Carbohydrate diet supplemented with 1% NaCl. This technique 

demonstrates that with non-significant static Ea, an ai-adrenergic treatment can elucidate 

vascular dysfunction. 

I. Control, II. High fat - High Simple Carbohydrates, III. 8% Salt Diet, 

IV. Combined High Fat - High Simple Carbohydrates with 1% NaCl. 
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Appendix CI: T-cell Receptor Peptides Modulate Cardiac Fibroblast and Cardiac 

Extracellular Matrix 
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ABSTRACT 

Cardiac extracellular matrix (ECM) is principally composed of fibrillar 

collagen types I and type III. Cardiac fibroblast (CF) regulates the composition of 

ECM. This study of T-lymphocyte directed CF function was evaluated by gene 

expression, ECM structure, and cardiac diastolic function. T-cell receptor (TCR) 

peptide vaccination of mice with peptides Vp 5.2 and 8.1 induced a discrete 

pattern of TH1 cytokine expression. This induced TH1 dominant response 

revealed a significantly increased left ventricular diastolic stiffness (P) and 

collagen content related to increased collagen expression and decreased MMP 

expression. Moreover, the supernatant, derived from in vitro TCR peptide 

lymphocyte vaccination, caused increased gene expression of collagen types I 

and III in cultured CF, whereas TCR peptides had no direct effect on CF. These 

results suggest that secretory factor(s) of the TH1 subset regulate the cardiac 

fibroblast resulting in altered in cardiac stiffness due to cardiac collagen content. 

Key Words: T-lymphocyte; cardiac fibroblast: cardiac function; extracellular 

matrix; Types I and III collagen, T-cell receptor peptide 
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INTRODUCTION 

Cardiac extracellular matrix (ECM) is not only a supportive scaffold for the 

formation and maintenance of cardiac tissue but also a dynamic structure for 

modulating the cardiomyocyte function [^]. In the myocardium, ECM links with 

myocytes to form an intricate interstitial network to transduce the force created by 

individual myocytes [2,3]. Cardiac collagen types 1 and 111 are the major elements 

of the ECM with type I comprising 85% of the total collagen and type 111 11%. 

The cardiac collagen content determines ventricular stiffness and correlates with 

ventricular performance [\ Changes in the accumulation, composition, or 

organization of interstitial collagens have been found during cardiac development 

and disease states [2,5,6]. Evidence suggests that collagen homeostasis in the 

heart is maintained and regulated by cardiac fibroblast collagen biosynthesis and 

matrix metalloproteinase (MMP) degradation [^]. Cardiac fibroblasts not only are 

responsible for the maintenance of the ECM [% but also have been associated 

with mediating pathologic fibrosis [®"^°]. 

A number of cellular factors, such as inflammatory cytokines, angiotensin 

II and TGF-Pi, modulate the proliferation, migration and collagen gene 

expression of the cardiac fibroblast An alternate means of collagen 

synthesis mediated by fibroblasts resides in the T-helper lymphocyte. Many 

recent investigations have demonstrated that pulmonary fibrosis is mediated by 

the T-cell helper subset TH2 In contrast, dermal fibroblast collagen 

formation is inhibited by TH2 cytokines [^^•^®]. These findings are consistent with 

those described by Long et al., suggesting that the fibroblasts residing in different 
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organs respond in a dissimilar manner to similar stimulators [^°]. This dichotomy 

leads to our question of whether the balance between TH1 and TH2 lymphocyte 

immune function is a determinant of cardiac fibroblast collagen synthesis. 

We have previously reported that injection of the T-cell receptor (TCR) Vp 

8.1 and 5.2 (CDR1 16-mer) peptides resulted in a selective T-lymphocyte 

modulation in retrovirus-infected and aging mice. Their prophylactic 

administration profoundly reduced TH2 cytokines resulting in a balanced 

TH1/TH2 cytokine immune response found in healthy, mature mice [21,22]. The 

peptides restored natural killer cell activity and T- and B-cell proliferative 

responses; increased TH1 cytokines lL-2 and IFN-y; decreased TH2 cytokines IL-

4, -5, and -6, as well as TNF-a [21,22]. The objective of this study is to determine 

if modulated T-lymphocyte function by TCR Vp8.1 and 5.2 peptides will alter 

cardiac fibroblast function to thereby modify cardiac ECM collagen composition. 

MATERIALS AND METHODS 

Mice 

This study was approved by the animal review committee. The procedures in 

the "Guidelines for the Care and Use of Laboratory Animals" (DHEW Publication 

No. (NIH) 85-23, Revised 1985, Office of Science and Health Reports, DRR/NIH, 

Bethesda, MD 20205) and "Principles of Laboratory Animal Care" (published by 

the National Society for Medical Research) were followed in this study. 

C57BL/6J, 4-week-old, female mice were obtained from Harlan Laboratory 

(Indianapolis, IN) and housed in the Central Animal Facility at the University of 

Arizona. 



138 

T-cell Receptor Vp Peptides 

The TCR Vp peptides (Vp 5.2 and Vp 8.1) and vehicle control, i.p. were 

administered on day 0 and 15*^^ with a dosage of 200 |ag/mouse. The sequences 

o f  t h e s e  T C R  V p  p e p t i d e s  w e r e  C K P I S G H N S L F W Y R Q T ( V p 8 . 1 ) a n d C  

SPKSGHDTVSWYQQA (Vp 5.2) and manufactured by Minotopes 

Clayton, Victoria, Australia. 

Quantification of left ventricular mechanics 

The Millar Conductance Catheter System (CCS) was used as has been 

previously described by our laboratory 

Semi-quantification of collagen mRNA expression with RT-PCR 

Heart tissues were stored in TRIZOL reagent (Gibco BRL). The RNA was 

extracted and concentrations are determined using a BIO-RAD Biophotometer. 

The RNA was reverse-transcribed from 5 mg of total RNA in a final volume of 20 

|iL RT mixture for 2 hours at 37 °C. The RT mixture consisted of 4[iL 5x RT 

buffer 1|iM dNTP's, 20 U RNAse inhibitor, S^g random primers, and Superscript 

RT enzyme. PCR's were performed in a 50 |aL reaction volume containing 1ml 

cDNA, 5 i^L lOx PCR buffer, 1ml lOmM dNTP's, 2 [iL 50 mM MgS04, 1 lOmM 

each primer, and 1U Taq DNA polymerase. A hot start was applied for 4 minutes 

at 95°C and the cycle (denaturation step at 95°C for 30 sec., annealing step at 

60°C for 30 sec, and an elongation step at 72°C) was repeated for the 

determined number of cycles. Linearity of each collagen primers types la2 and 

I Hal and 18s were determined prior to assay using cycles between 24 and 32. 

Quantum 18s primers for rRNA internal standards (Ambion, Austin, Tx) are used 
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to normalize the PGR bands. PGR products were then be analyzed by horizontal 

electrophoresis in a 1% agarose gel. The gels are photographed on a uv light 

source and analyzed with a Bio-Rad GS-800 Galibrated Densitometer. 

Fibroblast isolation 

This protocol was provided by Thomas Borg, Ph.D. (University of South 

Carolina) and has provided fibroblasts of an >88% purity using the CF specific 

DDR2 antibody with FAGS. The heart was minced and rinsed in 4 washes of 

warm sterile Krebs-Henslett buffer (KHB). A digestion preparation solution was 

made by dissolving 0.54 mg Liberase 3 enzyme (Roche Biochemical) in 60 mL 

warm sterile KHB. The first 2 digestions were discarded and the subsequent 10 

to 18 digestions are retained for panning of the fibroblast in culture flasks. The 

isolated fibroblast concentrate was plated in a T75 with 20 ml of DMEM/Hepes 

with 10% FGS medium. After 2 hours the adherent cells were retained and the 

floating cells are discarded. At this time the adherent primary fibroblasts were 

processed for RT-PGR for the ex vivo analysis. For in vitro studies of fibroblast 

function the cells were maintained in DMEM/Hepes with 10% FGS medium and 

split about every fifth day. 

