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ABSTRACT 

The acquired immune deficiency syndrome (AIDS) is a clinical disorder caused by the 

human immunodeficiency virus (HIV) that induced severe immunosuppression, 

rendering the body highly susceptible to opportunistic infection. As HIV-infected persons 

survive previously life-threatening infection through the use of effective medical 

therapies, malnutrition has become central issues in the health care plan of long-term 

survivors. Nutrition is a flmdamental intervention in the early and ongoing treatment of 

HIV disease. Nutrition therapy, in coordination with other medical interventions, can 

extend and improve the quality and quantity of life in individuals infected with HIV and 

living with AIDS. A murine AIDS (MAIDS) model, induced by LP-BM5 murine 

leukemia virus, has been an effective tool to investigate mechanisms of retrovirus-

induced immunodeficiency. The MAIDS animal model displays a number of the features 

of human AIDS, including progressive lymphoproliferation and increasing severe 

immunodeficiency. The present studies suggested that micronutrient deficiency resulted 

in premature death and immime dysfiinction beyond immune suppression induced by LP-

BM5. Chronic EtOH consumption in murine retrovirus-infected mice caused deleterious 

effects on host defense, immune response, cytokine release, oxidative stress, and 

nutritional status. This immune dysfliction happened more severely with aging. 

Supplementation with antioxidants prevented retrovirus-induced suppression of immune 

response and prolonged the survival of retrovirus-infected mice. It maintained nearly 
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normal cytokine production. This occurred simultaneously with restoration of tissue 

vitamin E and T- and B-cell proliferation. DHEAS accentuated the effects of antioxidants 

and maintained cytokine production. T- and B-cell proliferation, and hepatic vitamin E 

close to the activity level of the uninfected mice. 
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CHAPTER 1: INTRODUCTION 

SECTION I: NUTRITION AND AIDS 

Immune dysfunction resulting from infection with the human immunodeficiency 

virus (HIV) has become a major health threat to populations in the United States, Canada, 

and throughout the world. As HIV-infected persons survive previously life-threatening 

infection through the use of effective medical therapies, malnutrition and wasting have 

become central issues in the health care plan of long-term survivors. Nutrition is a 

fundamental intervention in the early and ongoing treatment of human immunodeficiency 

virus disease. Nutrition therapy, in coordination with other medical interventions, can 

extend and improve the quality and quantity of life in individuals infected with HIV and 

living with acquired immune deficiency syndrome. Medical nutrition therapy involves an 

assessment of nutritional status and treatment. Research about the relationship between 

nutrition and HIV infection is essential for understanding the mechanisms of wasting and 

for determining the effectiveness of medical nutrition therapy. 

The nutritional status of an individual influence morbidity and mortality in many 

diseases, regardless of the disease process. Nutrition should be central in the treatment of 

human immunodeficiency virus infection because of the chronic nature of HIV and the 

numerous related opportunistic infections that affect the digestive tract. As it is well 

accepted that undernutrition adversely affects immune defenses in non-HIV infected 

people, then nutritional deficiencies in HIV infected people have the capacity to 

accelerate development of severe immimodeficiency. Though poorly studied, nutritional 
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supplementation may overcome nutritional deficiency and immunosuppression in AIDS. 

Recently vitamin E deficiency was identified in HIV infected people (1). Another group 

showed the vitamin E replacement slowed development of immune deficiency (2,3). An 

associated editorial concludes that more research is needed on the benefits of vitamin 

supplementation of these people to slow loss of immune defenses and promote well-

being, and that it is now the time to begin to supplement while the research was 

underway (4). Therefore we have reviewed macronutrient and micronutrient such as 

vitamins and minerals deficiencies in AIDS patients. The overall conclusion is that they 

are prevalent and should be treated, as they must accentuate immune damage. 

MACRONUTRIENT DEFICIENCY AND PROGRESSION TO AIDS 

Macronutrient deficiency like wasting, a common occurrence in HIV disease, is 

the protein-calorie malnutrition, and is caused by inadequate calorie and protein intake, 

absorption, or utilization. The resulting loss of weight and muscle mass is directly 

associated with a deterioration in health and increased mortality. The loss of lean body 

mass is associated with a greater incidence of opportunistic infections, further 

deterioration in immune function, and poorer nutritional status (15). Since malnutrition 

has a direct impact on immune fiinction, maintaining the nutritional status of the HIV-

infected client is a central concem. 
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Energy expenditure 

Resting energy expenditure (REE) correlated positively with the presence of HIV 

infection. REE was 10% higher in stable HIV-positive subjects and AIDS patients 

compared with healthy controls (5,6). Grunfeld found that REE was higher in HIV-

positive (11%), ARC, and AIDS patients (25%) without concomitant opportunistic 

infections compared with healthy controls while the patient's oral intake was sufficient to 

maintain body weight (7). This is in contrast to AIDS patients with other infections 

where there was an increase in REE, a decrease in oral intake, and therefore weight loss. 

There was not a compensatory decrease in REE as might be expected with decreased oral 

intake. Failure to down-regulate resting energy expenditure as an adaptation to anorexia 

or malabsorption is often stated as the major cause of weight loss in individuals with 

AIDS. However, total energy expenditure (TEE) in HIV-infected patients was not 

significantly different from that in healthy controls but slightly decreased in weight-stable 

AIDS patients (5). With a spectrum of REE for hospitalized ARC and AIDS patients 

without malabsorption or uncontrolled infection (8), 6% were hypometabolic, 26% 

normal-metabolic, and 68% hypermetabolic. Hypermetabolism is characteristic of 

cachexia, as seen in cancer and other chronic disease states, whereas hypometabolism is 

an appropriate compensatory response to starvation and protein-energy malnutrition. 

It is not clear that weight loss is clearly correlated with the metabolic rate, as 

some studies show a decrease in energy expenditure during periods of weight loss (7,13). 

While the REE was increased in HIV-positive and AIDS patients, changes in weight 

correlated not with the REE but with caloric intake (7). The most common physiologic 
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causes of hypermetabolism, i.e., pregnancy, adolescence, and exercise, do not usually 

lead to wasting, perhaps because of higher caloric intake and metabolic adaptation (14). 

The etiology of possible hypermetabolism remains unclear, since increased hormones or 

tumor necrosis factor were not found in patients with high REE (9.10). Whether or not 

chronic hypermetabolism occurs, frequent fevers associated with secondary infections in 

HIV-infected patients may result in short-term increased REE (15). Malignancy may 

also raise REE (16). While hypermetabolism may occur in some HIV-infected patients, 

it is unclear that hypermetabolism is sufficient to cause wasting in the absence of other 

processes (14). 

Body weight and composition 

Body wasting, particularly loss of body cell mass, is an increasingly prevalent 

AIDS-defming condition and is an independent risk factor for death in HIV-infected 

patients. With the same body weight as controls, HIV-positive male patients had less 

body cell mass, potassium depletion, less intracellular water and more extracellular water, 

and decreased serum proteins (albumin, retinoic acid binding protein) and total iron 

binding capacity (TIBC). This depletion occurred to a greater extent in the patients with 

diarrhea. Compared with normal values, body fat was also depleted but similar to that of 

a control group of healthy homosexual males. Loss of body fat was found even in the 

earlier stages of HIV infection and was more severe than loss of body cell mass (BCM). 

Female patients had a larger decrease in body fat than male patients, whereas the males 

showed a greater relative depletion of body cell mass than body fat. In more stable 
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ambulatory patients with AIDS, however, weight loss was not associated with reductions 

in lean body mass, body fat, or total water, and the explanation for weight loss was 

unclear (11). 

In a follow-up retrospective study of wasted AIDS patients in the 100 days prior 

to death, body cell mass (decreased 50%) was reduced out of proportion to weight loss 

(decreased 33%) (17). In those patients who died within 100 days of a body composition 

measurement, those with the lower body cell mass died sooner. Specifically, loss of 37% 

of body weight was associated with death. This study revealed that the progression of 

wasting was independent of body fat changes but was associated with loss of body cell 

mass. Hence, a patient could have a "normal" body weight yet low body cell mass and 

still be at risk for death due to malnutrition. 

Pathophysiology of malnutrition in HIV disease 

There are a number of possible etiologies of weight loss in HIV infection. It is 

probable that the HIV wasting syndrome is also multifactorial in etiology (18). Multiple 

etiologies may be present in a single patient. The most likely etiologies can be divided 

into the broad categories of hypermetabolism, alterations in metabolism, decreased oral 

intake, malabsorption, cytokine effects, endocrine dysfunction, primary muscle disease, 

and alcohol abuse. 
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Decreased food intake 

Decreased food intake may result from anorexia or nausea secondary to 

medications, systemic illness (mediated by cytokines), neurologic disease, or oral or 

esophageal pathology (dry mouth, odynophagia, ulcers, or malignancy) (19). Taste and 

smell loss due to medications, oral pathology such as candidiasis, and peripheral or 

central nervous system disease are well documented in HIV-infected people. These 

chemosensory abnormalities can impair food intake and contribute to wasting. Eighty-

eight percent of 50 patients were considered malnourished on the basis of weight loss 

greater than 10% or a serum albumin under 3.0 g/dL or both. Anorexia occurred in 50%, 

nausea and vomiting in 20%, fever in 60%, and dysphagia in 10%. The high prevalence 

of malnutrition was found despite the use of nutrition support in 68% of the patients. 

.A.dditionalIy, fatigue, dementia, and peripheral myoneuropathies influence a patient's 

ability to obtain food. Monetary considerations also play a role. Dependence on other 

people to prepare or purchase food for debilitated patients may limit a patient's access. 

Malabsorption 

Oral, esophageal, stomach, pancreatic, biliary, hepatic, and small and large 

intestine pathology can influence the absorption of nutrients. Malabsorption and/or 

chronic diarrhea may be secondary to infections, malnutrition, medications, enzyme 

deficiencies, malignancies, and HIV enteropathy (20). Diarrhea is found in over 50% of 

AIDS patients with pathogens including Cytomegalovirus, Herpes Simplex virus. 

Adenovirus, Salmonella, Shigella, Campylobacter, Clostridium difficile, Mycobacterium 
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avium intracellulare, Giardia, Entamoeba, Cryptosporidium, Microsporidium, and 

Isospora (20). Gastrointestinal dysfunction, especially malabsorption, is prevalent in 

advanced HIV infection with or without identifiable pathogens. Villous abnormalities are 

frequent in these HIV-infected subjects, and small intestinal dysfunction has been 

demonstrated by abnormal D-xylose absorption tests. Schilling tests, and C-14 

glycocholate absorption and by the presence of steatorrhea (10,21). Small intestinal 

pathology or pancreatic insufficiency may lead to fat malabsorption, weight loss, and 

depletion of fat-soluble vitamins in HIV-infected subjects. Fat malabsorption occurs in 

48% of a range of HIV-infected subjects using a C-14 triolein breath test (22). 

Although severe malabsorption is limited to patients with advanced HIV disease 

with CD4+ T lymphocyte counts <100 and usually <50 cells/: I, overt malabsorption has 

not been described early HIV infection. There are indications, however, that subclinical 

malabsorption may play a role in early HIV disease without evidence of diarrhea. The D-

.xylose test was abnormal in 25% of subjects with early HIV disease (23), and the 

lactulose mannitol permeability test was abnormal in 16% (24). In addition, the 

hypometabolic state and reduced glucose cycling in clinically stable AIDS patients could 

be explained by subclinical malabsorption (11.12). Hypochlorhydria has been found in 

74% of AIDS patients (25) and is a permissive factor for enteric infections and bacterial 

overgrowth of the small intestine (26). Furthermore, hypochlorhydria decreased the 

absorption of certain micronutrients such as folate and iron (27). Lactase or other 

disaccharidase deficiency has also been reported. 
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Altered metabolism 

There is evidence for both hypermetabolism and hypometabolism in HIV-infected 

patients. The cachexia associated with cancer or concomitant inflammation has been 

related to the production of tumor necrosis factor (TNF) (28). By analogy, the cachexia 

that occurs in HIV-seropositive persons may also be related to excess TNF production. 

This hypothesis remains unproved. Interestingly, there is enhanced TNF production from 

peripheral blood mononuclear cells (PBMC) of healthy subjects who had been starved for 

6 days (29). The intricate relationship between cytokine production, metabolic 

disturbances, viral burden, and weight loss in HIV-infected individuals is not completely 

understood. There is increased futile cycling of substrates, energy utilization, and heat 

production without a net gain in product (such as fat oxidation and synthesis, triglyceride 

hydrolysis, and reesterification). In murine AIDS there is a significant increase in lipids 

in tissues and oxidation (30). Cytokine production also has metabolic consequences. For 

example, TNF enhances hepatic lipogenesis and very-low-density-lipoprotein (VLDL) 

release, inhibits adipocyte lipoprotein lipase, and enhances adipocyte Hpolysis. The 

result is that fatty acids are mobilized peripherally to liver to be made into VLDLs, 

circulate, but are not stored or used for energy. Other cytokines (IL-IB, IL-6, IFN-a,Y) 

may be synergistic with TNF to enhance this cycling as well as glucose futile cycles and 

proteolysis. This results in cachexia (muscle wasting, inefficient energy utilization, and 

loss of fat-free mass). Synergistic interactions should be especially important during 

secondary opportunistic infections in HIV-positive persons. 
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Studies are conflicting regarding basal blood levels of TNF, IL-IB, and IFN-a in 

HIV-positive patients (31). Wasting has not been directly proportional to circulating 

blood levels of triglycerides, free fatty acids, TNF, or IL-IS (32). However, levels of 

IFN-a have correlated positively with serum triglycerides (33). TNF and IL-l are 

produced by PBMC and monocyte cell lines infected in vitro with HIV-1 or PBMC 

isolated from HIV-seropositive patients (34). Some speculate that increased TNF 

production is related to stage of disease; PBMC from patients with ARC or AIDS 

produce more TNF than those from patients with asymptomatic infection (35). 

Endocrine abnormalities 

Endocrine dysfunction is another possible etiology of the wasting syndrome. 

Endocrine abnormalities in HIV-infected patients, including changes in gonadal, adrenal, 

and thyroid function, occur frequently and could lead to weight loss and wasting (39,44). 

Infection with HIV is marked by low levels of reverse triiodothyronine (rT3) and a 

persistence of triiodothyronine (T3) within the normal range (45). This finding is 

consistent with most severe infections, where rT3 rises and T3 falls. Normal serum T3 

levels may be an inappropriate response to the caloric deprivation of normal illness, result 

from a cytokine effect, and might result in continued high energy expenditure leading to 

weight loss (45). TNF and IL-l have been shown to cause an inappropriately normal T3, 

low rT3 state in mice and appear to stimulate the enzyme iodothyronine-5-deiodinase, 

which results in increased synthesis of T3 from T4 and increased degradation of rT3 (46). 
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However, other studies suggest that serum T3 falls appropriately in the presence of AIDS 

and acute opportimistic infections (44). 

Adrenal insufficiency has been reported occasionally in AIDS, often stemming 

from opportunistic infections or the effects of medication (47). Some patients had a 

suboptimal Cortisol response to the administration of synthetic corticotropin (ACTH) and 

conceivably could develop clinical adrenal insufficiency during acute infections (47). 

The basal Cortisol levels are elevated in patients with HIV compared with controls (48). 

Elevation in Cortisol can be a physiological response to severe weight loss as the body 

attempts to maintain glucose hemostasis in the brain. 

Decreased testosterone and dehydroepiandrosterone (DHEA) have been reported 

in a number of studies HIV-infected men (44,49). Dehydroepiandrosterone (DHEA) and 

dehydroepiandrosterone sulphate (DHEAS) are sterols that are synthesized in human 

from cholesterol. DHEAS is water-soluble and easily transported by attaching to 

albumin. It is present in humans at 1000 times the level of DHEA, and functions as a 

inactive reservoir. Because DHEA and DHEAS interconvert, DHEAS becomes a major 

precursor to DHEA; however, the back conversion of DHEA to DHEAS is much smaller. 

DHEA can be converted in tissues to the far more potent androgens, testosterone, and 

dihydrotestosterone. It will act as an estrogen as well. DHEA levels decline as do CD4+ 

T lymphocyte numbers in HIV infected people. Very recently we showed that DHEA 

supplementation prevented most of the immune dysfunction, cytokine dysregulation, and 

loss of nutrients during murine AIDS (50). Lowered levels of testosterone have been 

correlated with weight loss as well as decreased survival (44). In a study of patients with 
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HIV wasting syndrome, free and total testosterone was significantly lower in patients 

with similar CD4+ T lymphocyte counts but without wasting (44). Since testosterone is 

an anabolic hormone, a deficiency could result in decreased lean body mass and 

contribute to the HIV wasting syndrome. 

Growth hormone deficiency has been postulated to be a possible cause of HIV 

wasting. AIDS wasting is associated with a growth hormone resistant state that results in 

low levels of serum IGF-1, IGF-2, and IGFBP-3 elevated levels of phosphorylated 

IGFBP-I and reduced ability to form the IGFBP-3 ternary complex (51). And AIDS 

patients who had lost more than 10% of their ideal body mass demonstrated a 50% 

reduction in serum IGF-1 and a 70% reduction in IGF-2 compared to healthy HIV 

negative subjects. The wasting syndrome of rabies infection has been found to cause 

pituitary and hypothalamic dysfianction, resulting in decreased growth hormone 

production (52). It is possible that a similar mechanism may occur in AIDS. In 

summary, endocrine dysfunction may be quite common, particularly in advanced HIV 

disease, but its connection with wasting is still ill defined. 

Primary muscle disease 

The HIV wasting syndrome may result from a myopathy. Myopathy may occur 

as a complication of HIV-1 infection or from its treatment, zidovudine (ZDV). There is 

no evidence to support a direct retroviral etiology. HIV-associated myopathy more likely 

has an immune-mediated pathogenesis. HIV antigens have been localized in 

macrophages invading muscle, suggesting a role for virus-infected inflammatory cells in 
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muscle degeneration (53). The lack of significant inflammation in many of the muscle 

biopsies of those individuals may reflect their profound immunologic impairment. Five 

patients with the HIV wasting syndrome had myopathy by clinical, laboratory (creatinine 

kinase and electromyelogram), and muscle biopsy criteria (54). In these patients, 

prednisone appeared to cause decreases in creatinine kinase and increases in strength. 

