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ABSTRACT 

LP-BM5 murine leukemia retrovirus infection in C57BL/6 mice rapidly induces 

murine AIDS with many functional similarities to human AIDS, including progressive 

lymphoproliferation and severe immunodeficiency. The present studies indicate that 

retrovirus infection induces immune dysfunctions mostly via modulating T and B cell 

proliferation, natural killer cell toxicity, and cytokine secretion. In addition, retrovirus 

infection causes oxidative damage via nuclear factor kB (NF-kB) activation, excessive free 

radicals production, and antioxidant deficiency. Such oxidative damage has the theoretical 

potential to accelerate the development of AIDS via immunosuppression secondary to 

antioxidant deficiency. Synthesized T cell receptor (TCR) peptides treatment largely 

blocks the excessive stimulation of a T cell subset by retroviral superantigens, normalizes 

the retrovirus-induced aberrant cytokines production, thereby significantly ameliorates 

immune dysfunction, and prevents excessive lipid peroxidation and antioxidant deficiency 

in murine AIDS. Results from the current studies suggest that dietary vitamin E 

supplementation significantly prevents the dysregulation of cytokines production, excessive 

tissue lipid peroxidation, and vitamin E deficiency. Furthermore, vitamin E may play an 

important role in inhibiting the NF-kB activation which results from the retrovirus 

infection. In conclusion, TCR peptide treatment and vitamin E supplementation effectively 

prevents immunodysfunction, excessive lipid peroxidation and free radical production, and 

antioxidant deficiency during murine AIDS. This may provide additional therapeutic 



approaches for treatment of human AIDS without additional immunotoxicity. 
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Chapter 1: REVffiW OF LITERATURE 

SECTION I: THE ANIMAL MODEL OF AIDS — MURINE AIDS 

Acquired immuncxleficiency syndrome (ADDS) is clinical disorder representing the 

end point in a progression sequence of immune depressive changes that render the body 

highly susceptible to life-threatening tumors and opportunistic infections. AIDS has been 

identified as the number one public health priority in the United States and is rapidly 

becoming a major health priority throughout the world. There may be 2 million HIV-

infected adults who have developed AIDS in the United States (1). The Centers for 

Disease Control reported that 85,430 persons died from AIDS as of June 1990 (1), more 

than 230,000 AIDS cases occurred between June 1981 and June 1992, and approximately 

40,000 new HIV infections occur each year in the US (2). The World Health Organization 

estimates that 13 million men, women, and children have been infected by human 

immunodeficiency virus (HIV) (3), 30 to 40 million people around the world will be 

infected with the HIV by the year 2000, and it is predicted that the third most common 

cause of death in the US will be AIDS (4). Because of the unique pathogenicity of HIV 

and its long latent period, the AIDS epidemic is expected to steadily increase in the United 

States with the number of deaths increasing at a proportional rate. Furthermore, 

immunological and physiological defects induced by HIV infection appear to be 

progressive and irreversible with a high mortality rate that approaches 100% (5). 

Therefore, there is a pressing need for understanding pathogenesis of HIV and cofactor 



involvement in the disease. However, more than a decade after the first description of 

AIDS, the pandemic continues to expand. A major hurdle is our inadequate understanding 

of HIV pathogenesis and the host's immune response to this retrovirus. For example, why 

do some individuals fail to become infected despite repeated exposure? Perhaps the 

establishment of chronic infection might be aborted by as yet poorly understood immune 

responses, possible involving cell-mediated immunity. Dose-response factors and genetic 

variability in human susceptibility to HTV may also be involved. Ethical, economical and 

logistical considerations, however, have limited such AIDS studies in humans. 

Animal model systems that simulate many aspects of the human AIDS, yet have 

the benefits of large numbers of subjects, low cost, and a well-defined immunological 

system, are critically needed for mechanistic studies, and development of therapeutics. 

There are no doubts that knowing in one model system the precise cellular and molecular 

mechanisms that lead to immunodeficiency would represent a significant step forward in 

the understanding of retrovirus-induced immunodeficiency in general. Retroviruses appear 

to be widespread, and have been isolated from fish, mammals, birds, and reptiles. 

However, the most promising opportunities for study of AIDS and its related therapeutics 

is murine AIDS, caused by LP-BM5 murine leukemia retrovirus (MuLV) infection in 

genetically susceptible strain female C57BL/6 mice. 

Recent advances further strengthen murine AIDS as an excellent animal model for 

study of human AIDS. The similarities between murine AIDS and early stage of human 
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AIDS are striking in many respects, including changes in immune functions, cytokine 

production, T cell differentiation, disease resistance, and oxidative stress. The pathogenic 

mechanisms underlying HIV infection and AIDS are not unidimensional but rather are 

extremely complex (6). As the key to understand HTV/AIDS pathogenesis lies in 

elucidating the course of infection and the virus-host relation in the years preceding 

terminal illness, use of animal models is essential for comprehensive understanding 

pathogenesis of HTV^/AIDS. This review outlines the current status of murine AIDS 

studies, thereby showing similarities between the diseases. 

MURINE AroS 

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

Duplan, produces non-neoplastic lymphoproliferative disease in adult mice (7). LP-BM5 

MuLV was obtained from a non-thymic lymphoma which had been induced by irradiation 

of mice. Then bone marrow stromal cells were isolated firom the infected mice and grown 

as cell lines yielded the agent. The cluster of MuLV viruses includes: 1) a 4.8-kbp 

replication-defective BM5d, 2) a B-tropic mink cell focus-inducing virus (MCFV), and 3) 

a replication-competent B-tropic ectropic virus (BEV). 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 has been shown to influence the development of 

murine AIDS and the extent of virus spread in adult mouse (8). This murine retrovirus 



infection provokes an enlargement of lymphoid organs, primarily spleen and lymph nodes. 

Although Antiviruses 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 resistance to opportunistic pathogens and neoplasia 

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

complicate interactions among cells of the immune system. The major immune cell targets 

for LP-BM5 MuLV and HTV are B cells and macrophages. €04"^ T cells and B cells are 

required for the development of murine AIDS infection and the associated 

immunosuppression (9-10). 

ETIOLOGY OF AIDS 

Infection of humans with HTV 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-transformed B lymphocytes, microglial cells, and Langerhans cells have 

also been shown to express CD4, and are infectable with HTV. HTV infection causes a 

dramatic perturbation in the numbers of peripheral blood mononuclear cell subsets, usually 

with a substantial decrease in CD4'^ Th cells (11). The precise mechanisms of T cell 

depletion during infection with HIV are not precisely understood. HTV can cause direct 

cytopathic effects in activated CD4'^ T cells in culture, either in single cells (12) or by 

syncytium induction (13). 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 



tissues (14). By incorporating noninfected cells into syncytia, a single gpl60-expressing 

cell can eliminate many uninfected CD4* cells, the so-called bystander effect. HTV-

expressing cells will also be killed by HTV-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 adsorption of gpl20, cell fusion, interference with Th and dendric cell function, or 

induction of T suppressor (Ts) cells. However, either direct killing or indirect killing can 

not explain the expansion or depletion of some CD4* Th cell bearing specific TCR V6 at 

the early stage of HIV infection (15). 

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

might be involved in the pathogenesis of AIDS (16). Most antigens are recognized 

through their interaction with the variable (V) portions of the T cell receptor (TCR) a and 

fi chains. However, T cells recognize SAG on the basis of their expressed V6 region 

alone, independently from other variable TCR segments. These SAGs are V6 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 (17-18). Because the murine mammary tumor virus C-type retrovirus has SAG 

properties (19-20), HIV may also encode SAGs that could participate in Th cell 

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



region of TCR 6 chain, this hypothesis is supported by depletion of Th cells expressing the 

Vfi elements that can interact with the retrovirus-encoded SAGs (21). Because SAG cause 

the elimination of responsive Th cells, HTV might cause cell anergy and depletion of 

noninfected CD4'^ Th cells by encoding a SAG expressed on activated infected cells, in 

conjunction with the major histocompatibility complex (MHC) class n proteins (22). 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 VB 

repertoire of AIDS patients and normal controls revealed difference in the VB genes 

expressed (23). The VB-specific deletions correlates with the pathogenesis of the disease 

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

responsible for CD4'^ Th cell dysfunction, the individual differences in development of 

clinical symptoms of AIDS may be explained by the documented variability of the affinity 

of the various MHC class II alleles for some SAG (24). In addition, TCR V gene 

polymorphism (7) may also affect the differences of the affinity of interaction between the 

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

In two murine AIDS studies, researchers have identified that a defective viral DNA 

of 4.8-kbp was pathogenic (25-26). 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 (25). 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 (27). 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 the 

production of cytokines (28). Indeed, the tumor cell line B6-1710 established from the 

enlarged spleen of murine AIDS, which expresses high levels of Pr60*'', stimulates 

proliferation of control spleen cells in vitro and expansion of a population of V65 and 

VBll T cells (29), confirming that Pr60®'' functions as a SAG. Alternatively, 

immunodeficiency may arise as a paranecplasmic syndrome, and be consequence of the 

proliferation of the virus infected cells (30-31). 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 PreO®**, could themselves interact directly or 

indirectly with other immune cells of 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 function 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 help)er cell cytokine production; 5) programmed cell death (apoptosis) 

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

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

(32), which is usually expressed on Th cells and some other cells. 

In early stages of HTV disease, before the occurrence of profound decreases in 

numbers of circulating 004"^ T cells, selective defects in antigen-specific T cells are 

observed (33). Over time there is a gradual and progressive decrease in numbers of 

circulating 004"^ T cells accompanied by severe immune function abnormalities, and in 

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

have been reported (34). Since 004"^ 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 €04"^ Th cells results in a global immune suppression that renders the individual 

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

response include decreased ratio of 004"^ Th /CDS"^ Ts cells, decreased delayed-type 

hypersensitivity responses, decreased proliferative response to mitogens and antigens. 
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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 (35). 

HIV excessively activates B cells, which induces immune dysfunctions (36). 

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 (37). 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 (38). Yet despite this frenetic activity, the actual 

responsiveness of B cells to specific antigenic stimuli is sharply curtailed. In vitro 

proliferative response to stimulation with antigen and mitogen are generally poor (39). In 

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

infection or Treatment with antigens such as pneumococcal polysaccharides and by poor 

isotype switching from primary IgM responses to secondary IgG responses (40). 

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

circulating immature B cells, immune complexes, and autoantibodies (41). The persistent 

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

malignancies seen in AIDS patients (42). Approximately 50% of these lymphomas contain 

Epstein-Barr virus genomes-a finding consistent with the increased risk of immortalizing 
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infection in proliferating B cells, and consistent, too, with an inadequate host T cell 

response to viruses such as Epstein-Barr virus (43). 

HIV infects macrophages which can be critical to antigen presentation (43). 

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

CD4* T cells, macrophages still constitute an important reservoir of HTV. 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 (45). 

Significantly functional abnormalities may be seen in uninfected as well as infected 

macrophages from HTV patients. Among the abnormalities found in vitro are diminished 

reactivity to triggering stimuli, with consequent impaired secretion 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 n surface antigens; and reduced 

reticuloendothelial clearance (36). 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 

(13). 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 (46). 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 (47). While T cells are not the main source of murine viral replication, they are 

essential for early pathogenesis and disease (48). The temporal sequence of T-cell 

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

function lost weU before dysfunction of cytotoxic/suppressor T cells (49). The quantitative 

loss of overall T-cell fiinction occurs far in advance of the reduction in CD4'^ Th cell 

numbers (49). However, the extent of Th cell depletion varies from organ to organ. 

Although CD4"^ Th cell numbers stay relatively constant during early stages of 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 (50). The 

initial resting immunocompetent CD4'*" Th cell population, in other words, is replaced by 

a polyclonal population described as being in an anergic state (50). 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 (50-53). 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 (50-51). 

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

hyperactivity and polyclonal activation (54). B cells and their production of 

immunoglobulin show a significant number of alterations due to retroviral infection in 

murine (54). 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 (55). 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 (55). 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 

activation of B cells (56). 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 (57). However, there is a substantial loss (>90%) 

of T and B cells in the intestinal mucosae. Such local losses may explain the increased 
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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 (58). 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 (54). In addition, 

spontaneously increased prostaglandin E and IL-1 secretion during murine AIDS was 

reported (54). 

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 (59). They play a crucial role in 

transmitting and regulating signals for proliferation, differentiation, and expression of 

cellular function in a variety of targets especially in relation to immune responses. Target 

cell functions 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 human and murine AIDS. 
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Human CEW"^ T cell population is heterogeneous with distinct 004"^ 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 (60-61). 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 IL-

10, mediate a number of distinct host immune functions via autocrine or paracrine 

pathways. The regulatory and effector Th cell immune functions 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 (60). Thus, the regulation of Thl or Th2 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 (61). This 

notion is supported by the findings in HIV"^/AIDS patients that T cell proliferation and IL-

2 production decline while IL-4, IL-5, IL-6, IL-10 and Ig production increase (62-64). 

Patients infected with HIV display a progressive loss of €04"^ Th cell function, often 

taking years before cell numbers and other cell functions are critically depressed leading 



to a diagnosis of AIDS (65). Thus, the loss of Th cell functions may be the result of an 

imbalance in Thl-type and Th2-type responses, including anergy of Thl subset and 

activation of Th2 subset (66), contributing to the immune dysregulation associated with 

HIV infections. Thus, loss of resistance to HTV infection and/or the progression to AIDS 

may be dependent on a switch from Thl subset to Th2 subset dominated responses (66). 

Progression to AIDS is characterized by loss of Thl-cytokine production concomitant with 

increases in Th2-cytokine production (66-67). However, before the loss of Thl-cytokines, 

HIV-exposed individuals generate strong Thl-type responses against HTV antigens (66). 

The abnormal cytokine production includes IFN-y (66-67), IL-2 (66-67), IL-4 ( 66), IL-6 

(68-70), EL-10 (70-71). Taken together these findings raise the possibility that Thl-type 

responses are immunoprotective and can prevent HTV infection and/or progression to 

AIDS (72). In contrast, seroconversion and the detection of retroviral nucleic acid by 

PGR in mononuclear cells could be correlated with the transition from a predominantly 

Thl state to a Th2 bias in the response to HTV. The latter state would be more susceptible 

to infection with HIV and/or progression to AIDS (73-75). 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 (76). 

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

cytokines produced typically by the Thl subset (IL-2 or IFN-y), either spontaneously or 

after concanavalin A (ConA) stimulation follows LP-BM5 MuLV infection (77-78). 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 (77-78). 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 CD8"^ T cell function in murine AIDS. It is likely that 

retroviruses encoding potent antigenic stimuli are markedly affecting the balance of T 

helper cell subset expression (74-75). 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 (77). TNF-a and IL-6 have been shown in vitro to modulate the 

expression of HTV in infected cells of both T lymphocytic and monocytic lineages (79-80). 

Since activated B cells within the germinal centers of lymph nodes of HIV-infected 

individuals are in close proximity to latently infected T cells in the paracortical areas 

of the nodes as well as to those infected CD4'^ T cells that in filtrate the germinal centers 

(80), it is likely that cytokine secretion plays a major role in the activation of HTV 

expression in the microenvironment of the lymph node (81). In addition, due to the 

contribution of IL-6 to hypergammaglobulinemia and global B-cell dysfunction 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 (82-83). Collectively, the cytokine dysregulation by retrovirus infection 

could contribute to the immune dysfunctions and symptoms seen often in both diseases. 

DISTURBANCE OF T CELL DIFFERENTUTION IN AIDS 

AIDS is typified by declining CD4'^ T cell counts or loss of its functions in the 

peripheral circulation, which may be secondary to accelerated destruction, to suppressed 

differentiation, and/or to sequestration of circulating cells into tissue spaces from the 

thymus, the major site for T cell maturation. T cell precursors in the thymus or peripheral 

pools may be infected with HIV and therefore fail to proliferate and replenish the mature 

T helper lymphocyte population. The thymus is comprised of a complex 

microenvironment of thymic epithelial cells that form a stromal network extending from 

the subcapsular to the cortical to the medullary areas of the gland. The generation of 

functional competent T cells from precursor populations within the thymus involves several 

stages of cellular proliferation and differentiation (84-85). 

Histopathological studies of thymic glands from HTV-l-infected children revealed 

involuted architecture, reduced size and weight, and fewer Hassal's corpuscles (86-87). 

HIV-1 causes changes in thymic hormone and cytokine levels such as thymosin la and IL-

6, which act on T cell differentiation (88-89). Human fetal thymocyte cell lines were 

infected with HIV-1 in vitro and altered expression of T cell differentiation markers (90). 

As it is hard to distinguish between these possibilities in human subjects, the pathogenic 

mechanisms associated with HIV infection are unclear. Recently, two studies indicated 



that HIV-l can infect thymus by implanting human haematolymphoid organs into the 

immunodeficent SCID mouse to create the SCTD-hn mouse (91-92). After the direct 

injection of HTV into a fiilly developed human thymus resident in the SCID mice, there 

is progressive infection and destruction of multiple subsets of thymocytes, as well as 

widespread destruction of thymic epithelial cells. The SCID-hu mouse offers the potential 

for studying the effect of HIV on the thymic microenvironment. 

In murine AIDS, LP-BM5 retrovirus expression in the thymus has been reported 

(93). We found murine retrovirus infection alters T cell differentiation by reducing 

CD4'^8"^ cells. This population (80%-85% in normal mice) drastically dropped to only 

30% and other populations, whereas CD4'^8' and CD4'8'^ [ single-positive (SP) subsets] 

were elevated respectively from controls 1.99% and 7.67% to 33.98% and 15,5% of 

thymocytes in retrovirus infected mice at 16 week post-infection (94). The continuing 

analysis of CD3 marker of two SP subsets by fluorescence cytometry in our laboratory 

indicated that the percentage of CD3'^4'^8' subsets in the thymus from retrovirus infected 

mice for 16 weeks dramatically dropped from control 74% to 7.9% of CD4'^8" subset, 

while percentage of CD3"^4'8'^ thymocytes of CD4'8'^ subsets did not change during the 

murine AIDS (2.3% in murine AIDS vs 2.2% in control mice, Lopez et al., unpublished 

data). Therefore the increased SP thymocytes by the retrovirus infection were immature 

CD3" SP T cells, not mature CD3'^ SP T cells, which suggests the disturbance of T cell 

maturation in the thymus during progression to AIDS. 



Production and action of cytokines in the human and mouse thymus have been 

associated with an essential role in T cell development (95). In mice, expressing a human 

IL-2Ra chain transgene, thymocytes express a nonfunctional murine IL-2RB-human IL-

2Ra heterodimer resulting in the accumulation of T cell precursors in the thymus and 

periphery (96). Also, anti-IL-2R a chain antibodies abrogate T cell development which 

can be reversed by addition of IL-2 (97). Addition of IL-2 to intact lobes immersed in 

culture medium promotes the selective outgrowth of T cells expression y6 TCR (98). 

Consequently, the dysregulation of IL-2 released by retrovirus infection observed in 

murine AIDS may be responsible for the changes in T cell subpopulations and 

differentiation in the thymus during the progression to murine AIDS (99). The addition 

of IL-4 blocks T cell development by reducing the number of double-positive thymocytes 

(100). The constitutive production of IL-4 in IL-4 transgenic mice also result in the 

inhibition of double positive thymocytes and mature peripheral T cell development (101-

102). Consequently, consistently increased levels of IL-4 induced by retrovirus infection 

in the thymus we observed may contribute to the impairment of T cell development in the 

murine or human AIDS (99), resulting in secondary acquired T cell deficiency. IL-6 has 

been shown to promote the differentiation of Thy-1'^IL-2R donor thymocytes after 

intrathymic transfer into irradiated hosts (100). Thus, the dysregulation of IL-6 secretion 

induced by retrovirus infection at the beginning of infection may also contribute the 

abrogation of T cell development in the thymus (99). The physiological significance of 



increased level of IFN-y by thymocytes, induced by retrovirus infection, may be involved 

in the up-regulation of MHC class I and II expression in the surface of thymic stromal 

cells. This plays a crucial roles in the positive and negative selection during T cell 

education (i.e. recognizing 'self and non-self) in the thymus. Thus, the dysregulation 

of IFN-y release (99) by thymocytes may reflect the failure of T cell education, leading 

to loss of tolerance to self antigens or reaction to non-self antigens. The continuing 

elucidation of the physiological roles of cytokines in the T cell maturation and the 

mechanism of these changes induced by retrovirus infection in murine ADDS may facilitate 

the understanding the immunopathogenic mechanism of HTV infection on the thymus in 

human AIDS. 

DEFECTS IN DISEASE RESISTANCE IN AIDS 

AIDS is associated with increased opportunistic infections caused by Pneumocystis 

carina pneumonia, fungi, viruses, bacteria, protozoa, helminths and incidence of some 

tumors like Kaposi's sarcoma and B-cell lymphoma. Opportunistic infections are major 

identifiable cause of morbidity and mortality due to HTV infection (103). When the 

primary cause of death is determined at autopsy, more than 90% of deaths are due to 

infection, the remaining deaths are due to lymphoma, Kaposi's sarcoma, and other 

apparently noninfectious causes. Tumors and opportunistic infections that are commonly 

found in AIDS patients reflect the global suppression of host defense, which presumed to 

be caused by immune dysfunctions induced by HTV infection. Persons with HTV infection 



are highly susceptible not only to the typical diseases of the community but to nosocomial 

infections as well. For example, Pneumocystis camii is the most common opportunistic 

infection occurring in AIDS patients, while Candidiasis is the second. Cryptosporidiosis 

is a coccidian protozoal parasite in the same family as Toxoplasma gondii and Isospora 

belli which also occurs in AIDS patients. In immunocomprimised individuals, infection 

with this organism is severe, protracted, and untreatable. Kaposi's sarcoma is the second 

most common diagnosis in AIDS. There is widespread cutaneous, mucous membrane, 

visceral, and lymph node involvement. B-cell lymphoma has been found to occur more 

frequently in AIDS patients. These tumors often present at an advanced stage with brain, 

extranodal, central nervous system, or visceral involvement (104). 

Infected C57BL/6 mice live 5 to 6 months before succumbing to disease or 

constriction of airways by expanding lymphoid tissues. As their time to death due to 

retrovirus infection is 5 % of HIV positive humans, LP-BM5 produces rapid results as a 

model. The mice frequently die from respiratory failure due to mediastinal lymph node 

enlargement (105). Upon exposure to an environment with potential pathogens and normal 

flora in the animal rooms, death from LP-BM5 MuLV induced immunosuppression by 

infectious disease is much earlier. On the other hand, mice without functional T cells and 

with the retrovirus infection survived past 11 months (104) when the experiment was 

terminated. In murine AIDS, host resistance to intestinal parasites, Cryptosporidium and 

Giardia, and Streptococcus pneumoniae was lost (106-108). In addition, retrovirus 
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infection enhanced the development, number and size of carcinogen-initiated, esophagal 

tumors (109). 

In order to understand the loss of mucosal immunity in AIDS that is a major arm 

of host defense against opportunistic infections, the mucosal immune system during murine 

ADDS was investigated. Production of Thl cytokines (IL-2) was suppressed, whereas Th2 

cytokine production (IL-4, IL-5, IL-6, and IL-10) was enhanced in mesenteric lymph 

nodes (MLN) during the course of retrovirus infection (110). The increased secretion of 

IFN-y in the MLN of retrovirus-infected mice, however, may represent incremental 

production and release by a non-Thl cell source. Total lymphoid cell numbers were 

decreased in Peyer's patches and 004"^ cell numbers were decreased in the intestinal 

lamina propria (111). Total lymphoid cell numbers were increased in MLN but the 

relative percentages of surface IgA"^, cytoplasmic IgA"^ (clgA"^), and cIgM* cells were 

decreased. This altered cellular profile indicates the potential for aberrant cytokine 

production which may be responsible for the compounded immunodeficiency during 

retrovirus infection, concomitantly explaining the loss of host defense against intestinal 

opportunistic infections. Overall, the findings underscore the importance of understanding 

both humoral and cell-mediated immunological influences before the rational development 

of a therapy against opportunistic intestinal infection in AIDS patients can be undertaken. 

OXroATTVE STRESS IN AffiS 

Formation of highly reactive oxygen-containing molecules is a normal consequence 



of a variety of essential biochemical reactions. These free radicals including superoxide 

radicals, hydrogen peroxides, hydroxyl radicals, and their products lipid peroxides play 

important roles in human disease (112). Free radicals produced by stimulated neutrophils 

and macrophages can induce cellular injury and lysis of nearby bystander cells both in vivo 

and in vitro (113). As a means of dealing with the relative instability of many of these 

radicals and their potential to damage cells and tissues, most cells have enzymes and other 

molecules with antioxidant capabilities that can protect cells from the adverse effects of 

free radical reactions. Therefore, a critical balance must be maintained between free 

radical generation and antioxidant defense. Oxidative stress occurs when the balance 

between pro-oxidants and antioxidants is disturbed. In this case, active free radicals are 

very reactive. 

Free radicals may be a cofactor of disease progression from asymptomatic HIV 

infection to AIDS (114). Reduced levels of potent antioxidants such as glutathione and 

other acid soluble thiols correlated well with the progression to AIDS (115). As two thiols 

inhibited HIV replication in vitro (116, 117), 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 HTV infection, immunosuppression (118, 119). In addition to 

its antioxidant function, glutathione is also involved in synthesis of proteins and DNA 

precursor. It acts as a cofactor for a variety of enzymes in the initiation and progression 

of lymphocyte activation (120), NK activity, and lymphokine-mediated cytotoxicity (121). 



Cytokine-induced oxidative stress is an important factor of enhancing replication 

of HTV (122). TNF-a generates reactive oxygen species through neutrophils at 

concentration as low as 0.5 ng/ml (123). Reactive oxygen species induce the expression 

of HIV in human T cell lines by activating transcription of NF-/feB (124, 125), TNF-a 

levels are elevated in the serum of HTV patients and retrovirus infected mice (126, 127). 

It can use oxidative stress as a second messenger to stimulate HTV replication. The 

physiological effects of TNF-a in the body include increasing phospholipase Aj activity, 

a potent inducer of HTV replication in monocytes and stimulating synthesis of 

prostaglandin Ej, an immunosuppressive substance produced by macrophages/monocytes 

in human and murine AIDS (128). Thus the increased TNF-a in both diseases can 

contribute to the development of AIDS via inducing immunosuppression and stimulating 

retrovirus replication. 

Oxygen free radicals, represented by ethane exhalation, markedly increase during 

the development of murine AIDS (109). It may partly explain the greater susceptibility to 

cancer and infectious diseases during AIDS, because oxygen radicals have a carcinogenic 

potential and impairment ability of lymphoid cell membrane and cytokine secretion. 

Hepatic lipid peroxidation was also significantly elevated in murine AIDS (109), 

suggesting increased burden of oxidative stress initiated by retrovirus infection. In murine 

AIDS, the levels of antioxidants such as vitamins A and E, and some cofactors associated 

with antioxidant reaction such as zinc and copper in the serum, liver, spleen are reduced 



by retrovirus infection. Taken together, the increased oxidative stress occurring in both 

disease could be an alternative pathway of retrovirus infection to accelerate the 

development of AIDS. 

CONCLUSION 

Studies of murine AIDS have already been instrumental in formulating novel 

hypotheses on human AIDS. This animal model appears, therefore, to fulfill its role 

efficiently. Practically, LP-BM5 MuLV is not considered as a human pathogen and carries 

no risk of transmission to other mice. The model is economical, simple to implement and 

manipulation and offers a practical and ethical alternative to AIDS studies using primates 

or humans. The use of this murine AIDS model, therefore, should provide a fruitful and 

exciting experimental opportunity to elucidate the pathogenesis of retrovirus infection, 

cofactor involvement such as alcohol user and drug abuse, and anti-retroviral drug testing. 
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SECTION n: T CELL RECEPTOR PEPTIDE AND IMMUNE MODULATION 

The immunopathogenic mechanisms underlying HTV infection and disease are not 

unidimensional, but rather are extremely complex (129). Preferential expansion, deletion 

and activation of some 004"^ aPT cells induced by retroviral super or chronic antigen 

exposure in human and murine AIDS may be important immunopathogenic mechanisms 

(130-132). Selective antigen activation of CD4'^ aPT cells may lead to polyclonal 

stimulation of T and B cells at early stages, with subsequent aberrant cytokine production 

and CD4'^ T cell depletion. Eventually, these abnormalities lead to profound 

immununosuppression of cell-mediated immunity and immunodeficiency (129). 

Autoantibodies (AAbs) binding peptide determinants corresponding to the CDRl 

of the T cell receptor (TCR) vp domain were elevated early in murine retrovirus infection 

(133). The elevation of the levels of these AAbs is an early event following retroviral 

infection which corresponds in part to the general polyclonal activation of the B cells with 

selectivity for particular vp sequences occurring later. The production of high levels of 

anti-TCR AAbs early in this disease with continued production of some suggests that the 

latter might be involved in retrovirus immunopathogenesis. The AAbs directed against 

CDRl determinants can be considered natural antibodies against public or regulatory 

idiotypes (134) since this region is the least variable of the CDRs and is completely 

specified by the VP gene sequence. 

