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ABSTRACT 

Acquired Immune Deficiency Syndrome (AIDS), caused by mv -1 and 

mv -2, is a pandemic which continues to have devastating consequences to those 

who are infected. mv -1 infection results in hypergammaglobulinemia, 

lymphadenopathy, splenomegaly and severe immune suppression. Anti-viral 

agents have been approved and are widely used to treat mv -1 infection. These 

agents inhibit viral replication but do not enhance or restore the immune system. 

Diethyldithiocarbamate (DTC), an immunomodulatory drug, is an effective 

therapy for mv -1 infection. In clinical trials, DTC treated patients had fewer 

opportunistic infections, improved CD4+ T lymphocyte counts, and decreased 

lymphadenopathy. The mechanism of action of DTC in AIDS is unknown. 
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The LP-BM5 retrovirus mixture causes murine retrovirus-induced acquired 

immune deficiency syndrome (Murine AIDS). This animal model has striking 

similarities to human AIDS, including hypergammaglobulinemia, 

lymphadenopathy, splenomegaly, and severe immune suppression. Anti-viral 

agents used to treat mV-l are effective in LP-BM5. In addition, DTC is an 

effective therapy for Murine AIDS. DTC treatment reduced 

hypergammaglobulinemia, inhibited lymphadenopathy and spJenomegaly, and 

prolonged survival. The mechanisms of action of DTC in Murine AIDS is 

unknown. 

The results of this project demonstrate that DTC treatment inhibits the 

hyperproliferation of B lymphocytes seen in Murine AIDS. DTC treatment results 

in decreased IL-I0 production by splenocytes during Murine AIDS. Cytotoxic T 

lymphocyte (CTL) and natural killer cell (NK) were not enhanced by DTC 

treatment. 
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Supernatants obtained from splenocytes of virus-infected animals reduced 

mitogen responses (PHA and LPS) of splenocytes obtained from normal animals. 

Supernatants obtained from DTC-treated, virus-infected animals did not reduce 

mitogen responses of normal splenocytes. The soluble suppressive factor 

produced by LP-BM5 virus-infected splenocytes has not been identified. 

Hydrogen peroxide release by peritoneal macrophages is increased during 

Murine AIDS. DTC treatment reduced hydrogen peroxide release by 

macrophages during Murine AIDS. Cytotoxicity to L-929 cells, a TNF-a sensitive 

cell line, was not effected by DTC treatment. In addition, DTC treatment did not 

enhance cytostatic activities of macrophages during Murine AIDS. 
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CHAPTERl 

INTRODUCTION 

Human AIDS 

The frrst cases of Acquired Immune Deficiency Syndrome (AIDS) in the 

United States were reported in 1981. Groups in both New York and in Los 

Angeles reported cases of Kaposi's Sarcoma and Pneumocystis carinii pneumonia, 

respectively, in cohorts of gay men 1,2,3,4. Epidemiologists ascertained that the 

occurrence of AIDS was similar to the that of a known infectious agent, Hepatitis 

B Virus. This led to the search for a new infectious agent and in 1983, Barre

Sinoussi and Montagnier reported the discovery of a new retrovirus isolated from a 

lymph node of an AIDS patient. They named the newly discovered virus, 

Lymphadenopathy-associated virus (LA V)5. In 1984, Gallo reported isolation of a 

novel retrovirus which he called human T-celllymphotropic virus type III (HTL V

III)6. LA V and HTL V-III were proven to be the same virus and the virus was 

renamed human immunodeficiency virus (mV)I,4. Soon after the discovery of 

mY, a second related virus was isolated from patients in West Africa. This isolate 

was named HIV-2 and the original HIV isolate became known as mV-l 1,6,7 

There have been a number of classification systems proposed for the course of 

mv infection2,8,9. Perhaps the easiest is to divide mV-l infection into three 

distinct phases: 1) primary infection 2) the latent phase and 3) clinical 

AIDSlO,1l,12. During the phase of primary infection, the virus is initially 

introduced into the host. The virus attaches via its envelope glycoprotein (gpI20) 

to its cellular receptor (CD4)3,4,8,13,14,15,16 which is found primarily on developing 
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thymocytes17 and T-helper cells13,18, and to a lesser degree on monocytes and 

macrophages17,19,20,21,22. Willeyet. al. demonstrated that mutations of the 

conserved domains of gp120 can inhibit viral infectivity even when binding to 

CD4 is not impaired23. my -1 infection of cells of the macrophage/monocyte 

lin~age does not result in a lytic infection and these cells are a potential reservoir 

for the virus2o,24,25. In addition, my -1 can infect CD-4( -) cells4,26, such as natural 

killer27 or glial cells19, by a mechanism which is not completely understood, 

although researchers have shown the mv -1 infection of CD4- brain derived cells 

is mediated by cell surface galactosylceramide4• 

The virus is then taken into the cell where it uncoats and reverse transcriptase 

copies DNA from the RNA genome4,9,1O. The viral DNA is then able to integrate 

into the cellular genomic DNA forming a provirus. my -1 infection of resting 

CD4+ T lymphocytes does not result in viral integration28• mv -1 is maintained 

extrachromasomally in resting cells and these cells are thought to be a reservoir for 

my _1 28,29. During this phase of infection, virus replication occurs and core 

protein (p24) antigenemia may be detected. Host immune responses are not yet 

present and therefore no antibodies to viral proteins are detected3,4,3o. 

During the latent phase of mv -1 infection, antibodies can be detected 

particularly against the structural proteins of the virus, such as gp120 and 

gp414,1l,31,32. Cell-mediated immunity which targets both structural and regulatory 

proteins of mv -1 also plays an important role in latency33,34. Riviere 

demonstrated that cytotoxic responses to gag proteins were MHC restricted (T cell 

mediated) conversely, cytotoxic activity to envelope proteins were not T cell 

mediated151 . Antibody Dependent Cellular Cytotoxicity (ADCC) is present during 

the latent phase35,36. Antigenemia is not detectable throughout the course of the 
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latent phase. Studies of the latent phase have shown that although the number of 

circulating virally-infected cells is low, there is a continuous release of viral 

products as demonstrated by the maintenance of high antibody titres during 

latency37. 

Functional defects in CD4+ T lymphocytes is apparent before the numbers of 

CD4(+) cells decline38. Impaired T helper function may be due to multiple 

factors, such as a gp-120 induced suppression, or by inhibition of a cytokine, i.e .. 

IL-I038. Circulating hemopoietic progenitor cells were shown to be decreased 

early in disease39. The time course of the latent phase is variable, it may last 

months or years1,3,4,31. 

Towards the end of the latent phase, a profound immune depression becomes 

apparent40. This is identified by a loss of CD4 (T helper) lymphocytes40,41, 

anergy42,43, a decrease in the CD4:CD8 ratio1,4,30 and increases in soluble 

factors44,45, such as neopterin45, B-2 microglobulin44, and gammaglobulin46. 

Elevated serum B-2 microglobulin levels are associated with certain viral 

infections, such as cytomegalovirus and mv -I, and has been used as a 

prognosticator in AIDS44' An increase in neopterin which is produced by 

monocytes/macrophages stimulated with interferon-,¥, has also been demonstrated 

in AIDS patients45. 

The final phase of mv -I infection is characterized by a continued depression 

of the immune response 1 ,3,4. An increased susceptibility to opportunistic 

pathogens, such as Pneumocystis carinii, and neoplasms, such as Kaposi's sarcoma 

results from this severe immune depression4,1O,47. mV-l infection can impair 

cytotoxic T lymphocyte responses to Herpes Simplex Virus (HSV) and Epstein 

Barr Virus (EBV)48,49. Rearrangements in the cellular oncogene c-myc, 
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associated with lymphoproliferative disorders and B cell lymphomas, has also 

been demonstrated in AIDS patients5o. Neurotropic HIV -1 variants can contribute 

to AIDS related dementia4. 

HIV-1 and HIV-2 are members of the lentivirus family which includes Sheep 

Visna Virus, Equine Infectious Anemia Virus, Bovine Immunodeficiency Virus, 

Simian Immunodeficiency Virus and Feline Immunodeficiency Virus51,52,53,54. 

Lentiviruses are retroviruses which contain additional regulatory genes in addition 

to the gag-pol-env found in other retroviruses4,20,55. 

In order to develop effective therapies and potential cures for HIV -1 infection, 

an understanding of the molecular biology of the virus is needed. A cartoon 

structure of the HIV -1 genome is shown in Figure 1. The viral genome is more 

complicated than the typical retrovirus in that in addition to the gag-pol-env genes, 

there are as many as seven regulatory genes encoded by the genome55,56. The 

potential regulatory genes include: tat3,57, rev4,58, nef 9,59,60, vpr3.4,9 vpu3,61, and 

vif3.4,9 . The functions of the products of some of these genes have been studied in 

detail whereas others are less understood. The tat gene product, or transactivator 

gene, is necessary for virus transcription and replication3,57. It may playa role in 

translation of viral mRNA into viral proteins. Mutational analysis has shown that 

the conserved domain of tat is important for stability and binding efficiency57. 

The rev gene product is also essential for viral replication. It is a small 

phosphorylated nuclear protein which is phosphorylated and functions as a 

transport protein 58. The nef gene product is a negative regulator of viral 

replication and thus down-regulates viral expression. It is phosphorylated by 

protein kinase C and can function similarly to G proteins which are important in 

signal transduction. The nef protein has also been shown to down-regulate the 



surface expression of CD49,59,60. The vpr gene product (also known as the R 

protein) has been reported to be nonessential in viral replication; however, Vpr 

can increase the level of viral proteins ten-fold3.4,9. The vpu gene product is 

synthesized late in viral replication, similar to structural gene products3,61. 

nef 

gag ~ LTR 
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Figure 1. Human Immunodeficiency Virus (HIV-I) Genomic structure. HIV-1 encodes 
for protein and regulatory domains. All non defective retroviruses contain gag-pol-env 
regions which are flanked by the L TR (long terminal repeat). domains. HIV in 
particular, encode for several additional regulatory gene products, e.g. vpr, vif, rev, tat, 
and nef. The functions of these gene products are discussed in Chapter 1. 

In addition to the trans-acting gene products, or gene products which are 

encoded in one region of the genome and exert their function in another region 

[i.e .. the tat gene product binding to the tar sequences in the long terminal repeat 

(L TR)] the mv -1 genome also has important cis-acting sequences. These sites 

are found in the LTR of the genome and can be responsible for both down

regulation or up-regulation of transcription of viral mRNA. A group of sequences 

which have a negative effect on RNA transcription is denoted the NRR (Negative 

Regulatory Region). This region is complex and is capable of binding many 

cellular factors which function in transcription. These factors are: AP-l, USF, 

URS, and NFAT-l. NFAT-l slows virus replication in resting T cells while it also 

increases viral replication which is seen in activated cells. The mechanism of this 

action is not understood4,9. The USF sequence seems to function at the level of 
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RNA initiation. Deletion mutants only expressed increased viral replication in 

those mutants in which either USF or NF AT -1 was deleted. AP-I or URS deletion 

mutants did not lead to increased virus production. The TAR sequence is also 

located in the LTR and it is required for rapid virus growth. This is the site of 

action of the tat protein4,9,2o. 

In addition to viral protein binding sequences and the negative regulatory 

sequences, there are also sites of cellular binding which can function to upregulate 

virus production62,63. There are two NFlCB protein binding sites which bind the 

cellular NFlCB protein64• These sequences function as enhancers for a number of 

immunologically significant gene products such as, IL-2, IL-2 receptor (a.), and 

interferon p. NFlCB sequences have been demonstrated to be involved in the 

mitogen-induced increase in viral expression. 

An NF-IL6 (nuclear factor-IL-6) binding site is also found within the LTR of 

HIV-I65. This site binds NF-IL6, which is a nuclear factor that induces IL-6 and 

acute phase protein expression. This has led to interest in determining the 

potential role of cytokines in the upregulation of HIV -1. 

To determine the role of cytokines in the upregulation of HIV -1 virus 

expression, researchers screened a panel of recombinant cytokines and determined 

the effect on virus production by cloned T cells. TNF-o., GM-CSF, 

IL-I, and IL-6 increased expression of HIV _1 24,66,67. IL-6, IL-IO, TNF-o., and 

TGF-p elevated in HIV-I infected patients9,22. An increase in IFN-y levels was 

seen in activated T lymphocytes from AIDS patients68. TGF-p has a suppressive 

effect on T cells and was also inhibitory to phorbolI2-myristate ester (PMA) 

induced mv -1 expression. This inhibitory effect was not seen in TNF-o. induced 

mv -1 expression. TNF-o. induced increased viral expression has been shown to 
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be due to a trans-acting mechanism which involves attachment of cellular DNA 

binding proteins to NFlCB sites on the my -1 L TR. Other cytokines, such as IFN

a were shown to inhibit viral replication69. 

The mechanisms of how my -1 infection leads to AIDS are still being 

elucidated. Among the possibilities is that my -1 is necessary for AIDS, but not 

sufficient. That is, another infectious agent or co-factor may be required for 

progression of disease. Montagnier and Blanchard believe mycoplasmas are co

factors for AIDS7o. Some researchers support the notion that factors such as 

malnutrition or drug use may playa role in the progression of AIDS in my 

infected individuals. Others support the idea that mY-I may possess a 

superantigen component, as seen in Murine AIDS, which could be responsible for 

the immunosuppression71.72.73.74. Selective deletion ofTCR V-beta has not 

consistently been observed. 

Other researchers support host factors as determinants of disease75.76. Specific 

MHC alleles may be associated with either rapid or delayed progression of AIDS. 

Schrier et. al. demonstrated the high variability of T cell responses to HIY-l 

peptides34. This heterogeneity of responsiveness could be due to either the ability 

. of MHC Class II to present the peptides to an intrinsic quality of the peptides. 

There may be alleles which enable an infected person to be protected from AIDS 

altogether. Again, these data require further analysis to confirm their relative 

importance in the progression of AIDS. 

Golding et. al. identified sequence homology between gp41 of mY-I and 

human MHC class II ~ chains 77. They postulate that this sequence homology 

could result if autoimmunity as antibodies induced by mV-l gp41 could 

potentially cross react with MHC Class II ~ chains. The sequence homology 
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between mY-I and MHC Class II molecules has been proposed to induce a graft

vs.-host disease which the authors proposed referring to as chronic experimentally 

induced allogeneic disease (CEAD)78. Hoffman et al. postulated that the 

homology between gp120 and MHC Class II may disrupt the immune system 

thr~:)Ugh idiotypic mimicry 79. 

The course of my infection results in a loss of CD4+ T helper lymphocytes. 

The precise mechanisms of this loss of cells are not known, however there are 

several possibilities. my may induce apoptosis or anergy of CD4+ T 

lymphocytes80,81,82" my specific CTL may target my -infected T 

lymphocytes83,83,84, syncyctia formation may result in a loss of CD4+ cells85. Any 

of these mechanisms or a combination may be responsible for the loss of CD4+ 

lymphocytes during the course of AIDS. Koga et al. constructed a plasmid which 

encoded for gp160. They used this plasmid to demonstrate an extensive 

cytopathic effect for CD4+ cells. This cytopathic effect was not due to syncyctia 

formation but to internalization of gp160:CD4 immune complexes86. Infection 

with mv -I leads to abnormalities of immune function in B cells, T cells, 

macrophages and natural killer cells. 

Nair et. aI. utilized HIY -I specific peptides to demonstrate direct B cell 

activation. These data demonstrated that my -1 can directly induce B cell 

proliferation and hypergammaglobulinemia87. Additional support for a direct 

effect ofHIY-l on B cell activation was given by Amadori et al.88 They showed 

that mv -I specific B Lymphocytes were a major constituent of hyperproliferating 

B lymphocytes. 

NK cell activity is impaired during the course of AIDS89,9o. There is evidence 

for both direct and indirect mechanisms for NK deficiency91.92. Direct 
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mechanisms of NK deficiency are shown by the ability of HIV -1 to infect NK 

cells. HIV-I infected NK cells are inactivated. In addition, both gp120 and gp41 

can inactivate NK cells by inhibiting the release of cytotoxic factors, though NK 

binding to target cells was not impaired93. Indirect mechanisms of NK 

inactivation are shown by the ability of exogenous IL-2 to partially restore NK cell 

activity94. 

HIV -I also infects macrophages and monocytes22,95. HIV -I infection of these 

cells is non-lytic, and these cells have been proposed as a reservoir for HIV_PI. 

Twigg et. al. showed that HIV-l infected alveolar macrophages had enhanced 

accessory cell function (antigen presentation)25. These macrophages were able to 

activate T lymphocytes which were then susceptible to lytic HIV -1 infection. 

T lymphocyte function is also affected by HIV -1 infection. Cytotoxic T 

lymphocytes (CTL) have a paradoxical effect on HIV-l infection. Although they 

are important for controlling viral infection by killing virus-infected cells, they can 

also contribute to the depletion of CD4+ lymphocytes33,79,8o. The ability of T 

lymphocytes to recognize HIV synthetic peptides was shown to be highly variable; 

however, an immunization trial which utilized a form of gp120 unable to bind 

CD4 induced effective CD4+ T lymphocyte responses with no apparent MHC 

restriction96. One of the hallmarks of AIDS is the depletion of CD4+ cells; CD8+ 

lymphocyte function is also impaired by HIV-l infection97. Pantaleo et. al. 

showed that CD8+ T lymphocytes from AIDS patients had defective clonal 

expansion potential98. This may be due to an HIV-l induced decrease in CD25, 

the IL-2 receptor, on the surface of CD8+ T lymphocytes. 

One issue currently facing AIDS researchers is the question of whether there is 

a dominance or a shift in T-helper response during the course of HIV-I 
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infection99,lOO,lOl. TH1 (T helper cell Type 1) cells are identified by the production 

of IL-2 and IFN-y,TH2 (T helper cell Type 2) produce IL-4, IL-5, IL-6 and IL-10 

and THO (T helper cell Type 0) produce both TH1 and TH2 cytokines. Clerici and 

Shearer suggested that a switch from TH1 to TH2 may be involved in the 

progression of AIDS 102. TH1 derived cytokines provide support for CTL and NK 

cell activity and TH2 derived cytokines drive B cell proliferation and antibody 

responses (except IgE). Graziosi et. al. analyzed cytokine production both cross

sectionally, by surveying patient samples at all stages of mv -1 infection, and 

longitudinally, by repeated sampling of the same patient over time. Their data did 

not support a switch for a TH1 to a TH2 response. Maggi et al. demonstrated that 

mv -1 infection favored a THO cytokine profile103. They also showed that mV-1 

preferentially replicates in cells of the TH2 or THO phenotype. 

As early as 1987, it was recognized that effective mv -1 vaccines would 

induce T cell help to produce cytokines to augment NK and CTL activityl04. 

Cease et al. demonstrated the ability of a 16 residue peptide derived from gp120 to 

induce cytotoxic T cell activity in immunized mice109. Therapeutic and 

preventative vaccines are currently under development or in limited clinical 

trials105,106,107,108. The rapid rate of mutagenesis of mv -1 complicates vaccine 

development. Many variants of HIV -1 can be isolated from an individual during 

the course of AIDSlll. Until safe, effective vaccines are available, mV-1 infected 

patients must rely upon anti-viral agents and immune therapies. 

The first anti-viral agent approved for the treatment of mv -1 infection was 

azidothymidine (AZT)l09,llO,lll. The largest clinical trial with AZT, the Concorde. 

Trial demonstrated the limited efficacy of this drug112. Other anti-viral drugs 

currently used to treat HIV -1 infection and AIDS are dideoxyinosine (ddI) and 
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zalcitabine (ddC)3,4,9. These anti-viral agents are all nucleoside analogs which 

inhibit reverse transcriptase (RT). Granulocyte macrophage-colony stimulating 

factor (GM-CSF) has been used in combination with AZT to ameliorate anemia, a 

common side effect99,100,113. GM-CSF stimulates the production of granulocytes 

and macrophages114,115,116. This growth factor increases mV-l replication in 

macrophages, but when used in conjunction with AZT, increased the anti-viral 

activity of AZT24.GM-CSF has been used in combination with AZT to ameliorate 

anemia, a common side effect99,100,117. In addition to RT inhibitors, HIV-l 

protease inhibitors have been developed and are currently being tested in clinical 

trials3,4. 

Anti-viral agents inhibit viral replication, but do not enhance or restore the 

immune system. Therapies which enhance or restore the immune system have 

also been studied118,119,120,121. These therapies have included cytokines, such as 

IL-2, thymic humoral factor (THF)122, interferonsI23,124, as well as 

immunoconjugatesI25,126,127,128,129,130. Immunostimulants, such as 

diethyldithiocarbamate (DTC) 131 ,132,133,134 and isoprinosine, have also been used to 

treat mv -1 infection 119. DTC consistently reduced the number of opportunistic 

infections and in several studies CD4+ T cell counts improved 135 . 

Immunosuppressive therapies have also been studied as treatment for mV-l 

infection136,137. Pentoxifylline and cyclophosphamide are two immunosuppressive 

agents which have been assessed in AIDS119. Another approach has been to 

remove cytokines, such as interferons138,139,140. 

Glutathione levels have been shown to be depleted during the course of 

AIDS141,142,143. N-acetylcysteine (NAC), a known glutathione repleter, has been 



used in the therapy of AIDSl44.145.146. Kabelic et al. demonstrated that NAC 

inhibited mV-l expression in a chronically-infected cellline147. 

Touraine et al. suggested that combined modality therapy should be the 

approach to treatment of mV-l infection148. That is, a combination of 

antiretroviral drugs and immunomodulatory drugs may have the most beneficial 

effects as it necessary to both eliminate or reduce viral load and restore immune 

function. In order to test combination of therapies, animal models are needed. 

The LP-BM5 model of murine retrovirus-induced immunodeficiency has been 

used to screen therapeutic agents. AZT, an antiviral agent, is effective in the 

treatment of both mV-l andLP-BM5149.150.151. In addition, AIDS and AIDS 

Related Complex (ARC) patients treated with diethyldithiocarbamate (DTC) an 

immunomodulatory drug, had improved symptoms and fewer opportunistic 

infections. DTC is also an effective treatment in the LP-BM5 mode}l52.153. 

Therefore it is a good model to evaluate anti-mV-l therapy. 

Animal Models of Human AIDS 
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The necessity for animal models became apparent soon after the discovery of 

AIDS in humans154.155. Animal models of human AIDS are important for a 

number of reasons, both for basic research on disease mechanisms as well as for 

the evaluation of clinical approaches. They provide a tool for studying both the 

virology, pathogenesis and immunology of HIV. In addition they can be utilized 

to study vaccines, antiviral therapies, immunomodulatory therapies or other novel 

treatments156.157.158.159. 

Animal retroviral models explored for human AIDS include: primate models 

(SIV and mY), feline models (FIV and FeL V), bovine models (BIV), sheep 



models (Visna), avian (AL V), equine (EIA), rabbit (mV), and murine models 

(LP-BM5, SCID + huPBL, MuL V). Each of these models has advantages and 

disadvantages52.53.155. 

23 

Primate models have been tested for the study of AIDS52.53.54.156.160. mV-l 

establishes infection in chimpanzees, however these animals do not develop 

immunosuppression51.52.53.54.158, and their use is limited to the study of initial 

infection and its associated viremia and for latency. A major disadvantage of this 

model is the expense and limited availability of the animals. Macaques provide 

another primate model of AIDSI61.162. These animals are naturally infected with 

SIV and can be infected with mV-254. The disease found in macaques is similar 

to that of mv -1 in humans. This model is excellent for the study of pathogenic 

and immunologic features of HIV -1 infection as well as for virological studies. It 

provides an opportunity for vaccine testing and for other therapeutic trials. Tung 

and Daniel transduced HUT-78 cells with antisense SIV RNAI63. These 

transduced cells effectively inhibited mv and SIV viral replication. These 

experiments are preliminary to using the SIV model for gene therapy. The 

expense of the animals both in terms of acquisition and long-term housing is a 

limiting factor for the widespread use of this model. 

Feline models of mv have also been pursuedl64.165. Two feline viruses have 

been utilized in cat models: Feline Leukemia virus and Feline immunodeficiency 

virus. Feline immunodeficiency virus (FIV) is a member of the lentivirus family 

and has approximately 50% sequence homology with mv _1 159. Like mv -1, FIV 

has an effect on the Central Nervous System (CNS) in addition to an effect on the 

immune system. FlV is useful for vaccine development, co-factor studies, and 

pathogenesis studies165 . Feline Leukemia Virus (FeL V) is a type C virus which 
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leads to immunodeficiency and leukemia in cats54. The use of these models is 

limited by a lack of specific immunological reagents. An additional limitation of 

these models is the lack of inbred strains of cats. 

In addition to SIV and FlV, a number of lentiviruses occur naturally. These 

include Bovine Immunodeficiency Virus (BIV), Sheep Visna Virus, goat caprine 

arthritis-encephalitis virus (CAEV) and horse equine infectious anemia virus 

(EIA V)52,53,54. Each of these models is limited both by the expense of the animals 

and the facilities required for housing. There is also a lack of knowledge about 

their immune systems and genetics. 

Several mouse models of AIDS have been used, included LP-BM5 (Murine 

AIDS or MAIDS), Rauscher virus complex, Friend Leukemia Virus, Maloney 

Murine Leukemia Virus, the neurotropic retroviruses Cas-Br-E and Cas-Br-M and 

the SCID-hu-HIV mouse51,52,53,156,159,166. With the exception of the SCID-hu-HIV 

model, the virus models all involve retroviruses which do not belong to the 

lentivirus family. Therefore these models will not be useful for the study of the 

regulatory genes, tat, nef, and rev which lentiviruses possess. These models will 

be useful for virus studies involving gag, pol and env genes, such as reverse 

transcriptase. 

The SCID-hu model was developed in the late 1980'SI67,168,169. SCID mice 

have a mutation which affects their recombinase systeml70. These, animals are 

unable to form the coding joints necessary for recombination and thus functional T 

cell receptors and immunoglobulins cannot be synthesized. This model is useful 

for studies of lymphomagenesis, autoimmunity, and AIDSI69,171. These animals 

can be reconstituted with human peripheral blood lymphocytes and then 

challenged with HIV. Mosier et al. demonstrated the efficacy of a recombinant 



25 

gpl60 vaccine with the SCID-hu model172. SCID mice were reconstituted with 

peripheral blood leukocytes (PBL) from donors who had been immunized with a 

recombinant gpl60 vaccine. The mice reconstituted with immunized PBL were 

resistant to subsequent challenge with mv -I whereas mice reconstituted with non

immune PBL were susceptible to mv -I infection. The need for special facilities 

to perform these studies and the potential risk of infection to technicians by 

accidental needle sticks when infecting the animals with mV-llimits the use of 

this model. 

One of the most widely used animal models for AIDS is the LP-BMS Murine 

AIDS modeI51,52,156,160. The LP-BMS virus mixture consists of three retroviruses, 

an ecotropic, a mink cell focusing (MCF), and a defective virus (defBMS)173. The 

ecotropic virus component is a Type C Murine leukemia virus (MuL V) which is a 

retrovirus with a host range limited to murine cells. The mink cell focusing 

(MCF) virus component is a Type C MuL V which is xenotropic, that is, it can 

readily infect xenogeneic cells, such ~s mink cells but do not readily infect murine 

cell lines 174. The defective virus which encodes for a gag protein that functions 

as a superantigen is the causative agent of disease175. In fact, the defective virus 

alone can induce Murine AIDS176,177. The disease manifestations induced by LP

BMS are similar to'those of AIDS51,52,156,. Both diseases result in 

hypergammaglobulinemia, lymphadenopathy, splenomegaly, severe 

immunosuppression and susceptibility to opportunistic infections and 

neoplasms178. Unlike my, the primary target cell of LP-BMS is the B 

lymphocyte with macrophages/monocytes also becoming infected179. In addition, 

although the function of CD4+ T helper lymphocytes is altered in Murine AIDS, 

these cells are not depleted as seen in human AIDS. The similarity in disease 



manifestations, the cost and availability of animals and the reagents needed to 

study the disease make this model one of the most appealing. 