Western Blot Analysis for Collagen Types I and III 

Approximately 0.5g of nitrogen frozen mouse heart was washed 3-4 times 

in cold saline followed by homogenization in extraction buffer (for 1L: 1.38g/L 

cacodylic acid and pH to 5.0, 8.76g NaGI, 0.0001363g ZnGl, 2.22g GaGl2, 

0.097515g NaNa, 0.01% v/v Triton X-100) and incubated in 2 ml on a rotator for 

24 hours at 4°G. Supernatant from the first and a second extraction was 
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concentrated to approximately 1.5ml in Amicon Ultra centrifugal filter devices. 

Protein concentrations were determined with BCA Protein Assay Reagent Kit 

(Pierce). Westerns were performed with Col I and Col III goat polyclonal IgG 

(200|ig/ml) and bovine anti-goat IgG-HRP (200|ag/0.5ml) from Santa Cruz 

Biotechnology. Enhanced Chemiluminescence (ECL, Amersham Pharmacia 

Biotech) was used to visualize signals from the desired proteins. The optical 

density of the western blot bands were quantified using a GS-800 Densitometer 

(BIO-RAD) and data reported as Mean + SEM. 

Collagen Assay 

Undenatured collagens were measured in both cell culture medium and 

tissue homogenates using a Sircol collagen assay (Biocolor Ltd., Belfast, 

Ireland). Briefly, test samples were mixed gently in 1.0 ml of 0.1% picro sirius 

red for 30 minutes at 21 °C. The collagen-dye precipitate is centrifuged and the 

pellet was resuspended in 1 ml of 0.5 M NaOH. The absorbance of the sample 

was read at 550 nm and collagen concentration determined with a standard 

curve of known concentrations of collagen. 

Lymphocyte Assay 

Splenic lymphocytes were teased from the spleen and cultured medium 

RPMl 1640 containing 10% fetal bovine serum, 2 mN glutamlne, 1x10® unlts/L 

of penicillin and streptomycin. Red blood cells were lysed by incubation with 0.16 

M ammonia chloride Tris buffer, pH 7.2 at 37°C for 3 min. Splenocyte viability 

was > 95%, as determined by trypan blue exclusion. The isolated splenocytes 
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were assayed for cytokine gene expression witin RT-PCR or cultured at 5 x 10® 

cells/ ml for in vitro studies. 

Statistical Analysis 

ANOVA with multi-comparison procedures was used to test the differences 

among the defined groups with SPSS version 11.5. The differences were 

calculated with a significance level of (0.05) and power (0.8). Values obtained 

from treatment groups were compared to control values using the Student's t-

test. Comparable non-parametric tests (Kruskal-Wallis and the rank sum test) 

were substituted when tests for normality and equal variance failed. All data are 

reported as means ± standard error of the mean. 

RESULTS 

TCR Vp Peptide Vaccination Reduces TH2 Cytokine Gene Expression. 

Thirty days after vaccination of mice with TCR Vp peptides 5.2 and 8.1 on 

day 0 and 15, splenic lymphocytes were harvested and TH1 and TH2 cytokine 

gene expression was analyzed by RT-PCR. Figure 1 compares the response of 

TCR peptide vaccination with control mice and suggests that there was a marked 

reduction of the classical TH2 cytokines, lL-4 (26% of control), lL-6 (72% of 

control), and IL-10 (40% of control), with no apparent change in the TH1 

cytokines. These RT-PCR data were consistent with our previous data 

demonstrating that vaccination with TCR peptides 5.2 and 8.1 similarly reduced 

TH2 cytokine secretion mediated through induction of antibodies to the Vp region 

of these lymphocytes p]. 

Immunomodulation of the T-lymphocytes Alters Cardiac Function 
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Table 1 shows that TCR peptide treatment did not affect the first 3 phases 

of the cardiac cycle in vivo, namely, isovolumic contraction, ejection, or 

isovolumic relaxation function. However table 2 demonstrates that TCR peptide 

vaccination altered the filling phase of the cardiac cycle by increasing left 

ventricular stiffness (P) by 47% (p < .01) and decreasing the rate of filling of the 

left ventricle (dV/dtmin) by 20% (p < .05), compared to saline treated controls. The 

reduction of dV/dtmm validates the increased p. Both parameters suggest that 

there an increased left ventricular stiffness that is consistent with altered 

extracellular matrix composition. We have demonstrated that there was a strong 

correlation between p and the collagen content of the heart with our established 

murine models of dilated cardiomyopathy and hypertrophic hearts. The 

correlation between p and cardiac collagen content is expressed by y=33.946x-

1.454 and R^=0.9807 (n=16). Therefore, p appears to be a functional marker of 

cardiac stiffness due to cardiac collagen content. 

Altered Lymphocyte Function Changes Cardiac Collagen Gene Expression 

The cardiac collagen content was increased by 42% in the vaccinated 

mice as compared to control mice, which supports the concept that an immune 

imbalance toward a TH1 immune response promotes cardiac collagen content 

(Table 2). This increased in collagen content appeared to be the combined result 

of greater pro-collagen types la2 and lllal gene expression (Figures 2A and 28). 

It resulted in an increase of both collagen type I and 111 protein measured by 

Western blot analysis (Figures 2C and 2D). Correspondingly, there was a 

reduction in MMP -2 (gelatinase) and MMP -13 (collagenase) gene expression in 
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the cardiac tissue (Figures 3A and B). These RT-PCR results support the cardiac 

functional and structural changes that we observed with the TCR peptide 

vaccination. These results also suggest that the interstitial cardiac fibroblast may 

be the primary cell type modulated by the lymphocyte as a result of TCR peptide 

vaccination, resulting in increased collagen gene expression and synthesis and a 

reduction of collagen degradation. 

TCR Peptides Mediate Cardiac Fibroblast Function Tlirough the 

Lymphocytes 

Gene expression of the pro-fibrotic growth factors, TGF-pi, and RANTES 

by cardiac fibroblasts was compared in vitro with in vivo treatment with TCR Vp 

5.2 and 8.1. The goal was to determine whether TCR peptides have a directly 

affect the cardiac fibroblast function. Figures 3A and 3B show that cardiac 

fibroblasts harvested from mice treated in vivo with TCR Vp peptides (200 

|ig/mouse) had increased TGF-pi and RANTES expressions two fold. However, 

cardiac fibroblasts directly treated by TCR peptides (25 i^g/ml) in vitro for 5 days 

had no increased expression of these pro-fibrotic factors. Thus specific TCR 

peptide vaccination in vivo polarized the lymphocyte function to a TH1 response 

and induced a pro-fibrotic gene expression by cardiac fibroblasts. However TCR 

peptides in vitro do not directly affect pure cardiac fibroblast pro-fibrotic factor 

gene expression in the absence of lymphocytes. 

Modu/af/on of Lymphocytes with TCR peptide Vaccination Induces 

Collagen Gene Expression in Fibroblast Ex vivo Culture 
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The role of lymphocytes in facilitating the regulatory effect of TCR 

peptides on fibroblasts was determined by co-culturing 5x10^ lymphocytes/ml in 

0.4 i^m porosity culture disk inserts with cardiac fibroblasts in flasks. There were 

four treatment groups: Lymphocytes in an insert co-cultured with cardiac 

fibroblasts; TCR peptides plus Con A treated lymphocytes in an insert co-

cultured with cardiac fibroblasts; lymphocytes in an insert co-cultured with TCR 

peptides plus Con A treated cardiac fibroblasts; and supernatant from TCR 

peptides plus Con A treated splenic lymphocytes for 12 days was applied to the 

cardiac fibroblasts. Figures 4A and 4B show pro-collagen Ia2 and I Mai gene 

expression in four groups. Groups with lymphocytes isolated by placement in 

inserts did not show effects on the pro-collagen gene expression during a 5-day 

co-culture. However, supernatant from activated, TCR peptide treated 

lymphocytes had a marked increase in pro-collagen gene expression by 

fibroblasts. These results further support our hypothesis that TCR peptides do 

not directly affect cardiac fibroblast function. However, cytokines secreted by 

TCR peptide polarized TH1 lymphocytes show a regulatory role on cardiac 

fibroblast pro-collagen gene expression. 