The connection of zidovudine and HIV to myopathy and loss of muscle mass will require 

further evaluation. 

CYTOKINES AND AIDS 

It is possible that elevated levels of certain cytokines, in particular TNF, might be 

responsible for the wasting and weight loss seen in AIDS patients (36,37). However, 

several studies have reported elevations of TNF, particularly in symptomatic patients, 

while others have not (38,39). In murine AIDS there is a significant increase in 

circulating TNF and Th2 cells' cytokines like IL-6, but no change in muscle mass (40). 

In a group of 33 HIV-positive outpatients, elevated TNF levels did not correlate with 

weight loss or increased metabolic rate (41). Serum assays of TNF may often not be 

sensitive or accurate enough to detect elevations, particularly since TNF is secreted in a 

pulsatile fashion (38,39). 

TNF or possible other cytokines could cause weight loss or the HIV wasting 

syndrome by a number of mechanisms. TNF, and possible IL-1, may act to induce 

anorexia or, alternatively, TNF may affect lipid metabolism, leading to a relative 

decrease in fat oxidation compared with carbohydrate or protein oxidation and relatively 
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greater loss of lean body mass (42). The effect of TNF in patients with AIDS might be 

dependent on its site of production, as in mice, intracerebral TNF-secreting tumors 

produced lethal anorexia and weight loss with relative sparing of protein — a model of 

starvation (43). TNF-secreting timiors in peripheral muscle tissue resulted in much 

slower cachexia, with greater loss of protein (43). 

A variety of other potential mechanisms of TNF action have been discussed (44). 

Some investigators have suggested that it may be the interaction of TNF with other 

cytokines, such as IL-1, or with other inflammatory mediators that induces anorexia, 

accelerated protein breakdown, or wasteful energy expenditure (38,42). 

MICRONUTRIENT DEFICIENCY AND PROGRESSION TO AIDS 

Vitamin A 

Progressively decreased serum vitamin A levels in HIV-infected patients are 

associated with increased morbidity and mortality. Low levels among pregnant 

women with HIV are related to the low birth weight, higher maternal and infant 

mortality, and increased mother-to-child transmission of HIV (67,68). The 

biological mechanisms by which vitamin A deficiency could influence mother-to-

child transmission of HIV-1 include impairment of immune responses in both 

mother and infant, abnormal placental and vaginal pathology and increased HIV 

viral burden in breastmilk and blood. There are a number of possible causes of low 

serum vitamin A levels, including decreased dietary intake, poor gastrointestinal 
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absorption, high urinary losses, impaired hepatic protein synthesis and increased 

nutritional demands related to chronic infection (69). Most dietary vitamin A is 

delivered to liver and released into blood for use by peripheral tissues. This action is 

regulated by the synthesis and release of serum carrier protein, retinoic acid binding 

protein (RBP). Thus, impaired RBP synthesis or release may lead to low serum 

vitamin A levels despite adequate dietary vitamin A and adequate stores in the liver. 

However, serum vitamin A levels are also highly correlated with RBP in people who 

are not infected with HIV, suggesting that this correlation does not indicate 

impaired hepatic protein synthesis (70). 

The most fundamental question of HIV-infected patients is whether vitamin 

A supplementation will increase survival and reduce mother-to-child transmission of 

HIV. HIV-infected patients taking supplemental vitamin A had significantly higher 

serum vitamin A levels and higher RBP levels than those not taking vitamin A. 

Moderately high intake of vitamin A slowed progression to AIDS (71). 

Serum beta-carotene concentration is known to be deficient in HIV-infected 

persons with or without malnutrition. The most likely mechanism for the beta-

carotene deficiency may be related to impairment of free radical elimination and 

failure to protect cellular membrane against lipid peroxidation including damage to 

CD4+ T lymphocytes (72). Consequently, beta-carotene deficiency, along with other 

antioxidant deficiencies, may contribute indirectly to the immunological 

deterioration seen in HIV infection by facilitating CD4+ T lymphocyte apoptosis. 
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Vitamin Be 

Vitamin Be plays a critical role in nucleic acid and protein metabolism so 

that a deficiency can significantly alter immune responses (73). Vitamin Be 

deficiency occurs in HIV-infected patients with prevalence ranging from 12% to 

52% (75). Vitamin Be deficiency also results in the impairment of both cell-

mediated and humoral immune responses including impaired IL-2 production and 

lymphocyte proliferation in response to mitogens in uninfected animals and people 

(74). In HIV-infected humans vitamin Be caused delayed cutaneous 

hypersensitivity, depressed cell mediated immune response, depressed proliferation, 

decreased CD4+ T lymphocyte counts and reduced natural killer cell cytotoxicity 

(75,76). Vitamin Be repletion with Coenzyme Qio increases IgG, CD4+ T 

lymphocytes, and the ratio of CD4+/CD8+ lymphocytes in uninfected older people 

and animals (77). These increases may be clinically important to accelerate 

progression to AIDS, suggesting a role for vitamin Be supplementation in treatment 

of nutritional immunodeficiency. 

Vitamin B|2 

A significant number of the elderly and HIV-positive individuals are at 

increased risk of vitamin Bu deficiency (78). Decreased serum vitamin Bn levels 

occur in up to 20% of patients with AIDS at an early stage (79). Development of 

vitamin B12 deficiency is associated with a decline in CD4+ lymphocyte counts and 

a number of neurological and neuropsychiatric disorders. Especially the neurologic 
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damage of vitamin Bn deficiency may be due to methyl group deficiency as a result 

of the inability to synthesize methionine and S-adenosyl methionine (SAM) or to 

homocysteine pileup being toxic to the brain (80). And low serum level of 

haptocorrin in HIV-1 positive patients could lead to the low level of serum vitamin 

Bi2 frequently observed in this patient population. Subnormal serum vitamin Bn 

levels in some cases adversely contributes to the haematologic and neurologic 

dysfunction attributed to HIV (81). Decreased levels of vitamin Baare also highly 

p r e v a l e n t  i n  H I V - i n f e c t e d  p a t i e n t s  w i t h  c h r o n i c  d i a r r h e a .  L o w  s e r u m  v i t a m i n  B i t  

concentrations are more associated with faster HIV-1 disease progression aad 

decline in CD4-f- T lymphocyte counts than low vitamin Be concentrations are (82). 

Metabolic and clinical disturbances due to decreased serum vitamin B12 levels 

lowered hemoglobin, leukocytes, and the ratio of CD4+/CD8+ lymphocyte counts in 

HIV-infected patients compared to that in HIV-infected patients with normal serum 

vitamin B12 levels. Thus, disease progression to AIDS may be predicted by tlie 

change in serum vitamin B12 levels and CD4+ T lymphocyte counts, and might be 

slowed by vitamin B12 supplementation. 

Vitamin E 

Plasma concentration of vitamin E is less significantly decreased than that of 

vitamin A in HIV-infected patients. Most of vitamin E deficiency is found in 

patients with wasting syndrome (83). Thus, low plasma vitamin E levels could be 

related at least in part to dietary intake or absorption, suggesting that 
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supplementation may be warranted in HIV-1-infected persons in whom vitamin E 

deficiency develops. In contrast, circulating vitamin E is considerably decreased in 

HIV-seropositive patients after progression to AIDS stages (84). Vitamin E levels 

are 4 to 5 times higher in lymphoid cells than other types. As a main antioxidant of 

cell membranes and plasma lipoproteins, deficiency of vitamin E is related to the 

increase of lipid peroxidation. However, paradoxically, lipid peroxidation is more 

significant in asymptomatic HIV-subjects than in AIDS patients (85). In early HIV-

l infection, elevation of plasma IgE levels precedes the decline of CD4+ T 

lymphocyte counts and is influenced by vitamin E status (3). Recently, HIV infected 

people were conclusively shown to loose vitamin E as progression to AIDS occurred 

(83). Supplementation with vitamin E slowed this process (84), such that an 

editorial called for more trials and supplementation of HIV infected people (85). 

These conclusions supported by animal model studies. In animal model, C57BL/6 

mice infected with LP-BM5 retrovirus causing murine AIDS, vitamin E 

supplementation at extremely high levels significantly normalized the levels of 

interleukin-2 (IL-2), IL-6, IL-10, interferon-gamma, and tumor necrosis factor-alpha 

produced by splenocyte (86). We found that vitamin E supplementation at 15-450 

times the normal intake for a mouse was not toxic during murine AIDS (87). 

However, supplementation did restore part of the immune deficits, for a time, 

slowing death (88). It restored tissue vitamin E and prevented oxidation. When the 

retrovirally infected mice were treated with a T cell receptor Vp peptide, specific 

for the retroviral antigen-activated Th2 cells, their excessive secretion of IL-6 was 
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largely prevented (30). By maintaining immune function, loss of vitamin E and A. 

as well as the retrovirus-increase oxidation was prevented. Thus immune 

dysfunction, and cytokine dysregulation seem to be critical and required for the loss 

of antioxidants and oxidative damage due to murine retrovirus infection. 

Retroviral infection in humans and mice has a profound dysfunctional effect 

on the regulation of autoantibodies to T-cell receptors (TCR) (89). En C57BL/6 mice 

after murine virus (LP-BM5) infection, injection with human TCR VpS.l CDRI 

peptide largely prevented the retro virus-induced reduction in B- and T-cell 

proliferation, and T-helper I cytokines including interleukin-2 (IL-2) and interferon-

gamma (IFN-gamma) secretion (90). It also suppressed the usual excessive T-helper 

2 cytokines (lL-6 and lL-10) production which was stimulated by retrovirus 

infection (91). Retrovirus infection in mice inhibits release of T-helper 1 cytokines, 

stimulates secretion of T-helper 2 cytokines and induces hepatic and cardiac vitamin 

E deficiency with increased lipid peroxidase. Administration of TCR peptide with 

doses>100 |ag/mouse for 2-4 weeks after retrovirus infection maintained production 

of IL-2 and prevented retrovirus-induced elevated production of IL-6 by splenocytes 

in vitro. It also ameliorated immune dysfunction and thus prevented increases in 

tissue lipid peroxidation and vitamin E loss. T-cell immune dysfunction and its 

prevention by TCR peptide treatment could be important in the therapy of vitamin E 

deficiency induced by retrovirus infection (92). Immune dysfunction during 

retroviral infection is clearly associated with increased oxidation and loss of 

antioxidants. 
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Copper 

The serum concentration of copper decreases as a result of AZT treatment 

(93). The variation appears to be linked to the severity of the disease such as AIDS. 

However, abnormalities and effect of supplementation in copper are still less clearly 

identified than those of selenium and zinc. Several inhibitory effects of copper have 

been reported in between HIV and its gene products including HIV-1 integrase, 

protease^ and nucleocapsid protein 7(Ncp7) (94-96). HIV-1 integrase is required for 

integration of a double-stranded DNA copy of the viral DNA genome into a host 

chromosome and for HIV replication. The enzyme for both integration and 

disintegration can be inhibited by 1,10-phenanthroline-cuprous complexes at low 

concentration (IC50 = 1-10 ^m, 10-40 (xm), although the uncomplexed 

phenanthrolines are not active below 100 mM (94). Dialysis experiments and kinetic 

analyses showed that the inhibition is reversible and that the mode of inhibition by 

the cuprous complex appears to be noncompetitive with respect to substrate DNA. 

The protease encoded by HIV-1 is also essential for processing viral polyproteins 

which contain the enzymes and structural proteins required for the infectious virus 

(95). Cupric chloride in the presence of dithiothreitol or ascorbic acid could inhibit 

the HIV-1 protease. The stable Cu'^ (BCDS-Cu'^) is the moiety responsible for 

inhibition of the protease. Inhibition of the protease and of HIV replication by 

BCDS-Cu'^ was dependent on the presence of Cu'^ as BCDS alone was ineffective. 
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indicating that the Cu'^ is the inhibitory agent. A transcription factor NF kappa B 

can regulate the expression of various cellular genes involved in immune responses 

and viral genes including HIV (96). NF kappa B is inhibited by binding with protein 

I kappa 8 and by Cu^^ which interferes with the dissociation of the NF kappa B-l 

kappa B complex. It is postulated that Cu"^ inhibits the release of NF kappa B by 

blockade of a signal leading to the phosphorylation of I kappa B. 

Magnesium 

Patients with AIDS have a low serum magnesium concentration (101). 

Although serum concentration of magnesium (Mg) normalized after 

supplementation, the amount of magnesium supplementation is required to maintain 

normal serum concentration suggested persistent intracellular deficiency (102). 

Many actions of magnesium on HIV are mediated through the stabilization of other 

enzymes and compounds, including HlV-1 integrase and otipraz(5-pyrazinyl-4-

methyl-l,2-dithiole-3-thione) which is HIV-l replication inhibitor (97). Mg ions, a 

metal cofactor, is essentially required for 3'-donor processing activity of HIV-l 

integrase in vitro, although the activity can be altered by the length of nucleotides to 

which integrase binds (98). The relationship between HIV-l Nef (a myristylated 

206-amino-acid protein) and Mg ions was also studied (99). Nef is normally found 

as a predominantly intracellular protein. The release of Nef was observed to lead 

elevated levels of Mg ions at elevated temperature. However, the importance of Nef 

in the development of AIDS remains to be identified. There is little evidence to 
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show whether serum levels of magnesium and HIV- infected patients have positive 

or negative correlation each other. The serum concentration of Mg ions in HIV-

infected subjects was either normal or low without showing statistical significance 

(100). Serum Mg values appeared to be independent from the stage of infection. 

Manganese 

Serum manganese (Mn) concentration was similar in asymptomatic HIV-

individuals and healthy controls but significantly higher than in patients with AIDS 

(103). No differences in urinary Mn levels were observed between HIV-infected 

patients and controls. The role of Mn on specific enzymes of HIV has been reported. 

The integrase protein of HIV mediates two distinct reactions. One is 3'-donor 

processing activity that includes specific removal of two nucleotides from the 3* 

ends of the viral DNA. The other is strand transfer reaction that is identified as 

integration of the viral DNA into target DNA (104). The integrase has been reported 

to require Mn ions for efficient in vitro activity (105). In the presence of Mn ions 

was formed a stable complex of integrase and viral DNA, although some findings 

suggested that magnesium ions are more efficient in stabilizing the complex than 

Mn ions (106). Thus, the role of Mn ions appears to be in stabilizing the bound 

complexes or augment DNA affinity of the integrase. Mn ions are also required for 

RNase H activity, hydrolysis of double-stranded RNA, and of HIV-1 reverse 

transcriptase (107). RNase H activity is only dependent on the presence of Mn ions, 

not Mg ions. 
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Selenium 

Selenium is an essential biological trace element required for growth of man 

and animals and has toxic effects of higher concentration (108). Its deficiency is 

associated with glutathione peroxidase activity, cardiomyopathy, carcinogenesis, 

and immune dysfunction including impaired phagocytic function, decreased CD4+ T 

lymphocytes and AIDS (109-111). Epidemiological studies indicate a correlation 

between low plasma selenium concentration and HIV-positive patients as well as 

increased risks of AIDS-related pathology (112). Patients with AIDS tend to have 

more severe deficits than those with earlier stages of HIV infection. The selenium 

deficit in AIDS-positive patients might be caused by decreased caloric and protein 

intake, malabsorption, various viral and bacterial infections (113). AIDS patients 

often have malabsorption due to intestinal infections related to Cryptosporidium, 

Microsporidia, Cytomegalovirus, Mycobacterium avium or Kaposi's sarcoma. 

Malabsorption may even occur without an identified pathogen, and HIV itself might 

directly injure the small intestine (114). Thus, poor dietary intake and malabsorption 

could lead to selenium deficit that has important implications for immune functions 

in HIV-positive patients. 

Low plasma selenium concentration might have a negative effect on HIV-

positive patients by decreasing in plasma cysteine, T-cell glutathione and plasma 

vitamin A (115). They also have an increase in malon-dialdehyde, end product of 

lipid peroxidation, and reduced homocysteine, a pro-oxidant substance (116). A 
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deficiency in selenium may result in a decreased efficacy of glutathione peroxidase, 

a major antioxidant system. Since free radicals are able to stimulate HIV replication 

and CD4+ T lymphocyte apoptosis, a decreased selenium concentration should 

result in increased oxidative stress, HIV replication and accelerated CD4+ T 

lymphocyte death (117). This concept is supported by selenoproteins discovered in 

mammalian cells, suggesting the essentiality of selenium in the body's antioxidant 

defense and immune system function (118). Indeed, glutathione peroxidase (GPX) 

activity and glutathione (GSH) values increase after selenium supplementation. As 

GPX and GSH play an important role in the natural enzymatic defense system in 

detoxifying hydrogen peroxide in water, selenium supplementation could be of great 

interest in protecting cells against oxidative stress. Selenium deficiency is one of the 

possible mechanisms of AIDS-associated congestive cardiomyopathy. In a recent 

study, a five-year-old boy with AIDS and cardiomyopathy had low plasma selenium 

level (29 : g/ml) and cardiac status was improved with selenium supplementation 

(119). Thus, selenium causes symptomatic improvements and possibly slows the 

course of the disease. As selenium inhibits reverse transcriptase activity in RNA-

virus infected animals, supplemental selenium could also prevent the replication of 

HIV and retard the development of AIDS in newly HIV-infected subjects (119). A 

100 :g daily selenium dosage seems to be sufficient to restore normal plasma 

concentrations, along with improvement of oxidative stress and decrease in beta-2-

microglobulin, a marker of immune activation and bad prognosis in HIV infection 

(117,120). And an adequate supply of selenium and antioxidant vitamins is also 
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proposed as measure to reduce the probability of the placental transmission of HIV 

in pregnancy. However, the potential effect of selenium on HIV viral load and the 

benefit of selenium supplementation have not been clearly established so far. HIV 

may carry several genes to encode selenoproteins, and one of these proteins may 

bind with DNA. acting as a repressor of HIV virus transcription. This mechanism 

results turning off the expression of the HIV, hence slowing the virus proliferation 

(119). 

Zinc 

Zinc is one of the most important trace elements for immune function. 