Murine AIDS 
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Twenty years before the first case of human AIDS was reported, Latarjet and 

Duplan discovered the virus mixture which would later become known as LP

BM5, the causative agent of Murine AIDSI80,181. This virus inoculate was isolated 

from extra-thymic tumors induced by radiation and was designated RadLV-RsI82. 

Prior to becoming known as the LP-BM5 virus, RadLV-Rs was designated 

RCN-BM5 as it was thought to be a reticulum cell neoplasm virus isolated from 

stromal bone marrowl83 . Later the virus mixture was renamed LP-BM5, with the 

LP meaning lymphoproliferativeI79,184. 

LP-BM5 is a virus mixture, composed of an ecotropic murine leukemia virus 

(MuLV), a mink cell focusing virus (MCF), and a defective MuLV (defBM5)173. 

The genomic structures for MuL V and the defBM5 are depicted in Figure 2. The 

env gene product, gp70, binds to its cellular receptor and is adsorbed into the 

cellI85,186. Once in the target cell, the virus uncoats and its pol gene product, 

reverse transcriptase, synthesizes DNA from the RNA genome which is then 

integrated into the host's genome as a provirus. Upon viral replication the mature 

virion's bud through the cellular membrane to acquire the lipid envelopeI87,188. 

The genome of MuL V does not encode the regulatory genes which were 

discussed for HIV-l and therefore the model is not useful for screening of anti

viral therapies which specifically target the regulatory genes of HIV _1189. There 

are enhancer sequences in the L TR of MuL V which need further characterization 
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in order to determine whether cellular components can function to upregulate the 

virus. 

LTR env LTR MCF gag pol 

LTR MuLV 

LTR defBM5 

Figure 2. Mink Cell Focussing (MCF), Murine Leukemia Virus (MuLV) and defBM5 
Virus Structure. The upper figure shows the genomic structure with gag-pol-env coding 
regions flanked with LTR (long terminal repeat) sequences of MCF. The center structure 
depicts the genomic structure of MuL V and the bottom figure shows the deffiM5 virus 
genomic structure. The lines indicate the deleted sequences in deffiM5 and the shaded 
area designates the gag region which encodes for the putative superantigen protein. 
Adapted from Aziz et al.175 • 

Although the LP-BM5 viral inoculate contains a mixture of three viruses, 

several groups have demonstrated that the defective virus is the causative 

agent175,176,190. Aziz et al. purified, cloned and sequenced the defective virus175• 

They utilized a nonpathogenic helper virus and infected animals with mixtures of 

the purified defective virus with the helper virus and the disease manifestations of 

Murine AIDS were seen, no animal infected with helper virus alone developed 

disease. They concluded that the disease manifestations seen in Murine AIDS can 

be attributed to the defective virus. The defective virus contains a 4.8 Kb genome 

(as compared to the 8.8 Kb of nondefective ecotropic MuL V) with deletions of the 

pol and env genes but the gag genes are intact with mutations175,176. 
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The defective virus gag protein has been shown to be a superantigen174.191.192. 

The gag protein binds to the alpha subunit of MHC class II molecules. This 

binding is not mediated through the antigen presenting "pocket", where peptides 

are normally presented to T cells via the T cell receptor (TCR). This superantigen 

affects TCR repertoires in such a way that there is a preferential selection for 

stimulation of particular TCR. This selection is mediated by the 

superantigen:MHC II complex binding to specific variable regions of the beta 

subunit of the TCR(TCR Vb)174.193.194. With BM5def, the Vb utilized are Vb 5.2, 

8, and 11. As with other superantigens, such as Mouse Mammary Tumor Virus 

(MMTV), the engagement of these TCR's leads to anergy. Unlike other 

superantigens which ultimately induce deletion of the TCR Vb repertoire, no 

deletions are seen in Murine AIDS. However these TCR's do remain anergic 

throughout the course of Murine AIDS. 

There are a number of differences between the etiologic agents causing human 

and murine AIDS, Table 1 shows a comparison ofmV-l and LP-BM5. The 

disease induced by the LP-BM5 virus is similar to that of mv -1. A comparison of 

the immune abnormalities associated with both viruses is summarized in Table 2. 

Murine AIDS is characterized by polyclonal B cell activation which results in 

lymphadenopathy, splenomegaly, and hypergammaglobulinemia51.156.160.195. 

During the course of disease, Band T cell functions as measured by mitogen and 

antigen responses are diminished and eventually are usually completely abrogated. 

LP-BM5 virus-infected animals are susceptible to opportunistic infections as 

they are immunosuppressed196.197.198.199.200. Mice are susceptible to viral 

infections, such as mousepox 199, bacterial infections, such as Mycobacterium 

avium197 and Streptococcus pneumoniae201 , as well as eukaryotic organisms, such 



as Candida albicans195 , Toxoplasma gondU196, and Cryptosporidium parvum198. 

Trypanosoma cruzi, the protozoal parasite which causes Chagas' disease and is 

endemic in South America, is also exacerbated by concomitant LP-BM5 virus

infection202• Virus-infected mice were protected against experimental cerebral 

malaria, caused by Plasmodium berghei203 • Resistance to this infection is due to 

the inhibition of T-helper Type 1 response.' 
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The course of Murine AIDS is similar to human AIDS with the notable 

exception of a short latency period156. Although the precise time course is 

dependent upon the viral inoculate, generally, animals have elevated serum IgM 

level within two or three weeks following viral inoculation153.154. This continues 

to increase and peaks about 8-12 weeks followed by a decrease at 12-16 weeks 

after virus inoculation. This is analogous to the hypergammaglobulinemia of 

human mv -1 infection seen in the early phases which disappear in patients with 

advanced disease. 
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Virus Characteristic HIV-l LP-BMS 
Retrovirus yes yes - Virus 

Mixture 
Type c retrovirus 
MCFVirus 
Defective Virus 
(deffiMS) 

Lentivirus yes no 

Host Cell tropism CD4+T B lymphocytes, 
Lymphocytes, macrophages, 
Macrophages, B 
lymphocytes, 
Dendritic Cells, 
Fibroblasts, 
astrocytes, 
microglia and 
other CD4- cells 

Regulatory genes vif (infectivity None identified 
factor), vpr 
(unknown), rev 
(differential 
regulation), vpu 
(unknown), tat 
(up-regulation), 
nef(down 
regulation) 

Antigenic Variation Significant Not documented 
variation between 
isolates even from 
the same patient 

Superantigen Not confirmed defective gag 
protein 

Table 1. Comparison of HIV-J and LP-BM5 viruses. 

Lymphadenopathy and splenomegaly become apparent in as little as three 

weeks following viral inoculation and are usually noted by six to eight weeks51.156. 

Due to the complications of lymphadenopathy and increased susceptibility to 
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opportunistic infection, animals begin to die by week fifteen and all generally die 

by week 22. 

Despite the less complex genome of LP-BM5, Murine AIDS is by no means a 

simple, easily understood disease. LP-BM5 has a tropism for B lymphocytes and 

cannot generally be isolated from T lymphocytes178.204.205. Normal B cell 

activation is dependent upon T -helper (CD4+) lymphocytes which produce 

lymphokines including, IL-2, IL-3, IL-4, IL-10, and IFN-'Y. Progression of Murine 

AIDS is dependent upon T cells of the CD4lineage206.207.208.209.210. This is 

demonstrated in nude mice which are deficient in T cells and are resistant to the 

immunodeficiency induced by LP-BM5. Reconstitution of infected nude mice 

with mature syngeneic T lymphocytes rendered them susceptible to the 

manifestations of Murine AIDS211. Yetter et. al. demonstrated that CD4+ T 

lymphocytes were necessary by depleting CD4+ T lymphocytes in C57Bl/6 mice 

by in vivo treatment with a monoclonal antibody specific for CD-4. These T 

helper depleted mice were then challenged with LP-BM5 and the disease 

manifestations were diminished. In these T cell depleted or deficient animals, 

viral replication continues unabated. 

Evidence for the requirement of T helper cells supports the concept of an 

interaction of LP-BM5 virus with lymphokines for the induction of disease 

manifestations. As previously discussed, the interaction of lymphokines with 

mv -1 can upregulate viral production. The precise mechanism of lymphokines, 

lymphokine modified cells and virus interaction and how this leads to a failure of 

the immune response remains unknown. 

Other researchers have demonstrated that infection with the LP-BM5 virus 

leads to an inability to induce IFN-a and IFN-~ genes which are normally 



expressed in response to viral infection212,213. The mechanisms of this inhibition 

. are currently unknown. The cells which normally produce these cytokines are 

varied, lPN-a. is produced by T and B lymphocytes, macrophages and NK cells, 

whereas, IFN-J3 is also produced by fibroblasts and endothelial cells. 

In contrast to lPN-a. and IFN-J3, IFN-yproduction is increased during the 

course of Murine AIDS211. The immunological activities of IFN-y are complex 

and this cytokine is important in the regulation of normal immune responses. T 

helper cells are a significant source of IFN-y and this is consistent with the 

necessity of T helper cells for the manifestations of Murine AIDS. In addition, 

these data are similar to the findings in AIDS with the notable difference that the 

IFN increased is an unusual acid-labile lPN-a. while IFN-J3 and IFN-yare 

diminished 142,214. 
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All models of AIDS have limitations, however the similarities in disease 

manifestations in Murine and human AIDS are striking. In addition there is 

increasing evidence that some of the mechanisms of disease induction may be 

similar. Other animal models, such as the cat (FIV) and primate (SIV) are 

important for understanding the pathogenesis of lentiviruses and for screening of 

therapies which specifically target regulatory gene products, such as tat or revl64 • 

As lentiviruses and retroviruses both encode gag-pol-env gene products, 

antiretroviral drugs which target these gene products can be effectively tested in 

the Murine AIDS model. This is demonstrated by AZT which is effective in the 

treatment of both human and murine AIDS1l5,1l6,150,152. 
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Immunological Parameter Human AIDS Murine AIDS 
Hypergammaglobulinemia yes yes 

Splenomegaly and Lymphadenopathy yes yes 

Proliferation of B lymphocytes yes yes 

Increased Susceptibility to Neoplasms yes yes 

Increased Susceptibility to yes yes 
Opportunistic Infections 

Decreased Cytotoxic T Lymphocyte yes yes 
Activity 

Decreased T helper Lymphocyte yes yes 
Function 

Decreased T helper Lymphocyte yes no 
Number 

Decreased Natural Killer Cell Activity yes yes 

Chan~e in Cytokine Production yes yes 
Table 2. Comparzson of Human and Murzne AIDS. Many of the dIsease mamfestatIOns 
are similar, with the notable exception that CD4+ T helper lymphocytes are not depleted 
in murine AIDS as they are in human AIDS. Adapted from Watson158. 

Immunomodulatory drugs have also been shown to be effective in the 

management of both diseases. Hersh et. a1. have demonstrated that the 

immunomodulatory drug, diethyldithiocarbamate (DTC) is effective in the 

treatment of Murine AIDS154,155. In clinical trials, DTC treatment of AIDS related 

complex (ARC) and AIDS patients resulted in reduced lymphadenopathy and 

splenomegaly, increased immune reactivity, and lower incidence of opportunistic 

infections133,134,136,137. Combination therapy of antiviral and immunomodulatory 

drugs should elicit even better results as these activities may synergize. It is this 



immunomodulatory activity which we selected for study in the Murine AIDS 

model. 

DiethyJditbiocarbamate (DTC) 
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Diethyldithiocarbamate (DTC) is an immunomodulatory drug215 . It is also a 

metabolite of Disulfiram (Antabuse, DSF), a drug used in the aversion treatment 

of alcoholism216. The cleavage of DSF results in the production of two DTC 

molecules which are sulfur containing, the structure of DTC is shown in Figure 3. 

DTC has a number of biological activities including immunomodulation. DTC is 

heavy metal chelator which chelates Cd, Cu, Ni, Pb, Zn, and PI, but not Ca or 

Mg217.218. It also has lipophilic properties213.219. These properties are thought to 

contribute to the activities of DTC. 

Na+ 

Figure 3. Structure of Diethyldithiocarbamate (DTC), Diethyldithiocarbamate is an 
immunomodulatory drug which has been shown to be effective in the treatment of both 
human and murine AIDS. The molecular weight of the sodium salt is 171.21. The 
decomposition of DTC under physiologic conditions (pH 7, 400 C) has been estimated by 
Martens, et al. 220 to be 45 minutes, however this was performed in aqueous solution and 
the half life of DTC in mice is estimated to be <10 minutes DTC is a heavy metal " 
chelator and chelates the following heavy metals: Cd, Cu, Ni, Pb, Zn, and PI but does not 
chelate Ca or Mg213 . 

DTC is effective in the treatment of AIDS. It was shown to be effective in six 

clinical trials133.134.136.137.213. These trials are summarized in Table 3. DTe 
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consistently reduced the number of opportunistic infections in these trials. There 

was also improvement of CD4+ cell count and decreased lymphadenopathy, 

though these results were more variable. 

DTC can be used to reduce the toxicities of cisplatin, an antitimor 

therapy221 ,222. In animal models and clinical trials, there was decreased renal 

toxicity when DTC was co-administered with cisplatin, without reduction in 

antitumor activity. The mechanism of chemoprotection is thought to be due to 

chelating properties, although some researchers refute this claim. Schmal bach and 

Borch studied the effects ofDTC with other cancer chemotherapeutic agents, 1,3,

bis(2-chloroethyl)-1-nitrosourea (BCNU), adriamycin or mitomycin C223. They 

demonstrated that DTC decreased the myelosuppressive activities of BCNU and 

adriamycin but had no effect on the toxicities induced by mitomycin C. They 

postulate that the pharmacokinetics of DTC and platinum containing drugs is such 

that chelation cannot be the mechanism. In mice, DTC was tested in combination 

with doxorubicin, cyclophosphamide and cisplatin to determine if it could 

decrease the toxicity of these agents on hemopoietic progenitor cells224. DTC 

selectively protected against the associated toxicities of the anti-cancer drugs 

without protecting the target tumor cells. The mechanism of this protection is not 

clear. 

Due to its chelating capacity, DTC is used as a treatment for heavy metal 

poisoning. It is used as an antidote for cadmium, copper, nickel, and 

thallium213,225,226,227,228,229. This mode of therapy should be used with discretion as 

the route of administration of the heavy metal can be a crucial factor in 

determining whether DTC abrogates or potentiates the toxic actions of these heavy 

metals. For example, acute cadmium toxicity resulting from the injection of the 
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heavy metal can be alleviated by DTC223. However, when cadmium is 

administered orally, DTC enhances the toxicity of this metal due to its effect of 

increasing the adsorption of the metal into bodily tissues230. DTC has also been 

shown to increase lead uptake by rat tissues ~ince it forms a lipid soluble complex 

with this metal231. 

DTC has been reported to have both radiosensitizing and radioprotecting 

activity232,233. The sensitization effect of DTC on radiation has been attributed to 

its chelating capacity of copper. It is thought that DTC chelates copper and 

prevents the function of copper-dependent anti-oxidant enzymes. One of the 

enzymes inhibited by DTC is superoxide dismutase and thus free radicals induced 

by radiation are not readily scavenged234,235. On the other hand, DTC is 

radioprotective. This is ascribed to its glutathione-like activity236. DTC can 

reduce cytochrome c. DTC is also protective against the cytotoxic activity of 

H202237,238. DTC was shown to activate the enzymes spermidineNL 

acetyltransferase (SAT) which carries out an oxidation of the polyamine, 

spermidine and ornithine decarboxylase (ODC) which catabolizes ornithine to the 

polyamine spermidine239. 

In addition to the above mentioned activities, DTC also has antimicrobial 

activities both in vitro and in ViV0240,241. Taylor et. al. performed experiments to 

determine whether DTC had antimicrobial activity against methicillin-resistant 

Staphylococcus aureus242. They found that DTC had antimicrobial activity in 

vitro against both the methicillin resistant as well as the nonresistant strains of S. 

aureus. In addition, DTC inhibited growth of a number of Enterobacteriaea 

species, including Proteus mirabilis, E. coli, Klebsiella sp. and Salmonella Sp.243 

In vivo experiments have also demonstrated antimicrobial and antifungal activity 
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of DTC244 ,245 . The possible mechanisms of action proposed are that DTC chelates 

metal ions required for bacterial growth and/or DTC's inhibitory action on the 

ubiquitous enzyme SOD may render the microbes more susceptible to phagocytic 

killing231 ,232,246. In vivo the antimicrobial activity of DTC is likely to be a complex 

one and may involve both mechanisms stated above as well as immunomodulatory 

action. 
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Study CD4+ Count Progress to: Other 
significant 
benefits 

start chanQ'e P of therapy 

Lang et.al. (1988b)1 
+32 0/38 0/38 Decreases in 405a -

<0.05 splenomegaly 
389b +18 - 3/39 2/39 (P<0.05) 

lymphadenopathy 
(P<0.05) 
symptoms 
(P<0.05) 

Lang et.al. (1988c)2 
+25 0/20 0/26 Increase in 385a -

<0.05 delayed type 
431c -24 4/16 1/18 - hypersensitivity 

reaction (P<0.05) 

Brewton et.al. 232a -25 - 2/16 - Decrease in 
(1987), (1993)3 lymphadenopathy 

192c -30 - 5/16 - (P<0.005) 
symptoms 
(P<0.002) 

Hersh et.al. (1987); 451a +29 - on - Decrease in 
Peterson et.al. (1988); lymphadenopathy 
Kaplan et.al. (1987)4 526c -26 - 3/10 - (P=O.006) 

Table 3. Effects of dlethyldlthzocarbamate (DTC) Therapy m Patients wIth HIV 
Infection. 
IDTC treatment 10 mg/kg qw po x 16 weeks (n=38) 
Placebo (n=39) 

2DTC treatment 10 mg/kg qw po x 1 year (n=26) 
None (n=18) 

3DTC treatment 200 mg/m2 qw iv x 16 weeks (n=22) 
None (n=18) 

4DTC treatment (200/400j800 mg/m2 qw/2 po) x 4 weeks each (n=7) 
None (n=1O) 

aDTC treatment group bPlacebo cNone 



Study 

Reisin~er et.a). 
(1990) 

Hersh et.a). (1991)6 

Table 3 
Continued 

CD4+ Count Progress to: 

start change P 

318a -21 2/13 0/13 
<0.02 

422b -36 7/14 4/14 

493a -5 3/13 0/13 

467b -6 3/13 2/13 

318a +18 - 9/118 

255b +1 - 13/122 

91a - - -

114b - - -

Other 
significant 
benefits 
of therapy 

- Decreased CDC 
group 

- progression 
during 12 month 

- follow up 
(P<0.05) 

-

4/118 Decrease in 
opportunistic 

2/122 infections 
(P=O.032) 

0/53 
(P=0.046) 

2/56 

Table 3. Effects of Dlethyldlthlocarbamate (DTC) Therapy m PatIents with HIV 
Infection continued. 
5DTC treatment 5 mg/kg qw iv x 24 weeksf 12 month follow-up (n=13) 
Placebo (n=14) 
DTC treatment 5 mg/kg qw po x 24 weeksf 12 month follow-up (n=13) 
Placebo (n=13) 

6DTC treatment 400 mg/m2 qw po x 24 weeks (n=137) 
Placebo (n=140) 
DTC treatment 400 mg/m2 qw po x 24 weeks (n=53) 
Placebo (n=56) 

aDTC treatment bPlacebo cNone 

DTC was demonstrated to have immunomodulatory activity in the mid

seventies when Renoux and Renoux reported that DTC had thymic hormone-like 

activity on T cell differentiation247 . DTC or Levimisole, also a sulfur containing 

compound, treatment of nude mice induces specific T cell markers and a 

39 
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functional immune response, as measured by production of IgG in response to 

sheep red blood cells (a T dependent B cell response)248.249. More recently, DTC 

has been shown to restore T cell proliferation in cyclophosphamide

immunosuppressed mice25o. In addition to its augmentation of T cell proliferation, 

DTC also increased IL-2 production and NK activity in these immunosuppressed 

animals. DTC enhanced NK activity by inducing IL-2 production in other 

experimental models251 . DTC also enhanced T lymphocyte activity in aged 

mice252. 

The mechanisms of immunomodulation are not known. Renoux and Renoux 

postulate that the brain neocortex is the site of action of DTC 

immunomodulation253. This is demonstrated by ablation and sham operated 

animals; in the ablated animals Thy-l acquisition is depressed. In addition, they 

speculate that DTC can induce the liver to produce "hepatosin", a T cell 

maturation cytokine. In vivo the cerebral neocortex is required for induction of 

this cytokine, however, DTC can also induce the production of hepatosin in vitro. 

DTC also affects macrophage function254.255.256. Although Renoux and 

Renoux originally contended that DTC had no effect on macrophages, Conkling et 

al. demonstrated that DTC did affect monocyte function and metabolism245.251. 

More recently, researchers have shown that DTC affects metabolism of 

arachidonic acid252. In addtion, a role for antitumor effects of DTC has been 

related to its ability to inhibit angiogenic activity by monocytes/macrophages253 . 
, 

In the systemic lupus erythmatosis (SLE) animal model, MRL-lprllpr, 

treatment with DTC increased survival, enhanced mitogen responses of spleen and 

lymph node cells and decreased autoantibody titres257 . Flow cytometry analysis 

demonstrated that DTC treated-animals had increased expression of Lyt-2 (CD8, T 



cytotoxic/suppressor marker) and macrophage surface antigens, such as Macl. 

The L3T4, (CD4) T helper population was unaffected by DTC treatment. 
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DTC is an immunomodulatory drug which is an effective treatment for both 

human and murine AIDS. The mechanism of action of DTC in AIDS is not 

known. A better understanding of the activities of DTC in the Murine AIDS 

model may aid in the development of better immunomodulatory therapies for the 

treatment of AIDS. 

Rationale for study 

The object of this research project is to determine the mechanisms of action of 

DTC in murine AIDS. Lymphadenopathy, splenomegaly and hypergamma

globulinemia are hallmarks of murine AIDS. Hersh et al. have shown that DTC 

treatment significantly inhibited splenomegaly and lymphadenopathy. Serum IgM 

and IgG levels were monitored to determine that DTC treatment significantly 

reduced hypergammaglobulinemia. 

Splenomegaly and lymphadenopathy result from a hyperproliferation of B 

lymphocytes. For this reason, it was questioned whether the effects of DTC on 

murine AIDS were due to direct inhibition of B lymphocyte proliferation. DTC 

could inhibit B cell proliferation by inducing single strand DNA breaks which was 

tested by alkaline elution. Spath and Tempel showed by nucleoid sedimentation 

that DTC did not induce double strand DNA breaks, however DTC inhibited 

ribonucleotide reductase (RNR)258. This inhibition of DNA synthesis was 

attributed to the chelating capacity of DTC. 

Inhibition of cell proliferation by DTC was also determined by 3-H

Thymidine-incorporation and MIT assays. These assays demonstrated whether 

DTC preferentially inhibited the proliferation of B or T lymphocytes and whether 



DTC preferentially inhibited the proliferation of virus-infected cells. The anti

viral activities of DTC would further be determined by the XC placque assay. 
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The effects of DTC on splenomegaly and lymphadenopathy may be due to 

enhanced natural killer (NK) and/or cyto~oxic T lymphocyte (CTL) activity. DTC 

induces IL-2 expression, which is diminished during the course of murine AIDS. 

This cytokine is enhances cytotoxic activity by natural killer cells and cytotoxic T 

lymphocytes. NK and CTL activity were determined by 51Cr-release assays. 

Natural killer cell activity was assessed by utililizing Y AC-l cells, a NK target cell 

line. Endogenous CTL activity was determined by measuring cytotoxicity to an 

allogeneic cell line (P-815), a deffiM5 virus-infected syngeneic cell line (B6-

1710) and a syngeneic cell line (EL-4). These cell lines would also be used to 

induce CTL activity in vitro. FACS analysis was used to determine the percentage 

of cells expressing cell specific markers. 

In addition to infecting B lymphocytes, the LP-BM5 retrovirus mixtures can 

infect macrophages. These cells play an important role in the immune system and 

the pathogenesis of murine AIDS may by related to their disregulation. DTC is 

known to affect macrophage functions. For example, DTC inhibits superoxide 

dismutase (SOD) an enzyme which catalyzes a reaction in macrophages to 

produce oxygen and hydrogen peroxide. In addition, DTC is a known glutathione 

(GSH) repleting agent. GSH is depleted during human AIDS but GSH levels in 

murine AIDS have not been studied. Experiments to determine whether DTC 

treatment enhanced macrophage activity during Murine AIDS were determined by 

measuring hydrogen peroxide release, GSH repletion, TNF-a. release, and 

cytostatic activity. A colorimetric assay was used to determine hydrogen 

peroxide release by peritoneal macrophages. The effects of DTC as a GSH 
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repletor in murine AIDS was determined by combination treatment studies 

utilizing DTC, N-acetylcystine (NAC), a known GSH repleter and butathione 

sulfoxamine (BSO), a GSH depleting agent. The L-929 cell line, which is TNF-(l 

sensitive was used to determine TNF-(l release. Cytotostasis was determined by 

measuring the ability of peritoneal macrophages to inhibit proliferation of the 

defBM5 cell line, B6-1710. 

As previously mentioned, DTC has been shown to induce IL-2, a T-H type I 

cytokine, which is diminished during murine AIDS. Cytokines produced by cells 

of the T-H type 2 phenotype are known to be increased during murine AIDS. 

These cytokines, IL-4 and IL-IO, enhance B cell differentiation, proliferation and 

antibody production and down-regulate T-H type I cytokines, IL-2 and IFN-'Y, 

which enhance NK and CTL activity. Therefore, we determined the effects of 

DTC on cytokine levels by semi-quantitative RT-PCR and specific ELISA. 



CHAPTER 2 

MATERIALS AND METHODS 

Animals 

Six to eight week old C57 BL/6 mice (Jackson Laboratories, Bar Harbor, 

ME) were maintained in microisolator cages of four (4) per cage. They were 

provided with LM-485 irriadiated (Teklad, Madison, WI) and water ad libitum. 

To maintain clean conditions, mice were manipulated only under a laminar flow 

hood. 

virus 

Six to eight week old mice were inoculated with LP-BM5 virus 

intraperitoneally (IP). Each viral stock was titered such that the dose given 

induced a doubling of serum IgM titres within two weeks of infection. Virus 

stocks were generously provided by Dr. Donald M. Mosier, Scripps Research 

Institute, La Jolla, CA. 

Dietbylditbiocarbamate (DTC) 
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Solutions of DTC were prepared fresh daily. DTC was provided by Pasteur 

Merieux et Vaccines (Lyon, France) or purchased from Sigma (St. Louis, MO). 

DTC was weighed on a Mettler balance, dissolved in Special Buffered Diluent 

(Pasteur Merieux et Vaccines) and filtered through a .22 u syringe filter (Costar). 

DTC treatment was started either two weeks post viral inoculation or ten weeks 

post viral inoculation. DTC was injected IP in a 0.1 ml volume at a concentration 



of 400 mg/kg five consecutive days per week. Control animals were injected IP 

with 0.1 ml diluent five consecutive days per week. 

12M ELISA 
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To monitor hypergammaglobulinemia and determine whether DTC 

decreased antibody titers during the course of murine AIDS, the IgM ELISA was 

utilized. Mice were bled from the retroorbital plexus with a nonheparinized 

capillary tube. The blood was immediately transferred to a micro tube and allowed 

to clot. After clotting, the tubes were microcentrifuged for 10 minutes at 4000 

RPM. Ten ul of serum was removed and added to tubes containing 190 ul PBS. 

Diluted serum samples were stored frozen until ELISA was performed. 