DISCUSSION 

This study provides three lines of evidence that T-lymphocyte function has 

a direct regulatory effect on cardiac fibroblast function resulting in altered cardiac 

collagen content and diastolic cardiac function. A selective means to modulate 

the T-lymphocyte function in this study was through vaccination with TCR Vp 

peptides, which demonstrated altered T-lymphocyte function which increased the 
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TH1 cytokine response. The in vivo polarization to the TH1 cytokine response 

with the TCR Vp peptide vaccination caused diastolic dysfunction that correlated 

with the cardiac collagen content. The supernatant from TCR Vp peptide 

treatment of cultured lymphocytes in vitro induced a profibrotic function of 

cultured cardiac fibroblasts, whereas there was no direct effect was observed of 

TCR vp peptide on cultured cardiac fibroblast function. 

The differentiated TH1 and TH2 cells, their cytokine profiles and functions 

are directed by TCR Vp variants p]. Twenty-four variants have been 

characterized in mice and humans [28,29]. Depending upon the TCR Vp variant 

epitope specificity of the generated antibodies, they can differentially modulate 

the T-cell cytokine response. Natural autoantibodies (NAAbs) to the TCR Vp 

region have been identified in rheumatoid arthritis patients and shown to inhibit 

the TH1 cytokine lL-2 [^°]. Vaccination with the TCR peptide Vp 5.2 and 8.1 

peptides reduced TH2 cytokines during TH2 cell activation while injection with 

anti-TCR vp 10 peptide inhibited theTHI immune response [26,31]. 

TH1 and TH2 cytokines are also important regulatory factors for non

immune cells. Recent studies have shown the regulatory effect of lymphocyte 

function on dermal and pulmonary fibroblasts indicating that immune 

function may direct fibroblast function including cardiac fibroblasts. The presence 

of NAAbs targeting the TCR vp epitopes is associated with cardiac diastolic 

dysfunction, demonstrated during retrovirus infections [^^], aging [33,34], 

pregnancy [^^, allograft transplantation and a wide range of autoimmune 

disease states [33,34,37], Humans infected with HIV have a significantly 
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prolonged isovolunnic relaxation time of 33% and a 25% increase in diastolic 

peak filling velocities Classical autoimmune diseases such as systemic 

lupus erythematosus, myasthenia gravis, and antiphospholipid syndrome, are 

associated with significant restrictive diastolic dysfunction The most 

complete study of systemic autoimmune diseases described thus far 

demonstrates significantly higher left ventricular diastolic dysfunction compared 

to in age- and gender-matched controls More support for this concept has 

been reported in pre-eclampsia, angiotensin 11 induced hypertension and 

spontaneously hypertensive rats which are associated with a dominant TH1 

Immune response and cardiac hypertrophy These clinical and animal 

studies provide potential correlative support that TH1 dominance relates to 

increased ventricular stiffness and TH2 dominance results in cardiac dilation. 

TCR Vp 5.2 and 8.1 peptide vaccination of mice induces autoantibody 

formation to the TCR Vp respective epitopes resulting in reduced TH2 cytokine 

production, and thus leading to a dominant TH1 response p]. In our study, two 

TCR vp peptides 5.2 and 8.1 were selected due to their ability to induce 

autoantibodies to the TCR Vp region as compared to other synthesized TCR Vp 

peptides P]. The polarization of the lymphocyte subsets by TCR Vp peptides has 

become a novel therapeutic approach for treating of autoimmune diseases 

including multiple sclerosis and systemic lupus erythematosus [27,53,54]. 

Therefore, TCR Vp peptide vaccination is an established method for altering 

immune response to achieve beneficial therapeutic responses in autoimmune 
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diseases; in addition, the method is useful as an experimental means for defining 

the mechanisms of T-lymphocyte mediated disease processes. 

Our results revealed that polarization to a TH1 immune function results in 

increased TGF-(31 and RANTES expression by the cardiac fibroblast and a 

decreased expression of MMPs that coincide with increased cardiac collagen 

gene expression and content. TGF-(31 stimulates renin release leading to 

increased angiotensin II which has also been shown to induce TH1 cytokines and 

contribute to excess fibrosis [48,55,56]. RANTES is a TH1 profibrotic chemokine 

that has also been shown to polarize a TH1 response through IL-12 [^^]. The anti-

fibrotic mediators TNF-a, IFN-y, and IL-10 regulate fibroblast function by 

inhibiting of collagen gene expression and inducing of MMPs Our study 

has demonstrated that TCR peptide vaccinated lymphocytes directly affected 

induction of collagen gene expression of cultured cardiac fibroblasts in vitro-, 

however, the mediators of TH1 lymphocyte that modulate cardiac fibroblast 

function need to be further characterized. 

While TH1 and TH2 lymphocyte classification provides a descriptive 

understanding of the pathways that regulate fibroblast function it also has 

contradictions. The clinical immunosuppressive agents, cyclosporine (CsA) and 

tacrolimus, selectively inhibit TH1 cells, lL-2 gene expression, and reduce 

cardiac hypertrophy [®^]. However, in liver transplantation patients treated with 

either immunosuppressant, a significant deterioration of cardiac diastolic function 

occurs after 3 months of CsA treatment [®^]. 
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In summary, our study indicated that immune dysfunction, dominance of 

TH1 over TH2, induces fibroblasts to increase cardiac collagen accumulation 

yielding diastolic dysfunction. This conclusion could provide an alternative 

mechanism for combating the diastolic-dysfunction-related 30% to 50% of heart 

failure in clinical practice due to the accumulation of excess cardiac collagen 
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TABLE 1. 

Groups 
Parameters Units Control TCR Peptide 
n 20 20 
Age months old 3 3 
Body Weight grams 35.2 ± 1.3 33.4 ± 1.6 
Heart Rate BPM 556.9 ±11.0 520.6 ± 23.6 
Cardiac Functional Parameters 
End-diastolic volume ^iL 24.1 ± 1.4 23.8 ± 2.0 
End-systolic volume [ iL 11.5 ±0.8 11.8± 1.7 
Strol<e volume [ iL 13.7 ±0.9 13.5 ±0.9 
Ejection Fraction % 56.3 ±2.5 57.1 ±3.2 
Cardiac Output mL/min 7.72 ± 0.59 7.00 ± 0.53 
Stroke Work mmHg.|aL 1038.9 ±75 977.9 ± 70.5 

dP/dtmax mmHg/s 9247 ± 438 8682 ± 600 
dP/dtmin mmHg/s -6840 ± 357 -6498 ± 392 
Pre-load/afterload Independent Cardiac Parameters 
PRSW mmHg 102.4 ±3.3 99.8 ±4.5 
dP/dtmax - Ved mmHg/nL 551.1 ±25.5 692.7 ±97.2 
Tau weiss ms 5.9 ±0.3 6.2 ±0.3 
Aortic Parameters 
P max mmHg 90.6 ±3.1 84.4 ± 2.4 
Arterial Elastance mmHg/|iL 6.4 ± 0.4 6.3 ±0.7 



TABLE 2. 
Parameters n Units Control TCR Peptide 

3 20 mnn Hg/inL 0.30 ± 0.05 0.44 ±0.19^ 
dV/dt 20 ij,L/s -647 ± 35 -503.0 ± 19^ 
Collagen Content 4 % total of 

protein 
9.5 ±4.0 13.5 ±4.9 

^ p = 0.0042 ''p = 0.016 
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IN VIVO STUDIES 

Figure 1. 

