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ABSTRACT 

Modification of cytokine expression is one means by which human immunodeficiency 

virus (HIV) could attenuate normal immune responses, including those generated against 

HIV itself. Aberrant cytokine expression may precede and even stimulate 

pathophysiological abnormalities associated with HIV infection. Alternatively, abnormal 

cytokine expression may accompany disease progression without influencing HIV 

pathogenesis. In the search for effective new HIV therapies, it is therefore important to 

determine the relationship between cytokine dysregulation and the immunopathogenesis 

of HIV infection. To date, analysis of HIV -infected blood samples from the patient 

population and cells infected in vitro have revealed upregulated expression of interleukin 

6 (IL-6), IL-10, tumor necrosis factor (TNFa), and transforming growth factor (TGF~). 

and decreased concentrations of IL-2 and IL-12. On the basis of these findings, it has 

been postulated that HIV infection induces the immune system to switch from a T helper-

1 cell-mediated immune response (TH1) to a humoral immune response (TH2). This 

switch would involve decreased IL-2 and IFNyproduction and augmented IL-4, IL-6 and 

IL-10 synthesis. To address the relationship of cytokine expression and HIV infection in 

the thymus, we have examined cytokine concentrations following infection with HIV in 

both the SCID-hu Thy/Liv mouse model and in a human fetal thymus organ culture 

system (TOC). Both the in vivo and in vitro models exhibit similar parameters of HIV

associated pathology, including time-dependent viral replication, thymocyte depletion, 
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and inversion of the CD4/CD8 ratio. Following HIV infection in both of these models, 

IL-2 expression was diminished, while expression levels ofll.,-4, ll.,-6, IL-10, TNFa, and 

TGF~ were enhanced. We were unable to measure a consistent alteration in either ll.,-12 

or IFNy expression, and IL-7 concentrations were not modified by HIV infection. These 

findings support the hypothesis of a TH1 to TH2 switch following HIV infection and may 

suggest potential cytokine or cytokine modifying therapies. 
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INTRODUCTION 

mv 

Acquired immunodeficiency syndrome (AIDS) is the end phase of human 

immunodeficiency virus (HIV) disease, when the body is unable to fight infection. The 

immune system of its victims has been destroyed, increasing their susceptibility to 

opportunistic infections and cancer, which are the immediate cause of death. 

IDV, a retrovirus of the lentiviral family, is the primary etiologic agent of AIDS. 

The viral surface is a lipid bilayer in which the envelope glycoprotein gp41 is embedded. 

· Gpf20 is attached to gp41 and contains the CD4+ binding site (1). These two proteins 

are derived from the 160 MW precursor protein, gp 160. Within the viral envelope, the 

capsid of mv, composed of p24 gag protein, forms the core of the virus, and surrounds 

two identical RNA strands, with which the reverse transcriptase protein is closely 

associated. 

The primary transcript of mv is full-length viral mRNA, which is translated into 

the gag and pol proteins (1). The gag precursor is cleaved to p24, p17, p9 and p6. These 

proteins are necessary for virion formation and release from the host cell membrane (2). 

The pol precursor is cleaved into the reverse transcriptase, protease and integrase 

proteins. Reverse transcriptase converts genomic viral RNA into a DNA form which can 

insert into host DNA. Protease processes the gag and pol polyproteins, and integrase is 

involved in integration of the HIV genome into host chromosomes. In addition, the HIV 

genome contains a number of regulatory proteins; tat, rev, nef, vpr, vpu and vif, whose 
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purported functions are described in figure 1. 

By way of the cell surface CD4, lflV binds CD4+ cells, including epidermal 

Langerhans cells, cells of the monocyte/macrophage lineage~ CD4+ T cells and 

eosinophils (3). Receptor-bound lflV virions are brought inside the cell by virus

mediated membrane fusion involving gp41 and a yet unidentified co-receptor or 

accessory molecule (4). Once the virus has entered the cells, viral RNA undergoes 

reverse transcription, second strand synthesis, and subsequently forms double-stranded 

DNA. The DNA copies (eDNA) migrate to the nucleus and integrate into the cell 

chromosome. Integration of the provirus appears to be random, and is essential for the 

cell to produce progeny virions. Regulation of lflV expression is tightly controlled by 

both viral and host-related factors. 

2 

Reverse transcriptase is prone to errors at a frequency of 1 mismatch per genome 

per replication cycle ( 1 ). This results in numerous different strains of lflV heterogeneous 

in a number of features, including cellular tropism, replication kinetics, cytopathicity, 

syncytium-inducing ability, latency and genetic structure. 

When ftrst infected with lflV, the immunocompetent host will respond against the 

virus (3). These immune responses will in turn set the stage for enhanced viral 

replication and for the emergence and selection of viral variants. Proviral integration into 

the host genome is not favored until and unless the infected cell is activated. After the 

infected cell begins to cycle, the lflV genome integrates and is transcriptionally active. 

In lflV -infected individuals there are thought to be 3 phases of lflV infection, 

beginning with a short acute phase (primary infection) during which high levels of virus 



Figure 1. Genomic structure and purported gene functions of HIV-1 (courtesy of Lishan Su) 
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are produced. During the early stages of disease, selective defects in antigen-specific T 

cells occur. The second, or chronic phase of infection is characterized by low levels of 

mv expression (asymptomatic infection), although there is evidence that viral replication 

in lymphoid organs continues at a rapid rate (5). Lastly, the terminal phase of infection 

(AIDS or AIDS-related complex [ARC]) is characterized by a return to high levels of 

mv expression throughout the host (6). During the advanced stages of disease, there are 

abnormalities in nearly every aspect of the immune system, including extensive depletion 

of CD4+ T cells, resulting in severe immunodeficiency. 

Following mv infection, the immune system is chronically activated. Multiple 

components of the immune system are effected, including lymphocyte proliferation, 

hyperactivation of B cells, hyperactivation of monocytes, and autoimmune phenomena 

(5). Chronic activation of the immune system is especially prevalent during the early 

stages of infection when there is a robust immune response against mv. Immune 

activation may be maintained due to persistence of viral replication. A persistent immune 

response may actually have negative consequences for the host. Viral integration and 

replication are more effective in activated than in quiescent cells. Continual exposure of 

the immune system to a given antigen may result in an inability to maintain an immune 

response to that antigen. The functioning of immune competent cells may be impaired in 

a chronically active state. 

Although there is not a great deal of evidence as to the role of mv infection in the 

adult thymus, there are potentially dire consequences following mv infection of the fetal 

thymus. Human fetal thymocytes can be infected with mv in culture, suggesting that 



5 

fetal CD4+ thymocytes can be infected during gestation in fetuses carried by seropositive 

mothers (7). In fact, autopsy thymuses from aborted fetuses of HIV + mothers 

demonstrate pathological abnormalities and some contain cells positive for HIV antigen 

(8). Similar fmdings (reduced thymus size and weight, a diminished number of Hassall' s 

corpuscles, and obscured corticomedullary differentiation) have been reported from 

autopsy thymuses ofHIV+ children and adults {9, 10). The feasibility of in utero HIV 

infection is further demonstrated by analysis of an HIV + biopsy thymus from a 3-day-old 

neonate in which CD4+CD8+ and CD4+CD8- thymocytes were depleted (11). 

Transplacental HIV infection occurring during the first 16 gestational weeks will 

· likely center on the thymus, since it is one of the first organs to harbor CD4+ cells (3). 

The CD4+ cells in the thymus include both thymocytes at varying stages of 

differentiation and cells of the myelomonocytic lineage. HIV infection of immature 

CD4+ T cells could hinder or prevent their maturation, resulting in either dysfunctional 

cells or a lack of mature CD4+ T cells. Since myelomonocytic cells are involved with 

self tolerance, their infection might result in presentation of HIV antigens as "self', 

resulting in immunological tolerance to HIV. As the thymus is a probable site ofT cell 

differentiation and maturation throughout fetal and adult life, HIV infection of thymic 

cells and its effects on thymopoiesis suggests a pathogenic mechanism in all HIV-

infected patients. Disruption ofT cell differentiation in the fetus could result in failure to 

populate the peripheral lymphoid compartment. HIV infection of the adult thymus might 

both destroy the existing peripheral lymphoid compartment and prevent repopulation 

from the thymus. 
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In some cases, HIV may not kill its host cell, but may us~ it as ~ viral "factory", 

from which to produce large numbers of new HIV virions. As this newly replicated lflV 

buds from the host cell, it may not only infect nearby cells, but may also kill uninfected 

(and potentially hostile) bystander cells. Macrophages are a reservoir for production and 

spread of lflV, so that infection of these cells by most strains of HIV is non-cytopathic 

(12). 

Most HIV isolates infect and kill subsets of CD4+ T cells, either directly or 

indirectly. There are several proposed mechanisms explaining how HIV causes, either 

directly or indirectly, the death ofT cells. These include inducing syncytia formation, 

inducing apoptosis, inducing anti-HIV cytotoxic T lymphocytes (CTL), antibody-

dependent ~ll-mediated cytotoxicity (ADCC), or altering the cell's cytokine production 

or its cytokine environment. 

Syncytia formation is the fusion of infected cells with uninfected CD4+ cells ( 1 ). 

While syncytia formation occurs in tissue culture, it is unclear whether it occurs in vivo. 

It does not require DNA, RNA or protein synthesis but it does involve the CD4 molecule, 

an additional accessory molecule on the infected host cell, and HIV gp120 and gp41 

proteins. 