Microtest flexible assay plates (96 well) (Falcon, Lincoln Park, NJ) were 

coated with 50 ul of Goat anti-mouse u chain [0.25 ug/ml in Phosphate Buffered 

Saline (PBS)(see Appendix A for composition)](TAGO, Burlingame, CA) and 

kept at 40 C for up to one week. Plates were washed three times with washing 

buffer (see Appendix B). The sera was diluted in PBS to 1 :2000, and 1:2 serial 

dilutions were made in a plate, for a final dilution range of 1 :2000 to 1 :64000. 

Standard IgM proteins (Accurate Chemical Company, Westbury, NY) were 

diluted in PBS to a concentration of 5 ug/ml. A standard curve was generated by 

adding 1:2 serial dilutions of the IgM proteins to the appropriate wells in the range 

of 5 ug/ml to 0.01 ug/ml. All samples were tested in duplicate. Plates were 

incubated for two hours at room temperature, after which the plates were washed 

three times with washing buffer. Rabbit anti-mouse peroxidase conjugated 

antibody (lmmuno Research Laboratories, Avondale, PA) diluted in washing 

buffer (1:1000) was added to each well (SOul/well). The plates were covered and 

incubated for two hours at room temperature. The plates were washed three times 



with washing buffer. Substrate reaction buffer (Appendix A) was added to the 

wells and the plates were allowed to develop ten-fifteen minutes. To stop the 

color reaction, 50 ul of 2N sulfuric acid was added to each well and the plates 

were read at 490 nm in a microplate reader (Dynotek, Alexandria, V A). 

12G ELISA 
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To monitor hypergammagglobulinemia and whether DTC decreased IgG 

titer during the ocurse of murine AIDS, the IgG ELISA was utilized. Serum 

samples were obtained as described above. Microtest flexible assay plates (96 

well)(Falcon) were coated with anti Mouse IgG (TAGO) overnight. The plates 

were washed three times with TBST (Appendix A) and once with TBS (Appendix 

A). The plates were blocked with TBS/l % BSA and stored at 40 C. The plates 

were washed once with TBS and sera (dilutions 1 :8000 to 1 :256(00) was added in 

duplicate to the appropriate wells. A standard curve was generated using normal 

mouse IgG (Caltag Laboratories, San Francisco, CA) diluted to 1 ug/ml to 0.16 

ug/ml. The plates were incubated for one hour at room temperature. The plates 

were washed three times with TBST and once with TBS. Goat anti-mouse IgG 

alkaline phosphatase conjugated antibody (TAGO) was added to the plates. The 

plates were incubated for one hour at room temperature. The plates were washed 

three times with TBST and once with TBS. Substrate [pNPP 2 mg/ml in carbonate 

buffer (Appendix A)] was added to the plates. The plates were developed for 15-
" 

30 minutes and read at 410 nm in a microplate reader. 
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Preparation of spJenocytes 

Animals were sacrificed by cervical dislocation, their spleens were removed 

aseptically and placed in a preweighed small petri dish containing 2 ml HBSS 

(Appendix A). The spleens were weighed on a Mettler balance. 

Single cell suspensions of splenocytes were prepared by cutting the spleens 

in half and mincing with scissors and forceps. The cells were removed from the 

petri dish and the dish was rinsed with HBSS. The cells and the washings were 

placed in a 15 ml conical tube and pipetted up and down four times. The 

extraneous splenic material (pulp) was allowed to settle for 1-2 minutes 

whereupon the cell suspension was removed and placed in a 50 ml polypropylene 

conical tube. The cells were pelleted by centrifugation for 10 minutes at 1000 rpm 

(Beckman Model TJ-6). The supernatant was removed and discarded. The cells 

were washed by resuspending in 10 ml of HBSS and pelleting by centrifugation. 

The cells were washed twice. After the final wash, the cells were resuspended in 

five ml cRPMI (Appendix A) and counted. 

The cells were counted on a Coulter Counter Model ZM by addition of 20 

ul of cell suspension to 10 ml Hematall, isotonic diluent (Fisher Scientific) and 

three drops lysing buffer (EM Diagnostic Systems). Cell viability was determined 

by Trypan Blue exclusion method on a hemacytometer. The cells were adjusted to 

the required concentration. 

Mitol:en Assay 

Single cell suspensions of spleen cells were adjusted to a concentration of 5 

x 106/ml. The single cell suspensions were added in 100 ul volume to the 

appropriate wells of a 96 well flat bottom plate for a total of 5 x 105 cells/well. 
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PHA (1 ug/ml) (Wellcome Diagnostics, Research Triangle Park, NC), ConA 

(lug/ml)(Sigma, St. Louis, MO) or LPS (10 ug/ml)(Difco Laboratories, Detroit, 

MI) were added to the appropriate wells. For in vitro DTC experiments, dilutions 

of DTC were .added to the appropriate wells. The cells were incubated for 48 

hours at 370 in 5% C02. For the final four hours of incubation, 1 uCi 3H-

Thymidine (specific activity 6.5 Ci/mmole)(NEN, Wilmington, DE) in a volume. 

of 20 ul was added to each well. The plates were placed in a freezer until 

harvested. 

The plates were thawed and harvested with a PHD Cell Harvester 

(Cambridge Technology, Watertown, MA) onto glass fiber filter strips 240-1 

(Cambridge Technology). The fiber discs were placed in liquid scintillation vials 

(Research Products International, Mount Prospect, IL) and allowed to dry 

overnight. Scintillation cocktail (Betamax, ICN Biomedicals, Costa Mesa, CA) 

was added to the vials and the 3H-Thymidine incorporation was counted on a Tri

Carb 1500 Liquid Scintillation Analyzer (Packard, Downers Grove, IL). 

Background counts were determined by cells plated with media alone. Net CPM 

were determined by subtracting the unstimulated CPM from the mitogen 

stimulated CPM. All samples were done in triplicate. 

Supernatant MixiD2 Assay 

To determine whether inhibition of mitogen responses was due to the 

production of a soluble factor, the supernatant mixing assay was developed and 

performed as indicated. Single cell splenocyte suspensions were prepared as 

previously described and plated as described for the mitogen assay. Two ml 

aliquots of splenocytes were plated in six well flat bottom plate and incubated for 
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four or eight hours at 370 C in 5% C02. After incubation, the supernatants were 

removed and centrifuged to remove any cells. The supernatants (50 ul/well) and 

mitogens (50 ul/well) were added to appropriate wells of splenocytes, plated as 

described for mitogen assay. Plates were incubated for forty-eight hours at 370 C 

in 5% C02 with 3H-thymidine added for the final four hours of incubation. The 

plates were stored at -200 C, thawed and harvested on a PHD harvester dried 

overnight and counted on a scintillation counter. 

Natural Killer Cell Activity Assay 

To stimulate natural killer cell activity, mice were injected lIP with 100 ug 

in 0.1 ml of Polyinosinic acid· Polycytidilic acid [Poly (I)(C)](Boehringer 

Mannheim Biochemical Products, Indianapolis, IN) 24 hours prior to sacrifice. 

Splenocytes were obtained as previously described and assayed for natural killer 

cell activity. Target cells,S x 106 YAC-l cells (a murine lymphoma cell line) 

(ATCC, Rockville, MD) were labeled with 100 uCi 51Cr (sodium chromate, NEN, 

Wilmington, DE) at 370 C for one hour. The cells were washed 3X with Hank's 

Balanced Salt Solution (HBSS)(lrvine Scientific, Santa Ana, CA). To reduce 

spontaneous release, the cells were resuspended in cRPMI (RPM I supplemented 

with 10% fetal bovine serum, glutamine, pen/strep and J3-mercaptoethanol) and 

incubated for thirty minutes at 370 C. The cells were centrifuged, counted and 

resuspended at a concentration of 1 x 105 cells/ml. The cells in 100 ul volume (1 

x 104) were added to the appropriate wells of a 96 well V-bottom plate (Costar, 

Cambridge, MA). 

Effector cells (splenocytes)(lOO ul/well) were added to the appropriate 

wells at concentrations to obtain effector:target ratios of 100: 1, 50: 1, and 25: 1. 
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Total release of 51Cr was determined by addition of 100 ul O.lN HCI and 

spontaneous release was determined by addition of 100 ul of cRPMI to wells 

containing 51Cr-Iabeled target cells. The plates were centrifuged for 30 seconds at 

2000 rpm and incubated for four hours at 370 C, 5% C02. Following the 

incubation, 100 ul of supernatant was removed and 51Cr release was determined 

by counting on a gamma counter. 

Cytotoxicity was determined by the following formula: 

(
test release - spontaneous release) 100 = % cytotoxicity 
total release - spontaneous release 

Cytotoxic T Lymphocyte Assay 

Single cell spleen suspensions were prepared as previously described. A 

total of 10 x 106 cells in a 2 ml volume was added to a T-25 flask. Remaining 

cells were utilized to determine natural killer and endogenous cytotoxicity. This 

was done by assaying splenocyte cytotoxicity against 51Cr-Iabeled target cells 

(labeling was performed as described for natural killer cell activity assay). Target 

cells used were: YAC-1 cells, P-815 (murine mastocytoma cell line H-

2d)(ATCC), B6-1710 (Cell line obtained from a murine AIDS mouse that 

expresses the def-BM5 gag protein)(generously given by H.C. Morse, NIH, 

Bethesda, MD) and EL-4 (murine lymphoma cellline)(ATCC). The procedure 

followed was identical to the natural killer cell activity assay except the mice had 

not been treated with poly (I)(C). 

Cytotoxic T lymphocytes were generated in vitro by stimulating the 

splenocytes in T-25 flasks with mitomycin c (Sigma, St. Louis, MO) treated 

stimulator cells. P-815 (allogeneic CTL response), B6-1710 (Murine AIDS 
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specific response) and EL-4 (negative control) were used as stimulator cells to 

generate CTL activity. Mitomycin c (final concentration 25 ug/ml) was added to 

stimulator cells and incubated for thirty minutes at 370 C in the dark. The cells 

were washed three times, counted and resuspended in cRPMI. A total of 25 x 106 

stimulator cells was added to the appropriate T-25 flasks containing 10 x 106 

Effector cells (splenocytes). IL-2 (30 Vlml) was added to each flask. The cells 

were incubated for five days at 370 C in 5% C02. 

Following the five day incubation, viable cells were obtained from the 

cultures by layering the cells over Lympholyte M (Accurate Chemical, Westbury, 

NY) and centrifuging at 1800 rpm for twenty minutes. The viable cells were 

collected from the interface and washed 3X in HBSS. After the final wash the 

cells were counted and resuspended in cRPMI to appropriate concentrations to 

obtain 100:1,50:1, and 25:1 E:T ratios. These cells were assayed against each of 

the aforementioned 51Cr-Iabeled target cells. Cytotoxicity was determined as 

previously described for natural killer cell activity. 

Flow Cytornetry 

Single cell suspensions of either freshly isolated spleen cells or cultured 

lymphocytes were placed in sample tubes (200 ul/tube) and labeled with the 

appropriate antibody. A negative control (no antibody added) and appropriate 

FITC and PE controls were determined for each sample. Antibodies are added at a 

concentration of 1 ug/sample in a volume of 5 - 10 ul. The antibodies used for 

these experiments are described in Appendix B. The tubes were incubated on ice 

in the dark for thirty minutes. The samples were washed 3X in an automated cell 

washer. The cells were resuspended in PBS and, if necessary, 20 antibody was 
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added. The cells were incubated and washed as described for the addition of 10 or 

direct antibody. The cells were resuspended in 500 ul of PBS and analyzed on a 

Beckton Dickinson FACScan flow cytometer (Beckton Dickinson, San Jose, CA). 

The L YSYS II System (Beckton Dickinson) was the software program used to 

analyze the data. 

Hydro2en peroxide Assay 

Peritoneal macrophages were obtained by washing the peritoneal cavity 

with six ml of ice cold sterile PBS. The cells were kept on ice and centrifuged at 

1100 rpm for ten minutes at 40 C. The cells were resuspended at 2 x 106 /ml in 

phenol red solution (Appendix A). Cells (100 ul/well) were added to 96 well flat

bottom well plates. A standard curve (range 100 umoles - 0.1 umoles) was 

prepared using 30% H202. The cells were incubated for one hour at 370 C in 5% 

C02. After the incubation, 10 ul of 1 N NaOH was added to the wells and the 

plates were read at 620 nm. The release of H202 was determined by comparison 

to the standard curve. 

L-929 Cytotoxicity Assay 

The L-929 cytotoxicity assay was utilized to determine TNF release by 

peritoneal macrophages, because L-929 cells are sensitive fo TNF. Peritoneal 

macrophages were obtained by washing the peritoneal cavity with six ml of ice 

cold sterile PBS. The cells were kept on ice and centrifuged at 1100 rpm at 40 C. 

The cells were washed once with cold sterile HBSS, centrifuged and resuspended 

at 1 x 105 cells/ml. Cell suspensions (100 ul/well) were added to 96 well flat 

bottom plates that had been seeded eighteen hours earlier with 1 x 104/well L-929 



53 . 

cells. The plates were incubated for 48 hours at 370 C in 5% C02. The plates 

were gently washed twice with isotonic solution (Hematall@, Fisher Diagnostics, 

Pittsburgh, PA) and stained with 50 ul of 0.5 % crystal violet in methanol. The 

plates were stained for ten minutes and then washed with distilled H20. The 

plates were allowed to dry overnight. The crystal violet stained wells were 

solubilized with 50 ul methanol and read at 450 nm by a spectrophotometer. 

Macrophage Cytotostasis Assay 

Mice were sacrificed by cervical dislocation and peritoneal cells were 

removed by washing the peritoneal cavity with six ml of ice cold sterile PBS. The 

cells were kept on ice and centrifuged for ten minutes at 1100 rpm at 40 C. The 

cells were resuspended in cRPMI at 1 x 106, 5 x 105, or 1 x 105 cells/ml and 

plated (100 ul/well) in 96 well flat bottom plates. The plates were incubated for 

one hour at 370 C in 5% C02. The plates were washed 3 times with cRPMI to 

remove non adherent cells. Fresh media (100 ul/well) containing IOU Murine "{

Interferon and 10 ug LPS (Difco Laboratories) was added to the wells and the 

plates were incubated overnight. B6-1710 cells (l x 104 cells/ml)(lOO ul/well) 

were added to the wells and the plate was incubated an additional one to seven 

days. One uCi/ml of 3H-thymidine was added for the final four hours of each 

incubation. The plates were stored frozen until harvested on a PHD Cell 

Harvester. The glass fiber discs were allowed to dry overnight, scintillation 

cocktail was added and 3H-Thymidine incorporation of target cells was 

determined by counting in a liquid scintillation counter. 
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Alkaline Elution Assay 

The alkaline elution assay was perfonned to determine whether DTC causes 

singe stranded DNA breaks in L1210 cells, which are the standard cell line for this 

assay. L12.10 cells (Murine Lymphocytic leukemia)(ATCC) were cultured with 

14C-thymidine for four days. Following the incubation, the cells were washed and 

incubated with drug for one hour (DTC concentration 100 ug/ml and 10 ug/ml). 

Positive control cells were irradiated with 650 rads and negative control cells were 

incubated with media alone. Alkaline elution was performed with cold reagents 

and under a red light to prevent DNA repair from occurring. 

The "filter/smokestack" apparatuses were assembled with a 0.22 urn filter 

and washed with ice cold PBS. The cells were added (one sample/assembly) and 

washed sequentially with cold PBS and 5 ml of lysis solution (2% SDS, 0.1 M 

glycine, 0.02 M EDTA pH 10). The apparatus was connected to a peristaltic pump 

and 3 ml of lysis buffer containing proteinase K was gently added. After running 

the pump for 60 minutes at low setting, the filters were washed twice with 3 ml of 

rinsing solution (SDS solution, pH 10). Alkaline elution buffer (50 ml) was 

pumped through each apparatus. All the washings were collected in scintillation 

vials and counted in a liquid scintillation counter. 

Each filter was removed and placed in a scintillation vial with 400 ul 1.0 M 

HC!. The filters were hydrolized in an oven set at 600 C for one hour. Finally, 2.0 

ml of 0.4 M NaOH was added to the hydrolyzed filters. The vials were skaken and 

allowed to sit for one hour. Scintillation fluid (2.5ml) was added and the vials 

were counted in a liquid scintillation counter. 



RNA Purification 

Single cell suspensions of murine spleens (three spleens pooled) were 

prepared as previously described. Aliquots of 100 x 106 cells were pelleted, the 

supernatant was removed and the samples were stored at -800 C until RNA 

extraction. 
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mRNA was isolated utilizing the Fast-track mRNA isolation kit (Invitrogen, 

San Diego, CA). The cell pellets were lysed in lysis buffer containing 

RNase/protein degrader. Chromosomal DNA was sheared by passage through a 

21 gauge needle and syringe. The salt concentration was adjusted to 0.15 M NaCI 

by the addition of 5.0 M NaCI and an oligo (dT) cellulose tablet was dissolved in 

the solution. The mRNA was allowed to bind the oligo (dT) cellulose by 

incubating at room temperature and gently shaking. The mRNA:oligo (dT) 

cellulose was pelleted by centrifugation at 3000 x g. The pellet was washed twice 

with binding buffer and four times with low salt wash. 

Following the final low salt wash, the mRNA:oligo (dT) cellulose pellet 

was resuspended in 400 ullow salt wash and transferred to a spin-column. The 

spin-column was washed with low salt buffer three times. The eluate was 

discarded following each wash. After the final low salt wash, the spin column was 

transferred to a new microfuge tube and the mRNA was eluted with 200 ul elution 

buffer. The elution was repeated twice for a final volume of 400 ul. 

The mRNA was precipitated in sodium acetate and 100% ethanol by 

freezing at -700 C. The mRNA was centrifuged at 14,000 x g at 40 C for fifteen 

minutes, washed in ethanol, recentrifuged, the pellet was dried and resuspended in 

50 ul RNase free water. The yield was determined by spectrophotemetry (O.D. 

260) and purity was determined by reading at O.D. 260/280. 
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eDNA Synthesis 

cDNA was synthesized from the mRNA for PCR utilizing the cDNA Cycle 

Kit for RT-PCR (Invitrogen, San Diego, CA). The mRNA was incubated for sixty 

minutes at 420 with the following reagents: RNase inhibitor, RT buffer, dNTP's, 

sodium pyrophosphate, and AMV reverse transcriptase. Following the sixty 

minute incubation, the mixture was incubated at 950C for three minutes to 

denature the reverse transcriptase and degrade any DNA:RNA hybrids. Fresh 

AMV reverse transcriptase was then added and the mixture was incubated for an 

additional hour at 420C, and then for two minutes at 950C. The cDNA was then 

used in PCR reactions. 

Semi-Quantitative Polymerase Chajn Reaction (PCR) 

PCR amplification was performed for B-actin and cytokines using cDNA as 

a template. p-actin and cytokine specific primers were utilized (see Appendix C). 

A "hot start" technique was used for the addition of Taq polymerase (Boehringer 

Mannheim, Indianapolis, IN), that is the PCR reaction mixture was heated to 950C 

for ten minutes, then cooled to 800e at which time Taq polymerase was added. 

PCR cycling started upon addition of Taq polymerase. The cycling conditions 

were as follows: Melt 950C for 45 seconds; annealing 600C for 45 seconds; 

primer extension 720C for 2 minutes. The reaction volume was 50 ul and the 

number of cycles was 25 or 30. Aliquots of 10 ul of the PCR products were 

loaded on a 4% agarose gel, electrophoresed, stained with ethidium bromide and 

photographed. The photographs were scanned and densitometry was performed to 

determine the relative levels of PCR products present. 
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Statistical Analysis 

To determine statistical significance of the data obtained, statistical analysis 

was performed. Data was applied to a one-tailed, unpaired student T test to 

determine probability (P value) of statistical significance. A P value of < 0.05 was 

considered to be significant. The Statview 512+ (Brainpower, Inc., Calabasas, 

CA) Program was used to determine P values and standard error. 



CHAPTER 3 
RESULTS 

Effects of Dietbylditbjocarbamate (DIe) on serum 12M and 12G leyels 
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Hypergammaglobulinemia is a major disease manifestation of both human 

and murine AIDS. To determine whether DTC treatment reduced antibody titres 

during the course of Murine AIDS, serum samples were obtained over the time 

course of infection and analyzed for serum IgM and IgG levels by specific ELISA. 

DTC treatment was initiated two weeks post viral inoculation and continued 

throughout the experiment. As seen in Figure 4, serum IgM levels were elevated 

within two weeks of LP-BM5 virus inoculation. The IgM titre continued to rise 

until peaking at week ten and declined to near normal levels by week fourteen. 

DTC treatment did not prevent an increase in IgM titre, but the levels of IgM were 

significantly decreased compared to controls at weeks 8 and 10 (P<O.Ol). 

Se~m IgG levels were not elevated until week four post viral-inoculation. 

Serum IgG levels increased through week eight, plateaued and gradually declined 

over time (Figure 5). DTC treatment significantly reduced IgG production at 

weeks 8, 10, 12 and 14 (P<O.Ol) during murine AIDS compared to controls. 
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Figure 4. Serum /gM titre Serum was obtained from six mice/group at designated time 
points and analyzed for immunoglobulin levels by ELISA. DTC treatment was initiated 
two weeks post-viral inoculation. Standard error is represented with error bars, n=6. 
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Figure 5. Serum /gG titre Serum was obtained from six mice/group at designated time 
points and analyzed for immunoglobulin levels by ELISA. DTC treatment was initiated 
to weeks post-viral inoculation. Standard error is represented by error bars, n=6. 

DTC treatment inhibits or reverses existin2 splenome2a1y and 

lymphadenopathy 

Splenomegaly and lymphadenopathy occur during the course of human and 

murine AIDS. In murine AIDS the enlargement of these secondary lymphoid 

organs is due to a hyperproliferation of B lymphocytes. To determine whether 

DTC treatment inhibited splenomegaly and lymphadenopathy, spleen weights and 
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lymph node measurements were taken over the course of murine AIDS. DTC 

treatment (400 mg/kg/day five days/week) started two weeks post viral-inoculation 

prevented splenomegaly and lymphadenopathy (Figure 6 and Table 4). DTC 

treatment significantly reduced splenomegaly by week 8 post viral-inoculation 

(week six post DTC treatment), with P<O.Ol. DTC treatment (delayed to week 

ten or when >80% of virus-infected animals had palpable lymph nodes) reversed 

splenomegaly within two weeks of DTC treatment (Figure 7 and Table 5). 

Splenomegaly was significantly reduced within two weeks of DTC treatment 

when DTC treatment was delayed, P<O.Ol. Lymph nodes in DTC treated animals 

were no longer palpable within two weeks of DTC treatment (Table 6). 

DTC can inhibit the induction of splenomegaly and lymphadenopathy and 

can abrogate existing splenomegaly and lymphadenopathy when treatment is 

delayed. In murine AIDS, splenomegaly and lymphadenopathy are due to the 

proliferation of B lymphocytes. Thus, the ability of DTC to inhibit or reverse 

splenomegaly and lymphadenopathy implies that DTC inhibits B cell proliferation 

during the course of murine AIDS. 
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Figure 6. Spleen weights. Spleen weights were detennined at regular intervals during 
the course of murine AIDS. DTC treatment was initiated two weeks post-viral 
inoculation. Three spleens/groups were pooled and weighed. 
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Figure 7. Spleen weights delayed DTC treatment. DTC treatment was initiated ten 
weeks post-viral inoculation when >80% of mice had palpable lymph nodes. 

Week 2 4 6 8 10 12 
Nonnal control 0.117 0.101 0.120 0.098 0.114 0.122 
NonnalDTC 0.117 0.086 0.079 0.088 0.076 0.085 
Virus control 0.135 0.234 0.472 0.954 1.185 1.256 
VirusDTC 0.135 0.222 0.218 0.235 0.229 0.214 
Table 4. Spleen Wezghts (g). Spleen weIghts were taken at two week mtervals dunng 
the course of murine AIDS. DTC treatment was initiated two weeks post viral 
inoculation. 
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Week 10 12 14 
Nonnal control 0.098 0.099 0.094 
NonnalDTC 0.098 0.078 0.073 
Virus control 1.045 1.256 1.267 
VirusDTC 1.045 0.327 0.274 

Table 5. Spleen Welghts (g) - DTC treatment delayed to week ten. Spleen weights were 
taken at two week intervals. DTC treatment was initiated ten weeks post viral
inoculation. 

Week 10 12 14 
Nonnal control * * * 
NonnalDTC * * * 
Virus control 0.150 0.224 0.540 
VirusDTC 0.150 0.135 * 

Table 6. Lymph Node Slze (ee). Lymph nodes were measured wIth a tumorimeter at two 
week intervals. DTC treatment was initiated ten weeks post viral inoculation. * denotes 
that the lymph nodes were not measurable «.05). 

Effect of DTC treatment on mitogen responses during the course of Murine 

AIDS 

During the course of Murine AIDS, proliferative responses to mitogens, 

such as, PHA, PWM, ConA and LPS are suppressed. Hersh et a1. have previously 

. demonstrated that DTC treatment initiated two weeks prior to, day of, or two 

weeks post-viral inoculation did not prevent the blastogenic responses to the T cell 

mitogen, PHA, or the B cell mitogen, LPS, from being suppressed. 

To determine whether DTC treatment could restore mitogen responsiveness 

when initiated late in the course of disease, animals were infected with LP-BM5 

virus and DTC treatment was not started until >80% of the animals had palpable 

lymph nodes (approximately 10 weeks post viral inoculation). DTC reversed 

existing splenomegaly (Table 5) and lymphadenopathy (Table 6). The reversal in 

lymphocyte hyperproliferation did not coincide with a significant improvement in 

blastogenic responses. Splenocyte responses to lipopolysaccharide (LPS) are 

shown in figure 8 and phytohemagglutanin (PHA) responses are shown in figure 9. 
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Although stimulation indices improved from 0 to two with DTC treatment, this 

improvement did not approach the stimulation indices of normal splenocytes (S.I. 

20). The spontaneous proliferation of splenocytes obtained from DTC treated, 

virus-infected mice was similar to that of normal splenocytes (cpm 5000) 

compared to splenocytes obtained from virus-infected animals (cpm 10000). 

Hersh et al. have previously shown that DTC treatment did not prevent the 

loss of immune suppression measured by mitogen responsiveness. DTC 

treatment did not restore immune responsiveness to mitogens when treatment was 

delayed until the animals were immunosuppressed. 
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Figure 8. Blastogenic responses - Lipopolysaccharide (LPS). To determine whether 
DTC treatment could restore blastogenic responses to LPS, DTC treatment was initiated 
ten weeks post viral-inoculation. Single cell suspensions were prepared from spleens 
(three spleens/group) and incubated for 48 hours with 1 ug/ml LPS. 3H-Thymidine (1 
uCi/well) was added for the final four hours of culture. The plates were harvested and 
3H-Thymidine incorporation was determined by liquid scintillation. The CPM 
determined from unstimulated splenocytes was subtracted from the LPS stimulated cells 
to obtain net CPM. Error bars represent standard error. 
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Figure 9. Blastogenic responses - Phytohemagglutinin (PHA). To detennine whether 
DTC treatment could restore blastogenic responses to PHA, DTC treatment was initiated 
ten weeks post viral-inoculation. Single cell suspensions were prepared for spleens (three 
spleens/group) and incubated for 48 hours with 1 ug/ml PHA. 3H-Thymidine (1 
uCi/well) was added for the final four hours of culture. The plates were harvested and 
3H-Thymidine-incorporation was determined by liquid scintillation. The CPM 
determined from unstimulated splenocytes was subtracted from PHA stimulated 
splenocytes to obtain net CPM. 

Effect orIn Vitro Addition orDTC 

To determine toxicity of DTC to cells in vitro, toxicity of in vitro addition 

of DTC was measured for freshly isolated splenocytes and a number of cell lines. 