A set of overlapping 16-mer peptides that duplicate covalent structure of the 



VBDBJBCB protein (135-136) predicted firom a human TCR vp gene sequence has been 

produced (137). The complete range of peptide sequences is published in detail elsewhere 

(138). Here, we focus on the sequence CKPISGHNSLFWYRQT that 

corresponds to the completed CDRl and N-terminal five residues of Fr2 (135,138) of the 

human vpS. 1 gene product (137). As a control peptide we used a 16-mer corresponding 

to the CDRl of the light chain MCG (139) because the LP-BM5 infected mice did not 

p r o d u c e  A A b s  t o  t h i s  p e p t i d e .  I t s  s e q u e n c e  i s  a s  f o l l o w :  T G T S S D V G G Y N X V S  

W Y. The peptide preparations were free of endotoxin. We have shown elsewhere that 

normal polyclonal IgG pools contain natural AAbs against peptide segments corresponding 

to CDRl, Fr3 and to a constant region "loop" peptide of the TCR P chain (135). Untreated 

mice also have natural IgG antibodies directed against the same peptide segments; in 

particular, there is strong reactivity to the human CDRl test peptides. A computer 

comparison of human and murine vp sequences (Schluter, S.F. and Marchalonis, J.J., 

unpublished analysis) using the progressive alignment algorithm of Feng and Doolittle 

(140) showed that certain human and murine vp sequences could be grouped into families; 

e.g., human VP6 and vpS correspond to murine vpil and human and murine VP5 are in 

the same clusters. 

Administration of a TCR vp CDRl peptide prior to infection significantiy 

prevented retrovirus-induced suppression of immune responses. When administered shortly 

after LP-BM5 infection largely maintained normal cytokine production. Preservation of 



immune function occurred similarly in mice injected with the peptide prior as well as post 

retrovirus infection. The greater the elapsed time post infection before vp peptide 

treatment the greater the immune dysfunction that developed. Thus, TCR Vp peptide 

treatment prevented immune dysfunction rather than restoring it. However a control 

peptide from a lambda-light chain CDRl had no effect on preventing retro virus-induced 

immune deficiency. These results indicate that TCR vp peptide could be considered as a 

immunoregulatory element in the complex network of interactions between the components 

of the immune response. They provide an insight not only to the pathogenesis of AAbs 

production during the progression to murine AIDS (133,141), but also to possible 

functioning of idiotypic networks involving AAbs and autoreactive T cells as regulatory 

elements. 

Most antigens are recognized through their interaction with the variable V portions 

of the TCR a and P chains. However, T cells recognize another category of ligands, the 

superantigens, on the basis of the expressed vp region alone, independently from the other 

variable TCR segments. The progression of CD4'^ T cell expansion/depletion requires 

stimulation of T cell clones or subgroups with retroviral chronic or superantigen exposure, 

resulting over time in excessive activation followed by energy of CD4'^ T cell bearing 

antigen selected vps. AAb against peptide defined epitopes of T cell receptors that were 

used to select the peptide for Treatment studies here, were also found in high levels in 

HTV"^ patients (142). Since there is no detectable homology between these peptides and the 
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sequences of the two retroviruses, it is reasonable to hypothesize that this overproduction 

results from a failure in regulation. 

Two potential mechanisms could be hypothesized for prevention of immune 

dysfunction during murine retrovirus infection and concomitant V6 peptide Treatment. 

First, Treatment against specific regulatory determinants on the products of individual VB 

genes (Figure 1). Second, the possibility that peptides corresponding to the CDRl and Fr2 

segment of the vp chain could interact with MHC molecules necessary for the presentation 

of peptide antigen, altering this process (Figure 2) (141). We believe that a general 

mechanism of this nature is required because the effective peptide correspond to only one 

of a possible set of > 30 peptides and it is unlikely that any single one would have an 

overall regulating effect based upon its idiotype specificity. AAbs to TCR VP induced by 

Treatment of TCR vp CDRl may slow the selective deletion/expansion of some vp T 

cells by cytolysis or other inhibitory mechanisms, including obstructed binding of the 

antigen to TCR vp chains. The increased production of AAbs to the TCR vp peptides 

alone during murine AIDS may not be enough to alter the TCR vp expression profiles 

induced by retroviral super or chronic antigen exposure. While the murine retrovirus 

infection induced, selective induction of high levels of AAbs against the TCR vp CDRl 

peptide, presumably due to increased TCR vp T cell expression, it is unclear why TCR 

vp can prevent retrovirus-induced immunosuppression and cytokine dysregulation. It is 

possibly caused by a difference in the affinity of the different vp for the superantigen after 
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specific AAbs interference. The presence of a dose-response relationship, as well as 

significant immune preservation in the presence of low doses of peptide in combination 

with two adjuvants, further suggests an immunoregulatory mechanism, vp peptide 

Treatment prior to or early in the 18 infection could slow activation of T-cells as we found 

a smaller increase in IL-2r'^ activated cells in treated, infected animals then in the infected, 

untreated mice. Thus during vp peptide Treatment, fewer cells may be activated to 

become Th2 or permitted to remain as immature ThO cells with their high production of 

IL-4 and IL-10. This would preserve but not restore normal function in most bystander 

cells that were close enough to be affected by cytokines produced by T cell clones 

stimulated by super or chronic retroviral antigen exposure, without the increased IL-4 

production by Th2 cells. In this situation more cells would remain as Thl cells, producing 

IFN-7 and IL-2 during retrovirus antigen exposure. They would also suppress Th2 

cytokine production in neighboring cells. Progression to severe pathology due to murine 

retrovirus infection may be dependent on a switch from Thl subset to Th2 subset 

dominated responses (143). It is characterized by loss of Thl-cytokine (IL-2 and IFN-y) 

production concomitant with increases in Th2-cytokine (IL-5 and IL-10) production (134-

135,143). Thl and Th2 cytokine profiles in murine retrovirus infection are in accordance 

with this hypothesis (134-135). Recent studies have demonstrated in C57BL/6 mice that 

the stimulation of a strong Thl immune response via Leishmania major infection before the 

onset of or early in the progression of LP-BM5 infection inhibits the development of 



murine AIDS symptoms (144). Administration of TCR vp CDRl peptide both prior and 

post infection significantly prevented the murine retrovirus-induced suppression of IL-2 

and IFN-y secretion, while the control peptide, MCG3, from the lambda light chain V 

region of immunoglobulins did not. Increased IL-2 release by TCR vp administration is 

in accordance with increased T cell proliferation as was the loss of IL-2 secretion by cells 

from mice that were progressing to severe pathology during murine retrovirus infection 

(134-135). IFN-y has also multiple distinct biological activities 19 including anti-viral 

activity, activating phagocytosis of macrophages and neutrophil cells, cytotoxicity of NK 

cells and cytotoxic T lymphocytes (145). Thus, increased IFN-y by TCR vp CDRl 

peptide would be expected to prevent development of suppressed cell-mediated immunity 

in murine AIDS. On the other hand, IFN-y inhibits Th2 cytokine secretion, which usually 

is elevated during the progression of the murine retrovirus infection. This notion is 

supported by our findings that administration of TCR VP CDRl peptide in murine AIDS 

significanUy reduced retrovirus-induced elevation of IL-5 and IL-10 production and IgG 

production, while a control peptide did not. Increased production of IFN-y by TCR vp 

peptide after retrovirus infection is also in agreement with the enhancement of NK cell 

activity by the peptide. Taken together, the prevention of imbalanced Thl and Th2 cytokine 

production by TCR vp CDRl peptide administration could contribute to the normalization 

of entire immune response, thereby retarding development of immune dysfunction during 

murine retrovirus infection. The dose of peptide which produced optimal slowing of 



development of immune dysfunction during murine retrovirus infection, 200 ug, was the 

same dose found optimal in humans with an autoimmune disease (146). The two adjuvants 

tested enhanced the effectiveness of low doses of a TCR vp peptide. This Treatment may 

be involved with production of AAbs (141) or cellular immunity. 

In vivo activated B cells and macrophages from HTV patents produce high level of 

TNF-a (129), as we found with LPS-stimulated splenocytes for LP-BM5 retrovirus 

infected mice (134). Elevated level of TNF-a may be involved with lipid metabolism, 

inducing hypertriglyceridemia (145) and loss of vitamin E (147) and increased lipid 

peroxidation (145) during development of murine AIDS. Elevated level of TNF-a has also 

been associated with the stimulation of HIV replication in macrophages/monocytes and T 

cells (148). Thus, reduction by TCR vp peptide treatment of elevated levels of TNF-a in 

murine retrovirus infection should ameliorate pathological symptoms of the host initiated 

by retrovirus infection. Peptide Treatment also largely prevented loss of tissue vitamin E 

(unpublished data). Surprisingly peptide Treatment did not prevent lymphadenopathy and 

splenectomony, although there was a tendency toward less splenectomy in some 

experiments. So it does not ameliorate all symptoms of retrovirus infection and may not 

prevent deaths due to asphyxiation from enlarged lymph nodes. In addition Treatment with 

a single Vp TCR peptide did not totally prevent immune dysfunction. AAbs were 

maintained in high levels to two of seven vp peptide families tested (141), suggesting that 

several T cell families or clones were stimulated by the retrovirus infection. Complete 
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maintenance of normal immune function may be possible by preventing stimulation of all 

clones induced by the murine retrovirus antigen with Treatment with the vp peptides from 

the several TCR clones stimulated by murine retrovirus infection. 

In summary, a TCR Vp CDRl peptide is a potentially immunomodulating agent 

that achieves its immune enhancing effects through indirect mechanisms, possible by 

preventing selective expansion of TCR vp T cells induced by the chronic retroviral antigen 

exposure. These findings help evaluate the mechanisms contributing to retrovirus-caused 

immunodeficiency and to prevent their functioning. TCR peptide Treatment to produce 

AAbs could provide long-term prevention of retrovirus-induced immune dysfunction. In 

addition, the use of TCR vp CDRl may be important in forestalling initial episodes of 

general immune disorders in some patients by extending the period between retrovirus 

infection and the appearance of immune deficiencies. 



SECTION III: VITAMIN E — ANTIOXIDANT AND IMMUNMODULANT 

Vitamin E refers to a group of eight naturally occurring compounds — alpha-, 

beta-, gamma- and delta-tocopherols and tocotrienols with the naturally occurring d-alpha-

tocopherol having the highest biological activity (149). Rich sources of vitamin E include 

vegetable oils and products made ftom these oils with smaller yet appreciable levels found 

in nuts, green leafy vegetables and wheat germ. Meats, fruits and vegetables seem to have 

little vitamin E. Absorption is influenced by dietary fat intake with high levels of 

polyunsaturated fats requiring increased vitamin E uptakes. 

Vitamin E is the major chain-breaking antioxidant in body tissues, protecting cell 

membranes at an early stage of free radical attack through its free radical-quenching 

activity (150-151). Singlet oxygen (an energized form of oxygen) is produced as a result 

of an oxidation process, damaging cell membranes and chromosomal material as well as 

producing free radicals. In addition, environmental pollutants such as smog, radiation, 

cigarette smoke, pesticides, herbicides and many drugs can react with tissues to produce 

free radicals (152), which react very quickly causing damage to membranes, enzymes, 

nucleic acids, and inactive proteins. Specific damage to cells' RNA or DNA may result 

in uncontrolled cellular transformation and cancerous cell growth. Unless quenched by 

an antioxidant like vitamin E, highly unstable free radicals attack the polyunsaturated fatty 

acids of membrane phospholipids. Once started, free radicals can damage both the 

structure and function of cell membranes in a chain reaction (153-154). There is extensive 
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evidence to implicate free radicals in development of degenerative diseases (155). 

Vitamin E is also effective in preventing biological damage by 

immunoenhancement. High doses of vitamin E decrease CD8"^ T cells and increase 

CD4'^/CD8'^ T cell ratio, increase total lymphocyte count, and stimulate activity of 

cytotoxic cells, natural killer (NK) cell activity, phagocytosis of macrophages and mitogen 

responsiveness (156-157). The immunostimulatory nature of vitamin E does provide a 

basis for its use in the therapeutic modulation of immune functions in humans. Vitamin 

E supplementation is non-toxic, and it may provide an effective therapy for prevention of 

different diseases. Its role in modulation of immune mediated systems will be reviewed. 

Vitamin E and Immune Stimulation in Animals 

Substantial evidence from tissue culture and animal studies show that vitamin E is 

required by the immune system. In experimental models different aspects of the immune 

system, such as resistance to infections, antibody production in response to antigens, 

delayed cutaneous hypersensitivity skin test, in vitro mitogenic response of lymphocytes, 

phagocytic index, and reticuloendothelial system clearance, can be suppressed by vitamin 

E deficiency. Vitamin E deficiency in dogs leads to depression of lymphocyte activation 

by mitogens (158). Furthermore, intakes of vitamin E above recommended levels are 

needed to achieve optimal response in several of these indices of immune function (159). 

Vitamin E has been found to stimulate Th (T-helper) cells, NK cell cytotoxicity, 

cytotoxic T-Iymphocyte activity, antibody response, macrophage phagocytosis, T and B 
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cell mitogen responsiveness, and host resistance in animals (160-162). Vitamin E 

supplementation (500 ppm for 30 days) significantly decreased prostaglandin Ej production 

while significantly increasing mitogenic response, Interleukin-2 (IL-2) production, and 

delayed hypersensitivity in old mice (163). The notion that vitamin E supplementation can 

enhance immune responses is strongly supported by our findings regarding its 

immunoenhancing role in mice. A 15-fold increase of oral vitamin E supplementation 

significantly stimulated T and B cell proliferation compared to controls (164). 

The effect of vitamin E on the immune system depends on interaction with other 

antioxidant and prooxidant nutrients, polyunsaturated fatty acids, and other factors 

modulating the immune response, such as age and stress. The extent to which these 

vitamin E-induced immunological changes are associated with meaningful clinical 

outcomes has not been well studied. However, high plasma vitamin E levels are associated 

with a low incidence of infectious disease (165) and colon cancer (166). Further support 

is obtained from animal studies and clinical trials in which a beneficial effect of vitamin 

E supplementation was observed in reducing the pathogenesis disorders (164, 197). 

Vitamin E and Immune Stimulation in Humans 

As immune responsiveness declines with age, with an increased incidence of 

infectious disease and tumors, vitamin E stimulation of immunity may be particularly 

applicable to the elderly. Delayed hypersensitivity has been shown to be a good predictor 

of mortality in healthy elderly subjects (168). The immunostimulatory effect of vitamin 



E was associated with decreased prostaglandin production and plasma lipid peroxide 

levels. In elder humans, vitamin E increased IL-2 production while decreasing the 

production of prostaglandin Ej, explaining the increased response the in the skin tests and 

lymphocyte proliferation (163). In an elderly population there was a statistically 

significant association with high plasma vitamin E levels with a lower incidence of 

infection (165). There was a significant increase in cells, Th cells and lymphocyte 

proliferation responses in the institutionalized elderly patients given vitamins A, C and E 

for 28 days (169). Institutionalized elderly women were supplemented with 100 mg d,l-a-

tocopheryl acetate twice daily (170). Vitamin E increased total serum protein with the 

principal effect on Oj- and Bj-globulin fractions. Another group given vitamin C (400 mg 

daily) with vitamin E displayed significantly increased IgG and complement C3 levels. 

A placebo-controlled, double-blind study that vitamin E supplementation (800 mg/day) of 

healthy elderly individual for a 30 day period significantly improves in vitro mitogenic 

responses of T cells, IL-2 production, and the delayed hypersensitivity (171). 

Vitamin E supplementation decreased leukocyte bactericidal activity, the release 

of acid phosphatase activity, and mitogen-stimulated lymphocyte proliferation (171). Two 

subjects showed clinical improvement in their symptoms of asthma and nasal allergy which 

may be related to immune modulation. Prasad demonstrated a significant increase in 

bactericidal activity in leukocytes of humans after ingestion of 300 mg of vitamin E as d-

alpha-tocopherol daily for 3 weeks (171). In a community-based survey of 100 healthy 
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subjects over 60 years of age, plasma vitamin E levels were positively correlated with 

positive delayed hypersensitivity responses to Diphtheria toxoid, Candida, and 

Trichophyton. Positive correlations were also observed between vitamin E levels and the 

number of positive delayed hypersensitivity responses in men. Subjects with tocopherol 

levels greater than 135 mg/L were found to have higher CD4 helper/CD8 suppressor cell 

ratios. Blood vitamin E concentrations were also negatively correlated with the number 

of infectious disease episodes (168). 

Vitamin E may be beneficial to host defense mechanisms by preventing the 

infection-induced increases in tissue prostaglandin production from arachidonic acid (163). 

Swartz et al. (172) administered 800 lU vitamin E or placebo daily to 30 healthy adults 

for 8 weeks and observed a dramatic decline in plasma 6-keto-prostaglandin F,a, the 

principal stable degradation product of prostacyclin. Vitamin E bidirectionally modulates 

the activity of the lipoxygenase pathway of human neutrophils in vitro. Normal plasma 

concentrations of vitamin E enhanced the lipoxygenation of arachidonic acid, whereas 

higher concentrations exerted a suppressive effect, consistent with a-tocopherol's role as 

a hydroperoxide scavenger (173). An infant boy with congenital glutathione synthetase 

deficiency with episodic profound neutropenia accompanying infection was treated with 

400 lU a-tocopherol acetate (174). Before the treatment, the abnormal leukocytes exposed 

to phagocytic challenge released more H2O2, fixed less opsonized zymosan particles, killed 

bacteria less effectively, and demonstrated impaired microtubule assembly. These 
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functional abnormalities disappeared after administration of vitamin E and no neutropenia 

occurred during subsequent infections. Further studies found normal microtubule 

assembly during the resting phase but damage to the structure from excessive peroxide 

production during stimulated phagocytic activity in a patient. Thus in glutathione-deficient 

leukocytes vitamin E protects against nonspecific oxidant damage to membranes and 

nonmembranous structures by hastening the destruction of excess peroxide during 

phagocytosis. Vitamin E protected against cytoskeletal damage incurred during 

phagocytosis but did not normalize other cellular functions dependent upon glutathione. 

Vitamin E and Modulation of Cytokine Production 

Immunocompetent cells are regulated by cytokines, a network of soluble 

polypeptide growth factors. Cytokines are typically of low molecular weight, usually 

glycosylated, and capable of affecting local or systemic immune and inflammatory 

responses. Under appropriate stimuli, macrophages and T lymphocytes secret cytokines 

to initiate and augment immune responses or inflammatory reactions (175). Thl cells 

produce IL-2, a pivotal cytokine in the growth and differentiation of T and B cells, and 

stimulation of cytotoxic T-lymphocytes (176). Another Thl cytokine, interferon-gamma, 

activates phagocytosis of macrophages and neutrophil cells, and the cytotoxicity of NK 

cells (176). Th2 cells secrete IL-4, IL-5 and IL-6 which responsible for the growth, 

proliferation, and differentiation of B cells into antibody producing cells (177). Cytokines 

play extremely important roles in the communication network that links inducer and 



effector cells during immune and inflammatory responses. Thus regulation of cytokine 

production by vitamin E could have major consequence on the prevention of disease 

development via modulating immune response. Vitamin E supplementation with 15-fold 

increase over standard mouse diets significantly increased IL-2 and interferon-gamma 

production by mitogen-stimulated splenocytes in vitro (162). Vitamin E at physiological 

concentrations (1-5 ug/ml) significantly stimulated the production of IL-2 and interferon-

gamma by mitogen-stimulated lymphocytes. Vitamin E supplementation in mice also 

stimulated IL-4 and IL-5 production by mitogen-stimulated splenocytes (162). Although 

vitamin E supplementation (800 lU d,l-a-tocopheryl acetate for 48 days before exercise) 

of elderly did not affect the basal production of IL-1 or tumor necrosis factor, it prevented 

the eccentric exercise-induced rise in IL-1, and inhibited the production of IL-6 (178). IL-

1 and IL-6 have been implicated in exercise-induced muscle proteolysis and damage. In 

the same study, the young subjects fed placebo capsules had a significantly greater 

neutrophilia and plasma creatine kinase in response to eccentric exercise compared to old 

subjects receiving placebos (179). 

In murine AIDS (acquired immune deficiency syndrome) vitamin E 

supplementation stimulates retrovirus-suppressed production of Thl cytokines and cell-

mediated immunity, whereas it inhibits the excessive secretion of Th2 cytokines induced 

by the retrovirus infection and hypergammaglobulinaemia. Thl and Th2 regulation by 

glucocorticoids during vitamin E supplementation could lead to the stimulation of Thl 



cytokines and suppression of Th2 cytokines. Glucocorticoids inhibit cell-mediated 

immunity as assayed by human and murine primary mixed lymphocyte cultures (180), 

which correlates directly with the amount of IL-2 produced (180-181). This hypothesis 

is consistent with the observations of increased levels of circulating glucocorticoids during 

human AIDS (182), which are correlated with the suppression of immune response (183), 

and the reduction of circulating glucocorticoid levels in mice by vitamin E supplementation 

(184). Thus, the restoration of imbalance of Thl/Th2 cytokine secretion by vitamin E 

provides a mechanism for its alleviation of hypergammaglobulinaemia and restoration of 

cell-mediated immune response during murine AIDS. 

In patients with HTV, there are high serum levels of IL-6 and tumor necrosis factor-

a (TNF-a (185), which was also found in mitogen-stimulated splenocytes or macrophages 

from LP-BM5 retrovirus-infected mice (186). Increased IL-6 and TNF-a production 

would explain the hypergammaglobulinemia and global B cell dysfunction seen with both 

retrovirus infections (187). Dietary vitamin E significantly reduced the increased 

production of IL-6 and TNF-a by mitogen-stimulated splenocytes, which suggests how it 

alleviated hypergammaglobulinaemia and global B cell dysfunction in murine AIDS 

(162,164). These studies indicate that vitamin E, by its modulation of cytokine 

production, can affect the catabolic consequences of inflammatory and acute-phase 

response. The immunostimulatory nature of vitamin E provide a basis for its use in the 

modulation of the various cell components and immune functions in humans, and its 
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therapeutic application in patients with various diseases. 

Vitamin E and Disease Resistance 

A dietary supplementation of 2-10 times higher than currently recommended levels 

of vitamin E significantly increased humoral and cell-mediated immune responses and 

phagocytic functions in laboratory and farm animals. It also increased their resistance to 

infectious diseases (188-191), and may counteract the immunosuppressive effect of stress 

in animals (192). Other antioxidants nutrients can interact with vitamin E in these 

processes. Vitamin E and C interact in enhancing immune responses and protection from 

infectious diseases and cancer (193). Vitamin E in combination with 6-carotene 

significantly increased disease protection and reduced hepatomegaly caused by Escherichia 

coli infection (194). The decreased mortality was accompanied by elevated antibody titers 

but without a significant correlation between titer and mortality. Immune protection in 

cattle by vitamin E supplement of 125 mg/head per day was effective when fed for at least 

3-4 weeks (195). These studies indicate that the dietary tocopherol requirement for 

maintenance of optimal immune responsiveness in animals may be higher than the levels 

recommended for normal growth and reproduction. The effective level of dietary 

supplementation is difficult to define because it depends on food and feed consumption, 

rate of growth, animal production, and living conditions (stress, crowding, and 

environment). Normally, 150-300 mg/kg diet of vitamin E consistently provided 

immunoenhancement and improved disease resistance in chickens and mice (189). 



A principal function of vitamin E is the prevention of lipid peroxidation of cell 

membranes, which may be the part of the mechanism of enhancing immune response and 

phagocytosis. The rapidly proliferating cells of the stimulated immune and phagocytic 

systems are particularly prone to peroxidative damage by free radicals, peroxides, and 

superoxides. The antioxidant effect also modulates the biosynthesis and activity of 

important cell regulators, prostaglandins, thromboxane, and leukotrienes (163,196). 

Vitamin E Deflciency and AIDS 

AIDS is associated with immune dysfunction, malnutrition, and oxidative stress. 

The immunostimulatory nature of vitamin E provides a basis for its use in the modulation 

of the various cell components and immune functions during therapy of AIDS. Vitamin 

E may also directly inhibit viral replication through inhibition of protein kinase C. The 

HTV (Human Immunodeficiency Virus) coat protein gpl20 induces protein kinase C 

activity in lymphocytes (197). This results in the transition of HTV from a state of latency 

to active replication in lymphocytes and leads to upregulation of HIV replication in cells 

with non-dormant HTV (198). This notion is strongly supported by the demonstration that 

HIV transcription is redox regulated, and inhibited by antioxidants such as N-

acetylcysteine, a well-known antioxidant used to replenish intracellular glutathione (199-

201). Thus, the combination of existing medical therapy with vitamin E supplementation 

may provide a more successful and novel therapeutic approach for treatment of HTV 

infected individuals. 



Vitamin E may also protect the immune system from retrovirus infection by 

hormonal changes. Prostaglandin and corticosteroids elevated in AIDS are potent 

inhibitors of the immune cells' activity, including cytokine release (202). Vitamin E 

decreases their levels, thereby enhancing immune response and increasing host resistance 

(163,186). As vitamin E normalizes immune responses, it could improve host resistance 

to tumorigenesis and opportunistic infections seen frequently in AIDS. 

Vitamin E supplementation has been shown to be beneficial in reducing the 

incidence or severity of infectious diseases in elderly persons and in rats (161,172). In 

patients with systemic lupus erythematosus, vitamin E supplementation decreased in the 

severity of this autoimmune disease with the plasma globulin level reduced and plasma 

albumin level increased (203). Therefore, vitamin E supplementation may decrease the 

heightened levels of gammaglobulin from polyclonal B cell activation in AIDS patients. 

In murine AIDS, we also found that vitamin E supplementation significantly alleviated 

hypergammaglobulinemia by reducing immunoglobulin production (162,164). Vitamin 

E enhancement of suppressed immune responses during retrovirus infection is strongly 

supported by our findings regarding the therapeutic role of vitamin E supplementation in 

murine AIDS. In murine AIDS, a 15-fold increase in dietary vitamin E significantly 

restored mitogen-induced splenic T and B cells proliferation, and stimulated NK cell 

activity, which were suppressed by retrovirus infection in non-supplemented mice 

(162.164). 



ADDS therapies involve pharmacological interventions (e.g. AZT) to inhibit HIV 

rq)lication. However, these drugs are accompanied by deleterious toxic side effects, and 

they do not repair damaged immune functions and improve nutritional deficiencies or other 

pathological symptoms caused by retrovirus infection in AIDS individuals. New strategies 

including specific dietary nutrient supplementation are necessary to provide additional 

approaches to ameliorate malnutrition status and immune dysfunctions in infected 

individuals, and hopefully slowing the progression of disease to AIDS. 

Although the roles of vitamin E in the clinical manifestation of HTV infection have 

not been completely defined, there are important links between vitamin E and HTV 

infection. Patients with HIV normally have serum vitamin E deficiencies, which may be 

related to the malabsorption associated with worsening HTV infection (204). A major 

percentage of patients with AIDS (50%), or only HTV (38%) had a vitamin E intakes of 

less than 50% the Recommended Daily Allowance (199). The immunostimulatory nature 

of vitamin E provides a basis for its use in the modulation of the various cell components 

and immune functions in humans and animals, and the consequent therapeutic use in 

patients with HIV or AIDS. 

Vitamin E and Murine AIDS 

Vitamin E enhancement of immune responses during retrovirus infection is strongly 

supported by our findings regarding its therapeutic role in murine AIDS. In murine ADDS, 

a 15-fold increase in dietary vitamin E significantly restored mitogen-induced splenic T 
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and B cells proliferation, and stimulated NK cell activity, as compared to non-

supplemented control mice (205-206). In murine AIDS, vitamin E supplementation also 

significantly alleviated hypergammaglobulinaemia by reducing immunoglobulin production 

(205-206). 

Immunocompetent cells are regulated by cytokines, a network of soluble 

polypeptide growth factors. Cytokines are typically of low molecular weight, 

glycosylated, and capable of affecting local or systemic immune and inflammatory 

responses. Under appropriate stimuli, macrophages and T lymphocytes secrete cytokines 

to initiate and augment immune responses or inflammatory reactions (207). T-helper 1 

(Thl) cells produce IL-2, which has a pivotal role in the growth and differentiation of T 

and B cells, and in the stimulation of cytotoxic T-lymphocytes (208). Another Thl 

cytokine, interferon-gamma, activates phagocytosis of macrophages and neutrophils, and 

increases the cytotoxicity of NK cells (208). T-helper 2 (Th2) cells secrete IL-4, IL-5, and 

IL-6 which are responsible for the growth, proliferation, and differentiation of B cells 

(209). Cytokines play extremely important roles in the communication network that links 

inducer and effector cells during immune and inflammatory responses. Vitamin E 

supplementation, which was 15-fold above that in the standard AIN mouse diet (1-5 

ug/ml), significandy increased in vitro IL-2 and interferon-gamma production in vitro by 

mitogen-stimulated splenocytes from healthy mice (205). Vitamin E supplementation in 

mice also stimulated IL-4 and IL-5 production by mitogen-stimulated splenocytes (205). 
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As vitamin E regulates cytokine production, it could have major consequence on the 

prevention of disease development via modulating immune response during retroviral 

infections (205). 

In murine AIDS, vitamin E supplementation stimulated retrovirus-suppressed 

production of Thl cytokines and cell-mediated immunity, while it inhibited the excessive 

secretion of Th2 cytokines and hypergammaglobulinaemia. Thl and Th2 regulation by 

glucocorticoids during vitamin E supplementation could lead to the stimulation of Thl 

cytokines and suppression of Th2 cytokines. Glucocorticoids inhibit cell-mediated 

immunity as assayed by human and murine primary mixed lymphocyte cultures (210), 

which correlates directly with the amount of IL-2 produced (210). This hypothesis is 

consistent with the observations of increased levels of circulating glucocorticoids seen in 

human AIDS (211). This is correlated with the suppression of immune response (212), 

and the reduction of circulating glucocorticoid in mice after vitamin E supplementation 

(213). Thus, correcting the imbalance of Thl and Th2 cytokine secretion by vitamin E 

provides a mechanism to explain its alleviation of hypergammaglobulinaemia and 

restoration of cell-mediated immune response during murine AIDS. 