Congenital or acquired zinc deficiencies are associated with immune dysfunction 

and increased susceptibility to infectious diseases. A number of immunological 

abnormalities in HIV-1 infection are observed in both experimental animals and 

human with zinc deficiency which is more severe in stage IV than in stage III of 

HIV progression (121). .A. close correlation between immune response evaluated by 

proliferative response to T cell mitogens and serum zinc levels has been reported in 

seropositive HIV patients (122). The precise mechanism for zinc dependent 

immunodeficiency in T cells is not clear (123). However it is noteworthy that HIV 

does not replicate in Thl cells, which probably contain more zinc, but preferentially 

in the ThO and Th2 cells, because zinc ions are known to inhibit intracellular HIV 

replication (124). Several mechanisms have been postulated and it is likely that one 

of the major actions is on lymphocyte proliferation (125). This trace element 
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activates B cells to secrete immunoglobulins and can also interact synergistically 

with their activators to enhance the activation and differentiation process in vitro 

(126). The plasmatic zinc deficiency in AIDS patients is also observed to have 

correlation with decrease in CD4+ T lymphocyte counts, natural killer cell lytic 

activity, and thymic hormone activity (121). Subjects who progressed to AIDS in 

the following years had significantly lower zinc levels than non-progressor (127). 

Supplementation with zinc increased the stabilization in body weight and increase 

of the CD4+ T lymphocytes and the plasma level of active zinc-bound thymuln 

(122). Moreover, the frequency of opportunistic infections following 

supplementation of zinc was reduced, although its effect was restricted to infections 

due to Pneumocystis carinii and Candida (121). An increment in the lymphocyte 

response to mitogens occurs in asymptomatic patients treated by 125 mg of zinc for 

3 weeks (127). Other epidemiological study suggested that intake of zinc 

supplements was associated with poorer survival (relative hazard (RH) = 1.49, 95% 

CI 1.02-2.18) than other micronutrients such as vitamin B group (128). In this study, 

intakes of most vitamin B group supplements were more than five times the 

recommended dietary allowance. However, the optimal level of zinc intake in HIV-1 

infected individuals was not determined. 

ALCOHOL CONSUMPTION AND AIDS 

Progression from HIV infection to AIDS took a few months in people consuming 

large amounts of alcohol instead of the expected 7-11 years (55). Greatly increased 
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alcohol use stimulated HIV replication and suppressed immune defenses and promoted 

progression to AIDS (56). Heavy alcohol use is very common among intravenous drug 

users. The relative risk of AIDS was 3.8 times higher in heavy alcohol drinkers than 

moderate ones (57). Alcohol abuse was more common among AIDS patients than HTV 

infected drug abusers (57) or uninfected intravenous drug users. A study involving HIV 

infected, hea\'y alcohol drinkers showed a 41% increase in CD4+ T lymphoc3^es after 

cessation of alcohol use (58) while only a 15% increase was seen in uninfected controls 

who quit drinking. Such changes suggest the potential direct actions of heavy alcohol 

use, direct (immunotoxic) as well as indirect ones due to undernutrition, by HIV infected 

people result in a 30-40% decrease in CD4+ T lymphocytes over 4 years (58). 

We clearly documented the effects of alcohol consumption in murine AIDS 

(59,60). Alcohol accentuated the loss of disease resistance due to retrovirus infection 

even when ethanol consumption had no effect on resistance in uninfected mice (60,61). 

Thus alcohol acted as a "cofactor", sufficient for accelerated development of murine 

AIDS. In our murine AIDS model alcohol consumption exacerbated cytokine 

dysregulation (59), increased immune dysfunction (62), and further suppressed disease 

resistance to pathogens common in AIDS patients (60,61). While we found that alcohol 

use in mice without retroviral infection had some effects on cytokine production and 

immune dysfunction (64) they were not sufficient to significantly suppress disease 

resistance to AlDS-associated pathogens (63). Alcohol use prior to retroviral infection in 

mice was sufficient to accelerate development of severe murine retroviral 

immunosuppression (65). 
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Oxidation caused DNA damage to lymphocytes, while supplementation with 

vitamin E. C, or beta-carotene greatly reduced the DNA damage in lymphocytes of both 

smokers and non-smokers (66). Serum antioxidants (a-tocopherol, retinol, P-carotene, 

glutathione, selenium, zinc) in alcoholics are significantly decreased. Oxidation caused 

DNA damage to lymphocytes, while supplementation with vitamin E, C, or beta-carotene 

greatly reduced the DNA damage in lymphocytes of both smokers and non-smokers (66). 

.A.S alcohol and retrovirus each separately induce losses in tissue antioxidants together 

they should promote greater DNA damage and dysfunction in lymphocytes. Serum 

antioxidants (a-tocopherol, retinol, P-carotene, glutathione, selenium, zinc) in alcoholics 

are significantly decreased. Reduction of immunostimulatory antioxidants by alcohol 

abuse is accentuated by retrovirus infection. Micronutrient deficiencies should synergize 

with HlV's immunosuppression to increase immime dysfunction and accelerate 

progression to AIDS. 

CONCLUSION 

The conclusion from studies of a number of micronutrients in HIV infected 

people and retrovirus infected animals is that nutritional immunodeficiency 

develops, promoting progression to AIDS. Animal studies show that nutritional 

supplementation with antioxidants slow progression to severe immunodeficiency. 

Thus nutritional repletion of HIV infected people should slow their progression to 

loss of disease resistance and should be applied as an adjunct therapy. 



42 

SECTION II: THE ANIMAL MODEL OF HUMAN AIDS: MURINE AIDS 

Murine AIDS 

The virus mixture LP-BM5 MuLV, which was originally isolated by Lataijet ad 

Duplan, produces non-neoplastic lymphoproliferative disease in adult mice (129). LP-

BM5 MuLV was obtained from a nonthymic Ijrophoma that had been induced by 

irradiation of mice. Then bone marrow stromal cells were isolated from the infected mice 

and grown as cell lines that yielded the agent. The cluster of MuLV viruses includes a) a 

4.8-kbp replication-defective BM5d, b) a B-tropic mink cell focus-inducing virus 

(MCFV), and c) a replication-competent B-tropic ectropic virus (BEV)(130). The 

immunological disorders are apparently induced by defective-genome BM5d, but not 

after infection by BEV and MCFV, which serve to facilitate the transmission of BM5d-

defective virus in mouse tissues. The murine major histocompatibility complex (MHC) 

has been shown to influence the development of murine AIDS and the extent of virus 

spread in the adult mouse (131). This murine retrovirus infection provokes an 

enlargement of lymphoid organs, primarily spleen and lymph nodes. Although 

lentiviruses are associated with murine AIDS, and C-type retroviruses appear to be the 

causative agents in human AIDS, both are very similar in that they cause profound 

immunosuppression as well as reduced resisitance to opportunistic pathogens and 

neoplasia in their respective hosts. It is well established that the development of disease 

reflects complicated interactions among cells of the immune system. The major immune 
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TABLE 1. Comparision of Immune Changes Between Human and Murine AIDS 

Immunological Parameters Retrovirus Infection 

HIV LP-BM5 

Abnomalities ofT-Lymphocytes 

T-helper (Th) cell flmctions 

Numbers of CD4"^ (Th) cells 

Spontaneous proliferation 

Abnomalities of B-Lymphocytes 

Responsiveness to antigens from 
Immunization and infecteion 

Immunoglobulin production 

Spontaneous proliferation 

Abnomalities of Macrophages 

Numbers of activated macrophages 

Numbers of macrophages 

Abnomalities of Natural Killer Cells 

Tumor cell cytotoxicity 

Abnomalities of Cytokine Release 

IL-2 and IFN-y 

IL-4, IL-5 and IL-10 

IL-6 and TNF-a 

decreased 

decreased 

increased 

decreased 

increased 

increased 

variable 

decreased 

decreased 

decreased 

increased 

increased 

decreased 

decreased 

increased 

decreased 

increased 

increased 

decreased 

decreased 

decreased 

decreased 

increased 

increased 
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cell targets for LP-BM5 MuLV and HIV are B cells and macrophages. CD4+ T cells and 

B cells are required for the development of murine AIDS infection and the associated 

immunosuppression (132, 133). 

ETIOLOGY OF AIDS 

Infection of humans with HIV leads to a readily detectable plasma viremia and an 

acute phase of infection of the CD4+ T-helper (Th) cells. Monocytes/macrophages. 

Epstein-Barr virus (EBV)-transformed B lymphocytes, microglial cells, and Langerhans 

cells have also been shown to express CD4, and are infectable with HIV. HIV infection 

causes a dramatic perturbation in the numbers of peripheral blood mononuclear cell 

(PBMC) subsets, usually with a substantial decrease in CD4+ Th cells (134). The precise 

mechanisms of T-cell depletion during infection with HIV are not precisely understood. 

HIV can cause direct cytopathic effect in activated CD4+ T cells in culture, either in 

single cells (135) or by syncytium induction (136). Syncytia soon die in culture and 

would be expected to have an even shorter half-life in the blood, although they are 

sometimes seen in the brain and other tissures (136). By incorporating noninfected cells 

into syncytia, a single gpl60-expressing cell can eliminate many uninfected CD4+ cells, 

the so-called bystander effect. HIV-expressing cells will also be killed by HFV-specific 

cytotoxic T-cell responses, which are the normal mechanism for eliminating virus-

infected cells by cell-mediated immunity. Antibody-dependent complement-mediated 

cytotoxicity and other humoral immune effects may also help to remove HIV-infected 

cells. Indirect killing of uninfected cells could be due to absorption of shed gpl20, cell 
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fusion, interference with Th and dendric cell function, or induction of T-suppressor (Ts) 

cells. However, neither direct killing or indirect killing can explain the expansion or 

depletion of some CD4+ Th-cell bearing specific T-cell rexeptor (TCR) Vp at the early 

stage of HIV infection (137). 

It has been proposed that superantigens (SAGs) of microbial origin encoded by 

HIV might be involved in the pathogenesis of AIDS (138). Most antigens are recognized 

through their interaction with the variable (V) portions of the TCR a and P chains. 

However. T cells recognize SAGs on the basis of their expressed Vp region alone, 

independently from other variable TCR segments. These SAGs are Vp selective, 

stimulate strong proliferative responses and lymphokine production by Th cells in vitro, 

and induce initial proliferation followed by clonal deletion and anergy when introduced 

in vivo (139, 140). Because the murine mammary tumor virus C-type retrovirus has SAG 

properties (141, 142), HIV may also encode SAGs that could participate in Th-cell 

impairment and destruction. Since stimulation by SAGs requres binding only to the V 

region of the TCR P chain, this hypothesis is supported by depletion of Th cells 

expressing the Vp elements that can interact with the retrovirus-encoded SAGs (143). 

Because SAGs cause the elimination of responsive Th cells, HIV might cause cell anergy 

and depletion of noninfected CD4+ Th cells by encoding a SAG expressed on activated 

infected cells, in conjunction with the MHC class II proteins (144). This hypothesis is 

supported by the finding that most of the Va genes are expressed in all HIV-infected 

samples with no evidence of selective expression, whereas comparison of the Vp 

repertoire of AIDS patients and normal controls revealed difference in the Vp genes 
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expressed (145). The Vp-specific deletions correlate with the pathogenesis of the disease 

and not with the secondary effects of opportunistic infection. If HIV encodes SAGs 

responsible for CD4+ Th-cell dysfunction, the individual differences in development of 

clinical symptomes of AIDS may be explained by the documented variability of the 

affinity of the various MHC class II alleles for some SAGs (146). In addition, TCR V 

gene polymorphism (129) may also affect the differences of the affinity of interaction 

between the different alleles of a given Vp gene and the retrovirus-encoded SAG. 

In two murine AIDS studies, researchers identified that a defective virual DNA of 

4.8-kbp was pathogenic (142, 148). Sequencing of this 4.8-kbp-defective viral genome 

revealed a unique structure: the gag gene, normally found in helper MuLV, was 

conserved, but the pol and env genes were largely deleted (149). The single long open 

reading frame found was in the gag gene and could encode a Pr60^"^ protein, which has 

been shown to play a key role in murine AIDS pathogenesis functioning as a SAG (150). 

Pr60^°^, which would be present on the surface of virus-infected B cells, is 

phosphorylated and myristylated, and would stimulate polyclonal activation of Th cells, 

leading to aberrant production of cytokines (151). Indeed, the tumor cell line B6-1710 

established from the enlarged spleen of murine AIDS, which expresses high levels of 

Pr60^"^, stumulates proliferation of control spleen cells in vitro and expansion of a 

population of Vp5 and Vpil T cells (152), confirming that PrdO^"^ fimctions as a SAG. 

Preferential expansion and depletion of CD4+ T cells bearing some specific Vp genes in 

murine AIDS was observed by us. Alternatively, immunodeficiency may arise as a 

paraneoplasmic syndrome, and be a consequence of the proliferation of the virus-infected 
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cells (150, 153). Infection of these cells could lead to an increased cytokine production 

that is detrimental to the immune response, or less likely, to a decreased production of a 

factor essential to keep intact the immune system. Thus the infected target cells possible 

through the Pr60^''^, could themselves interact directly or indrectly with other immune 

cells and lead to immunodeficiency. 

IMMUNE DYSFUNCTION IN AIDS 

The clinical course of retrovirus infection results in a complex interplay between 

the effect of the retrovirus on the fimction of immunocompetent cells and the host's 

immune response to the retrovirus. Immunosuppression confers a significant survival 

value of the virus in the host. There are at least five mechanisms by which human and 

murine retroviruses modulate the host immune apparatus: 1) direct lysis or functional 

impairment of virus-infected lymphoid cells as consequence of viral replication; 2) 

activation and release of novel soluble mediators of viral and/or host origin from virus-

infected cells; 3) damage to host cellular defense mechanisms involved in phagocytosis, 

antigen presentation, and nonspecific effector aspects of cell-mediated immunity by virus 

infection; 4) disruption of the immunoregulatory cytokine balance normally sustained by 

T suppressor or helper cell cytokine production; 5) programmed cell death (apoptosis) 

when stimulating virus-primed lymphocytes. The direct effects of HIV infection on the 

immune system are largely due to the specific tropism of HIV gpl20 for the CD4 

molecule (154), which is usually expressed on Th cells and some other cells. 
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In early stages of HIV disease, before the occurrence of profound decreases in 

numbers of circulating €04"*" T cells, selective defects in antigen-specific T cells are 

observed (155). Over time there is a gradual and progressive decrease in numbers of 

circulating CD4^ T cells accompanied by severe immune ftmction abnormalities, and in 

advanced stage disease abnormalities of virtually every component of the immune system 

have been reported (156). Since CD4"^ Th cell plays a focal role in the regulation of all 

immune responses that are mediated by B cells, monocytes/macrophages, cytotoxic T 

lymphocytes (CTL). suppressor T cells (Ts), and natural killer (NK) cells, the eradication 

of CD4^ Th cells results in a global immune suppression that renders the individual 

susceptible to opportimistic infections and tumors. These abnormalities of the immune 

response include decreased ratio of CD4^ Th /CDS"^ Ts cells, decreased delayed-type 

hypersensitivity responses, decreased proliferative response to mitogens and antigens, 

decreased CTL activity, elevated serum immunoglobulin levels and circulating immune 

complexes, decreased number and chemotaxis of macrophages/monocytes, decreased 

monocyte-dependent T-cell proliferation and decreased NK cell activity (157). 

HIV e.xcessively activates B cells, which induces immune dysfunctions (158). 

Abnormalities of B cell function are also apparent early in the course of HIV infection. 

Although the majority of these disturbances originates from T cell signaling, some appear 

to reflect a direct influence of the HIV on B cells themselves (159). Infected persons 

demonstrated polyclonal activation of B cells, as reflected in vitro by increased 

spontaneous proliferation and immunoglobulin synthesis and in vivo by chronically 

elevated serum immunoglobulin levels (159). Yet despite this frenetic activity, the actual 
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responsiveness of B cells to specific antigenic stimuli is sharply curtailed. In vitro 

proliferative response to stimulation with antigen and mitogen are generally poor (160). 

In vivo, these functional abnormalities are reflected by inadequate antibody responses to 

infection or immimization with antigens such as pneumococcal polysaccharides and by 

poor isotype switching from primary IgM responses to secondary IgG responses (161). 

Abnormal regulation of B cell function is also evident, as reflected by the presence of 

circulating immature B cells, immune complexes, and autoantibodies (162). The 

persistent activation of B cells almost certainly contributes to the high incidence of B cell 

malignancies seen in AIDS patients (130). Approximately 50% of these lymphomas 

contain Epstein-Barr virus genomes-a finding consistent with the increased risk of 

immortalizing infection in proliferating B cells, and consistent, too, with an inadequate 

host T cell response to viruses such as Epstein-Barr virus (163). 

HIV infects macrophages that can be critical to antigen presentation (164). 

Although CD4 molecules are expressed in smaller quantities on macrophages than on 

CD4^ T cells, macrophages still constitute an important reservoir of HIV. Indeed, 

latently infected macrophages containing huge numbers of virions packaged into vesicles 

can often be identified, and activation of these macrophages can result in release of 

infectious virions. Analysis of different HIV isolates suggests that certain viral strains 

are extremely monocytotropic, whereas others appear to infection macrophages only 

uncommonly (165). Significantly functional abnormalities may be seen in uninfected as 

well as infected macrophages from HIV patients. Among the abnormalities found in 

vitro are diminished reactivity to triggering stimuli, with consequent impaired secretion 
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of monokines and defective antigen presentation to T cell; partial activation, with 

inappropriate leaking of small quantities of IL-1, IL-6 and TNF-a, diminished 

chemotaxis and phagocytosis; inadequate production of IL-1 in response to appropriate 

stimuli such as phagocytosis of antigen; decreased expression of MHC class II surface 

antigens; and reduced reticuloendothelial clearance (158). HIV also inhibits macrophage 

effector functions responsible for resistance to infectious pathogens. The diminished 

intracellular and extracellular killing activities of macrophages encourage the growth of 

fungi and parasites (136). A functional defect in NK (natural killer) cells has been 

observed in HIV-infected individuals. Neither the overall number of NK cells nor the 

ability of these effector cells to bind to targets appears to be diminished (166). 