Table 7 demonstrates the effects of in vitro addition of DTC on proliferation of 
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several cell lines. In general, toxicity of DTC was seen in the range of 1-10 

ug/ml. This toxicity was unchanged in virus infected vs. non infected cells, for 

example, SC-l cells (feral mouse embryo cell line) are equally sensitive as Tc-

2120 (LP-BM5 chronically infected SC-l cells)(0.84 ug/ml and 0.92 ug/ml, 

respectively). Freshly isolated spleen cells stimulated with LPS were more 

sensitive to DTC treatment in vitro than spleen cells stimulated with PHA. That 

is, splenocytes responsive to PHA were more resistant to DTC treatment in vitro 

than splenocytes responsive to LPS. The data in Table 7 represent the amount of 

DTC required to induce a 50% inhibition of proliferation, measured by 3H

thymidine incorporation or 50% inhibition of mitochondrial activity, as measured 

by the MTT assay. 

Freshly isolated splenocytes co-cultured with LPS and DTC were more 

sensitive to the toxic effects of DTC than the same splenocytes co-cultured with 

PHA and DTC. The LP-BM5 virus-infected cell line (Tc-2120) and the non

infected parent cell line (SC-l) were equally sensitive to the in vitro addition of 

DTC. These results indicate that the inhibition of B cell proliferation by DTC in 

Murine AIDS is not due to anti-viral activity. 



Cells Analyzed Additional MIT jH-Thymidine 
Treatment 

Fresh Normal Splenocytes None 0.80ug/ml 1.11 ug/ml 
Fresh Normal Splenocytes PHA ND 5.02ug/ml 
Fresh Normal Splenocytes LPS ND 0.94ug/ml 
Fresh Virus-infected Splenocytes None 1.20ug/ml 1.37 ug/ml 
Fresh Virus-infected Splenocytes PHA ND 4.15 ug/ml 
Fresh Virus-infected Splenocytes LPS ND 0.82 ug/ml 
B6-171O None 0.66ug/ml 0.75 ug/ml 
SC-1 None 0.84ug/ml ND 
Tc-2120 None 0.92ug/ml ND 
L-1210 None 0.54 ug,tml ND .. Table 7. Effects of In VItro addltlOn of DTC. Cells were plated In 96 well flat-bottom 
plates with DTC (10-10 - 10 ug/ml). Freshly isolated splenocytes were cultured with 
PHA (1 ug/ml) or LPS (10 ug/ml). The concentration ofDTC which resulted in a 50% 
reduction of activity, as measured by either the MIT assay or 3H-Thymidine
incorporation assay, is given. ND signifies Not Determined. 

Effect of DTC on Single Strand DNA Breaks 
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To determine whether the toxicity by DTC was due to the induction of 

single strand DNA breaks, the alkaline elution assay was performed. Single strand 

DNA breakage was determined utilizing L-1210 cells. The cells were labeled with 

14C-thymidine and treated for one hour with 10 or 100 ug/ml DTC. Irradiated 

cells were used as a positive control and non-treated cells were the negative 

control. To prevent DNA repair, the experiment was performed under red light. 

The results of the alkaline elution assay are depicted in Table 8. 

Drug Concentration x 1 hr x-rays Counts per minute 
(ug/ml) 

none n/a none 5106 
none n/a 650 Rad 417 
DTC 10.0 none 4979 
DTC 100.0 none 5093 

Table 8. Alkalme Elution Assay. SIngle strand DNA breakage was determIned by 
alkaline elution. 14C-thymidine-Iabeled L-1210 cells were cultured for one hour with or 
without DTC and alkaline elution was performed as described in the materials and 
methods. Cells receiving no treatment served as the negative control (no single strand 
DNA breaks), irradiated L-121O cells were utilized as the positive control. The 
concentrations ofDTC used in this experiment was toxic as determined by MIT and 3H
thymidine incorporation. 
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DTC did not induce single strand DNA breaks as determined by alkaline 

elution. This assay was kindly performed in Dr. Robert Dorr's laboratory (Arizona 

Cancer Center). 

Effects of DTC Treatment on Suppression of Mito2en Responses of 

Splenocytes from Normal C57/BI Mice Induced by Supernatants from 

Splenocytes from LP-BM5 Virus-infected Animals 

A supernatant mixing experiment was designed to determine whether 

splenocytes obtained from LP-BM5 virus-infected mice secreted suppressive 

factors which would inhibit mitogen responses of splenocytes obtained from 

normal control mice and whether in vivo DTC treatment inhibited the release of 

these suppressive factors. 

Splenocytes were obtained and single cell suspensions were prepared. The 

cells were either plated in 96-well flat bottom plates or 12 well plates. 

Supernatants were harvested from the twelve well plates after four or eight hours 

of incubation and added with mitogen to the appropriate well of the previously 

plated 96-well plates. 

Four hour supernatants obtained from splenocytes of virus-infected animals 

significantly inhibited both LPS (figure 10) and PHA (figure 11) responses of 

normal splenocytes (P < 0.01). Supernatants obtained following eight hours of 

incubation still significantly inhibited LPS (figure 12) responses of normal 

splenocytes (P=0.04), but did not significantly inhibit PHA (figure 13) responses 

(P= 0.10). Four hour supernatants obtained from splenocytes of DTC treated, 

virus-infected animals significantly inhibited LPS responses (P<O.Ol). Four hour 

supernatant from DTC treated, virus-infected splenocytes did not inhibit PHA 
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responses (P=0.48) and eight hour supernatants were not inhibitory for either PHA 

or LPS (P=O.31 and P=O.12, respectively). 

Supernatants (four hour) obtained from spleen cells of virus-infected 

animals were immunosuppressive. These supernatants inhibited mitogen 

responses to both LPS and PHA by spleen cells obtained from normal control 

animals. Supernatants (four hour) obtained from DTC treated, virus-infected 

animals were immunosuppressive to LPS responses by spleen cells from normal 

control animals. PHA responses by spleen cells from normal control mice were 

not inhibited by supernatants obtained from DTC treated, virus-infected animals. 

Supernatants did not improve the suppressed mitogen responses of 

splenocytes obtained from virus-infected animals. Supernatants obtained from 

DTC treated animals did not restore either LPS or PHA responses in splenocytes 

obtained from virus-infected animals. 
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Figure 10. Supernatant Experiment - Four hour supernatant - LPS Response. Spleen 
cells (three spleens/group) were obtained from mice eight weeks post viral inoculation 
(DTC treatment was initiated two weeks post viral-inoculation). Single cell suspensions 
(5 x 106 cells/ml) were prepared and either plated (100 ul!well) in flat bottom 96-well 
plates or (2 ml!well) in twelve well plates. The plates were placed in an incubator for 
four hours. The supernatants were harvested by pipeting into a 15 ml conical tube which 
was centrifuged to remove any cells. Supernatants (50 ul!well) were added to the 
appropriate wells in the previously plated 96 well flat bottom plates and LPS (50 
ul/well)(final concentration lOug/ml). The plates were incubated for forty-eight hours 
with 3H-Thymidine (1 uCi/well) added for the final four hours of incubation. The plates 
were harvested and the CPM represents the net CPM. 



160 

M'140 , 
0 ..-
x 120 
~ 

~ 100 -a> - 80 ::l 
c: 
~ 

60 L. 
a> 
a. 
en 40 -c: 
::l 
0 
0 20 

0 

2 -c: 
0 
0 

ro 
E 
L. 
0 z 

0 0 ~ I- L. -0 c: 0 
(ij 

0 en 0 
E en ::l 

L. 
L. 2 :> 0 
Z :> 

Splenocytes Stimulated 

Supernatant Source 

III Normal control 

~ Normal DTC 

~ Virus control 

~ Virus DTC 

73 

Figure 11. Supernatant Experiment - Four hour supernatant - PHA Response. Spleen 
cells (three spleens/group) were obtained from mice eight weeks post viral-inoculation 
(DTC treatment was initiated two weeks post viral-inoculation). Single cell suspensions 
(5x106 cells/ml) were prepared and either plated (100 ul/well) in flat bottom 96-well 
plates or (2 ml/well) in twelve well plates. The plates were placed in an incubator for 
four hours. The supernatants were harvested from the twelve well plates and 50 ul/well 
was added to the 96-well plates. PHA (1 ug/ml) was added at this time. The plates were 
incubated an additional forty-eight hours with 3H-Thymidine (1 uCi/well) added for the 
final four hours of incubation. The plates were harvested and 3H-Thymidine 
incorporation was determined. CPM are net CPM. 
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Figure 12. Supernatant Experiment - Eight hour supernatant - LPS. Spleen cells were 
prepared as described for Figure 10. Supernatants were harvested after eight hours of 
incubation and added with LPS to single cell suspensions of splenocytes. 
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Figure 13. Supernatant Experiment - Eight hour supernatant - PHA Spleen cells were 
prepared as described for Figure 11. Supernatants were harvested after eight hours of 
incubation and added with PHA to single cell suspensions of splenocytes. 

Effects of DIC on Natural KjJIer Cell Actiyity 

75 

Natural Killer cells are a defense against virus-infected cells. Natural Killer 

cell activity can be enhanced by IL-2. DTC has been shown to induce IL-2 

production. Therefore, it was determined whether DTC treatment enhanced NK 

activity during the course of Murine AIDS. 
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Fresh splenocytes obtained from C57 Bl/6 mice had very low natural killer 

cell activity «10% cytotoxicity to Y AC-1 cells). NK cell activity was enriched by 

depleting adherent cells by plastic adherence. The non-adherent cells were then 

further enriched by depleting the B lymphocytes over nylon wool. The enriched 

population was assayed for natural killer cell activity by measuring cytotoxicity to 

the NK target, YAC-1 cells. As shown in figure 14, NK cell activity was low, 

despite the enrichment steps taken. Freshly isolated splenocytes obtained from 

SCID mice assayed simultaneously with splenocytes from C57/BI mice lysed 62% 

of the labeled Y AC-1 targets compared to 16% cytotoxicity by splenocytes from 

C57/BI mice. DTC treatment did not enhance NK activity during the course of 

murine AIDS. 
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Figure 14. Natural Killer Cell Activity. Freshly isolated splenocytes were obtained from 
three mice/group, pooled, enriched for NK cell activity and assayed for cytotoxicity 
against 51Cr-Iabeled YAC-l cells. The effector:target ratio was 100:1. DTC treatment 
was initiated two weeks post-viral inoculation. 

Since NK activity was low, Poly (I) (C) was used to enhance NK activity. 

Poly (I) (C) was injected lIP into mice twenty-four hours prior to spleen harvest. 

Poly (I)(C) stimulates NK activity by the induction of interferon synthesis. As 

seen in Figure 15, NK activity was enhanced by poly(l)(C) treatment, but DTC 

treatment had no affect on NK activity. 



50 

....... 
~ 40 
'-" 

~ .... 
Co) ·x 30 
9 
9 
0'20 .... 
s:: 
co 
~1O 
~ 

0 
4 

Time (weeks post viral-inoculation) 

Normal Control 

~ NormalDTC 

m Virus control 

~ VirusDTC 

78 

Figure 15. Natural Killer Cell Activity - Poly (I)(C) stimulated splenocytes. Natural 
killer cell activity was assessed from freshly isolated spleen cells (3 spleens/group) 
against SICr-Iabeled YAC-l cells. The effector:target ratio was 100:1. To activate 
natural killer cell activity, poly (I) (C) (100 ug/mouse) was injected intraperitoneally 
twenty-four hours prior to sacrifice. DTC treatment was initiated two weeks post viral
inoculation. 

NK cell"activity was low at all time points assayed. Although Poly (I) (C) 

increased NK activity, cytotoxicity was still below fifty percent. DTC treatment 

did not enhance NK activity during the course of murine AIDS. Since 

splenocytes obtained from DTC treated, virus-infected mice did not have enhanced 

cytotoxicity to Y AC-l cells, enhanced NK activity is not the mechanism of action 

of DTC in the murine AIDS model. 



Effect of DTC treatment on EndQ2enOUS NK and/or CTL Actiyity 

To determine whether freshly isolated splenocytes were cytotoxic to 

allogeneic and syngeneic target cells prior to in vitro stimulation, cytotoxicity to 

B6-1710, P-815, and EL-4 cells was assessed. These cell lines were utilized to 

stimulate cytotoxic T lymphocyte activity. 

Freshly isolated splenocytes had low cytotoxicity to the chronically 
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def BM5-virus-infected cell line, B6-1710 (originally derived from a spleen of a 

LP-BM5 virus-infected C57/B16 mouse). Even splenocytes obtained from virus

infected animals had <10% cytotoxicity to B6-171 0 cells. Splenocytes obtained 

from DTC treated, virus-infected animals did not have enhanced cytotoxicity to 

B6-1710 cells. B6-1710 cells express viral antigens but did not stimulate CTL 

activity in vivo. 
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Figure 16. Endogenous Cytotoxic Activity to 86-1710 Cells. Freshly isolated 
splenocytes (pooled cells from 3 mice/group) were assayed for cytoxicity to B6-1710 
cells. B6-1710 cells are a syngeneic cell line chronically infected with the defBM5 virus. 
DTC treatment was initiated two weeks post viral-inoculation. The effector:target ratio 
was 100:1. 

Freshly isolated splenocytes were assayed for cytotoxicity to the allogeneic 

target cell, P-815 (H-2d). There was less than ten percent cytotoxicity to this 

target at all time points assessed (Figure 17). Since there was no in vivo 

allogeneic stimulation, no endogenous cytotoxicity was expected. No difference 

in cytotoxicity was observed amongst the groups. 
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Figure 17. Endogenous Cytotoxicity to allogeneic, P-815 cells. Freshly isolated spleen 
cells (obtained from 3 mice/group) were assayed for cytotoxicity to P-815 cells, an 
allogeneic target. The effector:target ratio was 100: 1. DTC treatment was initiated two 
weeks post viral-inoculation. 

The syngeneic cell line, EL-4 was utilized as a negative control for 

cytotoxicity by spleen cells. Freshly isolated spleen cells were assessed for their 

ability to lyse 51Cr-Iabeled EL-4 cells. As shown in figure 18, freshly isolated 

splenocytes were not cytotoxic to EL-4 cells. 
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Figure 18. Endogenous cytotoxicity to syngeneic, EL-4 cells. Freshly isolated spleen 
cells (three spleens/group) were assayed for cytotoxicity to the syngeneic target cell, EL-
4. This cell line was utilized as a negative control for cytotoxicity assays. DTC 
treatment was initiated two weeks post viral-inoculation. The effector:target ratio was 
100:1. 

Freshly isolated splenocytes were assayed for cytotoxicity against three 

targets, syngeneic, virus-expressing (B6-1710), allogeneic (P-815) and syngeneic 

(EL-4). No significant cytotoxicity was seen for any of these targets. LP-BM5 

virus infection was not sufficient to induce cytotoxicity to B6-1710 cells. Green et 

al. reported similar findings and have shown that in vitro priming is necessary to 

obtain cytotoxicity against B6-171 0 cells. DTC treatment did not enhance 

cytotoxicity to the target cells by freshly isolated splenocytes. 
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Effect of DIC on virus-Specific Cytotoxic I Lymphocyte Actiyity 

Cytotoxic T lymphocyte (CTL) activity is diminished during the course of 

Murine AIDS. To determine whether DTC treatment enhanced or prolonged 

virus-specific CTL activity, splenocytes were assayed for cytotoxicity to syngeneic 

virus-infected (B6-1710) cells. Freshly isolated splenocytes were not cytotoxic to 

the targets (Figures 16). Splenocytes were stimulated for five days with 

Mitomycin c treated stimulator cells and 30 U/ml IL-2. Following the five day 

stimulation, viable cells were retrieved by centrifuging over Lympholyte M. The 

viable cells were assessed for their ability to lyse each of the SICr-labeled target 

cells (B6-1710, P-81S, and EL-4). 

To determine whether DTC enhanced virus-specific cytotoxic responses, 

the chronically virus-infected, syngeneic cell line, B6-1710 was used. Freshly 

isolated spleen cells were stimulated for five days with Mitomycin c treated-B6-

1710 cells and 30 U/ml IL-2. The effector: stimulator ratio was 2.5:1. At the end 

of the stimulation, the viable cells were harvested and assayed for cytotoxicity to 

B6-1710 cells (figure 19). Although B6-1710 chronically expressed virus 

antigens, it was inefficient at inducing CTL responses. In other experiments, the 

effector:stimulator ratio was 40: 1. Even with this high ratio, the maximum 

cytotoxicity observed was 34%. 
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Figure 19. Cytotoxic T Lymphocyte Activity - B6-1710 Stimulated Effector Cells Assayed 
for Cytotoxicity to B6-1710 target cells. Splenocytes (obtained from five mice/group) 
were cultured for five days with Mitomycin c treated-B6-171O cells and 30 Vlml a-2. 
The effector:stimulator ratio was 2.5: 1 and the effector:target ratio was 100: 1. 

To determine specificity of the cytotoxic response, the B6-171 0 stimulated

spleen cells were assessed for their ability to lyse the allogeneic target, P-815. As 

shown in Figure 20, the B6-1710 stimulated spleen cells were not cytotoxic to the 

allogeneic target. 
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Figure 20. Cytotoxic T Lymphocyte Activity - B6-1710 Stimulated-Effector cells 
Assayed for Cytotoxicity to P-815 Cells. Spleen cells (five mice/group) were stimulated 
with Mitomycin c treated B6-1710 cells and 30 V/ml IL-2. Following the stimulation, 
they were assessed for cytotoxicity against P-815 target cells. The effector:target ratio 
was 100:1. 

To further demonstrate the specificity of cytotoxicity, the B6-171 0 

stimulated-spleen cells were assayed for cytotoxicity to the syngeneic cell line, 

EL-4. Since EL-4 cells are syngeneic and do not express "nonself' antigens, they 

were used as a negative control. As seen in Figure 21, there was no cytotoxicity 

«10%) to EL-4 cells by the B6-1710-stimulated spleen cells. 
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Figure 21. Cytotoxic T Lymphocyte Activity - B6-1710-Stimulated Effector Cells 
Assayed/or Cytotoxicity to EL-4 Target Cells. Splenocytes (obtained from five 
mice/group) were stimulated for five days with Mitomycin c -treated B6-1710 cells and 
30 V/ml ll..-2. Viable cells were assayed for cytotoxicity to the syngeneic target, EL-4. 
The effector:target ratio was 100:1. DTC treatment was initiated two weeks post viral
inoculation. 

Virus-specific cytotoxicity was determined by using the chronically virus

infected cell line, B6-1710. This cell line is inefficient at inducing CTL activity 

and therefore CTL activity was low at all time points. Specificity was determined 

by assaying the B6-1710-stimulated spleen cells for cytotoxicity to the allogeneic 

cell line, P-815 and the syngeneic cell line, EL-4. B6-1710 cells did not stimulate 

nonspecific CTL activity. DTC treatment did not enhance virus-specific CTL 

activity. 
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Effect of DIC treatment on All02eneic CIL ActiYity 

To determine whether DTC treatment enhanced allogeneic CTL responses 

during the course of murine AIDS, splenocytes were stimulated in vitro with the 

allogeneic cell line, P-815. Following the five day stimulation with Mitomycin c 

treated-P-815 cells and 30 Vlml IL-2, the viable cells were assayed for 

cytotoxicity to P-815 cells. Specificity was assessed by measuring cytotoxicity of 

allogeneic-stimulated spleen cells to B6-1710 and EL-4 cells. 

Allogeneic CTL activity was readily induced by P-815 cells. C57/BI mice 

are H-2b and P-815 cells are H-2d. Freshly isolated splenocytes were not 

cytotoxic to P-815 cells as shown in Figure 17. To induce allogeneic CTL, spleen 

cells were stimulated for five days with Mitomycin c treated-P-815 cells and 30 

Vlml IL-2. Viable cells were retrieved after the five day stimulation and assayed 

for cytotoxicity to 51Cr-Iabeled P-815 cells. As shown in Figure 22, P-815 cells 

were efficient at inducing allogeneic CTL responses. Spleen cells obtained from 

normal mice retained allogeneic CTL activity throughout the experiment. Spleen 

cells obtained from virus-infected animals had decreased allogeneic CTL activity 

by week 12 post-viral inoculation. DTC treatment did not prevent the reduction in 

allogeneic CTL activity during the course of murine AIDS. 
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Figure 22. Allogeneic CTL activity - P-B15 stimulated-Effector cells were assessed/or 
cytotoxicity to P-B15 cells. Spleen cells (five mice/group) were stimulated for five days 
with Mitomycin c treated-P-815 cells an 30 V/ml IL-2. The effector:stimulator ratio was 
2.5:1. The stimulated spleen cells were assayed for cytotoxicity to 51Cr-Iabeled P-815 
cells. The effector:target ratio was 100: 1. 

To determine the specificity of the allogeneic CTL response generated by 

Mitomycin c treated-P-815 cells, the stimulated spleen cells were assessed for 

cytotoxicity to the chronically virus-infected cell line, B6-1710. As shown in 

Figure 23, P-815 stimulated-spleen cells did not lyse B6-1710 cells. 
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Figure 23. Allogeneic CTL activity - P-815 stimulated-Effector cells assayed/or 
cytotoxicity to B6-1710 cells. Spleen cells (five mice/group) were stimulated for five 
days with Mitomycin c treated-P-815 cells and 30 V/ml IL-2. The P-815 stimulated 
spleen cells were assayed for cytotoxicity to B6-1710 cells. The effector:target ratio was 
100:1. 

The syngeneic cell line, EL-4 was utilized as a target cell for P-815-

stimulated spleen cells to confirm specificity of the allogeneic eTL response. 

P-815-stimulated spleen cells were not cytotoxic to EL-4 cells as seen in figure 24. 
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Figure 24. Allogeneic CTL activity - P-815 stimulated-Effector cells assayed/or 
cytotoxicity to EL-4 cells. Spleen cells (five mice/group) were stimulated for five days 
with Mitomycin c treated-P-815 cells and 30 U/ml IL-2. The P-815 stimulated spleen 
cells were assayed for cytotoxicity to EL-4 cells. The effector:target ratio was 100:1. 
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Spleen cells were stimulated with P-815 cells to assess allogeneic CTL 

activity. Allogeneic CTL activity by spleen cells obtained from normal control 

and normal, DTC treated mice were intact throughout the experiment. Twelve 

weeks post-viral inoculation, allogeneic CTL activity was decreased by spleen 

cells obtained from virus-infected animals. DTC treatment did not prevent the 

reduction in CTL activity. Allogeneic CTL activity was specific as demonstrated 
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by the lack of cytotoxicity to B6-1710 and EL-4 cells by P-815 stimulated-spleen 

cells. 

Effect of DIC on Syn2eneic Nonspecific Cytotoxic Actiyity 

CTL were generated with Mitomycin c treated-EL-4 cells and 30 Vlml IL-2 

to determine whether DTC treatment enhanced nonspecific cytotoxicity. EL-4 

cells are a syngeneic cell line (H-2b) and should not stimulate CTL activity by 

spleen cells obtained from C57 fBI mice. 

Spleen cells were stimulated for five days with Mitomycin c treated-EL-4 

cells and 30 Vlml IL-2. The effector:stimulator ratio was 2.5: 1. At the end of the 

five day culture, viable cells were harvested by centrifuging over Lympholyte M 

and cytotoxicity was assessed against each of the targets (EL-4, B6-1710 and P-

815). As seen in figure 25, EL-4 cells did not induce cytotoxic activity. 
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Figure 25. ·Cytotoxic T Lymphocyte Activity - EL-4 Stimulated-Effector Cells assayed 
for cytotoxicity to EL-4 Cells. Spleen cells (five mice/group) were stimulated for five 
days with Mitomycin c treated-EL-4 cells and 30 U/ml IL-2. The effector:stimulator 
ratio was 2.5: 1. The stimulated cells were assayed for cytotoxicity to EL-4 cells. The 
effector:target ratio was 100: 1. 
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To demonstrate that EL-4 cells did not induce nonspecific cytotoxic 

activity, the EL-4 stimulated spleen cells were assayed for cytoxicity to B6-1710 

cells (figure 26) and P-815 cells (Figure 27). There was low cytotoxicity for each 

of these targets generated by EL-4-stimulated spleen cells. DTC did not effect the 

responses of spleen cells to the negative control cell line. 
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Figure 26. Cytotoxic T Lymphocyte Activity - EL-4 stimulated-Effector Cells assayedfor 
cytotoxicity to 86-1710 Cells. Spleen cells (five mice/group) were stimulated for five 
days with Mitomycin c treated EL-4 cells and 30 V/ml IL-2. The stimulated cells were 
assayed for cytotoxicity to B6-171O cells. The effector:target ratio was 100: 1. 
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Figure 27. Cytotoxic T Lymphocyte Activity -EL-4 stimulated-Effector Cells assayed/or 
cytotoxicity to P-815 Cells. Spleen cells five mice/group) were stimulated for five days 
with Mitomycin c treated EL-4 cells and 30 D/ml IL-2. The stimulated cells were 
assayed for cytotoxicity to P-815 cells. The effector:target ratio was 100: 1. 

The syngeneic cell line, EL-4 did not stimulate cytotoxicity by spleen cells 

to EL-4, B6-171 0 or P-815 cells. These cells do not express antigens recognized 

by cells from C57 fBI mice. DTC treatment did not change the ability of spleen 

cells to be stimulated by EL-4 cells. 

Effect of DTC on Cell Surface Markers Determined by Flow Cytometry 

Flow cytometry was performed to determine whether DTC treatment 

altered the distribution of lymphocytes during the cours of Murine AIDS. Freshly 
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isolated splenocytes were stained with FITC or PE conjugated antibodied and 

analyzed by FACScan. Hersh et. al. had previously shown the effects of DTC 

treatment on cell surface markers when treatment was initiated two weeks post 

viral-inoculation 153. The data shown in Table 9 depict the results of DTC 

treatment on splenic cell populations when treatment was initiated ten weeks post 

viral-inoculation. DTC treatment decreased the percentage of B220, a B 

lymphocyte marker, within two weeks of treatment. The decrease in percentage of 

B lymphocytes from splenocytes obtained from virus-infectec, DTC treated 

animals was maintained through week fourteen post-viral inoculation. 

In normal splenocytes, the percentage of L3T4 (CD4, T-helper 

lymphocytes) and Lyt-2 (CDS, T-cytotoxic lymphocytes) should add up to the 

percentage of Thy-l (pan T lymphocyte marker). Cerny et. a1.259 have shown that 

during the course of Murine AIDS, the percentage of CD4+ and CDS+ 

lymphocytes is greater than expected by Thy-l staining. This phenomena could be 

due to double-positive (CD4+CDS+) Thy-l + lymphocytes, which are not usually 

found in the spleen. Alternatively, this could result if the lymhpcytes were 

positive for either CD4 or CDS, but Thy-l negative. Cerny et al. demonstrated 

that the latter explanation is the correct one. The results shown in Tables 9 and 10 

affirm that the percentage of CD4+ and CDS+ populations is greater than the 

percentage of Thy-l + lymphocytes. 
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Time Marker Analyzed 
Group (Weeks) Thy-1 L3T4 Lyt-2 B-220 MAC 

Normal 10 57.3 32.0 31.2 11.2 17.3 
control 12 59.8 34.2 30.5 8.3 28.9 

14 52.3 23.8 31.4 12.4 23.2 

Normal 10 ND ND ND ND ND 
DTC 12 54.7 25.8 28.8 8.4 19.3 

14 49.5 23.6 27.6 10.4 21.5 

Virus 10 21.9 27.5 14.0 15.0 36.5 
control 12 25.1 31.0 18.1 15.3 42.0 

14 29.4 26.4 18.8 24.8 33.5 

Virus 10 ND ND ND ND ND 
DTC 12 19.1 21.4 10.8 4.2 52.1 

14 32.2 25.8 10.9 3.9 41.8 

Table 9. Flow Cytometry. Freshly isolated splenocytes (three mice/group) were labeled 
with FITC-conjugated antibodies and analyzed on a FACScan flow cytometer. DTC 
treatment (400 mg/kg/day five days/week) was initiated week 10 post viral-inoculation. 
Data is represented as percent (%) positive. ND denotes Not Determined. 