We hypothesized that the loss of tissue antioxidants in murine AIDS is due 

significantly to the consequences of immune dysfunction (Figure 3). To test this 

hypothesis infected mice were treated with a T cell receptor peptide which prevented the 

retrovirus superantigen stimulation of Th2 cells (214). Prevention of immune dysfunction 
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Fig. 3. Proposed mechanism inducing low tissue vitamin E in murine AIDS. 
Inunune dysfunction permits increased infections, which produce greater antigen 
stimulation of macrophages. The activated macrophages produce and release more 
free radicals, reducing antioxidants like vitamin E. 
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during murine AIDS prevented loss of vitamin E and the usual increase in lipid 

peroxidation as evidence of free radical activity. However, delaying treatment until severe 

immune dysfunction had occurred did not restore immunity (214) or tissue vitamin E or 

prevent lipid peroxidation. 

Patients with HTV infection have high serum levels of IL-6 and tumor necrosis 

factor-a (TNF-a) (215), which are also produced excessively by mitogen-stimulated 

splenocytes and macrophages from retrovirus-infected mice (216). Increased IL-6 and 

TNF-a productions may explain the hypergammaglobulinaemia and global B cell 

dysfunction seen in murine and human retrovirus infections (217). Dietary vitamin E 

supplementation significantly reduced the excessive productions of IL-6 and TNF-a by 

mitogen-stimulated splenocytes, which explained how vitamin E supplementation alleviated 

hypergammaglobulinaemia and global B cell dysfunction in murine AIDS (205-206). 

Thus, vitamin E can affect the catabolic consequences of inflammatory and acute-

phase response by modulating cytokine production. The immunostimulatory nature of 

vitamin E suggests a basis for its use in the modulation of the various cell components and 

immune functions in humans. It may also overcome the destruction of antioxidant caused 

by retrovirus-induced immune dysfunction (Figure 3). There is increasing interest in the 

clinical application of vitamin E therapy, especially in the prevention of immune 

dysfunction (218). Results from the majority of epidemiological and animal studies 

demonstrated that vitamin E, as an antioxidant and immunostimulant, helps delay or 
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prevent the development of various infectious and non-infectious diseases. Further 

research on vitamin E, alone or in combination with other antioxidants, is needed to more 

precisely define its protective role in the alleviation of immune dysfunction during 

retroviral diseases. 

Vitamin E and NF-kB Inhibition 

NF-kB was first characterized in mature B and plasma cells as a nuclear protein that 

binds specifically to a 10-bp sequence in the k intronic enhancer (219). However, NF-kB 

was then found to exist in virtually all cells and might be a critical regulator for tissues and 

particularly developmental stage-specific expression of the k gene (219). Subsequent 

studies revealed that a wide variety of inducible genes contained NF-kB-responsive sites 

in their promoters and enhancers, thus indicating a general role for NF-kB as a rapid 

response transcription factor in different cells (220). NF-kB is critical for the inducible 

expression of many genes involved in immune and inflammatory responses including IL-1, 

IL-2, IL-2Ra, IL-6, IL-8, TNF-a, TNF-B, IFN-B, GM-CSF, and serum amyloid A 

protein (219). In most cells, with the exception of mature B cells, macrophages, and some 

neurons, NF-kB remains in the cytoplasm bound to an inhibitory protein called IkB (221). 

Treatment of cells with various inducers leads to the dissociation of the cytoplasmic 

complex and the translocation of free NF-kB to the nucleus (222). Therefore, NF-kB 

serves as a signal transducer by carrying information from external agents directly to the 

nucleus. 



D®-a, which is the most thoroughly characterized DcB member, is presumed to be 

phosphorylated and rapidly degraded, leading to the release and translocation of NF-kB 

to the nucleus. NF-kB then influences the transcription of selected genes, including that 

of IkB-a (219). NF-kB is believed to play an important role in the activation of human 

immunodeficiency virus (HIV), The virus that causes acquired immunodeficiency 

syndrome (AIDS). AIDS can results from infection with either HTV-l or HrV-2 which 

eventually destroys a specific subset (CD4'^) of helper T lymphocytes, so that the patient 

ultimately succumbs to opportunistic infection and neoplasms. The long terminal repeat 

(LTR) region of HIV-1 proviral DNA contains two binding sites for the transcription-

enhancing fector, NF-kB. NF-kB is a mammalian transcriptional activator that is directly 

involved in the transmission of various signals from the cytoplasm to the nucleus (223). 

NF-kB activates transcription by binding to the sequence 5'-GGGACnTCC-3' in the k 

enhancer where it interacts with the transcription apparatus, and participates in activation 

of genes involved in the immune, inflammatory, or acute phase responses, such as various 

cytokine genes and surface receptors as well as viruses (including HTV-l) (224). A variety 

of stimuli have been found to induce NF-kB activation including protein kinase activators 

(phorbol esters), protein synthesis inhibitors (cycloheximide), double-stranded RNA, 

lectins (concanavalin A), and cytokines (TNF-a, IL-1). Reactive oxygen species have 

recently been suggested to be involved in the signal transduction pathway which leads to 

the activation of NF-kB and subsequently HIV-l activation. This was first demonstrated 



by the fact that N-acetylcysteine (NAC) inhibited HIV LTR-directed expression of 6-

galactosidase enhanced by TNF-a and phorbol ester (225). Additionally NAC was found 

to inhibit and diamide to stimulate NF-kB activation (226). NAC is known to increase 

intracellular levels of reduced glutathione, while diamide increases the amount of oxidized 

glutathione thereby depleting reduced glutathione. The finding that NAC blocks TNF-a 

induced NF-kB responses was confirmed by demonstrating that cells exposed to H2O2 also 

led to NF-kB activation. These findings suggest that antioxidants, such as vitamin E, can 

interfere with the generation of firee radicals and that it can also scavenge free radicals. 

Thus, antioxidants can block the activation of NF-kB and inhibit immune dysfunction 

caused by preferential expansion, deletion, and activation of some T cell clones and 

subsequently arrest aberrant cytokine production. 

A recent study examined the effects of vitamin E derivatives on TNF-a induced 

NF-kB activation (227). Incubation of human Jurkat T cells with vitamin E acetate or a-

tocopheryl succinate (10 uM to 1 mM) resulted in a concentration dependent inhibition of 

NF-kB activation. Possible mechanisms of action of TNF-a-induced NF-kB activation and 

inhibition by vitamin E derivatives are shown in Figure 4 (227). HPLC measurements 

demonstrated that treating cells with TNF-a had no effects on cellular a-tocopherol, but 

treating with vitamin E acetate increased a-tocopherol content. It should also be noted that 

cell viability was not affected by any of the vitamin E derivatives. These results indicate 

a possible clinical use of antioxidants, such as vitamin E, in blocking HTV activation. 



73 

TNF 

TNF 

llntemaiisation TNF z/ rr 
Phosphatidylcholine 

PMC 
PLC 

Phospholipids PLA, Diacylglycerol 
SMase 

Arachtdonic 
acid 

Ceramide Sphingomyelin 

Bectron Transport 
Vit E acetate < 1  

•  HjOj—Ser, thr-
/ phosphatase 

HO c:̂  
Deestenfication 

(vitamin eH4rOO 

\ 4/ ^ \ // ROOM 1  K B  

a-T succinate 
[p65Yp50j 

Nucleus 

Fig. 4. Possible mechanisms of the TNF-induced NF-kB activation and inhibition by 
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As the AIDS epidemic continues to be destructive, and an immediate cure is 

unlikely, strategies need to be developed which delay the progression of HTV infection to 

advanced AIDS. Preventing HIV activation by maintaining integrated proviral DNA in 

the latency stage would be such a strategy. Thus, blocking HTV transcription at the level 

of NF-kB using antioxidants may lead to a long-term survival. Furthermore, current 

treatments aimed at eliminating virus by antiviral agents such as reverse transcriptase 

inhibitors (e.g., AZT, DDC) exhibits some toxicity to the host and the use of high doses 

is therefore not desirable. This has led to the more fevorable idea of combination therapies 

for AIDS. Natural compounds which can affect the HTV lifecycle are attractive in that 

they may support the actions of aggressive antiviral agents without the risk of toxicity. 

Vitamin E, and its derivatives are such natural antioxidants which can block the activation 

of NF-kB. 

Conclusion 

Further work is needed to elucidate the mechanisms, which appear to utilize 

different processes, of the protective effects on cancer treatment and the inhibitory effects 

on NF-kB activation provided by vitamin E and its derivatives. Understanding such 

differences in the actions of these derivatives, which may be governed by different 

physicochemical characteristics, would result in influencing a common biological outcome. 

This may be important in future drug design for cancer and AIDS therapy by defining the 

structure-activity relationships at the cellular level. 



Chapter 2. SUPPRESSION OF TISSUE LEVELS OF VITAMIN A, E, ZINC 
AND COPPER IN MURINE AIDS 

ABSTRACT 

Female C57BL/6 mice were infected with LP-BM5 retrovirus, causing murine 

acquired immune deficiency syndrome (AIDS) which is functionally similar to human 

AIDS. Because human immunodeficiency virus may compromise nutritional status and 

nutritional disorders have been found in AIDS patients, the influence of murine retrovirus 

infection on levels of important immune-related nutrients (vitamin A, E, zinc and copper) 

in the serum, liver, small intestine, spleen and thymus was determined in murine AIDS. 

The levels of vitamin A, E and copper in the liver in murine AIDS were significantly 

reduced compared to controls, whereas the level of zinc in the liver was not affected. 

Intestinal level of vitamin A was significantly reduced by retrovirus infection, whereas 

copper level in the small intestine was significantly increased compared to controls. 

Intestinal levels of zinc and vitamin E were not affected. The levels of vitamin A, E and 

zinc in the spleen in murine AIDS were significantly rebated compared to controls, 

whereas the splenic level of copper was not influenced. The levels of vitamin A, E and 

copper in the thymus in murine AIDS were significantly lessened by retrovirus infection 

compared to controls, whereas thymic level of zinc was significantly elevated. The levels 

of vitamin A and E in the serum in murine AIDS were significantly decreased by 

retrovirus infection compared to controls. The data indicated that retrovirus infection can 
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directly cause malnutrition, possible via damaging gastrointestinal cells, thereby leading 

to malabsorption. Such malnutrition has the theoretical potential to accelerate development 

of AIDS via immunosuppression secondary to nutritional deficiency. 

INTRODUCTION 

Acquired immune deficiency syndrome (AIDS) is a disease of presumed retroviral 

etiology, characterized by immune dysfunction and associated with opportunistic infections 

and eventual death. The human immunodeficiency virus (HTV) is a key causative agent 

of AIDS, although malnutrition could contribute to the progression to AIDS. Profound 

weigh loss, cachexia, multiple nutrient deficiencies and protein calorie malnutrition are 

frequently nutritional disorders found in AIDS patients (228). They have the theoretical 

potential to accelerate development of AIDS via immunosuppression secondary to 

nutritional deficiency. Therefore, the malnourished state of the AIDS patients may have 

precluded recovery from infectious events which earlier represented survivable episodes. 

Gastrointestinal dysfunctions including diarrhea and malabsorption are also common 

manifestations of the AIDS (229-230). It has been suggested that HIV infection might 

play pathogenic role in gastrointestinal cells. This current view of an HIV-induced 

enteropathy is supported by two main kinds of data. On the one hand, in situ hybridization 

studies have localized HIV infection in various types of epithelial cells of the bowel 

mucosa (231-232). On the other hand, HIV infection of gastrointestinal cell lines has been 

documented in vitro (233-235). Such complications in AIDS contribute to malnutrition 



with increased susceptibility to infection and malabsorption to further compromise 

nutritional status. 

Although the roles of vitamins and minerals in the clinical manifestation of HIV 

infection has not been well defined (236), a growing number of studies have suggested 

important links between vitamins or minerals and HTV infection. Bogend et al. found that 

12% of their 30 patients at various stages of HTV disease has serum vitamin A deficiency 

(237). In their study of AIDS patients, Malcolm et al. reported low vitamin A levels in 

seven of 24 patients (29%) (238). Bogden et al. found that 12% of 30 patients, at varying 

stages of HTV infection, had low plasma levels of vitamin E (237). In another study, Passi 

et al. also noted deficient levels of plasma vitamin E in patients with HTV (238). Zinc 

deficiency in HIV infection has been identified consistendy. Falutz et al. reported that 

serum zinc decreased progressively with advancing HIV disease among 150 patients, 

compared with 50 HIV-seronegative controls (239). Fordyce-Baum et al., Malcolm et al., 

and Bogden et al., all found that marginal or clear zinc deficiency in any where from 23% 

to virtually all of the patients tested (237-238,240-241). The prevalence of copper 

deficiency is less clearly set up since there are only two available studies. Fordyce-Baum 

et al. found marginal copper deficiency in 22% of their patients (241). In contrast, 

Bogden et al. noticed low levels in only 3% of patients (237). Thus preliminary data 

support the clinical importance of vitamin A, E and zinc and copper deficiencies in HTV 

infection, although their different extends of deficiency in HIV infection have been 



reported. There is little doubt that patients with HTV infection will be increasingly 

compromised nutritionally as the disease progresses. Thus, two questions were addressed 

in the present research. Since serum vitamin and mineral levels may not always be 

sensitive or specific indicators of deficient or excess states, levels do not always reliably 

reflect nutrient status of the body. Thus, the studies in the animal model are necessary to 

define the nutritional status in the different organs during the progression of AIDS. In 

addition, since some of the deficient states seen in HIV-infected patients may result fi^om 

the alcoholism, infections and drug use or other extraneous variables, which are usually 

associated with AIDS patients and contribute malnutrition (242-243), it is hard to correlate 

the relationship between retrovirus infection and malnutrition in human subjects as AIDS 

advances. Thus, the studies in the animal model may help to clarify the relationship 

between undernutrition and retrovirus infection. To identify cofactors, nonimmune 

complications (e.g. undernutrition), capable of accelerating immune dysregulation 

following HTV infection and define their contribution to the development of AIDS, animal 

models as analogies for comparative studies of several aspects of human AIDS have been 

developed (244). LP-BM5 murine leukemia model, inducing murine AIDS, is the most 

widely used as it offers several advantages including being relatively inexpensive and 

highly reproducible. Murine LP-BM5 leukemia virus induces in susceptible strains of 

mice an AIDS with many functional similarities to human AIDS (244). It is characterized 

by lymphadenopathy, splenomegaly, hypergammaglobulinemia, deficient B-cell response 



to T-independent antigens in vitro, depressed allogeneic cytotoxic T-lymphocyte responses 

and impaired cytokine release (245-246). Thus, LP-BM5 MuLV infection in mice is a 

useful rodent model to study the consequence of HTV infection in humans. In this study, 

we investigated the nutritional status (vitamin A and E, zinc and copper) in the liver, 

serum and small intestine as well as immune organs (spleen and thymus) during the 

development of murine AIDS. This study will facilitate the understanding the relationship 

between retrovirus infection and nutritional status in AIDS. 

MATERULS AND METHODS 

Animals and LP-BM5 Retrovirus Infection 

Female C57BL/6 mice, 5 weeks old, were obtained from National Cancer Institute 

(Frederick, MD). Animals were cared for as required by the University of Arizona 

Committee on Animal Research. They were fed the AIN-76A synthetic chow diet (Dyets, 

Bethlehem, PA). After 3 weeks housing of the mice in the animal facility, the mice 

randomly were divided into tow groups. One group received LP-BM5 retrovirus 

infection. Another group was used as control. The retrovirus was administrated 

intraperitoneally to mice in 0.1 ml with an ecotropic (XC) of 4.5 log,o PFU/ml, which 

induces disease with a time course comparable to that previously published (244). Infection 

of adult female C57BL/6 mice with LP-BM5 MuLV leads to the rapid induction of clinical 

symptoms with virtually no latent phase. 

Measurement of Vitamin A and E. 



Tissue concentrations of total tocopherol and retinol were determined by the 

fluorometric method described by Dugan et al (247). Briefly, about 0.1 g of tissues was 

homogenized in 5 ml water and 5 ml ethanol, and vitamin A and E extracted with 5.0 ml 

n-hexane by shaking for 1 minutes and centrifiigation at 3000 rpm for 5 minutes. The n-

hexane layer was removed and measured at an emission of 430 nm and an excitation of 

maximum of 365 nm for retinol measurement. Then, 0.5ml of 60% sulfuric acid added, 

the solution mixed thoroughly and the fluorescence intensity for vitamin E determined in 

the hexane at an emission of 340 nm and an excitation maxima of 295 nm using a 

fluorescence spectrophotometer (Hitachi F-2(XX), Hitachi, Tokyo, Japan) and using alpha-

tocopherol or all-trans retinol (Eastman Chemical, Kingsport, TN) as a standard. All 

levels of vitamins were represented by ^g/wet g tissue. 

Serum Vitamin A and E. 

Serum vitamin A and E were measured by mixing 0.2 ml of serum with 2 ml of 

ethanol, extracting with 4.0 ml n-hexane by shaking for 5 minutes and centrifiigation at 

300 rpm for 5 minutes. The vitamin A and E levels in n-hexane layers were be measured 

as indicated above. Serum vitamin levels were represented by /tg/ml serum. 

Measurement of Zinc and Copper. 

About 0.1 gram of tissues is dried at 56 °C in a oven for overnight. After cooling, 

5 ml of 70% nitric acid is then added. After mixing and predigestion in a 60 °C water 

bath for an hour, the water bath was brought to boiling. Five drops of 30% hydrogen 
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peroxide were then added to the samples. Before the tubes were removed from the water 

bath, another drop of hydrogen peroxide was added. The solution is either measured 

directly or diluted to the appropriate concentrations for elemental analysis by flame atomic 

absorption (Hitachi, 180-70 Spectrophotometer) at 213.8 nm for zinc and at 324.8 nm for 

copper. The same nitric acid containing 30% hydrogen peroxide was used for the standard 

and blank controls in the mineral analysis. All levels of minerals were represented by ^g/ 

g dry tissue. 

Statistics. 

All parameters were compared using a one-way analysis of variance (ANOVA), 

followed by a two-tailed Student's t test for comparison between any two groups, p <0.05 

was considered to be significantly different between two groups. 

RESULTS 

Hepatic Levels of Nutrients 

As shown in Table 1, the levels of vitamin A, E and copper in the liver in murine 

AIDS were significantly (p < 0.05) reduced compared to uninfected mice. The level of 

zinc in the liver was not affected by retrovirus infection. 

Intestinal Levels of Nutrients 

The Copper level in the small intestine was significantly (p < 0.05) increased by 

retrovirus infection compared to controls, whereas the vitamin A level was significantly 

(p < 0.05) reduced by the retrovirus infection. The zinc and vitamin E level was not 
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affected by retrovirus infection. (Table 2). 

TABLE 1. HEPATIC LEVELS OF NUTRIENTS DURING MURINE AIDS* 

Groups Nutrients i f i g / g  liver) 

a-retinol a-tocopherol zinc copper 

Control 

Murine AIDS 

450.0±60.I 

150.0±39.0@ 

67.3±8.5 

43.3±4.0® 

86.4±10.1 

89.7±11.8 

15.9±1.4 

12.8±I.9@ 
* Values are mean ± SD for 8-10 mice. @ p < 0.05. 

TABLE 2. INTESTINAL LEVELS OF NUTRIENTS DURING MURINE AIDS* 

Groups Nutrients (fig/g intestine) 

a-retinol a-tocopherol zinc copper 

Uninfected 

Murine AIDS 

57.1 ±2.4 

46.8±6.7@ 

145.2 ±30.0 

154.8±46.7 

53.3±15.0 

50.3±15.8 

6.3±0.4 

8.5±0.2@ 
* Values are mean ± SD for 8-10 mice. @ p < 0.05. 

Splenic Levels of Nutrients 

As shown in Table 3, the levels of vitamin A, E and zinc in the spleen after 

development murine AIDS were significantly (p < 0.05) reduced compared to controls, 

whereas the splenic level of copper was slightly increased by retrovirus infection. 
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TABLE 3. SPLENIC LEVELS OF NUTRIENTS DURING MURINE AIDS* 

Groups Nutrients (Mg/g spleen) Groups 

a-retinol a-tocopherol zinc copper 

Uninfected 23.7±3.2 396.6±37.6 13.9±1.4 7.38±1.4 

Murine AIDS 7.4+1.9® 85.8±33.3® 7.17+1.2® 9.13±0.6@ 
* Values are mean ± SD for 8-10 mice. @ p < 0.05. 

Thymic Levels of Nutrients 

The levels of vitamin A, E and copper in the thymus after development of murine 

AIDS were significantly (p < 0.05) decreased by retrovirus infection compared to 

controls, whereas thymic level of zinc was significantly elevated by retrovirus infection 

(Table 4). 

TABLE 4. THYMIC LEVELS OF NUTRIENTS DURING MURINE AIDS* 

Groups Nutrients (Mg/g thymus) 

a-retinol a-tocopherol zinc copper 

Uninfected 48.6±10.8 53.5±9.0 1.46±0.2 15.48±4.8 

Murine AIDS 30.6±4.0@ 38.1 ±7.9® 6.38±2.4® 8.54±1.8® 
* Values are mean ± SD for 8-10 mice. @ p < 0.05. 
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Serum Levels of Vitamins 

The levels of vitamin A and E in the serum in murine AIDS were significantly 

reduced by retrovirus infection compared to controls (Table 5). 

TABLE 5. SERUM LEVELS OF VITAMIN A AND E DURING MURINE AIDS* 

Groups Vitamins (Mg/ml) 

a-retinol a-tocopherol 

Uninfected 1.57±0.33 3.3±0.36 

Murine AIDS 0.71 ±0.2® 0.73±0.19@ 
* Values are mean ± SD for 8-10 mice. @ p < 0.05. 

DISCUSSION 

We demonstrated, for the first time, that retrovirus infection can cause 

undernutrition, reducing tissue levels of nutrients during murine AIDS. The levels of 

vitamin A and E in the liver, serum and small intestine as well as spleen and thymus were 

significantly reduced by retrovirus infection. The levels of copper in the liver, and zinc in 

the spleen were significantly lessened by retrovirus infection. These findings produce the 

evidence that undernutrition secondary to retrovirus infection seen in AIDS individuals 

could play a direct and forceful role in aggravating immune dysfunctions and rendering 

the body more susceptible to life-threatening tumors and opportunistic infections. 

Vitamin A deficiency depresses lymphocyte activation by mitogen in rats (248), 



and leads to a depletion of mature T-cells from the spleen. Repletion with retinoic acid 

results in a r^id increase in the peripheral lymphocyte count (249). Vitamin A deficiency 

may decrease antigen binding due to alterations in surface membrane glycoproteins (250). 

In large populations, vitamin A deficiency has been found to be associated with an 

increased incidence of a variety of cancers, and severity of infection (250). Similar 

depression of the general immune functions associated with vitamin E deficiencies have 

also been observed in both animals and humans. In rats, depressed antibody-dependent 

cell mediated cytotoxicity (251), decreased lymphocytes blastogenesis in response to 

mitogens (252), and depressed NK cell mediated cytotoxicity (253) have been reported in 

vitamin deficient states. In guinea pigs, dietary vitamin E deficiency depressed spleen T-

and B-lymphocyte immune responses to mitogens to about 50% of vitamin E adequate 

animals (254). The macrophages of these vitamin E deficient guinea pigs also lacked 

accessory cell ftinctions and acted only as suppressor cells (255). In humans, a strong 

correlation of decreased serum levels of vitamin E and decreased number and metabolic 

functions of T-lymphocytes have been shown in athletes (256). Therefore, the deficiencies 

of vitamin A and vitamin E in the tissues including immune organs should contribute 

immune dysfunctions initiated by retrovirus infection in murine AIDS, e.g. depressed 

proliferation of T and B cells in the spleen and mesenteric lymph nodes, impaired 

cytotoxicity of splenic NK cell, and dysregulated cytokine production by lymphocytes from 

spleen and mesenteric lymph node observed in murine AIDS by us (245,257-258). 



Zinc has an important role in immunocompetence and exerts a crucial regulatory 

effect on specific immune functions. Zinc deficiency results in the adverse effects on the 

immune system of a depression of cell-mediated immunity with decreased T-cells and B-

cells in lymphoid tissue, decreased T-helper cell number and activity, an inverted ratio of 

T-helper to T-suppressor cells, a depressed response of T-cell to tumor cells, delayed 

cutaneous hypersensitivity, decreased Iymphokine production, decreased production of 

cytotoxic T cells, reduced antibody response requiring T-helper cells, decreased natural 

killer cells activity, depressed IgM, and depression of thymic hormones (249,259). Zinc 

deficiency may be particularly important because of indications that zinc may play an 

important role in immune function, particularly in T-cell response, in HTV infection. 

Fallutz reported that serum zinc concentration correlated with the lymphoproliferative 

responses of mononuclear cells to PHA stimulation and that zinc supplementation 

augmented this response to PHA in HIV-infected patients (239). In the rabbit, both 

epithelial and stromal harps simplex keratitsare more severe when zinc is deficient (258). 

A dose of trypanosoma cruzi, which would normally be sublethal, causes the death of 80% 

of zinc-deficient mice who also exhibit a 50-fold higher parasitemia than pair-fed controls 

(260). In such zinc-deficient rats, the expulsion of trichinella spiralis (261) and 

Strongyloides ratti is impaired (261-262). Findings indicating an impaired host defense 

system in copper deficiency have been reported in humans and animals. Children with the 

Menkes syndrome, a rare congenital disease resulting in copper deficiency, frequently die 



from pneumonia (263). Copper deficiency in humans is accompanied by bacterial 

infections, diarrhea, and bronchopneumonia (264). Bactericidal activity by neutrophils is 

decreased on copper-deficient cattle, ewes, and lambs (265-266). In rat, increased 

susceptibility to Salmonella typhimuriwn in copper deficiency was caused by decreased 

macrophage activity. Reduced numbers of splenic antibody-producing cells and T cells, 

reduced proliferation of T and B cells, reduced responsiveness and stimulator activity of 

splenic T cells in one-way mixed lymphocyte reaction (267), and impaired cell-mediated 

immunity have been observed in copper deficient mice (268). Therefore, nutrient 

deficiencies in AIDS could further predispose HIV-infected patients to more frequent or 

severe infections. Thus, the severe malnutrition seen in patients with AIDS may set up a 

vicious cycle in which the underlying immunological deficit related to HIV infection is 

exacerbated by the immune dysfunction associated with malnutrition. This finding also 

supports the notion that the malnourished state of AIDS may aggravate the immune 

dysfunctions initiated by retrovirus infection, e.g. depressed proliferation of T and B cells 

in the spleen and mesenteric lymph node, impaired cytotoxicity of splenic NK cell, and 

dysregulated cytokine production by lymphocytes from spleen and mesenteric lymph node 

observed in murine AIDS by us (245,257). These evidence concomitantly explain the loss 

of host resistance to the tumor and opportunistic infections observed in murine AIDS. It 

is not clear why zinc level in the thymus and level of copper in the small intestine were 

elevated by retrovirus infection during murine AIDS. They may reflect another kind of 
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pathological symptom of AIDS as these nutrient deficiencies in other tissues, possible 

originating from an abnormal pathway of their absorption into the body. 

In summary, results in a murine model of AIDS induced by LP-BM5 murine 

leukemia retrovirus show a undernutrition after development of AIDS, possible due to the 

retrovirus infection causing significant gastrointestinal damage, thereby inducing 

malabsorption. Nutritional deficiencies could facilitate the progression of the disease 

initiated by retrovirus infection, and suppress immune responses, and speed loss of 

resistance to the tumors and opportunistic infections. Obviously the mechanism by which 

retrovirus infection causes malnutrition should be fiirther elucidated, which would facilitate 

the understanding of HIV-induced enteropathy in AIDS individuals. These studies will 

also lay a basis for the nutritional therapy in AIDS patients. 
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Chapter 3. NORMALIZATION OF NUTRITIONAL STATUS BY VARIOUS 
LEVELS OF VITAMIN E SUPPLEMENTATION DURING RETROVIRUS 

INFECTION CAUSING MURINE AIDS 

ABSTRACT 

Female C57BL/6 mice infected with LP-BM5 retrovirus develop murine AIDS 

which is functionally similar to human AIDS. Dietary supplementation, with a 15-, 150-

and 450-fold increase of vitamin E above the basal level, significantly restored serum and 

hepatic vitamin A and E which had been reduced by retrovirus infection. They also 

significantly restored hepatic copper, which had been reduced by retrovirus infection, 

whereas only 150- and 450-fold vitamin E improved hepatic zinc level. Vitamin E 

supplementation at all levels had no effect on hepatic zinc and copper levels in normal 

mice, whereas they significantly increased serum and hepatic vitamin A and E 

concentrations. Vitamin E supplementation at all levels significantly increased intestinal 

vitamin A and E levels during murine AIDS, whereas only intestinal vitamin E levels was 

altered by various levels of vitamin E supplementation. Interestingly, vitamin E 

supplementation had no effect on intestinal copper level, whereas they significantly 

increased intestinal zinc level in the normal mice. Only the 450-fold vitamin E 

supplementation significantly elevated intestinal level of zinc. These data indicate that 

dietary vitamin E supplementation at extremely high levels did not induce toxic, and 

improved undernutrition initiated by retrovirus infection during progression to murine 

AIDS, which should favorably affect immune responses. 
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INTRODUCTION 

Acquired immune deficiency syndrome (AIDS) is a clinical disorder caused by 

human immunodeficiency virus (HTV), representing the end point in a progressive 

sequence of immunosuppressive changes. HTV, the key causative agent of AIDS, induces 

immunosuppression which results in host defense defects that render the body highly 

susceptible to opportunistic infections and neoplasm (269). Since progression to AIDS is 

often complicated by various nutritional disorders, the additional immune dysfunction due 

to undernutrition may exacerbate immune damage due to the retrovirus infection, and have 

precluded recovery from infectious events which earlier represented survivable episodes. 