Nevertheless, HIV-infected patients show a definite decrease in NK cytolytic activity 

with reduced cytotoxicity per effector cell and impaired lysis of tumor cell lines and viral 

infected cells. 

In murine AIDS model, the pathogenesis of LP-BM5 MuLV is also characterized 

by immune dysfunction with many changes similar to those reported in human HIV 

infection (167). While T cells are not the main source of murine viral replication, they 

are essential for early pathogenesis and disease (168). The temporal sequence of T-cell 

functional changes are similar between murine and human AIDS, with helper T cell 

function lost well before dysfunction of cytotoxic/suppressor T cells (169). The 

quantitative loss of overall T-cell function occurs far in advance of the reduction in CD4^ 

Th cell numbers (169). However, the extent of Th cell depletion varies firom organ to 

organ. Although CD4^ Th cell numbers stay relatively constant during early stages of 
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infection, it has been proposed that CD4^ Th cell populations shift from a heterogenous 

phenotype, characteristic of a mixed population of naive and memory cells, to a more 

homogenous phenotype that broadly shares characteristics of both memory and activated 

cells (170). The initial resting immunocompetent CD4^ Th cell population, in other 

words, is replaced by a polyclonal population described as being in an anergic state (170). 

The state of anergy has been demonstrated to be related to defects in the signal 

transduction pathway (PKC, calcium mobilization, and phospholipase C) induced by LP-

BM5 MuLV during murine AIDS (170, 171). Furthermore, the state of anergy is 

apparently induced by a soluble, diffusible, LP-BM5 MuLV-encoded SAG component 

that is capable of stimulating most CD4^ Th cells (151, 179). 

In murine AIDS, LP-BM5 retrovirus also induces an early phase of B cell 

hyperactivity and polyclonal activation (172). B cells and their production of 

immunoglobulin (Ig) show a significant number of alterations due to retroviral infection 

in murine (172). Activation of both T and B lymphocytes can be detected within one 

week of infection, as determined by flow cytometric analysis of size of T and B cells and 

measurements of the percentage of B cells secreting IgM. There is an absolute increase 

in the number of B cells in the spleen and lymph nodes, and a three-fold increase in the 

fraction of B cells in cell cycle (173). While T cells from LP-BM5 MuLV-infected mice 

will not provide helper activity to normal B cells for a specific antibody response in vitro, 

they do stimulate elevated polyclonal IgM secretion by normal B cells (173). During the 

early stages of the LP-BM5 MuLV infection, B cells produce large amounts of Igs with 

increased number of plasma or Ig-producing cells. There is widespread, polyclonal 
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activation of B ceils (174). The later stages of the murine AIDS involve continued 

expansion of members of the B lymphocyte lineage including all stages from pre-B cells 

to plasma cells, increased numbers of the monocyte-macrophage lineage, and appearance 

of immature T cells in the periphery (175). However, there is a substantial loss (>90%) 

of T and B cells in the intestinal mucosae. Such local losses may explain the increased 

colonization and loss of intestinal resistance to opportunistic pathogens common to 

human AIDS patients. 

NK cell cytotoxicity is also reduced in murine AIDS, but lymphokine-activated 

killer cell (LAK) function is maintained for 8-10 weeks after initiation of LP-BM5 

MuLV infection (176). Peritoneal macrophage number is reduced and their monokine 

release is impaired by retrovirus infection during murine AIDS (Wang et al, unpublished 

observation). Diminished in vitro pathogen killing of macrophages and decreased 

numbers of activated macrophages have also been observed during murine AIDS (172). 

In addition, spontaneously increased prostaglandin E and lL-1 secretion during murine 

AIDS was reported (172). 

CYTOKINE DYSREGULATION IN AIDS 

Cytokines mediate a variety of biological and physiological processes providing 

an interactive complexity of potentially immunomodulating agents which integrate 

cellular and humoral function within higher mammals. This network of pleiotropic cell 

regulators are secreted primarily from immunocompetent cells (177). They play a crucial 

role in transmitting and regulating signals for proliferation, differentiation, and 
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expression of cellular function in a variety of targets especially in relation to immune 

responses. Target cell flmctions are usually affected by the interactions of one or more of 

these regulatory molecules. Cytokine dysregulation appears to be a key component in the 

development of both himian and murine AIDS. 

Human CD4^ T cell population is heterogeneous with distinct CD4^ T cell clones, 

like the Th subsets (Thl, Th2, and ThO) in mice. They are defined by their expression 

and responses to a repertoire of cytokines and their respective cell-mediated and humoral 

immunological responses (178, 179). The cytokine profiles of Thl subset which 

produces IL-2, IFN-y, and lymphotoxin; and the Th2 subset which produces IL-4, IL-5, 

IL-6, and lL-10, mediate a number of distinct host immune functions via autocrine or 

paracrine pathways. The regulatory and effector Th cell immune fimctions are mediated 

exclusively by the cytokines. Thl cell cytokines mediate several responses like 

complement-mediated cytotoxicity via IgG2a production, antibody dependent cell-

mediated cytotoxicity, phagocytosis by the activation of macrophages, and delayed type 

hypersensitivity, whereas Th2 cell cytokines mediate antibody production (IgGl, IgM, 

and IgE) and mediator release by eosinophil and mast cell degranulation (178). Thus, the 

regulation of Thl or Thl subset cytokine secretion may be central for the understanding 

of immune responses regulated by these cells and their role in the disease states initiated 

by HIV infection and eventual AIDS. Aberrant cytokine production due to retrovirus 

infection has been proposed to be due to a switch from a Thl to a Th2 response, 

promoting progression to AIDS (179). This notion is supported by the findings in 

HIV^/AIDS patients that T cell proliferation and IL-2 production decline while IL-4, IL-
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5, IL-6, IL-10 and Ig production increase (180, 181). Patients infected with HIV display 

a progressive loss of 004"^ Th cell function, often taking years before cell numbers and 

other cell functions are critically depressed leading to a diagnosis of AIDS (182). Thus, 

the loss of Th cell functions may be the result of an imbalance in ThI-type and Th2-type 

responses, including anergy of ThI subset and activation of Th2 subset (183), 

contributing to the immune dysregulation associated with HIV infections. Thus, loss of 

resistance to HIV infection and/or the progression to AIDS may be dependent on a switch 

from ThI subset to Th2 subset dominated responses (183). Progression to AIDS is 

characterized by loss of Thl-cytokine production concomitant with increases in Th2-

cytokine production (183, 184). However, before the loss of ThI-cytokines, HIV-

exposed individuals generate strong Thl-type responses against HIV antigens (183). The 

abnormal cytokine production includes IFN-y, IL-2, IL-4, IL-6, and IL-IO. Taken 

together these findings raise the possibility that Thl-type responses are immunoprotective 

and can prevent HIV infection and/or progression to AIDS (185). In contrast, 

seroconversion and the detection of retroviral nucleic acid by PCR in mononuclear cells 

could be correlated with the transition from a predominantly Thl state to a Th2 bias in 

the response to HIV. The latter state would be more susceptible to infection with HIV 

and/or progression to AIDS. In addition, B cells isolated from HIV-infected individuals 

spontaneously secrete high amounts of tumor necrosis factor-a (TNF) and IL-6 in mouse 

and human (186). 

In murine AIDS, a progressive decrease in the ability of spleen cells to secrete 

cytokines produced typiccdiy by the Thl subset (IL-2 or IFN-T), either spontaneously or 
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after concanavalin A (ConA) stimulation follows LP-BM5 MuLV infection (187, 188). 

In contrast, IL-4, 5, 6 and 10, characteristic cytokines of the Th2 subset, were produced in 

abnormally high levels both spontaneously and after Con A stimulation (187, 188). 

These results suggest that persistent activation of CD4^ Th cells with Th2 helper clone 

cytokine profiles is responsible for chronic stimulation of B cells, down-regulation of 

Thl cytokines, and impairment of CDS"^ T cell ftmction in murine AIDS (189). It is 

likely that retroviruses encoding potent antigenic stimuli are markedly affecting the 

balance of T helper cell subset expression (190, 191). Thus modification of this process 

should slow or prevent the development of murine AIDS. 

Generation of IL-6 and TNF-a by LPS-stimulated macrophages or LPS-

stimulated splenocytes (B cells and macrophages) was significantly elevated by retrovirus 

infection in murine AIDS (188). TNF-a and IL-6 have been shown in vitro to modulate 

the expression of HIV in infected cells of both T lymphocytic and monocytic lineages 

(192, 193). Since activated B cells within the germinal centers of lymph nodes of HIV-

infected individuals are in close proximity to latently infected CD4'^ T cells in the 

paracortical areas of the nodes as well as to those infected CD4^ T cells that in filtrate the 

germinal centers (192), it is likely that cytokine secretion plays a major role in the 

activation of HIV expression in the microenvironment of the lymph node (194). In 

addition, due to the contribution of IL-6 to hypergammaglobuliemia and global B-cell 

dysftmction seen in AIDS, increased IL-6 may exacerbate these symptoms. It is also 

hypothesized that the wasting syndrome seen in certain HIV-infected patients may be due 

at least in part to high levels of TNF-a (195, 196). Collectively, the cytokine 
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dysregulation by retrovirus infection could contribute to the immune dysfunctions and 

symptoms seen often in both diseases. 



SECTION III: VIRAL LOAD AS A MARKER OF RISK OF HIV 

PROGRESSION TO AIDS 

The rate of disease progression varies markedly between different individuals 

with HIV-l infection. In the absence of specific treatment the mean time following 

infection with HIV until AIDS is diagnosed varies with age, but on average is around 10 

years (197). However, without treatment a proportion of patients will progress to AIDS 

within a few years of infection (198), while others will remain free of symptoms, and 

with a persistently high CD4+ lymphocj^e count for many years (199). There is now 

explosive data that demonstrates that a single measurement of the level of HIV RNA in a 

plasma sample is highly predictive of the subsequent clinical course in an individual 

patient (200). This remains true in patients studied early after infection, and in 

perinatally-infected infants as well as adults. 

The most widely available marker of immune system destruction in the HIV-

positive patient is a reduction in the number of circulating CD4+ cells (201). The CD4+ 

cell count provides a measure of the degree of immune system damage already sustained 

by the patient and estimates the potential to respond effectively to pathogens (202). 

Therefore, this laboratory marker is an excellent predictor of pending risk of HIV-

associated opportunitic infection and guides the prophylactic use of antimicronbial 

medications to prevent the appearance of these infections (203). As measured by flow 

cytometry, normal CD4+ counts range from 600 to 1600 ceils per cubic millmeter of 

blood, with a median count of approximately 1000 cells/mm^. Initial immune 
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suppression, indicated by a CD4+ count of less than 500 cells/mm^, signals the first 

appearance of systemic and oral opportunistic infections. Life-thretening infections 

increase in number and severity with further declines in cell count. With appropriate 

treatment, severe immune suppression (<200 cells/ mm^) can be reversed in most cases 

(204). 

Since the number of CD4+ lymphocytes varies with circadian rhythm and can be 

transiently lowered by certain viral infections, corticosteroid therapy, exercise, smoking, 

and alcohol consumption (204), combining with other methods to determine the marker 

of immune suppression will be beneficial. There are now explosive data that demonstrate 

that a single measurement of the level of HIV RNA in a plasma sample is highly 

predictive of the subsequent clinical course in an individual patient. Quantitative 

measures of HIV-1 RNA have been used extensively in the study of HIV-1 viral 

dynamics, individual prognosis and as a surrogate marker for clinical end points in 

studies of new treatment regimens (197). Studies on the dynamics of HIV-l replication 

using quantitative HIV-l RNA viral load assays have demonstrated that the virus far 

from being latent during the long clinically asymptomatic phase of the disease is in fact 

highly active (198, 199). As many as 100 million virus particles are produced each day 

by HIV-1 infected host cells and although the immune system may limit the infection, 

HIV is never eradicated from the host. The lymph nodes appear to be the most active 

sites for HIV-l replication (200), and it is clear that the level of HIV-1 replication in 

infected individuals is very important to the rate of progression to AIDS and death. This 

is statistically significant relationship between baseline HIV RNA viral load in plama and 
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risk of progression to AIDS (205). Patients with a viral load of <4530 copies/ml progress 

to AIDS at a significantly slower rate than patients with a viral load of between 4531 and 

13020 copies/mi. The biggest difference in progression to AIDS is between those with a 

viral load of <4530 copies and those with a viral load of >36270 copies/ml. This 

observation of the risks of high viral load lead to the belief that the most effective way to 

treat HIV-I was to hit the virus as hard as possible for as long as possible (206). As a 

reuslt it has become common practice to monitor regularly HIV-1 RNA viral load in 

order to assess desirability of combination therapy and the effectiveness of treatment. 

Recent studies on HIV pathogenesis show that there is a dynamic struggle 

8 9 • • between viral production and loss of CD4+ T cells. There are 10-10 new virions 

produced every day with a correspondingly high turnover of CD4+ T cells in HIV-

infected individuals. Because the regenrative capacity of the immune system is finite and 

the cirulating half-life of virus-infected cells is only 1.3 days, cell death eventually 

exceeds cell renewal during the course of infection, leading to loss of CD4+ T cells and 

subsequent immune deficiency. Therefore, combining results of viral load measurement 

with CD4+ lymphocyte counts leads to more accurate estimation of the prognosis in 

individual patients. 
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SECTION IV : AGING AND HIV PROGRESSION TO AIDS 

Advancing age is a recognized risk factor for many infectious diseases. The more 

rapid progression of HIV in loder persons was previously ascribed to the associated 

comorbid diseases or to the delayed diagnosis. Recent studies support both of these 

notions. In a retrospective case-control study, it has been found that older HIV-positive 

patients had shorter AIDS-free interval, shorter survival, and more HIV-related and non-

HlV-related comorbidity (207). They also had lower CD4+ cell counts at the time of 

diagnosis. Even in the absence of comorbidity, HIV infection progresses more rapidly in 

older persons. Darby et al. (208) studied that HIV-infected hemophiliacs ragning in aged 

from 8 months to 79 years; after a 10-year follow-up, both time without progressing to 

AIDS and survival were inversely associated with age at time of seroconversion. Because 

thymic atrophy also occurs after adolescence, these data are consistent with an 

immunological role. It is therefore logical that the age-associated acceleration in HIV 

progression is immunologically based. 

Five possible immunological mechanisms come to mind: with aging, more virus 

is produced; more CD4+ cells are infected; the cells are destroyed more rapidly; the cells 

cannot be replaced as efficiently; or there is less effective anti-HIV immune activity, 

resulting in higher viral burden. There are data consistent with all five of these 

hypotheses and, as in much of aging, the actual reason may be multifactorial. First, HIV 

production is under the control of many cytokines or pro-inflammatory cytokines, such as 

lL-6 and TNF-a upregulate HIV progression, whereas other cytokines, such as IL-10, 
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downregulate it (209). Second HIV preferentially infects memory T-cells of both adults 

and children (210). These cells are characterized by the presence of CD45RO, the low 

molecular weight isoform of the leukocyte common antigen family. CD4+CD45RO+ 

momory T cells develop from CD4+CD45RA+ naive T cells via a post-thymic 

differentiation pathway. Less than 20% of the peripheral blood CD4+ T cells of neonates 

express CD45RO (210). There is an aged-related increase so that about 30-40% of CD4+ 

T cells is CD45RO+ in young adults, with a further increase to 50-60% of CD4+ T cells 

in the elderly (211). Because older persons have more susceptible targets, more of these 

cells may be actually infected. Third, there may be more rapid destruction of infected T 

cells. Cellular senescence is related to loss of telomeric DNA (212). There is accelerated 

loss of telomere length in peripheral blood lymphocytes in HIV-infected individuals. This 

process could be more rapid in older persons. Fourth, There may be impaired 

replacement of HIV-infected CD4-<- T cells. Mackal et al. (213) studied that lymphocyte 

regeneration after chemotherapy in 15 patients aged from 1 to 24 years and found an 

inverse relation between age and the number of CD4+ T cells 6 months after therapy. 

This was due mostly to lower numbers of regenerated CD4+CD45RA+ T cells in the 

older subjects. Slower regeneration probably contimues throughout adult life. Fifth, older 

persons may have less effective anti-HFV CTL activity than younger persons (214). This 

possibility is consistent with observations on other infections that are normally contained 

by the cellular immune system and occur more frequently in aging. 
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SECTION V: ANTIOXIDANTS, MICRONUTRIENT DEFICIENCIES, 

IMMUNE RESPONSE, AND AIDS 

ANTIOXIDANTS IN AIDS 

Decreased consumption of micronutrients leads to immune dysfunction with 

impairment of defense mechanisms and lowers tissue levels of antioxidants. These effects 

should exacerbate immune deficiencies induced by retrovirus infection. Undernutrition in 

HIV infected people may be caused by decreased absorption of micronutrients as the 

retrovirus produces villous atrophy of the small intestine (215). Several reports suggest 

the participation of reactive oxygen species (ROS) in HIV infection (215, 216). Virus-

infected cells display very low levels of antioxidant defences such as superoxide 

dismutase Mn, vitamin E, slenium and glutathione (GSH). Moreover, patients undergoing 

HIV infection display high serum levels of xanthin oxidase (XOD) and lipid peroxidation 

(217). both markers for oxidative stress situations. Futhermore, opportimistic infects from 

Mycoplasma can participate in AIDS progression by induction of oxidative stress 

mechanisms (218). 

Zidovudine or AZT (azidothymidine) is an antiviral drug that stops virus 

replication by interfering with the viral reverse transcriptase and inhibiting DNA synthsis. 

Interestingly, antioxidants such as N-acetyl cysteine (NAC) and dithiocarbamate are 

useful agents in AIDS treatment, enhancing the therapeutic effects of zidovudine (216). 

The mechanism of action may be related to the ability of NAC to restore GSH levels 

more effectively than administration of zidovudine alone. Patients undergoing long-term 
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treatment with AZT develop destructive mitochondrial myopathy with ragged red fibers, 

a typical pathology strongly related to oxidative stress (216). For this reason, the 

coadministration of antioxidants, such as NAC or vitamin E, significantly reduces the 

cytotoxic effects of zidovudine. 