The data in Table 10 show the results of FACS analysis on freshly isolated 

and five-day CTL. The CTL were generated by incubating the splenocytes with 

Mitomycin c-treated B6-1710 cells and 30 Vlml IL-2. There was an increase in 

the percentage of B-220+ cells in the CTL population which could be due to 

surviving B6-1710 cells. The percentage of Thy-l + lymphocyte,s was increased in 

all groups following CTL stimulation. 
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Marker Analyzed 
Group Sample Thy-l L3T4 Lyt-2 NK1.1 B-220 MAC 

Normal fresh 55.9 30.9 25.9 8.8 14.6 1.5 
control 

CTL 98.2 54.0 36.7 15.3 17.3 1.4 

Normal fresh 63.2 25.3 27.8 7.1 14.7 1.8 
DTC 

CTL 86.0 42.5 32.7 27.8 18.8 .1 

Virus fresh 58.5 48.8 19.8 12.4 27.6 1.2 
control 

CTL 93.4 44.2 19.3 36.5 37.5 1.0 

Virus fresh 40.6 25.8 10.9 16.5 18.7 2.2 
DTC 

CTL 84.4 49.9 33.0 32.5 48.2 1.2 

Table 10. Flow Cytometry. Freshly isolated splenocytes and five-day cytotoxic T 
lymphoocytes (CTL)(five mice/group) were stained with FITC or PE-conjugated 
antibodies and analyzed on a FACScan flow cytometer. DTC treatment (400 mg/kg/day 
five days/week) was initiated week two post viral inoculation. These data represent 
samples obtained week 10 post viral inoculation. Data represent percent (%) positive. 
NO denotes not determined. 

Effect of DTC on MacrQph3l:e Actiyation oyer the course of Murine AIDS 

To determine the effect of DTC on macrophage activation during Murine 

AIDS, hydrogen peroxide and TNF release were measured. Peritoneal 

macrophages were obtained biweekly over the course of murine AIDS and assayed 

for hydrogen peroxide and TNF release. The phenol red assay for hydrogen 

peroxide determination was developed as a measure of macrophage activation. 

The results of the hydrogen peroxide release assay are shown in Figure 28. 
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Figure 28. Hydrogen Peroxide release by Peritoneal Macrophages. Hydrogen peroxide 
release was quantified with a hydrogen peroxide standard curve. Hydrogen peroxide 
release from peritoneal macrophages was assessed from three mice/group. 

Because red blood cells (RBC) can affect the results of this assay, 

peritoneal washings that contained RBC were not used for measuring hydrogen 

peroxide release. Hydrogen peroxide release was increased over the course of 

Murine AIDS. Both virus-infected groups were significantly higher than normal 

controls at week twelve (P<O.Ol). In addition, the virus control group was 

significantly higher than the DTC treated, virus-infected group (P<O.05). There 

was a consistent increase in hydrogen peroxide release seen at week 12-13 post 
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viral inoculation (Figure 28). This peak was not observed in cells obtained from 

DTC treated mice. The peak of hydrogen peroxide release corresponds to the loss 

of immunoresponsiveness and the appearance of palpable lymph nodes. 

TNF release was measured by the biological L-929 assay. Cytotoxicity by 

peritoneal macrophages to the TNF-sensitive cell line L-929 is shown in Figure 

30. There was no significant difference in TNF release as determined by this 

assay of the course of Murine AIDS. 
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Figure 29. Peritoneal Macrophage Cytotoxicity to the TNF-sensitive eel/line, L-929. 
Peritoneal macrophages (three mice/group) were assessed for TNF release by the L-929 
biological assay. 
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The effect of DTe treatment on macrophage activation was determined by 

measuring hydrogen peroxide release and cytotoxicity to L-929 cells. DTe 

treatment did not enhance hydrogen peroxide release by peritoneal macrophages 

during the course of murine AIDS. Peritoneal macrophages obtained from virus

infected animals had an increase in hydrogen peroxide release twelve weeks post 

viral-inoculation and DTe treatment inhibited this rise in hydrogen peroxide 

release. No difference in TNF release as determined by cytotoxicity to L-929 cells 

was seen during the course of murine AIDS. 

Effect of DTC treatment on macrQphal:e cytostasis 

To determine whether the inhibition of proliferation by B lymphocytes 

induced by DTe was due to cytostatic factors produced by peritoneal 

macrophages, a cytostasis assay was utilized. Peritoneal macrophages were 

obtained and assessed for inhibition of proliferation of the chronically-infected cell 

line, B6-1710. Proliferation was determined by 3 H-thymidine incorporation 

which is shown in Table 11. DTe treatment did not enhance the ability of 

peritoneal macrophages to inhibit proliferation of B6-171 0 cells. 
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Source of Macrophages CPM % Inhibition 

None 13393 0 

Normal control 10445 22 

Normal-DTC 9261 31 

Virus control 10713 20 

Virus-DTC 9682 28 
Table 11. Perltoneai Macrophage Cytostasls to B6-1710 ceLLs. Pentoneal macrophages 
were assessed for inhibition of proliferation by B6-1710 cells. Peritoneal macrophages 
were cultured with B6-171 0 cells for 72 hours. 

Effect of DTC treatment on Cytokine mRNA leyels 

To determine the effect of DTC treatment on relative levels of cytokine 

mRNA, semi-quantitative RT-PCR was used. mRNA was isolated from 

splenocytes over the course of Murine AIDS and RT-PCR was performed. The 

PCR products were visualized by ethidium bromide stained agarose gel. The gel 

was photographed and scanned into a MAC computer. The scanned photograph 

was digitized and the band intensities were determined. Cytokine levels were all 

normalized to B-actin controls. Specific primer sets for the following cytokines 

were used: IL-2, IL-4, IL-6, IL-10, IL-12, IFN-,¥, TNF-(X, and TGF-B. 

Because the relative amount of each cytokine was variable as compared to 

other cytokine mRNA levels within the same purification, the number of cycles 

were varied. This insured that each cytokine would be analyzed while 

amplification was still in log phase. Over-cycling would mask any differences in 

cytokine levels as a plateau was achieved. 
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Figure 30. RT-PCR Products - Week/our Post Viral-inoculation. RT-PCR was 
performed on mRNA purified from spleen cells. Lanes numbered 1= Normal control; 2= 
Normal- DTC; 3= Virus control; 4= Virus - DTC. The blank lanes were loaded with all 
the reagents for PCR except eDNA. The primers used for PCR are listed above the lanes 
analyzed. 
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Figure 31. RT-PCR Products- Week Eight post viral-inoculation. RT-PCR was 
performed on mRNA purified from spleen cells eight weeks post viral-inoculation. 
Lanes are numbered: 1 = Normal control; 2 = Normal DTC treatment; 3 = Virus 
control; 4 = Virus DTC Treated. The blank lanes were loaded with all PCR 
reagents except cDNA. The specific primers are listed above the lanes. 
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The PCR products were scanned and digitized (with kind assistance by Dr. 

Samuel Schluter). Cytokines were normalized to ~-actin controls. The results are 

shown in Tables 12 and 13. 

Group IL-2 IL-4 IL-6 JL-I0 

Nonnal control 40 12 14 37 

NonnalDTC 30 8 18 67 

Virus control * 16 8 163 

VirusDTC 71 33 * 33 

Group JL-12 IFN-y TNF-a. TGF-(3 

Nonnal control 10 46 16 18 

NonnalDTC 8 29 46 29 

Virus control 0 30 39 7 

VirusDTC 1 15 8 * . .. 
Table 12. QuantltatlOn of Dlgztzzed peR Products - Week four post vlral-moculation . 
PCR was perfonned on cDNA obtained from splenocytes four weeks post viral
inoculation (five mice/group) utilizing specific primers. DTC treatment (400 mg/kg/day 
five days/week) was initiated week two post viral-inoculation. PCR products were 
electrophoresed in a 4% agarose gel, stained with ethidium bromide and photographed. 
The photographs were scanned and digitized. The digitized products were quantitated 
against B-actin, for example, a score of 16 indicates that the amount of PCR product was 
16% of B-actin. PCR cycling was perfonned for 25 or 30 cycles, quantitation was 
determined for the lowest number of cycles needed to visualize product. * denotes below 
the level of detection. 
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Group IL-2 IL-4 IL-6 IL-lO 

Nonnal control 93 62 33 78 

NonnalDTC 63 83 50 105 

Virus control 2 38 21 98 

VirusDTC 2 39 5 58 

Group IL-12 IFN-y TNF-(X TGF-~ 

Nonnal control 190 50 26 12 

NonnalDTC * 13 31 15 

Virus control 23 24 9 12 

VirusDTC * 5 13 13 . .. Table 13. QuantltatlOn oj Dlgltlzed peR Products - Week eIght post vlral-moculation . 
PCR was perfonned on cDNA obtained from splenocytes eight weeks post viral-
inoculation (five mice/group) utilizing specific primers. PCR products were . 
electrophoresed in a 4% agarose gel, stained with ethidium bromide and photographed. 
The photographs were scanned and digitized. The digitized products were quantitated 
against B-actin, for example, a score of 16 indicates that the amount of PCR product was 
16% of B-actin. PCR cycling was perfonned for 25 or 30 cycles, quantitation was 
detennined for the lowest number of cycles needed to visualize product. * denotes below 
the level of detection. 

The relative amount of IL-2 was decreased by four weeks post viral 

inoculation (two weeks post DTC treatment). The DTC treated group maintained 

IL-2 mRNA levels at this time point. However, by week eight post viral

inoculation, no IL-2 mRNA was detectable in either virus-infected group. DTC 

has been shown to induce IL-2 production and other researchers have shown that 

IL-2 is undetectable within two weeks of viral inoculation. These data confirm 

those reports. 
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The relative levels of IL-4 mRNA was not increased in samples obtained 

from virus-infected animals at either time point. Samples obtained from DTC 

treated, virus-infected samples were two fold higher than normal or virus control 

samples at week four (Table 12). 

The relative levels of IL-6 mRNA was decreased in samples obtained from 

virus-infected animals. This decrease in IL-6 mRNA levels was augmented by 

DTC treatment, as there was a four fold decrease in IL-6 mRNA at week eight in 

the sample from DTC treated, virus-infected animals compared to virus control. 

The relative amount of IL-I0 mRNA is increased by week four post vrius

inoculation. This is consistent with previous reports. DTC treatment prevented 

the increase in IL-I0 mRNA levels at week four. These relative shifts in cytokine 

mRNA levels are consistent with DTC treatment shifting the predominance of a T

helper 2 response to aT-helper 1 response. This shift in cytokine levels may 

explain, at least in part, the inhibition of B cell proliferation caused by DTC 

treatment during the course of murine AIDS. 

DTC treatment reduced IL-12 mRNA levels below the limit of detection by 

week eight post viral-inoculation. Samples obtained from virus control animals 

eight weeks post viral-inoculation also had decreased IL-12 mRNA levels 

compared to normal controls. 

Virus-infection led to a two fold decrease in the relative levels of IFN-y 

mRNA at week eight post viral inoculation. DTC treatment of virus-infected 

animals resulted in a further reduction of IFN-y mRNA (ten fold decrease 

compared to normal controls and five fold decrease compared to virus controls). 

The relative levels of TNF-a. were decreased in samples obtained from 

DTC treated, virus-infected animals four weeks post-viral inoculation compared to 
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virus-infected controls. At week eight post-viral inoculation, the relative level of 

TNF-a. is decreased in both virus-infected groups compared to noninfected 

controls. 

LP-BM5 virus infection resulted in a decrease in TGF-~ mRNA levels at 

week four post-viral inoculation. At week eight post-viral inoculation, TGF-~ 

levels were similar between the four groups. 

DTC treatment altered the cytokine mRNA profiles seen during the course 

of murine AIDS. Although DTC treatment increased IL-2 mRNA levels four 

weeks post viral-inoculation, other T-Hl cytokines, such as IFN-'¥, were not 

similarly increased. T-H2 cytokines, such as IL-4 and IL-IO, are increased during 

Murine AIDS. DTC treatment decreased IL-IO mRNA levels during the course of 

Murine AIDS. IL-4levels were not increased above normal levels in the virus

infected group at either time point. 
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CHAPTER 4 

DISCUSSION 

The fITst reported AIDS cases occurred in 1981. The causative agent, a 

virus, became known as Human Immunodeficiency Virus (mV -1), was isolated in 

1984. Despite an intensive research effort which has led to a vast amount of 

knowledge about mv and the immune system, no cures for this devastating 

disease have been forthcoming. Anti-viral agents, such as Azidothymidine (AZT), 

have been approved for treatment of mv infection with limited benefits. The 

Concorde Study, the largest AZT study, demonstrated only a transient effect with 

AZT treatment. Further research is needed to identify additional therapeutic 

agents which could be used in combination with anti-viral agents. 

With the onset of the AIDS epidemic, it became apparent that animal 

models were needed to aid in the study of the disease and also to screen potential 

therapeutic agents. The LP-BM5 model, a retrovirus-induced immune deficiency 

mouse model, murine AIDS, provides an excellent tool for screening potential 

mv and AIDS treatments. Both of these diseases are induced by retroviruses 

which lead to a profound immune suppression, increased susceptibility to 

opportunistic infection, and increased incidence of neoplasms. AZT and other 

anti-viral agents are effective in the treatment of both diseases. The 

immunomodulatory drug, Diethyldithiocarbamate, DTC, is an effective therapy in 

both human and murine AIDS. 

DTC was shown to be an effective therapy for AIDS in six of seven clinical 

trials. DTC consistently reduced the number of opportunistic infections in clinical 
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trials. In several studies, an improvement in CD4 count was observed. In the one 

study which did not show a beneficial effect with DTC treatment, the initial CD4 

counts were lower in the DTC treatment group than the control group. Howver, 

because of the results of this study, further development of DTC in the treatment 

of human AIDS was abandoned. 

Hersh et al. have demonstrated that DTC is an effective therapy for murine 

AIDS151,152. DTC was most effective when given after virus infection and in fact, 

pretreatment with DTC showed no benefit. Time course experiments 

demonstrated that the optimal time and dosage was 400 mg/kg/day five days/week 

with treatment starting two weeks after viral-inoculation. DTC had striking effects 

on splenomegaly, lymphadenopathy and survival when given as a therapy for 

murine AIDS. The mechanism of action of DTC was unknown. This research 

project was designed to determine the potential mechanisms of action of DTC in 

the murine AIDS model. 

Effects of PTC on Cell Proliferation 

Murine and human AIDS share many disease manifestations, including 

hypergammaglobulinemia, lymphadenopathy and splenomegaly. DTC, an 

immunomodulatory drug, is an effective treatment for both diseases. The effect of 

DTC treatment on hypergammaglobulinemia during the course of murine AIDS 

was assessed by specific ELISA. Serum samples were obtained at regular 

intervals for determination of IgG and IgM levels. During the course of murine 

AIDS, there is an increase in serum IgM which is apparent within two weeks of 

infection. The levels continue to increase and peak around week eight. Following 

the peak, IgM titers return to baseline levels. Serum IgG levels rise in similar 
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fashion but plateau around week ten. Serum IgO levels gradually decline during 

the course of Murine AIDS. DTC treatment significantly reduced hypergamma

globulinemia during the course of Murine AIDS. 

Inhibition of B cell proliferation is a major mechanism of action of DTC in 

Murine AIDS. The splenomegaly and lymphadenopathy associated with murine 

AIDS has been attributed to a hyperproliferation of B lymphocytes. DTC 

treatment can inhibit or abrogate existing splenomegaly and lymphadenopathy. 

The percentage of B lymphocytes (B220+) is decreased by DTC treatment during 

the course of murine AIDS. The percentage of B lymphocytes from spleen cells of 

LP-BM5 virus infected animals was 24.8%, fourteen weeks post viral-inoculation. 

DTC treatment, initiated week ten post viral-inoculation, reduced the percentage of 

B lymphocytes to 3.9% (normal mice had 12.4% B lymphocytes). These data 

suggest that the inhibition or reduction of lymphadenopathy, splenomegaly and 

hypergammaglobulinemia is related to an inhibition of B cell proliferation. 

To determine whether the inhibition of B cell proliferation by DTC 

treatment during the course of murine AIDS was due to anti-viral activity, the XC

placque assay was performed. Spleens obtained from LP-BM5 virus infected, 

DTC treated and nontreated, animals were sent to Dr. Julie Eisen at the University 

of Maryland to determine virus titre. The virus titres from spleens obtained from 

DTC treated, virus-infected animals were higher than in virus-infected nontreated 

(Hersh, unpublished data). Although Pompidou et al.260 demonstrated an in vitro 

anti-viral effect of DTC, Reisinger et al. did not find a difference in viral load in 

DTC treated, mv -1 infected patients261 • Patient samples tested before and during 

DTC treatment showed no difference in viral load. The data obtained from the 

murine AIDS model is consistent with DTC having no in vivo anti-viral effect. 
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In vitro studies were performed to clarifiy the anti-proliferative effects of 

DTC on B lymphocytes in murine AIDS. Freshly isolated splenocytes, normal 

and LP-BM5 virus-infected, were co-cultured with serial dilutions of DTC and 

LPS (a B cell mitogen) or PHA (a T cell mitogen). In addition, several cell lines, 

including SC-l cells, Tc2120 (LP-BM5 virus-infected SC-l cells) and B6-1710 

(deffiM5-infected B cell line) were cultured with serial dilutions ofDTC. Freshly 

isolated splenocytes co-cultured with LPS and DTC were more sensitive to the 

inhibititory effects of DTC than splenocytes co-cultured with PHA and DTC. The 

cell lines were equally sensitive to the inhibitory effects of DTC, regardless of 

viral infection. These results indicate that the inhibition of B cell proliferation by 

DTC is independent of LP-BM5 virus-infection. 

To determine whether the inhibition of B cell proliferation by DTC was .due 

to the induction of single strand DNA breaks, an alkaline elution asay was 

performed. This assay was kindly performed in Dr. Robert Dorr's laboratory, 

Arizona Cancer Center. DTC did not induce single strand DNA breaks in L-1210 

cells, the standard cell line used in this assay. Spath et al. had previously shown 

that DTC inhibits scheduled and unscheduled DNA synthesis in thymocytes259• 

The inhibition of DNA synthesis by DTC was not due to an induction of dsDNA 

breaks, but was shown to be due to an inhibition of ribonucleotide reductase 

(RNR)262. RNR is required for biosynthesis of DNA and DNA precursors. 

Although the studies by Spath et al. were performed on thymocytes, the inhibition 
" 

of B cell proliferation seen in murine AIDS may be due in part to an inhibition of 

RNR. 



Effects of Supernatants of Spleen Cells from DIC treated and Nontreated 
LP-BM5 virus-infected Mice on MitQ2en Responses of Normal Mice 
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Hersh et al. had previously shown that DTC treatment of LP-BM5 virus

infected mice did not prevent the loss of blastogenic responses to mitogens 153. 

Mitogen responses of spleen cells were determined when DTC treatment was 

delayed until ten weeks post-viral inoculation. This experiment was designed to 

determine whether DTC treatment could restore blastogenic responses when DTC 

treatment was delayed. DTC treatment did not restore lost blastogenic responses 

to mitogens (PHA or LPS). 

To further explore the effects of DTC treatment on mitogen responses, a 

mixing experiment was designed. In this experiment, supernatants, harvested from 

normal and virus-infected, DTC treated and nontreated spleens, were added to a 

spleen cell blastogenesis assay. Splenic supernatants obtained from LP-BMS 

virus-infected animals were immunosuppressive to normal splenocytes. Splenic 

supernatants obtained from DTC treated, virus-infected animals were not 

immunosuppressive to mitogen responses of normal splenocytes. These 

supernatants did not restore immunoresponsiveness of virus-infected splenocytes. 

These data indicate that DTC treatment inhibits the release of immunosuppressive 

factors during Murine AIDS. 

Although plSe is often implicated as an immunosuppressive factor in 

murine retroviral infections, Mosier has shown that plSe is not involved in the 

immunosuppression seen in LP-BMS infection177• Kubo et al. cloned an 

endogenous transcript from CS7BL/6 mice with sequence homology to defBMS; 

the defective virus responsible for induction of murine AIDS. They determined 

that this trancript contains deletions which were also seen in defBMS. One of 



these is a deletion from the C-terminal region of the pol gene through the N

terminal region of the env p1Se263 • For this reason, it is not likely that DTC is 

inhibiting the production or release of plSe by virus-infected splenocytes in the 

supernatant experiment. 
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DTC has been shown to decrease prostglandin (PGE2) production by 

human monocytes215 • The DTC mediated reduction in PGE2 production did not 

affect IL-I production. PGE2 down-regulates lymphocyte activation and may be 

involved in the suppression of mitogen responses seen in the supernatant 

experiment. Schlick et al. reported that DTC treatment did not effect the 

production of GM-CSF or PGE2 when incubated with murine peritoneal 

macrophages. There is no data available as to the induction of PGE2 release 

during murine AIDS. It is possible that DTC treatment resulted in an inhibition of 

PGE2 release by macrophages/monocytes present in the splenic cultures. This 

may explain the results of the supernatant experiment. 

Effects of DIC on Natural Killer and Cytotoxic I Lymphocyte Actiyity 

DTC has been shown to enhance IL-2 release and restore suppressed NK 

and CTL activity in several studies248,250,251,252. A common feature of human and 

murine AIDS is diminished IL-2 production and suppressed CTL and NK activity. 

Makino et al.264 found that although the expression of NK1.I antigen is increased 
. 

within three weeks of LPBMS virus-infection, NK activity is suppressed. 

Cytotoxicity assays were developed to determine whether DTC treatment 

enhanced or prolonged CTL and NK actitivy during the course of murine AIDS. 

DTC treatment did not enhance NK activity during the course of murine 

AIDS. Because baseline NK activity was very low in these experiments, poly 
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(I) (C) was used to augment NK activity. Poly (I) (C) stimulates the production of 

interferon which results in NK activation. Renoux and Renoux have shown that 

the immuno-enhancing activity of DTC was not related to an increase in interferon 

production248 • Although NK activation by DTC and poly (I) (C) is mediated by 

different mechanisms, it could be argued that this stimulation may mask any effect 

by DTC. However, by testing cytotoxicity with a range of poly (I) (C) 

concentrations and with various effector:target ratios, differences in cytotoxicity 

induced by DTC would have been identified. DTC treatment did not result in 

enhanced NK activity during the course of murine AIDS. 

In addition to measuring NK activity, CTL activity, both allogeneic and 

virus-specific, was determined during the course of murine AIDS. CTL activity 

was not enhanced by DTC treatment during the course of murine AIDS. 

Allogeneic responses to the H-2d-expressing cell line P-815 were readily induced 

early in the course of murine AIDS. These responses remained intact in spleen 

cells obtained from normal mice throughout the experiment but were significantly 

reduced in the virus-infected groups by week twelve post viral-inoculation. DTC 

treatment did not effect the reduction of allogeneic CTL activity during the course 

of murine AIDS. 

The chronically deffiM5-infected cell line, B6-1710, is inefficient at 

stimulating CTL activity. Although Green et al. have overcome this by 

developing a sensitization scheme requiring both in vivo and in vitro stimulation 

by B6-1710 cells265 • This scheme was not used in the experiments described in 

this dissertation. DTC treatment did not enhance virus-specific CTL activity 

during the course of murine AIDS. Flow cytomety was performed on B6-1710 

stimulated-CTL. Although the percentage of Thy-l + lymphocytes increased 
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during the five day culture, the percentage of lymphocytes expressing B-220 and 

NK1.l also increased. Makino et al. showed that NK1.l expression increased 

from 5.5 to 25% within six weeks of viral-inoculaition264• The percentage of 

NK1.l+ cells co-expressing Thy-lor B-220 was also increased, from 2.5 to 14.8% 

and 2.8 to 21.3%, respectively. In increase in NK1.1+ lymphocytes in our 

experiments was not as striking in freshly isolated lymphocytes, with an increase 

from 8.8 in nonnallymphocytes to 12.4 in virus-infected lymphocytes, assayed 

week eight post-viral inoculation. Our data indicate that in vitro stimulation with 

B6-1710 induced an increase in Thy-l+ and L3T4+ expression, as well as 

increased expression of NK1.l and B-220. These data are consistent with the in 

vivo data presented by Makino et a1.264• 

Syngeneic, H-2b expressing, EL-4 cells were utilized as a negative control 

for the CTL experiments. This cell line does not express any antigens recognized 

by lymhpocytes from C57Bl/6 mice and thus should not stimulate CTL activity. 

Splenocytes stimulated with EL-4 and 30U/ml IL-2 were assayed to the three 

targets and were shown to be <20% cytotoxic. 

DTC treatment did not enhance or prolong NK or CTL activity during the 

course of murine AIDS. As discussed later in this chapter, IL-2 mRNA is lost 

early in the course of murine AIDS. DTC treatment prolonged IL-2 mRNA 

expression, however, this protection of IL-2 expression did not result in increased 

NK or CTL activity. 

Effects of DTC on Macropba2e Function Durin2 Murine AIDS 

Macrophages are a target for both HIV-l and LP-BM5 viral-infection. In 

both infections, macrophages are a potential reservoir for virus production. DTC 
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also affects macrophages. As previously discussed, DTC treatment may inhibit 

the production of PGE2 which is synthesized by macrophages. Other researchers 

have demonstrated effects of DTC on macrophages ranging from 

antimycobacterial activity245 to angiogenic activities256. 

To determine whether DTC treatment enhanced macrophage function 

during the course of murine AIDS, several experiments were performed. These 

include: hydrogen peroxide release, glutathione depletion/repletion, macrophage 

cytotoxicity to L-929 cells (a TNF sensitive cell line), and cytostatic potential for 

B6-1710 cells. 

Hydrogen peroxide release is increased during Murine AIDS. This increase 

is significantly higher around twelve weeks post-viral inoculation. DTC treatment 

prevented this increase in hydrogen peroxide release by peritoneal macrophages at 

week twelve. DTC is known to have antioxidant activities236,238,255. Brown et 

al.238 demonstrated that DTC treatment resulted in decreaed hydrogen peroxide 

release by erythrocytes. The increase in hydrogen peroxide levels during murine 

AIDS corresponds to the loss of other immune functions and may be a final, albeit 

futile, attempt by the virus-infected host to defend itselt. The effects of DTC on 

hydrogen peroxide release may be related to its effects on glutathione (GSH) or its 

superoxide dismutase (SOD) inactivating activities. 

In human AIDS, GSH levels have been shown to be depeted. DTC is a 

GSH repleter. In Murine AIDS, Hersh et al. assessed the effects of DTC as a GSH 

repleter (unpublished data). In vivo treatment with DTC and butathione 

sulfoxamine (BSO), a known GSH depleter, were given alone and in combination. 

In addition, in vivo BSO and N-acetylcysteine (NAC), a GSH repleter, were given 

alone and in combination. NAC was not therapeutic for murine AIDS, even when 
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given in combination with BSO. The therapeutic benefit of DTC was unaffected 

by BSO. Therefore, GSH repletion is not a mechanism of action of DTC in 

murine AIDS. 

Macrophage cytotoxicity to the TNF-a-sensitive cell line, L-929 was also 

assessed. DTC treatment did not enhance TNF-a release by peritoneal 

macrophages during the course of murine AIDS, as determined by this assay. 

Mulsch et al.266 demonstrated that DTC treatment inhibited LPS-induced NO 

synthase (NOS) by peritoneal macrophages. They attributed this finding to the 

inhibiting effects of DTC on the transcriptional factor, NF-KB. LPS treated 

macrophages are induced to release a number of soluble factors, including: TNF

a, IL-l(3, PGE2 and cAMP. The results of this research indicate that PGE2 may 

be inhibited by DTC and that DTC did not induce TNF-a release by peritoneal 

macrophages. 

Peritoneal macrophages were also assessed for their cytostatic activity. B6-

1710 cells were used to determine whether DTC treatment enhanced macrophage 

cytostasis of virally-infected cells. A difference was not observed in cytostatic 

potential of peritoneal macrophages to B6-1710 cells by DTC treatment. 