Effect of TCR Vp Peptide Treatment (in vivo) 
on Lympiiocyte Cytokine mRNA Expression 
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FIGURE 2. A. B. 
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Figure 3. A. B. 
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EX VIVO STUDIES 

Figure 4. A. 

Comparison of in vivo and in vitro Treatment with 
TCR vp Peptide on TGF-pi Expression by Cardiac 

Fibroblast 
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FIGURE 5 
A. B. 
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TABLE 1; The effect of TCR peptide treatment on hemodynamics. 

These data represent the mean ± SEIVI of cardiac functional parameters after 1 

month of treatment with TCR peptides Vp 8.1 and 5.2 (200mg/mouse) at day 0 

and 15. Ved = end-diastolic volume; Ves = end-systolic volume; SVI = stroke 

volume indexed with body weight; EF = ejection fraction; CI = cardiac output 

indexed with body weight; dP/dtmax = dP/dt maximum of isovolumic contraction; 

PRSW (preload recruitable stroke work) = the slope of stroke work plotted 

against Ved; dP/dtmax-Ved = slope of dP/dtmax plotted against Ved that 
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describes isovolumic contraction; dP/dtmin = rate of diastolic relaxation; x weiss 

= time constant of isovolumic relaxation. 

TABLE 2: The effect of TCR peptide treatment on cardiac compliance 

These data represent the mean ± SEM of cardiac functional parameters after 1 

month of TCR peptides Vp 8.1 and 5.2 (200|j,g/mouse) treatment at day 0 and 

15. 

p = slope of end-diastolic pressure volume relationship plotted against Ved, dV/dt 

min = rate of volume increase during refilling phase. 

® = p < 0.05 compared to control, = p < 0.01 compared to control 

Figure 1: The effect of TCR Vp peptide treatment on lymphocyte cytokine mRNA 

expression in vivo. 

Mice were treated with TCR peptide Vp 8.1 and 5.2 (200mg/mouse) at day 0 and 

15'*^. After 30 days, lymphocytes were isolated from the spleen and lL-2, 4, 6, 10 

and TNF -a mRNA expression were quantified by RT-PCR. 

Figure 2: The effect of TCR Vp peptide treatment on collagen 1 & 111 mRNA 

expression and protein synthesis in vivo. A) collagen Ia2 mRNA expression in 

control and TCR Vp peptide treatment groups. B) collagen lllal mRNA 

expression in control and TCR Vp peptide treatment groups. C) collagen Ia2 

protein synthesis in control and TCR Vp peptide treatment groups. D) collagen 

lllal protein synthesis in control and TCR Vp peptide treatment groups. 

Figure 3: Matrix metalloproteinase (MMP) mRNA expression in control and TCR 

vp peptide treatment groups. A) gelatinase MMP-2 mRNA expression in control 
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and TCR Vp peptide treatment groups. B) coliagenase MMP-13 mRNA 

expression in control and TCR Vp peptide treatment groups. 

Figure 4: The effect of TCR Vp peptide treatment on TGF-pi, Regulated 

Activated Normal T-cell Expression and Secretion (RANTES)mRNA expression 

in vivo and in vitro. A, The comparison of in vivo and in vitro treatment with TCR 

Vp peptide on TGF-p1 mRNA expression in cardiac fibroblasts. B, The 

comparison of in vivo and in vitro treatment with TCR Vp peptide on RANTES 

mRNA expression in cardiac fibroblasts. 

Figure 5: The effect of modulating of lymphocytes with TCR peptide vaccination 

on collagen 1 & 111 mRNA expression in vitro on four groups: lymphocytes in 

inserts in addition to cardiac fibroblasts; lymphocytes with TCR Vp and Con A 

treatment in inserts in addition to cardiac fibroblasts; lymphocytes in inserts in 

addition to TCR Vp and Con A treated cardiac fibroblasts; cultured lymphocytes 

with 12-day TCR Vp and Con A treatment supernatant in addition to cardiac 

fibroblasts. All four groups were cultured for 5 days. A) collagen la2 mRNA 

expression in the four groups. B) collagen Illa1 mRNA expression in the four 

groups. 
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Appendix C2: T-Cell Receptor Peptide Regulates Cardiac Fibroblast Function in 

Retrovirus-infected Mice 
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ABSTRACT 

Retrovirus infection in mice is characterized by a dramatic reduction in 

immune dysfunction as well as dilated cardiomyopathy (DCIVl). T-celi receptor 

(ICR) Vp 8.1 and 5.2, 16-mer peptides containing the entire CDR1 segment and 

part of the FR2 region of the human V(38, 5, have shown both an 

immunoregulating and immunostimuiating effect in retrovirus-infected mice. This 

study of effects of TCR peptides on cardiac fibroblast function was evaluated by 

gene expression, extracellular matrix structure, and cardiac function. In our study. 

Four-week-old C57BL/6 female mice infected by retrovirus were treated twice 

with 200 ng of TCR Vp8.1 and 5.2 peptides at day 0 and 15. After 12 weeks, 

mice were performed cardiac function measurement. Heart tissues were 

harvested for collagen type I and 111, matrix metalloproteinase (MMP) gene 

expression and protein assays. Results showed that TCR Vp 8.1 and 5.2 

treatment normalized the retrovirus infection reduced collagen I and 111 gene 

expression and protein biosynthesis, whereas the (MMP) gene expression was 

downregulated by TCR peptide treatment group in retrovirus-infected mice. 

Cardiac function in retrovirus-infected mice was also restored by TCR peptide 

treatment. In conclusion, TCR Vp8.1 and 5.2 peptides induced 

immunomodulation on T-lymphocytes normalized the dysregulated cardiac 

fibroblast function and cardiac performance in retrovirus-infected mice. 

Keywords: LP-BM5 retrovirus; DCM; cardiac fibroblast; extracellular matrix; 

Types I and 111 collagen; T-cell receptor peptide 



169 

INTRODUCTION 

Mice infected by LP-BM5 retrovirus are ciiaracterized by progressively 

splenogegaly, lymphadenopathy, deficient B cell response to T-independent 

antigens in vitro, reduced T-cell function, dysregulated cytokine production (9). 

The immune dysfunction is also associated with a cardiovascular system 

dysfunction featured with declined both systolic and diastolic functions due to the 

retrovirus infection induced dilated cardiomypathy (DCM) (56). As a fundamental 

structural event, left ventricular (LV) dilation and myocardial remodeling are 

hallmarks of progressive heart failure in idiopathic dilated cardiomyopathy (DCM) 

(14). Accumulated evidence showed that cardiac extracellular matrix (ECM) 

remodeling is responsible for the DCM during viral infection both in clinic (6) and 

experimental model (35). The ECM is the structure surrounding cardiomyocytes 

and mainly composed of collagen type I and III (20). Interstitial collagen is 

essential for LV integrity and function (19). Therefore, the homeostasis of 

collagen content is very important for maintaining normal heart function. The 

achievement of cardiac collagen homeostasis is through the balance between 

collagen biosynthesis by cardiac fibroblasts and degradation of collagen by 

collagenases, especially matrix-metalloproteinases (MMPs) (40;43;44). Thus, 

any imbalance between collagen biosynthesis and degradation contributes to 

ventricular dilation (44). The MMPs are an endogenous family of enzymes, which 

contribute to matrix remodeling in several disease states (4;43). Dysregulated 

cytokines play an important role in the development of heart failure which has 

been shown to regulate collagen formation (45). In dermal and pulmonary 
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fibroblast models, cytokines release by T helperl (Th1) and Th2 cells modulate 

the fibroblast function leading to pulmonary fibrosis or arthritis (18;36;37:52). Our 

recent study showed that modulated T-lymphocyte function with T-cell receptor 

(TCR) Vp 8.1 and 5.2 peptides alters the cardiac fibroblast function, resulting in 

cardiac ECM fibrotic remodeling (55). 