If syncytia formation does occur in vivo, evidence suggests that cytokines may 

play a role in the process. In lflV-infected monocytes, interleukin-4 (IL-4) stimulates 

formation of giant multinucleate cells, which are the precursors of syncytia (13, 14). 

Tumor necrosis factor a (TNFa) enhances lflV -induced syncytia formation in T cell 

!I 
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lines, while TNFa, TNF~, and interferon 'Y {IFN'Y) do so in freshly isolated T 

lymphocytes infected with virus (15, 16). 
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Apoptosis, or programmed cell death, is an active cell suicide process consisting 

of membrane blebbing, cytoplasmic and chromatin condensation, release of apoptotic 

vesicles, and fragmentation of the cells' DNA into 190 base pair units by endonucleases 

(17). In specific circumstances, such as embryonic development, apoptosis is a normal 

occurrence. In the thymus, deletion of immature thymocytes whose T cell receptor (TcR) 

binds self antigen is an important part of intrathymic T cell self-tolerance, and occurs by 

apoptosis (IS). 

In vitro, some cytokines can stimulate or inhibit apoptosis. Apoptosis of CD4+ 

and CDS+ single positive mature medullary thymocytes can be either prevented or 

augmented by addition ofiL-2, depending on the dose (19, 20). In vitro, IL-12 inhibits 

apoptosis in human T cells, while IL-4 and IL-7 reduce apoptosis in mouse thymocytes 

(21, 22, 23). Conversely, TNFa induces apoptosis in human CD4+S+ thymocytes, but 

not in CD4+S- thymocytes, and IFNy is associated with apoptosis of CD4+S- and CD4-

S+ medullary human thymocytes {24, 25). In the absence of appropriate stimulation, 

monocytes also undergo apoptosis. TNFa and IFNy inhibit human monocyte 

programmed cell death and IL-4 enhances apoptosis in these cells (26, 27). 

In vitro, apoptosis of HIV -infected CD4+ and CDS+ cells can be prevented by 

addition of either IL-2 plus IL-l, IL-12, or IFNy(2S, 29). Conversely, IL-4 and IL-10 

enhance apoptosis of HIV -infected CD4+ and CDS+ cells in vitro (2S). 
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Studies of HIV infection in severe combined immunodeficiency disease (SCID)-

hu mice suggest that the number of CD4+ T cells undergoing apoptosis is greater than the 

number of productively infected cells (30). In the human peripheral blood lymphocyte 

(PBL)-SCID mouse model, HIV -infected macrophages trigger apoptosis in nearby 

uninfected CD4+ T cells (12). If these findings correlate with events in HIV-infected 

patients, preventing apoptosis could be an important anti-HIV strategy. 

Soluble gp120 can bind CD4 on uninfected T cells and induce their destruction by 

ADCC. In this process, cells capable of ADCC, such as natural killer (NK) cells, 

macrophages, and monocytes, recognize and kill antibody-antigen-coated cells. 

It is also possible that soluble gp120 bound to CD4 on uninfected T cells would 

be internalized by receptor-mediated endocytosis. If the internalized gp120 was 

processed and presented with class IT major histocompatibility complex (MHC) on the 

cell membrane, CTLs specific for gp 120/class IT MHC would then destroy these 

uninfected CD4+ T cells. 

Cytokines 

Cytokines are polypeptide molecules produced by various cells of the body, 

inhibition of growth and differentiation, and regulation of inflammatory and immune 

'~ 
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which act at low concentrations (10-10 to 10_1
, M) to mediate intercellular communication 

in the immune and hematopoietic systems. Most cytokines are functionally pleiotropic, 

exerting a number of effects on various cell types. These include promotion and 

mediated responses. Another characteristic of many cytokines is their redundancy; 
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different cytokines can act on the same cell to mediate a similar response. Multichain 

receptor complexes composed of a ligand-specific receptor and a class-specific signal 

transducer may allow for this pleiotropy and redundancy, as receptor dimerization or 

oligomerization could provide a common mechanism for cytokine signal transduction, as 

well as unique signaling capabilities (31). Cells of the immune system are exposed to a 

carefully controlled milieu containing a mixture of cytokines, which have synergistic or 

antagonistic effects on the cells in question. 

To date, more than 20 members of the cytokine family have been described. 

These proteins are produced and secreted by a broad spectrum of cells, including B and T 

cells, monocytes/macrophages, and epithelial cells. Once secreted, cytokines influence 

the activity of target cells, which include B and T cells, monocytes/macrophages, and 

hematopoietic stem cells. In general, most cytokines positively effect T lymphocytes, 

although IL-10 and transforming growth factor ~ (TGF~) downregulate the functions of 

these cells. Table 1 summarizes the biological activities of 10 cytokines which are most 

relevant to their actions within the thymus microenvironment. 

T Helper Subsets 

A successful immune response depends on the activation of the correct set of 

immune effector functions. In general there are two types of immune effector functions, 

cell-mediated and humoral. Cell-mediated immune responses involve the activation of 

macrophages and induction of cytotoxic CD4+ and CD8+ T cells. Humoral immunity, 

on the other hand, involves antibody production. These two branches of the immune 



Table 1. Overview or cytoldne producer cells aod cytoldne f'unctfons 

Cvtoldne 
IL-2 

IL-4 

IL-6 

Location 
• activated T cells (57) 
• in the thymus preferentially 

expressed by CD4+CD8- cells 
(129) 

• in the thymus expressed at low 
levels by CD4+CD8+ cells (129) 

• TH2 T cells (139) 
• mast cells (139) 
• basophils (139) 
• in the thymus expressed by 
CD4+8- and CD4+CD8+ cells (129) 

• Tcells (136) 
• B cells (136) 
• monocyteslmacrophages (136) 
• fibroblasts (136) 
• keratinocytes (136) 
• endothelial cells (136) 

IL-7 I • in the thymus by stromal and 
epithelial cells (57) 

• bone marrow stromal cells (57) 

Function 
• induces clonal expansion ofCTL precursors (134) 
• induces activation of CTL precmsors (134) 
• stimulates B cells, monocytes. LAK cells and NK cells (134, 135) 
• induces IFNy expression (57) 
• induces thymocyte and T cell proliferation (57, 135) 
• upregulates TNFa expression (57) 
• enhances IL-6 expression (57, 135) 
• downregulates JL.6 in PBMC (57) 
• stimulates formation of giant multinucleate cells (S7) 
• increases MHC class I and n expression on macrophages, monocytes, and lymphocytes (137) 
• promotes proliferation of activated T cells (138) 
• inhibits IL-12 expression (140) 
• decreases TNFa synthesis by stimulated monocytes (137) 
• upregulates IL-2_j)!Q<I1!ction by T cells (1381 
• induces JL.2R and n,.-2 expression in mitogen-stimulated T cells and thymocytes (136, 142) 
• promotes growth of stimulated thymocytes and T cells (141) 
• with IL-2 induces proliferation and differentiation ofCTL (136) 
• induces differentiation of myeloid cells into macrophages (136) 
• enhances phagocytosis by macrophages (136) 
• antiviral activity (136) 
• stimulates proliferation of hematopoietic progenitor cells (136) 
• cofactor in accessory_ cell functions of macrophaRes(136) 
• stimulates secretion ofiL-6 and TNFa from monocyteslmacrophages (143) 
• induces proliferation ofCD4-CD8- thymocytcs (143) 
• stimulates proliferation and differentiation of CD4+CD8+ thymocytes into CD4+CD8- cells. 
(143) 1 

• upregulates IL-2 expression inT cells (143) 
• stimulates T cell proliferation ofCD4+ and CDS+ cells (144) 
• induces proliferation and cytotoxic activity ofCTLs and NK cells (143) 
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IL-l 0 I • all three TH T cell subsets (38, 39) 
• CDS+ T cells (38) 
• macrophages (61, 145) 
• mast cells (61) 
• B cells (61, 145) 

IL-12 I • infected phagocytic cells (140) 
• B cells (140) 
• monocytes/macrophages (140) 

IFNy I • T cells (149) 
• in the thymus, primarily expressed 
by CD4+CD8+ cells (129) 

TGF~ I • monocyteslmacrophages (61) 
• activated lymphocytes (61) 
• numerous other cell types (61) 
• in the thymus, primarily expressed 
by subcapsular and cortical epithelial 
cells (152) 

• downregulates MHC class n expression on monocyteslmacrophages (145, 147) 
• augments the proliferative response of thymocytes and T cells activated with IL-2 and IL-4 
(145) 
• inhibits T cell proliferation in response to anti-CD3 mAb and antigen (39, 146) 
• inhibits NK cell and TH1 cell cytokine synthesis (145) 
• inhibits monocyte/macrophage activation (145) 
• inhibits IL-6 and lNFa synthesis by monocytes (145) 
• downregulates its own synthesis by monocytes (55) 
• inhibits IL-12 and IFNyproduction by PBMC (148) 
• induces NK. and T cells to secrete IFNy, lNFa and IL-2 (140) 
• costimulates TH1 differentiation with IFNy (50) 
• growth factor for activated T and NK. cells (140) 
• enhances cytotoxic activity ofNK. and CDS+ T cells (140) 
• with IL-2 and IL-4, stimulated proliferation ofCD8+ cells in fetal thymus (140) 
• in mice enhanced IL-l 0 _])[9duction Sl!_d reduced tllat of IL-4 ( 140) 
• induces IL-2R expression on monocytes (149) 
• monoc~activating factor by enhancing their secretion of IL-6 and 1NFa and enhancing 
their antigen-presenting activity (149) 
• inhibits mon~ependent production ofiL-10 (150) 
• induces TH1 cell proliferation (50) 
• upregulates MHC class I and ll (151) 
• enh!lRces IL-12 expression (140) 
• antiviral activity (149) 
• suppresses T ·cen proliferation (61) 
• suppresses NK. activity, macrophage activation and generation of cytotoxic T cells (61) 
• suppresses TH2 responses by suppressing development of IL-4 and IL-5-producing cells in 
favor of cells secreting IL-2 (49) 
• stimulates IL-6 and lNFa expression in resting monocytes but inhibits their expression in 
stimulated monocytes (137) 