Effects of DTC on Cytokine mRNA Leyels 

During the course of murine AIDS, there is an increase in T-H Type 2 

cytokines267 • These cytokines, including IL-4 and IL-IO, are involved in inducing 

and maintaining humoral, or antibody, immune responses. In addition, these 

cytokines are inhibitory to the induction ofT-H Type 1 responses. Therefore, 

when an infectious agent induces a primarily T-H Type 2 response, T-H Type 1 

responses will be suppressed. Two T-H Type 1 cytokines, IL-2 and IFN-y, are 
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involved in inducing cytotoxic responses. DTC treatment inhibited the increase in 

IL-I0 mRNA expression during murine AIDS and prevented the loss ofIL-2 

mRNA early in the disease. These results indicate that the inhibition of B cell 

proliferation by DTC may in part be due to a shift in cytokine expression from a 

predominance of T-H Type 2 to T-H Type 1 or T-H Type O. The T-H Type 0 

. phenotype releases cytokines of both T-H Type 1 and T-H Type 2106. 

Specific cytokine ELISA's were performed by Dr. Ron Watson's laboratory, 

Family and Community Medicine, University of Arizona. To induce detectable 

levels of cytokine, specific ELISA's were performed on supernatants from ConA 

or LPS stimulated splenocytes. IL-2 expression is lost within two weeks of viral

inoculation. Splenocytes obtained from DTC treated, virus-infected animals 

maintained normal levels of inducible IL-2 (approx. 1.75 ng/ml), nontreated virus 

infected animals were suppressed in IL-2 production (approx. 0.25 ng/ml) four 

weeks post viral-inoculation (unpublished data). Due to high variation of a limited 

number of samples inducible IL-tO levels were not significantly different between 

the groups (approx. 10 U/ml). 

The induction of IL-2 by DTC has been poreviously shown250.268. A recent 

report demonstrated the beneficial effects of low dose, discontinuous IL-2 therapy 

in human AIDS269. IL-21evels are diminished during the course of both human 

and murine AIDS. DTC protected mice from the loss of IL-2 mRNA early in the 

course of murine AIDS. Perhaps the benefits of intermittent IL-2 therapy and 

DTC treatment would synergize. Exogenously added IL-2 may be sufficient to 

shift the T-H2 to a T-Hl type response and thus further decrease B cell 

proliferation and hypergammaglobulinemia. More importantly, this combination 



may enable virus-specific cytotoxic responses to develop and allow the cellular 

arm of the immune system to control the virus. 

CoucJudiu2 Remarks 
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The results of this research project show that DTC treatment has multiple 

effects on murine AIDS. These include: an inhibition of B cell proliferation, 

inhibition of a soluble suppressive factor, decreased IL-tO, increased IL-2 

production, and inhibition of hydrogen peroxide release during the course of 

murine AIDS. The above mentioned activities result in the increased survival of 

LP-BM5 virus-infected animals induced by DTC treatment. 

Future studies of DTC in murine AIDS should include identifying whether 

IL-tO is produced solely by T-H Type 2 cells, or ifvirally-infected B lymphocytes 

are also producing IL-tO. Sher et al. have shown that T-H Type 2 cells produce 

IL-tO during murine AIDS27o. IL-tO can be produced by B lymphocytes and in 

fact, the IL-I 0 gene shares sequence homology to the Epstein-Barr virus gene 

BCRFI, a virus which infects B lymphocytes271 . It is possible that B lymphocytes 

may produce some of the IL-tO seen in murine AIDS and this IL-tO may function 

in an autocrine manner to induce continued proliferation of B lymphocytes. If B 

lymphocytes are producing IL-tO in murine AIDS, DTC may preferentially inhibit 

IL-tO production by either B or T lymphocytes. If DTC inhibits B cell derived IL-
. 

to, this could have implications in the treatment of human AIDS and B cell 

lymphomas. In human AIDS, B cell lymphomas are frequently EBV+ and 

produce IL-IO to support their own growth. DTC therapy may be particularly 

efficacious for treatment of AIDS related, EBV+ B cell lymphoma. 
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Kovacs et al. recently reported that intermittent IL-2 therapy resulted in an 

increase in CD4+ lymphocytes in human AIDS patients269• IL-2 levels are 

suppressed during murine AIDS. DTC treatment maintained normal IL-2levels 

early in the course of murine AIDS. The affect of DTC on IL-2levels did not 

correspond to enhanced natural killer or cytotoxic T lymphocyte activity. This 

suggests that the IL-2levels were insufficient to overcome the down-regulation of 

cytotoxic activity induced by elevated IL-4 and IL-IO. Exploring the potential for 

DTC and IL-2 to synergize and overcome the inhibitory effects of the T-H Type 2 

cytokines is another area that could be studied in the future. 

Another area for future study would be to identify the suppressive factor 

produced by splenocyte supernatants. If this factor was identified as PGE2, this 

could be suggestive of alternative therapies to test in murine AIDS. Inhibitors of 

PGE2 used alone and in combination with DTC, may result in a preservation of 

immune responsiveness. A commonly used inhibitor of PGE2, aspirin, inactivates 

cyclooxygenase, a key enzyme for the synthc:~is of PGE2272• If PGE2 was 

identified as the suppressive factor released by virally-infected splenocytes and 

reduced by DTC treatment, combination of DTC and aspirin may provide 

additional therapeutic benefit. 

These results are consistent with a model in which murine AIDS leads to 

enhanced secretion of IL-IO early in'the infection. IL-IO is known to inhibit 

macrophage accessory/antigen presenting (APC) function for TH-Type I cells by 

down-regulating expression of the costimulator CD80 (B7). Antigen presentation 

without costimulation reults in anergy of TH-Type I cells, or immunodeficiency. 

Our results show that DTC acts to prevent the enhanced production of IL-I 0 early 

in murine AIDS, thereby allowing IL-2 production. The lack of modulation of 
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cytotoxicity by DTC treatment of LP-BM5 virus-infected mice may reflect the 

inability of DTC to reduce IL-4 production by splenocytes. IL-4 promotes TH

Type 2 differentiation in a dominant fashion. We found a 50% reduction in IFN-y 

mRNA levels from spleens of DTC-treated virus-infected mice, which 

corresponded to a 50% increase in IL-4 mRNA level. These results suggest that 

successful treatment of murine AIDS mice would require downregulation of 

splenocyte IL-4 secretion. 



Appendix A 
Buffers and Media 

Phosphate-Buffered Saline (PBS) 
136 mM NaCI (Sigma, St. Louis, MO), 10 mM Na2HP04 (Sigma), 2.7 mM KCI 
(Sigma), 1.8 mM KH2P04 (Sigma) in dH20 

I~ ELISA RIA Buffer 
25 ml 0.2M Na2H2P04 (Sigma), 100 ml 0.2M Na2HP04 (Sigma), 0.15 M NaCI 
(Sigma), 1.0% BSA (Sigma), 0.01 % NaN3 (Sigma) qs to 1000 ml with dH20 

IgM ELISA Washing Buffer 
450 ml PBS, 50 ml RIA Buffer, 0.05% Tween 20 (Sigma) 

IgM ELISA Substrate Reaction Buffer 
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2.57 ml 0.2M Na2HP04, 2.43 ml O.IM citric acid (Sigma), 4.0 mg o-phenylenediamine 
(Sigma), 50 ul 30% H202 qs to 10 ml with dH20 

Iris-Buffered Saline (IBS) 
136 mM NaCI, 2.7 mM KCI, 24.8 mM Tris Base (Sigma) in dH20, pH 8.0 

Iris-Buffered Saline + Iween 20 (IBST) 
TBS, 0.2% Tween 20 

IgG ELISA Carbonate Byffer 
15 mM Na2C03, 34.9 mM NaHC03, 0.01 % NaN3 in dH20, pH 9.5 

cRPMI 
RPMI 1640 (Irvine Scientific, Santa Ana, CA), 5% fetal bovine serum (Atlanta 
Biologicals, Norcross, GA), 1 % Gentamycin (GIBCO, Grand Island, NY), 1 % Glutamine 

(Sigma), 1.5% Hepes Buffer (GIBCO), 0.1 % ~-Mercaptoethanol (Sigma) 

Phenol Red Solytion (PRS) for Hydrogen Peroxide Release Assay 
140 mM NaCI (Sigma), 10 mM Potassium Phosphate Buffer (pH 7.0),5.5 mM Dextrose 
(Sigma), 0.28 mM Phenol Red (Sigma), 8.5 U/ml HRPO (Sigma) 
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Appendix B 
Antibodies used for Flow Cytometry 

Marker Label Supplier 
Thy-l 20 FITC Becktin Dickinson (BD) 
L3T4 20 FITC BD 
Lyt-2 20 FITC BD 
B-220 PE Pharmingen, San Diego, 

CA 
MAC FITC Pharmingen 
NK 1.1 PE Pharmingen 
Ia 20 FITC BD 
Isotype FITC Pharmingen 
control 
Isotype PE Pharmingen 
control 
Secondary FITC BD 
antibody 



Appendix C 
Primers for RT-PCR 

6-Actjn (Clontech Laboratories, Palo Alto, CA) 

5' Primer: 5'GTCGGCCGCTCTAGGCACCAA3' 
3' Primer: 5'CTCTITGATGTCACGCACGA TTTC3' 
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The following primers were designed using the Oligo Program (National Biosciences, 
Plymouth, MN) by Dr. Samuel Schluter, Department of Microbiology and Immunology, 
University of Arizona. 

lid 

5' Primer: 5'CCAAGCAGGCCACAGAA TIGAAAG3' 
3' Primer: 5'CTGACTCATCATCGAGGCACT3' 

lId. 

5' Primer: 5'TGACGGCACAGAGCTATIGAT3' 
3' Primer: 5'CCTIGGAAGCCCTACAGACGAG3' 

lid 

5' Primer: 5'CTGGGAAATCGTGGAAATGAGAAA3' 
3' Primer: 5'GAGAGCA TIGGAAA TIGGGGTAGGA3' 

5' Primer: 5'ATGCAGGACTITAAGGGTI ACTIGGGTI3' 
3' Primer: 5'A TITCGGAGAGAGGTACAAACGAGGTTI3' 

5' Primer: 5'GGAAGCACGGCAGCAGAATAA3' 
3' Primer: 5'AGCCAACCAAGCAGAAGACAG3' 

IFN-'Y 

5' Primer: 5'CTGGCAAAAGGATGGTGACA3' 
3' Primer: 5'GACTCCTTTTCCGCTTCCTG3' 

TGF-6 

5' Primer: 5'GACCGCAACAACGCCATCTA3' 
3' Primer: 5'GGCGTATCAGTGGGGGTCAG3' 



TNF-q 

Appendix C Continued 
Primers for RT PCR 

5' Primer: 5'CCACACCGTCAGCCGA TTTG3' 
3' Primer: 5'TGGGGGCTGGGTAGAGAATG3' 
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Appendix D 
Abbreviations 

AIDS: Acquired Immune Deficiency Syndrome 

CD: Nomenclature for cell suface markers, Cluster of Differentiation 

CTL: cytotoxic T Lymphocyte 

DNA: deoxyribonucleic acid 

DTC: diethyldithiocarbamate 

gp: glycoprotein 

HIV-1 and HIV-2: Human Immunodeficiency Virus 1 and 2 

IFN: interferon 

IL-#: Interleukin 

LA V: lymphadenopathy-associated virus 

LPS: lipopolysacchararide 

NK: natural killer 

PHA: phytohemmagluttinin 

RNA: ribonucleic acid 

TNF: tumor necrosis factor 

126 



127 

AppendixE 

1kl UNMRSITYOf 

wlitulioNl Animal Can
_ and Usc Coaunitlre 

ARIZONA Tuacn. Arizona 85721 
1IJcsoN~ 

EINAL -....... -
VERIPICAUOH OF RBVIn 

BY !nD3 INS'l'I'l'UTIONAL ANIl!AL CAllE l\HD US!: COHHI'l''l'EZ 

PHS Assurance Ho. A-3248-01 - USDA No. 86-3 

IACUC control # 92-0186 

'l'itl.: BgN-BH5 Modal/DTC Ex lmmunthiol in Animal Models and 

Oth,r prugs 

principal %Dv.stigator:_·~Ev~a~p~l~e~r~sMh~._MD~ ____ _... ________________ ___ 

D.partmentz ____________ xCa~n~c~e~r~c~.~n~t~.r~ ____ _... __________ _ 

Submission Dat.: ____ _...~a~u~qu~s~t~1~8~.~1~9~9~2 ______________ ___ 

Aqencyz ________________ B~o~e~h~r~i~n~q~esr_HHa=DDwwh~.~i=m~ __________ _ 

" ' 

'!'he University of Arizona Institutional Animal. care .and· Use_ ... _ .. __ .. 
Committee reviews all sections of proposals relatinq to animal care 
and use •. The above-named proposal: . 

[ ] Has been reviewed and approval withheld. 

[XX] Has been reviewed and approved by IACUC on 
October 22. 1992 

Revisions (if any), are listed below: 
lOBI 

Approval yalid through October 21. 1925 

Hi.1~.l~:,~-. --
Vice President for Research 

pata: October 27. 1992 



REFERENCES 

1. Farthing, C. AIDS: A Historical Overview Derm Clin 9(3):391396 (1991). 

2. Hoffman, B. AIDS Immunology Dan Med Bull 38(1):53-67 (1991). 

3. Schnittman, S.M. and Fauci, A.S. Human Immunodeficiency and Acquired 
Immunodeficiency Syndrome: An Update Adv Int Med 39:305-255 (1994). 

128 

4. Levy, J.A. Pathogenesis of Human Immunodeficiency Virus Infection Micr Rev 
57(1):183-289 (1993). 

5. Barre-Sinoussi, F., Chwemann, J.C., Rey, E, Nugeyre, M.T., Chamaret, S., 
Gruest, J., Dauguet, C., Axler-Blin, C., Vezinet-Brun, E, RouziuQx, C., 
Rozenbaum, W. and Montagnier, L.lsolation of a T-Lymphotropic Retrovirus 
from a Patient at Riskfor Acquired Immune Deficiency Syndrome (AIDS) Science 
220:868-871 (1983). 

6. Gallo, RC., Salahuddin, S.Z., Popovic, M., Shearer, G.M., Kaplan, M., 
Haynes, B.F., Palker, T.l, Redfield, R, Oleske, J., and Safai, B. Frequent 
Detection and Isolation of Cytopathic Retroviruses (HTLV-lll)from Patients with 
AIDS and at Riskfor AIDS Science 224:500-503 (1984). 

7. Clavel, E, Guetard, D., Brun-Vezinet, E, Chamaret, S., Rey, M.-A., Santos
Ferreira, M.D., Laurent, A.G., Dauguet, C., Kattama, F., Rouzioux, C., 
Klatzmann, D., Champalimaud, lL. and Montagnier, L. Isolation of a New 
Human Retrovirusfor West African Patients with AIDS Science 233:343-346 
(1986). 

8. Michael, N.L., and Burke, D.S. Natural history of human immunodeficiency virus 
infection Derm Clin 9(3):429-441 (1991). 

9. Morrow, C.D., Park, J., and Wakefield, J.K. Viral Gene Products and 
Replication of the Human Immunodeficiency Type 1 Virus Am J Physiol 
266:CI135-CI156 (1994). 

10. Kessler, H.A., Bick, lA., Pottage, J.C. Jr., Benson, C.A. AIDS: Part I 
Disease-a-Month pp. 637-690 Roger C. Bone Ed., Mosby-Year Book, 
Inc. (1992). 

11. Sheppard, H.W., and Ascher, M.S. The Natural History and Pathogenesis of 
HIV Infection Ann Rev Micro 46:533-564 (1992). 

12. Tomar, R.H. Breaking the Asymptomatic Phase of HIV-llnfection J Clin Lab 
Anal 8:116-119 (1994). 

13. Klatzmann, D., Barre-Sinoussi, F., Nugeyre, M.T., Dauguet, C., Vilmer, E., 
Griscelli, C., Brun-Vezinet, E, Rouzioux, C., Bluckman, J.C., Chermann, J.-C., 



and Montagnier, L. Selective Tropism of Lymphadenopathy Associated Virus 
(LA V) for Helper-InducerT Lymphocytes Science 225:59-63 (1984). 

14. Capon, D.J., and Ward, R.H.R. The CD4-gp120 Interaction and AIDS 
Pathogenesis Ann Rev Imm 9:649-678 (1991). 

15. Eiden, L.E. and Lifson,. J.D. HIV Interactions with CD4: A Continuum of 
Conformations and Consequences Imm Today 13(6):201-206 (1992). 

16. Wong-Staal, F., and Gallo, R.C. Human T-Lymphotropic Retroviruses Nature 
317:395-403 (1985). 

17. Rossi, A. de, Calabro, M.L., Panozzo, M., Bernardi, D., Caruso, B., Tridente, 

129 

G., and Chieco-Bianchi, L. In vitro studies of HIV-I infection in thymic 
lymphocytes: a putative role of the thymus in AIDS pathogenesis AIDS Res Hum 
Retrovir 6(3):287-298 (1990). 

18. Habeshaw, J.A., Dalgleish, A.G., Bountiff, L., Newell, A.L., Wilks, D., 
Walker, L.C., and Manca F. AIDS Pathogenesis: HIV Envelope and Its 
Interaction with Cell Proteins Imm Today 11(11):418-424 (1990). 

19. Poli, G., Pantaleo, G., and Fauci, A.S. Immunopathogenesis of Human 
Immunodeficiency Virus Infection Clin Infect Dis 17(Suppl1):224-229 (1993). 

20. Levy, IA. Features of Human Immunodeficiency Virus Infection and Disease Ped 
Res 33(Suppl)1:S63-70 (1993). 

21. Gartner, S., Markovits, P., Markovitz, D.M., Kaplan, M.H., Gallo, R.C., and 
Popovic, M. The role of mononuclear phagocy!es in HTLV-IIIILAV infection 
Science 233:215-219 (1986). 

22. Molina, J.-M., Schindler, R., Ferriani, R., Sakaguchi, M., Vannier, E., 
Dinarello, C.A., and Groopman, IE. Production of cytokines by peripheral blood 
monocyteslmacrophages infected with human immunodeficiency virus type 1 
(HIV-I) J InfDis 161:888-893 (1990). 

23. Willey, R.L., Smith, D.H., Lasky, L.A., Theodore, T.S., Earl, P.L., Moss, B., 
Capon, DJ., and Martin, M.A. In vitro mutagenesis identifies a region within the 
envelope gene of the human immunodeficiency virus that is critical for infectivity 
J Vir 62(1):139-147 (1988). 

24. Perno, C.-F., Yarchoan, R., Cooney, D.A., Hartman, N.R., Webb, D.S., Hao, 
A., Mitsuya, H., Johns, D.G., and Broder, S. Replication of human 
immunodeficiency virus in monocytes granulocyte/macrophage colony
stimulating factor (GM-CSF) potentiates viral production yet enhances the 
antiviral effect mediated by 3'-azido-2',3'-dideoxythymidine (AZT) and other 
dideoxynucleoside congeners of thymidine J Exp Med 169:933-951 (1989). 



130 

25. Twigg, H.L. ITI, Lipscomb, M.E, Yoffe, B., Barbaro, D.l, and Weissler, I.e. 
Enhanced Accessory cell function by alveolar macrophages from patients infected 
with the human immunodeficiency virus: potential role for depletion of CD4 + 
cells in the lung Am J Respir Cell Mol Bioi 1:391-400 (1989). 

26. Tateno, M., Gonzalez-Scarano, F. and Levy, lA. Human Immunodeficiency 
Virus Can Infect CD4-Negative Human Fibroblastoid Cells PNAS 86:4287-4290 
(1989). 

27. Robinson, W.E., Mitchell, W.M., Chambers, W.H., Schuffman, S.S., 
Montefiori, D.C., and Oeltmann, T.N. Natural Killer cell infection and 
inactivation in vitro by the human immunodeficiency virus Hum Path 19(5):535 
-540 (1988). 

28. Schnittman, S.M., Psallidopoulos, M.C., Lane, H.C., Thompson, L., Baseler, 
M., Massari, F., Fox, C.H., Salzman, N.P., and Fauci, A.S. The Reservoir for 
HIV-J in Human Peripheral Blood Is a T Cell that Maintains Expression ofCD4 
Science 245:305-308 (1989). 

29. Stevenson, M., Stanwick, T.L., Dempsey, M.P., and Lamonica, C.A. HIV-J 
replication is controlled at the level ofT cell activation and proviral 
integration EMBO J 9(5):1551-1560 (1990). 

30. Fauci, A.S. The Human Immunodeficiency Virus: Infectivity and Mechanisms of 
Pathogenesis Science 239:617-622 (1988). 

31. Fox, C.H. and CottIer-Fox, M. The pathobiology of HIV infection Imm Today 
13(9):353-356 (1992). 

32. Weiss, R.A. How Does HIV Cause AIDS? Science 260:1273-1279 (1993). 

33. Riviere, Y., Tanneau-Salvadori, F., Regnault, A, Lopez, 0., Sansonetti, P., Guy, 
B., Kieny, M.-P., Fournel, J.-J., Montagnier, L. Human immunodeficiency virus
specific cytotoxic responses of seropositive individuals: distinct types of effector 
cells mediate killing of targets expressing gag and env proteins J Vir 63(5):2270-

2277 (1989). 

34. Schrier, R.D., Gnann, J.W. Jr., Landes, R., Lockshin, C., Richman, D., 
McCutchan, A., Kennedy, C., Old stone, M.B.A, and Nelson, lA. T cell 
recognition of HIV synthetic pep tides in a natural infection J Imm 142(4):1166-
1176 (1989). 

35. Brenner, B.G., Gryllis, C., and Wainberg, M.A. Role of antibody-dependent 
cellular cytotoxicity and lymphokine-activated killer cells in AIDS and related 
diseases J Leuk Bio 50:628-640 (1991). 

36. Ojo-Amaize, E., Nishanian, P.G., Heitjan, D.E, Rezai, A, Esmail, I., Korns, E., 
Detels, R., Fahey, J., and Giorgi, J.Y. Serum and effector-cell antibody-dependent 
cellular cytotoxicity (ADCC) activity remains high during human 



immunodeficiency virus (HW) disease progression J Clin Imm 9(6):454-461 
(1989). 

131 

37. Rosenberg, Z.F. and Fauci, A.S. Minireview: Induction of expression of HW in 
latently or chronically infected cells AIDS Res Hum Retrovir 5(1):1-4 (1989) 

38. Shearer, G.M. and Clerici, M. Abnormalities of Immune Regulation in Human 
Immunodeficiency Virus Infection Ped Res 33(Suppl)I:S71-75 (1993). 

39. Bagnara, G.P., Zauli, G., Giovannini, M., Re, M.C., Furlini, G. and LaPlaca, M. 
Early loss of circulating hemopoietic progenitors in HW-l-infected subjects Exp 
Hem 18:426-430 (1990) 

40. Lane, H.C. and Fauci, A.S. Immunologic abnormalities in the acquired 
immunodeficiency syndrome Ann Rev Imm 3:477-500 (1985) 

41. Giorgi, J.V. Characterization ofT Lymphocyte Subset Alterations by Flow 
Cytometry in HW Disease Ann NY Acad Sci 677:126-137 (1992). 

42. Ameisen, J.C. Programmed cell death and AIDS: from hypothesis to experiment 
Imm Today 13(10):388-391 (1992). 

43. Sheppard, h.W. and Ascher, M.S. The relationship between AIDS and 
immunologic tolerance J AIDS 5(2):143-147 (1992). 

44. Fuchs, D., Shearer, G.M., Boswell, R.N., Clerici, M., Reibnegger, G., Werner, 
E.R., Zajaz, R.A. and Wachter, H. Increased serum neopterin in patients with 
HW-J infection is correlated with reduced in vitro interleukin-2 production Clin 
Exp Imm 80:44-48 (1990). 

45. Bethea, M. and Forman, D.T. B2-microglobulin: Its significance and clinical 
usefulness Ann Clin Lab Sci 20(3):163-168 (1990). 

46. Yarchoan, R., Redfield, R.R. and Broder, S. Mechanisms of B cell activation in 
patients with acquired immunodeficiency syndrome and related disorders 
Contribution of antibody-producing B cells, of Epstein-Barr virus-infected B 
cells, and of immunoglobulin production induced by human T celllymphotropic 
virus, type III/Lymphadenopathy-associated virus J Clin Invest 78:439-447 
(1986). 

47. Kaplan, M.H. Pathogenesis of HIV Inf Dis Clin N. A. 8(2):279-288 (1994). 

48. Montagnier, L., Gruest, J., Chamaret, S., Dauguet, C., Axler, C., Guetard, D., 
Nugeyre, M.T., Barre-Sinoussi, F., Chermann, J.-C., Brunet, J.B., Klatzmann, 
D. and Gluckman, J.C. Adaptation of lymphadenopathy associated virus (LA V) to 
replication in EBV-transformed B lymphoblastoid cell lines Science 225:63-66 
(1984). 



49. Mawle, A.C., Thieme, M.L., Ridgeway, M.R., McDougal, J.S., and Schmid, 
D.S. Inhibition of the in vitro generation of class II-restricted, HSV-J-specijic, 
CD4+ CTL by HIV-J AIDS Res Hum Retrovir 6(2):229-241 (1990). 

50. Pelicci P.-G., Knowles, D.M., II, Arlin, Z.A., Wieczorek, R., Luciw, P., Dina 

132 

D., Basilico, C., and Dalla-Favera, R. Multiple monoclonal B cell expansions and 
c-myc oncogene rearrangements in acquired immune deficiency syndrome-related 
lymphoproliJerative disorders Implications for lymphomagenesis J Exp Med 
161:2049-2076 (1989). 

51. Gardner, M.B. and Luciw, P.A. Animal models of AIDS FASEB J 3:2593-2606 
(1989). 

52. Kindt, T.J., Hirsch, V.M., Johnson, P.R., and Sawasdikosol, S. Animal Models 
for Acquired Immunodeficiency syndrome Adv in Imm 52:425-474 (1992). 

53. Koch, lA. and ,R.M. Animal Modelsfor anti-AIDS therapy Antiviral 
Res 19:81-109 (1992). 

54. Letvin, N.L. and King, N.W. Naturally occurring animal models of the acquired 
immune deficiency syndrome (AIDS) Am J Phys Imaging 6:1-15 (1991). 

55. Vicenzi, E. and Poli, G. Regulation of HIV Expression by Viral Genes and 
Cytokines J Leuk Bioi 56:328-334 (1994). 

56. Cullen, B.R. and Greene, W.C. Regulatory pathways governing HIV-J replication 
Cell 58:423-426 (1989). 

57. Hauber, J., Malim, M.H., and Cullen, B.R. Mutational analysis of the conserved 
basic domain of human immunodeficiency virus tat protein J Vir 63(3):1181-1187 
(1989). 

58. Felber, B. K., Hadzopoulou-Cladaras, M., Cladaras, C., Copeland, T., and 
Pavlakis, G.N. Rev protein of human immunodeficiency virus type J affects the 
stability and transport of the viral mRNA PNAS 86:1495-1499 (1989). 

59. Ahmad, N. and Ventkatesan, S. Nef protein of HIV-J is a transcriptional 
repressor of HIV-J LTR Science 241:1481-1485 (1988). 

60. Niederman, T.M.J., Thielan, B.l, and Ratner, L. Human immunodeficiency virus 
type J negativefactor is a transcriptionalfactor PNAS 86:1128-1132 (1989). 

61. Cohen, E.A., Terwilliger, E.F., Sodroski, J.G., and Haseltine, W.A. 
Identification of a protein encoded by the vpu gene of HIV-J Nature 334:532-534 
(1988). 

62. Israel, N., Hazan, U., Alcami, 1, Munier, A., Arenzana-Seisedos, F., Bachelerie, 
F., Israel, A. and Virelizier, J.-L. Tumor necrosis factor stimulates transcription 
of HIV-I in human T lymphocytes, independently and synergistically with 
mitogens J Imm 143(12):3956-3960 (1989). 