This hypothesis is based on findings from clinical and experimental situations where 

malnutrition has been associated with immunological dysfunction (270-271); development 

of infectious processes (271-272) and vital organ dysfunction (273). Thus, the severe 

malnutrition seen in patients with AIDS may set up a vicious cycle in which the underlying 

immunological defects related to HIV infection are aggravated by the malnutrition-induced 

immune dysfunction. 

Although the roles of vitamins and minerals in the clinical manifestation of HTV 

infection has not been well defined (274), a growing number of studies have suggested 

important links between vitamins or minerals and HIV infection (275). Two studies found 

that 12%-29% of their patients at various stages of HTV disease has serum vitamin A and 

E deficiencies (276-277). A study found that a major percentage of patients with AIDS 



(50%), ARC (58%) and HTV (38%) had a vitamin E intake of less than 50% the 

Recommended Daily Allowance. Zinc deficiency in HTV infection has been identified 

consistently (278-281). One study reported marginal copper deficiency in 22% of their 

AIDS patients (281). Thus, patients with HIV infection will be increasingly compromised 

nutritionally as the disease progresses. Indeed, it has been suggested that HTV infection 

might play pathogenic role in gastrointestinal cells. In situ hybridization studies have 

localized HIV infection in various types of epithelial cells of the bowel mucosa (282-283). 

HIV infection of gastrointestinal cell lines has been documented in vitro (284-286). Since 

the lymphoid tissues, the main target of HTV, are present throughout of the gastrointestinal 

tract, and CD4-related receptors have been demonstrated (287), it is conceivable that AIDS 

patients have dysfunction of some portion of gastrointestinal tract due to retrovirus 

infection, thereby leading to malabsorption and malnutrition. The results from murine 

AIDS studies further confirmed that retrovirus infection induced hepatic and serum 

nutrient deficiencies as well as splenic nutrients in the presence of normal food intake, 

reducing important immunoregulatory nutrients such as vitamin A, E, zinc and copper 

(288). Such retrovirus-induced malnutrition has the theoretical potential to accelerate 

development of AIDS via immunosuppression secondary to nutritional deficiency. 

Our previous study indicated that 15-fold increase of vitamin E supplementation 

during murine AIDS significantly restored hepatic, serum, intestinal and splenic 

concentrations of vitamin A, E, zinc and copper, which had been reduced retrovirus 
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infection (288). The improvement of nutritional status by 15-fold vitamin E 

supplementation was correlated with enhancement of immune responses, which had been 

suppressed by retrovirus infection (288). Thus, the purpose of this study was to investigate 

whether supplementation of dietary vitamin E at extreme high levels (150- and 450-fold 

increase) would more extensively improve the nutritional status during murine AIDS. The 

important immune-related nutrient (vitamin A, E, zinc and copper) levels in the liver, 

serum and small intestine were determined during murine AIDS supplemented with 

different levels of vitamin E. 

MATERIALS AND METHODS 

Animals and LP-BM5 Retrovirus Infection 

Female C57BL/6 mice, 5 weeks old, were obtained from National Cancer Institute 

(Frederick, MD). Animals were cared for as required by the University of Arizona 

Committee on Animal Research. They were fed the AIN-76A synthetic chow diet (Dyets, 

Bethlehem, PA). After 1 week housing in the animal facility in the Arizona Health 

Sciences Center, mice were then randomly assigned to one of the following eight 

treatments: normal diets including uninfected control and infected control, vitamin E 

supplemented diets (15-fold increase) including uninfected and infected mice, vitamin E 

supplemented diets (150-fold increase) including uninfected and infected mice, vitamin E 

supplemented diets (450-fold increase) including uninfected and infected mice. All diets 

were provided ad libitum. The consumed volume of liquid diet was 14-16 ml per 
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mouse/day. No significant differences of diet consumption of between eight groups were 

observed (data not shown). 

Diet and Treatment. 

All mice were given the National Research Council liquid diet (289). Dietary 

ingredients were obtained from Dyets (#710279, Bethlehem, PA). The vitamin E 

supplemented diet had 150 (15-fold increase), 1,500 (150-fold increase) and 4,500 (450-

fold increase) lU/L of vitamin E as d-alpha-tocopherol acetate (Sigma, St. Louis, MO) 

added to liquid diet in addition to the 10.5 lU/L d-alpha-tocopherol acetate contained in 

the basal liquid diet. Vitamin E dietary supplementation was initiated the day of retrovirus 

infection. The length diet treatment and retrovirus infection was 10 weeks. 

LP-BM5 Murine Leukemia Retrovirus Infection. 

Same as that in Chapter 2. 

Measurement of Vitamin A and E. 

Same as that in Chapter 2. 

Serum Vitamin A and E. 

Same as that in Chapter 2. 

Measurement of Zinc and Copper. 

Same as that in Chapter 2. 

Statistics. 

Same as that in Chapter 2. 



Body Weight. 

The body weight of mice was not affected by various levels of vitamin E 

supplementation in both normal mice and retrovirus-infected mice (data not shown). 

Serum Vitamin A and E. 

The concentrations of serum vitamin A and E were significantly ( p < 0.05) 

reduced by retrovirus infection (Fig. 5). Vitamin E supplementation at all levels 

significantly ( p < 0.05) increased serum vitamin A and E in both normal mice and 

murine AIDS, however, 150- and 450-fold vitamin E did not further increase serum 

vitamin A and E in normal mice (Fig. 5). 150-fold vitamin E supplementation significantly 

( p < 0.05) further increased serum vitamin A compared to that increased by 15-fold 

vitamin E, but 450-fold vitamin E did not compared to that increased by 150-fold vitamin 

E. 

Hepatic Nutrients. 

The concentrations of serum vitamin A, E and copper were significantly ( p < 

0.05) lessened by retrovirus infection, whereas zinc was not affected (Fig. 6-7). Vitamin 

E supplementation at all levels significantly (p < 0.05) elevated hepatic vitamin E levels 

in both normal mice and murine AIDS, while 150-fold vitamin E significantly (p < 0.05) 

further increased hepatic vitamin E (Fig. 7). However, 450-fold vitamin E did not further 

increase hepatic vitamin E compared to that increased by 150-fold vitamin E (Fig. 6). 150-
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and 450-fold vitannin E significantly ( p < 0.05) increased hepatic vitamin A concentration 

in normal mice, but 15-fold vitamin E foiled to do so (Fig. 7). Vitamin E supplementation 

at all levels significantly (p < 0.05) restored hepatic vitamin A, whereas 150-fold vitamin 

E significantly (p < 0.05) further increased vitamin A level compared to that increased 

by 15-foId vitamin E (Fig. 6). The 450-fold vitamin E failed to further increase hepatic 

vitamin E compared to that increased by 150-fold vitamin E (Fig. 6). Hepatic zinc and 

copper were not affected by vitamin E supplementation at all levels, whereas vitamin E 

supplementation. 

Intestinal Nutrients. 

Intestinal vitamin A and E levels was significantly ( p < 0.05) reduced by 

retrovirus infection, whereas intestinal zinc and copper were not affected (Fig. 8-9). 

Vitamin E supplementation at all levels significantly ( p < 0.05) increased intestinal 

vitamin E and zinc concentrations, but not vitamin A and copper (p < 0.05) in normal 

mice (Fig. 8-9). The 450-fold vitamin E did not further increase vitamin E and zinc 

compared to that increased by 150-fold vitamin E in normal mice, even though 150-fold 

vitamin E significantly (p < 0.05) increased intestinal vitamin E and zinc compared to that 

increased by 15-fold vitamin E (Fig.8-9). Vitamin E supplementation at all levels 

significantly (p < 0.05) restored intestinal vitamin A and E levels in murine AIDS, 

whereas 150-fold vitamin E significantly ( p < 0.05) increase intestinal vitamin E 

compared to that increased by 15-fold vitamin E, but not vitamin A (Fig. 8). The 450-fold 



vitamin E had no effect on further increase of vitamin A and E in murine AIDS (Fig. 8). 

Vitamin E supplementation had no effects on intestinal copper in murine AIDS, whereas 

450-fold vitamin E significantly ( p <0.05) elevated intestinal zinc (Fig. 9). 

DISCUSSION 

The present study investigated the effects of different levels of supplemental 

vitamin E on nutritional status during the progression to murine AIDS . The findings 

presented in this study confirm and expand our previous findings that vitamin E 

supplementation could be a effective treatment, favorably affecting nutritional status during 

murine AIDS. Vitamin E supplementation at 150- and 450-fold were not toxic with no 

evidence of exacerbation of nutritional deficiencies induced by retrovirus infection. The 

extremely high vitamin E supplementation appears to only marginally further normalize 

nutritional status. These results suggest a possible role for high vitamin E dosage to help 

normalize nutritional deficiencies caused by HIV infection in the development of AIDS, 

thereby enhancing immune response and retarding the development of AIDS. 

Vitamin E supplementation has a positive effects on immune response in murine 

AIDS (288). One of mechanisms of vitamin E immunoenhancing functions is that vitamin 

E may improve tissue nutrient levels, which had been reduced by retrovirus infection. 

Since some nutrient intakes are well known to be associated with immune response, 

increase in tissue concentrations of nutrients can be related to significant 

immunoenhancement (289). Vitamin A supplementation was found to stimulate 



lymphocyte proliferation response to Trichophyton and Candida and to stimulate cell 

mediated cytotoxicity to allogenic tumor cells (290). Vitamin A supplementation in mice 

stimulates immune functions and reduced death due to retrovirus infection (291). Vitamin 

E supplementation has been found to stimulate T-helper lymphocytes, antibody response, 

delayed cutaneous hypersensitivity reaction, the reticuloendothelial system, and host 

resistance in animal models (292). Vitamin E has also been found to stimulate 

phagocytosis and mitogen responsiveness, in addition to enhancement of humoral immune 

response (290). Therefore, the increase of vitamin A and E in the tissues including 

immune organs should contribute to ameliorate immune dysfunctions initiated by retrovirus 

infection: increased proliferation of T and B in the spleen, and normalized cytokine 

production by lymphocytes from spleen and thymus observed in murine ADDS (288). 

Indeed, the improvement of nutritional status by various levels of vitamin E 

supplementation is correlated with the enhancement of immune response by various levels 

of vitamin E supplementation during murine AIDS we observed (293). 

Zinc deficiency results in the adverse effects on the immune system with depression 

of cell-mediated immunity, decreased T-cells and B-cells numbers in lymphoid tissue, 

decreased T-helper cell number and activity, an inverted ratio of T-helper to T-suppressor 

cells, a depressed response of T-cell to tumor cells, delayed cutaneous hypersensitivity, 

decreased lymphokine production, decreased production of cytotoxic T cells, reduced 

antibody response requiring T-helper cells, decreased natural killer cells activity, depressed 
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IgM, and depression of thymic hormones (294-295). Repletion of zinc results in the 

reversal of these negative immune effects. Zinc also was demonstrated to be involved in 

the T cell maturation in the thymus (296). Zinc regulates a variety of enzyme which have 

many roles in a number of body processes (297), With regard to the thymus, zinc 

deprivation induces significant atrophy (298-299) and a significant decrease in the 

circulating levels of thymulin, a zinc-containing thymic hormone (300). Zinc 

supplementation in aged mice, significant increase of thymocytes without significant 

changes in CD4/CD8 defined thymocytes subsets, and increase thymulin levels and a 

concomitant decrease in plasma thymulin inhibitor were observed (301). Copper deficiency 

was shown to impair both humoral and cell-mediated immunity in mice and rats (302-303). 

Importantly, the extent of impairment is related to the degree of copper deficiency. Copper 

supplementation appears to enhance immunocompetence. Copper supplementation 

markedly reduced incidence of lower respiratory tract infection in infants recovering from 

marasmus with associated copper deficiency (304). Thus, normalization of the deficiencies 

of zinc and copper by vitamin E in murine retrovirus infection would partly contribute 

immunoenhancement of immune responses and host resistance to the tumors observed in 

murine AIDS by us (288,293). These studies also support the notions that restoration of 

undernutrition by vitamin E during the progression to murine AIDS could play a forceful 

role in the stimulation of immune responses. 

The underlying mechanism by which vitamin E supplementation restored hepatic 
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nutrients levels during murine AIDS is proposed as follow. Vitamin E may protect 

gastrointestinal mucosal cells from retrovirus infection, possible via vitamin E's inhibition 

of retrovirus replication (305). Thus, retrovirus-induced malabsorption would be retarded 

and the improvement of nutritional status would be expected. High levels of vitamin E 

supplementation is known to be nontoxic in humans (306-307). The 450-fold increase of 

vitamin E supplementation did not further increase the levels of haptic and serum vitamin 

E. This may explain the nontoxicity of high dosage of vitamin E supplementation observed 

in both human and animal studies. The possible mechanism is increased excretion of 

vitamin E in the body after increased oral vitamin E supplementation, keeping vitamin E 

a reasonable levels. Therefore, extremely high vitamin E supplementation (150- and 450-

fold) is not toxic, even though it was not more effective than that of 15-foId vitamin E 

supplementation at normalization of tissue nutrient levels during murine retrovirus 

infection. In conclusion, vitamin E supplementation in murine AIDS acts on tissues to 

ameliorate undernutrition initiated by retrovirus infection. It tends to normalize nutritional 

status during murine AIDS. Thus, the vitamin E nutritional supplementation may provide 

additional therapeutic approaches for treatment of HTV infected patients without additional 

toxicity. 
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Rg. 5 Effects of vitamin E supplementation on serum vitamin A and E during the progression 
to murine AIDS. The values are mean ± SD for 4 or 8 mice in each group. Mouse number 
of groups for 1 x and 15 x was 4 mice per group. Mouse number of groups for 150 x and 45C 
X was 8 mice per group. 
a: p < 0.05 compared to control diet-fed uninfected, normal mice. 
b: p < 0.05 compared to control diet-fed infected mice. 
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Fig. 6 Effects of vitamin E supplementation on hepatic vitamin concentrations during the 
progression to murine AIDS. The values are mean + SD for 4 or 8 mice in each group. 
Mouse number of groups for 1 x and 15 x was 4 mice per group. Mouse number of groups for 
150 X and 450 x was 8 mice per group. 
a: p < 0.05 compared to control diet-fed uninfected, normal mice. 
b: p < 0.05 compared to control diet-fed infected mice. 
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Rg. 7 Effects of vitamin E supplementation on hepatic mineral concentrations during the 
progression to murine AIDS. TTie values are mean ± SD for 4 or 8 mice in each group. 
Mouse number of groups for 1 x and 15 x was 4 mice per group. Mouse number of groups for 
150 X and 450 x was 8 mice per group. 
a: p < 0.05 compared to control diet-fed uninfected, normal mice. 
b: p < 0.05 compared to control diet-fed infected mice. 
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Fig. 8 Effects of vitamin E supplementation on intestinal vitamin concentrations during the 
progression to murine AIDS. TTie values are mean ± SD for 4 or 8 mice in each group. 
Mouse number of groups for 1 x and 15 x was 4 mice per group. Mouse number of groups for 
150 X and 450 x was 8 mice per group. 
a: p < 0.05 compared to control diet-fed uninfected, normal mice. 
b: p < 0.05 compared to control diet-fed infected mice. 
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Fig. 9 Effects of vitamin E supplementation on intestinal mineral concentrations during the 
progression to murine AIDS. TTie values are mean ± SD for 4 or 8 mice in each group. 
Mouse number of groups for 1 x and 15 x was 4 mice per group. Mouse number of groups for 
150 X and 450 x was 8 mice per group. 
a: p < 0.05 compared to control diet-fed uninfected, normal mice. 
b; p < 0.05 compared to control diet-fed infected mice. 
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Chapter 4. TISSUE VITAMIN E DEFICIENCY AND IMMUNE DYSFUNCTION 
IN RETROVIRUS INFECTED C57BL/6 MICE ARE PREVENTED 

BY T CELL RECEPTOR PEPTIDE TREATMENT 

ABSTRACT 

Female C57BL/6 mice were infected with LP-BM5 retrovirus, causing murine 

AIDS, which is functionally similar to human AIDS. Retrovirus infection inhibited release 

of T helper 1 cytokines, stimulated secretion of T helper 2 cytokines, and induced hepatic 

and cardiac vitamin E deficiency with increased lipid peroxides. We hypothesized that the 

immune dysfunction caused increased oxidation and loss of vitamin E. As T cell receptor 

(TCR) peptide treatment blocked the excessive stimulation of a T cell subset by retroviral 

superantigens, we tested whether maintenance of normal immune function during infection 

prevented excessive oxidative damage. TCR peptide treatments with doses above 100 

ug/mice and administered 2-4 weeks post-infection significantiy inhibited the retrovirus-

induced immune dysfunction, concomitantiy reduced tissue oxidative damage, and thereby 

largely maintained vitamin E concentration in the liver and heart. Reducing the dose of 

peptide or delaying administration until early murine AIDS had developed severe immune 

dysfunction which caused elevated tissue lipid peroxidation and loss of vitamin E. TCR 

peptide treatment partially maintained production of IL-2, and prevented retrovirus-

induced elevated production of IL-6 by splenocytes in vitro. In conclusion, TCR peptide 

treatment during murine reti-ovirus infection ameliorated immune dysfunction and thus 

prevented increased tissue lipid peroxidation and vitamin E loss. T cell immune 
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dysfunction and its prevention by TCR peptide treatment is important in the therapy of 

vitamin E deficiency induced by retrovirus infection. 

INTRODUCTION 

Murine acquired immune deficiency syndrome, is induced by infection with the LP-

BM5 murine leukemia retrovirus mixture. It share many similarities to the pathogenesis 

of human AIDS, even though human immunodeficiency virus and LP-BM5 murine 

leukemia virus (MuLV) represent different types of retrovirus (308). Murine AIDS is 

characterized by lymphadenopathy, splenomegaly, hypergammaglobulinemia, deficient B 

cell response to T-independent antigens in vitro, reduced T cell functions, loss of disease 

resistance, impaired cytokine production and tissue vitamin E deficiency (308). 

Anorexia, weight loss, and complications of recurrent infections in AIDS patients 

firequently progress to multiple nutrient deficiencies and protein energy malnutrition (309), 

which could accelerate immunosuppression. Superoxide radicals including hydrogen 

peroxides, hydroxy! radicals, and lipid peroxides are produced at high levels when immune 

defenses are breached with increased exposure to bacterial mitogens and endotoxins. 

These highly reactive oxygen-containing molecules may facilitate disease progression from 

HIV infection to AIDS (310) by their reaction with antioxidant vitamins, exacerbating 

nutritional deficiency as well as directly inducing immunosuppression. 

Vitamin E (311) may be an important immune modulator as tissue levels of vitamin 

E are reduced by immune dysfunction during murine AIDS (312-314). In uninfected 
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mice, 15 times of basal content of vitamin E (500 lU/g) supplementation increased the 

CD4'^/CD8'^ ratio and total lymphocytes, and stimulated activity of cytotoxic cells, natural 

killer (NK) cell activity, T and B cell mitogen responsiveness, and phagocytosis by 

macrophages (311,315). Vitamin E deficiency could accentuate the immunosuppression 

of the retrovirus infection, and supplementation of vitamin E partially restored immune 

function in retrovirus-infected mice (312-314). The loss of vitamin E may be due to 

murine retrovirus-induced immune dysfunction (312), which results in increased 

production of free radicals and lipid peroxides which are immunosuppressive and could 

accelerate development of murine AIDS. 

Immunological methods preventing retrovirus-induced immune dysfunction have 

been studied to assert their inhibiting effects on the excessive lipid peroxidation and loss 

of vitamin E during infection. T cell receptor (TCR) peptide treatment largely prevented 

the loss of immune function during retroviral infection by blocking the interaction of 

retroviral superantigens with a subset of T cells (316). It stopped the T cell subset from 

being stimulated to become activated T-helper 2 (Th2) cells whose excessive cytokine 

production suppresses T-helper 1 (Thl) cells and cellular immunity. The response of 

autoantibodies to the TCR peptide, elevated to regulate T cells subsets, was stimulated by 

the murine retrovirus (317). Infected mice made high levels of antibodies against the 

human TCR peptide to suppress T cells bearing a homologous murine V6 peptide. Thus 

this human peptide was identified as an important factor in the mouse's attempts to 
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regulate and suppress a specific T cell subset, excessively stimulated by retroviral 

superantigen (317). The TCR peptide used only binds to the V beta chain of the TCR of 

only 1 of 24 T cell subsets defined by having different VB chains. By preventing the 

stimulation of this subset by retroviral superantigens, TCR peptide treatment prevents T-

helper 0 (ThO) cells' conversion to Th2 cells and excessive production of Th2 cytokines 

(316). Hyperproduction of Th2 cytokines suppresses neighboring ThO and Thl cells. 

While several TCR peptides are good immunogens, the peptide used here was not even 

when used with adjuvants. Thus, additional antibodies did not develop against this VB 

peptide after its injection into the infected mice even in the presence of adjuvant. 

Therefore the TCR peptide prevents excessive stimulation of the Th2 cells by retroviral 

superantigens by an unknown mechanism and their production of large amounts of 

interleukin-4, 6, and 10 (IL-4, 6, and 10, respectively) (316). Th2 cytokines suppress 

Thl cells, causing anergy of cell mediated immunity, allowing the retrovirus to continue 

to reproduce and stimulate oxidative radical secretion by macrophages. 

The current studies tested whether treatment with different doses of the TCR VB 

8.1 CDRl peptide at various times during the LP-BM5 retrovirus infection would reduce 

oxidative damage, lipid peroxidation and thus prevent the loss of tissue vitamin E. 

METHODS AND MATERIALS 

Animals and Murine AIDS 

Female C57BL/6 mice, 4 weeks old, were obtained from the Charles River 
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Laboratories Inc. (Wilmington, DE) and housed in transparent plastic cages with stainless 

steel wire lids (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 to 22°C and 60 to 80% 

relative humidity, with a 12-h Iight:dark cycle. Water and semi-purified diet (4% mouse 

diet, #7001, Teklad, Madison, WI) were freely available. After 2 weeks of housing, the 

mice in the dose and adjuvant studies were randomly assigned to the following treatments 

with 8 mice per group: uninfected mice; LP-BM5 infected mice injected with saline 

(pyrogen free) which was used as a solvent for the TCR peptide; LP-BM5 infected mice 

injected with 5, 25, 100, 200, or 500 ug/mouse of the TCR Vfi CDRl peptide; LP-BM5 

infected mice injected with 25 ug/mouse of the TCR V6 CDRl peptide and 230 ug/mouse 

of PoIyAU adjuvant; LP-BM5 infected mice injected with 5 and 25 ug/mouse of the TCR 

V6 CDRl peptide and 230 ug/mouse of Ribi MPL TDM CWS adjuvant. 

LP-BM5 retrovirus was administered intraperitoneal to mice in 0.1 mL minimum 

essential medium (MEM) medium with an esotropic titer (XC) of 4.5 log,o plaque forming 

units X lO'^/L, which induces disease with a time course comparable to that previously 

published (308). Administration of peptides (dissolved in saline) and adjuvants was 

performed two weeks after LP-BM5 infection. Uninfected mice were injected with MEM 

used for LP-BM5 virus growth as controls. Infection of adult female C57BL/6 mice with 

LP-BM5 MuLV leads to the rapid induction of clinical symptoms with virtually no latent 
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phase (308). 

For the study which assessed the effectiveness of the TCR peptide to restore 

immune function and tissue levels of vitamin E after infection had progressed towards 

murine AIDS, the treatments were: LP-BM5 infected mice injected with saline two weeks 

after infection; LP-BM5 infected mice injected with 200 ug TCR Vfi CDRl peptide 2, 4, 

6, 8, and 10 weeks after infection. 

The infection and treatment period was 14 weeks for all groups. Mice were killed 

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. 

Peptides 

A set of overlapping 16-mer peptides that duplicate the covalent structure of the 

VBDfiJBCB protein (318) predicted from a human TCR B gene sequence has been 

produced. TCR VB CDRl has a sequence, CKPISGHNSLFWYRQT, that 

corresponds to the completed CDRl and N-terminal five residues of frame work 2 (318) 

of the human VB8.1 gene product. Normal human polyclonal IgG pools contain natural 

autoantibodies against peptide segments corresponding to CDRl, frame work 3 and to a 

constant region "loop" peptide (318). Untreated mice also have natural IgG antibodies 

directed against the same peptide segments with a strong reactivity to the human CDRl test 

peptides. A computer comparison of human and murine VB sequences using the 
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progressive alignment algorithm of Feng and Doolittle (319) showed that certain human 

and murine V6 sequences could be grouped into families; e.g. human Vfi6 and V68 

correspond to murine V611 and human and murine VB5 are in the same clusters. The 

human V6 peptide used in these studies had a homologous structure to a murine Vfi peptide 

(318). 

Determination of Coiyugated Dienes and Lipid Fluorescence 

Approximately 0.5 g of tissue was homogenized in 10 mL of Folch solution (2:1 

v/v chloroform:methanol). After protein separation, a 0.1 mL fraction was dried in a 

steady flow of nitrogen gas at 55°C and used to determine conjugated dienes and lipid 

fluorescence as previously described (320). The residue was redissolved in methylene 

chloride and washed twice with water. To the methylene chloride solution was added 0.5 

mL methanol to clarify the emulsion. Conjugated diene fatty acids were determined by 

obtaining absorbency of the solution at 237 nm in a Beckman DU-7 recording 

spectrophotometer (Fullerton, CA) using an appropriate blank. Lipid fluorescence of the 

homogenate was measured in a Hitachi F-2000 fluorescence spectrophotometer (Hitachi 

Ltd, Tokyo) with a setting of fluorescence maximum at 470 nm and an activation 

wavelength of 395 nm. Details of the methods used have been previously described (321). 

Determination of Phospholipid 

The phospholipid content of the livers and hearts was determined by the method 

of Raheja, et al. (322). This method does not required the predigestion of the 
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phospholipid. Dipalmitoyl phosphatidylcholine was used as a standard. 

Determination of Vitamin E 

Vitamin E levels in liver and heart tissues were measured by high pressure liquid 

chromatography as described previously (323). Briefly, approximately 0.1 g of tissue was 

homogenized in 1 mL of water. Butylated hydroxytoluene was added to prevent oxidation 

of a-tocopherol. Pentane, ethanol, and sodium dodecyl sulfate were used to extract a-

tocopherol from the homogenate. Extracts was evaporated under steady flow of nitrogen 

gas at 20°C and then redissolved in 0.5 mL methanol injection onto a C18 column (3.9 

mm X 150 mm NovaPak, Millipore, Bedford, MA). A mobile phase composed of 

methanol: 1 mol/L sodium acetate in the ratio of 98:2 (by volume) at a flow rate of 1.5 

ml/min was used. a-TocopheroI, eluted at 6.5 min, was monitored by a fluorescence 

detector (Millipore, Bedford, MA) at 290nm excitation and 320nm emission wavelength. 

Standard Cytokines and Their Antibodies 

Rat anti-murine interferon-gamma (IFN-gamma), interleukin-2 (IL-2), IL-6, IL-10 

purified antibodies, rat anti-murine IFN-gamma, IL-2, IL-6, EL-IO biotinylated antibodies, 

and recombinant murine IFN-gamma, IL-2, IL-6, IL-10 were obtained from Pharmingen 

(San Diego, CA). 

ELISA for Cytokines 

The production of IFN-gamma, IL-2, IL-6, and IL-10 from mitogens-stimulated 

splenocytes was determined as described previously (324). Briefly, spleens were gently 
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teased with forceps in culture medium (CM, RPMI 1640 containing 10% fetal calf serum, 

2 mmol/L glutamine, IxlO^ units/L penicillin and streptomycin), producing a 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 minutes. Then the cells were washed 

twice with CM. Cell concentrations were counted and adjusted to 1x10'° cells/L. 

Splenocyte viability was more than 95% as determined by trypan blue exclusion. 0.1 

mL/well of splenocytes (lxl0'° cell/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, 1x10"^ g/L, 0.1 mL/well, Sigma) to determine 

their production of IL-2 and EL-10 after 24 h incubation, IFN-gamma after 72 h incubation 

in a 37°C, 5 % COj incubator. Splenocytes were also incubated for 24 hours after the 

addition of lipopolysaccharide (LPS, 1x10"^ g/L, Gibco, Grand Island, NY) to induce IL-6 

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 (324). 

Statistics 

Same as that in Chapter 2. 

RESULTS 

Body Weights 

Body weights were not affected by various doses of TCR V6 CDRl peptide 
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treatments or different time of treatments post retrovirus infection (data not shown). The 

spleen and lymph node weights (14 weeks post-infection) were significantly (p<0.05) 

elevated in the infected mice (data not shown), which indicated that infection had 

progressed to murine AIDS (308). 