Prophylactic administration of TCR V(3 8.1, a CDR1 16-mer peptide, prior 

to murine retroviral infection, profoundly retarded the immune dysregulation 

otherwise found in retrovirus-infected mice (26;27;31;32). TCR peptide treatment 

increases the survival rate of retrovirus-infected mice and prevents the 

secondary infection from Coxsackievirus B3 (CVB3) induced heart disease (42). 

However, whether TCR peptide immunomodulation can correct the DCM induced 

by retrovirus infection remains unknown. With this context, we hypothesized that 

TCR peptide treatment normalizes the cardiac fibroblast function, thus restores 

the cardiac function. 

The objective of this study is to determine if TCR Vp8.1 and 5.2 peptide 

treatment will immune-stimulate of dysregulated immune function and sufficient to 

modulate cardiac fibroblast function to restore the cardiac ECM in DCM mice due 

to retrovirus infection. 



171 

MATERIALS AND METHODS 

Mice 

Four-week-old female C57BL/6 mice were obtained from Charles River 

Laboratories (Wilmington, DE, USA). The mice were maintained for 4 months in 

the facility on an NIH-31-modified mouse sterilized diet (mouse diet #7001; 

Teklad, Madison, Wl, USA) and water ad libitum. Mice were then randomly 

assigned to one of the following Groups: I uninfected control mice; II uninfected 

mice given TCRVp peptides 5.2 and 8.1; III mice infected with LP-BM5 retrovirus; 

and IV mice infected with retrovirus and TCR Vp peptides 52. and 8.1. This study 

was approved by the animal review committee. The procedures in the 

"Guidelines for the Care and Use of Laboratory Animals" (DHEW Publication No. 

(NIH) 85-23, Revised 1985, Office of Science and Health Reports, DRR/NIH, 

Bethesda, MD 20205) and "Principles of Laboratory Animal Care" (published by 

the National Society for Medical Research) were followed in this study. 

LP-BM5 Viral Infection 

Lymphocyte dysfunction was induced in the susceptible mouse gender 

and strain, female C57BL/6, with the LP-BM5 murine leukemia virus (MuLV) 

complex. The MuLV complex contains a mixture of BM5def and BM5eco viruses. 

The BM5def virus is the causative agent for the induction of immunodeficiency 

and the replication-competent viruses in LP-BM5, including the ecotropic MuLV 

viruses (BM5eco), which required for BM5def propagation and thus function as 

helper viruses. Due to the dependency of the BM5def on the BM5eco for 

lymphocyte infection and viral replication, there is only one round of viral 
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replication however the induced immunodeficiency rapid and sustained until the 

death of the mouse (26). LP-BM5 retrovirus mixture was administered 

intraperitoneally to mice in 0.1 ml of minimum essential medium with an esotropic 

titre of 4.5 logio plaque forming units x 10"^/l, which induces disease with a time 

course comparable with that previously published (15;16;54). The mice were 

infected 2 weeks before initiation of treatment with the TCRVp peptides as done 

previously in numerous studies (26;47). Hemodynamic studies and tissue 

acquisition was performed 12 weeks post-induction of immunodeficiency with the 

LP-BM5 mixture. 

T-cell Receptor Vp Peptides 

The TCR V(3 peptides (V 5.2 and V 8.1) at a dose of 200 |ag/mouse and 

vehicle control were administered i.p on days 14 and 28 post-LP-BM5 infection. 

T h e  s e q u e n c e s  o f  t h e s e  T C R V p  p e p t i d e s  w e r e  C K P I S G H N S L F W Y R Q T  

(Vp 8.1) and C S P K S G H D T V S W Y Q Q A (Vp 5.2) manufactured by 

Minotopes Clayton, Victoria, Australia. These 2 TCR Vp peptides are over

lapping 16-mer peptides that duplicate the human TCR Vp region on the T-

lymphocyte and were also selected due their ability to induce autoantibodies to 

their respective TCR variants in mice (47). TCR complementary determining 

region 1 (CDR1) of the human Vp8 corresponds to the Vpil in the mouse, the 

Vp5 are the same clusters in the human and mouse. Therefore, the human 

peptide can induce murine autoantibodies that affect the corresponding regions 

on the mouse lymphocyte (12;26). The TCR Vp peptide vaccines are unique in 

that they selectively affect a small repertoire of T-lymphocytes through 
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generation of autoantibodies tliat selectively affect T-cell cytokine secretion 

without any known toxicity (51). 

Quantification of left ventricular mechanics 

The Millar Conductance Catheter System (CCS) was used as has been 

previously described by our laboratory (53). All mice were anesthetized with 

urethane in saline (1000 mg/Kg, i.p.) and a-chloralose In propylene glycol (50 

mg/Kg, i.p.). The advantage of this anesthetic technique is that it causes minimal 

cardiac and vascular depression and inhibits CNS catecholamine outflow that 

may confound data interpretation {Dalkara, 1995 1208 /id}. The mice were 

ventilated through a tracheostomy connected to a pressure controlled respirator 

(RSP 1002, Kent, CT) at a rate of 120 times/min and FiOa of 1.0. The mice were 

placed on a surgical table maintained at 37.5°C. The external jugular vein was 

cannulated with a #23 gauge butterfly and volume administration was limited to 

300 L of hetastarch (6% hetastarch in 0.9% saline, Abbott Laboratories. The 

apical portion of the heart and the inferior vena cava (IVC) was exposed through 

a substernal-transverse incision. A Millar Conductance Catheter 1.4 Fr (Millar 

Corporation, Houston, TX) was inserted into the apex of the left ventricle with the 

distal electrode in the aortic root and the proximal electrode in the LV apex. The 

volume calibration line and parallel conductance were determined as described 

previously (53). The parameters of contractility, diastolic function, and left 

ventricular elastance were expressed as follows: end-diastolic elastance (p) was 

derived from end diastolic pressure volume relationship (EDPVR); and ejection 

fraction, cardiac output (CO), stroke work (SW), pre-load recruitable stroke work 
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(PRSW), dP/dt max"V6d, dP/dtmaxi dP/dtmjn, dV/dtmin, and Tau W6iss W6re 

measured directly. The arterial elastance (Ea) and maximum arterial pressure 

(Pmax) were also measured directly. These computations are performed 

according to those reported recently by Georgakopoulos (Georgakopoulos, 1998) 

and Yang (53). 

Semi-quantification of collagen mRNA expression with RT-PCR 

Aortic tissues were stored in TRIZOL reagent (GIbco BRL). The RNA was 

extracted and concentrations are determined using a BIO-RAD Biophotometer. 

The RNA was reverse-transcribed from 5 mg of total RNA in a final volume of 20 

]xL RT mixture for 2 hours at 37 °C. The RT mixture consisted of 4^L 5x RT 

buffer If^M dNTP's, 20 U RNAse inhibitor, 3ng random primers, and Superscript 

RT enzyme. PCR's were performed in a 50 ^iL reaction volume containing 1ml 

cDNA, 5 p,L lOx PGR buffer, 1ml lOmM dNTP's, 2 ]xL 50 mM MgS04, 1 |aL lOmM 

each primer, and 1U Taq DNA polymerase. A hot start was applied for 4 minutes 

at 95°C and the cycle (denaturation step at 95°C for 30 sec., annealing step at 

60°C for 30 sec, and an elongation step at 72°C) was repeated for the 

determined number of cycles. Linearity of each collagen primers types Ia2 and 

lllal and 18s were determined prior to assay using cycles between 24 and 32. 

Quantum 18s primers for rRNA internal standards (Ambion, Austin, Tx) are used 

to normalize the PGR bands. PGR products were then be analyzed by horizontal 

electrophoresis in a 1% agarose gel. The gels are photographed on a uv light 

source and analyzed with a Bio-Rad GS-800 Calibrated Densitometer. 
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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. 

Detection of Retrovirus 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 pi2 

viral gene inserted into the genomic DNA from murine heart and spleen tissue. 