Some social behaviors, such as drug and alcohol intake, together with an 

inadequate diet, may enhance oxidative stress situations, allowing the development of 

certain diseases (219). The potent pro-oxidant potential of drugs and alcohol may explain 

in part why their consumers represent a main risk population in HIV infection. Although 

speculative, diet might also be an important key point, because appropriate nutrition, rich 

in antioxidants, helps in protection against diseases (220-221). It is true that nutrition per 

se can neither prevent nor cure AIDS, but well-nourished patients (i.e. those eating rich 

antioxidant diets) could live independently and longer than those whose nutrition has not 

been optimal. Therefore, deficient diets may contribute to the generation of oxidative 

stress in AIDS patients. In addition, this is exacerbated by anorexia, impaired intestinal 

food absorption and frequent diarrhea, which are usually present in people suffering firom 

this disease (219). In this vein, we can speculate that malnutrition would participate in 

making patients more susceptible to infections and cancer development, both associated 

to the terminal phase of AIDS. 

Loss of essential substances. Coenzyme Qio, P-carotene, and selenium, are 

associated with immune dysflmction caused by HIV (222). Coenzyme Qio has recently 

been found to be involved in transplasma membrane electron transport involved in the 

control of cell growth, and also been implicated as an antioxidant protecting membranes 
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in which it resides (217). Serum P-carotene concentration is known to be deficient in 

HIV-infected persons with or without malnutrition. The most likely mechanism for the P-

carotene deficiency may be related to impairment of free radical elimination and failure 

to protect cellular membrane against lipid peroxidation (217). Deficiency of selenium is 

associated witli glutathione peroxidation activity, cardiomyopathy, immune dysfimction 

including impaired phagocytic fimction, and decreased CD4-f- T cells (223). Thus mineral 

deficiencies could accentuate irmnune dysfunction in AIDS. 

At the molecular level, the transcription of HIV genes is directed by sequences 

called long terminal repeats, located at the extremities of the viral genome (224). These 

elements present binding sites for viral (i.e. Tat) and cellular transcription factors (i.e. 

NFkB). Interestingly, NFkB can be strongly activated by ROS and cytokines (i.e. TNF-a) 

and the process is prevented by treatment with antioxidant such as vitamin E derivatives, 

NAC and a-lipoic acid (224). Altogether, the data suggest that oxidative stress may 

represent a key factor involved in AIDS progression. 

MICRONUTRIENT DEFICIENCIES IN AIDS 

Human immunodeficiency virus (HIV) infection is the hallmark of profound 

immune dysfunction that in turn contributes to opportunistic infection in acquired 

immunodeficiency syndrome (AIDS) patients. HIV infection is estimated to affect 

15 million people worldwide and continued to spread at an unabated pace. Since 

over 90 % of new cases of HIV infection occurs in developing countries and Africa 
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(225), the social behaviors and nutritional status became one of major issues to 

consider in the area related to progression to AIDS. 

There is evidence to indicate that altered nutritional status may influence the 

course of HIV disease progression and survival (225). Micronutrient deficiencies 

are prevalent even prior to the development of symptom in HIV disease. Although 

micronutrient status is not likely to be the most important etiological determinants, 

they may alter immune function to facilitate disease progression, influence viral 

expression, and have a significant impact on morbidity and mortality. Longitudinal 

studies in Miami (226, 227) revealed that 89 % of the HIV-seropositive drug users 

have inadequate nutritional status with respect to at least one nutrient, and 41 % 

have multiple abnormalities, the most predominant of which are inadequate plasma 

levels of vitamin A, C, E, zinc, and selenium. Since some micronutrients play 

essential roles in maintaining normal immune function, micronutrient deficiencies 

may exacerbate the host immunity in HIV-infected individuals. Low serum vitamin 

B-6 positively correlated with lymphocyte response to mitogen (228). Vitamin A 

deficiency increases susceptibility to disease and, in animai studies, impairs both 

humoral and cell-mediated immunity (228). Vitamin A plays a central role in the 

growth and function of T and B cells and antibody response (229). Vitamin A, 

through retinoic acid that is its active metabolites, interacts between nuclear retinoic 

acid receptor, vitamin D, and thyroid hormone receptors to regulate gene expression 

(230). Some evidence exists that vitamin E protects T cells, B cells, and other 

immune effector cells against oxidative stress (231). Zinc and selenium deficiency 
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lead to reduced cytotoxic lymphocyte numbers, decreased responses to mitogens, 

decreased NK cell activity, reduced the production of interIeukin-2 (IL-2) by T cells 

and reduced T cell dependent antibody production (231). 

However, serum levels are sometimes considered to have their limitations 

dependent on severity of illness and sample size of study. For some micronutrients, 

serum levels may not be the most sensitive indicators of micronutritent status. In the 

other hand, due to no established RDA for HIV-infected individuals, there is not 

always agreement as to which biochemical cut-off point defines 'deficiency'. Thus 

there are still many unanswered questions regarding nutrition and HIV infection, 

such as whether low serum micronutrient levels are a primary or secondary effect of 

HIV and whether micronutrient intake might actually be a cofactor in the 

development of AIDS. 

DHEA(S) AS AN ANTIOXIDANT 

Dehydroepiandrosterone (DHEA), a steroid produced in quantity by the adrenal 

glands, is a widely studied hormone with multi-functional properties. DHEAS, 

conjugated with sulphate, is the storage form and interconveted each other. It is present in 

humans at 500 to 1000 times the level of DHEA (232). A small fraction of civulating 

DHEA(S) is metabolized and converted into testosterone, estrone and estradial. Thay 

have lettle androgenic or estrogenic activity. DHEA(S) production is directly age-related, 

while adrenal Cortisol secretion is constant throughout life (233). DHEA(S) levels peaked 

in men aged 20 to 24 years (mean 3.47 mg/L). In women, DHEA(S) levels peaked 
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between the ages of 15 and 17 years (mean 2.47 mg/L). Mean DHEAS levels then 

steadily declined to 0.67 mg/L in men over the age of 79 years and to 0.45 mg/L in 

women of the same age. 

A series of pharmacological properties of DHEA(S) have been demonstrated, 

including: a possible antiobesity effect, inhibition of fat synthesis, preventive action on 

the development fo atherosclerosis, physiological regulation of the immune response, and 

protective action against certain viral infection in animal model such as HIV-1 infection 

in vitro (232). In spite of numerous investigations, the physiological role of DHEA has 

not yet been clearly established. In recent publishd date suggest that some of the many 

activities of DHEA(S) are due to its protective effect against lipid peroxidation. With 

investigating the whether the compound interferes with CCI4 metabolism that induces 

primary lipid peroxidation in rat liver cells, Aragno et al. (234) suggested that DHEA(S) 

has a direct antioxidant effect, more probably in chain-breaking reactions than in the 

initiation phase of oxidative damage. Thus DHEA(S) seems to depress oxidative 

reactions directly, rather than through an increase in naturally occurring intracellular 

antioxidants. 

The mechanism underlying the antioxidant effect of DHEA(S) may includes the 

modification of lipid membrane composition or its structure, rendering cells more 

resistant to oxidative stress. In this connection, DHEA(S) has been reported to change the 

fatty acid composition of mitochondrial membrane phospholipids in rats (232). In 

addition, mechanisms involving the incorporation of DHEA derivatives into low density 

lipoproteins (LDL) have been postulated to explain the antioxidant protection that these 
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steroids exert on human low density lipoproteins (235). Moreover, the intercalation of 

DHEA into the lipid membranes has been suggested as the mechanism responsible for the 

change in shape of human red blood cells induced by DHEA /n vitro (236). Alternatively, 

the addition of DHEA(S) to the culture medium may modify the content of some 

antioxidant species, thus increasing the cell's defence against free radical damage. DHEA 

has recently been reported by regenerating the endogenous vitamin E of LDL (232). 

However, the content of vitami E and other antioxidants has been reported to remain 

unchanged in tissue homogenates of DHEA-treated mice. 
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CHAPTER 11; MATERIALS AND METHODS 

General Animal Management 

Female C57BL/6 mice were obtained from Charles River Laboratories 

(Wilmington, DE). They were housed in transparent plastic cages with stainless wire lids 

(3 or 4 mice per cage) in the animal facility of the Arizona Health Science Center. 

Animals were cared for as required by the University of Arizona Committee on Animal 

Research. The housing facility was maintained at 20-22 °C and 60-80 % relative 

humidity, with a l2-h light: dark cycle. The mice had free access to water and 

semipurified diet (4 % mouse diet, #7001, Teklad, Madison, WI). 

Animal Management for Micronutrient Deficiency Study 

I. For Survival Study 

Diets containing 100 %, 15 %, and 7.5 % of the recommended amount of 

micronutrients in the AIN93M diet were fed to C57BL/6 mice, 6 wk old (Dyets Inc. 

Bethlehem, PA). This began 2 wk post-infection with LP-BM5 murine leukemia 

retrovirus and continued for 12 wk. The AIN93M diet is formulated to provide for the 

nutrient needs of rodents even after the diet has been autoclaved. Mice were then 

randomly assigned to one of uninfected or infected groups fed following 3 diets: the diet 

containing 100 % of recommended amount of micronutrients; the diet containing 15 % of 

recommended amount of micronutrients; the diet containing 7.5 % of recommended 

amount of micronutrients (TABLE 2). Each contains 24 mice per a group for survival 
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study. The weight of mice, amount of diets and amount of water consumed have been 

measured once a week. Survivability of mice has been monitored three times a week and 

proceeded until all mice naturally die. 

[I. For [mmunological Analysis Study 

Diets containing 100 %, 15 %, and 7.5 % of the recommended amount of 

micronutrients in the AIN93M diet were fed to C57BL/6 mice, 6 wk old (Dyets Inc. 

Bethlehem, PA). This began 2 wk post-infection with LP-BM5 murine leukemia 

retrovirus and continued for 12 wk. The AIN93M diet is formulated to provide for the 

nutrient needs of rodents even after the diet has been autoclaved. Mice were then 

randomly assigned to one of uninfected or infected groups fed following 3 diets: the diet 

containing 100 % of recommended amount of micronutrients; the diet containing 15 % of 

recommended amount of micronutrients; tlie diet containing 7.5 % of recommended 

amount of micronutrients. Each contains 16 mice per a group for immunological analysis 

study. The weight of mice, amount of diets and amount of water consumed have been 

measured once a week. When half of infected mice from the group fed 7.5% of 

recommended amount of micronutrients died, all mice were killed for the immunological 

analysis. 
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Animal Management for Antioxidant Supplementation Study 

I. For Survival Study 

The control diet was AIN 93 M synthetic, pelleted diet (Dyets Inc. 2508 Easton 

Avenue, Bethlehem, PA 18017). It was supplemented with placebo beadlets. The 

supplemented diet was AIN 93 M synthetic, pelleted diet with beta-carotene beadlets (15 

mg/gm diet [Hoffmann-La Roche, Nutley, N.J.]), bioflavanoids (300 ug/gm diet). 

Coenzyme QIO (300 ug/gm diet), d-alpha-tocopherol (10 fold increase over the control 

diet, 1.5 mg/gm diet), L-ascorbic acid (300 ug/mg diet), L-camitine (300 ug/gm diet), 

magnesium (5 fold increase over control diet, 4.2 mg/gm diet), N-acetylcysteine (300 

ug/gm diet), retinol (80 ug/gm diet), selenium (1.8 ug/gm diet), and zinc (289 ug/gm 

diet). After 2 weeks of housing, the mice were randomly assigned to the following 

treatments: uninfected or infected mice fed with control diet, 50 % of antioxidants-diet, 

ICQ % of antioxidants-supplemented diet (TABLE 3). Administration of control and 

antioxidants-supplemented diet were begun 2 weeks after LP-BM5 infection. Each 

contains 24 mice per a group for survival study. The weight of mice, amount of diets and 

amount of water consumed have been measured once a week. Survivability of mice has 

been monitored three times a week and proceeded until all mice naturally die. 

II. For Immunological Analysis Study 

The control diet was AIN 93 M synthetic, pelleted diet (Dyets Inc. 2508 Easton 

Avenue, Bethlehem, PA 18017). It was supplemented with placebo beadlets. The 

supplemented diet was AIN 93 M synthetic, pelleted diet with beta-carotene beadlets (15 
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mg/gm diet [Hoffmann-La Roche, Nutley. N.J.]), bioflavanoids (300 ug/gm diet). 

Coenzyme QIO (300 ug/gm diet), d-alpha-tocopherol (10 fold increase over the control 

diet, 1.5 mg/gm diet), L-ascorbic acid (300 ug/mg diet), L-camitine (300 ug/gm diet), 

magnesium (5 fold increase over control diet, 4.2 mg/gm diet), N-acetylcysteine (300 

ug/gm diet), retinol (80 ug/gm diet), selenium (1.8 ug/gm diet), and zinc (289 ug/gm 

diet). After 2 weeks of housing, the mice were randomly assigned to the following 

treatments: uninfected or infected mice fed with control diet, 50 % of antioxidants-diet, 

100 % of antioxidants-supplemented diet. Administration of control and antioxidants-

supplemented diet were begun 2 weeks after LP-BM5 infection. Each contains 16 mice 

per a group for immunological analysis study. The weight of mice, amount of diets and 

amount of water consumed have been measured once a week. When 4 mice from any 

group died, all mice were killed for the immunological analysis. 

Animal Management for DHEA(S) and Aging Study 

I. For Survival Study 

For the study of very old mice, female C57BL/6 ones, 16 months old, were 

obtained from Charles River Laboratories (Wilmington, DE). The 59 mice were 

housed in transparent plastic cages with stainless wire lids (4/cage) in the animal 

facility of the Arizona Health Science Center. Animals were cared for as required by 

the University of Arizona Committee on Animal Research. They were fed AIN 93 M 

synthetic mouse diet for 13 months until 29 months old. By this time 71% of the 

mice had died. The housing facility was maintained at 20-22° C and 60-80% relative 
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humidity, with a I2-h lightrdark cycle. Mice found to have tumors and grossly 

visible skin lesions were not used. The mice were randomly assigned to the control 

group (8 mice) fed the AIN 93 M synthetic mouse diet or the supplemented group (9 

mice). The latter were fed the AIN 93 M diet supplemented with 0.06% DHEA for 6 

weeks. Surviving mice were killed while under ether anesthesia. Spleens were then 

dissected, removed and kept at 4° C. 

II. For Immunological Analysis of Mice for Antioxidants and DHEA(S) Study 

For the antioxidant nutrients + DHEAS study, 16 month old female C57BL/6 

mice were randomly assigned to the following (8 mcie /group): uninfected control mice 

fed the control AIN 93 M diet; uninfected mice fed the AIN 93 M diet nutrients 

supplemented antioxidant; retrovirus infected mice fed the control diet; and infected mice 

fed antioxidant nutrients. Administration of diet supplemented with the diet antioxidant 

nutrients was begun 2 weeks after LP-BM5 infection. The 16 month old mice were fed 

the AIN 93 M diet for 16 weeks. The control diet was AIN 93 M synthetic, pelleted diet 

(Dyets Inc. 2508 Easton Avenue, Bethlehem, P.A 18017). It was supplemented with 

placebo beadlets for the antioxidant nutrient study. The antioxidant nutrients 

supplemented diet was the AIN 93 M synthetic, pelleted diet with beta-carotene beadlets 

(15 mg/gm diet [Hoffmarm-La Roche, Nutley, N.J.]), bioflavanoids (300 ng/gm diet), 

coenzyme QIO (300 fig/gm diet), d-alpha-tocopherol (10 fold increase over the control 

diet, 1.5 mg/gm diet), L-ascorbic acid (300 fig/mg diet), L-camitine (300 fig/gm diet), 

magnesium (5 fold increase over control diet, 4.2 mg/gm diet), N-acetylcysteine (300 
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fig/gm diet), retinol (80 {^g/gm diet), selenium (1.8 |ag/gm diet), and zinc (289 ^g/gm 

diet). DHEAS (dehydroepiandrosterone sulfate) powder was purchased from Sigma (St 

Louis, MO) and dissolved into the animal drinking water to the final concentration of 

0.01%. Half of the mice were in each group (8) fed DHEAS for 16 weeks. Both were 

give ab libitum. Treatment with the supplemented diet or water was for 16 weeks. 
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TABLE 2 . Dietarj' composition of reduced amount of micronutrients. 

Control diet (100 %)t 7.5 % 

(g / Kg diet) 

15% 

Casein 140 140 140 

Cornstarch 465.7 465.7 465.7 

Dyetrose 155 155 155 

Sucrose 100 100 100 

Cellulose 50 50 50 

Soybean oil 40 40 40 

t-butylhydroquinone 0.008 0.008 0.008 

Mineral mix 35 2.625 5.25 

Vitamin mLx 10 0.75 1.5 

L-cystine 1.8 1.8 1.8 

Choline Bitartrate 2-5 2.5 2.5 

t Control diet is AIN93M synthetic, pelleted diet. Among the diets sources of 

proteins, carbohydrates, and lipids remained unchanged except for mineral and 

vitamin sources. The composition of mineral and vitamin mix was previously 

published (Reeves et al. 1993). 
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TABLE 3. Composition of Antioxidants Diet* 

Components Concentration (unit/Kg diet) 

P-carotene 15 mg 

Coenzyme Qio 300 mg 

d-a-tocopherol 1.5 g 

L-ascorbic acid 300 mg 

L-camitine 300 mg 

Magnesium 4.2 g 

N-acetylcysteine 300 mg 

Retinol 80 mg 

Selenium 1.8 mg 

Zinc 289 mg 

* added into AIN93M syntiietic, pelleted diet 
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Infection of LP-BIVI5 murine retrovirus 

LP-BM5 retrovirus was administered intraperitoneaily to mice in 0.1 ml of 

minimum essential medium with an esotropic titer (XC) of 4.5 logio plaque forming units 

^ 10"'' /L. which induces disease with a time course comparable with that previously 

published (237). Infection of young and old female C57BL/6 mice with LP-BM5 murine 

leukemia leads to the rapid induction of clinical symptoms with virtually no latent phase 

(238). The mice were infected two weeks prior to initiation of retroviral infection as done 

previously in numerous studies (237, 239, 240). Wlien murine AIDS had developed, all 

mice in all groups were killed the same week while under ether anesthesia. Spleens and 

lymph nodes were then dissected, removed and kept at 4 °C. Livers and hearts for 

nutritional analysis were collected and stored at -70 °C until assayed. 