Hepatic and Cardiac Vitamin E Concentrations 

The liver and heart are the major organs which have been studied for tissue vitamin 

E deficiency in murine AIDS (312-314). The concentrations of hepatic and cardiac 

vitamin E were significantly (p<0.05) reduced by retrovirus infection (Table 6-7). TCR 

VB CDRl peptide treatments, at doses of 200-500 ug/mouse begun at 2-4 weeks post

infection, significantly (p<0.05) retarded the loss of tissue vitamin E during infection 

(Table 6-7). Infected mice administered 200-500 ug/mouse TCR peptide maintained 

hepatic and cardiac vitamin E levels near those of uninfected mice. TCR peptide 

treatments at doses 200-500 ug/mouse maintained tissue vitamin E levels in retrovirus 

infected mice similar to that of uninfected mice, which were significantly (p<0.05) 

greater than those of infected, saline injected mice (Table 6). Retrovirus-infected mice 

that received TCR peptide treatments after immune dysfunction had appeared, at 6, 8, and 

10 weeks post-infection, had significantly lower (p<0.05) hepatic and cardiac vitamin E 

levels than uninfected mice as well as infected mice with TCR peptide treatment at 2 and 

4 weeks post-infection (Table 7). 

Hepatic and Cardiac Lipid Peroxidation 
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Retrovirus infection significantly (p<0.05) increased hepatic and cardiac free 

radical products, i.e. lipid fluorescence and diene conjugates (Table 6-7). TCR V6 CDRl 

peptide treatments at doses of 200-500 ug/mouse begun 2-4 weeks post-infection 

significantly (p<0.05) prevented increases in hepatic and cardiac lipid fluorescence and 

diene conjugates (Table 6-7). TCR peptide treatments at doses 200-500 ug/mouse 

maintained the amounts of lipid fluorescence and diene conjugates in the retrovirus 

infected mice similar to that of the uninfected mice (Table 6). Peptide treatments after 

mice had progressed significantly towards murine AIDS, 6-10 weeks post-infection, had 

increased cardiac and hepatic lipid peroxidation product levels that were significantly 

(p<0.05) greater than those of uninfected mice and infected mice with TCR treatment at 

a early infection stage (Table 7). 

Immune Function Analysis 

IL-2 and INF-gamma are secreted by Thl lymphocytes and modulate cell-mediated 

immunity. IL-6 and IL-10 are produced by Th2 lymphocytes and regulate humoral 

responses while suppressing Thl cells (325). Murine retrovirus infection significantly 

(p<0.05) decreased IFN-gamma (data not shown) (316) and IL-2 production (Figure 10-

11), while increasing IL-10 (Figure 12-13) and IL-6 production (Figure 14-15), TCR 

peptide treatments at doses above 200 ug/mouse begun 2-4 weeks post-infection 

maintained IL-2 production in retrovirus infected mice similar to that in uninfected mice 

(Figure 10-11), and prevented excessive IL-6 and IL-10 secretion in the murine retrovirus 
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infected mice (Figure 12-15). 

Influence of adjuvants on TCR Peptide Treatment 

Adjuvants would be expected to stimulate immune responses against antigens 

including 16-mer TCR peptide unless the peptide acts like a hapten and needs to be 

attached to a cell or large protein (318). The adjuvants used in the these studies did not 

significantly (p>0.05) affect maintenance of tissue vitamin E levels (Figure 16-17) nor 

prevent immune dysfunction (316) in retrovirus infected mice. 

DISCUSSION 

Our studies help clarify the relationship between loss of vitamin E, increased lipid 

peroxidation, and immune dysfunction caused by murine retrovirus infection. TCR 

peptide treatment simultaneously prevented immune dysfunction and the loss of tissue 

vitamin E. Our current studies demonstrated, for the first time, that treatment with TCR 

V6 CDRl peptide significantly decreased the evidence of oxidative stress associated with 

murine retrovirus infection. TCR peptide treatment significantly reduced development of 

immune dysfunction, oxidative damage in tissue, and loss of tissue vitamin E. Although 

the interaction between immune function and nutritional status still needs further 

elucidation, the maintenance of immune function and tissue vitamin E levels occurred 

concomitantly with prevention of the stimulation of a T cell clone induced by murine 

retrovirus superantigens (316). 

Most antigens are recognized through their interaction with the variable portions 
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of the TCR a and fi chains. T cells also recognize superantigens, which interact with the 

V6 region alone, independently from the other variable TCR segments. 004"^ T cell 

expansion or depletion requires the stimulation of T cell subgroups by chronic or super-

retroviral antigens. Over time this results in excessive activation of CD4* T ceils bearing 

superantigen selected VBs followed by a general anergy. Autoantibodies against the VB 

peptide, which were found in high levels in infected mice (317), defined the TCR epitope 

used to select the peptide for our studies. Similarly autoantibodies against some TCR Vfi 

peptides were high in AIDS patients. Our previous data (316) showed that TCR VB 

peptide treatment prevented immune dysfunction indicating that the peptide could be 

considered an immun-regulatory element in the complex network of interactions between 

components of the immune response. 

Our data suggest an association among immune dysfimction, lipid peroxidation, and 

tissue vitamin E. Immune dysfunction during murine retrovirus infection decreases the 

host resistance to opportunistic pathogens, which stimulate phagocytes to release more free 

radicals and increase lipid peroxidation. Prevention of immune dysregulation 

simultaneously eliminates excessive lipid peroxidation and reduces the loss of tissue 

vitamin E. Similarly maintenance of immune function in retrovirus-infected mice occurred 

when early treatment with large doses of the TCR peptide was conducted, which prevented 

development of high level of lipid peroxidation while retaining tissue vitamin E. 

HTV^ patients have reduced serum vitamin E levels at various stages of the disease 
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(326). Most patients with AIDS (50%), AIDS related complex (58%) and HIV-infected 

(38%) had a vitamin E intake of less than 50% of the Recommended Daily Allowance 

(327), However, reduced tissue levels of vitamin E were not due to the lower intake 

during murine retrovirus infection as deficiencies of vitamin E occurred in the liver, spleen 

and thymus (313-314) even though the mice consumed the recommended amount of 

vitamin E. Vitamin E deficient rats have depressed antibody-dependent cell cytotoxicity 

(329), lymphocytes blastogenesis in response to mitogens (328), and natural killer cell 

mediated cytotoxicity (330). Thus, immunological defects related to retrovirus infections 

could be exacerbated by retrovirus-induced vitamin E deficiency. During murine 

retrovirus infection, supplementation with high levels of vitamin E restored tissue vitamin 

E levels while it partially normalized immune dysfunction (312). When a dose of TCR 

peptide was too low to prevent immune dysftinction, or the treatment was delayed until 

immune dysfunction had developed (> 6 weeks post infection), excessive lipid 

peroxidation and vitamin E deficiency occurred. This suggests a cause and effect 

relationship. 

In the current studies, there was evidence of increased hepatic and cardiac lipid 

peroxidation in retrovirus infected mice concomitantly with decreased hepatic and cardiac 

vitamin E levels. This may be due to immune dysfunction induced by the retrovirus 

altering the cytokine production, which facilitates increasing oxidative stress and 

decreasing tissue antioxidant levels (312). Similarly, plasma lipid peroxidation levels were 
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increased in AIDS patients (331). Oxidative stress may be a second messenger as Tumor 

necrosis fector-a (TNF-a) levels are elevated in the serum of HIV-infected patients (332) 

and murine AIDS (333). TNF-a and IL-6, produced in excessive quantities during murine 

and human AIDS, are potent enhancing factors in the spreading of HTV to new target cells 

(325). Vitamin E supplementation restored a less oxidative environment in murine 

retrovirus infected mice while decreasing the excessive IL-6 production (312). 

Free radicals can induce the expression of HIV in human T cell lines by activating 

transcription of NF-KB (334). Thus vitamin E may block NF-KB activation by reducing 

oxidative stress and IL-6 levels, thereby inhibiting HTV replication and retarding 

progression of infection. A unique feature of HIV infection is its persistence in a quiescent 

state, prior to activation, without production of either viral mRNA or proteins. As free 

radical stimulus seems important to HIV multiplication, vitamin E may retard murine 

retrovirus replication by lowering the oxidative stress, keeping retrovirus in a quiescent 

state, and inhibiting progression to murine AIDS. Reduced levels of antioxidants, vitamin 

E, glutathione and other acid soluble thiols, correlated well with the accelerated 

progression to human AIDS (335). Oxidative stress may also be a potent inducer of viral 

activation by causing DNA damage in infected cells, inducing certain alterations in the 

cells necessary for HIV reproduction, and producing a long-term consequence of HTV 

infection, immunosuppression (336). If there were reduced levels of superoxide dismutase 

in early murine retrovirus infection (337), it should result in increased persistence of 
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hydrogen peroxide with more oxidative damage, lipid peroxidation, and loss of vitamin 

E via its reaction with free radicals. The evidence of increased free radical or oxidative 

activity, greater lipid peroxidation products and lipid fluorescence, fits well with a loss of 

tissue vitamin E during T cell immune dysfunction. Our data in these studies further 

support this concept as prevention of immune dysfunction by immunological means. TCR 

peptide treatment largely prevented loss of vitamin E. Low doses or delayed treatment of 

the TCR peptide did not correct the immune dysfunction nor prevented loss of vitamin E. 

T and B cell dysfunction should permit greater bacterial infections, yielding more bacterial 

lipopolysaccharides for macrophage activation causing a release of highly reactive free 

radicals which alter cellular function and enzymic activity (338). As we have found that 

vitamin E supplementation partial normalized the immune functions during murine AIDS, 

tissue vitamin E level appeared to be a critical component in maintaining immune functions 

against free radical damage. Vitamin E prevented much of the oxidative damage of 

alcohol alone and during retrovirus infection, retarding esophageal tumor growth induced 

by a carcinogen (339). Therefore, antioxidant activity is important in preventing tumor 

growth in murine AIDS, perhaps by immune modulation and greater maintenance of tissue 

vitamin E (339). 



Table 6 

Effect of different doses of T-ceJl receptor peptide treatment on hepatic and cardiac vitamia E, dlene con/ugdies and Upld fluorescence 
levels in mice at 14 wk after Infection with LP-BM5 retroWnis' 

Treatment 

Retrovlcus-lnfecied 
IJninlecicd " 

TCR TCR TCR TCR TCR 
MEM-t-saline Saline |S ^g/mouse) |25/ig/mouse) jlOO/ig/mouse| (200/ig/mousej (500 fig/mouse) 

Hepatic vitamin E, finiol/s 
2 OOlb 2 00lt> (issue 0 19 1 00l> 009 t 001 O il * OOlc Oil i O.OIC 012 2 OOlC 0.17 2 OOlb 0 17 2 00lt> 

Hepatic divnc coniugates, 
absQibancy units/mmo/ 

2 384b phospholipid 984 i laiP 4,600 i 153 4,515 384 4,769 2 538 3,369 2 307«: 1,546 2 384b 1,353 2 46|b 
Hepatic lipid fluoie&cence, 

fluorescence units/ 
2 3,307*> 2 4,153b mmol phospholipid 16.615 i 5,Z30» 39,076 1 8,691 35,307 1 8,846 37,846 2 4,692 14,153 £ 5,46ic 17,615 2 3,307*> 18,153 2 4,153b 

Cardiac viiamln E, iimollg 
2 OOlb tissue 017 2 OOia 007 1 0 01 0.08 001 008 2 0.01 009 2 0,01 014 2 OOlb 0,14 2 O.Olb 

Cardiac diene conjugates, 
obsorbancy units/mmoi 

2 307b 2 538b phospholipid 669 i I53» 3,607 t 461 3,169 i 538 2,823 2 384C 2,023 2 230C 1,630 2 307b 1,792 2 538b 
Cardiac lipid (luiitesccnce. 

/luniesccnce units/ 
2 2,S3Bb 2 3.615b mmol phospholipid 6,6t5 i I,000» 22,8J6 1 2.461 25,461 = .3.923 19,923 2 3,307 12,461 2 3,l53c 9,H46 2 2,S3Bb 9,i53 2 3.615b 

1 Everv sample fiom each mouse was determined iji triplicate. Values are means r so, n - 8. Letters indicate significant differences at P 
< 0.05: a, compared with all of the retrovirus-infected groupS) b, compared with the tcttoviius-infected groups with 0-100 /ig/mouse TCR 
peptide treatment) c, compared %vith the saline group without TCR peptide treatment. 

2 Abbreviations used: MEM, minimum essential medium; TCR, T-cell receptor. 



Table 7 

Effect of 200 ng/mause T-ceU recepcor peptide creaanent at differtat times postln/ectJon on hepatic and cardiac vitamia E, dieae 
coaiugates and lipid Puoresceace levels la mice Infected with LP-BM5 retrovlrusl 

Tieaiment 

Uniniected Reuovinis-infected 

MEM + saline Saline TCR |2 wkl TCR |4 wk) TCR(6wkl TCR (8 wk| TCR(IOwk| 

Hcpauc vitamin E, itmoUg 
£ OOlb £ OOlb tissue O il ± 0.0l» O l O t  001 020 £ OOlb 019 £ OOlb 0.15 £ O.OIC 0 IS £ 0.02C 0.14 •0.02C 

Hepatic dicne conjugates. 
absotbancy units/mmol 

£ 384b phospholipid 1,769 a 230» 4,923 i 153 2,461 - 307b 2.923 £ 384b 5,000 £ 153 4,692 £ 538 5,230 £461 
Hepatic lipid fluoiescence. 

fluorescence units/ 
* 1,384b £ 2,384b mmol phospholipid 14,846 * 923* 27,846 X 2,923 22,230 * 1,384b 19,307 £ 2,384b 25,923 £ 5,615 33,692 £ 4,OOOC 30,538 £ 2,538 

Cardiac vitamin E, fimol/g 
£ 0,01b tissue 0.18 £ COM 007 i 001 O.IS S  O O l b  0.1.', £ 0,01b 0.11 £ 0  0 i c  0.10 £ O.Olc 0.10 £ O.Olc 

Cardiac diene coniugaces. 
absotbancy units/mmoi 

£ 307b £ 46|b phospholipid 1,000 * 384a 3,692 t 615 2,000 £ 307b 1,923 £ 46|b 2,692 £ 230C 3,230 £ 384 3,461 £ 538 
Cardiac lipid fluorescence, 

fluorescence units/ 
£ l ,r69b £ 2.923b mwol phospholipid 4,846 = 846' 19,000 i 2.'69 9,307 £ l ,r69b 7,153 £ 2.923b 20.692 £ 5.106 17,384 £ 4,538 19,923 £ 3,769 

1 Evety sample hom each mouse was detennined in triplicate. Values are means : so, n " 8. Letters indicate significant differences at P 
< O.OS: a, compared with all of the retrovirus-infected groupS) b, compated with the tctroviius-infcaed groups with TCR peptide ireatraent 
at 6-10 wk postinfection) c, compared with the saline group without TCR peptide treatment. 

2 Abbreviations used; MEM, minimum essential mediumi TCR, T-cell receptor. 
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Fig 10. Effect of different doses of T cell receptor peptide treatment on interleukin-2 (IL-2) 
production by splenocytes firom in vitro. 
Every sample fn)m each mouse was measured in triplicate. Values are mean+standard deviation, 
n=8. Letters indicate significant differences at p<0.05; a, compared with all of the retrovirus 
infected groups; b, compared with the retrovirus infected groups with 0-100 ug/mouse TCR 
peptide treatment; c, compared with the retrovirus infected group without TCR peptide treatment. 
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Fig 11. Effect of T cell receptor peptide treatment at different times post-infection on interleukin-2 
(IL-2) production by splenocytes from in vitro. 
Every sample from each mouse was measured in triplicate. Values are mean±standard deviation, 
n=8. Letters indicate significant differences at p<0.05: a, compared with all of the retrovirus 
infected groups; b, compared v^dth the retrovirus infected groups with TCR peptide treatment at 
6-10 weeks post-infection; c, compared with the reti-ovirus infected groups without TCR peptide 
treatment. 
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Fig 12. Effect of different doses of T cell receptor peptide treatment on interleukin-10 (IL-10) 
production by splenocytes from in vitro. 
Every sample from each mouse was measured in triplicate. Values are mean±standard deviation, 
n=8. Letters indicate significant differences at p<0.05; a, compared with all of the retrovirus 
infected groups; b, compared with the retrovirus infected groups with 0-100 ug/mouse TCR 
peptide treatment; c, compared with the retrovirus infected groups without TCR peptide treatment. 
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Fig 13. Effect of T cell receptor pq)tide treatment at different times post-infection on interleukin-
10 (IL-10) production by splenocytes from in vitro. 
Every sample from each mouse was measured in triplicate. Values are mean ± standard deviation, 
n = 8. Letters indicate significant differences at p<0.05: a, compared with all of the retrovirus 
infected groups; b, compared with the retrovirus infected groups with TCR peptide treatment at 
6-10 weeks post-infection; c, compared with the retrovirus infected groups without TCR peptide 
treatment. 
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Fig 14. Effect of different doses of T cell receptor peptide treatment on interleukin-6 (IL-6) 
production by splenocytes firom in vitro. 
Every sample from each mouse was measured in triplicate. Values are mean±standard deviation, 
n=8. Letters indicate significant differences at p< 0.05: a, compared with all of the retrovirus 
infected groups; b, compared with the retrovirus infected groups with 0-100 ug/mouse TCR 
peptide treatment; c, compared with the retrovirus infected groups without TCR peptide treatment. 
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Fig 15. Effect of T cell receptor peptide treatment at different times post-infection on interieukin-6 
(IL-6) production by splenocytes from in vitro. 
Every sample from each mouse was measured in triplicate. Values are mean±standard deviation, 
n = 8. Letters indicate significant differences at p<0.05: a, compared witii all of the retrovirus 
infected groups; b, compared with the retrovirus infected groups with TCR peptide treatment at 
6-10 weeks post-infection; c, compared with the retrovirus infected groups without TCR peptide 
treatment. 
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Fig 16. Effect of different doses of T cell receptor peptide treatment and different adjuvants on 
hepatic vitamin E level. 
Every sample from each mouse was measured in triplicate. Values are mean±standard deviation, 
n=8. Letters indicate significant differences at p<O.OS; a, compared with all of the retrovirus 
infected groups; b, compared with the rest of retrovirus infected groups. 
Abbreviations used: MTC: Ribi MPLTDM CWS adjuvant; PolyAU: PolyAU adjuvant. 
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Fig 17. Effect of different doses of T cell receptor peptide treatment and different adjuvants on 
cardiac vitamin E level. 
Every sample from each mouse was measured in triplicate. Values are mean±standard deviation, 
n=8. Letters indicate significant differences at p<O.OS: a, compared with all of the retrovirus 
infected groups; b, compared with the rest of retrovirus infected groups. 
Abbreviations used: MTC: Ribi MPLTDM CWS adjuvant; PolyAU: PolyAU adjuvant. 
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Chapter 5. EFFECTS OF T CELL RECEPTOR DOSE AND TIME 
OF APPLICATION DURING MURINE RETROVIRUS INFECTION 

ON MAINTENANCE OF IMMUNE FUNCTION 

Abstract 

C57BL/6 mice were treated with different doses of human TCR VB8.1 CDRl 

peptide at different times after murine retrovirus (LP-BM5) infection. Treatment with TCR 

V68.1 CDRl peptide largely prevented the retrovirus-induced reduction in B and T cell 

proliferation, and Thl cytokines (IL-2 and IFN-gamma) secretion. It also suppressed Th2 

cytokines (IL-6 and IL-10) production, which was stimulated by retrovirus infection. 

These effects were accomplished using at least 100 ug of peptide per mouse and the most 

effective of peptide was given within four weeks after retrovirus infection. Treatment with 

doses above 100 ug/mouse as long as 4 weeks post-infection maintained NK cell activity 

during retrovirus infection. Reducing the treating dose of peptide or delaying it until the 

disease progressed towards early murine AIDS allowed development of immune 

dysfunction. These studies provide data suggesting that immune dysfunction, induced by 

murine retrovirus infection, was largely prevented by TCR Vfi CDRl peptide Treatment. 

INTRODUCTION 

Acquired immune deficiency syndrome is a disease of retroviral etiology, 

characterized by immune dysfunction, opportunistic infections, and eventually death. 

Murine acquired immune deficiency syndrome, induced by infection with murine LP-BM5 

leukemia retrovirus mixture, is strikingly similar to that of human AIDS, even though 



132 

human immunodeficiency virus and murine LP-BM5 MuLV represent different types of 

retrovirus (308). 

LP-BM5 MuLV infection causes splenomegaly, lymphadenopathy, 

hypergammaglobulinemia, B cell hyperactivity at the early stage of retrovirus infection, 

and progressive defects in T and B cell functions leading to loss of host resistance to 

pathogens and neoplasia (308). Aberrant cytokine production due to retrovirus infection, 

caused by a switch from T helper 1 (Thl) cell response to a T helper 2 (Th2) cell 

response, promotes progression to AIDS (340). In HTV"^ patients and MuLV infected 

mice, T cell proliferation and Thl cytokine (IL-2 and IFN-gamma) production decline 

while Th2 cytokine (IL-4, IL-5, IL-6, and IL-10) and immunoglobulin production increase 

(341-344). The Thl to Th2 cell conversion may determine the fetal outcome of the disease 

as part of the mechanism producing severe immunodeficiency and loss of disease 

resistance. When IL-4 deficient (IL-4 gene knockout) mice, which are defective in Th2 

cytokine responses, were infected with LP-BM5 retrovirus, there was no lethality and 

development of T cell abnormalities was delayed (345). Administration of anti-IL-4 

monoclonal antibody to LP-BM5 retrovirus infected mice also normalized the imbalance 

of Thl and Th2 responses induced by retrovirus infection, prevented retrovirus-induced 

suppression of immune responses, and alleviated the typical symptoms of murine AIDS: 

hypergammaglobulinemia and splenomegaly (345). 

Autoantibodies (AAbs) binding a peptide determinant corresponding to the CDRl 



133 

of the T cell receptor (TCR) V6 domain were elevated during murine retrovirus infection 

(346). The elevation of the levels of these AAbs is an early event following retroviral 

infection which corresponds in part to the general polyclonal activation of the B cells with 

selectivity for particular VB sequences occurring later. The production of high levels of 

anti-TCR AAbs early in this disease with continued production of some suggests that those 

AAbs might be involved in modulation of immune responses caused by retrovirus 

infection. The AAbs directed against CDRl determinants can be considered natural 

antibodies against public or regulatory idiotypes (347-348) since this region is the least 

variable of the CDRs and is completely specified by the Vfi gene sequence. Treatment with 

a TCR Vfi peptide identified by these AAbs slowed the progression of the loss of B cell 

autogenesis (349). Preferential expansion/deletion of some TCRaB CD4'^ T cells induced 

by retroviral superantigens in both human and murine retrovirus infection is an important 

immunopathogenic mechanism (350-353). Selective expansion/deletion of some TCRafi 

CD4'^ T cells may lead to polyclonal activation of T and B cells at an early stage, and 

subsequent aberrant cytokine production. Eventually these abnormalities lead to profound 

immunodeficiency with immunosuppression of cell-mediated immunity. The current 

studies were designed to characterize the role of the TCR peptide in preventing retrovirus 

induced immune dysfunction. We determined whether there was a dose-response 

relationship of the TCR V68.1 CDRl peptide and T cell responses, and if treatment late 

in the LP-BM5 retrovirus infection would prevent or restore the retrovirus-induced 
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suppression of the immune response, alleviate hypergammaglobulinemia, and normalize 

cytokine secretion by splenocytes. 

METHODS AND MATERIALS 

Animals and Murine AIDS 

Female 0576176 mice, 4 weeks old, were obtained from the Charles River 

Laboratories Inc. (Wilmington, DE). Animals were cared for as required by the 

University of Arizona Committee on Animal Research. After 2 weeks housing in the 

animal fecility in the Arizona Health Science Center, they were randomly assigned to one 

of the following treatments with 8 mice per group for study A: uninfected, normal mice; 

uninfected, normal mice infected with saline (pyrogen free); LP-BM5 infected mice 

infected with 5 ug TCRVfi CDRl peptide; LP-BM5 infected mice injected with 25 ug 

TCRV6 CDRl peptide; LP-BM5 infected mice injected with ICX) ug TCRVB CDRl 

peptide; LP-BM5 infected mice injected with 200 ug TCRVB CDRl peptide; LP-BM5 

infected mice injected with 500 ug TCRVB CDRl peptide; LP-BM5 infected mice injected 

with saline and 2(X) ug Poly AU adjuvant; LP-BM5 infected mice injected with 25 ug 

TCRVB CDRl peptide and 230 ug Poly AU adjuvant; LP-BM5 infected mice injected with 

saline and 230 ug Ribi MPL TDM CWS adjuvant; LP-BM5 infected mice injected with 

5 ug TCRVB CDRl peptide and 230 ug Ribi MPL TDM CWS adjuvant; LP-BM5 infected 

mice injected with 25 ug TCRVB CDRl peptide and 230 Ribi MPL TDM CWS adjuvant. 

LP-BM5 retrovirus was administered intraperitoneal to mice in 0.1 ml with an esotropic 
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titer (XC) of 4.5 log,o PFU/ml, which induces disease with a time course comparable to 

that previously published (308). Administration of peptides (dissolved in saline) and 

adjuvants were performed two weeks after LP-BM5 infection. Uninfected, normal mice 

were injected with complete culture medium used for LP-BM5 virus growth as controls. 

Infection of adult female 0576176 mice with LP-BM5 MuLV leads to the rapid induction 

of clinical symptoms with virtually no latent phase. For study B, the treatment were: LP-

BM5 infected mice injected with saline two weeks after infection; LP-BM5 infected mice 

injected with 200 ug TCRV6 CDRl peptide two weeks after infection; LP-BM5 infected 

mice injected with 200 ug TCRV6 CDRl peptide four weeks after infection; LP-BM5 

infected mice injected with 200 TCRVB CDRl peptide six weeks after infection; LP-BM5 

infected mice injected with 200 ug TCRVB CDRl peptide eight weeks after infection; LP-

BM5 infected mice injected with 200 ug TCRVB CDRl peptide 10 weeks after infection. 

Peptides 

Same as that in Chapter 4. 

Standard Cytokines and Their Antibodies 

Same as that in Chapter 4. 

ELISA for Cytokines 

Same as that in Chapter 4. 

Mitogenesis of Splenocytes 

Splenic T and B cell proliferation was determined by ^H-thymidine incorporation 
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as described previously (354). Briefly, splenocytes in 0.1 ml of CM (1x10' cell/ml) were 

cultured in 96-well flat-bottom cultured plates (Falcon) with Con A and LPS (10 ug/ml). 

They were incubated at 37°C, 5% COj incubator for 20 hours for Con A-induced T cell 

proliferation and 44 hours for LPS-induced B cell proliferation, and then pulsed with 

thymidine (0.5 uCi/well, New England Nuclear, Boston, MA). After 4 hours, they were 

harvested by a cell sample harvester (Cambridge Technology, Cambridge, MA). 

Radioactivity was determined by a liquid scintillation counter (Tri-Carb, 2200 CA, 

Packard, Lagunahills, CA). Data were presented as counts per minute (CPM). 

Natural Killer Cell Cytotoxicity 

NK cell function was measured by a fluorescent concentration release assay 

modified from the method of Wierda et al. (355). Briefly, this method measures the 

fluorescent dye-2,7'-bis(carbosyethyl)-5,6'-carboxyfluorescein (BCECF) (Molecular 

Probes, Eugene, OR) remaining in the target cells using the Pandex Fluorescence 

Concentration and Analyzer (FCA) (IDEX, Portland, Maine). YAC-1 target cells were 

washed once with PBS and labeled with the carboxyfluorescein derivative. Effector to 

target (E:T) ratios were adjusted to 100:1 and 50:1, and plated in U-bottom microtiter 

plates (Falcon 3077, Lincoln Park, NJ) containing 4x10^ target cells/100 ul. The plate was 

centrifuged (90 xg) for 3 minutes to facilitate cell to cell interaction. The cells were then 

incubated at 37°C in a humidified atmosphere of 5% CO2 for 3 hours. After incubation, 

20 ul of 1 % inert fluoricon polystyrene assay particles was added to each well of plate 
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(Pandex Harvesting Plate, IDEX, Portland, Maine), and 80 ul aliquot from each well of 

irradiation plate was transferred to a Pantex plate. Epifluorescence of each well in the 

harvest plate was automatically read at 485/533 nm excitation/emission wavelengths for 

BCECF using the Pantex FCA. Specific cytotoxicity (%) was calculated as follows: 

Spontaneous Release - Experimental Fluorescence 

X 100 

Spontaneous Release - Maximum Release 

Statistics 

Same as that in Chapter 2. 

RESULTS 

Body Weight 

There was no change in food consumption due to infection or TCR peptide 

treatment (data not shown). The body weight of the mice was not affected by various 

levels of TCR V6 CDRl peptide treatment or time course of treatment post-infection. The 

spleen and lymph node weights were significantly (p<0.05) elevated in the infected mice 

(Figure 18a,b), which indicated that infection had progressed to murine AIDS. 

Mitogenesis of Splenocytes 

Proliferation of ConA- and LPS-induced (data not shown) splenocytes was 

significantly decreased (p<0.05) by murine retrovirus infection (Figure 19a,b). 

Suppression of T and B cell proliferation in the spleen, induced by retrovirus infection, 
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was significantly (p<0.05) prevented by TCR Vfl CDRl peptide treatment. Peptide 

dosages above 200 ug/mouse (2) and treatment before four weeks post-infection 

maintained near normal T and B cell proliferation which were significantly (p<0.05) 

higher than that in infected, untreated mice. Treatment with less than 200 ug/mouse of 

peptide (Figure 19a) or at 6-10 weeks post-infection (Figure I9b), did not prevent 

development of decreased, in vitro proliferation of mitogen-stimulated T and B cells. 