I 

• inhibits IL-12-induced IFNyproduction by T cells (50) 
• inhibits proliferation and differentiation ofCD4-CD8lo to CD4+CD8+ cells (152) 
• inhibits IL-12 expression (140) 

--
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TNFa I • monocytes and macrophages (153) 
• stimulated T cells (153) 

'I'NF'P I • monocytes and macrophages (153) 
• stimulated T cells (153) 

• stimulates expression of~6 and ~10 (136, 154) 
• stimulates expression ofMHC class I (155) 
• with ~2 induces thymocyte proliferation (156) 
• cytotoxic effects against tumors and virus-infected cells (155) 
• with ~12 stimulates IFNyproduction by NK cells, this is further augmented by ll..-2 and 
inhibited by ~ 10 (157) 
• mediates cytolytic T cell killing (153) 
• inhibits viral replication (153) 
• induces differentiation of monocytes (49) 
• increases phagocytosis by neutrophils (49) 

-N 
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response are regulated by distinct subsets of CD4+ T helper (Til) cells, TH1 and TH2, 

respectively, which produce and secrete distinct cytokines upon activation. 

TH1 cells activate macrophages, resulting in enhanced antigen presentation and 

delayed type hypersensitivity (DTH), and promote phagocytosis, Fe receptor expression, 

and production of complement-flxing and opsonizing antibodies (3.2). TH2 cells flgure 

prominently in allergic reactions, since they stimulate production of mast cells, 

eosinophils and lgE antibodies (32). In general, viral infections and intracellular 

pathogens are better controlled by TH 1 responses, while extracellular pathogens and 

bacterial infections are better controlled by TH2 cells. 

TH1 and TH2 cells were originally described when a panel of murine T helper cell 

clones were analyzed for cytokine synthesis. TH1 clones synthesized IL-2 and IFNybut 

no IL-4, while TH2 cells synthesized IL-4, IL-5, IL-6, and IL-10, but no IL-2 or IFNy. 

Both types of clones were able to synthesize IL-3, TNFa and granulocyte/macrophage 

colony stimulating factor (GM-CSF) (32). 

A third type of TH cell was discovered when CD4+ T cell clones isolated from 

various strains of mice were immunized with a number of different antigens. Forty 

percent of the resulting clones were TH1-like, 30% were TH2-like, and the remaining 

30% of the clones secreted both TH1 and TH2 cytokines (IL-2, IL-4 and IFNy), and were 

designated THO (33). 

The existence of TH 1, TH2 and THO cytokine patterns, similar to those of mice, 

has also been seen in human T cell clones (34, 35). Additional studies have shown that. in 

humans, expression ofTHl and TH2 cytokines might be less restricted than in mice. 
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Most allergen-specific CD4+ T cell clones produce ll..-2, in addition to either IL-4 or. 

IFNy (36). Other investigators have demonstrated that single CD4+ T cell clones produce 

ll..-2, IL-4 and IFNyor ll..-10, ll..-2 and IFNy(37, 38). Both Till and TII2 clones 

generated from peripheral blood mononuclear cells (PBMC) express ll..-10 mRNA and 

produce ll..-1 0 protein, although the quantity of ll..-1 0 produced is greater in TII2 than in 

Till clones (39). 

The mechanism which directs development of naive T cells into either Till or 

TII2 cells has not yet been elucidated. However, it is thought that both subsets arise from 

a common precursor, which secretes large amounts of ll..-2 but low levels of IL-4 and 

IFNy ( 40, 41, 42). A number of factors, including antigen concentration and the nature of 

the antigen-presenting cells, are thought to affect the differentiation process (43). 

Exposure of CD4+ T cells to different infectious agents prior to TH differentiation can 

also lead to preferential expansion of one T cell subset or the other (44). 

The cytokine environment in which priming occurs may also be important ( 41 ). 

Human T cell clones derived in the presence of ll..-12 exhibit cytokine patterns 

characteristic of THO and Till T cells, while the reverse (reduced IFNy and increased Il.r 

4 expression) occurs in the presence of anti-ll..-12, resulting in TIIO and TII2 clones (45, 

46). Stimulation of murine T cells in the presence of IFNy or TGFP results in THl 

differentiation, but the same stimulation promotes TH2 differentiation in the presence of 

IL-4, and, to some extent, ll..-10 (42, 43, 47). Priming of human T cells in the presence of 

IFNyalso results in Till cell production (increased IFNylevels and decreased IL-4) (48). 
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Experiments demonstrate that TGFJ3 induces differentiation of CD4+ precursor cells to 

the THl phenotype, but it has also been reported that TGFJ3 inhibits IL-12-induced THl 

differentiation and IL-12-induced IFN'yproduction (48, 49, 50). Addition ofiL-4 to 

cultured human lymphocytes shifts differentiation to the THO and TH2 phenotypes, and 

experiments using IL-4-deficient mice suggest that IL-4 is required for TH2 cell 

production (48, 51). Human T cells primed in the presence ofiL-2 express greater levels 

ofiL-4, IL-5, IL-10 and IFNy(48). 

There is evidence that the THl and TH2 subsets are reciprocally controlled, such 

that the induction of one response leads to suppression of the other. In murine T 

lymphocyte clones, riFNy inhibits proliferation of TH2 clones but not THl or THO clones 

(47, 52). Conversely, riL-4 suppresses THl cell proliferation and production ofiFNyby 

human mononuclear cells, and IL-10 indirectly inhibits synthesis ofiFNyby THl clones 

(53, 54, 55). 

Cytokines produced by THl and TH2 subsets also antagonize the effector 

functions of each other. For example, IFNy inhibits IL-4-mediated effects on B cells, 

such as induction of class IT MHC antigens, while IL-4 inhibits IL-2-dependent 

lymphocyte activation and inhibits IFNy-induced IL-6 and TNFa production (41, 56, 57). 

Hypothesis: IDV causes a THl to TH2 switch 

It has been noted in some diseases, such as parasite infection, that the THl 

response is associated with resistance to infection, while the TH2 subset is related to 
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disease susceptibility (43). It has been hypothesized that the same may be true ofiDV 

infection. 

Subtle defects in TH function, in tenns of both proliferation and cytokine 

production, can be detected early in mv infection, even before CD4+ T cell numbers 

drop (58). It has thus been proposed that during lflV infection, a switch occurs from THl 

to TH2 production. Since TH1 cells are better at fighting viral infections than TH2 cells, 

this switch might impede the body's ability to fight mv. 

Half of lflV -infected asymptomatic patients initially demonstrate a strong TH 1 

response, but shift to a TH2 response ~2 decreases while IL4 and Il.rlO increase) as 

infection progresses (59). CD4+ T cells isolated and cloned from the peripheral blood of 

uninfected donors and asymptomatic mv +patients demonstrate a smaller percentage of 

THl clones and a larger percentage of TH2 and THO clones in the mv + samples 

compared to uninfected controls (60). Over time in lflV+ patients, T cell proliferation 

and Il.r2 production decline while B-cell activity increases, indicative of IL4 expression 

(61). 

However, the TH1 to TH2 switch hypothesis is controversial, and a number of 

other studies argue against a TH 1 to TH2 switch. Different cell types, stages of disease, 

and techniques may account for some of the conflicting reports. Graziosi, et. al. 

conducted cytokine studies on unfractionated mononuclear cells from peripheral blood 

and lymph nodes from ~e same mv -infected individuals at various stages of disease 

(>500 CD4+ T cells/ul, 200-500 CD4+ T cells/ul and <200 ul CD4+ T cells/ul) (62). 

They found that IFNy and Il..r 10 levels are higher in HIV -infected patients than in 
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uninfected donors, but these cytokine concentrations don't vary with disease progression, 

and they are primarily produced by CDS+ cells. ll..-2 and IL-4levels are barely detectable 

in samples from any disease stage. 

PBMC from mv -infected and uninfected individuals were analyzed for cytokine 

mRNA. In one instance, investigators reported increased IFNy mRNA expression in 

mv -infected samples, no significant change in IL-4 mRNA expression, and decreased 

ll..-2 mRNA compared to controls (63). 

In contrast, others have shown that PBMC and T cell clones from mv -infected 

individuals produce less IFNy and IL-4 than clones from control individuals, although 

concentrations of both cytokines remain the same ihroughout disease progression (64). 

In response to phytohemagglutinin (PHA) or antigen, 40% ofT cell clones from 

HIV-seronegative subjects show a THl profile (IFNybut no ll..-4 or Ilr5) and the 

remaining 60% exhibit a THO phenotype. In contrast, virtually all CD4+ T cell clones 

generated from IDV-seropositive donors produce IFNy, IL4, ll..-5, and ll.rlO. Virtually 

no clones derived from mv -infected or uninfected donors show a TH2 (ll..-4 and ll..-5 but 

no IFNy) profile. These results do not indicate a shift from THl to TH2 in the presence 

ofmv infection, but they may indicate that there is a switch to the THO phenotype (64). 