ELISA assay for cytokines. 

The production of IL-2, IL-4, IL-6, and TNF-a from mitogen-stimulated 

splenocytes was determined as described previously (239, 240). Briefly, spleens were 

gently teased with forceps in culture medium (CM, RPMI 1640 containing 10 % fetal 

bovine serum, 2 mmol/L glutamine, 1 x 10^ units/L of penicillin and streptomycin), 

producing suspension of spleen cells. Red blood cells were lysed by the addition of a 

lysis buffer (0.16 mol/L ammonia chloride Tris buffer, pH 7.2) at 37 °C for 3 min. Then 

the cells were washed twice with CM. Cell concentrations were counted and adjusted to 1 

X 10'° units/L. Splenocyte viability was > 95 % as determined by trypan blue exclusion. 
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Splenocytes [0.1 mHywell (1 x 10'° cells/L)] were cultured in triplicate on 96-well flat-

bottom culture plates (Falcon 3072, Lincoln Park^NJ) with CM. The splenocytes were 

then stimulated with concanavalin A (Con A, I x 10'" g/L. 0.1 mL/well, Sigma, St. 

Louis, MO) to determine their production of IL-2 after 24-h incubation and IL-4 after 48-

h incubation in a 37 °C, 5 % CO2 incubator. Splenocytes were also incubated for 24-h 

after the addition of lipopolysaccharide (LPS, I x 10"" g/L, Gibco, Grand Island, NY) to 

induce IL-6 and TNF-a production. After incubation, the plates were centrifiiged for 10 

min at 800 x g. Supematants were collected and stored at -70 °C until analysis. The 

cytokines were determined by sandwich ELISA as described previously (286). Rat anti-

murine IL-2, IL-4, IL-6, and TNF-a purified antibodies, rat anti-murine IL-2, IL-4, IL-6, 

and TNF-a biotinylated antibodies, and recombinant murine lL-2, IL-4, IL-6, and TNF-

a were obtained from Pharmingen (San Diego, CA). 

Mitogenesis of splenocytes. 

Splenic T and B cell proliferation was determined by ""H-thymidine incorporation 

as described previously (239, 240). Briefly, splenocytes in O.l ml of CM (I x lO' 

cells/L) were cultured in 96-well flat-bottom cultured plates (Falcon) with Con A and 

LPS ( 10 |j,g/mL). They were incubated at 37 °C, 5 % CO2 incubator for 20-h for Con A-

induced T cell proliferation and 44-h for LPS-induced B cell proliferation, and then 

pulsed with "H-thymidine (0.5 fiCi / well. New England Nuclear, Boston, MA). After 4-

h, they were harvested by a cell sample harvester (Cambridge Technology, Cambridge, 
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MA). Radioactivity was determined by a liquid scintillation counter (Tri-Carb, 2200 CA, 

Packard, Lagunahills, CA). Data were presented as counts per minute (cpm). 

Determination of vitamin E. 

Vitamin E levels in liver were measured by HPLC as described previously (241). 

Briefly, -0.1 g of tissues was homogenized in I 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 steady flow of nitrogen gas at 20 °C and then redissolved in 0.5 mL of methanol 

injection onto a C18 column (3.9 x 150-mm NovaPak, Millipore, Bedford, MA). A 

mobile phase composed of methanol: I mol/L sodium acetate in the ratio of 98:2 (by 

volume) at a flow rate of 1.5 ml/min was used, a-tocopherol, eluting at 6.5 min, was 

monitored by a fluorescence detector (Millipore) at 290-nm excitation and 320-nm 

emission wavelength. 

Measurement of lipid peroxidation 

Lipid peroxidation (LPO) in liver was measured by K-Assay^^ LPO-CC Assay 

Kit obtained from Kamiya Biomedical Company (Seattle, WA). This method has 

previously been shown to be a more sensitive lipid peroxide measurement (assay range: 

2-300 nmol/ml) than conventional chemical analysis (242). Briefly, ~ 0.2 g of liver tissue 

was homogenized in 3 ml of CHCI3 /methanol (2:1, v/v). 0.6 ml of 0.9 % NaCl was added 

to clarify and the mixture was centrifliged at 3000 x g for 10 min. The supernatant was 
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discarded while bottom layer that includes CHCI3 was evaporated under Ni gas. 100 |j.1 of 

isopropanol was added to dissolve lipid residue and 20 (j.1 of sample was used to measure 

lipid peroxides with the LPO FCit. Lipid peroxidation values were calculated by the 

equation given from the company. 

LPO value in nmol/ml = (Es - Eb) x 50.0 / (Estd - Eb) 

Es: Sample absorbance, Estd: Absorbance of 50 nmol/ml standard, Eb: Blank absorbance 

LPO value was converted to the percent unit for illustration. 

Statistical Analysis 

The possibility of treatment effects was assessed in this study using Student's 

two-tailed f test. Mean differences between treatment group (nutrient deficiency, 

antioxidants, and DHEAS) and the control group were tested within retrovirus category 

(positive or negative). Likewise, treatment groups were also tested for mean differences 

between retrovirus category. Test statistics were considered significant at the /? = 0.05 

level. For clarity, the 95 % confidence interval for the mean level of each cytokine was 

reported. 
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CHAPTER ni : RESULTS 

SECTION I - EFFECT OF NUTRIENT DEFICIENCIES IN MAIDS 

Body weight, dietary intake, and spleen weight 

There were no significant differences in body weight due to LP-BM5 murine 

retrovirus infection or dietary intake between the mice that consumed the diet containing 

100 % of recommended amount of micronutrients (21.25 ± 1.04 g) and the mice that 

consumed the diet containing 15 % (22.43 ±2.14 g). However, mice consuming the diet 

containing 7.5 % of recommended micronutrient intake significantly lost body weight 

(18.8 ± 0.98 g) and consumed significantly less diet. This observation was exacerbated by 

murine retrovirus infection (14 ± 0.2 g). Spleen and lymph node weights (14-wk post

infection) were significantly (p < 0.05) elevated in infected mice. Such changes 

previously indicated that infection had progressed to severe immunodeficiency and 

aberrant cell accumulation or proliferation. The effects of the various diets on spleen 

weight were not significant. 

Survival of Mice 

Of the infected mice consuming the diet containing 7.5 % of normal dietary 

micronutrients, 50 % had died by the 7.5'*' wk (FIGURE 1), while 50 % of uninfected 

mice consuming the diet with 7.5 % of normal dietary micronutrients had died by the 

11.5''' wk. The remainder had lived until the 33''' wk. Of the infected mice consuming 
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FIGURE 1. Reduced Micronutrient Intake Modifies Survival of C57BL/6 Female 

Mice. Diets containing 100%, 15%. and 7.5% of the recommended amount of 

micronutrients in the NIH-31 diet were fed to mice (6 wk old, 24 mice/group). This 

began 2 wk post-infection with murine retrovirus. Data suggest that 50% of infected mice 

consumed the diet containing 7.5% of micronutrients had died in 7 wks while 50% of 

uninfected mice consumed the same diet had died in 11 wks. 



83 

the diet containing 15 % and 100 % of normal dietary micronutrients, 50 % died by the 

28''' wk (FIGURE 1). There was no significant difference in survival between uninfected 

mice consuming the diet with 15 % or 100 % of normal dietary micronutrients. 

Mitogenesis of splenocytes 

In vitro proliferation of splenocytes stimulated by Con A and LPS were 

significantly (p < 0.05) decreased by murine retrovirus infection (FIGURE 2). 

Consumption of 15 % of normal dietary micronutrients did not affect proliferation of T 

and B cells from uninfected or infected mice compared to uninfected and infected mice 

consuming 100 % of normal dietary micronutrients. Consumption of the diet containing 

only 7.5 % of the normal amount of micronutrients inhibited T- and B-cell mitogenesis of 

cells from uninfected mice by 59 % and 19 % respectively (T cell ; 95 % CI = 21.5 to 

25.3 X 10"^ cpm, B cell; 36.3 to 40.9 x 10^ cpm ; df = 12, p<0.05) compared to cells from 

uninfected mice fed the 100 % micronutrient diet (T cell ; 95 % CI = 51.3 to 63.5 x 10"' 

cpm, B cell ; 43.6 to 51.8 x 10"' cpm ; df = 23, p<0.05). In addition, with cells from mice 

were infected by murine retrovirus, the T- and B-cell mitogenesis was fruther 

exacerbated when isolated from mice that ate the diet containing 7.5 % of micronutrients 

by 93 % and 89 % (T cell ; 95 % CI = 0.48 to 3.03 x 10^ cpm, B cell; 0.76 to 5.7 x 10^ 

cpm ; df = 7, p<0.05) compared to infected mice fed 100 % of normal micronutrients (T 

cell; 95 % CI = 19.2 to 25.8 x 10"' cpm, B cell; 22.9 to 28 x lO"* cpm ; df = 21, p<0.05). 
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FIGURE 2. Effect of Reduced Micronutrient Intake on Mitogenesis of Splenocytes 

in vitro. T- and B-cell mitogenesis was determined by ^H-thymidine incorporation into 

DNA. Splenocytes (1 x lO' cells/ml RPMI medium) were cultured in 96 wells for 48 h at 

37 °C with Con-A and LPS. Cells were collected by Cell Harvester, and radioactivity was 

measured by a liquid scintillation counter. Data presented as mean ± SD of triplicate 

wells. ^p<0.05 in comparison with uninfected control mice,'' /7<0.05 in comparison with 

infected controls. 
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TABLE 4 

Effect of reduced micronutrient intake on ThI type cytokine (IL-2 and IFN-y) production 

by ConA-stimulated splenocytes in murine AIDS 

Treatment Cytokines (ng/ml) 

LPB.VI-5 100% 15% 7.5% IL-2 IFN-y 

— + - — 4.8 (4.55,5.05) 26.6 (25.2,28.0) 

- - + — 4.36 (3.96,4.77) 27.4 (25.5,29.3) 

- — — + 4.56 (4.49,4.63) 17.8(16.5,19.1)* 

+ + - — 2.22 (2.07,2.37)* 17.1 (15.4,18.8)* 

+ - + - 2.0 (1.72,2.28)* 13.8(11.0,15.6)* 

+ — - + 0.86 (0.79,0.93)*t 7.8 (7.05,8.55)*t 

Splenocytes (I x lO' cells/ml RPMI medium) were incubated with ConA for 24 

hrs (IL-2) and 72 h (IFN-y) at 37 °C. After collecting supematants, rat anti-murine IL-2 

and IFN-y antibodies were used to detect murine IL-2 and IFN-y. The concentration of 

c>l;okines was measured by ELISA at 450 nm. Data presented as mean (95% Confidence 

Intervals:CI) of triplicate wells. * /7<0.05 in comparison with uninfected control mice, 

t p<0.05 in comparison with infected controls. 
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TABLE 5 

Effect of reduced micronutrient intake on Th2 type cytokine (IL-4, IL-6 and IFN-y) 

production by ConA-stimulated splenocytes in murine AIDS 

Treatment Cytokines (ng/ml) 

LPBM-5 100% 15% 7.5% [L-4 IL-6 TNF-a 

- + - - 1.18(1.03,1.33) 2.22(1.8.2.64) 4.65(3.8,5.5) 

+ - 2.0 (1.86,2.14)* 2.1 (1.66,2.54) 6.68(5.62.7.75)* 

- - + 2.95(2.84.3.06)* 3.8 (3.41,4.19)* 5.89(5.02,6.76) 

+ + - - 3.11 (2.84,3.38)* 4.3 (4.18,4.42)* 9.6 (8.9,10.3)* 

+ - + - 3.58 (3.39,3.77)*t 4.58 (4.5,4.66)*t 8.57 (7.85,9.3)* 

+ - - + 4.2 (3.94,4.46)*t 9.0 (8.57,9.43)*t 12.0 (11.4,12.6)*t 

Splenocytes (1 x 10^ cells/ml RPMI medium) were incubated with ConA (IL-4) 

and LPS (IL-6 and TNF-a) for 24 h at 37 °C. After collecting supematants, rat anti-

murine IL-4, lL-6, and TNF-a antibodies were used to detect murine IL-4, IL-6, and 

TNF-a. The concentration of cytokines was measured by ELISA at 450 nm. Data 

presented as mean mean (95% Confidence IntervalsiCI) of triplicate wells. * p<0.05 in 

comparison with uninfected control mice, t /7<0.05 in comparison with infected controls. 
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FIGURE 3. Effect of Reduced Micronutrient Intake on Vitamin E Levels. Hepatic 

vitamin E level was used as an indicator for oxidative stress in liver. 0.2 g of mouse liver 

was used to extract vitamin E and assay was performed by HPLC. Data indicate that 

hepatic vitamin E level was decreased due to murine retrovirus infection and reduced 

micronutrient intake. Data presented as mean ± SD of triplicate wells. ^ p<0.05 in 

comparison with uninfected control mice, ''/7<0.05 in comparison with infected controls. 
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Cytokine production by splenocytes 

In vitro production of the Thl cell cytokines, lL-2 and IFN-y, by Con A-stimulated 

splenocytes was significantly (p<0.05) inhibited by retrovirus-infected mice as compared 

to uninfected mice (TABLE 4). IL-2 secretion was further decreased in cells from 

infected mice fed the diet containing 7.5 % of the normal dietary micronutrients (95 % CI 

= 0.79 to 0.93 ng/ml; df = 7, p<0.05), but not by diet containing 15 % of normal dietary 

micronutrients. IFN-y secretion was further decreased in cells from infected mice fed the 

diet containing 7.5 % of micronutrients (95 % CI = 7.05 to 8.55 ng/ml; df = 7, p<0.05) as 

well as in cells from uninfected mice (95 % CI = 25.2 to 28 ng/ml; df = 12, p<0.05). 

However, consumption of the diet containing 15 % of normal dietary micronutrient level 

did not affect IFN-y production. 

Th2 cells produce cytokines that stimulate the synthesis and secretion of 

antibodies. At high levels they suppress Thl cells' cytokine secretion, increasing 

susceptibility to infection. Release of TNF-a and Th2 cell cytokines, IL-4 and IL-6, by 

LPS-stimuIated splenocytes was significantly (p<0.05) increased in retrovirus-infected 

mice (TABLE 5). Consumption of the diet containing 7.5 % of micronutrients further 

enhanced IL-4, IL-6, and TNF-a secretion by cells from infected mice (IL-4; 95 % CI = 

3.94 to 4.46 ng/ml, IL-6; 95 % CI = 8.57 to 9.43 ng/ml, TNF-a; 95 % CI = 11.4 to 12.6 

ng/ml; df = 7, p<0.05) compared to the infected mice fed 100 % of normal micronutrient 

intake. In addition, consumption of the diet containing 7.5 % of normal dietary 

micronutrients significantly (p<0.05) increased IL-4 and IL-6, but not TNF-a secretion in 

uninfected mice compared to uninfected controls (TABLE 5). Intake of diet with 15 % of 



89 

normal micronutrient levels partially increased IL-4, IL-6, and TNF-a secretion in 

infected mice, but did not affect Th 2 cytokine production in uninfected mice compared 

to their own controls. 

Hepatic vitamin E levels 

Hepatic vitamin E levels decrease during low levels of antioxidant intake and/or 

murine retrovirus infection due to increased free radicals, resulting in increased tissue 

lipid peroxidation. To estimate the effects of restricted micronutrient intake on the 

production of free radicals during murine retrovirus infection, hepatic vitamin E levels 

were measured 16 wk post-infection. They were significantly (p<0.05) reduced by 

retrovirus infection (FIGURE 3). This was further exacerbated by consumption of the 

diet with 7.5 % of the normal dietary micronutrients in murine retrovirus-infected mice 

(95 % CI = 0.047 to 0.079 jimol/g; df = 7, p<0.05) as well as uninfected mice (95 % CI = 

0.41 to 0.61 i^mol/g; df = 12, p<0.05). Consumption of the diet with 15 % of the normal 

micronutrient levels also partially decreased hepatic vitamin E levels in murine 

retrovirus-infected as well as uninfected mice (FIGURE 3). 

Hepatic Lipid peroxidation levels 

Murine retrovirus infection significantly (p<0.05) increased hepatic lipid peroxidation 

(FIGURE 4). Consumption of the diet containing 7.5 % of the normal amount of 

micronutrients further enhanced hepatic lipid peroxidation in murine retrovirus-infected 

as well as uninfected mice by 244 % and 210 % respectively compared to infected and 
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uninfected controls. Consumption of the diet containing 15 % of the normal level of 

micronutrients only partially increased hepatic lipid peroxidation although the data 

showed significance compared to infected and uninfected controls. 
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FIGURE 4. Effect of Reduced Micronutrient Intake on Lipid Peroxidation in 

Liver. Lipid peroxidation was determined with 0.2 g of mouse liver tissue. Phospholipid 

in the liver tissue was extracted by CHCh/Methanol (2: 1 v/v) method. Lipid peroxides 

were measured by ELISA reader at 678 nm. Lipid peroxidation was significantly 

increased due to both retrovirus infection and reduced micronutrient intake. Data 

presented as mean ± SD of triplicate wells. a p<0.05 in comparison with uninfected 

control mice, b p<0.05 in comparison with infected controls. 
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SECTION II - SUPPLEMENTATION OF ANTIOXIDANTS DURING MAIDS 

Body Weight 

There were no significant changes in food or water consumption due to infection. 

Mice consuming the diet containing the multiple antioxidant supplements had an intake 

of 3.8 ± 0.28 g/mouse/day, while controls ate 3.62 ± 0.41 g/mouse/day. Spleen and lymph 

node weights (18 week post-infection) were significantly (p<0.05) elevated in infected 

mice, indicating that the infection had progressed to murine AIDS. 

Survival of Mice 

Retrovirus-infected mice fed 50 % of antioxidants-containg diet died with no 

significance compared with infected control (LD50 : week 24 and 25) (FIGURE 5). 

However, mice fed 100 % of antioxidant diet lived longer than other groups (LD50 : wek 

29). All mice unsupplemented and fed 50 % of antioxidant diet reached to death within 

week 31.5 and 32.5. 30 % of the mice fed 100 % of antioxidant diet survived through 

week 57. 