Primers corresponding to base pairs 1456-1473 (sense 5'-

AACCTTCCTGCTCTGGCA-3') and 1579-1596 (antisense 5'-

GAAAGCGGGAGAGGTGGT-3', GenBank Accession M64096) were used to 

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

BM5 virus cluster from 0.5 )j,g DNA in parallel with known amounts of a 106-bp 

competitor (5x10"^ to 5x10® copies) provided by Anna Casabianca and Mauro 

Magnani. The competitor was created through restriction enzyme 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. cPGR was 

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

U AmpWTaq Gold DNA Polymerase (PE Applied Biosystems, Foster City, CA), 

and 0.4 ^iM of each custom primer (Life Technologies, Rockville, MD) in a final 

volume of 25 i^L as follows: one cycle of denaturation at 95°C for 5 min and 32 
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cycles of denaturatlon 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 was 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, CA) 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. 

Fibroblast isolation 

This protocol was provided by Thomas Borg, Ph.D. (University of South Carolina) 

and has provided fibroblasts of an >88% purity using the CF specific DDR2 

antibody with FACS. The heart was minced and rinsed in 4 washes of warm 

sterile Krebs-Henslett buffer (KHB). A digestion preparation solution was made 

by dissolving 0.54 mg Liberase 3 enzyme (Roche Biochemical) in 60 mL warm 

sterile KHB. The first 2 digestions were discarded and the subsequent 10 to 18 

digestions are retained for panning of the CF in culture flasks. The isolated 

fibroblast concentrate was plated in a T75 with 20 ml of DMEM/Hepes with 10% 

FCS medium. After 2 hours the adherent cells (CF) were retained and the 
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floating cells (non-CF) are discarded. At this time the adherent primary CP cells 

were processed for RT-PCR for the ex vivo analysis. For in vitro studies of 

fibroblast function the cells were maintained in DMEM/Hepes with 10% FCS 

medium and split about every fifth day. 

Western Blot Analysis for Collagen Types I and III 

Approximately 0.5g of nitrogen frozen mouse heart was washed 3-4 times 

in cold saline followed by homogenization in extraction buffer (for 1L: 1.38g/L 

cacodylic acid and pH to 5.0, 8.76g NaCl, 0.0001363g ZnCl, 2.22g CaCla, 

0.097515g NaNa, 0.01% v/v Triton X-100) and incubated in 2 ml on a rotator for 

24 hours at 4°C. Supernatant from the first and a second extraction was 

concentrated to approximately 1.5ml in Amicon Ultra centrifugal filter devices. 

Protein concentrations were determined with BCA Protein Assay Reagent Kit 

(Pierce). Westerns were performed with Col 1 and Col 111 goat polyclonal IgG 

(200|ag/ml) and bovine anti-goat IgG-HRP (200)j,g/0.5ml) from Santa Cruz 

Biotechnology. Enhanced Chemiluminescence (ECL, Amersham Pharmacia 

Biotech) was used to visualize signals from the desired proteins. The optical 

density of the western blot bands were quantified using a GS-800 Densitometer 

(BIO-RAD) and data reported as Mean + SEM. 

Collagen Assay 

Undenatured collagens were measured in both cell culture medium and 

tissue homogenates using a Sircol collagen assay (Biocolor Ltd., Belfast, 

Ireland). Briefly, test samples were mixed gently in 1.0 ml of 0.1% picro sirius 

red for 30 minutes at 21 °C. The collagen-dye precipitate is centrifuged and the 
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pellet was resuspended in 1 ml of 0.5 M NaOH. The absorbance of the sample 

was read at 550 nm and collagen concentration determined with a standard 

curve of known concentrations of collagen. 

Lymphocyte Function Assay 

Splenic lymphocytes were teased from the spleen and cultured medium 

RPMI 1640 containing 10% fetal bovine serum, 2 mN glutamine, 1x10^ units/L 

of penicillin and streptomycin. Red blood cells were lysed by incubation with 0.16 

M ammonia chloride Tris buffer, pH 7.2 at 37°C for 3 min. The cells were then 

washed twice and lymphocytes concentrations were adjusted to 1 x 10^ cells/ml. 

Splenocyte viability was > 95%, as determined by trypan blue exclusion. The 

isolated splenocytes were stored in TRIZOL reagent (Gibco BRL) at -80°C and 

assayed for cytokine gene expression with RT-PCR. 

Statistical Analysis 

ANOVA with multi-comparison procedures was used to test the differences 

among the defined groups with SPSS version 11.5. The differences were 

calculated with a significance level of (0.05) and power (0.8). Values obtained 

from treatment groups were compared to control values using the Student's t-

test. Comparable non-parametric tests (Kruskal-Wallis and the rank sum test) 

was substituted when tests for normality and equal variance failed. All data are 

reported as means ± standard error of the mean. 



179 

RESULTS 

Hemodynamics 

Twelve weeks after LP-BM5 retrovirus treatment tinere was a significant 

dynamic dilation of the left ventricle described by the Ved, Ves (Figure 1), and 

Vmax and decreased ventricular and arterial elastance (p, and Ea respectively, 

p<.05). The rate of pre-load and afterload independent parameters for 

isovolumic relaxation and contraction (Tau Weiss and dP/dtmax-Ved) were 

significantly prolonged (p<.05). There was a significantly decreased heart rate in 

the infected mice, 483 ± 18 vs 552 ± 11 compared to control, which may have 

affected the Ved and Vmax values however Ves, p, Ea, Tau, and dP/dtmax-Ved 

are independent of heart rate. Moreover, the decreased Ea should provide 

afterload reduction that increases Ves and shortens the duration of Tau and 

dP/dtmax-Ved. With TCR peptide treatment, retrovirus-infected mice normalized 

the Ved (Figure 3A), Ves (Figure 3B), Vmax, p (Figure 3C), dV/dt min - Ved 

(Figure 3D) and Ea (Figure 3E) when compared with control mice. 

LP-BM5 viral Load in splenic and Cardiac Tissue from Retrovirus-infected 

Mice over Time 

After the mice infected with LP-BM5 virus, we used cPCR to detect the 

virus infection in spleen and heart tissue in time course 0, 4, 10, 12 and 14 week. 

Figure 2 showed that LP-BM5 virus genomic copy was significantly increased 

after 4-week infection. While in heart tissue, the LP-BM5 virus genomic copies 

were significantly lower than that in the spleen. 
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Effects of TCR V/3 Peptide Treatment on Cardiac Collagen and MMP-13 

Gene Expression in the Heart Tissue from Retrovirus-infected Mice 

Figure 4 demonstrated that retrovirus infection significantly downregulated the 

collagen type I and III gene expression in hearts (Figure 4 A and B), meanwhile 

the MMP-13 gene expression was upregulated (Figure 4E). RANTES as an 

autocrine regulatory factor for fibroblasts was upregulated (Figure 4C). IL-10 is a 

cytokine that suppresses the Thi cytokine release. Retrovirus Infected increased 

the IL-10 gene expression in hearts. With TCR peptide treatment, the collagen I 

and III gene expression did not show upregulation (Figure 4 A and B), however, 

the collagenase MMP-13 was downregulated by TCR peptide treatment In 

retrovirus infected mice (Figure 4E), suggesting the balance between the 

collagen biosynthesis and degradation was toward a profibrotic fashion. IL-10 

gene expression in hearts of retrovirus-infected mice was significantly decreased. 

Indicating the Inhibitory effect of Th1 cytokine production was reduced (Figure 

4D). 

Western Blot of Collagen I and III in TCR Vfi Peptide Treated Retrovirus-

infected Mice 

The collagen I and III proteins were quantified by Western Blot In retrovirus-

infected and TCR peptide treated mice. Figure 5 showed that retrovirus infection 

significantly decreased the collagen I and III protein, which is consistent with the 

results In our laboratory measured by picoslrus red method (data not shown), 

suggesting the heart dilation induced by retrovirus infection is due to the change 

of ECM structure. With peptide treatment, the collagen I and III protein was 
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significantly increased due to the collagen biosynthesis and degradation toward 

fibrotic fashion by TCR peptide treatment. 