In advanced stages of mv infection, there may be a preferential depletion of cells 

expressing TH2 cytokines. All TH2 clones and 2/3 of THO clones infected with HIV 

produce p24 antigen, but none of the THl clones do, indicating that mv preferentially 

replicates in T cells producing TH2-type cytokines (64). 
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Modulation of Cytokine Expression by lllV 

The data on cytok:ine production and secretion as a result of infection with mv 

are inconsistent. There are conflicting reports regarding the ability of 

monocytes/macrophages and T cells in culture or from mv + individuals to secrete 

different cytokines in response to mv infection. At least some of the observed 

differences seem to be related to variations in experimental parameters. In tissue culture, 

these include the strain of mv employed and its passage history, the stage of cell 

differentiation, differences in sensitivity of the cytok:ine detection assay, detection of 

cytok:ine mRNA versus protein, and differences in stimuli used in induction studies. 

Variations in experiments involving patient samples may be due to detection of cytok:ine 

mRNA versus protein, differences in sensitivity of the cytok:ine assay, the stage of disease 

progression of the patient, and the handling of patient samples. 

A great deal of work regarding mv and cytok:ine levels has been conducted in 

tissue culture. In IITV-infected T and monocyte cells and cell lines, IL-6, IL-10, and 

TNFa levels are upregulated (65, 66, 67, 68, 69). The effects of mv infection on 

cytok:ine expression in cultured PBMC are inconclusive. Some studies have 

demonstrated upregulated levels of IL-6, TNFa, TNFP and IFN'y, while others have 

detected no change in IL-6 or TNFa concentrations following infection (16, 70, 71, 72). 

Studies have also been conducted to analyze the effect of mv on cytokine 

expression in blood (serum, PBMC and T cell clones) from IllV+ individuals. In these 

studies, IL-6, IL-10, TNFa, and TGFP are overexpressed in IITV-infected patients (63, 

68, 73, 74, 75, 76, 77, 78, 79, 80, 81). Conversely, expression ofiL-2 and IL-12 is 
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downregulated(63, 82, 83, 84, 85). Analysis ofiL-4 and IFNyconcentrations in HN-

infected individuals is inconclusive, with some studies demonstrating an upregulation in 

their levels and other studies showing downregulation (63, 64, 73, 84, 86). 

In some instances, cytokine expression has been correlated with the patients' stage 

of disease. Serum samples from early stage HN -infected individuals exhibited increased 

ll.r6 levels, but a decline was seen in ll.r6 serum levels in late stage HN + patients, and 

similar results were noted for ll.rlO (63, 69). The decrease in measurable ll.r6 and llrlO 

in late stage disease could be attributed to impa.in:ilent or death in the later stages of 

disease of cells expressing these cytokines. 

Expression levels of cytokines in lymph node biopsies from HN -infected and 

uninfected individuals have also been analyzed. In the lymph node, ll.r2, IL-4, ll.r6, and 

1NFP production in infected patients is similar to that of healthy individuals while fir 10 

expression is either unchanged or enhanced in AIDS patients (87, 88, 89). IFNy is 

upregulated in the lymph nodes of HN -infected patients, and the excess cytokine is 

produced primarily by CDS+ T cells (88, 89). 

Increased constitutive secretion of IFNy and 'INFcx. from HN -infected patients 

can be correlated with the stage of disease, with patients at each successive stage of 

disease secreting more of the two cytokines than at earlier stages of disease (86, 90). 

Effects of Cytokines on lllV Infection 

Data suggest that endogenous cytokines or their neutralizing antibodies may 

positively or negatively modulate the expression of HN depending on the cell type, 
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differentiation state of the cell, and/or the phases of lflV replication (91 ). Discrepancies 

between in vitro experiments may be explained by differences in culture conditions, the 

time of addition of the cytokine; before, during or after infection, the viral strain used for 

infection and its passage history, and differences in source and concentration of cytokine 

added. Differences in clinical trials could involve some of the above mentioned variables 

as well as the stage of disease progression of the patient and other infections/diseases 

present. 

riL-2 enhances lflV replication in cultured macrophages, PBMC, and thymocytes, 

but not in peripheral blood T cells or in monocyte or T cell lines (92, 93). riL-4 enhances 

mv replication in infected PBMC, monocyteslmacrophages, thymocytes, and monocyte 

cell lines (92, 93, 94, 95, 96). However, if riL-4 is added to the media of cultured 

monocytes prior to infection, infection is completely inhibited, possibly because extended 

culture in exogenous IL-4 inhibits monocyte proliferation, a prerequisite for productive 

IDV infection (97). riL-4 does not effect IDV replication in T cell lines or peripheral 

blood T cells (92, 93). riL-6 does not alter viral replication in T cell blasts or T cell lines, 

but it does augment mv expression in macrophages and in a monocyte cell line (93, 98, 

99). Addition of exogenous riL-7 to cultured PBMC from lflV + patients enhances IDV 

expression (100). riL-10 does not effect lflV replication in T cell blasts, primary T cells, 

or T cell lines (101, 102, 103). However, riL-10 partially or completely suppresses viral 

production in monocyte cell lines, PBMC and macrophages (68, 87, 101, 102, 103, 104). 

Addition of riL-12 to PBMC from HN -infected patients restores ll..-2 and IFNy 

production, stimulates PBMC proliferation, and enhances NK activity (105, 106). 
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However, rll...-12 also induces lflV production in prestimulated PBMC (94). riFNy 

reduces viral load in T cell lines but increases lflV synthesis in primary T cells and 

peripheral blood monocytes (16, 107, 108). Experiments have shown riFNy to both 

increase and decrease mv production in monocyte cell lines, and it slows mv 

replication in macrophages (108, 109, 110, 111). Yet anti-IFNy neutralizing antibody 

decreases viral replication in infected PBMC (16). lflV replication in T cell lines and in 

T cell blasts is not altered by rTGF~ (93, 112). Variable effects have been seen when 

mv -infected monocyte cell lines and macrophages were treated with rTGF~ (93, 112, 

113). rTNFa stimulates mv expression in T cell lines, primary T cells, and monocyte 

cell lines (15, 16, 96, 110, 114, 115, 116, 117). As would be expected, then, anti-TNFa 

neutralizing antibody decreases viral replication in infected PBMC and cell lines (16, 

115). rTNF~ also upregulates mv expression (116). 

Cytokines which retard mv synthesis and pathology in vitro have been 

administered to mice and given to humans in clinical trials. Mice with murine AIDS 

(MAIDS) treated with rll...-12 have reduced immune abnormalities associated with 

MAIDS progression, and retroviral expression is inhibited compared to infected untreated 

animals (118). Infected, untreated animals display a dominance ofTH2 cytokines (ll...-4 

and ll...-10), while infected mice treated with rll...-12 demonstrate a decline in rll...-4 and 

rll...-1 0, accompanied by an increase in IFNy expression. 

A number of rll...-2 trials have been conducted in patients. Asymptomatic and 

AIDS patients treated with rll...-2 show either no change or an improvement in CD4+ T 
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cell counts, accompanied by unchanged virus titers (119, 120, 121, 122, 123). Treatment 

with riL-2 also enhances HIV -specific cytotoxicity and lymphokine-actived killer (LAK) 

and NK activity (120, 122, 123). 

In most HIV -infected patients treated with anti-IL-6 monoclonal antibody (mAb ), 

plasma levels of HIV are down-regulated by more than one log (124). 

Neither rTNFa, riFNy, nor a combination of the two provided any significant 

clinical benefit, change in CD4 lymphocyte count, or change in HIV p24 levels to ARC 

patients (125). 

Thymus 

The thymus, which provides the microenvironment for T cell differentiation, is 

composed of a complex array of cell types with distinct functions and tissue organization. 

Thymic stromal cells are primarily epitheliai, dendritic, and macrophagic in nature. They 

make up the structural entity which supports thymopoiesis. CD4 and CDS glycoproteins 

are expressed on the surface of functionally discrete populations of thymocytes. These 

molecules are involved in cell-cell interactions between T cells and MHC class I and 

class II antigen presenting cells and are also important for antigen recognition in the 

context of MHC molecules (126, 127). Expression patterns of CD4 and CDS can be 

correlated to distinct stages of thymocyte development. "Double negative" (CD4-CDS-) 

fetal liver or bone marrow-derived stem cells migrate to the thymus, where they 

differentiate and divide within the thymus cortex into "double positive" (CD4+CDS+) 

thymocytes (12S). CD4+CDS+ thymocytes migrate to the thymus medulla and there 
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become "single positive" (CD4+CD8- or CD4-CD8+) thymocytes. The single positive 

cells ultimately exit the thymus to the periphery as educated T cells which have 

undergone the processes known as positive and negative selection. Positive selection is a 

process in which CD4+CD8+ T cells whose receptors minimally recognize self-MHC on 

thymic epithelial cells in the absence of antigen are positively selected for differentiation 

to single positive cells, thus ensuring that T cells leaving the thymus are capable of MHC- ; .} 

restricted antigen recognition. Negative selection then deletes those T cells which are 

self-reacting, resulting in self-tolerance.- Only 3-5% of thymocytes are double negative, 

while the majority of thymocytes (70-80%) are double positive. Each single positive 

population represents 5-12% of the total thymocyte population, and in general these cells 

phenotypically resemble mature peripheral T cells. Thymic epithelial cells, macrophages 

and dendritic cells are rich in cytokines and are critical in the nurturing and maturation of 

thymocytes. Normal fetal thymus has been shown to constitutively express ll.r2, IL-4, ll.r 

6,ll.r7 and IFNy(129, 130). 