Mitogenesis of splenocytes. 

Proliferation of Con A- and LPS-induced splenocytes in vitro was significantly 

(p<0.05) decreased by murine retrovirus infection (FIGURE 6). This was significantly 

(p<0.05) prevented by multiple antioxidant food consumption fed for 16 weeks. 

Supplementation of retrovirus infected mice increased T and B cell mitogenesis severely 
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FIGURE 5. Effect of Antioxidants Supplementation on Survival of C57BLy6 

Female Mice. 6 wk old infected mice (16 mice/group) were fed AIN93M control diet, 

mixture (1:1) of control diet and high antioxidants diet, and high antioxidant diet alone. 

This began 2 wk post-infection with murine retrovirus. Data suggest that high 

antioxidants supplementation of infected mice increased the survival of mice (LD50) by 

21%, respectively. ^/7<0.05 in comparison with uninfected control mice, '' p<0.05 in 

comparison with infected controls. 
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FIGURE 6. Supplementation of Antioxidants on T and B Cell Proliferation. Every 

sample was determined in triplicate. Bar are mean ± SD for each group. ap < 0.05 

compared to uninfected control mice. b P < 0.05 compared to infected control mice. 
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suppressed by the infection, 137 % and 76 % respectively. Multiple antioxidant 

supplementation for 16 weeks also significantly (p<0.05) increased T- and B- cell 

proliferation in uninfected mice. These treatments partially restored mitogen-stimulated 

T-cell proliferation and maintained near normal B-cell proliferation in retrovirus-infected 

mice compared to uninfected, unsupplemented mice. 

Cytokine production by spienocytes. 

In vitro production of the T helper 1 cell cytokine, IL-2, is vital to stimulate T cell 

proliferation and activity. IL-2 secretion by Con A-stimulated spienocytes was 

significantly (p<0.05) inhibited in retrovirus-infected mice. IL-2 release in infected mice 

fed the antioxidant diet was 0.688 ± 0.04 ng/ml while those fed control diet had 0.271 ± 

0.012 ng/ml. Consumption of the multiple antioxidant diet for 16 weeks significantly 

(p<0.05) increased IL-2 release by mitogen-stimulated spienocytes from infected mice 

compared to those from infected, unsupplemented mice. 

Th2 cells produce cytokines stimulate the synthesis and secretion of antibodies 

while their high levels suppress Thl cells and their cellular immunity to pathogens and 

cancers. Release of Thl cytokines, IL-4, IL-6, and TNF-a, by LPS-stimulated spleen 

cells was significantly (p<0.05) increased in the retrovirus-infected mice (FIGURE 7). 

Multiple antioxidant consumption for 16 weeks maintained near normal IL-4, IL-6 and 

TNF-a release in infected mice. It was significantly (p<0.05) lower than that of cells 

from infected, unsupplemented mice (FIGURE 7). However, multiple antioxidant 
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FIGURE 7. Supplementation of Antioxidants on Th2 Cytokine Release. Every 

sample was determined in triplicate. Bar are mean ± SD for each group. Cytokine was 

evaluated in 0.2-ml volume with 1 x 106 splenocytes. ap < 0.05 compared to uninfected 

control mice. b P < 0.05 compared to infected control mice. 
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supplementation did not significantly (p<0.05) affect IL-6 release in uninfected mice 

(FIGURE 7). 

Hepatic vitamin E concentration. 

The liver is the major organ that has been studied for tissue vitamin E deficiency 

in murine AIDS. The concentration of hepatic vitamin E was significantly (p<0.05) 

reduced by retrovirus infection (FIGURE 8). Hepatic vitamin E levels in infected mice 

fed the antioxidant diet was 0.163 ± 0.013 (miol/gm while those fed control diet had 0.09 

± 0.009 jimol/gm. Multiple antioxidant supplementation for 16 weeks significantly 

(p<0.05) retarded the loss of tissue vitamin E during infection. Uninfected mice that 

consumed multiple antioxidants also had significantly (p<0.05) increased hepatic vitamin 

E levels which was 0.239 ±0.016 }xmoI/gm compared to uninfected control which had 

0.185 ± 0.013 jmioL/gm. 



98 

0.3 

D Control 
a 

fl Antioxidants - 0.25 C) 
:::: 
0 
E 
::t - 0.2 

Q) 
a, b 

> 
Q) 

w 
0.15 r::: 

E 
cu ..... ·:; 

0.1 
0 

+:i cu c. 
Q) 

J: 0.05 

0 +-----~------

Uninfected Infected 

FIGURE 8. Hepatic Vitamin E Level after Antioxidant Supplementation. Hepatic 

vitamin E level was used as an indicator for oxidative stress in liver. 0.2 g of mouse liver 

was used to extract vitamin E and assay was performed by HPLC. Data indicate that 

hepatic vitamin E level was decreased due to murine retrovirus infection and increased 

antioxidant diet intake. Data presented as mean ± SD of triplicate wells. a p<0.05 in 

comparison with uninfected control mice, b p<0.05 in comparison with infected controls. 
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SECTION III - TREATMENT OF IMMUNE DYSFUNCTION IN VERY OLD 

MICE WITH DHEA 

Body weight and survival 

Body and spleen weight were not significantly different between unsupplemented 

and DHEA supplemented very old mice. The 16 month old mice were aged 13 months 

with 71% dying gradually over that period. Then supplementation was began at 29 month 

of age. Survival of very old mice treated with DHEA was significantly {p < 0.05) higher 

than the untreated ones (FIGURE 9). 

Mitogenesis of splenocytes 

T cell proliferation in spleen was significantly {p < 0.05) increased by DHEA 

supplementation in very old mice (FIGURE 10). No difference of B cell proliferation 

between groups was found. 

Cytokine production by splenocytes 

In aging, production of the mitogen- or antigen-stimulated Thl cell cytokine, IL-

2, is suppressed, while IFN-y is increased. In the present study, production of IL-2 was 

significantly ip < 0.05) increased in very old mice by DHEA supplementation (FIGURE 

11). DHEA supplementation significantly ip < 0.05) decreased production of IFN-y in old 

very mice (FIGURE 11). 

Th2 cells produce cytokines that stimulate the synthesis and secretion of 

antibodies. High levels suppress Thl cells and thus cellular immunity to pathogens and 
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cancers. Release of Th2 cytokines IL-4 and IL-6 by LPS-stimulated splenocytes tended to 

be lower in very old mice (FIGURE 12) treated with DHEA for 6 weeks, but no 

significant difference. 
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FIGURE 10. Supplementation of DHEA on T Cell Proliferation. Every sample from 

each very old mouse was determined in triplicate. Values are means ± SE for each group. 

a indicates significant differences at P < 0.05 compared to control mice. 
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FIGURE 11. Supplementation of DHEA on Interferon-y (INF-y) and Interleukin-2 

(IL-2) Production by Splenocytes from in vitro. Every sample from each very old 

mouse was determined in triplicate. Values are means ± SE for each group. a indicates 

significant differences at P < 0.05 compared to control mice. 
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mouse was determined in triplicate. Values are means ± SE for each group. 
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SECTION IV : IMMUNE FUNCTION IN OLD MICE FED ANTIOXIDNAT 
NUTRIENTS AND/OR DHEAS 

Body weight 

There were no significant changes in food or water consumption due to infection. 

Mice consuming the diet containing the antioxidant nutrients had an intake of 3.8 ± 0.28 

g/mouse/day, while controls ate 3.62 ± 0.41 g/mouse/day. Mice also consumed 3.9 

mL/mouse/day in water containing 0.01% of DHEAS and there were no significant 

differences between feeding groups. Spleen and lymph node weights (18 week post

infection) were significantly (p < 0.05) elevated in infected mice, indicating that the 

infection had progressed to murine AIDS. 

Mitogenesis of splenocytes 

Proliferation of Con A- and LPS-induced splenocytes in vitro was significantly {p 

< 0.05) decreased by murine retrovirus infection (FIGURE 13, 14). This was significantly 

{p < 0.05) prevented by the antioxidant nutrients consumed 16 weeks. Supplementation 

of retrovirus infected mice increased T and B cell mitogenesis, 137% and 76% 

respectively. Antioxidant nutrient supplementation for 16 weeks also significantly ip < 

0.05) increased proliferation of T- and B-cells fi-om uninfected mice. These treatments 

partially restored mitogen-stimulated T-cell proliferation and maintained near normal B-

cell proliferation in retrovirus-infected mice compared to uninfected, unsupplemented 

mice. Supplementation of infected mice with antioxidant nutrients plus DHEAS 

significantly (p < 0.05) increased T and B cell proliferation compared to infected, 

unsupplemented mice. 
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FIGURE 13. Supplementation of Antioxidant Nutrients + DHEAS on T Cell 

Proliferation. Supplementation of antioxidant nutrients + DHEAS modified T cell 

proliferation of 1 7 month old mice by the time they were 20 month old. Every sample 

was determined in triplicate. Values are means ± SD for each group. Letters indicate 

significant differences at P < 0.05: a, compared to uninfected control mice; b, compared 

to retrovirus infected control mice. 
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FIGURE 14. Supplementation of Antioxidant Nutrients + DHEAS on B Cell 

Proliferation. Supplementation of antioxidant nutrients + DHEAS modified B cell 

proliferation of 1 7 month old mice by the time they were 20 month old. Every sample 

was determined in triplicate. Values are means ± SD for each group. Letters indicate 

significant differences at P < 0.05: a, compared to uninfected control mice; b, compared 

to retrovirus infected control mice; c, compared to uninfected and infected control; d, 

compared to infected and antioxidant nutrient supplemented mice. 
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However, combined treatment augmented only B but not T cells proliferation by 127% 

compared cells from mice fed antioxidant nutrients only alone. 

Cytokine production by splenocytes 

In vitro production of the ThI cell cytokine, IL-2, is vital to stimulate T cell proliferation 

and activity. IL-2 secretion by Con A-stimulated splenocytes was significantly {p < 0.05) 

inhibited in retrovirus-infected mice (FIGURE 15). Consumption of the antioxidant diet 

for 16 weeks significantly {p < 0.05) increased IL-2 release by mitogen-stimulated 

splenocytes from infected mice compared to those from infected, unsupplemented mice. 

IL-2 release in infected mice fed the antioxidant diet was 0.688 ± 0.04 ng/mL while those 

fed control diet had 0.271 ± 0.012 ng/mL. Antioxidant + DHEAS significantly 

normalized IL-2 secretion compared to uninfected, unsupplemented mice and was more 

effective than antioxidants alone in infected mice. 

Th2 cells produce cj^okines that stimulate the synthesis and secretion of 

antibodies while their high levels suppress cytokine production by Thl cells and cellular 

immunity. Release of Th2 cytokines, TNF-a, IL-4, and IL-6, by LPS-stimuIated spleen 

cells was significantly {p < 0.05) increased in the retrovirus-infected mice (FIGURE 15, 

16, 17, 18). Nutrient supplementation for 16 weeks lowered TNF-a, IL-4, and IL-6 

release in infected mice. It was significantly (p < 0.05) lower than that of cells from 

infected, unsupplemented mice. However, antioxidant nutrient supplementation did not 

significantly affect IL-6 release in uninfected mice (FIGURE 18). Consumption of the 

antioxidant nutrient supplemented diets + DHEAS in infected mice significantly ip < 
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0.05) reduced all Th2 cytokine secretion, TNF-a, IL-4, and IL-6 to llAVo, 83.2%, and 

79.7%, compared to nutrient supplementation only. It also maintained Th2 cytokine 

production by cells from infected mice near that of cells from uninfected, 

unsupplamented mice. 

Hepatic vitamin E 

The liver is the major organ studied for tissue vitamin E deficiency in murine 

AIDS. The concentration of hepatic vitamin E was significantly {p < 0.05) reduced by 

retrovirus infection (FIGURE 19). Hepatic vitamin E levels retrovirus in infected mice 

fed the antioxidant diet was 0.163 ± 0.013 ^imol/gm while those fed control diet had 0.09 

± 0.009 ^.mol/gm. Antioxidant supplementation for 16 weeks significantly {p < 0.05) 

retarded the loss of tissue vitamin E during infection. Uninfected mice that consumed 

antioxidants also had significantly {p < 0.05) increased hepatic vitamin E levels to 0.239 

± 0.016 i^mol/gm compared to uninfected control which had 0.185 ± 0.013 ^mol/gm. 

Hepatic vitamin E levels in infected mice fed with both antioxidants + DHEAS, 0.17 ± 

0.014 jimol, were essentially the same as uninfected control. 
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FIGURE 15. Supplementation of Antioxidant Nutrients + DHEAS on Interleukin-2 

(IL-2) Production by Splenocytes Mitogen Stimulated in vitro. Every sample from 

each old mouse was determined in triplicate. Values are means ± SD for each group. 

Letters indicate significant differences at P < 0.05: a, compared to uninfected control 

mice; b, compared to retrovirus infected control mice; c, compared to uninfected and 

antioxidant nutrient supplemented mice; d, compared to infected and antioxidant nutrient 

supplemented mice. 
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FIGURE 16. Supplementation of Antioxidant Nutrients + DHEAS on Tumor 

Necrosis Factor-alpha (TNF-a) Production by Splenocytes Mitogen Stimulated in 

vitro. Every sample from each old mouse was determined in triplicate. Values are means 

± SD for each group. Letters indicate significant differences at P < 0.05: a, compared to 

uninfected control mice; b, compared to retrovirus infected control mice; c, compared to 

uninfected and antioxidant nutrient supplemented mice; d, compared to infected and 

antioxidant nutrient supplemented mice. 
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FIGURE 17. Supplementation of Antioxidant Nutrients + DHEAS on Interleukin-4 

(IL-4) Production by Splenocytes in vitro. Every sample from each old mouse was 

determined in triplicate. Values are means ± SD for each group. Letters indicate 

significant differences at P < 0.05: a, compared to uninfected control mice; b, compared 

to retrovirus infected control mice; d, compared to infected and antioxidant nutrient 

supplemented mice. 
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FIGURE 18. Supplementation of Antioxidant Nutrients + DHEAS on Interleukin-6 

(IL-6) Production by Splenocytes in vitro. Every sample from each old mouse was 

determined in triplicate. Values are means ± SD for each group. Letters indicate 

significant differences at P < 0.05: a, compared to uninfected control mice; b, compared 

to retrovirus infected control mice; d, compared to infected and antioxidant nutrient 

supplemented mice. 
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FIGURE 19. Effect of Antioxidant Nutrients + DHEAS on Hepatic Vitamin E 

Levels. Values are means ± SE for each group. Letters indicate significant differences at 

P < 0.05: a, compared to uninfected control mice; b, compared to retrovirus infected 

control mice; d, compared to infected and antioxidant nutrient supplemented mice. 
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CHAPTER 5: DISCUSSION 

SECTION 1 - EFFECT OF NUTRIENT DEFICIENCIES IN MAIDS 

Our data suggest that reduced micronutrient intake alone can severely influence 

survival of mice. Murine retrovirus infected mice consuming reduced micronutrients died 

earlier than uninfected mice that consumed reduced micronutrients. Reduced 

micronutrient intake for 12 wk reduced T- and B-cell proliferation beyond the immune 

suppression induced by LP-BM5 murine retrovirus infection. Inhibition of mitogenesis 

was even more severe in T cells than B cells. Production of Thl cytokines was decreased 

after consumption of diets with reduced levels of micronutrients, while the secretion of 

Th2 cytokines was significantly increased. Hepatic vitamin E levels were substantially 

lowered, resulting in a significant increase of hepatic lipid peroxidation. These effects 

were further exacerbated by 14 wk of murine retrovirus infection. Furthermore, intake of 

the diet containing 7.5 % of the recommended amount of micronutrients caused even 

greater immune dysflmction than the diet containing 15 %, which showed only partial or 

no effect on immunosuppression. Interestingly, uninfected mice fed the diet containing 

15 % of recommended amount of micronutrients did not elicit any significant difference 

in survival compared to uninfected mice fed 100 %, even though they had moderately 

decreased immune function. Thus it is worth noting that the recommended amount of 

micronutrients is actually twice the minimal requirement (243). Therefore, consumption 

of diets containing 15 % of recoimnended amount of micronutrients may be enough to 
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maintain the survival without severe immune dysflmction. Thus a partially ftmctioning 

immune system may have sufficient capacity to protect against normal flora which are 

not usually pathogenic in normal mice. Laboratory mice, different fi-om humans, are in 

ultraclean facilities without significant exposure to pathogens. 

The premise that micronutrient deficiencies play a role in progression to murine 

AIDS is based on two possible mechanisms, immune dysregulation and excessive free 

radical production. Thumham (230) reported that the main effect of micronutrient 

deficiencies is the reduction in cell mass that indirectly affects immune cell function, 

particularly when T cell numbers are reduced. These results are in accord with our 

findings of decreased proliferation under conditions of micronutrient deficient dietary 

intake. Decreased cell division was expected due to reduced release of IL-2, a major T-

cell growth factor. We showed that reduced dietary intake of micronutrients during 

development of murine AIDS exacerbated the retrovirus' suppression of T- and B-cell 

proliferation. Since HFV infection induces opportunistic infection, it is difficult to state 

that murine-retrovirus infection is the sole cause resulting in immune dysfunction beyond 

deterioration of micronutrient deficient dietary intake in our animal model. However, our 

animal facility was highly quarantined and pathogen-control mice were negative in the 

opportunistic infections. Thus, we may conclude that, in oiu* murine model, LP-BM5 

murine retrovirus was the cause of further immune dysfunction after micronutrient 

deficient dietary intake, especially the diet with 7.5 % of recommended amount of normal 

diet. Increased immunoglobulin production during murine retrovirus infection is due to 

increased number of B cells stimulated by heightened IL-4 secretion. However, our data 
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indicate suppressed B ceil proliferation due to both micronutrient deficient diets and 

murine retrovirus infection. It is clear that B-cell proliferation was determined by 

stimulation of LPS, while IL-4 secretion by ConA. Thus, IL-4 production did not affect 

the B-cell proliferation. Therefore the combined treatment of murine retrovirus and 

micronutrient deficient diets may directly damage the proliferative ftmction or indirectly 

block the signal transduction required to stimulate B lymphocytes. 