Nature Killer (NK) Cell Cytotoxicity 

Murine retrovirus infection significantly (p<0.05) reduced the splenic NK cell 

activity, which was largely (p<0.05) maintained in infected mice treated with the TCR 

Vfi CDRl peptide (Figure 20a,b). Peptide dosages above 1(X) ug/mouse (Figure 20a) and 

treated by four weeks post-infection (Figure 20b) maintained near normal NK cell activity 

which was significantly (p<0.05) higher than that in infected, untreated mice. Treatment 

with less than 100 ug/mouse (Figure 20a) at or after six weeks post-infection (Figure 20b) 

permitted development of a significantly decreased NK cell cytotoxicity. 

Cytokine Production of Splenocytes 

In vitro production of T helper 1 (Thl) cytokines, IL-2 (data not shown) and EFN-

gamma by ConA-stimulated splenocytes was significantly (p<0.05) inhibited in the 

retrovirus-infected mice (Figure 21a,b). TCR V6 CDRl peptide treatment significantly 

(p<0.05) normalized IL-2 (data not shown) and IFN-gamma release by mitogen-

stimulated splenocytes compared to infected, untreated mice (Figure 21a,b). Treatment 
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with 200 ug/mouse or higher dose of peptide (Figure 21a) and before six weeks post

infection (Figure 21b) maintained near normal Thl cytokines production which were 

significantly (p<0.05) higher than that in infected, untreated mice. Treatment at dosages 

of less than 200 ug/mouse (Figure 21a) or after six weeks post-infection (Figure 21b) had 

significantly (p<0.05) decreased Thl cytokines production. 

Release of T helper 2 (Th2) cytokines, IL-6 (data not shown) and IL-10 in vitro by 

mitogen-stimulated spleen cells, was significantly (p < 0.05) increased in the retrovirus 

infected mice (Figure 22a,b). TCR V6 CDRl peptide treatment significantly (P<0.05) 

normalized IL-6 (data not shown) and IL-10 release by mitogen-stimulated splenocytes 

(Figure 22a,b). Treatment with TCR peptide above 100 ug/mouse (Figure 22a) and four 

weeks post-infection (Figure 22b) maintained near normal Th2 cytokine production which 

was significantly (p<0.05) lower than that of infected, untreated mice. Treatment at 

dosages of less than 100 ug/mouse (Figure 22a) or after 4 weeks post-infection (Figure 

22b) permitted development of a significantiy (p<0.05) increased Th2 cytokines 

production. 

Influence of Adjuvants on TCR Peptide Treatment 

The adjuvants used generally had no significant (p>0,05) effect on maintaining the 

immune function (Figure 23). 

Discussion 

TCR peptide therapy was initially developed in the Lewis rat experimental 
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autoimmune encephalomyelitis (EAE) model and subsequently was shown to be effective 

in chronic relapsing EAE in mice, which models multiple sclerosis (MS) clinically and 

pathologically (356-357). For the therapy to work, animals must be successfully treated 

with disease-associated TCR V region peptides. TCR peptide treatment induces TCR 

peptide-specific CD4'*" and CDS' T cells and Ab, and the passive transfer of either 

peptide-specific T cells or Ab is sufficient to suppress MS disease (356,358). It has been 

hypothesized that TCR peptide treatment stimulates a natural immunoregulatory network 

that induces tolerance of T cells expressing the targeted TCR V gene product (356). 

In the present study, treatment with a TCR VB CDRl peptide significantly 

prevented murine retrovirus-induced immune dysfunction, and normalized cytokine 

production. This change occurred simultaneously with restoration of tissue vitamin E, a 

mild immunostimulant and reduced lipid peroxidation in tissues, which decreased the 

oxidative stress caused by free radical products, i.e. lipid fluorescence and diene 

conjugates. The concentrations of hepatic and cardiac vitamin E were significantly 

(P<0.05) reduced by retrovirus infection (359), while TCR VB CDRl peptide treatment, 

at dosages of above 200 ug/mouse and four weeks post-infection, significantly (P<0.05) 

maintained hepatic and cardiac vitamin E levels at or near those of uninfected mice (359). 

Retrovirus infection significantly (P<0.05) increased hepatic and cardiac lipid 

peroxidation which produced more free radical products, i.e. lipid fluorescence and diene 

conjugates (359). TCR VB CDRl peptide treatment, at dosages of 100-5{X) ug/mouse and 
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four weeks post-infection, significantly (P<0.05) reduced the hepatic and cardiac free 

radical products (359). 

Early treatment, prior to significant immune dysfunction, or with a significant 

amount of TCR antigen was necessary and critical to prevent immune dysfunction during 

infection. However the addition of adjuvant had a variable effect expanding the efficacy 

of very low (otherwise ineffective) doses of TCR antigen. These results indicate that TCR 

V6 CDRl peptide functions as an immunoregulatory element in the complex networks of 

interactions among the components of the immune system and anti-oxidation system. They 

provide an insight into the pathogenesis during progression to AIDS, as well as into the 

mechanisms of idiotypic networks murine. These results also expand understanding of the 

roles of vitamin E and free radical products on regulation of immune function during 

murine retrovirus infection, which support the concept that combination of immune 

therapy and vitamin E supplementation therapy for murine retrovirus infection may be 

more efficacious than either alone. 

Most antigens are recognized through their interaction with the variable portions 

of the TCR a and 6 chains. However, T cells recognize superantigens on the basis of their 

expressed V6 region alone, independentiy from the other variable TCR segments. 

Progression of CD4"^ T cell depletion/expansion may require cycles of mutation in the 

retroviral superantigen genes, resulting over time in the elimination of CD4'^ T cell 

bearing VBs (353). AAbs to TCR VB induced by treatment of TCR V6 CDRl may slow 
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the selective deletion/expansion of some T cells bearing specific V6 by cytolysis or other 

inhibitory mechanisms, i.e. obstruction of superantigens binding to specific TCR VB 

chains by AAbs binding VB chains. In retrovirus infected mice AAbs to TCR VB CDRl 

in the serum were increased by administration of TCR VB CDRl peptide, but not to the 

control peptide. The increased production of AAbs to TCR VB in retrovirus infected mice 

without TCR VB CDRl peptide administration may not be enough to alter the profile of 

expansion/deletion of T cell bearing specific TCR VB induced by retroviral superantigens. 

However, it is unclear why the TCR VB CDRl peptide induced selective alteration of T 

cell expansion bearing specific VB in the infected mice. It was possibly caused by a 

difference in the affinity of the different VB for the superantigen after specific AAbs 

binding interference. The further study on how change of this profile of T cell 

expansion/deletion can prevent the retrovirus-induced immunosuppression and cytokine 

dysregulation is required. 

Patients infected with HIV display a progressive loss of CD4'^ Th cell function, 

often taking years before cell numbers and other cell functions are depressed sufficiently 

to produce AIDS (360). The loss of resistance to HTV infection and/or progression to 

AIDS may be dependent on a switch from Thl to Th2 subset dominated responses (343). 

Progression to AIDS is characterized by decrease in Thl-cytokine (IL-2 and IFN-gamma) 

production concomitant with increase in Th2-cytokine (IL-6 and IL-10) production. Thl 

and Th2 cytokine profiles in retrovirus infected mice are in accordance with this hypothesis 
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(347-348). Treatment of TCR V6 CDRl peptide in murine AIDS significantly prevented 

the retrovirus-induced suppression of IL-2 and IFN-gamma secretion. IL-2 is an important 

growth factor for T cells, and its increased release by TCR V6 CDRl peptide treatment 

is in accord with restored T cell proliferation in retrovirus infected mice. IFN-gamma has 

multiple distinct biological activities including anti-viral activity, and activation of 

macrophages and phagocytosis, and stimulation of cytotoxicity by NK cells and cytotoxic 

T lymphocytes (361). Thus, increased IFN-gamma by TCR V6 CDRl peptide would be 

expected to restore suppressed cell-mediated immunity in murine AIDS. Increased 

production of IFN-gamma by TCR V6 CDRl peptide in retrovirus-infected mice is also 

in agreement with the enhancement of NK cell activity by the peptide. On the other hand, 

IFN-gamma inhibits Th2 cytokine secretion, which usually is elevated during development 

of murine AIDS. This notion is supported by our findings that treatment with TCR V6 

CDRl peptide in murine AIDS significantly reduced retrovirus-induced elevation of IL-6 

and IL-10 production. Taken together, the prevention of imbalanced Thl and Th2 

cytokine production by TCR V6 CDRl peptide treatment contributes to the normalization 

of entire immune response, thereby retarding the development of murine AIDS. 

In vivo, activated B cells and macrophages from HIV patents produce high levels 

of IL-6 and TNF-a (362), as do with LPS-stimulated splenocytes and peritoneal 

macrophages for MuLV retrovirus infected mice (347). Increased IL-6 production could 

explain the hypergammaglobulinemia and global B cell dysfunction seen with both 
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pathogens (363). IFN, vitamin E and their combined administration significantly 

normalized the increased production of E.-6 by LPS-stimulated splenocytes from retrovirus 

infected mice. As IL-6 and other Th2 cytokines are required to maintain 

hypergammaglobulinemia and global B cell dysfunction of murine AIDS, their reduced 

production, or altered restoration of IFN or vitamin E, would prevent excessive B cell 

activity including eventual B cell lymphoma, IL-6 also governs the production of acute-

phase reactants by hepatocytes and their tissue damage (364). Elevated levels of IL-6 has 

been associated with the stimulation of HTV replication in macrophages and T cells (365-

366). Thus normalization of elevated levels of IL-6 by IFN and vitamin E should 

ameliorate pathological symptoms initiated by the murine retrovirus, explaining the partial 

normalization of spleen weight. 

In summary, these studies provide the basis for future investigations on the use of 

TCR peptide treatment for the treatment of murine AIDS and other retrovirus infection. 

We now have data suggesting that TCR peptide treatment is safe and well tolerated in 

mice. Importantly, administration of TCR V6 CDRl peptide is a potentially 

immunomodulating agent that achieves its immune enhancing effects through indirect 

mechanisms, possible through preventing selective expansion of TCR Vfl T cells induced 

by the chronic retroviral antigen exposure. These findings help understand the 

mechanisms contributing to retrovirus-caused immunodeficiency and substantial 

malnutrition. TCR peptide treatment could prevent immune dysfunction due to retrovirus 



infection or other immune deficiencies. 
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Fig 18a. Spleen weight. 
The spleen and lymph node weights were significantly (P<0.05) elevated in the infected mice, 
but TCR peptide treatment had no significant effect on the lymph node weights. 
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Fig 18b. Lymph node weight. 
The spleen and lymph node weights were significantly (P < 0.05) elevated in the infected mice, 
but TCR peptide treatment had no significant effect on the lymph node weights. 
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Fig 19a. Con A-stimulated splenocyte proliferation. 
Retrovirus infection significantly (P<0.05) suppressed T cell proliferation. TCR peptide treatment 
at dose 200 ug/mouse or above significantly (P < 0.05) prevented the suppression of T and B cell 
proliferation in murine AIDS. 
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Fig 19b. Con A-stimulated splenocyte proliferation. 
Retrovirus infection significantly (P<0.05) suppressed T ceil proliferation. TCR peptide treatment 
before 4 weeks post-infection significantly (P<0.05) prevented the suppression of T and B cell 
proliferation in murine AIDS. 
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Fig 20a. Nature killer cell cytotoxicity. 
Retrovirus infection significantly (P<0.05) decreased NK cell activity. TCR peptide treatment 
at dose 200 ug/mouse or above significantly (P < 0.05) maintained NK cell activity. 
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Fig 20b. Nature killer cell cytotoxicity. 
Retrovirus infection significantly (P<0.05) decreased NK cell activity. TCR peptide treatment 
before 4 weeks post-infection significantly (P<0.05) maintained NK cell activity. 
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Fig 21a. Interferon-gamma production of splenocyte. 
Retrovirus infection significantly (P<0.05) suppressed IFN-gamma production. TCR peptide 
treatment at dose 200 ug/mouse or above significantly (P<0.05) normalized IFN-gamma 
production. 
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Fig 21b. Interferon-gamma production of splenocyte. 
Retrovirus infection significantly (P<0.05) suppressed IFN-gamma production. TCR peptide 
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Fig 22a. Interleukin 10 production of splenocyte. 
Retrovirus infection significantiy (P<0.05) increased IL-10 production. TCR peptide treatment 
at dose 200 ug/mouse or above significantly (P<0.05) normalized IL-10 production. 
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Fig 22b. Interleukin 10 production of splenocyte. 
Retrovirus infection significantiy (P<0.05) increased IL-10 production. TCR peptide ti^tment 
before 4 weeks post-infection significantly (P<0.05) normalized IL-10 production. 
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Fig 23. Effects of adjuvants on Con A-stimulated splenocyte proliferation. 
Poly AU and MTC had no significant effect on restoring T cell proliferation which was suppressed 
by retrovirus infection. 
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Chapter 6. PREVENTION OF IMMUNE DYSFUNCTION, 
TISSUE VITAMIN E DEFICIENCY, AND LOSS OF CRYPTOSPORIDIUM 
RESISTANCE DURING MURINE RETROVIRUS INFECTION BY T CELL 

RECEPTOR PEPTIDE 

ABSTRACT 

C57BL/6 mice were treated with peptide corresponding to CDRl of human T cell 

receptor (TCR) V68.1 and immunoglobulin lambda-chain MCG after murine retrovirus 

(LP-BM5) infection. Treatment with the TCR peptide largely prevented the retrovinis-

induced reduction in B and T cell proliferation, tissue vitamin E, and Thl (T helper 1) 

cytokine (IL-2 and IFN-y) secretion. The TCR peptide also prevented retroviral 

stimulation of Th2 cytokine (IL-6 and IL-10) production and lipid peroxidation. 

Cryptosporidiosis was established in all retrovirus immunosuppressed mice, while non-

retrovirus infected mice were refractory to parasite infection, Cryptosporidium parvwn 

colonization of intestinal villi was significantly reduced in immunosuppressed animals that 

received TCR V68.1 peptide treatment. Thus, immune dysfunction with the loss of 

parasite resistance, induced by murine retrovirus infection, was largely prevented by TCR 

VB CDRl peptide treatment. However, no significant change in survival of the 

retrovirally infected mice was observed as the lymph nodes continued to expand which 

induced eventual death from asphyxiation. 

INTRODUCTION 

Acquired immune deficiency syndrome (AIDS) is a disease of retroviral etiology 

characterized by immune dysfunction, malnutrition, and opportunistic infections. Murine 
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acquired immune deficiency syndrome (MAIDS) induced by murine LP-BM5 leukemia 

retrovirus (MuLV), is functionally very similar to human AIDS, even though human 

immunodeficiency virus (HIV) and murine LP-BM5 MuLV represent different types of 

retrovirus (1). LP-BM5 MuLV infection causes splenomegaly, lymphadenopathy, 

hypergammaglobulinemia, and B cell hyperactivity at the early stages of retrovirus 

infection. Later, progressive defects in T and B cell functions lead to loss of host 

resistance to pathogens, neoplasia, and eventually death by asphyxiation or infectious 

diseases (308). 

Aberrant cytokine production due to retrovirus infection suppresses the T helper 

1 (Thl) cell response while promoting the T helper 2 (Th2) cell response and progression 

to AIDS (340). In HIV"^ patients and MuLV infected mice, T cell proliferation and Thl 

cytokine (IL-2 and IFN-gamma) production decline while Th2 cytokine (IL-4, IL-5, IL-6, 

and IL-10) and immunoglobulin production increase (342-344). The Thl to Th2 cell 

conversion is part of the mechanism producing severe immunodeficiency and loss of 

disease resistance. When IL-4 deficient (IL-4 gene knockout) mice with defective Th2 

cytokine responses were infected with the LP-BM5 retrovirus, there was no lethality and 

development of T cell abnormalities was delayed (345). Administration of anti-IL-4 

monoclonal antibody to LP-BM5 retrovirus infected mice also inhibited the imbalance of 

Thl and Th2 responses induced by retrovirus infection and prevented retrovirus-induced 

suppression of immune responses (345). 
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The protozoan parasite Cryptosporidium parvum produces short-term diarrhea in 

immunocompetent individuals and life-threatening diarrheal illness in immunocompromised 

ADDS patients. The prevalence of cryptosporidiosis in humans varies, ranging from 1-4% 

in Europe and North America to 30% in some less-developed countries (367). In the 

United States, 3-4% of AIDS patients are infected with C parvum (368). Neonatal mice 

with immature immune defenses also do not clear the parasite. The immune system is 

critical in overcoming cryptosporidiosis, particularly as there are no effective therapeutic 

agents (369). Cell-mediated immunity, secretory antibodies, antigen-driven inflammatory 

responses, and nonspecific cell-mediated processes are important components in the host 

immune response against C. parvum (370). Thus, prevention of immune dysfunction by 

maintaining normal Thl and Th2 cell activity, even without anti-retroviral activity, should 

improve resistance to C. parvum. 

Preferential expansion of some TCRaB CD4^ T cells induced by retroviral 

superantigens in both human and murine AIDS is an important immunopathogenic 

mechanism affecting disease resistance (371-372). Selective expansion of some TCRaB 

CD4* T cells leads to polyclonal activation of T and B cells, and aberrant cytokine 

production which produces profound immunodeficiency and immunosuppression of cell-

mediated immunity. Treatment with a TCR V6 peptide identified by autoantibodies 

slowed the development of immune dysfunction and the progression to MAIDS (349). The 

treatment also prevented the loss of tissue vitamin E and increased lipid peroxidation. 
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The regularly associated profound weight loss, cachexia, multiple nutrient 

deficiencies and protein calorie malnutrition in AIDS have the potential to accelerate its 

development via immunosuppression secondary to nutritional deficiency. Immune 

dysfunctions due to nutritional deficiencies could preclude recovery from infectious events 

which earlier represented survivable episodes. Superoxide radicals, hydrogen peroxides, 

hydroxyl radicals, and their products, lipid peroxides, are produced at high levels when 

immune defenses are breached with increased exposure to mitogens and bacterial 

endotoxin. These highly reactive, oxygen-containing molecules, may facilitate disease 

progression from HIV infection to AIDS by their reaction with antioxidant vitamins, 

exacerbating development of nutritional deficiency and its immune depression. 

The current studies were designed to characterize the role of this TCR peptide in 

prevention of retrovirus induced immune dysfunction, increased lipid oxidation, reduced 

tissue vitamin E, loss of C. parvum resistance, and death of the animal. 

METHODS AND MATERIALS 

Animals and Murine AIDS 

Female C57BL/6 mice, 4 weeks old, were obtained from the Charles River 

Laboratories Inc. (Wilmington, DE). Animals were cared for as required by the 

University of Arizona Committee on Animal Research. After 2 weeks housing in the 

animal facility at the Arizona Health Science Center, they were randomly assigned to one 

of the following treatments with 40 mice per group (8 mice of each group for C. parvum 
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infection, 32 niice of them for survival study): uninfected mice; uninfected mice injected 

with saline (pyrogen free); LP-BM5 infected mice injected with 200 ug TCR VB8.1 CDRl 

peptide; LP-BM5 infected mice injected with 200 ug MCG peptide. LP-BM5 retrovirus 

was administered intraperitoneal to mice in 0.1 ml with an esotropic titer (XC) of 4.5 logio 

PFU/ml, which induces disease with a time course comparable to that previously published 

(308). The TCR VfiS.l peptide and the immunoglobulin lambda-chain MCG were 

administered in 0.2 ml of saline intra-peritoneally 14 days post retroviral infection as done 

previously (349). Uninfected mice were injected with complete culture medium used for 

LP-BM5 virus growth as controls. Infection of adult female C57BL/6 mice with LP-BM5 

MuLV leads to the rapid induction of clinical symptoms with virtually no latent phase. 

All of the C. parvwm-infected mice were sacrificed at 14 weeks post retrovirus infection. 

Tissues including spleen, liver, heart, and lymph nodes in the mesentery, inguinal and 

others along the throat were collected at the same time. 

Peptide 

Same as that in Chapter 4. 

ELISA for Cytokines 

Same as that in Chapter 4. 

Mitogenesis of Splenocytes 

Same as that in Chapter 5. 

Natural Killer Cell Cytotoxicity 
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Same as that in Chapter 5. 

Cryptosporidium parvunt Inocula 

Infection was established using oocysts purified from the feces of C. parvwn-

infected calves. Feces were suspended in 2.5% (W/V) potassium dichromate solution. 

This suspension was passed through graded series of sieves to exclude particles larger than 

63 um. Oocysts were double-purified from this suspension using a discontinuous density 

gradient and resuspended in 2.5% (W/V) potassium dichromate as previously described 

(373). The partially purified oocysts were stored at 4°C for not more than 72 hr prior to 

infecting the mice. Before the mice were inoculated, oocyst preparations were washed 

twice with 25 mM phosphate-buffered saline (PBS) (pH 7.2) to remove the potassium 

dichromate, and then counted with a hemocytometer by phase-contrast microscopy. Eight 

mice from each group were inoculated with 200 ul PBS containing 1x10® oocysts via 

gavage 2 months post-retrovinis infection. 

Cryptosporidium Enumeration on the Intestinal Villi 

The numbers of parasites per villus section were determined in histological sections 

of the terminal ileum stained with Hematoxylin-Eosin (H&E). At least 25 adjacent 

intestinal villi per mouse were randomly counted under an objective microscope at 40x or 

lOOx as described previously (374). 

Determination of Conjugated Dienes and Lipid Fluorescence 
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Same as that in chapter 4. 

Detenmnation of Vitamin E 

Same as that in Chapter 4. 

Statistics 

Same as that in Chapter 2. 

RESULTS 

Body, Spleen and Lymph Node Weights 

As found previously (349), there was no change in food consumption due to TCR 

peptide treatment or retroviral infection. The body weight was not affected by TCR VB 

CDRl peptide treatment (data not shown). However, lymph node (data not shown) and 

spleen weights were significantly (p<0.05) elevated in control MCG peptide as well as 

saline treated LP-BM5 infected mice (Figure 24a), this indicated that infection had 

progressed to murine AIDS. TCR peptide treatment significantly (p<0.05) reduced the 

expansion of spleen weight, however, expansion of lymph node was not significantly 

affected by TCR peptide treatment (Figure 24a, b). 

Mitogenesis of Splenocytes 

ConA- and LPS-induced splenocyte proliferation was significantly decreased 

(p<0.05) by murine retrovirus infection (Figure 25-26). Suppression of both T and B cell 

proliferation by retrovirus infection was significantly (p<0.05) prevented by TCR V6 

CDRl peptide treatment (Figure 25-26). 
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Natural Killer (NK) Cell Cytotoxicity 

Murine retrovirus infection significantly (p<0.05) reduced the splenic NK cell 

activity, which was largely (p<0.05) maintained in infected mice treated with the TCR 

VB CDRl peptide (Figure 27). 

Cytokine Production of Splenocytes 

In vitro production of T helper 1 (Thl) cytokines, JL-2 and EFN-gamma (data not 

shown), by ConA-stimulated splenocytes was significantly (p<0.05) inhibited in the 

retrovirus- and C. pcrvum-infected mice (Figure 28). TCR VB CDRl peptide treatment 

significantly (p<0.05) normalized IL-2 (Figure 28) and IFN-gamma as shown previously 

(12) release by mitogen-stimulated splenocytes compared to retrovirus infected, untreated 

mice. 

Release of T helper 2 (Th2) cytokines, IL-6 and EL-10 (data not shown), by 

mitogen-stimulated spleen cells was significantly (p<0.05) increased in the retrovirus- and 

C. pcrvum-infected mice (Figure 29). TCR VB CDRl peptide treatment significantly 

(p<0.05) normalized IL-6 (Figure 29) and IL-10 release by mitogen-stimulated 

splenocytes. 

Cryptosporidium parvum Colonization of Intestinal Villi 

On the epithelium of the terminal ileum (Figure 30), non-retrovirus infected mice 

cleared intestinal parasites rapidly after parasite challenge as none were detected. 

However, retrovirus-infected mice with significant immunosuppression (Figure 25-29), 
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however, had significant (p<0.05) parasite colonization of the ileum at 14 days post

infection. Retrovirus-infected mice, treated with TC31VB CDRl peptide for 8 weeks, had 

substantial maintenance of immune function (Figure 25-29). They had largely but not 

totally cleared the parasites from the gut by day 14 post-infection (Figure 30), while those 

that did not receive TCR VB CDRl peptide treatment developed persistent 

cryptosporidiosis. 

Hepatic and Cardiac Vitamin E Levels 

Vitamin E is a mild immunomodulator, and it is needed for optimum immune 

function. The liver and heart are the major organs which have been studied for tissue 

vitamin E deficiency in murine AIDS. The concentrations of hepatic and cardiac vitamin 

E (Figure 31) were significantly (p<0.05) reduced by retrovirus infection. TCR VB 

CDRl peptide treatment significantly (p<0.05) retarded the loss of tissue vitamin E 

during infection. Infected mice with the TCR peptide treatment maintained hepatic and 

cardiac vitamin E levels near those of uninfected mice. 

Hepatic and Cardiac Lipid Peroxidation 

Retrovirus infection significantly (p < 0.05) increased hepatic and cardiac (Figure 

32) free radical products, i.e. diene conjugates. TCR VB CDRl peptide treatment 

significantly (p<0.05) prevented increases in hepatic and cardiac diene conjugates. TCR 

peptide treatment in infected mice maintained near normal amounts of diene conjugates 

similar to that of the uninfected mice. 
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DISCUSSION 

The CDRl region on the TCR V6 is an immunoregulatory element in the complex 

network of interactions among the components of the immune response because Abs or T 

cells generated against it upon treatment largely prevented immune dysfunction (349). Our 

current studies demonstrated that treatment with TCR VB CDRl peptide prevented loss of 

C. parvum resistance in murine AIDS while maintaining near normal T cell function as 

demonstrated by Thl and Th2 cytokine profiles. Maintenance of immune functions was 

possible by preventing stimulation of harmful TCR clones induced by the murine retrovirus 

antigens through treatment with the TCR VB peptides from those TCR clones stimulated 

by murine retrovirus infection (349). Interestingly, enlargement of lymph nodes routinely 

caused by retroviral infection was not affected by TCR VB8.1 CDRl peptide treatment 

(349). 

TCR peptide treatment stimulates a natural immunoregulatory network that 

regulates T cells expressing the targeted TCR V gene (375), preventing aberrant cytokine 

production by Thl and Th2 cells. As T cells are required for development of MAIDS, 

prevention of the development or excessive secretion of Th2 cytokines by TCR peptide 

treatment should retard immune dysfunction in murine AIDS. 

HTV replicates more efficiently in T cells expressing TCR receptors derived from 

certain VB genes, such as V612, without deleting those cells (376). Such replication may 

promote a biologically relevant viral reservoir (376) and a hyperactive subset of T cells. 
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Interactions of the retrovirus with some T cells may be part of the host defense system as 

Srv infection of monkeys resulted in expansion of selected V6 expressing CDS"^ cells 

which correlated with clearance of the retrovirus (377). We previously reported that when 

such clones of T cells are continually stimulated by retroviral antigens from HIV or LP-

BM5 without clearance of the pathogen, then AAbs to their TCR appear in high levels to 

regulate their activity (378). TCR peptide treatment may therefore stimulate similar 

regulatory mechanisms to prevent the adverse effects of excessive and prolonged 

stimulation of one subset on other immune functions during human and murine AIDS 

(378), and as shown here slow development of immune dysfunction and loss of disease 

resistance which characterize MAIDS. 

Progression to human and murine AIDS is characterized by decreases in Thl-

cytoldne production concomitantly with increases in Th2-cytokine production (379). Thl 

and Th2 cytokine profiles in retrovirus infected mice are in accordance with this hypothesis 

(379). Treatment of TCR V6 CDRl peptide in murine AIDS prevented the retrovirus-

induced suppression of IL-2 and IFN-gamma secretion. IL-2 is an important growth factor 

for T ceils, and its increased release by TCR V6 CDRl peptide immunization is in 

accordance with restored T cell proliferation in retrovirus infected mice. EFN-gamma has 

multiple distinct biological activities including anti-viral activity, and activation of 

macrophages and phagocytosis, and stimulation of cytotoxicity by NK cells and cytotoxic 

T lymphocytes (380). Thus, maintenance of near normal IFN-gamma production due to 
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TCR V6 CDRl peptide would be expected to prevent suppression of cell-mediated 

immunity and parasite resistance during murine ADDS. Increased production of IFN-

gamma in retrovirus-infected mice after TCR VB CDRl peptide treatment is also in 

agreement with the enhancement of NK cell activity by the peptide. On the other hand, 

IFN-gamma downregulates Th2 cytokine secretion, which usually is elevated during 

murine AIDS. Treatment with TCR V6 CDRl peptide significantly reduced retrovirus-

induced elevation of IL-6 and IL-10 production (349). 

Activated B cells and macrophages from HIV patients produce high levels of IL-6 

in vivo (381), as do LPS-stimulated splenocytes and peritoneal macrophages for retrovirus 

infected mice (379). Increased IL-6 production could explain the 

hypergammaglobulinemia and global B cell dysfunction seen during human and murine 

AIDS (382). As IL-6 and other Th2 cytokines are required to maintain 

hypergammaglobulinemia and global B cell dysfunction of murine AIDS, their reduced 

production, or the restoration of IFN production, would prevent excessive B cell activity 

including eventual B cell lymphoma. Elevated levels of IL-6 have been associated with 

the stimulation of HIV replication in macrophages and T cells (383-384). Thus 

normalization of elevated levels of IL-6 by IFN should ameliorate pathological symptoms 

initiated by the murine retrovirus (385), Taken together, the prevention of imbalanced 

Thl and Th2 cytokine production by TCR V6 CDRl peptide treatment contributes to the 

maintenance of normal immune responses. It largely retards the development of immune 
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dysfunction during murine retrovirus infection and loss of disease resistance as shown by 

the maintenance of near normal C. parvwn resistance. 