Effects of TCR Vp Peptide Treatment on Cardiac Collagen MMP-13 and 

Gene Expression in the Isolated Cardiac Fibroblasts from Retrovirus-

infected Mice 

To further show the effect of TCR peptide on ECM remodeling, we isolated 

fibroblasts from the heart due to their regulatory role for collagen synthesis and 

degradation. We pooled 8 hearts per group to get enough RNA to carry out our 

experiment. Figure 6 showed that with peptide treatment both collagen I and 111 

gene expression were upregulated when compared with downregulatlon by 

retrovirus infection (Figure 6 A and B). Where the MMP-13 gene expression was 

decreased when compared with the upregulated MMP-13 in retrovirus-infected 

mice (Figure 6F). The regulatory factor lL-10 was further increased in TCR 

peptide treated retrovirus-infected mice when compared with the retrovirus-

infected mice only (Figure 6C). TGF-pl expression in cardiac fibroblasts was 

increased due to the retrovirus infection, with peptide treatment, it was 

downregulated (Figure 6D). As a significant chemokine, RANTES expression 

was increased by retrovirus infection while in TCR peptide treated fibroblast, it is 

further upregulated may be due to the upregulated inhibitory factor lL-10 (Figure 

6E). 
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DISCUSSION 

The present study demonstrates that LP-BM5 retrovirus infection induces 

DCIVI due to the decreased collagen biosynthesis and enhanced MMP activity. 

The regulatory factors including iL-10, RANTES and TGF-pi play important roles 

in the development of DCM and heart remodeling. Dysregulated T-lymphocyte 

function induces cardiac fibroblast dysfunction and reconstructs ECM including 

slippage of myocytes, dissociation of cell contact and destroyed signal pathways 

during retrovirus infection. A selective means to modulate the T-lymphocyte 

function in this study was through vaccination with TCR Vp peptides, which 

demonstrated reconstitution of T-lymphocyte function balanced the dysregulated 

TH1/TH2 cytokine response due to retrovirus infection. In turn, the DCM was 

structural improved and the heart function was restored in retrovirus-infected 

mice. 

The Cardiac Extracellular Matrix during DCM 

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

changes occur in the myocyte, DCM results from changes in the extracellular 

matrix (ECM). Normally, the force created by the contraction of each myocyte is 

transformed into work done by the whole tissue through the linkage of myocytes 

to the ECM; during DCM, this linkage is impaired (35). 

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 
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compressive forces (3). This matrix is produced by fibroblasts and allows for the 

diffusion of nutrients, wastes, and messengers between blood and tissues (28), 

while remaining in close association with the surface of the producing cells (5). 

The ECM affects the development, migration, proliferation, shape, and functions 

of the cells it surrounds (49). 

Loss of Collagen Due to the Dysfunctional Cardiac Fibroblast in Retrovirus-

infected Mice 

Cardiac collagen prevents hyperphysiological elongation or shortening of 

the myocytes and synchronizes the contraction of each cell by transferring 

tension (21). The primary form of collagen in the heart is type I, making up 85% 

of the total collagen, followed by 11% type 111, and 4% type IV (39). The 

collegians determine ventricular stiffness and their content is correlated with 

tissue compliance (P) (3). 

Although myocytes are central to the contractile function of the 

myocardium, the cardiac interstitium and its fibrillar collagen matrix also play an 

important role in determining cardiac performance (38). Myocytes make up more 

than two-thirds of the volume of the myocardium (57), fibroblasts represent two-

thirds of the total number of cells (48). Fibroblasts are ubiquitous cells that 

provide mechanical strength to the tissue by secreting extracellular matrix 

components and actively define the structure of tissue microenvironments (8:24). 

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 (48). 
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Often, an initial episode of damage, by infection or an infarct, will lead to 

remodeling and deterioration of cardiac function 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 (41). 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 (1;7). Further, increased heart weights due to 

fibrosis and hypertrophy are often seen during HIV-associated DCM (11). 

During chronic viral infection, cardiac fibrosis and heavily collagenized 

multifocal scars with tendril-like extensions can be present (25). Using Trichrome 

and Verhoff 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 (50). The interstitial fibrosis seen during dilated cardiomyopathy has 

been correlated to cytotoxic T cell damage in the myocardium (2). Furthermore, 

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

present during viral infection even before and inflammatory infiltrate is present 

(22). The lack of cardiac fibrosis during MAIDS further eliminates the role of 

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 
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healing (10). The increase in intracellular space has been hypothesized to result 

from the increased production of hydrophilic glycosaminoglycans or increased 

coronary microvascular permeability (48). Intracellular space is increased in the 

hearts of retrovirus-infected mice. 

A reduction in the number of fibrillar collagen tethers in DCM allows for 

myocardial dilation and slippage of myocytes (49). In our study, collagen type I & 

111 mRNA expression (Figure 4A, B; Figure 6A, B) and protein (Figure 5A and B) 

were significantly decreased both in the hearts and cardiac fibroblasts of 

retrovirus-infected mice, indicating DCM induced by retrovirus infection induced 

immune dysfunction. 

To exclude the possible role of retrovirus direct infection of cardiac 

fibroblasts thus change the collagen levels, we in vitro cultured the cardiac 

fibroblast infected with LP-BM5. No significant increase of LP-BM5 copy numbers 

was detected by cPCR over time course (data not shown) in cardiac fibroblasts. 

Since LP-BM5 must use a pH-dependent entry pathway to gain access to a cell 

(46), which requires endocytosis of the virion and acidification of the endosome 

for viral penetration. Furthermore, the insertion and replication of LP-BM5 in 

infected host cells must have a helper virus MuLV using mCAT-1 as its cellular 

receptor (46), suggesting that LP-BM5 can not directly alter the cardiac fibroblast 

function and ECM. Therefore, the dysregulated T-lymphocyte cytokines were 

significantly direct the cardiac fibroblast function which has been shown in our 

recent study (55). Cytokine and chemokine are very important regulatory factors 

for immune cells and for the non-immune cells. T-lymphocyte released cytokines 
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and chemokines including IL-4, IL-10, RANTES and MCP-1 have been shown 

their regulatory effects on collagen formation in dermal and pulmonary fibroblasts 

(18:37). Disrupted cytokine balance due to the retrovirus infection retarded the 

new collagen biosynthesis (Figure 5) meanwhile increased the MMP activity 

(Figure 4E), leading to decrease collagen content and dilation. 

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" (7) or a "cardiopathy" (48) rather than a "myopathy." These 

descriptions support the cardiopathogenesis that occurs during viral infection with 

LP-BM5. 

Reconstitution of T-lymphocyte function and Restoration of Cardiac 

Fibroblast Function in Retrovirus-infected Mice by ICR Peptide Treatment 

TCR peptides have been shown their immunomodulation effect in 

retrovirus-infected mice. Administration those peptides to the retrovirus-infected 

mice profoundly reduced the TH2 cytokines resulting in a TH1/TH2 cytokine 

immune reponse (26:31). The peptides restored of natural killer cell activity, T-

and B-cell proliferative response, increased TH1 cytokines IL-2, IFN-y, reduced 

TH2 cytokines IL-4, -5 and -6 in retrovirus-infected mice (27). TCR peptides are 

also used a therapeutic approach for the treatment of autoimmune diseases 

including multiple sclerosis and sytemic lupus erythematosus (51). Immune 

dysfunction has been associated with cardiac dysfunction in aging (56), HIV 

infection (26), allograft transplantation (31) and hypertension (3). Those studies 

further suggest that immune function may drive the remodeling of cardiovascular 



187 

system. In our study, TCR peptide treatment reconstituted the immune function, 

restored the cardiac fibroblast function and in turn improved the cardiac 

performance. Those results further support the concept that T-lymphocyte 

function regulates cardiac fibroblast function on ECM remodeling. 