SCID-hu and TOC models 

Since it is difficult to study the intricacies of HIV pathogenesis in humans, in vitro 

studies of infected cultured cells have been conducted. However, results from in vitro 

assays using isolated cell populations may not correlate directly to the process of HIV 

infection and pathogenesis in humans. Primates are frequently used as an in vivo model. 

However, these animals are expensive to maintain and the experiments are time-
·I 

consuming. Moreover, HIV infection in primates or simian immunodeficiency virus 
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(SIV) infection in primates may not accurately reflect mv pathogenesis in humans. A 

faster, easier and less expensive mouse model was recently developed that can be used to 

study lllV infection and pathogenesis in vivo. This model employs SCID-hu mice which 

lack an immune system of their own and which are implanted with a human fetal thymus 

and liver under their kidney capsule (131). The liver provides progenitor cells for 

sustained T lymphopoiesis while the thymus provides the appropriate stromal 

microenvironment for thymocyte maturation into functional T cells. 

When the primary lllV isolate SM is infected into the implanted human thymus, 

the virus can be detected within 2 weeks by p24 ELISA, and virus replication appears to 

peak at day 23 (132). Normally the CD4:CD8 ratio is about 2.5:1, but one characteristic 

of lllV disease progression in PBL of infected individuals is inversion of this ratio. In the 

SCID-hu model, inversion is detected shortly after the peak in viral replication. 

Additionally, there is a decline in CD4+8+ cells, and immunohistological analysis of SM

infected tissue demonstrates infected cells throughout the thymus by 4 weeks, especially 

in the cortex. Similar patterns of pathology are seen for other isolates of lllV, but with 

varying kinetics. Following lllV infection, T cell death in the SCID-hu thymus is 

observed by visual inspection of sectioned tissue, propidium iodide incorporation, and the 

prevalence of DNA strand breaks (terminal deoxynucleotidyltransferase). The results 

indicate that at least some of the thymocytes are induced to die by the process of 

apoptosis (30, 132). Similar experiments were performed in thymic organ culture (TOC), 

and that data also suggests that HIV activates the apoptosis pathway in thymocytes (133 

and unpublished results). 
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An adjunct system to SCID-hu which allows for a more rapid assessment of mv-

mediated pathogenesis and studies on drug efficacy utilizes a TOC system consisting of 

human fetal thymus fragments cultured for up to 12 days post infection. Uninfected 

fragments in TOC demonstrate a gradual time-dependent loss in recoverable cells since 

there is no new supply of progenitor T cells (fig 2). Through day 8 in culture the CD4 

and CDS double-positive profile remains stable (fig 3) and throughout the time course, 

the CD4/CD8 single-positive ratio remains in the normal range of 2 to 3.5:1 (fig 4). 

The TOC system is susceptible to lflV infection by various viral isolates, each of 

which exhibits characteristic replication rates and cytopathicity (table 2). Time course 

experiments with different mv isolates resulted in a greater decrease in recoverable live 

cells than in uninfected fragments (fig 2). Depending on the viral isolate, as time from 

infection increases, the percentage of CD4+8+ and CD4+8- thymocytes decreases, 

resulting in a decline of the CD4/CD8 ratio (fig 3 and 4). The different viral isolates vary 

in their cytopathic capabilities (fig 5), mimicking results seen in the SCID-hu Thy/Liv 

system (30, 132). 

Viral replication in TOC is detected by day 5 after infection with either mv strain 

JD (primary isolate) or strain NIA-3 (molecular clone), and peaks between day 7 and 9 

(fig 6). Similar kinetics are observed with the viral strains JR-CSF (molecular clone)and 

EW (primary isolate), although each viral isolate demonstrates a characteristic replication 

rate and range. 

TOC is permissive for mv infection and allows for rapid analysis of mv 

replication and pathology. As in the SCID-hu thymus/liver (Thy/Liv) system, HIV 
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Table 2. Comparison of the pathophysiological effects of different 
isolates of HIV in TOC at 7-8 days post-infection. (133) 

Virus number of p24* cells/fragment CD4/CD8 
isolate fragments (:Eg/106 cells~ l(x103) %CD4+8+§ ratio 

Negative 
Control 97 0±0 452±19 83 ±1 2.43±0.14 

HXB211 9 14±45 . 595 ±13 87±1 2.61±0.58 

JR-CSF** 10 11661 ±1556 220±13 72±3 1.87±0.26 
NIA-3 ** 158 8764±1318 155 ±8 72±2 1.20±0.07 

Ew** 21 11371 ±3091 132±32 67±3 0.75±0.04 

JD ** 70 118401 ·±15837 53±3 40±2 0.24±0.01 

Standard errors are given for each parameter shown. * p24 determined by ELISA. 
lcelllfragment: live cells based upon trypan exclusion staining. §%CD4+8+: percentage 

of live-gated cells expressing both markers. II For HXB2, data are derived from two 

experiments in which one used a viral stock with a titer of 103 TCID50 and the other 

used a viral stock with a titer of 1 ()4 TCID5o. Samples obtained from the lower titer 
viral stock were negative for p24, while infection with the higher titer viral stock were 

positive for p24. Other viral stocks<**> had titers of 102 TCID5o. 

Figure 2. Time course of live cells recovered per 
fragment, as determined by trypan blue exclusion. 
Standard errors are represented by vertical bars. (133) 
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Figure 3. Time course of the percentage of CD4+8+ cells 
in the live gate, as determined by flow cytometry. Standard 
errors of the mean are represented by vertical bars. (133) 
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Figure 4. Time course of the ratio of single-positive CD4+ 
thymocytes to CDS+ thymocytes, as determined by flow cytometry. 
Standard errors of the mean are represented by vertical bars. (133) 
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Figure 5. Flow cytometric analysis at 8 days post Infection of Increased percentage 
of dead or dying cells as determined by forward scatter/side scatter profiles and 
loss of CD4-expresslng cells in TOC following infection with different strains of 
mv. (133) 
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Figure 6. Time course of HIV antigen expression, as determined 
by p24 ELISA. n=the number of fragments analyzed. Standard 
errors of the mean are represented by vertical bars. (133) 
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infection in TOC results in a time-dependent loss of thymocytes, inversion of the 

CD4/CD8 ratio, and depletion of CD4+ T cells. TOC fragments contain the intact 

microenvironment forT cell development and may therefore provide information about 

HIV infection in the thymus that better reproduces in vivo events than those observed in 

tissue culture. 

Thesis Proposal 

While a number of laboratories are studying the influence of HIV on cytokine 

production and secretion in cell lines and patient blood/serum, little data exist regarding 
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the interrelatedness of mv and cytokines in the thymus. Whether the mv /cytokine 

relationship in the thymus resembles that found outside the thymus, or is distinct and 

unique, remains to be determined. In this study, 10 cytokine profiles are examined and 

characterized in mv infected and uninfected fetal thymocytes derived from SCID-hu 

Thy/Liv mice and from thymic organ culture, in order to better define their role in the 

pathophysiology of mv infection. 
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MATERIALS AND METHODS 

Preparation ofTOC plates. Gelfoam boats (Upjohn) were saturated in media (RPMI 

[GffiCO/BRL], 10% fetal calf serum [FCS], 50 ug/ml streptomycin, 50. U/ml penicillin 

G, IX MEM vitamin solution [GffiCO/BRL], and IX insulin/transferrin/sodium selenite 

media supplement [Sigma]), in 6-well tissue culture plates. A 0.45 urn nucleopore filter 

(Millipore) was placed on each boat. 

Preparation of virus stocks . The EW strain of mv was isolated from a patient with 

symptomatic mv infection, who was not undergoing any antiviral drug treatment. Strain 

JD was isolated from a patient with symptomatic mv infection who had been treated 

with AZf. Third passage stocks of JD and EW were produced by infection and 

subsequent culture of PHA-stimulated blasts. These isolates were cytopathic for PHA-

stimulated blasts and induced synctia formation. JR-CSF and NIA-3 are both 

molecularly cloned strains ofmv. They were prepared by transfecting DNA into A293 

cells or PHA-stimulated blasts, followed by co-cultivation with PHA-stimulated blasts, 

and subsequent recovery of supernatant. All viral stocks had a titer of 101 TCID50• 

Preparation and infection ofTOC. Human fetal thymuses (18-24 gestational weeks) 

were dissected into approximately lmm3 fragments under a dissecting microscope using 

sterile technique. These fragments were transferred into vials containing either control 

supernatant from mock-infected PHA-blasts or virus-containing supernatant from HIV 
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infected PHA-blasts. Six fragments were incubated with approximately 150 ul 

supernatant in each case. The vials were gently rocked at room temperature for 2 hours, 

and the fragments were subsequently transferred to the saturated nucleopore fllters, 4-6 

fragments per filter. To further enhance infection, 150 ul control or virus-containing 

supernatant was added to each well. The fragments were cultured at 37° C, 5% C02, 50% 

~ for 4-8 days, with daily changes of culture media. 

Preparation of SCID-hu mice. SCID-hu mice with human Thy/Liv implants were 

prepared as described (131). Briefly, human fetal thymus and human fetal liver fragments 

were co-implanted under the kidney capsule of CB 17 scidlscid mice. After engraftment 

of the conjoint organ (4-6 months) the animals were infected with lflV by direct 

intrathymic infection of viral supernatant into the implant. Control and experimental 

animals carried grafts from the same donor which were engrafted on the same day. lflV 

infection was performed as previously described (132). 