133 

63. Osborn, L., Kunkel, S., and Nabel, G.J. Tumor necrosis factor alpha and 
interleukin 1 stimulate the human immunodeficiency virus enhancer by activation 
of the nuclear factor kappa B PNAS, USA 86:2336-2340 (1989). 

64. Schreck, R., Grassmann, R., Fleckenstein, B. and Baeuerle, P.A. Antioxidants 
Selectively Suppress Activation ofNF-KB by Human T-Cell Leukemia Virus Type 
I Tax Protein J Vir 66(11):6288-6293 (1992). 

65. Akira, S. and Kishimoto, T. lL-6 and NF-IL-6 in acute-phase response and viral 
infection Imm Rev 127:25-50 (1992). 

66. Clouse, K.A., Powell, D., Washington, I., Poli, G., Strebel, K., Farrar, W., 
Barstad, P., Kovacs, J., Fauci, A.S., and Folks, T.M. Monokine regulation of 
human immunodeficiency virus-l expression in a chronically infected human T 
cell clone J Imm 142(2):431-438 (1989). 

67. Folks, T.M., Clouse, K.A., Justement, J., Rabson, A., Duh, E., Kehrl, J.H., an 
Fauci, A.S. Tumor necrosis factor alpha induces expression of human 
immunodeficiency virus in a chronically infected T-cell clone PNAS 86:2365 
-2368 (1989). 

68. Caruso, A., Gonzales, R., Stellini, R., Scalzini, A., Peroni, L., and Turano, A. 
Interferon-gamma marks activated T lymphocytes in AIDS patients AIDS Res 
Hum Retrovir 6(7):899-904 (1990). 

69. Gendelman, H.E., Baca, L., Turpin, lA., Kalter, D.C., Hansen, B.D., 
Orenstein, J.M., Friedman, R.M. and Meltzer, M.S. Restriction of HIV replication 
in infected T cells and monocytes by inter/eron-alpha AIDS Res Hum Retrovir 
6(8):1045-1049 (1990). 

70. Montagnier, L. and Blanchard, A. Mycoplasmas as Cofactors in Infection Due to 
the Human Immunodeficiency Virus Clin Infect Dis 17(SuppI1):S309-315 
(1993). 

71. Weber, G.P. and Cantor, H. HIV Glycoprotein as a Superantigen, A Mechanism 
of Autoimmunity and Implicationsfor a Vaccination Strategy Med Hyp 41:247-
250 (1993). 

72. Bisset, L.R., Opravil, M., Ludwig, E. and Fierz, W. T Cell Response to 
Staphylococcal Superantigens by Asymptomatic HIV-Infected Individuals Exhibits 
Selective Changes in T Cell Receptor Vf3-Chain Usage AIDS Res and Hum 
Res 9(3):241-246 (1993). 

73. Montagnier, L. Is a dominant superantigen involved in AIDS pathogenesis Lancet 
342:50-51 (1993). 



134 

74. Weber, G.F. and Cantor, H. HIV Glycoprotein as a Superantigen, A Mechanism 
of Autoimmunity and Implications for a Vaccination Strategy Med Hyp 41 :247-
250 (1993). 

75. Bentwich, Z. and Wainberg, M.A. Host immunity and the course of HIV infection 
Isr J Med Sci 29(supp1):34-36 (1993). 

76. Vegas, M.A., Guigo, R., and Smith, T.F. Autoimmune response in AIDS Nature 
345:26 (1991). 

77. Golding, H., Robey, F.A., Gates, F.T., III, Linder, W., Beining, P.R., 
Hoffman, T. and Golding, B.ldentification of homologous regions in human 
immunodeficiency virus I gp4J and human MHC class II B J domain I. 
Monoclonal antibodies against the gp41-derived peptide and patients' sera react 
with native HLA class II antigens, suggesting a role for autoimmunity in the 
pathogenesis of acquired immune deficiency syndrome J Ex Med 167 :914-923 
(1988). 

78. Habeshaw, J., Hounsell, E. and Dalgleish, A. Does the HIV envelope induce a 
chronic graft-versus-host-like disease Imm Today 13(6):207-210 (1992). 

79. Hoffmann, G.W., Kion, T.A. and Grant, M.D. An idiotypic network model of 
AIDS immunopathogenesis PNAS 88:3060-3064 (1991). 

80. Rossi, A. de, Ometto, L., Roncella, S., D'Andrea, E., Menin, C., Calderazzo, F., 
Rowe, M., Ferrarini, M., and Chieco-Bianchi, L. HIV-J induces down-regulation 
of bcl-2 expression and death by apoptosis of EBV-immortalized B cells: A model 
for a persistent "self-limiting" HIV-J infection Vir 198:234-244 (1994). 

81. Gougeon", M.-L., and Montagnier, L. Apoptosis in AIDS Science 260: 1269-1270 
(1993). 

82. Kornbluth, R.S. Significance ofT Cell Apoptosisfor Macrophages in HIV 
Infection J Leuk Bioi 56:247-256 (1994). 

83. Tsubota, H., Lord, C.I., Watkins, D.I., Morimoto, C., and Letvin, N.L. A 
cytotoxic T lymphocyte inhibits acquired immunodeficiency syndrome virus 
replication in peripheral blood lymphocytes J Exp Med 169:1421-1434 (1989). 

84. Plata, F., Autran, B., Martins, L.P., Wain-Hobson, S., Raphael, M., Mayaud, 
C., Denis, M., Guillon, J.-M., Debre, P. AIDS virus-specific cytotoxic T 
lymphocytes in lung disorders Nature 328:348-351 (1987). 

85. Kamoun, M., Zerva, L., Sloan, S., Zmijewski, C., Monos, D., and Trinchieri, G. 
Induction of HLA class II molecules on human T cells: relationship to 
immunoregulation and pathogenesis of AIDS DNA Cell Bio 11(3):265-268 
(1992). 

86. Koga, Y., Sasaki, M., Yoshida, H., Wigzell, H., Kimura, G., and Nomoto, K. 
Cytopathic Effect Determined by the Amount of CD4 Molecules in Human Cell 



135 

Lines Expressing Envelope Glycoprotein of HIV J Imm 144(1):94-102 (1990). 

87. Nair, M.P.N., Pottathil. R., Heimer, E.P., and Schwartz, S.A. Immunoregulatory 
activities of human immunodeficiency virus (HIV) proteins: Effect of HIV 
recombinant and synthetic peptides on immunoglobulin synthesis and 
proliferative responses by normal lymphocytes PNAS 85:6498-6502 (1988). 

88. Amadori, A., Zamarchi, R., Ciminale, V., Mistro, A. Del, Siervo, S., Alberti, A., 
Colombatti, M. and Chieco-Bianchi, L. HIV-l specific B cell activation A major 
constituent of spontaneous B cell activation during HIV -1 infection J Imm 
143(7):2146-2152 (1989). 

89. Barrera, S.S. de la, Olabuenaga, S.E., Soria, A., Felippo, M., Bianco, R.P., and 
Bracco, M.M.E. de HIV infection and natural killer cytotoxicity in hemophilic 
patients Imm Let 24:207-216 (1990). 

90. Sirianni, M.C., Tagliaferri, F., and Aiuti, F. Pathogenesis of the natural killer cell 
deficiency in AIDS Imm Today 11 (3):81-82 (1990). 

91. Fontana, L., Sirianni, M.C., Sanctis, G. de, Carbonari, M., Ensoli, B., and Aiuti, 
F. Deficiency of natural killer activity, but not of natural killer binding, in patients 
with lymphadenopathy syndrome positivefor antibodies to HTLV-III Immunobio 
171:425-435 (1986). 

92. Melder, RJ., Balachandran, R., Rinaldo, C.R., Gupta, P., Whiteside, T.L., and 
Herberman, R.B. Cytotoxic activity against HIV-infected monocytes by 
recombinant interleukin 2-activated natural killer cells AIDS Res Hum Retrovir 
6(8):1011-1015 (1990). 

93. Cauda, R., Tumbarello, M., Ortona, L., Kanda, P., Kennedy, R.C., and Chanh, 
T.C. Inhibition of normal human natural killer cell activity by human 
immunodeficiency virus synthetic transmembrane peptides Cell Imm 115:57-65 
(1988). 

94. Bonavida, B., Katz, J., and Gottlieb, M. Mechanism of defective NK cell activity 
in patients with acquired immunodeficiency syndrome (AIDS) and AIDS-related 
complex I. Defective trigger on NK cells for NKCF production by target cells, and 
partial restoration by IL-2 J Imm 137(4):1157-1163 (1986). 

95. Cox, R.A., Anders, G.T., Cappelli, P.l, Johnson, J.E., Blanton, H.M., 
Seaworth, BJ. and Treasure, R.L. Production of tumor necrosis factor-alpha and 
interleukin-l by alveolar macrophagesfrom HIV-l-infects persons AIDS Res 
Hum Retrovir 6(4):431-441 (1990). 

96. Abrignani, S., Montagna, D., Jeannet, M., Wintsch, J., Haigwood, N.L., 
Shuster, lR., Steimer, K.S., Cruchaud, A., and Staehelin, T. Priming ofCD4+ T 
cells specific for conserved regions of human immunodeficiency virus 
glycoprotein gp120 in humans immunized with a recombinant envelope protein 
PNAS 87:6136-6140 (1990). 



97. Adan, H., Gersten, M.J., Salk, P.L. and Salk, J. Can AIDS Be Prevented by T
cell Vaccination? Imm Today 14(5):200-202 (1993). 

136 

98. Pantaleo, G., Koenig, S., Baseler, M., Lane, H.C., and Fauci, A.S. Defective 
c1onogenic potential of CD8+ T lymphocytes in Patients with AIDS Expansion in 
vivo of a nonclonogenic CD3+CD8+DR+CD25- Tcell population J Imm 
144(5):1696-1704 (1990). 

99. Cohen, J. T cell shift: key to AIDS therapy? Science 262:175-176 (1993). 

100. Graziosi, C., Pantaleo, G., Bantt, K.R., Fortin, J.-P., Demarest, IF., Cohen, 
O.J., Sekaly, R.P., and Fauci, A.S. Lack of evidence for the dichotomy ofThl 
and Th2 predominance in HlV-infected individuals Science 265:248-252 (1994). 

101. Mosmann, T.R. Cytokine patterns during the progression to AIDS Science 
265:193-194 (1994). 

102. Clerici, M. and Shearer, G.M. A TH1-+ TH2 Switch Is a Critical Step in the 
Etiology of HlV Infection Immun Today 14(3):107-111 (1993). 

103. Maggi, E., Mazzetti, M., Ravina, A., Annunziato, F., Carli, M. de, Piccinni, 
M.P., Manetti, R., Carbonari, M., Pesce, A.M., Prete, G. del, and Romagnani, S. 
Ability of HlV to promote a Thl to ThO shift and to replicate preferentially in Th2 
and ThO cells Science 265:244-248 (1994). 

104. Cease, K.B., Margalit, H., Cornette, IL., Putney, S.D., Robey, W.G., Ouyand, 
C., Streicher, H.Z., Fischinger, PJ., Gallo, R.C., DeLisi, C., and Berzofshy, 
IA. Helper T-cell antigenic site identification in the acquired immunodeficiency 
syndrome virus gp120 envelope protein and induction of immunity in mice to the 
native protein using a 16-residue synthetic PNAS 84:4249-4253 (1987). 

105. Desrosiers, R.C. HlV with multiple gene deletions as a live attenuated vaccinefor 
AIDS Research Human Retrovir 8(3):411-421 (1992). 

106. Goudsmit, J., Back, N.K.T., and Nara, P.L. Genomic diversity and antigenic 
variation of HlV-l: links between pathogenesis, epidemiology and vaccine 
development FASEB J 5:2427-2436 (1991). 

107. Hilleman, M.R. The dilemma of AIDS vaccine and therapy. Possible c1uesfrom 
comparative pathogenesis with measles AIDS Res Hum Retrovir 8(10):1743-
1747 (1992). 

108. Salk, I, Bretscher, P.A., Salk, P.L., Clerici, M. and Shearer, G.M. A Strategy 
for Prophylactic Vaccination Against HIV Science 260:1270-1272 (1993). 

109. Johnston, M.I. and Hoth, D.F. Present Status and Future Prospectsfor HlV 
Therapies Science 260:1286-1293 (1993). 



110. Kessler, H.A., Bick, J.A., Pottage, J.C. Jr., Benson, C.A. AIDS: Part II 
Disease-a-Month pp.694-764 Roger C. Bone Ed., Mosby-Year Book, Inc. 
(1992). 

137 

111. Terwilliger, E.F., Sodroski, J.O., and Haseltine, W.A. Mechanisms of infectivity 
and replication of HIV-J and implications for therapy Ann Emerg Med 
9(3):233-241 (1990). 

112. Anonymous Concorde: MRCIANRS Randomised Double-blind Controlled Trial 
of Immediate and Deferred Zidovudine in Symptomjree HIV Infection. Concorde 
Coordinating Committee Lancet 343(8902):871-881 (1994). 

113. Miles, S.A. Hematopoietic growth factors as adjuncts to antiretroviral therapy 
AIDS Res Hum Retrovir 8(6):1073-1080 (1992). 

114. Costello, RT. Therapeutic use of granulocyte-macrophage colony-stimulating 
factor (GM-CSF) A review of recent experience Acta One 32(4):403-408 (1993). 

115. Hengge, U.R, Brockmeyer, N.H., Ooos, M. Granulocyte colony-stimulating 
factor treatment in AIDS patients Clin Invest 70:922-926 (1992). 

116. Hewitt, RO., Morse, 0.0., Lawrence, W.O., Maliszewski, M.L., Santora, J., 
Bartos, L., Bonnem, E., and Poiesz, B. Pharmacokinetics and pharmacodynamics 
of granulocyte-macrophage colony-stimulating factor and zidovudine in patients 
with AIDS and severe AIDS-related complex Antimier Agents Chemother 
37(3):512-522 (1993). 

117. Miles, S.A. Hematopoietic growthfactors as adjuncts to antiretroviral therapy 
AIDS Res Hum Retrovir 8(6):1073-1080 (1992). 

118. Hersh, E.M. Current Status of Immunotherapy of Patients with HIV-Infection Int 
J Immunopharm 13(Suppll):9-18 (1991). 

119. Benson, E.M. Immune Modulation in HIV Infection: Fact or Fantasy J AIDS 
6(Suppll):S61-S67 (1993). 

120. Yarchoan, R, Mitsuya, H. and Broder, S. Challenges in the Therapy of HIV 
Infection TIPS 14:196-202 (1993). 

121. Hadden, J.W. Immunotherapy of Human Immunodeficiency Virus Infection TIPS 
12:107-111 (1991). 

122. Trainin, N. Prospects of AIDS therapy by thymic humoralfactor, a thymic 
hormone Nat Immune Cell Growth Regu! 9:155-159 (1990). 

123. Krown, S.E. Approaches to interferon combination therapy in the treatment of 
AIDS Sem One 17(I)Suppl:11-15 (1990). 

124. Laurence, 1. Immunology of HIV infection, I: biology of the interferons AIDS 
Res Hum Retrovir 6(10):1149-1156 (1990). 



138 

125. Fahey, J.L., and Schooley, R. Status of immune-based therapies in HIV infection 
and AIDS Clin Exp Imm 88:1-5 (1992). 

126. Gottleib, A.A., and Gottleib, M.S. Development of immunomodulators for t 
reatment of HIV infection Lymphology 23:98-101 (1990). 

127. Hadden, J.W. Current Status and Future Prospects in the Immunotherapy of 
Human Immunodeficiency Virus (HIV) Infection Adv in Exp Med Bioi 
335:203-210 (1993). 

128. Hodges, T.L., Kahn, J.O., Kaplan, L.D., Groopman, J.E., Volderding, P.A., 
Amman, A.J., Arri, C.J., Bouvier, L.M., Mordenti, J., Izu, A.E., and Allan J.D. 
Phase I study of recombinant Human CD4-lmmunoglobulin G therapy of patients 
with AIDS and AIDS-related complex Antimicr Ag Chemother 35(12):2580-
2586 (1991). 

129. Kim, Y.-W., Chang, T.W. Potential use ofimmunoconjugatesfor AIDS therapy 
AIDS Res Hum Retrovir 8(6):1033-1038 (1992). 

130. Sawyer, L.A., Katzenstein, D.A., Hendry, R.M., Boone, E.J., Vujcic, L.K., 
Williams, C.C., Zeger, S.L., Saah, A.J., Rinaldo, C.R., Jr., Phair, J.P., Giorgi, 
J.V., and Quinnan, G.V., Jr. Possible beneficial effects of neutralizing antibodies 
and antibody-dependent, cell-mediated cytotoxicity in human immunodeficiency 
virus infection AIDS Res Hum Retrovir 6(3):341-356 (1990). 

131. Brewton, G.W., Hersh, E.M., Rios, Mansell, P.W.A., Hollinger, B. and Reuben, 
J.M. A Pilot Study of Diethyldithiocarbamate in Patients with Acquired Immune 
Deficiency Syndrome (AIDS) and the AIDS-Related Complex Life Sci 45:2509-
2520 (1989). 

132. Hersh, E.M., Brewton, G., Abrams, D., Bartlett, J., Galpin, J., Gill, P., Gorter, 
R., Gottleib, M., Jonikas, J.J., Landesman, S., Levine, A., Marcel, A., Peterson, 
E.A., Whiteside, M., Zahradnik, J., Negron, C., Boutitie, F., Caraux, J., Dupuy, 
J-M. and Salmi, L.R. Ditiocarb Sodium (Diethyldithiocarbamate) Therapy in 
Patients with Symptomatic HIV Infection and AIDS: A Randomized, Double-blind, 
Placebo-Controlled, Multicenter Study JAM A 265(12):1538-1544 (1991). 

133. HIV87 Study Group Multicenter, Randomized, Placebo-Controlled Study of 
Ditiocarb (Imuthiol) in Human Immunodeficiency Virus-Infected Asymptomatic 
and Minimally Symptomatic AIDS Res Human Retrovir 9(1):83-89 (1993). 

134. Kaplan, C.S., Peterson, E.A., Yocum, D. and Hersh, E.M. A Randomized, 
Controlled Dose Response Study of Intravenous Sodium Diethyldithiocarbamate i 
in Patients with Advanced Human Immunodeficiency Virus Infection Life Sci 
45:iii-ix (1989). 

135. Lang, J.-M., Touraine, J.-L., Trepo, C., Choutet, P., Kirstetter, M., Falkenrodt, 
A., Herviou, L., Livrozei, J.-M., Retorjnaz, G., Touraine, F., Renoux, G., 
Renoux, M., Musset, M., Caraux and the AIDS-Imuthiol French Study Group 



139 

Randomized, Double-blind, Placebo-Controlled Trial of Ditiocarb Sodium 
('Imuthiol') in Human Immunodeficiency Virus Infection Lancet 702-706 (1988). 

136. Kinlen, L. Immunosuppressive therapy and acquired immunological disorders 
Cancer Res (Suppl) 52:5474s-5476s (1992). 

137. Tomar, RH., Hennig, A.K., Oates, RP., Yuille, M.A.R, and John, P.A. Serum 
factors in the progression on human immunodeficiency virus type 1 infection to 
AIDS J Clin Lab Anal 4:218-223 (1990). 

138. Minagawa, T., Mizuno, K., Hirano, S., Asano, M., Numata, A., Kohanawa, M., 
Nakane, A., Hachimori, K., Tamagawa, S., Negishi, M., Yamazaki, S., and 
Satoh, Y. Detection of high levels of immunoreactive human beta-l interferon in 
sera from HIV-infected patients Life Sci 45:iii-vii (1989). 

139. Merrill, lE. Proinflammatory and antiinflammatory cytokines in multiple 
sclerosis and central nervous system acquired immunodeficiency syndrome J 
Immunother 12:167-170 (1992). 

140. Skurkovich, S., Skurkovich, B. and Bellanti, J.A. A disturbance of interferon 
synthesis with the hyper production of unusual kinds of interferon can trigger 
autoimmune disease and playa pathogenetic role in AIDS: the removal of these s 
can be therapeutic Med Hyp 41:177-185 (1993). 

141. Buhl, R., Jaffe, H.A., Holroyd, K.J., Wells, P.B., Mastrangeli, A., Saltini, C., 
Cantin, A.M. and Crystal, RO. Systemic glutathione deficiency in symptomjree 
HIV-positive individuals Lancet 1294-1298 (1989). 

142. Droge, W. Cysteine and Glutathione Deficiency in AIDS Patients: A Rationalef 
for the Treatment with N-Aetyl-Cysteine Pharm 46:61-65 (1993). 

143. Staal, F.J.T., Roederer, M., Herzenberg, L.A. and Herzenberg, L.A. Glutathione 
and Immunophenotypes ofT and B Lymphocytes in HIV-infected Individuals Ann 
NY Acad Sci 651:453-463 (1991). 

144. Droge, W., Eck, H.-P., and Mihm, S. HIV-induced cysteine deficiency and T-cell 
dysfunction - a rationale for treatment with N-acetylcysteine Imm Today 
13(6}:211-214 (1992). 

145. Droge, W., Eck, H.-P., and Mihm, S. Requirementfor prooxidant and antioxidant 
states in T cell mediated immune responsesfor the pathogenetic mechanisms of 
AIDS? Klin Woch 69:1118-1122 (1991). 

146. Roederer, M., Ela, S.W., Staal, F.J.T., Herzenberg, L.A. and Herzenberg, L.A. 
N-acetylcysteine: A new approach to anti-HIV therapy AIDS Res Hum 
Retrovir 8(2}:209-217 (1992). 

147. Kalebic, T., Kinter, A., Poli, G., Anderson, M.E., Meister, A., and Fauci, A.S. 
Suppression of human immunodeficiency virus expression in chronically infected 



monocytic cells by glutathione, glutathione ester, and N-acetylcysteine PNAS 
88:986-990 (1991). 

140 

148. Touraine, J.-L., Sandhadji, K, Zerhouni, B. and Livrozet, J.-M. Rationalefor a 
Combined Use of Antiretroviral and Immunomodulatory Therapies in HIV 
Infection Int J Immunopharm 13(Suppl1):43-48 (1991). 

149. Basham, T., Rios, C.D., Holdener, T. and Merigan, T.C. Zidovudine (AZT) 
Reduces Viruses Titer, Retards Immune Dysfunction, and Prolongs Survival in the 
LP-BM5 Murine Induced Immunodeficiency Model J Infect Dis 161:1006-1009 
(1990). 

150. Chow, F.-P.R. and Hamburger, A.W.ln vivo Evaluation of the Anemia Induced 
by Azidothymidine (AZT) in a Murine Model of AIDS Eur J Haem 47:91-97 
(1991). 

151. Eiseman, J.L., Yetter, R.A., Fredrickson, T.N., Shapiro, S.G., MacAuley, C., 
and Bilello, lA. Effect of 3'azidothymidine Administered in Drinking Water or by 
Continuous Infusion on the Development of MAIDS Antiviral Res 16:307-326 
(1991). 

152. Hersh, E.M., Funk, C.F., Peterson, E.A., Ryschon, KL. and Mosier, D.E. Dose 
Response and Timing Effects in the Therapy of the LP-BM5 Murine Retrovirus
induced LymphoproliJerative Immunodeficiency Disease with 
Diethyldithiocarbamate Int J Immunopharm 15(2):137-143 (1993). 

153. Hersh, E.M., Funk, C.F., Ryschon, KL., Peterson, E.A. and Mosier, D.E. 
Effective Therapy of the LP-BM5 Murine Retrovirus-induced LymphoproliJerative 
Immunodeficiency Disease with Diethyldithiocarbamate AIDS Research Hum 
Retrovir 7(6):553-561 (1991). 

154. Letvin, N.L. Animal modelsfor AIDS Imm Today 11(9):322-326 (1990). 

155. Mosier, D.E. Animal modelsfor retrovirus-induced immunodeficiency disease 
Imm Invest 15(3):233-161 (1986). 

156. Ruprecht, R.M., Koch, lA., Sharma, P.L. and Annany, R.S. Development of 
antiviral treatment strategies in murine models AIDS Res Hum Retrovir 
8(6):997-1011 (1992). 

157. Spertzel, R.O. and the Public Health Service Animal Models Committee Animal 
Models of human immunodeficiency virus infection Antiviral Res 12:223-230 
(1989). 

158. W.H.O. Geneva 14-15 September 1989 Meeting Report: Report of a WHO 
informal consultation on animal models for evaluation of drugs and vaccines for 
HIV infection and AIDS Biologicals 18:225-234 (1990). 

159. Watson, R.R. Murine modelsfor acquired immune deficiency syndrome Life Sci 
44:iii-xv (1989). 



141 

160. Dewhurst, S., Embretson, J.E., Anderson, D.C., Mullins, J.I., and Fultz, P.N. 
Sequence analysis and acute pathogenicity of molecularly cloned SIVsmm-pbj14 
Nature 345:636-640 (1990). 

161. Miller, C. and Gardner, M.B. AIDS and mucosal immunity: Usefulness of the SIV 
macaque model of genital mucosal transmission J AIDS 4(12):1169-1172 (1991). 

162. Gardner, M.B. Simian andfeline immunodeficiency viruses: animallentivirus 
models for evaluation of AIDS vaccines and antiviral agents Antiviral Res 
15:267-286 (1991). 

163. Tung, F. Y.-T. and Daniel, M.D. Targeted inhibition of immunodeficiency virus 
replication in lymphocytes through retroviral mediated gene transfer Arch Virol 
133:407-421 (1993). 

164. Bendinelli, M., Pistello, M., Lombardi, S., Baldinotti, F., Bandecchi, P., 
Ghilarducci, R., Ceccherini-Nelli, L., Garzelli, C., Poli, A., Esposito, F., 
Malvaldi, G. and Tozzini, F. Small Animal Model Model of AIDS and the Feline 
Immunodeficiency Virus Drugs of Abuse, Immunity and AIDS Ed. H. 
Friedman et al. Plenum Press, NY pp 189-202 (1993). 

165. Mathes, L.E., Polas, P.J., Hayes, K.A., Swenson, C.L., Johnson, S., and 
Kociba, G.J. Pre-and postexposure chemoprophylaxis: evidence that 3'-azido 3'
dideoxythymidine inhibits feline leukemia virus disease by a drug-induced vaccine 
response Antimicr Agents Chemother 36(12):2715-2721 (1992) 

166. Shen, R.-N., Lu, L. and Broxmeyer, J.E. New therapeutic strategies in the 
treatment of murine diseases induced by virus and solid tumors: biology and 
implicationfor the potential treatment of human leukemia, AIDS, and solid 
tumors Crit Rev Onc Hem 10(3):253-265 (1990). 

167. McCune, J., Kaneshima, H., Krowka, J., Namikawa, R., Outzen, H., Peault, B., 
Rabin, L., Shih, C.-C., Yee, E. The SCID-hu mouse: a small animal modelfor 
HIV infection and pathogenesis Ann Rev Imm 9:399-429 (1991). 

168. Mosier, D.E. Immunodeficient mice xenografted with human lymphoid cells: new 
models for in vivo studies of human immunobiology and infectious disease J Clin 
Imm 10(4):185-191 (1990). 

169. Torbett, B.E., Picchio, G. and Mosier, D.E. hu-PBL-SCID mice: A model for 
human immunefunction, AIDS, and lymphomagenesis Imm Rev 124:139-164 
(1991). 

170. Schuler, W., Weiler, I.J., Schuler, A., Phillips, R.A., Rosenberg, N., Mak, 
T.W., Kearney, IF., Perry, R.P. and Bosma, MJ. Rearrangement of Antigen 
Receptor Deficiency Cell 46:963-972 (1986). 



142 

171. Mosier, D.E. Adoptive transfer of human lymphoid cells to severely 
immunodeficient mice: modelsfor normal human immunefunction, autoimmunity, 
lymphomagenesis, and AIDS Adv in Imm 50:303-325 (1991). 