In summary, retrovirus infection induces cardiac fibroblast dysfunction and 

deconstructs the cardiac ECM leading to DCM. The collagen content is 

significantly reduced due to its decreased biosynthesis and enhanced MMP 

activity in retrovirus-infected mice. TCR peptide reconstitutes the T-lymphocyte 

function which restores the cardiac fibroblast function and cardiac performance. 

The immunomodulation of T-lymphocyte function for treatment of cardiovascular 

disease concept may have promising clinical significance. 
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TABLE 1 

G FIOUPS 
1 II III IV 

T reatment Control Retrovirus TOR Retrovirus+ TOR 
n 20 9 20 9 

Age mo 3 3 3 3 
BW Q 35.2 ± 1.3 30.1 ±0.8® 33.4 ± 1.6 27.0 ± 0.82®' 

Spleen/BW mg/g 4.2 ±0.6 61.8 ±2.8'^ 4.2 ±0.6" 57.8 ±7.2' 
Cardiac Fund tional Paramel ters 

HR BPM 552 + 11 483 ± 18' 518 ±25 498 ± 36 
Ved 22.8 + 1.0 33.2 ± 2.9'^ 21.4 ± 1.2' 23.6 ±3.r 
Ves luL 11.1 ±0.8 19.4 ± 1.6' 9.8 ±0.9' 11.7 ±2.8' 
Vmax |liL 23.3 ± 0.98 33.4 ± 2.97' 22.0 ± 1.2' 24.0 ±3,1' 
SVI ]xllQ 0.37 ± 0.02 0.53 ± 0.07' 0.40 ± 0.03 0.47 ± 0,03' 
EF % 55.8 ± 2.6 46.4 ±3.1® 58.8 ± 3.0' 57.3 ±5.3 
CI t^L/min/g 204 ± 11 254 ± 36 207 ± 16 237 ± 22 

SWI mmHg.|aL/g 28.1 ± 1.6 31.9 ±4.6 28.3 ± 1.5 31.6 ±2.0 
dP/dtmax mmHg/s 9095 ± 454 6849 ± 827® 8527 ± 622 7848 ± 994 
dP/dtmin mmHg/s -6711 ± 369 -5024 ± 606® -6275 ± 372 -5375 ±417® 

Pre-load/afterload Independent Cardiac Parameters 
PRSW mmHg 104 ±3 72 ±3' 98 ±4^^ 93 ±5' 

DP/dtmax " 
Ved 

mmHg/i^L 564 ± 26 326 ±33' 670 ± 94' 528 ± 47' 

Tau weiss ms 6.0 ±0.3 8.1 ±0.6' 6.4 ± 0.3^ 7.2 ±0.6 
P mm Hg/)LiL 0.18 ±0.01 0.07 ± 0.02' 0.27 ± 0,02® 0.23 ± 0.05" 

Aortic Parameters 
P * max mmHg 90.9 ± 3.3 82.1 ±8.5 83.5 ± 2.4 76.0 ± 2.7® 
Ea mmHg/|aL 6.8 ±0.3 4.5 ± 0.5' 6.4 ±0.7 5.6 ± 0.4® 

a = p < 0.5 versus control 
b = p <0.01 versus control 
c = p < 0.05 versus retrovirus 
d = p < 0.01 versus retrovirus 
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Figure 1 

Effect of Lymphocyte Retrovirus Infection on 
Left Ventricular Volumes 

40 

35 

30 -j 

"5. 25 I 

V) 
© 20 
E 
3 

O f 
> 

10 4-

5 j-

0 

Control 

;£s*:d 

vij".-. 

Retrovirus 

Ved 

Si. 

:f C- !i 

Control Retrovirus 

Ves 



195 

Figure 2 

LP-BM5 Viral Load in Splenic and Cardiac Tissue 
from MAIDS Mice Over Time 
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Figure 3 
A 

Effect of TcR Vp Peptide on 
Ventricular End-diastolic Volume 
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Effect of TcRVp Peptide on Ventricular End-
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E 

Effect of TCR vp peptide on Arterial 
Elastance 
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Legends 

TABLE 1: The effect of TCR peptide treatment on hemodynamics in retrovirus-

infected mice. 

These data represent the mean ± SEIVI of cardiac functional parameters after 12 

weel<s of infection or with TCR peptides Vp 8.1 and 5.2 treatment 

(200mg/mouse) at day 0 and 15. Ved = end-diastolic volume; Ves = end-systolic 

volume; SVl = stroke volume indexed with body weight; EF = ejection fraction; CI 

= cardiac output indexed with body weight; dP/dtmax = dP/dt maximum of 

isovolumic contraction; PRSW (preload recruitable stroke work) = the slope of 

stroke work plotted against Ved; dP/dtmax-Ved = slope of dP/dtmax plotted 
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against Ved that describes isovolumic contraction; dP/dtmin = rate of diastolic 

relaxation: t weiss = time constant of isovolumic relaxation, p = slope of end-

diastolic pressure volume relationship plotted against Ved, dV/dt min = rate of 

volume increase during refilling phase. 

® = p < 0.05 compared to control, = p < 0.01 compared to control, ^ = p < 0.05 

compared to retrovirus infection, ^ = p < 0.01 compared to retrovirus infection 

Figure 1: The effect of lymphocyte retrovirus infection on left ventricular volumes 

Ved = end-diastolic volume; Ves = end-diastolic volume 

Figure 2: LP-BM5 viral load in splenic and cardiac tissue from retrovirus-infected 

mice over time 

4-week-old C57BL/6J mice were infected with LP-BM5 retrovirus. At 0, 4, 10, 12 

and 14 weeks, mice were sacrificed and spleen and heart tissues were 

harvested. The retrovirus genomic DNA copy number was measured by cPCR in 

spleen and heart. 

Figure 3: The effect of TCR Vp peptide in vivo treatment on cardiac function 

parameters. A) Effect of TCR Vp peptide treatment on ventricular end-diastolic 

volume. B) Effect of TCR Vp peptide treatment on ventricular end-systolic 

volume. C) Effect of TCR Vp peptide treatment on ventricular stiffness. D) Effect 

of TCR Vp peptide treatment on ventricular dV/dt min- Ved. E) Effect of TCR Vp 

peptide treatment on ventricular arterial elastance. 

Figure 4: Effect of TCR Vp peptide treatment on ECM regulatory factors in heart 

tissue from retrovirus-infected mice. 4-week-old C57BL/6J mice were infected 

with LP-BM5 retrovirus, after 10 weeks, mice were sacrificed and heart tissue 
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was harvested. A) Effect of TCR V(5 peptide treatment on collagen 1 gene 

expression. B) Effect of TCR Vp peptide treatment on collagen III gene 

expression. C) Effect of TCR Vp peptide treatment on RANTES gene expression. 

D) Effect of TCR Vp peptide treatment on IL-10 gene expression. E) Effect of 

TCR vp peptide treatment on Matrix metailoproteinase (MMP-13) gene 

expression. 

Figure 5: The effect of TCR Vp peptide treatment on collagen I and III protein 

synthesis by Western blot in retrovirus-infected mice. A) Collagen I Western blot. 

B) Collagen III Western blot. 

Figure 6: Effect of TCR Vp peptide treatment on ECM regulatory factors in 

isolated cardiac fibroblasts from retrovirus-infected mice. 4-week-old C57BL/6J 

mice were infected with LP-BM5 retrovirus, after 10 weeks, mice were sacrificed 

and heart tissue was harvested. 8 hearts were pooled together to get enough 

RNA for RT-PCR assay. A) Effect of TCR Vp peptide treatment on collagen I 

gene expression. B) Effect of TCR Vp peptide treatment on collagen III gene 

expression. C) Effect of TCR Vp peptide treatment on IL-10 gene expression. D) 

Effect of TCR Vp peptide treatment on TGF-p1 gene expression. E) Effect of 

TCR Vp peptide treatment on RANTES gene expression. F) Effect of TCR Vp 

peptide treatment on Matrix metailoproteinase (MMP-13) gene expression. 