Analysis of TOC. After 4-8 days in culture, 3-4 thymus fragments were transferred to 200 

ul phosphate buffered saline (PBS) supplemented with 2% FCS. Fragments were 

homogenized to form a single cell suspension. Live cells (based upon trypan blue 

[GffiCO/BRL] exclusion) were counted on a hemocytometer. Equal numbers of live 

cells were solubilized in PBS containing 1% Triton X -100 and assayed for p24 using a 

p24 ELISA kit (Dupont). Equal numbers of live cells were lysed in lysis buffer (50 mM 

Tris, pH 7.5, 150 mM NaCl, 1% Triton X-100, 5 mM EDTA, 1 mM sodium vanadate, 10 
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mM sodium fluoride, 10 mM ~-glycerol phosphate, 1 mM PMSF, 1 uglmlleupeptin, 1 

uglml aprotinin, and 1 uglml pepstatin) and were assayed for various cytokines by ELISA. 

IL-2, ll..-4, IL-6, IL-7, IL-10, IFNy, and 1NFa ELISA kits were purchased from 

BioSource International while IL-12, TGF~. and 1NF~ kits were from Rand D Systems. 

Equal numbers of live cells were stained with tricolor-CD3 clone S4.1 (Olltag), FITC-

CDS clone SK1 (Becton Dickinson Immunocytometry Systems [BD]), and phycoerythrin-

CD4 clone SK3 (BD) or with tricolor-COS clone 3B5 (Caltag), phycoerythrin-CD4 clone 

.SK3, and FITC-W632 (SyStemix, Inc.) in PBS/2% FCS. Stained cells were washed, 

fixed in PBS/1% paraformaldehyde, and analyzed with a single laser FACScan (Becton 

Dickinson Immunocytometry Systems). Dead cells, debris and clumps were excluded by 

gating live lymphocytes based on forward versus side-scatter profiles. 

Analysis of SCID-hu. Mice were terminated on days 16-2S by C02 asphyxiation. The 

human thy~us implants were dissected from the mouse kidney and homogenized in 

PBS/2% FCS to yield a single cell suspension. Live cells were counted on a 

hemocytometer, and the protocol for TOC analysis was followed. 

Data Analysis. CD3, CD4, CDS, and W632 percentages were determined using Cascade 

1.2 (SyStemix, Inc.). Statistical analysis was performed on StatView 4.01, and all P 

values were generated using the Mann-Whitney U test. 
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Ust of Abbreviations Used in This Thesis. 

ADCC antibody-dependent cell-mediated cytotoxicity 
AIDS acquired immunodeficiency syndrome 
ARC AIDS-related complex 
CfL cytotoxic T lymphocyte 
DTH delayed-type hypersensitivity 
GM-CSF granulocyte/macrophage colony stimulating factor 
FACS fluorescence activated cell sorting (flow cytometry) 
FCS fetal calf serum 
mv human immunodeficiency virus 
IFN interferon 
IL interleukin 
mAb monoclonal antibody 
LAK lymphokine-activated killer 
MAIDS murine AIDS ,... 
MHC major histocompatibility complex ~ 

:;t 
NK natural killer ~ 

·"' 
PBL peripheral blood lymphocyte ... 

r: 
PBMC peripheral blood mononuclear cell ·: ! .,, 

't::l 

PBS phosphate buffered saline ;( 
.c 

PHA phytohemagglutiEdn .. 
SCID severe combined immunodeficiency disease . ~ 
SIV simian immunodeficiency virus J~ ,. ,. 
TcR T cell receptor :;; 

:;:: 
~ 

TGF transforming growth factor .. .. 
TH T helper cell :1£ 

~ 

t: 
Thy/Liv thymus/liver 

~ TNF tumor necrosis factor .. 
TOC thymic organ culture 



RESULTS 

Thymocyte Analysis 

Following lflV infection of SCID-hu Thy/Liv mice or TOC fragments, viral 

replication was determined by p24 ELISA, and thymocyte subpopulations were analyzed 

by flow cytometry (FACS). For the SCID-hu experiments, two termination time points 

were chosen for each virus; at or prior to the onset of thymocyte depletion; roughly week 

2 and week 3 for JD and NlA-3, week 3 and week 4 for EW, and week 4 and week 7 for 

JR-CSF (table 1). Similarly, for TOC, experiments were terminated on days 4-8 (table 

2). 

In SCID-hu experiments, p24 data resembled results seen previously. with viral 

replication increasing over time with distinct kinetics for each isolate (30, 132) (table 1). 

However, EW p24 values decline between the two time points, with a corresponding 

increase in percentage of live cells, suggesting that infection in the later group of mice 

had not progressed as rapidly as in the fust group, a normal variation seen occasionally in 

this model. In most instances there was a reduction in cell viability over time post-

infection, and a preferential decline in the CD4+8- and CD4+8+ compartments, leading 

to inversion of the CD4/CD8 ratio. In the presence of mv. class I MHC expression on 

CD4+8+ cells was elevated 4-18 fold as compared to uninfected thymus. 

The trend of enhanced viral replication over time and related changes in cell 

viability and cytopathicity detected in the SCID-hu model also were observed in the TOC 

system (table 2). Itl addition, results obtained from day 7-8 terminations closely 
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resembled those previously reported (133). 

Despite the close relationship between viral replication and altered thymocyte 

profiles seen in both the SCID-hu and TOC models, the levels of the 10 cytok:ines we 

measured did not specifically correlate with amount of viral replication, time post-

infection, or thymocyte depletion. Therefore, the cytok:ine ELISA data were pooled from 

the different days and are expressed as a percentage of the control concentrations, with 

negative control means normalized to 1.00. 

Detection of IL-2 

Infection of SCID-hu thymuses with all 4 IDV isolates produced a trend toward 

decreased IL-2 expression (fig 1). EW had the least effect on IL-2 production, with 

detectable IL-2 ranging from 0.51-1.33 fold of control. The range for JD varied from 

0.08-1.08 compared to. the negative control, and that of JR-CSF was in the range 0.13-

2.77. NIA-3 caused the greatest decline in IL-2, with a range of 0.04-0.61 of the negative 

control. IL-2 expression was significantly decreased in the SCID-hu thymus in the 

presence of infection by all4 viral isolates. IL-2 expression in infected TOC fragments 

was also decreased compared to controls, but was less noticeable than that of SCID-hu 

(fig 2). The range of detectable IL-2 following JD infection was 0.36-1.83 of control, 

0.03-1.34 for NL4-3, 0.41-0.86 for JR-CSF and 0.09-0.79 for EW. In TOC, IL-2 

expression was significantly decreased following infection with JR-CSF or EW, but was 

not significantly different from uninfected samples after infection with NIA-3 or JD. 
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Detection of IL-4 

In the SCID-hu experiments, IL-4 protein levels were elevated compared to 

uninfected samples (fig 3). For EW, IL-4levels were 1.43-3.09 of control, 1.87-2.63 for 

JR-CSF, and 2.43-5.01 for NIA-3. Infection with JD produced a 9 fold increase in IL-4 

expression (6.38-13.35) compared to uninfected thymus implants. TOC data closely 

paralleled the upregulation of IL-4 expression measured for SCID-hu (fig 4). The 

detectable IL-4 ranged from 1.39-6.66 of control for EW, 1.35-4.39 for JR-CSF, 2.33-

4.64 for NIA-3, and 1.20-14.99 for JD. In both the SCID-hu and TOC models, IL-4 

expression was upregulated following HIV infection with all 4 isolates tested. 

Detection of IL-6 

ll.r6 expression was upregulated in SCID-hu mice following HIV infection, most 

noticeably for EW with a range of 3.13-25.76 compared to controls (fig 5). With JR-CSF 

infection, ~6levels were 1.00-8.38 of control, 2.62-11.27 with JD infection, and 3.86-

5.87 of control for NL-4. Upregulation of ~6 expression in the SCID-hu thymus was 

statistically relevant in all instances. For JR-CSF, NIA-3 and EW infections in TOC, ~ 

6 expression ranged from 1.85-2.80, 1.99-15.24, and 1.83-26.30, respectively, in relation 

to uninfected fragments (fig 6). The range of detectable ~6 following JD infection was 

quite broad, varying from 2.56-102.30 fold of control. Infection with all 4 viral isolates 

significantly increased ~6 production in TOC. 
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Detection of IL-7 

In most instances a-7 expression declined following SCID-hu infection with IDV 

(fig 7). JR-CSF-infected thymuses produced the least amount ofa-7, with values 

ranging from 0.12-0.66 of controls.. The other levels of n..... 7 detected compared to 

controls were 0.30-1.00 for JD, 0.59-0.99 for NIA-3, and 0.35-1.25 for EW. 