172. Mosier, D.E., Gulizia, R.J., MacIsaac, P.D., Corey, L., and Greenberg, P.D. 
Resistance to human immunodeficiency virus 1 infection of SCID mice 
reconstituted with peripheral blood leukocytes from donors vaccinated with 
vaccinia gp160 and recombinant gp160 PNAS 90:2443-2447 (1993). 

173. Chattopadhyay, S.K., Sengupta, D.N., Fredrickson, T.N., Morse, H.C. and 
Hartley, lW. Characteristics and Contributions of Defective, Ecotropic, and 
Mink Cell Focus-inducing Viruses Involved in a Retrovirus-induced 
Immunodeficiency Syndrome of Mice J Vir 65(8):4232-4241 (1991). 

174. Morse, H.C. and Hartley, J.W. Biology of Murine Leukemia Viruses Animal 
Models of Retrovirus Infection and their Relationship to AIDS 
Academic Press 41-58 (1986). 

175. Hugin, A.W., Vacchio, M.S. and Morse, H.C. A Virus-encoded "Superantigen" in 
a Retrovirus-induced Immunodeficiency Syndrome of Mice Science 252:424-427 
(1991). 

176. Aziz, D.C., Hanna, Z. and Jolicoeur, P. Severe Immunodeficiency Disease 
Induced by a Defective Murine Leukaemia Virus Nature 338:505-508 (1989). 

177. Chattopadhyay, S.K., Morse, H.C., Makino, M., Ruscetti, S.K. and Hartley, 
lW. Defective Virus Is Associated with Induction of Murine Retrovirus-induced 
Immunodeficiency Syndrome PNAS, USA 86:3862-3866 (1989). 

178. Jolicoeur, P. Murine Acquired Immunodeficiency Syndrome (MAIDS): An Animal 
Model to Study the AIDS Pathogenesis FASEB J 5:2398-2405 (1991). 

179. Huang, M., Simard, C., Kay, D.G., and Jolicoeur, P. The Majority of Cells 
Infected with the Defective Murine AIDS Virus Belong to the B-Cell Lineage J 
Vir 65(12):6562-6571 (1991). 

180. Mosier, D.E., Yetter, R.A. and Morse, H.C. Retroviral Induction of Acute 
Lymphoproliferative Disease and Profound Immunosuppression in Adult C57BLl6 
Mice J Exp Med 161:766-784 (1985). 

181. Legrand, E., Daculsi, R., and Duplan, J.F. Characteristics of the Cell Populations 
Involved in Extra-thymic Lymphosarcoma Induced in C57BLl6 Mice by RadLV-Rs 
Leuk Res 5(3):223-233 (1981). 

182. Rassart, E., Sankar-Mistry, P., Lemay, G., DesGroseillers, L., and Jolicoeur, P. 
New Class of Leukemogenic Ecotropic Recombinant Murine Leukemia Virus 
Isolatedfrom Radiation-induced Thymomas of C57BLl6 Mice J Vir 45(2):565-
575 (1983). 



143 

183. Haas, M. and Resheg, T. Non-thymic Malignant Lymphomas Induced in C57BLl6 
Mice by Cloned Dualtropic Viruses Isolatedfrom Hematopoietic Stromal Cell 
Lines Eur J Cancer 16:909-917 (1980). 

184. Pattengale, P.K., Taylor, C.R., Twomey, P., Hill, S., Jonasson, J., Beardsley, 
T. and Haas, M.Immunopathology of B-cell Lymphomas Induced in C57BLl6 
Mice in Dualtropic Murine Leukemia Virus (MuLV) Am J Path 107:362-377 
(1982). 

185. Albritton, L.M., Tseng, L., Scadden, D. and Cunningham, J.M. A Putative 
Murine Ecotropic Retrovirus Receptor Gene Encodes a Multiple Membrane
Spanning Protein and Confers Susceptibility to Virus Infection Cell 57:659-666 
(1989). 

186. Wang, H., Dechant, E .• Kavanaugh, M., North, R.A. and Kabat, D. Effects of 
Ecotropic Murine Retroviruses on the Dual{unction Cell Surface Receptor/Basic 
Amino Acid Transporter J BioI Chern 267(33):23617-23624 (1992). 

187. Morse, H.C. and Hartley, J. W. Biology of Murine Leukemia Viruses Animal 
Models of Retrovirus Infection and Their Relationship to AIDS 
Academic Press, Inc. pp 41-59(1986). 

188. Yetter, R.A., Hartley, J.W., Fredrickson, T.N. and Morse, H.C. Pathogenesis of 
Murine RetroviralInfections Animal Models of Retrovirus Infection and 
their Relationship to AIDS Academic Press 193-202 (1986). 

189. Goff, S.P. The Genetics of Murine Leukemia Viruses Cur Top Micro Imm 
112:45-71 (1984). 

190. Huang, M., Simard, C. and Jolicoeur, P.lmmunodeficiency and Clonal Growth of 
Target Cells Induced by Helper{ree Defective Retrovirus Science 246:1614-1617 
(1989). 

191. Pozsgay, J.M., Beilharz, M.W., Wines, B.D., Hess, A.D. and Pitha, P.M. The 
MA(pJ5) andp12 Regions of the gag Gene Are Sufficientfor the Pathogenicity of 
the Murine AIDS Virus J Vir 67(10):5989-5999 (1993). 

192. Kanagawa, 0., Wiebenga, M.E., and Vaupel, B.A. Defective T Cell Receptor
.Mediated Signaling and Differential Induction ofT Cell Functions by Murine 
AIDS Virus Superantigen J Imm 150:1865-1872 (1993). 

193. Kanagawa, 0., Nussrallah, B.A., Wiebanga, M.E., Murphy, K.M., Morse, H.C. 
and Carbone, F.R. Murine AIDS Superantigen Reactivity of the T Cells Bearing 
Vj35 T Cell Antigen Receptor J Imm 149(1):9-16 (1992). 

194. Selvey, L.A., Morse, H.C., Granger, L.G. and Hodes, R.J. Preferential 
Expansion and Activation ofVj35+ CD4+ T Cells in Murine Acquired 
Immunodeficiency Syndrome J Imm 151(3):1712-1722 (1993). 



195. Klinman, D.M., and Morse, H.C. Characteristics of B Cell Proliferation and 
Activation in Murine AIDS J Imm 142(4):1144-1149 (1989). 

196. Cole, G.T., Saha, K., Seshan, K.R., Lynn, K.T., Franco, M. and Wong, P.K.Y. 
Retrovirus-induced Immunodeficiency in Mice Exacerbates Gastrointestinal 
Candidiasis Infect Imm 60(10):4168-4178 (1992). 

197. Oazzinelli, R.T., Hartley, J.W., Fredrickson, T.N., Chattopadhyay, S.K., Sher, 
A., and Morse, H.C. Opportunistic Infections and Retrovirus-induced 
Immunodeficiency: Studies of Acute and Chronic Infections with Toxoplasma 
gondii in Mice Infected with LP-BM5 Murine Leukemia Viruses Infect Imm 
60(10)4394-4401 (1992). 

198. Orme, I.M., Furney, S.K. and Roberts, A.D. Dissemination of Enteric 
Mycobacterium avium Infections in Mice Rendered Immunodeficient by 
Thymectomy and CD4 Depletion or by Prior Infection with Murine AIDS 
Retroviruses Infection and Immunity 60(11):4747-4753 (1992). 

144 

199. Darban, H., Enriquez, J., Sterling, C.R., Lopez, M.C., Chen, G., Abbaszadegan, 
M. and Watson, R.R. Cryptosporidiosis Facilitated by Murine Retroviral 
Infection with LP-BM5 J InfDis 164:741-745 (1991). 

200. Buller, R.M.L., Yetter, R.A., Fredrickson, T.N., and Morse, H.C. Abrogation of 
Resistance to Severe Mousepox in C57BL/6 Mice Infected with LP-BM5 Murine 
Leukemia Viruses J Vir 61(2):383-387 (1987). 

201. Darban, H., Watson, R.R., Darban, J.R. and Shahbazian, L.M. Modification of 
Resistance to Streptococcus pneumoniae by Dietary Ethanol, Immunization, and 
Murine Retrovirallnfection Alcoholism: Clin Exp Res 16(5):846-851 (1992). 

202. Silva, I.S., Barral-Netto, M., Reed, S.O. Aggravation of Both Trypanosoma cruzi 
and Murine Leukemia Virus by Concomitant Infections Am J Trop Med Hyg 
49(5):589-597 (1993). 

203. Eckwalanga, M., Marussig, M., Tavares, M.D., Bouanga, I.C., Hulier, E., 
Pavlovitch, JK.H., Minoprio, P., Portnoi, D., Renia, L. and Mazier, D. Murine 
AIDS Protects Mice Against Experimental Cerebral Malaria: Down-Regulation 
by Interleukin 10 of a T-helper Type 1 CD4+ Cell-mediated Pathology PNAS 
91:8097-8101 (1994). 

204. Cerny, A., Hugin, A.W., Hardy, R.R., Hayakawa, K., Zinkernagel, R.M., 
Makino, M., and Morse, H.C. B Cells Are Requiredfor Induction ofT Cell 
Abnormalities in a Murine Retrovirus-induced Immunodeficiency Syndrome J 
Exp Med 171:315-320 (1990). 

205. Klinken, S.P., Fredrickson, T.N., Hartley, J.W., Yetter, R.A. and Morse, H.C. 
Evolution of B Cell Lineage Lymphomas in Mice with a Retrovirus-induced 
Immunodeficiency Syndrome, MAIDS J Imm 140(4):1123-1131 (1988). 



145 

206. Donaldson, L.A., Cheng, R, Savage, S.M., and Sapori, M.L. Characteristics of 
CD4+ T Cells Which Transfer Murine AIDS (MAIDS) Cell Imm 156:468-479 
(1994). 

207. Kubo, Y., Nakagawa, Y., Kakimi, K, Matsui, H., Iwashiro, M., Kuribayashi, 
K., Masuda, T., Hiai, H., Hirama, T., Yanagawa, S.-I, and Ishimoto, A. 
Presence of Transplantable T-Lymphoid Cells in C57BLI6 Mice Infected with 
Murine AIDS Virus J Vir 66(9):5691-5695 (1992). 

208. Morse, H.C., Yetter, RA., Via, C.S., Hardy, RR, Cerny, A., Hayakawa, K., 
Hugin, A.W., Miller, M.W., Holmes, K.L and Shearer, G.M. Functional and 
Phenotypic Alterations in T Cell Subsets During the Course of MAIDS, a Murine 
Retrovirus-induced Immunodeficiency Syndrome J Imm 143(3):844-850 (1989). 

209. Mosier, D.E., Yetter, R.A., and Morse, H.C. Functional T Lymphocytes Are 
Requiredfor a Murine Retrovirus-induced Immunodeficiency Disease (MAIDS) J 
Exp Med 165:1737-1742 (1987). 

210. Cheung, S.C., Chattopadhyay, S.K., Morse, H.C. and Pitha, P.M. Expression of 
Defective Virus and Cytokine Genes in Murine AIDS J Vir 65(2):823-828 (1991). 

211. Yetter, RA., Buller, M.L., Lee, J.S., Elkins, KL., Mosier, D.E., Fredrickson, 
T.N. and Morse, H.C. CD4+ T Cells Are Requiredfor Development of a Murine 
Retrovirus-induced Immunodeficiency Syndrome (MAIDS) J Exp Med 168:623-
635 (1988). 

212. Pitha, P.M., Biegel, D., Yetter, RA. and Morse, H.C. Abnormal Regulation of 
IFN-a,-j3, and -yExpression in MAIDS, A Murine Retroviruses-induced 
Immunodeficiency Syndrome J Imm 141(10):3611-3616 (1988). 

213. Cheung, S.C., Chattopadhyay, S.K, Hartley, J.W., Morse, H.C. and Pitha, 
P.M. Aberrant Expression ofCytokine Genes in Peritoneal Macrophagesfrom 
Mice Infected with LP-BM5 MuLV, a Murine Model of AIDS J Imm 146(1):121-
127 (1991). 

214. Maury, C.PJ. and Lahdevirta 1. Correlation of serum cytokine levels with 
haemotological abnormalities in human immunodeficiency virus infection J Int 
Med 227:253-257 (1990). 

215. Gessner, P.K. and Gessner, T. Disulfiram and its Metabolite 
Diethyldithiocarbamate - Pharmacology and Status in the Treatment 
of Alcoholism, HIV Infections, AIDS and Heavy Metal Toxicity 
Chapman and Hall, London, England (1992). 

216. Cobby, J., Mayersohn, M. and Selliah, S. Disposition Kinetics in Dogs of 
Diethyldithiocarbamate, a Metabolite of Disulfiram J Pharmacokin Biopharm 
6(5):369-387 (1978). 



217. Rigas, D.A., Eginitis-Rigas, C. and Head, C. Biphasic Toxicity of 
Diethyldithiocarbamate, a Metal Chelator, to T Lymphocytes and 
Polymorphonuclear Granulocytes: Reversal by Zinc and Copper Biochem 
Biophys Res Comm 88(2):373-379 (1979). 

218. Weismann, K. Chelating drugs and Zinc Dan Med Bull 33:208-211 (1986). 

146 

219. Koster, J.F. and van Berkel, T.lC. The Effect of Diethyldithiocarbamate on the 
Lipid Peroxidation of Rat-Liver Microsomes and Intact Hepatocytes Biochem 
Pharm 32(22):3307-3310 (1983). 

220. Martens, T., Langevin-Bennond, D. and Fleury, M.B. Ditiocarb: Decomposition 
in Aqueous Solution and Effect of the Volatile Product on Its Pharmacological 
Use J Pharm Sci 82(4):379-383 (1993). 

221. Basinger, M.A., Jones, M.M., Gilbreath, S.G., Walker, E.M., Fody, E.P. and 
Mayhue, M.A. Diethyldithiocarbamate-induced Biliary Platinum Excretion and 
the Control of cis-platinum Nephrotoxicity Tox App Pharm 97:279-288 (1989). 

222. DeGregorio, M.W., Gandara, D.R, Holleran, W.M., Perez, E.A., King, C.C., 
Wold, H.G., Montine, T.J. and Borch, RF. High-dose Cisplatin with 
Diethyldithiocarbamate (DDTC) Rescue Therapy: Preliminary Pharmacologic 
Observations Cancer Chemother Pharm 23:276-278 (1989). 

223. Schmalbach, T.K. and Borch, RF. Myeloprotective Effect of 
Diethyldithiocarbamate Treatment following 1,3 -Bis(2 -chloroethyl )-1-
nitrosourea, Adriamycin, or Mitomycin C in Mice Cancer Res 49:2574-2577 
(1989). 

224: Pannacciulli, 1M., Lerza, RA., Bogliolo, G.V., Mancoboni, M.P. and Saviane, 
A.G. Effect of Diethyldithiocarbamate on Toxicity of Doxorubicin, 
Cyclophosphamide and cis-diamminedichloroplatinum (/I) on Mice Haemopoietic 
Progenitor Cells Br J Cancer 59:371-374 (1989). 

225. Sundennan, F.W. The Extended Therapeutic Role of Dithiocarb (Sodium 
Diethyldithiocarbamate) from Nickel Poisoning to AIDS Ann Clio Lab Sci 
22(4):245-248 (1992). 

226. Calvert, J.G. and Simon, E.H. Effects of the Copper Chelators 
Diethyldithiocarbamate and Bathocuproine Sulfonate on Interferon and Its 
Antiviral State J Interferon Res 10:13-23 (1990). 

227. Andersen, O. and Nielsen, J.B. Effects of Diethyldithiocarbamate on the 
Toxicokinetics of Cadmium Chloride in Mice Tox 55:1-14 (1989). 

228. Hellstrom-Lindahl, E. and Oskarsson, A. Response of Rat Hepatocyte Cultures to 
Cadmium Chloride and Cadmium-diethyldithiocarbamate Tox 56:9-21 (1989). 



147 

229. Gale, G.R, Smith, A.B. and Atkins, L.M. Comparative Effects of Disulfiram and 
Diethyldithiocarbamate on Cadmium Distribution in Mice Res Cornrn Chern 
Path Pharrn 53(3):395-410 (1989). 

230. Andersen, 0., Nielsen, lB. and Svendsen, P. Oral Cadmium Chloride 
Intoxication in Mice: Diethyldithiocarbamate Enhances Rather than Alleviates 
Acute Toxicity Tox 52:331-342 (1988). 

231. Oskarsson, A. and Hellstrom-Lindahl, E. Increased Lead Uptake and Inhibition of 
Alad-Activity in Isolated Rat Hepatocytes Incubated with Lead
Diethyldithiocarbamate Complex Chern-BioI Interactions 67:59-70 (1988). 

232. Kent, C.R.H. and Blekkenhorst, G.H. In Vivo Radiosensitization by 
Diethyldithiocarbamate 116:539-546 (1988). 

233. Stromme, J.H. and Eldjarn, L. Distribution and Chemical Forms of 
Diethyldithiocarbamate and Tetraethylthiuram Disulfide (Disulfiram) in Mice in 
Relation to Radioprotection Biochern Pharrn 15:287-297 (1966). 

234. Freeman, T.l, Maisel, R.H., Goding, G.S. and Cohen, J.I. Inhibition of 
Endogenous Superoxide Dismutase with Diethyldithiocarbamate in Acute Island 
Skin Flaps Otolaryng Head Neck Surg 103:938-942 (1990). 

235. Heikkila, R.E., Cabbat, F.S. and Cohen, G. In Vivo Inhibition of Superoxide 
Dismutase in Mice by Diethyldithiocarbamate J BioI Chern 251(7):2182-2185 
(1976). 

236. Sinet, P.-M., Garber, P., and Jerome, H. H202 Production, Modification of the 
Glutathione Status and Methmoglobin Formation in Red Blood Cells Exposed to 
Diethyldithiocarbamate in vitro Biochern Pharrn 31(4):521-525 (1982). 

237. Szatrowski, T.P. and Nathan, C.F. Production of Large Amounts of 
Hydrogen Peroxide by Human Tumor Cells Cancer Res 51:794-798 
(1991). 

238. Brown, J.M., Grosso, M.A., Terada, L.S., Beehler, C.J., Toth, K.M., Whitman, 
G.l, Harken, A.H. and Repine, IE. Erythrocytes Decrease Myocardial 
Hydrogen Peroxide Levels and Reperjusion Injury Am J Phys 256:H584-H588 
(1989). 

239. Sugimoto, H., Matsuzaki, S., Hamana, K., Yamada, S. and Kobayasho, S. a
Tocopherol and Superoxide Dismutase Suppress and Diethyldithiocarbamate and 
Phorone Enhance the Lipopolysaccharide-Induced Increase in Nl
Acetylspermidine Concentrations in Mouse Liver Circ Shock 33:171-177 (1991). 

240. Agar, N.S., Mahoney, J.R. and Eaton, J.W. Hemolytic and Microbicidal Actions 
of Diethyldithiocarbamic Acid Biochem Pharrn 41 (6-7):985-993 (1991). 



148 

241. Allerberger, F., Roberts, G., Reisinger, E. and Dierich, M.P. Spectrum of in vitro 
Antifungal Activity of Ditiocarb Sodium Arzneim-Forsch/Drug Res 
41(I)N04:443-448 (1991). 

242. Taylor, E.H., Walker, E.M., Bartelt, M., Day, S. and Pappas, A.A. In vitro 
Antimicrobial Activity of Diethyldithiocarbamate and Dimethyldithiocarbamate 
Against Methicillin-resistant Staphylococcus Ann Clin Lab Sci 17(3):171-177 
(1987). 

243. Walker, E.M., Hardin, J.F., Gale, G.R., Reifsteck, M.E., Cannon, D.J. and 
Jones, M.M. Antipseudomonal Effects of Selected Dithiocarbamates Alone and in 
Combination with Gentamicin or Aztreonam Res Comm in Chern Path and 
Pharm 63(1):101-117 (1989). 

244. Walker, E.M., Cannon, DJ., Reifsteck, M.E., Hobbs, K.A., Hardin, H.F., Jones, 
M.M. and Skeeles, lK. Effects of Diethyldithiocarbamate and Structural 
Analogs in Mice with Systemic Candidial Infections Res Comm in Chern Path 
and Pharm 56(2):253-263 (1987). 

245. Hubner, L., Ernst, M., von Laer, D., Schwander, S. and Flad, H.-D. 
Enhancement of Monocyte Antimycobacterial Activity by Diethyldithiocarbamate 
(DTC) Int J Immunopharm 13(8):1067-1072 (1991). 

246. Meshnick, S.R., Scott, M.D., Lubin, B., Ranz, A., and Eaton, J.W. Antimalarial 
Activity of Diethyldithiocarbamate - Potentiation by Copper Biochem Pharm 
40(2):213-216 (1990). 

247. Renoux, G. and Renoux, M. Administration of DTC Gives Evidence of a Role of 
the Thymus in the Control and Regulation of Factors Inducing Thymocyte 
Differentiation in the Mouse Thymus 2:139-146 (1980). 

248. Renoux, O. and Renoux, M. DTC, a T-Cell-Specific Agent in NulNu Mice 
Current Drugs and Methods of Cancer Treatment 171-173. 

249. Renoux, G. and Renoux, M. Thymus-like Activities of Sulphur Derivatives on T
cell Differentiation J Exp Med 145:466-471 (1977). 

250. Rejas, M.T., Rojo, J.M., Ojeda, G., and Barasoain, I. Sodium 
Diethyldithiocarbamate Restores T Lymphocyte Proliferation, Interleukin-2 
Production and NK Activity in Cyclophosphamide-immunosuppressed Animals 
Immunopharm 16:191-197 (1988). 

251. Renoux, G., Bardos, P., Degenne, D., and Musset, M. Sodium 
Diethyldithiocarbamate (DTC)-induced Modifications ofNK Activity in the 
Mouse NK Cells and Other Natural Effector Cells Academic Press, Inc. 443-
448 (1982). 

252. Bruley-Rosset, M., Vergnon, I. and Renoux, G. Influences of Sodium 
Diethyldithiocarbamate, DTC (ImuthioIR) on T Cell Defective Responses of Aged 
Balb/c Mice Int. J Immunopharm 8(3):287-297 (1986). 



149 

253. Renoux, G. and Biziere, K. Asymmetrical Involvement of the Cerebral Neocortex 
on the Response to an Immunopotentiator, Sodium Diethyldithiocarbamate J 
Neurosci Res 18:230-238 (1987). 

254. Conkling, P., Cornwell, D.G., and Sagone, A.L. Effect of Diethyldithiocarbamate 
(DDC) on Human Monocyte Function and Metabolism Inflam 9(2}:149-161 
(1985). 

255. Hosni, M., Meskini, N., Prigent, A.-F., Anker, G., Joulain, C., Habib, R.E., and 
LaGarde, M. Diethyldithiocarbamate (Ditiocarb Sodium) Effect on Arachidonic 
Acid Metabolism in Human Mononuclear Cells - Glutathione Peroxidase-like 
Activity B!ochem Pharm 43(6}:1319-1329 (1992). 

256. Koch, A.E., Burrows, J.C., Polverni, PJ., Cho, M. and Leibovich, S.J. Thiol
containing Compounds Inhibit the Production of Monocyte/Macrophage-derived 
Angiogenic Activity Agents and Actions 34(3-4}:350-357 (1991). 

257. Halpern, M.D., Hersh, E.M. and Yocum, D.E. Diethyldithiocarbamate, a Novel 
Immunomodulator, Prolongs Survival in Autoimmune MRL-lpr/lpr Mice Clin 
Imm Immunopath 55:242-254 (1990). 

258. Spath, A. and Tempel, K. Diethyldithiocarbamate Inhibits Scheduled and 
Unscheduled DNA Synthesis of Rat Thymocytes in vitro and in vivo - Dose-effect 
Relationships and Mechanisms of Action Chern-Bioi Interactions 64:151-166 
(1987). 

259. Cerny, A., Hugin, A.W., Holmes, K.L. and Morse, H.C. CD4+ T Cells in Murine 
Acquired Immunodeficiency Synrome: Evidencefor an Intrinsic Defect i the 
Proliferative Response to Soluble Antigen Eur J Immunol 20:1577-1581 (1990). 

260. Pompidou, A., Zagury, D., Gallo, R.C., Sun, D., Thornton, A., and Sarin, P.S. In 
-vitro inhibition of LAV/HTLV III infected lymphocytes by dithiocarb and inosine 
pranobex Lancet ii:1423 (1985). 

261. Reisinger, E.C., Kern, P., Ernst, M., Bock, P., Flad, H.D., Dietrich, M. and 
German DTC Study Group Inhibition of HW Progression by Dithiocarb Lancet 
335:679-682 (1990). 

262. Tempel, K., Spath, and Stammberger, I. Inhibition of Ribonucleotide Reductase in 
Thymocytes of Rats Treated by Ditiocarb Sodium Arzneim.-Forsch.lDrug Res 
40(II}7:787-790 (1990). 

263. Kubo, Y., Nakagawa, Y., Kakimi, K., Matsui, H., Higo, K., Wang, L., Kobayashi, 
H., Hirama, T. and Ishimoto, A. Molecular Cloning and Characterization of a 
Murine AIDS Virus-related Endogenous Transcript Expressed in C57BLl6 Mice J 
Gen Vir 75:881-888 (1994). 



264. Makino, M., Winkler, D.F., Wunderlich, J., Hartley, J.W., Morse, H.C. and 
Holmes, K.L. High Expression of NK-l.l Antigen IS Induced by Infection with 
Murine AIDS Virus Imm 80:319-325 (1993). 

150 

265. Erbe, J.G., Green, K.A., Crasse, K.M., Morse, H.C. an Green W.R. Cytolytic T 
Lymphocytes Specificfor Tumors and Infected Cells from Mice with a Retrovirus
induced Immunodeficiency Syndrome J Vir 66(5):3251-3256 (1992). 

266. Mulsch, A., Schray-Utz, B., Mordvintcev, P.I., Hausschildt, S., and Busse, R. 
Diethyldithiocarbamate Inhibits Induction of Macrophage NO Synthase FEBS 
321(2,3):215-218 (1993). 

267. Gazzinelli, R.T., Makino, M., Chattopadhyay, S.K., Snapper, C.M., Sher, A., 
Hugin, A.W. an Morse, H.C. CD4+ Subset Regulation in Viral Infection 
-Preferential Activation ofTh2 Cells During Progression of Retrovirus-induced 
Immunodeficiency in Mice J Imm 148(1):182-188 (1992). 

268. Mossalayi, M.D., Descombe, J.J., Musset, M., Tanzer, J., Goube, P. and Goube de 
Laforest, P. In vitro Effects of Sodium Diethyldithiocarbamate (Imuthiolr) on 
Human T Lymphocytes Int J Immunopharm 8(8):841-844 (1986). 

269. Kovacs, J.A., Baseler, M., Dewar, R.J., Vogel, S., Davey, R.T., Falloon, J., Polis, 
M.A., Walker, R.E., Stevens, R., Salzman, N.P., Metcalf, J.A., Masur, H., and 
Lane, H.C. Increase in CD4 T Lymphocytes with Intermittent Course of 
Interleukin-2 in Patients with Human Immunodeficiency Virus Infection N Engl J 
Med 332(9):567-575 (1995). 

270. Sher, A., Gazzinelli, R.T., Oswald, I.P., Clerici, M., Kullberg, M., Pearce, E.J., 
Berzofsky, J.A., Mosmann, T.R., James, S.L., Morse III., J.C. and Shearer, G.M. 
Role ofT-cell derived cytokines in the down-regulation of Immune Responses in 
Parasitic and Retroviral Infection Immunol Rev 127:183-204 (1992). 

271. Moore, K.W., O'Garra, A., de Waal Malefyt, R., Vieira, P. and Mosmann, T.R. 
Interleukin 10 Annual Review of Immunology Vol. 11165-190 (1993). 

272. Abeles, R.H., Frey, P.A., and Jencks, W.P. Biochemistry Jones and Bartlett 
Publishers, Intertnational, Boston. MA pp.667-669 (1992). 