C. parvum, identified in one-third of AIDS patients with diarrhea, is the most 

frequent pathogen in AIDS patients (386). In human and murine AIDS, cryptosporidiosis 

becomes increasingly severe as the immune system deteriorates (387). Infection causes 

intractable diarrhea that results in profound weight loss, malnutrition, and death in AIDS 

patients (388), whereas in normal immunocompetent individuals the disease is self-limiting 

and eventually resolves. The parasite rests on the villus surface of the enterocyte and may 

impair cell function by releasing cell toxins. 

Low antibody production in C. parvum infected animal may be associated with 

persistence of parasite colonization (389). Poor antibody responses to new antigen during 

LP-BM5 MuLV infection have been reported in conjunction with polyclonal B cell 

stimulation, high serum IgG levels, aberrant T cell assistance, and dysregulated cytokine 

production (390). Our studies have extended the utility of the LP-BM5 MuLV infected 

C57BL/6 mouse model to include investigation of intestinal immunity and TCR peptide 

treatment. Previous studies have shown that C. parvum persists during retrovirus-induced 

immunodeficiency, while normal mice resist colonization (374). Retroviral infection 

reduced the number of €04"^ T and IgA"^ B cells in the intra-epithelial lamina propria 

presumably reducing the capacity to effect T cell-mediated C. parvum elimination and 

mucosal IgA"^ B cells antibody secretion (391). Our results demonstrated that the immune 
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modifications during C. parvwn infection in retrovirus infected mice, i.e. suppressed T 

and B cell proliferation, abnormal cytokines production, and more importantly, the 

restoration of immune functions by treatment with TCR V6 CDRl peptide correlate with 

significant maintenance of C. parvwn resistance. 

A high frequency of lymphoma in murine AIDS and human HTV^ infected 

individuals has been reported (392). Host factors predisposing to lymphoma development 

include decreased immunosurveillance, chronic perturbation of the immune system leading 

to cytokine overproduction, and increased B-cell stimulation, which is characterized by 

persistent generalized lymphadenopathy and splenomegaly (392). Premature death induced 

by LP-BM5 infection is usually due to asphyxiation from lymphadenopathy. 

Splenomegaly was not retarded by TCR peptide treatment, suggesting that the retrovirus 

continued proliferating and accumulating in the spleen and lymph node. However, some 

tissues, the thymus and intestinal mucosae, lose most of their lymphocytes during murine 

AIDS. While TCR peptide treatment reduced somewhat the number of IL-2r'*" and 

activated T-cells in retrovirus infected mice (349), they were still much higher than that 

in non-retrovirus infected mice. Thus the retrovirus, even when normal immune responses 

were maintained, continued to cause lymphocyte proliferation. This would lead to 

enlarged lymph nodes and spleens, and eventually death by asphyxiation. As site specific 

accumulation of lymphocytes in the lymph nodes was not affected by TCR peptide 

treatment, similar death rates were observed in TCR treated and untreated, retrovirus 
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infected mice. The MAIDS model thus differs functionally from human AIDS in that 

greatly enlarged lymph nodes are not common in human AIDS. 

Immune dysfunction during murine retrovirus infection decreases the host 

resistance to opportunistic pathogens, which stimulate phagocytes to release more free 

radicals and increase lipid peroxidation. Prevention of immune dysregulation 

simultaneously eliminates excessive lipid peroxidation and reduces the loss of tissue 

vitamin E. Similarly maintenance of immune function in retrovirus-infected mice occurred 

when early treatment with large doses of the TCR peptide was conducted, which prevented 

development of high level of lipid peroxidation while retaining tissue vitamin E. Our data 

suggest an association among immune dysfunction, lipid peroxidation, and tissue vitamin 

E. 

In the current studies, there was evidence of increased hepatic and cardiac lipid 

peroxidation in retrovirus infected mice concomitantly with decreased hepatic and cardiac 

vitamin E levels. This may be due to immune dysfunction induced by the retrovirus 

altering the cytokine production, which facilitates increasing oxidative stress and 

decreasing tissue antioxidant levels (393). Similarly, plasma lipid peroxidation levels were 

increased in AIDS patients (394). Oxidative stress may be a second messenger as TNF-a 

levels are elevated in the serum of HIV-infected patients (395) and murine AIDS (396). 

Tumor necrosis factor a (TNF-a) and IL-6, produced in excessive quantities during 

murine and human AIDS, are potent enhancing factors in the spreading of HIV to new 
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target cells (397). Vitamin E supplementation restored a less oxidative environment in 

murine retrovirus infected mice while decreasing the excessive IL-6 production (398). 

In summary, TCR peptide treatment is safe and well tolerated in mice with 

retrovirus infection. Importantly, administration of TCR VB CDRl peptide is a potential 

immune-modulating agent that prevents immune dysfunction and vitamin E deficiency, and 

maintains disease resistance, possibly through preventing selective expansion of TCR V6 

T cells induced by the chronic retroviral antigen exposure. These changes resulted in 

conservation of most of the anti-parasite immunity observed in non-infected mice, which 

should prolong life in mice exposed to pathogens prior to the enlargement of lymph nodes 

which result in death by asphyxiation. These findings help elucidate the mechanisms 

contributing to retrovirus-caused immunodeficiency. Immune maintenance due to TCR 

peptide treatment does significantly protect the animals against exacerbated parasite 

infection as expected from the persistency of normal immunity. 
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Figure 24a Spleen expansion, due to the retrovirus infection, were significantly (P<0.05) 
elevated in saline and control MCG peptide treated LP-BM5 infected mice. Expansion of spleen 
was significantly reduced by TCR peptide immunization. 
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Figure24b Lymph node expansion, due to the retrovirus infection, were significantly (P<0.05) 
elevated in saline and control MCG peptide treated LP-BM5 infected mice. Expansion of lymph 
node was not significantly affected by TCR peptide immunization. 
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Figure 25 T cell proliferation stimulated by Con A. Retrovirus infection significantly (P<0.05) 
suppressed in vitro T cell proliferation as measured by T cell mitogenesis, which was 
significantly (P<0.05) normalized by TCR peptide immunization. 
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Figure26 B cell proliferation stimulated by LPS. Retrovirus infection significantly (P<0.05) 
suppressed in vitro B cell proliferation as measured by B cell mitogenesis, which was 
significantly (P<0.05) normalized by TCR peptide immunization. 
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Figure27 Cytotoxicity of splenic nature killer cells. Retrovirus infection significantly (P<0.05) 
suppressed NK cell cytotoxicity as measured by dye retention in surviving tumor cells. NK cell 
cytotoxicity was significantly ^<0.05) normalized by TCR peptide immunization. 
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Figure 28 Producdon of IL-2 by Con A-stimulated splenocytes. Retrovirus infection significandy 
(P<0.05) suppressed in vitro IL-2 production as measured by ELISA assay. IL-2 production 
was significantly (P<0.05) normalized by TCR peptide immunization. 
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Figure 29 Production of IL-6 by LPS-stimulated splenocytes. Retrovirus infection significantiy 
(P<0.05) elevated in vitro IL-6 production as measured by ELISA assay. IL-6 production was 
significantiy (P<0.05) normalized by TCR peptide immunization. 
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14 days post Cryptosporidium infection 

FigureSO C. parvum colonization of intestinal villi at 14 days post infection. Retrovirus-infected 
mice with immunosuppression had significantiy (P<0.05) greater parasite colonization of the 
ileum at 14 days post-infection (36.9±4.8 Oocysts/Villus Section). Retrovirus-infected mice with 
TCR peptide immunization significantiy (P< 0.05) cleared the parasites from the gut by day 14 
post-infection (5.2+2.3 Oocysts/Villus Section). Clearance of the parasite was not affected by 
the MCG injection (29.821:8.3 Oocysts/Villus Section). 
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Figure 31 Vitamin E levels in liver and heart. Retrovirus infection significantly (p<0.05) 
suppressed tissue vitamin E levels, TCR peptide treatment significandy (p<0.05) maintained 
tissue vitamin E levels. 
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Figure 32 Diene conjugates levels in liver and heart. Retrovirus infection significantly (p < 0.05) 
increased diene conjugates levels in liver and heart, TCR pqjtide treatment significantly 
(p<0.05) inhibited the elevation of diene conjugates levels. 
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Chapter 7. EFFECTS OF DIFFERENT T CELL RECEPTORS ON MAINTENANCE 
OF IMMUNE FUNCTION DURING MURINE RETROVIRUS INFECTION 

Abstract 

Murine retrovirus infection causes an aberrant stimulation of several subsets of T-

helper 2 cells identified by their T cell receptors (TCR). C57BL/6 mice were treated with 

synthetic peptides based upon different human TCR Vfi CDRl sequences following 

experimental infection with the murine retrovirus. Previous studies established that 

retrovirally-infected mice produced autoantibodies to certain of these peptides, and their 

administration after infection diminished many of the cytokine abnormalities induced by 

the virus. This study determined whether the complete 16-mer synthetic peptides modeling 

the V6 CDR1/FR3 were required, and whether admixture of autoantigenic peptides 

synergized immune preservation. Treatment with complete TCR pep B3 and pep VB5.2 

peptide alone, and combined largely prevented the retrovirus-induced reduction in B and 

T cell proliferation and Thl cytokines secretion while suppressing the excessive production 

of Th2 cytokines, which are stimulated by retrovirus infection. Treatment with 

overlapping short peptides corresponding to the N-terminal 11-mer and C-terminal 12-mer 

did not significantly prevent the immune dysfiinction in retrovirus infected mice. These 

data suggest that immune dysfunction and abnormal cytokine production, induced by 

murine retrovirus infection, were largely prevented by TCR V6 CDRl peptides, and the 

complete CDRl in association with the five residues ft'om FR2 were required. 
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Introduction 

Acquired immune deficiency syndrome (AIDS) is a disease of retroviral etiology, 

characterized by immune dysfunction, opportunistic infections, and eventually death. 

Murine AIDS, induced by infection with murine LP-BM5 leukemia retrovirus (MuLV) 

mixture, is strikingly similar to that of human AIDS, even though human 

immunodeficiency virus (HIV) and murine LP-BM5 MuLV represent different types of 

retrovirus (308). 

LP-BM5 MuLV infection causes splenomegaly, lymphadenopathy, 

hypergammaglobulinemia, B cell hyperactivity at the early stage of retrovirus infection, 

and progressive defects in T and B cell ftinctions leading to loss of host resistance to 

pathogens and neoplasia (308). Aberrant cytokine production due to retrovirus infection, 

caused by a switch from T helper 1 (Thl) cell response to a T helper 2 (Th2) cell 

response, promotes progression to AIDS (340). In HIV-infected patients and MuLV 

infected mice, T cell proliferation and Thl cytokine (IL-2 and IFN-gamma) production 

decline while Th2 cytokine (IL-4, IL-5, IL-6, IL-10, and TNF-a) and immunoglobulin 

production increase (341-344). The Thl to Th2 cell conversion may determine the fatal 

outcome of the disease as part of the mechanism producing severe immunodeficiency and 

loss of disease resistance. When IL-4 deficient (IL-4 gene knockout) mice, which are 

defective in Th2 cytokine responses, were infected with LP-BM5 retrovirus, there was no 

lethality and development of T cell abnormalities was delayed (345). Administration of 
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anti-IL-4 monoclonal antibody to LP-BM5 retrovirus infected mice also normalized the 

imbalance ofThl and Th2 responses induced by retrovirus infection, prevented retrovirus-

induced suppression of immune responses, and alleviated the typical symptoms of murine 

AIDS: hypergammaglobulinemia and splenomegaly (345). 

Autoantibodies (AAbs) binding a peptide determinant corresponding to the CDRl 

of the T cell receptor (TCR) V6 domain were elevated during murine retrovirus infection 

(399). The elevation of the levels of these AAbs is an early event following retroviral 

infection which corresponds in part to the general polyclonal activation of the B cells with 

selectivity for particular V6 sequences occurring later. Treatment with a TCR V6 peptide 

identified by these AAbs slowed the progression of the loss of B cell mitogenesis (349). 

Preferential expansion/deletion of some TCRaB CD4"^ T cells induced by retroviral 

superantigens in both human and murine retrovirus infection is an important 

immunopathogenic mechanism (350-353). Selective expansion/deletion of some TCRaB 

CD4'^ T cells may lead to polyclonal activation of T and B cells at an early stage, and 

subsequent aberrant cytokine production. Eventually these abnormalities lead to profound 

immunodeficiency with immunosuppression of cell-mediated immunity. The current 

studies were designed to characterize the role of the TCR peptide in preventing retrovirus 

induced immune dysfunction. The relationship among TCR V6 peptides identified by 

AAbs as present in larger quantities during murine AIDS, T cell responses, and prevention 

of dysfunction were investigated. In addition, whether TCR V6 peptide treatment with 
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parts of the effective peptide, or the effective peptide combined with a second TCR peptide 

identified by AAbs in the LP-BM5 retrovirus infection would prevent or restore the 

retrovirus-induced suppression of the immune response, alleviate 

hypergammaglobulinemia, and normalize cytokine secretion by splenocytes were also 

tested. 

METHODS AND MATERIALS 

Animals and Murine AIDS 

Female C57BL/6 mice, 4 weeks old, were obtained from the Charles River 

Laboratories Inc. (Wilmington, DE). Animals were cared for as required by the 

University of Arizona Committee on Animal Research. After 2 weeks housing in the 

animal facility in the Arizona Health Science Center, they were randomly assigned to one 

of the following treatments with 8 mice per group: uninfected, normal mice injected with 

saline (pyrogen free); uninfected, normal mice injected with saline (pyrogen free); LP-

BM5 infected mice injected with 200 ug TCR internal V6 5.1 control peptide; LP-BM5 

infected mice injected with 200 ug TCRV68.1 pep 63 CDRl peptide; LP-BM5 infected 

mice injected with 200 ug TCRV65.2 CDRl peptide; LP-BM5 infected mice injected with 

200 ug TCRV68.1 pep 63 and 200 ug V65.2 CDRl peptide; LP-BM5 infected mice 

injected with 200 ug TCR pep 63(N) CDRl peptide segment; LP-BM5 infected mice 

injected with 200 ug TCR pep 63(C) CDRl peptide segment. 

LP-BM5 retrovirus was administered intraperitoneal to mice in 0.1 ml with an 
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esotropic titer (XC) of 4.5 log,o PFU/ml, which induces disease with a time course 

comparable to that previously published (400). Administration of peptides (dissolved in 

saline) were performed two weeks after LP-BM5 infection. Uninfected, normal mice were 

injected with complete culture medium used for LP-BM5 virus growth as controls. 

Infection of adult female C57BL/6 mice with LP-BM5 MuLV leads to the rapid induction 

of clinical symptoms with virtually no latent phase. 

Peptides 

A set of overlapping 16-mer peptides that duplicate covalent structure of the TCR 

6 product (401-402) predicted from the human JURKAT sequence has been produced 

( T a b l e  8 ) .  A n  e f f e c t i v e  i m m u n o m o d u l a t o r y  p e p t i d e  h a s  t h e  s e q u e n c e ,  C K P I S G H N  

SLFWYRQT, that corresponds to the complete CDRl and N-terminal five residues 

of Fr2 (401-402) of the human V68.1 gene product (403). It is termed pep 63 because it 

is the third peptide in the synthesis of the gene product (401-402). Two segments of pep 

B3 were used in this study. They were the N-terminal of the pep 63 and C-terminal of the 

pep 63 (399). A peptide corresponding to the sequence of the 16 mer of the V65.2 pqjtide 

gene product, CSPKSGHDTVSWYQQA, was synthesized as a homolog often 

recognized by autoantibodies. Normal polyclonal IgG pools contain natural AAbs against 

peptide segments correspond to CDRl, Fr3 and to a constant region "loop" peptide (401). 

Untreated mice also have natural IgG antibodies directed against the same p)eptide 

segments; in particular, there is strong reactivity to the human CDRl test peptides (399). 



Table 8. T cell receptor Vfi synthetic peptides used in the study 

Description Sequence Designation 

CDRl of VflS.l C K P I S G H N S L F W Y R Q T  pep B3 

N-terminal of VB8.1 C K P I S G H N S L F  pep fl3(N) 

C-terminal of VB8.1 S G H N S L F W Y R Q T pep B3(C) 

CDRl OF VB5.2 C S P K S G H D T V S W Y Q Q A  pep VB5.2 

Internal V65.1 S P R S G D L S V Y  INT 5.1 

00 
00 
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A computer comparison of human and murine V6 sequences (Marchalonis, unpublished 

analysis) using the progressive alignment algorithm of Feng and Doolittle (319) showed 

that certain human and murine V6 sequences could be grouped into families; e.g. human 

VB6 and V68 correspond to murine V611 and human and murine V65 are in the same 

clusters. 

Standard Cytokines and Their Antibodies 

Same as that in Chapter 4. 

ELISA for Cytokines 

Same as that in Chapter 4. 

MItogenesis of Splenocytes 

Same as that in Chapter 5. 

Statistics 

Same as that in Chapter 2. 

RESULTS 

Body Weight 

There was no change in food consumption due to infection or TCR peptide 

treatment (data not shown). The body weight of the mice was not affected by various 

levels of TCR peptide treatment post-infection (data not shown). The spleen (Fig. 33) and 

lymph node weights (data not shown) were significantly (p<0.01) elevated in the infected 

mice, which indicated that infection had progressed to murine AIDS. 
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Mitogenesis of Splenocytes 

Proiiferanon of ConA- and LPS-induced splenocytes was significantly decreased 

(p<0.05) by murine retrovirus infection (Fig. 34-35). Suppression of T and B cell 

proliferation in the spleen, induced by retrovirus infection, was significantly (p<0.05) 

prevented by TCR V6 CDRl peptide treatment (Fig. 34-35). The internal control peptide 

had no significant effect on infected mice (Fig. 34-35). Pep fi3, pep VB5.2, and pep 

B3-l-pep VB5.2 peptide treatments maintained near normal T and B cell proliferation which 

were significantly (p<0.05) higher than that in infected, treated mice. The combination 

of pep 63 and pep V65.2 treatment group had significantly (p<0.05) higher T and B cell 

proliferation than either single peptide treatment group. TCR pep 63(N) peptide segment 

partially restored mitogen-stimulated T cell proliferation in retrovirus-infected mice, 

however, it did not prevent the retrovirus-induced suppressed proliferation of mitogen-

stimulated B cells. Furthermore, TCR pep 63(C) did not significantly prevent retrovirus-

induced mitogen-stimulated T and B cell proliferation. 

Cytokine Production of Splenocytes 

In vitro production of T helper 1 (Thl) cytokines, IL-2 and IFN-gamma by ConA-

stimulated splenocytes was significantly (p<0.05) inhibited in the retrovirus-infected mice 

(Fig. 36-37). TCR V6 peptide treatment significantly (p<0.05) normalized IL-2 and IFN-

gamma release by mitogen-stimulated splenocytes compared to infected, untreated mice 

(Fig. 36-37). Treatments with pep 63, pep V65.2, and pep 63-l-pep V65.2 maintained 



191 

near normal Thl cytokines production in retrovirus infected mice which were significantly 

(p<0.05) higher than that in infected, untreated mice. Cells from the combination of pep 

63 and pep V65.2 peptide treatment group did not have significantly (p<0.05) higher IL-2 

and IFN-gamma production than that from the either single peptide treatment group. 

Treatments with pep 63(N) and pep 63(C) peptide segments did not significantly (p<0.05) 

prevent the suppression of Thl cytokine production. 

Release of T helper 2 (Th2) cytokines, IL-6, IL-10, and TNF-a in vitro by 

mitogen-stimulated spleen cells, was significantiy (p<0.05) increased in the retrovirus 

infected mice (Fig. 38-40). TCR V6 peptide treatments significantly (P<0.05) 

normalized IL-6, IL-10, and TNF-a release by mitogen-stimulated splenocytes (Fig. 38-

40). Treatments with pep 63, pep V65.2, and pep 63-f-pep V65.2 TCR peptide maintained 

near normal Th2 cytokine production which was significantiy (p<0.05) lower than that 

of infected, untreated mice. Cells from the combination of pep 63 and pep V65.2 peptide 

treatment group produced significantiy (p<0.05) less TNF-a, IL-6 and EL-lO tiian that 

given eitiier single peptide treatment, although IL-10 in V65.2 single peptide treatment 

group was an exception which was about the same as that in pep 63 and pep V65.2 

combined treatment group. Treatments with pep 63(N) and pep 63(C) peptide segments 

did not significantiy prevent the excessive Th2 cytokine production. 

Discussion 

In the present study administration of a TCR VB CDRl peptide significantiy 



192 

prevented retrovirus-induced suppression of immune responses, and largely maintained 

normal cytokine production. A control peptide from internal TCR V65.1 had no effect. 

Furthermore, short peptides corresponding to the N-terminal 11-mer and the C-terminal 

12-mer of the effective TCR pep B3 16-mer peptide did not significantly prevent 

retrovirus-induced immune deficiency or abnormal cytokine production. Thus the 16-mer 

TCR Vfi peptide must be used to constitute an intact immunoregulatory element in the 

complex network of interactions among the components in this MAIDS model. Both of 

pep 63 and pep V65.2 peptides were identified by increased AAb production in murine 

AIDS, and both of them were separately effective in preventing most, but not all, immune 

dysfunction in the current study. However, their combined use was only modestly more 

effective in preventing immune dysfunction. Thus it appears that preventing chronic 

retroviral stimulation of T cells bearing one TCR by a TCR peptide largely stops excessive 

activity of other T cell subsets, as the use of TCR peptides only slightly improved immune 

functions in the present study. Based on this, one would not need to identify all individual 

TCR V6 T cell subsets excessively stimulated by a super antigen, and treat them to largely 

normalize or maintain immune function. This finding may result from cross-reactions 

among the TCR peptides at the T cell in antibody levels. 

TCR peptide treatment may stimulate a natural immunoregulatory network that 

induces tolerance of T cells expressing the targeted TCR V gene product (356). Early 

treatment, prior to significant immune dysfunction, with a significant amount of TCR 
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antigen was critical to prevent immune dysfiinction during retrovirus infection (400). The 

addition of adjuvant had a variable effect expanding the efficacy of very low (otherwise 

ineffective) doses of TCR antigen. Thus TCR V6 CDRl peptide functions as an 

immunoregulatory element in the complex networks of interactions among the components 

of the immune system. 

Most antigens are recognized through their interaction with the variable portions 

of the TCR a and 6 chains. However, T cells recognize superantigens on the basis of their 

expressed V6 region alone, independently from the other variable TCR segments. 

Progression of CD4'^ T cell depletion/expansion may require cycles of mutation in the 

retroviral superantigen genes, resulting over time in the elimination of CD4'*" T cell 

bearing VBs (353). AAbs and/or specific T cells to individual TCR V6 induced by TCR 

VB CDRl treatment may slow the selective deletion/expansion of some T cells bearing 

specific V6 by cytolysis or other inhibitory mechanisms, i.e. obstruction of superantigens 

binding to specific TCR V6 chains by AAbs binding Vfi chains. In retrovirus infected 

mice AAbs to TCR V6 CDRl in the serum were increased by administration of TCR V6 

CDRl peptide, but not to the control peptide. The increased production of AAbs to TCR 

Vfi in retrovirus infected mice without TCR Vfi CDRl peptide administration may not be 

enough to alter the profile of expansion/deletion of T cell bearing specific TCR Vfi 

induced by mutative retroviral superantigens. Since the positive effects last long beyond 

the time that peptides could persist in the animals, cell transfer experiments with either 6 
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or T cells should be carried out. It would be difficult to obtain sufficient immunoglobulin 

to enable passive transfer to succeed, but transferred synergetic 6 cells might be effective. 

T cell transfer experiments are essential to ascertain whether specific helpers or suppressor 

are involved. 

Thl and Th2 cytokine profiles in retrovirus infected mice are in accordance with 

the hypothesis of Clerici and Shearer (404) for cytokine imbalance in the pathogenesis of 

human AIDS (401,405). TCR VB CDRl peptide treatment in murine AIDS significantly 

prevented the retrovirus-induced suppression of IL-2 and IFN-gamma secretion. IL-2 is 

an important growth fector for T cells, and its increased release by TCR VB CDRl peptide 

treatment is in accord with restored T cell proliferation in retrovirus infected mice. IFN-

gamma has multiple distinct biological activities including anti-viral activity, and activation 

of macrophages and phagocytosis, and stimulation of cytotoxicity by NK cells and 

cytotoxic T lymphocytes (406). Thus, increased IFN-gamma by TCR VB CDRl peptide 

would be expected to restore suppressed cell-mediated immunity in murine AIDS and 

increase killing of infected cells. Increased production of IFN-gamma by TCR VB CDRl 

peptide in retrovirus-infected mice is also in agreement with the enhancement of NK cell 

activity by the peptide. On the other hand, IFN-gamma inhibits Th2 cytokine secretion 

which usually is elevated during development of murine AIDS. Thus, treatment with TCR 

VB CDRl peptide in murine AIDS significantiy reduced retrovirus-induced elevation of 

IL-6 and IL-10 production. Prevention of imbalanced Thl and Th2 cytokine production 
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by TCR V6 CDRl peptide treatment contributes to the normalization of entire immune 

response, thereby retarding the development of murine AIDS. 

Activated B cells and macrophages from HIV-infected patents produce high levels 

of IL-6 and TNF-a (407), as do with LPS-stimulated splenocytes and peritoneal 

macrophages for retrovirus infected mice (405). Increased IL-6 production could explain 

the hypergammaglobulinemia and global B cell dysfunction seen with both pathogens 

(408). IFN-gamma administration significantly normalized the increased production of IL-

6 by LPS-stimulated splenocytes from retrovirus infected mice. As IL-6 and other Th2 

cytokines are required to maintain hypergammaglobulinemia and global B cell dysfunction 

of murine AIDS, their reduced production, or altered restoration of IFN, would prevent 

excessive B cell activity including eventual B cell lymphoma. IL-6 also governs the 

production of acute-phase reactants by hepatocytes and their tissue damage (409). 

Elevated levels of IL-6 has been associated with the stimulation of HIV replication in 

macrophages and T cells (410-411). Thus normalization of elevated levels of IL-6 by 

IFN-gamma should ameliorate pathological symptoms initiated by the murine retrovirus, 

explaining the partial normalization of spleen weight. 