Downregulation of a-1 expression was statistically relevant after JR-CSF infection, but 

not following NIA-3, JD, or EW infection. In TOC samples, there was even less 

variation in detectable a-7 (fig 8). The ranges for JD, NIA-3, EW, and JR-CSF were 

0.50-1.27, 0.74.:1.00, 1.19-1.35, and 0.78-1.25 fold of controls. In TOC, none of the mv 

isolates tested appreciably altered a-7 expression; 

Detection of IL-10 

In SCID-hu mice, NIA-3 and JD produced smaller overall increases in a-10 

protein, with values ranging from 1.38-4.62 and 1.97-14.07 in relation to controls, 

respectively, compared with JR-CSF and EW, whose values ranged from 1.00-27.64 and 

6.08-44.92, respectively (fig 9). In TOC, all4 viruses produced a similar increase in a-

10 expression (fig 10). Values for JR-CSF were 1.00-5.44 ofuninfected fragments, for 

NIA-3 0.13-5.59, 0.15-6.5 for EW, and 1.00-7.89 for JD. There was a statistically 

relevant increase in a-10 expression following infection with all 4 HIV isolates studied 

in both the SCID-hu and TOC models. 
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Detection of IL-12 

IL-12levels measured from SCID-hu mice tended to increase following lllV 

infection (fig 11). Data following NIA-3 infection ranged from 0.78-2.17 fold of control, 

that following EW infection ranged from 0.61-2.71 fold of control, and JR-CSF ranged 

from 0.61-2.42 fold of control. All tissue analyzed following JD infection had increased 

IL-12 expression; 1.03-3.32 fold of control samples. Infection of SCID-hu thymus by JD 

or JR-CSF resulted in a statistically significant increase in detectable IL-12. IL-12 

expression also increased for most TOC samples, although the amount of upregulation 

detected was not statistically relevant for any of the 4 viral isolates analyzed (fig 12). EW 

and JD caused the smallest increase in IL-12 expression, with data ranging from 0.36-

2.23 and 0.96-1.48 of control, respectively. Data from JR-CSF-infected samples were 

1.01-2.37 of control, and those from NL-4-infected samples were 0.76-2.39 of control. 

Detection of IFNy 

In SCID-hu, NIA-3 and EW led to an overall increase in IFNyexpression, with 

samples ranging from 1.05-2.07 and 0.97.,.1.40 of control, respectively (fig 13). The 

upregulation of IFNy was statistically relevant following EW and NIA-3 infection. JD 

infection had little effect (not statistically relevant) on IFNy expression, with data 0.80-

1.58 fold of control. In contrast, JR-CSF-infected thymuses decreased production of 

IFNy from 0.38-0.86 fold of control, which was statistically significant. In TOC, all 4 

viral isolates produced an overall increase in IFNydetected (fig 14). Fold change in 

expression following JR-CSF infection was 0.50-2.88 compared to negative controls and 
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it was 0. 74-4.17 after NIA-3 infection, neither of which was statistically significant. EW 

and JD infections boosted IFNyexpression further, with results of0.62-5.52 and 1.00-

6.15 fold of control, both of which are significantly different from control values. 

Detection of TGF~ 

In all samples, TGF~ levels were upregulated following mv infection of SCID-

hu mice (fig 15). Compared to uninfected grafts, fold change in expression for JR-CSF 

was 4.92-13.67 and for EW it was 6.28-18.43. Detectable TGF~ was even greater for 

NIA-3 and JD infections; 3.00-102.88 and 5.15-165.86 fold of controls, respectively. 

Data from the SCID-hu model show TGF~ upregtilation to be significant following 

infection by all viral isolates examined. JR-CSF infection of TOC fragments resulted in 

TGF~ levels 42.61-145.57 fold greater than uninfected samples (fig 16). NIA-3, JD and 

EW produced more modest upregulation of TGF~. with fold changes compared to 

controls of2.11-20.09, 6.02-35.26, and 22.47-33.39, respectively. Upregulation ofTGFP 

expression in TOC was not significant following infection by any of the 4 viral isolates 

examined. 

Detection of TNFa 

Infection of SCID-hu with all 4 viral isolates studied produced similar mean 

upregulation of TNFa, all of which are statistically relevant (fig 17). The fold change in 

relation to controls in TNFa protein for NIA-3, EW, JR-CSF, and JD varied from 1.17-
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5.51, 2.27-11.73, 0.66-6.00, and 1.69-6.22, respectively. The amount ofTNFa detected 

in TOC was also significantly upregulated in all samples measured following HIV 

infection (fig 18). EW-infected samples had the least upregulation, with values ranging 

from 1.14-3.01 fold of control. JR-CSF and ID-infected fragments expressed TNFa at 

1.48-5.40 and 2.94-5.92 fold of control, respectively. Tissue infected with NIA-3 had 

levels of TNFa at 2.83-6.90 fold of uninfected tissue. 

DetectionofTNFP 

TNFP levels were measured in 6 TOC samples and 19 SCID-hu samples, in the 

presence and absence of HIV infection. However, no TNFP was detected, making its 

concentration in these thymuses <16 pg/6 x 106 cells (data not shown). 



Table 1. Comparison of the pathophysiological effects of different isolates of HIV in SCID-hu at various times post
infection. SCID-hu thymus implants were infected with the strains ofmv shown and the mice were terminated on the days 
indicated. Implants were homogenized and p24levels were determined by ELISA using celllysates. Viability, CD4, CD8, and 
class I MHC profiles were determined by flow cytometry of fixed cells. Standard errors of the mean are given for each 
parameter. 

Vuus isolate/day number of p24 %live % CD4/CD8 %high .. 
!ES!10

6 cellsl ' CD4+8+ ratio classiMHC IDlce 
Negative Control day 16-28 3 0±0 \ 77±4 88:1:2 2.39%0.41 5±3 
JD day 14-16 4 745±356 67±7 75±6 1.62%0.19 66±16 
JD day 19/21 5 2426±788 35±6 57±5 0.71±0.16 96±2 
NIA-3 day 15/16 2 312±232 76±3 83±1 1.88±0.25 59±21 
NIA-3 day 21/22 3 878±283 56±1 59±6 1. 44:1:0.01 90±7 
EWday21 4 1991±898 44±7 78±2 1.68±0.05 75±9 
EWday24/26 6 484±89 63±4 81±1 1.55±0.08 78±9 
JR-CSF day 28 3 75::1:26 75±1 82±2 1.56±0.10 70±8 
JR-CSF day 49 5 119±49 77±5 85±1 1.47±0.26 45±14 
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Table 2. Comparison of the pathophysiological effects of different isolates of HIV in TOC at various times post
infection. Fetal thymus lobules were infected with the strains ofmv shown and cultured until the days indicated. Fragments 
were homogenized and p24levels were determined by ELISA using cell lysates. Cell viability, CD4, CDS, and class I MHC 
profiles were determined by flow cytometry of fixed cells. Standard errors of the mean are given for each parameter. 

Vrrus Isolate/ Day number of p24 %live % CD4/CD8 %high 
fragments ~e£1 o' ceDsl CD4+8+ ratio MHCclassi 