It is thought that reduced micronutrient intake during progression to murine AIDS 

involves cytokine dysfunction, since micronutrient deficiencies can modify cytokine 

production or receptor expression (244), and cause a shift from balanced Thl and Th2 

cell secretion of cytokines to increased Th2 and decreased Thl cell cytokine production 

occurs during progression to murine AIDS (245). In HIV"^/AIDS patients and mice with 

murine AIDS, T-cell proliferation and IL-2 production decline, while lL-4, IL-5, and IL-

10 production increase (246, 238). Blocking Th2 cell activation and its excessive 

cytokine production should retard development of murine AIDS. When IL-4-deficient 

mice (IL-4 gene knockout) with suppressed Th2 cytokine production, were infected with 

LP-BM5 retrovirus, the usual lethality, and the development of T-cell abnormalities were 

delayed (247). Administration of anti-IL-4 monoclonal antibody in LP-BM5 retrovirus-

infected mice also maintains balance to Thl and Th2 responses, preventing retrovirus-

induced suppression of immune responses (248). Severely reduced micronutrient intake 

independently altered cytokine secretion, a possible cofactor in perpetuating the cytokine 

imbalance and increasing the rate of murine AIDS progression. We observed that a 

decreased production of the Thl cytokines due to murine retrovirus infection was further 
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inhibited by low micronutrient diets. This is in agreement with increased activation of 

Th2 cell response in murine AIDS. 

As the other possible mechanism of premature death, excessive free radical 

induction may be a result of retrovirus infection and micronutrient deficient diet. For 

instance, as evidenced by the reduced production of IL-2 during low selenium and 2dnc 

intake (249), most of cytokine alteration may be due to deficiency of antioxidant 

nutrients. Pro-inflammatory cytokines (IL-1, IL-6, and TNF-a) and reactive oxygen 

species (ROS) are mutually stimulatory (250). The stimulation of cytokine production by 

ROS involves activation of nuclear factor kappa B (NF-icB) which induces retrovirus 

replication. Attack by ROS result in the detachment of the inhibitory component from the 

NF-kB complex which results in transcription of genes for synthesis of pro-inflammatory 

cytokines. Similarly our data showed that lipid peroxidation, a marker of increased 

presence of ROS as well as IL-6 and TNF-a, were markedly increased (Table 3). Since 

murine AIDS alone has a capability of increasing the oxidants, IL-6, and TNF-a, intake 

of the diet containing only 7.5 % of the normal levels of micronutrients during miuine 

retrovirus infection dysregulates the production of those parameters beyond the immune 

suppression induced by each treatment alone. Oxidative stress due to reduced levels of 

antioxidants may be a potent inducer of murine retrovirus replication in addition to DNA 

damage in virus-infected cells, producing one of the long-term consequences of retrovirus 

infection, immunosuppression. Reduced levels of antioxidants correlated well with the 

progression to murine AIDS (251). Increased free radicals produced during intake with 

reduced levels of micronutrient stimulated utilization of antioxidants including membrane 
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vitamin E (252) for increased lipid peroxidation. In animals vitamin E deficiency impairs 

cellular and humoral immunity while increasing the incidence of disease. Rats that 

consumed diets that were deficient in vitamin E and received injections of endotoxin 

showed more anorexia and had higher IL-6 levels than animals consuming adequate 

amounts (253). Lipid peroxidation was also shown to be greater in nutrient deficient 

animals (254). 

In conclusion, low survivability in mice with reduced micronutrient intake might 

be caused by immune dysfunction and increased oxidative stress exacerbated by murine 

retrovirus and its reduced tissue antioxidants. 
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SECTION II - SUPPLEMENTATION OF ANTIOXIDANTS DURING MAIDS 

In the present study, supplementation with multiple antioxidants during the whole 

course of infection significantly prevented retrovirus-induced suppression of immune 

responses. It largely maintained normal cytokine production. This change occurred 

simultaneously with restoration of tissue vitamin E and T- and B-cell proliferation by 137 

% or 76 % respectively. The concentration of hepatic vitamin E were significantly 

(p<0.05) reduced by retrovirus infection, while multiple antioxidant supplementation 

significantly (p<0.05) maintained hepatic vitamin E levels near those of uninfected mice. 

These changes were much less or none existent when supplementation was begun at 3 

month post infection, after severe immune dysfimction has developed. These results 

expand the understanding of the roles of nutritional supplementation with multiple 

antioxidants on prevention of immune dysfionction during murine retrovirus infection. 

In early stages of HIV disease, selective defects in antigen-specific T cells are 

observed (255). Over time there is a gradual and progressive increase in severe immune 

abnormalities that include decreased proliferative response to mitogens and antigens, and 

decreased monocyte-dependent T-cell proliferation (256). Because Th cell plays a focal 

role in the regulation of all immune responses, cytokine dysregulated production results 

in global immunosuppression that renders the individual susceptible to opportunistic 

infections and tumors. Thus, increased mitogenesis of T cell should slow progression to 

AIDS. Vitamin E supplementation partially restored B cell and T cell mitogenesis 

suppressed by murine retrovirus infection which did not continue after murine AIDS 
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developed in untreated mice, 16 weeks post infection (257). The effect of vitamin E on T-

and B-cell mitogenesis may be due to its ability to prevent lipid peroxidation as an 

antioxidant. Therefore we investigated multiple antioxidant supplementation may be 

more effective that vitamin E alone because AIDS patients have many deficiencies Ln 

nutrients including antioxidants (258). 

A shift from a Thl to a Th2 cytokine production profile occurs during progression 

to murine and human AIDS (219, 259). Thus, HIV infection is associated with a 

progressive reduction in the type-1 cytokines, IL-2 and IL-12, which stimulate cell-

mediated immunity (260), and an increase in type-2 cytokines, IL-4, IL-6, and lL-10, 

which stimulate humoral immunity (261). Thl and Th2 responses are reciprocally cross-

regulated via IFN-y, which inhibits Th2 cells, and IL-10, which inhibits Thl cells (262). 

In HIV infected patients and murine retrovirus infected mice, T cell proliferation and IL-

2 production decline while IL-4, IL-5, IL-6, IL-10, and immunoglobuline production 

increase. Multiple antioxidant supplementation significantly prevented the murine 

retrovirus-induced suppression of IL-2 secretion and the increased production of IL-6. IL-

2 is an important growth factor for T cells (263). Its increased release by multiple 

antioxidants is in accord with restored T cell proliferation by supplementation of 

retro virus-infected mice. Elevated levels of lL-6 have been associated with the 

stimulation of HIV replication in macrophages and T cells (264). Thus prevention of 

imbalanced Thl and Th2 cytokine production by multiple antioxidants contributes to the 

normalization of the entire immune response, retarding the development of murine AIDS. 
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Oxidative stress may be a potent inducer of viral activation in addition to DNA 

damage in virus-infected cells, producing one of the long-term consequences of HIV 

infection, immunosuppression (265). Reduced levels of potent antioxidants such as 

glutathione and other acid-soluble thiols correlated well with the progression to AIDS 

(266). The increased free radicals produced during murine retrovirus infection increase 

utilization of antioxidants including membrane vitamin E, resulting in increased tissue 

lipid peroxidation (267). Cytokine-induced oxidative stress is also an important factor of 

enhancing replication of HIV (268). Thus free radical inactivation by antioxidant 

supplementation should inhibit HIV replication, retarding progression to AIDS. 

Loss of essential substances. Coenzyme Qio, P-carotene, and selenium, are 

associated with immune dysfunction caused by HIV (269). Coenzyme Qio has recently 

been found to be involved in transplasma membrane electron transport involved in the 

control of cell growth, and also been implicated as an antioxidant protecting membranes 

in which it resides (270). Serum (3-carotene concentration is known to be deficient in 

HIV-infected persons with or without malnutrition. The most likely mechanism for the P-

carotene deficiency may be related to impairment of free radical elimination and failure 

to protect cellular membrane against lipid peroxidation (271). Deficiency of selenium is 

associated with glutathione peroxidation activity, cardiomyopathy, immune dysfunction 

including impaired phagocytic function, and decreased CD4 T-cells (272, 273). Thus 

mineral deficiencies could accentuate immune dysfunction in AIDS. 

We have previously shown that vitamin E supplementation at dietary intakes of 

15- 450 times greater than the level in the control diet only partially normalized immune 
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dysfunction during murine AIDS. This effect decreased as the infection progressed to 

murine AIDS. However the multiple antioxidants were more effective at restoring or 

maintaining immune systems than was supplementation with vitamin E alone. Therefore 

just preventing oxidation by high levels of an antioxidant like vitamin E is insufficient to 

prevent immune dysflmction. Other actions of the materials in our supplementation 

regimen, beyond their antioxidant activities, was likely also important to slow retrovirus-

induced immune damage. 
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SECTION m - TREATMENT OF IMMUNE DYSFUNCTION IN VERY 

OLD MICE AND OLD MICE WITH ANTIOXIDANTS AND DHEA(S) 

Aging is associated with significant immune dysfunction, including a decline in 

both cell-mediated and humoral immune responses in animals and humans (274). Many 

of the age-related changes involve defects in the function of T cells including diminished 

proliferative response and altered cytokine production. Immune dysfunction increases 

autoimmune diseases and death. Recently, DHEA and DHEAS were shown to have 

immune enhancing properties in retrovirus infected old mice by reducing oxidation and 

cytokine dysregulation {Figure 8)(215). Our data demonstrate that short-term DHEAS 

supplementation significantly {p < 0.05) increased survival of very old mice, prevented 

the dysregulation of cytokines, and significantly (p < 0.05) restored the T cells 

proliferation in aging mice. This result is consistent with the finding of other 

investigations as well as our recent studies using much younger aged mice (276, 277). 

Some immune responses, including Thl cells' production of cytokine IL-2, 

decrease with age. Other immune activities increase, such as the production of 

autoantibodies and Th2 cells' secretion of lL-4 and IL-6 increase (278). Production of IL-

2 was decreased by lymphocytes fi-om elderly humans and animals compared to that 

produced by young controls. In vivo studies have shown the ability of DHEA to enhance 

IL-2 production by activated murine T cells (233, 241). Our recent studies (276,277) 

demonstrated that DHEA or DHEAS partially corrected the retrovirus infection or age-

associated depressed production of IL-2. Our current study shown that DHEA 
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significantly prevented age-associated suppression of IL-2 secretion in very old 31.5 

month mice. IL-2 is an important growth factor for T cells. Significant IL-2 release by 

cells from aging mice during DHEA treatment should facilitate optimum T cell 

proliferation upon mitogen exposure. This cytokine effect help explain the increase in T 

cell proliferation with DHEA supplementation. 

An age-associated loss in the regulation of IL-6 production is vital to 

pathophysiology of aging process (279). IL-6 is a multilfuctional cytokine that regulates 

the generation of the acute phase and inflammatory responses as well as B-cell 

proliferation and maturation. Production of high levels of IL-6 probably contributes 

significantly to the pathology of these diseases of aging, as well as AIDS and its 

associated leukemia. Supplementation of DHEA may prevent the excessive secretion of 

IL-6 by Th2 cells in aging human and mice (279). The results of our study are consistent 

with a previous one (279) that supplementation of DHEA reduced IL-6 secretion in aging 

mice, even though DHEA supplementation was for a short time, 5 weeks. This is the first 

DHEA treatment in very old mice that significantly slowed their death rate. 

Dysfunction in IFN-y production, a cytokine with highly pleiotropic activities, 

may also be a major contributing factor to the pathogenesis of aging (274). Unstimulated 

lymphoid cells from aged mice spontaneously produce significant amounts of IFN-y 

(235). Splenic T cells from 26 month old mice, when compared with published data from 

young controls, showed increased IFN-y production. Increased production was accounted 

for by increased numbers of CD4'^CD44'^'®'' and CD8'^CD44'"^ T cells in aged mice 

(274). IFN-y can upregulated the expression of Class II MHC molecules in numerous 
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cells (280, 281) associated with the pathogenesis of autoimmune diseases, rheumatoid 

arthritis and multiple sclerosis (282). Supplemental DHEAS treatment of 24-month-old 

mice significantly reduced IFN-y production compared the control aging mice. Similarly 

IFN-y production changes due to aging were also reduced by DHEA in our study. 

Aging is associated with the pathology of many viral diseases (256). With better 

treatments more AIDS patients are surviving in old age. With aging more virus is 

produced with CD4 T-cells infected. HIV production is under the control of many 

cytokines, pro-inflammatory cytokines such as IL-6 and TNF-a which upregulate HIV 

production. HIV preferentially infects memory T-cells containing CD45RO which is 

increased with aging (281), suggesting that older persons are more susceptible to HIV 

infection. Recently, we asserted that DHEA prevented immune dysfunction caused by 

LP-BM5 murine retrovirus infection (276, 277). Therefore uninfected and infected old 

mice. 17 months old, were fed with DHEAS + antioxidants for 16 weeks. DHEAS is 

water soluble and present in humans at 500 to 1000 times the level of DHEA. DHEA and 

DHEAS are interconverted in peripheral and adrenal tissues. Antioxidants are lower in 

old people so their supplementation may prevent aging process or may retard HIV 

progression to AIDS due to blocking the free radical cascade (283). Our data suggest that 

DHEAS + antioxidant nutrient supplementation was more effective in minimizing 

immune dysfunction in old infected retrovirus mice than antioxidant supplementation 

alone. As aging and AIDS cause similar immune dysfunction changes, their combined 

presence may synergize for more severe immune dysregulation. More people are 
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surviving AIDS longer, so a greater number of older people will be infected and need 

immune therapy. 

Supplementation with antioxidants during the whole course of infection 

significantly prevented retrovirus-induced suppression of immune responses. It 

maintained nearly normal cytokine production. This occurred simultaneously with 

restoration of tissue vitamin E and T- and B-cell proliferation. The combined treatment 

was more effective than antioxidant nutrient supplementation alone. DHEAS accentuated 

the effects of antioxidants and maintained cytokine production, T- and B-cell 

proliferation, and hepatic vitamin E close to the activity levels of uninfected old mice. 

The concentration of hepatic vitamin E were significantly (p < 0.05) reduced by 

retrovirus infection, while multiple antioxidant supplementation significantly (p < 0.05) 

maintained hepatic vitamin E levels near that of uninfected old mice. 

In summary, our study provides the basis for future investigation on the use of 

antioxidants, nutrients and DHEA, for the treatment of immunosenescence in aging or 

AIDS. Supplementation DHEA especially with antioxidant nutrients significantly 

overcame the immune dysfunction by increasing IL-2, decreasing IL-4, IL-6 and IFN-y 

and enhancing proliferation T cell. Restoration of immune system by DHEA occurred 

concomitantly with increased the survival of very old mice. DHEAS synergized the effect 

of multiple antioxidants on preventing immune dysfunction in old mice including those 

further immunologically damaged by retrovirus infection. Our data suggest that DHEA 

supplementation is safe and well tolerated in very mice. This study, showing the 
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synergistic effects of DHEAS + antioxidants, expands upon our data recently published 

using antioxidants (248). 
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CONCLUSION 

The interaction between the response of the immune system to micronutrients and 

antioxidants is complex. However three common pathways emerge amid the complexity 

(FIGURE 20). 

The first of these is the influence of micronutrients upon immune dysregulations. 

Cytokine network will be changed by murine retro vitus infection and micronuLn.;nt 

deficiency may act as a cofactor that further dysregulate the cytokine imbalance. The 

excessive production of Th2 cytokines can increase the number of B cells, inducing B 

cell lymphma that reaches to death of experimental mice. Decreased level of Thl 

cytokine production can reduce the number of T cells, resulting in damage in cellular 

immunity. Proinflammatory cytokines are capable of inducing the cellular reactive 

oxygen species (ROS). ROS has two common pathways to dysregulate the immune 

response 1) activate NF-kB at the intracellular level, 2) decrease the cellular expression 

of Bcl-2 protein (FIGURE 21). Activation of NF-kB will stimulate the viral replication 

that causes the excessive viral burden. This notion is further extending into the increased 

level of xanthine oxidase and lipid percxidantion that reproduces ROS. This becomes the 

vicious cycle throughout murine retrovirus infection and immune dysfunction. Since Bcl-

2 is well known as an inhibitor of cellular apoptosis, decrease level of Bcl-2 can induce 

apoptosis of CD4+ T cells, resulting in dysfunction of cellular immunity. The major 

causes of death of experimental mice post-infection and treating micronutrient deficient 

diet may involve two possibilities. Due to reduced immune response, normal flora may 
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become pathogenic to cause the opportunistic diseases. The other hand, heart dysfimction 

may be another possibility to induce the death. Poor antioxidant defences or enhanced 

antioxidnat production will increase the intensity of these events. 

Increased intakes of antioxidants will counter act these events (FIGURE 23). In 

this study, combined treatment of antioxidants restored more immune response and 

cytokine dysregulation than vitamin E alone did, suggesting that there may be an cellular 

network among antioxidants enhancing the cellular antioxidative defences (FIFURE 22). 

Vitamin E and C are critical as the first defense agents against the oxidative stress in both 

hydrophobic and hydrophilic environment. Intracellular level of glutathione may be 

related to the possible antioxidant network. Vitamins that have no direct antioxidative 

properties and but that influence glutathione metabolism, may exert a modulatory effect. 

Such vitamins are riboflavin, which is an important cofactor for glutathione reductase ad 

vitamin B-6 which is important in the synthetic pathway for cysteine, the rate limiting 

presursor for gluthathione synthesis. 

In summary, activation of the immune system will exert a stress upon the 

antioxidant defences of the body as is evident from the excessive lipid peroxide 

formation in HIV progression. The oxidative damage is a by-product of attempts by the 

immune system to combat invading pathogens by production of oxidant molecules. Thus 

activation or imbalance of the immune system will lead to a degree of depletion of 

components of antioxidant defences. The degree of depletion and extent of the damage 

can therefore be modulated by the intake of nutrients with antioxidant properties. 
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FIGURE 21. Interaction between proinflammatory cytoidnes and immune 
dysregulation. Proinflammatory cytokines are capable of inducing release of NF-kB that 
can stimulate the replication of retrovirus in nucleus. They can also decrease the level of 
Bcl-2 protein level to cause the increased level of apoptosis of CD4+ cell. 
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