In summary, these studies provide the basis for future investigations on the use of 

TCR peptide treatment for murine AIDS and other retrovirus infection. We now have data 

suggesting that TCR peptide treatment is safe and well tolerated in mice. More 

importantly, administration of TCR Vfi CDRl peptide is a potentially immunomodulating 
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agent that achieves its immune enhancing effects through indirect mechanisms, possible 

through preventing selective expansion of TCR V6 T cells induced by the chronic 

retroviral antigen exposure. 
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Figure 33. Effect of different T cell receptor peptides treatment on spleen weight. 
Values are mean±standard deviation, n=8. Letters indicate significant differences at p<0.05: 
a, compared with all of the retrovirus infected groups. 
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Figure 34. Effect of different T cell receptor peptides treatment on Con A-stimulated T cell 
proliferation. 
Every sample from each mouse was determined in triplicate. Values are mean±standard deviation, 
n=8. Letters indicate significant differences at p<0.05; a, compared with all of the retrovirus 
infected groups; b, compared with the retrovirus infected groups with TCR pep 03, pep VB5.2, 
and pep B3+pep VB5.2 peptide treatment; c, compared with the retrovirus infected groups with 
single TCR pep B3 and pep VB5.2 peptide treatment; d, compared with the saline group without 
TCR peptide treatment. 
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Figure 35. Effect of different T cell receptor peptides treatment on LPS-stimulated B cell 
proliferation. 
Every sample from each mouse was determined in triplicate. Values are mean±standard deviation, 
n = 8. Letters indicate significant differences at p<0.05: a, compared with all of the retrovirus 
infected groups; b, compared with the retrovirus infected groups with TCR pep B3, pep VB5.2, 
and pep B3+pep V65.2 peptide treatment; c, compared with the retrovirus infected groups with 
single TCR pep B3 and pep Vfi5.2 peptide treatment. 
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Figure 36. Effect of different T cell receptor peptides treatment on interleukin-2 production by 
splenocytes from in vitro. 
Every sample from each mouse was measured in triplicate. Values are mean±standard deviation, 
n = 8. Letters indicate significant differences at p<0.05: a, compared with all of the retrovirus 
infected groups; b, compared with retrovirus infected groups with TCR pep fi3, pep V0S.2, and 
pep B3+pep VB5.2 peptide treatment. 
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Figure 37. Effect of different T ceil receptor peptides treatment on interferon-gamma production 
by splenocytes from in vitro. 
Every sample from each mouse was measured in triplicate. Values are mean±standard deviation, 
n=8. Letters indicate signiflcant differences at p<0.05: a, compared with all of the retrovirus 
infected groups; b, compared with retrovirus infected groups with TCR pep B3, pep VB5.2, and 
pep fi3+pep VB5.2 peptide treatment. 
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Figure 38. Effect of different T cell receptor peptides treatment on interleukln-6 production by 
splenocytes from in vitro. 
Every sample from each mouse was measured in triplicate. Values are mean±standard deviation, 
n=8. Letters indicate signiflcant differences at p<0.05: a, compared with all of the retrovirus 
infected groups; b, compared with the retrovirus infected groups with TCR pep B3, pep V05.2, 
and pep 63+pep VB5.2 peptide treatment; c, compared with the retrovirus infected groups with 
single TCR pep 83 and TCR pep VB5.2 peptide treatment; d, compared with the saline group 
without TCR peptide treatment. 
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Figure 39. Effect of different T cell receptor peptides treatnoent on interleukin-10 production by 
splenocytes from in vitro. 
Every sample from each mouse was measured in triplicate. Values are mean±standard deviation, 
n=8. Letters indicate significant differenceii at p<0.05; a, compared with all of the retrovirus 
infected groups; b, compared with the retrovirus infected groups with TCR pep 113, pep VB5.2, 
and pep B3+pep VB5,2 peptide treatment; c, compared with the retrovirus infected groups with 
single TCR pep 03 peptide treatment; d, compared with the saline group without TCR peptide 
treatment. lo 
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Figure 40. Effect of different T cell receptor peptides treatment on tumor necrosis factor-a 
production by splenocytes from in vitro. 
Every sample from each mouse was measured in triplicate. Values are mean±standard deviation, 
n = 8. Letters indicate significant differences at p< 0.05: a, compared with all of the retrovirus 
infected groups; b, compared with the retrovirus infected groups with TCR pep 03, pep VfiS.2, 
and pep 63+pep V05.2 peptide treatment; c, compared with the retrovirus infected groups with 
single TCR pep fl3 and TCR pep VB5.2 peptide treatment. 
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Chapter 8. PREVENTION OF RETROVIRUS-INDUCED ABERRANT CYTOKINE 
SECRETION, LIPID PEROXIDATION, AND TISSUE VITAMIN E DEHCIENCY 

BY T CELL RECEPTOR PEPTIDE TREATMENTS IN C57BL/6 MICE 

ABSTRACT 

To test whether T cell receptor (TCR) peptide treatment can prevent immune 

dysfunction, lipid peroxidation, and malnutrition caused by retrovirus infection, female 

C57BL/6 mice were infected with LP-BM5 retrovirus. It caused murine AIDS, inhibited 

lymphocyte proliferation, cytokine release T helper 1 cells, stimulated cytokines secretion 

by T helper 2 cells, induced abnormal hepatic and cardiac lipid profiles, and produced 

excessive tissue lipid peroxidation with hepatic and cardiac vitamin E deficiency. Two 

weeks after infection, TCR peptides pep Vfi5.2, pep 63, pep B3+pep V65.2, pep 63(N), 

and V63(C) were injected to the mice at dose of 200 ug/mouse. Pep 63 and V65.2 

treatments largely maintained lymphocyte proliferation, IL-2 and IFN-y release, prevented 

excessive IL-6, IL-10, and TNF-a secretion. Concomitantly they normalized hepatic and 

cardiac lipid profiles, reduced tissue lipid peroxidation, and thereby significantly 

maintained vitamin E in the liver and heart. Pep 63 segments treatment did not prevent 

the immune dysfunction, abnormal lipid profile and lipid peroxidation, and vitamin E 

deficiency caused by the retrovirus infection. In conclusion, injection of intact TCR 

peptides during murine retrovirus infection largely prevented immune dysfunction by 

blocking the excessive stimulation of a T cell subset caused by retroviral superantigens. 

It also ameliorated malnutrition status by normalizing lipid profile, lipid peroxidation, and 
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vitamin E deficiency. T cell immune dysfunction and its prevention by TCR peptide 

treatment is important in the therapy of vitamin E deficiency induced by retrovirus 

infection. 

INTRODUCTION 

Murine acquired immune deficiency syndrome, murine AIDS, is induced by 

infection with the LP-BM5 murine leukemia retrovirus mixture. It share many similarities 

to the pathogenesis of human AIDS, even though human immunodeficiency virus (HTV) 

and LP-BM5 murine leukemia virus (MuLV) represent different types of retrovirus (308). 

Murine AIDS is characterized by lymphadenopathy, splenomegaly, 

hypergammaglobulinemia, deficient B cell response to T-independent antigens in vitro, 

reduced T cell functions, loss of disease resistance, impaired cytokine production and 

tissue vitamin E deficiency (308). 

Anorexia, weight loss, and complications of recurrent infections in AIDS patients 

frequently progress to multiple nutrient deficiencies and protein energy malnutrition (412), 

which could accelerate immunosuppression. Superoxide radicals including hydrogen 

peroxides, hydroxyl radicals, and lipid peroxides are produced at high levels when immune 

defenses are breached with increased exposure to bacterial mitogens and endotoxins. 

These highly reactive oxygen-containing molecules may facilitate disease progression from 

HIV infection to AIDS (413) by their reaction with antioxidant vitamins, exacerbating 

nutritional deficiency as well as directly inducing immunosuppression. 
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Vitamin E (414) may be an important immune modulator as tissue levels of vitamin 

E are reduced by immune dysfunction during murine AIDS (312-314). In uninfected 

mice, vitamin E supplementation (15 times of basal content 500 lU/g) increased the 

CD4'^/CD8"^ ratio and total lymphocytes, and stimulated activity of cytotoxic cells, natural 

killer (NK) cell activity, T and B cell mitogen responsiveness, and phagocytosis by 

macrophages (393,414). Vitamin E deficiency could accentuate the immunosuppression 

of the retrovirus infection as supplementation of vitamin E partially restored immune 

function in retrovirus-infected mice (312-314). The loss of vitamin E may be due to 

murine retrovirus-induced immune dysfunction (312), which results in increased 

production of free radicals and lipid peroxides which are immunosuppressive and could 

accelerate development of murine AIDS. 

Immunological methods preventing retrovirus-induced immune dysfunction have 

been studied to assert their inhibiting effects on the excessive lipid peroxidation and loss 

of vitamin E during infection. T cell receptor (TCR) peptide treatment largely prevented 

the loss of immune function during retroviral infection by blocking the interaction of 

retroviral superantigens with a subset of T cells (316). It stopped the T cell subset from 

being stimulated to become activated T-helper 2 (Th2) cells whose excessive cytokine 

production suppresses T-helper 1 (Thl) cells and cellular immunity. The response of 

autoantibodies to the TCR peptides, elevated to regulate the activated T cells subsets, was 

stimulated by the murine retrovirus (399). Infected mice made high levels of antibodies 
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against two human TCR peptides to suppress T cells bearing homologous murine V6 

peptides. Thus these two human peptides were identified as important factors in the 

mouse's attempts to regulate and suppress specific T cell subsets, excessively stimulated 

by retroviral superantigen (399). By stopping stimulation of this subset by retroviral 

superantigens, TCR peptide treatment prevented T-helper 0 (ThO) cells' conversion to Th2 

cells and excessive production of Th2 cytokines (316). Hyperproduction of Th2 cytokines 

suppresses neighboring ThO and Thl cells inducing immunosuppressor. While several 

TCR peptides are good immunogens, the peptides used to treat murine AIDS were not, 

even when used with adjuvants (316). Thus, additional antibodies did not develop against 

this V6 peptides after their injection into the infected mice even in the presence of 

adjuvant. Therefore the TCR peptide prevents excessive stimulation of the Th2 cells by 

retroviral superantigens by an unknown mechanism and their production of large amounts 

of IL-4, 6, and 10 (316). Th2 cytokines suppress Thl cells, causing anergy of cell 

mediated immunity, allowing the retrovirus to continue to reproduce and stimulate 

oxidative radical secretion by macrophages (415), 

The current study tested whether treatment with different TCR V6 CDRl peptides 

which had induced autoantibodies during murine retrovirus infection (399) alone and 

together, or fragments of the peptides would reduce oxidative damage, lipid peroxidation 

and thus prevent the loss of tissue vitamin E during the LP-BM5 retrovirus infection. 

METHODS AND MATERIALS 
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Animals and Murine AIDS 

Female C57BL/6 mice, 4 weeks old, were obtained from the Charles River 

Laboratories Inc. (Wilmington, DE) and housed in transparent plastic cages with stainless 

steel wire lids (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 to 22°C and 60 to 80% 

relative humidity, with a 12-h lightrdark cycle. Water and semi-purified diet (4% mouse 

diet, #7001, Teklad, Madison, WI) were freely available. After 2 weeks of housing, the 

mice in the dose and adjuvant studies were randomly assigned to the following treatments 

with 8 mice per group: uninfected, normal mice injected with saline (pyrogen free); 

uninfected, normal mice injected with saline (pyrogen free); LP-BM5 infected mice 

injected with 200 ug TCR pep INT 5.1 control peptide; LP-BM5 infected mice injected 

with 200 ug TCRVB8.1 pep 63 CDRl peptide; LP-BM5 infected mice injected with 200 

ug TCRV65.2 CDRl peptide; LP-BM5 infected mice injected with 200 ug TCRV68.1 pep 

63 and 200 ug V65.2 CDRl peptide; LP-BM5 infected mice injected with 200 ug TCR 

pep B3(N) CDRl peptide segment; LP-BM5 infected mice injected with 200 ug TCR pep 

63(C) CDRl peptide segment. 

LP-BM5 retrovirus was administered intraperitoneal to mice in 0.1 mL minimum 

essential medium (MEM) medium with an esotropic titer (XC) of 4.5 log,o plaque forming 

units X 10"'/L, which induces disease with a time course comparable to that previously 
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published (308). Administration of peptides (dissolved in saline) and adjuvants was 

performed two weeks after LP-BM5 infection. Uninfected mice were injected with MEM 

used for LP-BM5 virus growth as controls. Infection of adult female C57BL/6 mice with 

LP-BM5 MuLV leads to the rapid induction of clinical symptoms with virtually no latent 

phase (308). 

The infection and treatment period was 14 weeks for all groups. Mice were killed 

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. 

Peptides 

Same as that in Chapter 7. 

Determination of Coiyugated Dienes and Lipid Fluorescence 

Same as that in Chapter 4. 

Determination of Phospholipid 

Same as that in chapter 4. 

Determination of Vitamin E 

Same as that in Chapter 4. 

Standard Cytokines and Their Antibodies 

Same as that in Chapter 4. 

ELISA for Cytokines 
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Same as that in Chapter 4. 

Statistics 

Same as that in Chapter 2. 

RESULTS 

Body Weight 

Body weights were not affected by various TCR V6 CDRl peptide treatments post 

retrovirus infection (data not shown). There was no significant change in food 

consumption due to infection or peptide treatments (data not shown). The spleen (14 

weeks post-infection) and lymph node (data not shown) weights were significantly 

(p<0.05) elevated in the infected mice (Figure 41), which indicated that infection had 

progressed to murine AIDS (308). 

Hepatic and Cardiac Vitamin E 

The liver and heart are the major organs which have been studied for tissue vitamin 

E deficiency in murine AIDS (312-314). Hepatic and cardiac vitamin E was significantly 

(p<0.05) reduced by retrovirus infection (Figure 42a,b). TCR pep fi3 and pep V65.2 

peptides treatment significantly (p<0.05) retarded the loss of tissue vitamin E during 

infection (Figure 42a,b). Infected mice administered TCR pep B8.1, pep V65.2, and pep 

B3-hpep V65.2 peptides had significantly (p<0.05) higher hepatic and cardiac vitamin E 

levels than infected mice without TCR peptide treatment. Retrovirus-infected mice that 

received TCR pep 63(N) and pep Vfi3(C) peptide segments treatment had significantly 
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lower (p<0.05) hepatic and cardiac vitamin E levels than uninfected mice as well as 

infected mice injected with TCR pep B3 and pep V65.2 peptides, alone and combined. 

Mice treated with the combination of pep 63+pep Vfi5.2 peptides treatment maintained 

hepatic and cardiac vitamin E levels near those of uninfected mice. 

Hepatic and Cardiac Lipid Peroxidation 

Diene conjugates and lipid fluorescence are the major products of lipid 

peroxidation. Significantly (p<0.05) higher hepatic and cardiac diene conjugates and lipid 

fluorescence levels were induced by retrovirus infection (Figure 43a,b and 44a,b). 

Treatment with TCR pep 83 and pep Vfi5.2 significantly (p<0.05) retarded the excessive 

production of diene conjugates and lipid fluorescence in the liver and heart during infection 

(Figure 43a,b and 44a,b). Infected mice administered TCR pep 63, pep V65.2, and pep 

63+pep V85.2 peptides had significant (p<0.05) lower hepatic and cardiac diene 

conjugates and lipid fluorescence levels than that of infected mice without TCR peptide 

treatment. Retrovirus-infected mice that received TCR pep 63(N) and pep 63(C) peptide 

segments treatment had significantly higher (p< 0.05) hepatic and cardiac diene conjugates 

and lipid fluorescence levels than uninfected mice as well as infected mice treated with 

TCR pep 63 and pep 65.2. The mice given the combination of pep 63+pep V65.2 

peptides maintained hepatic and cardiac diene conjugates and lipid fluorescence levels near 

those of uninfected mice. 

Hepatic lipid profiles — phospholipid, triacyclglycerol, and cholesterol levels 
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Lipid profiles significantly affect fat-soluble vitamin E levels in tissue. 

Significantly (p<0.05) higher hepatic phospholipid, triacyclglycerol, and cholesterol 

levels were caused by retrovirus infection (Figure 45a,b,c). TCR pep B3 and pep V65.2 

peptides treatment significantly (p<0.05) retarded the excessive accumulation or synthesis 

of phospholipid, triacyclglycerol, and cholesterol in the liver during infection (Figure 

45a,b,c). Infected mice administered TCR pep 63, pep Vfi5.2, and pep 63+pep V65.2 

peptides had significant (p<0.05) lower hepatic phospholipid, triacyclglycerol, and 

cholesterol levels than that of infected mice without TCR peptide treatment. Retrovinis-

infected mice that received TCR pep 63(N) and pep 63(C) peptide segments had 

significantly higher (p<0.05) hepatic phospholipid, triacyclglycerol, and cholesterol levels 

than uninfected mice as well as infected mice injected with TCR pep 63 and pep V65.2. 

The mice treated with the combination of pep 63+pep V65.2 peptides maintained hepatic 

phospholipid, triacyclglycerol, and cholesterol levels near those of uninfected mice. 

Immune Function Analysis 

IL-2 and INF-y are secreted by Thl lymphocytes and modulate cell-mediated 

immunity. lL-6, lL-10, and TNF-a are produced by Th2 lymphocytes and regulate 

humoral responses while suppressing Thl cells. Significantly (p<0.05) lower Thl 

cytokines levels (Figure 46a, data not shown for IFN-y) and excessive Th2 cytokines 

levels (Figure 46b, data not shown for IL-6 and TNF-a) were induced by retrovirus 

infection. TCR pep 63 and pep V65.2 peptides treatment, significantly (p<0.05) 
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normalized cytokine production by Thl cells, and retarded the excessive production of 

cytokine by Th2 cells during infection. Infected mice administered TCR pep 63, pep 

V65.2, and pep 63+pep V65.2 peptides had significant (p<0.05) higher Thl cytokines 

production, and lower Th2 cytokines production than that of infected mice without TCR 

peptide treatment. Retrovirus-infected mice that received TCR pep fl3(N) and pep B3(C) 

peptide segments treatment had significantly (p<0.05) lower Thl cytokines production 

and higher Thl cytokines production than uninfected mice as well as infected mice injected 

with TCR pep B3 or pep V65.2. The mice given the combination of pep fi3+pep V65.2 

peptides treatment maintained Th 1 and Th2 cytokines production near those of uninfected 

mice. 

DISCUSSION 

Our studies help clarify the relationship between loss of vitamin E, increased lipid 

peroxidation, and immune dysfunction caused by murine retrovirus infection. TCR 

peptide treatments simultaneously prevented immune dysfunction and the loss of tissue 

vitamin E (415). The current studies demonstrated that treatment with TCR V6 CDRl 

peptides significantly decreased the evidence of oxidative stress associated with murine 

retrovirus infection. TCR peptide treatment significantly reduced immune dysfunction, 

oxidative damage in tissue, and loss of tissue vitamin E. Although the interaction between 

immune function and nutritional status still needs further elucidation, maintenance of 

immune function and tissue vitamin E levels occurred concomitantly with prevention of 
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the stimulation of a T cell clone induced by murine retrovirus superantigens (316). 

However, fragments representing 10 of 16 amino acid sequence firom either the N terminal 

or C terminal of the active peptide V68.1 did not retain activity in preventing immune 

dysfunction or loss of vitamin E. Thus, fragments of the CDRl segment or the reading 

frame segment only did not maintain activity. Both the CDRl portion and the reading 

frame component of the peptide are necessary for activity, or the peptide must be longer 

than 10 amino acid to be functional. 

Most antigens are recognized through their interaction with the variable V portions 

of the TCR a and 6 chains. T cells also recognize superantigens, which interact with the 

V6 region alone, independently from other variable TCR components. CD4'^ T cell 

expansion or depletion requires the stimulation of T cell subgroups by chronic or super-

retroviral antigens. Over time this results in excessive activation of CD4* T cells bearing 

superantigen selected V6s followed by a general anergy. Autoantibodies against V6 

peptides, found in high levels in infected mice (399), defined the TCR epitopes used to 

select the two peptides for our studies. Similarly autoantibodies against some TCR Vfi 

peptides were high in AIDS patients. Our previous data (316) showed that TCR pep 63 

peptide treatment prevented immune dysfunction indicating that this peptide could be 

considered an immunoregulatory element in the complex network of interactions between 

components of the immune response. 

Our data suggest an association among immune dysfunction, lipid peroxidation, and 
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tissue vitamin E. Immune dysfunction during murine retrovirus infection decreases the 

host resistance to opportunistic pathogens, fecilitating infection and pathogen reproduction. 

The resulting increased antigen levels stimulate phagocytes to release more free radicals 

and increase lipid peroxidation. Prevention of immune dysregulation by the various TCR 

peptides simultaneously eliminates excessive lipid peroxidation and reduces the loss of 

tissue vitamin E. Similarly maintenance of immune function in retrovirus-infected mice 

occurred when early treatment with large doses of the TCR V68.1 peptide was conducted, 

which prevented development of high level of lipid peroxidation while retaining tissue 

vitamin E (415). 

HTV"^ patients have reduced serum vitamin E levels at various stages of the disease 

(326). Most patients with AIDS (50%), AIDS related complex (58%) and HIV-infected 

(38%) had a vitamin E intake of less than 50% of the Recommended Daily Allowance 

(327). However, reduced tissue levels of vitamin E were not due to the lower intake 

during murine retrovirus infection as deficiencies of vitamin E occurred in the liver, spleen 

and thymus (313-314) even though the mice consumed the recommended amount of 

vitamin E. Vitamin E deficient rats have depressed antibody-dependent cell cytotoxicity 

(329), lymphocytes blastogenesis in response to mitogens (328), and natural killer cell 

mediated cytotoxicity (330). Thus, immunological defects related to retrovirus infections 

could be exacerbated by retrovirus-induced vitamin E deficiency. Supplementation with 

high levels of vitamin E during murine retrovirus infection restored tissue vitamin E levels 
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while it partially normalized immune dysfunction (312). 

Vitamin E inhibits oxidation of cellular components by free radicals and singlet 

oxygen, and is the most effective antioxidant at higher partial pressures (416). Vitamin 

E is an immune enhancer associated with a reduced risk of atherosclerosis, cancer, and 

tissue damage. In chicks, vitamin E supplementation alleviated the effects of lipid 

peroxidation during zinc deficiency (417). Prevention of vitamin E loss may delay 

development of debilitating diseases and conditions directly affected by retrovirus 

infection. Low vitamin E levels were seen in patients infected with HTV (418). 

Prevention of lipid peroxidation of cell membrane by vitamin E is part of its immune 

enhancing response (419). The rapidly proliferating cells of the immune system are 

particularly susceptible to oxidative damage by free radicals. The antioxidants also 

modulate the biosynthesis and activity of important cell regulators, prostaglandin, 

thromboxanes, and leukotrienes (420). Vitamin E may directly inhibit retroviral 

replication via protein kinase C. The HTV coat protein gp 120 induces protein kinase C 

activity in lymphocytes. This results in transition of HIV from latency to active replication 

in lymphocytes and up-regulation of HTV replication in cells with non-dormant HIV (421). 

This notion is strongly supported by demonstration that HIV transcription is redox 

regulated and inhibited by antioxidants such as N-acelycysteine, and antioxidant used to 

replenish intracellular glutathione (327). 

In the current studies, there was evidence of increased hepatic and cardiac lipid 
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peroxidation in retrovirus infected mice concomitantly with decreased hepatic and cardiac 

vitamin E levels. This may be due to immune dysfunction induced by the retrovirus 

altering cytokine production towards that seen in inflammatory diseases (312), which 

should increase oxidative stress and decrease tissue antioxidant levels. Similarly, plasma 

lipid peroxidation was increased in AIDS patients (331). Oxidative stress may be a second 

messenger as TNF-a levels are elevated in the serum of HIV-infected patients (332) and 

murine ADDS (333). TNF-a and IL-6, produced in excessive quantities during murine and 

human AIDS, are potent enhancing factors in the spreading of HTV to new target cells 

(325). Vitamin E supplementation restored a less oxidative environment in murine 

retrovirus infected mice while decreasing the excessive IL-6 production (312), much as 

occurred with TCR peptide therapy which simultaneously prevented vitamin E losses. 

Free radicals can induce the expression of HIV in human T cell lines by activating 

transcription of NF-kB (334). Vitamin E may block NF-kB activation by reducing 

oxidative stress and IL-6 levels, thereby inhibiting HIV replication and retarding 

progression of infection. A unique feature of HIV infection is its persistence in a quiescent 

state, prior to activation, without production of either viral mRNA or proteins. As free 

radical stimulus seems important to HIV multiplication, vitamin E may retard murine 

retrovirus replication by lowering the oxidative stress, keeping retrovirus in a quiescent 

state, and inhibiting progression to murine AIDS. Reduced levels of antioxidants, vitamin 

E, glutathione and other acid soluble thiols, correlated well with the accelerated 
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progression to human AIDS (335). Oxidative stress may also be a potent inducer of viral 

activation by causing DNA damage in infected cells, inducing certain alterations in the 

cells necessary for HTV reproduction, and producing a long-term consequence of HTV 

infection, immunosuppression (336). If there were reduced levels of superoxide dismutase 

in early murine retrovirus infection (337), it should result in increased persistence of 

hydrogen peroxide with more oxidative damage, lipid peroxidation, and loss of vitamin 

E via its reaction with free radicals. The evidence of increased free radical or oxidative 

activity and greater lipid peroxidation products fits well with a loss of tissue vitamin E 

during T cell immune dysfunction in murine AIDS. Our data in these studies further 

support this concept with prevention of immune dysfunction by immunological regulation. 

TCR peptide treatment largely prevented loss of vitamin E. Low doses or delayed 

treatment of a TCR peptide Vfi8.1 did not correct the immune dysfunction nor prevented 

loss of vitamin E (415). T and B cell dysfunction should permit greater bacterial 

infections, yielding more bacterial lipopolysaccharides for macrophage activation. This 

would cause release of highly reactive free radicals, altering cellular function and enzymic 

activity (338). As we have found that vitamin E supplementation partial normalized the 

immune functions during murine AIDS, tissue vitamin E levels appear to be a critical 

component in maintaining immune functions against free radical damage. Vitamin E 

prevented much of the oxidative damage of alcohol alone and during retrovirus infection, 

retarding esophageal tumor growth induced by a carcinogen (339). Therefore, antioxidant 
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activity is important in preventing tumor growth in murine AIDS, perhaps by immune 

modulation via maintenance of tissue vitamin E (338). 

TCR peptides which were effective in preventing immune dysfunction in murine 

AIDS prevented excessive lipid peroxidation and loss of vitamin E. However, the TCR 

peptide fragments that did not prevent immune dysfunction also did not prevent oxidative 

damage. 
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Figure 41. Effect of different T cell receptor peptides treatment on spleen weights. 
Values are mean±standard deviation, n=8. Letters indicate significant differences at 
p<0.05. a, compared with all of the retrovirus infected groups. 
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Figure 42a. Effect of different T cell receptor peptides treatment on hepatic vitamin E level. 
Values are mean±standard deviation, n=8. Letters indicate significant differences at p<0.05: 
a, compared with all of the retrovirus infected groups, b, compared with the retrovirus infected 
groups injected with saline, pep INT5.1 peptide, pep B3(N), and pep B3(C) peptide, c, compared 
with the retrovirus infected groups injected with pep 63 and pep V85.2 peptide alone. 
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Figure 42b. Effect of different T cell receptor peptides treatment on cardiac vitamin E level. 
Values are mean±standard deviation, n=8. Letters indicate significant differences at p<0.05: 
a, compared with all of the retrovirus infected groups, b, compared with the retrovirus infected 
groups injected with saline, pep 1NT5.I, pep fl3(N), and pep 63(C) peptide, c, compared with the 
retrovirus infected groups injected with pep B3 and pep V65.2 peptide alone. 
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Figure 43a. Effect of different T cell receptor peptides treatment on hepatic diene conjugates level. 
Every sample from each mouse was determined in triplicate. Values are mean±standard deviation, 
n = 8. Letters indicate significant differences at p<0.05: a, compared with all of the retrovirus 
infected groups, b, compared with the retrovirus infected groups injected with saline, pep INT5.1, 
pep B3(N), and pep 63(C) peptide, c, compared with the retrovirus infected groups injected with 
pep 63 and pep V65.2 peptide alone. 
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Figure 43b. Effect of different T cell receptor peptides treatment on hepatic lipid fluorescence 
level. 
Every sample from each mouse was measured in triplicate. Values are mean±standard deviation, 
n = 8. Letters indicate significant differences at p<0.05: a, compared with all of the retrovirus 
infected groups, b, compared with the retrovirus infected groups injected with saline, pep INT5.1, 
pep 63(N), and pep B3(C) peptide, c, compared with the retrovirus infected groups injected with 
pep B3 and pep VB5.2 peptide alone. 
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Figure 44a. Effect of different T cell receptor peptides treatment on cardiac diene conjugates 
level. 
Every sample from each mouse was determined in triplicate. Values are mean±standard deviation, 
n = 8. Letters indicate significant differences at p<O.OS: a, compared with all of the retrovirus 
infected groups, b, compared with the retrovirus infected groups injected with saline, pep INTS.l, 
pep B3(N), and pep B3(C) peptide, c, compared with the retrovirus infected groups injected with 
pep B3 and pep VBS.2 peptide alone. 
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Figure 44b. Effect of different T cell receptor peptides treatment on cardiac lipid fluorescence 
level. 
Every sample from each mouse was measured in triplicate. Values are mean±standard deviation, 
n=8. Letters Indicate significant differences at p<0.05: a, compared with all of the retrovirus 
infected groups, b, compared with the retrovirus infected groups injected with saline, pep INT5.1, 
pep B3(N), and pep B3(C) peptide, c, compared with the retrovirus infected groups injected with 
pep B3 and pep V65.2 peptide alone. 
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Figure 4Sa. Effect of different T cell receptor peptides treatment on hepatic phospholipid level. 
Every sample from each mouse was measured in triplicate. Values are mean±standard deviation, 
n=8. Letters indicate significant differences at p<O.OS: a, compared with all of the retrovirus 
infected groups, b, compared with the retrovirus infected groups injected with saline, pep INTS.l, 
pep B3(N), and pep B3(C) peptide, c, compared with the retrovirus infected groups injected with 
pep fi3 and pep VBS.2 peptide alone. 
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Figure 4Sb. Effect of different T ceil receptor peptides treatment on liepatic triacyclglycerol level. 
Every sample from each mouse was measured in triplicate. Values are mean±standard deviation, 
n=8. Letters indicate significant differences at p<O.OS: a, compared with all of the retrovirus 
infected groups, b, compared with the retrovirus infected groups injected with saline, pep INTS.l, 
pep 63(N), and pep fi3(C) peptide, c, compared with the retrovirus infected groups injected with 
pep 83 and pep Vi)S.2 peptide alone. 
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Figure 45c. Effect of different T cell receptor peptides treatment on hepatic cholesterol level. 
Every sample from each mouse was measured in triplicate. Values are mean±standard deviation, 
n=8. Letters indicate significant differences at p<O.OS: a, compared with all of the retrovirus 
infected groups, b, compared with the retrovirus infected groups injected with saline, pep INTS.l, 
pep fi3(N), and pep V03(C) peptide, c, compared with the retrovirus infected groups injected with 
pep B3 and pep VBS.2 peptide alone. 
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Figure 46a. Effect of different T cell receptor peptides treatment on interleukin-2 production by 
splenocytes from in vitro. 
Every sample from each mouse was measured in triplicate. Values are mean±standard deviation, 
n = 8. Letters indicate significant differences at p<0.05; a, compared with all of the retrovirus 
infected groups; b, compared with retrovirus infected groups with TCR pep B3, pep VB5.2, and 
pep B3+pep VB5.2 peptide treatment. 
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Figure 46b. Effect of different T cell receptor peptides treatment on tumor necrosis factor-a 
production by splenocytes from in vitro. 
Every sample from each mouse was measured in triplicate. Values are mean±standard deviation, 
n=8. Letters indicate significant differences at p<0.05: a, compared with all of the retrovirus 
infected groups; b, compared with the retrovirus infected groups with TCR pep 03, pep VB5.2, 
and pep B3+pep VB5.2 peptide treatment; c, compared with the retrovirus infected groups with 
single TCR pep B3 and TCR pep VB5.2 peptide treatment. K> 

U> 
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