Negative Control day 4-6 10 0±0 57±2 84±1 1.68±0.14 14±2 
Negative Control day 7-8 30 0±0 56±1 80±1 1.95±0.13 12±1 
JD day4-5 16 3063±1529 45±4 82±1 1.46±0.19 39±8 
JD day7 12 77361± 28700 23±5 56±5 0.86±0.21 55±9 
NIA-3 day 5-6 3 4713±1226 57±4 85±2 1.00±0.24 40±10 
NIA-3 day7 13 7377±593 32±3 69±3 1.45±0.31 69±10 
EW day 5-6 24 8974±2483 43±5 73±4 1.39±0.24 51±11 
EWday7-8 40 13295±2609 3$±2 74±2 0.85±0.13 55±5 
JR-CSF day 5-6 7 13±1 54±9 75±1 2.26±0.76 10±3 
JR-CSF day 7 12 8135±1590 46±3 76±3 1.61±0.20 57±9 
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Figure 1. IL-2 expression in SCID-hu following infection with HIV. 
SCID-hu thymus implants were infected with the strains of mv shown and the mice 
were terminated 16-28 days later. Implants were homogenized and lxl0e5 cells were 
lysed and analyzed by ELISA for ll..-2 concentration. Data shown are expressed as 
fold change in ll..-2 expression compared to ll..-2 expression in uninfected samples. 
N is the number of individual samples examined. Samples were obtained from 3 
different donors. Error bars indicate standard errors of the mean. *P<0.05 
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Figure 2. IL-2 expression in TOC following infection with HIV. 
Fetal thymus lobules were infected with the strains of mv shown and then 
cultured for 4-8 days. Fragments were homogenized and lx10e5 cells were 
lysed and analyzed by ELISA for IL-2 concentration. Data shown are expressed 
as fold change in IL-2 expression compared to IL-2 expression in uninfected 
samples. N is the number of samples using tissue obtained from different 
donors. Error bars indicate standard errors of the mean. *P<O.OS 
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Figure 3. IL-4 expression in SCID-hu following infection with HIV. 
SCID-hu thymus implants were infected with the strains of mv shown and the mice 
were terminated 16-28 days later. Implants were homogenized and 5x10e5 cells were 
lysed and analyzed by ELISA for IL-4 concentration. Data shown are expressed as fold 
change in IL-4 expression compared to IL-4 expression in uninfected samples.· N is the 
number of individual samples examined. Samples were obtained from 3 different 
donors. Error bars indicate standard errors of the mean. *P<0.05 
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Figure 4. IL-4 expression in TOC following infection with HIV. 
Fetal thymus lobules were infected with the strains of mv shown and then 
cultured for 4-8 days. Fragments were homogenized and SxlOeS cells were 
lysed and analyzed by ELISA for IL4 concentration. Data shown are expressed 
as fold change in IL4 expression compared to IL-4 expression in uninfected 
samples. N is the number of samples using tissue obtained from different 
donors. Error bars indicate standard errors of the mean. *P<O.OS 
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Figure 5. IL-6 expression in SCID-hu following infection with HIV. 
SCID-hu thymus implants were infected with the strains of mv shown and the mice were 
terminated 16-28 days later. Implants were homogenized and 7.5xl0e5 cells were lysed and 
analyzed by ELISA for IL-6 concentration. Data shown are expressed as fold change in 
ll..-6 expression compared to ll..-6 expression in uninfected samples. N is the number of 
individual samples examined. Samples were obtained from 3 different donors. Error bars 
indicate standard errors of the mean. *P<0.05 
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Figure 6. IL-6 expression in TOC following infection with mv. 
Fetal thymus lobules were infected with the strains of mv shown and then 
cultured for 4-8 days. Fragments were homogenized and 7 .Sxl Oe5 cells were 
lysed and analyzed by ELISA for IL-6 concentration. Data shown are expressed 
as fold change in IL-6 expression compared to IL-6 expression in uninfected 
samples. N is the number of samples using tissue obtained from different 
donors. Error bars indicate standard errors of the mean. *P<O.OS 
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Figure 7. IL-7 expression in SCID-hu following infection with HIV. 
SCID-hu thymus implants were infected with the strains of mv shown and the mice were 
tenninated 16-28 days later. Implants were homogenized and lx10e6 cells were lysed and 
analyzed by ELISA for IL 7 concentration. Data shown are expressed as fold change in IL-7 
expression compared to IL-7 expression in uninfected samples. N is the number of 
individual samples examined. Samples were obtained from 3 different donors. Error bars 
indicate standard errors of the mean. *P<O.OS 
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Figure 8. IL· 7 expression in TOC following infection with HIV. 
Fetal thymus lobules were infected with the strains of lllV shown and then 
cultured for 4-8 days. Fragments were homogenized and lxl0e6 cells were 
lysed and analyzed by ELISA for IL-7 concentrations. ·nata shown are 
expressed as fold change in IL-7 expression compared to IL-7 expression in 
urunfected samples. N is the number of samples using tissue obtained from 
different donors. Error bars indicate standard errors of the mean. *P<0.05 
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Figure 9. IL-10 expression in SCID-hu following infection with HIV. 
SCID-hu thymus implants were infected with the strains of lflV shown and the mice were 
terminated 16-28 days later. Implants were homogenized and 1x10e4 cells were lysed and 
analyzed by EUSA for~ 10 concentration. Data shown are expressed as fold change in 
~ 10 expression compared to ~ 10 expression in uninfected samples. N is the number of 
individual samples examined. Samples were obtained from 3 different donors. Error bars 
indicate standard errors of the mean. *P<0.05 
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Figure 10. IL-10 expression in TOC following infection with 
HIV. Fetal thymus lobules were infected with the strains of InV shown and 
then cultured for 4-8 days. Fragments were homogenized and lxl0e4 cells 
were lysed and analyzed by ELISA for IL-10 concentration. Data shown are · 
expressed as fold change in IL-l 0 expression compared to IL-l 0 expression in 
uninfected samples. N is the number of samples using tissue obtained from 
different donors. Error bars indicate standard errors of the mean. *P<O.OS 
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Figure 11. IL-12 expression in SCID-hu following infection with HIV. 
SCID-hu thymus implants were infected with the strains of :mv shown and the mice were 
terminated 16-28 days later. Implants were homogenized and 2x10e6 cells were lysed and 
analyzed by ELISA for ll..-12 concentration. Data shown are expressed as fold change in 
ll..-12 expression compared to ll..-12 expression in uninfected samples. N is the number of 
individual samples examined. Samples were obtained from 3 different donors. Error bars 
indicate standard errors of the mean. *P<O.OS 
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Figure 12. IL-12 expression in TOC following infection with 
HIV. Fetal thymus lobules were infected with the strains of mv shown and 
then cultured for 4-8 days. Fragments were homogenized and 2x10e6 cells 
were lysed and analyzed by EUSA for n..-12 concentration. Data shown are 
expressed as fold change in n..-12 expression compared to n..-12 expression in 
uninfected samples. N is the number of samples using tissue obtained from 
different donors. Error bars indicate standard errors of the mean. *P<0.05 
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Figure 13. IFNy expression in SCID-bu following infection with HIV. 
SCID-hu thymus implants were infected with the strains of HIV shown and the mice were 
terminated 16-28 days later. Implants were homogenized and lx10e6 cells were lysed and 
analyzed by ELISA for IFNy concentration. Data shown are expressed as fold change in 
IFNy expression compared to IFNy expression in uninfected samples. N is the number of 
individual samples examined. Samples were obtained from 3 different donors. Error bars 
indicate standard errors of the mean. *P<0.05 
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Figure 14. IFNy expression in TOC following infection with mv. 
Fetal thymus lobules were infected with the strains of mv shown and then 
cultured for 4-8 days. Fragments were homogenized and lx10e6 cells were 
lysed and analyzed by ELISA for IFNy concentration. Data shown are 
expressed as fold change in IFNy expression compared to IFNy expression in 
uninfected samples. N is the number of samples using tissue obtained from 
different donors. Error bars indicate standard errors of the mean. *P<0.05 
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Figure 15. TGF~ expression in SCID-hu following infection with HIV. 
SCID-hu thymus implants were infected with the strains of mv shown and the mice were 
terminated 16-28 days later. Implants were homogenized and lx10e6 cells were lysed and 
analyzed by ELISA for TGF~ concentration. Data shown are expressed as fold change in 
TGF~ expression compared to TGF~ expression in uninfected samples. N is the number of 
individual samples examined. Samples were obtained from 3 different donors. Error bars 
indicate standard errors of the mean. *P<O.OS 
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Figure 16. TGF~ expression in TOC following infection with 
HIV. Fetal thymus lobules were infected with the strains of mv shown and 
then cultured for 4-8 days. Fragments were homogenized and 2xl0e6 cells 
were lysed and analyzed by EUSA for TGF~ concentration. Data shown are 

expressed as fold change in TG~ expression compared to TGF~ expression in 
uninfected samples. N is the number of samples using tissue obtained from 
different donors. Error bars indicate standard errors of the mean. *P<0.05 
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Figure 17. TNFa expression in .SCID-hu following infection with HIV. 
SCID-hu thymus implants were infected with the strains of mv shown and the mice were 
terminated 16-28 days later. Implants were homogenized and 5xl0e5 cells were lysed and 
analyzed by ELISA for TNFa concentration. Data shown are expressed as fold change in 

TNFa expression compared to TNFa expression in uninfected samples. N is the number of 
individual samples examined. Samples were obtained from 3 different donors. Error bars 
indicate standard errors of the mean. *P<0.05 
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Figure 18. TNFa expression in TOC following infection with 
HIV. Fetal thymus lobules were infected with the strains of mv shown and 
then cultured for 4-8 days. Fragments were homogenized and 5x10e5 cells 
were lysed and analyzed by ELISA for TNFa concentration. Data shown are 
expressed as fold change in TNFa expression compared to TNFa expression in 
uninfected samples. N is the number of samples using tissue obtained from 
different donors. Error bars indicate standard errors of the mean. *P<0.05 

fll = J-4 ... 
> 

JR-CSF -infected 

NIA-3-infected 

EW -infected 

JD-infected 

Uninfected Control 

0 1 2 3 4 5 6 

Fold Change in TNFa Expression 

61 



DISCUSSION 

Recently, investigators have been analyzing the interrelationship between 

cytokine production and secretion and HIV infection. The majority of experiments have 

been conducted on cell lines and patient blood/serum, with little data generated from 

thymocytes. Whether the HIV /cytokine relationship in the thymus resembles that found 

outside the thymus, or is distinct and unique, remains to be determined. Yet it is 

important to understand the mechanisms of HIV pathogenesis in the thymus, many of 

which may involve cytokines, since suppression of thymocyte development there could 

be detrimental. Suppression of thymopoiesis in utero could lead to a failure to populate 

the peripheral lymphoid compartment, while interruption of thymopoiesis in adults may 

result in immunodeficiency. 

In this study, expression levels of 10 cytokines were assessed in both the SCID-hu 

and TOC systems following HIV infection by 4 different viral isolates. Results indicate a 

clear alteration in the nonnal expression pattern of the cytokines analyzed after HIV 

infection in both models. IL-2 expression was consistently downregulated, while 

measurable levels ofiL-4, IL-6, IL-10, TGFp, and TNFa were upregulated. TNFP was 

undetected ( < 16 pg/6 x 106 cells ) in all uninfected and infected SCID-hu and TOC 

lysates. 

In SCID-hu, all4 HIV isolates decreased IL-2 expression, as did JR-CSF and EW 

infection in TOC. It has previously been reported that IL-2 expression is suppressed by 

HIV in patient serum, PBMC, and T cells clones (63, 84). Since IL-2 activates CTL 
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precursors and stimulates B cells, monocytes, LAK cells and NK cells, a decrease of IL-2 

may decrease the number of CTLs and NK cells eliminating virus-infected cells and 

tumor cells, and would decrease the body's antibody production (57, 132). IL-2 is also 

critical forT cell proliferation, so a decline in IL-2 production may be a factor in 

preventing the body from replacing CD4+ T cells destroyed by liTV (57). Thus it would 

seem likely that riL-2 treatment would be beneficial for mv -infected individuals. 

However, clinical trials with riL-2 have either not benefited the patient or have improved 

CD4+ T cell counts and enhanced DTH responses and NK activity without decreasing 

mv replication (119, 120, 121, 123). 

mv infection in SCID-hu and TOC continually resulted in increased IL-4, 

regardless of the strain ofmv. Previous measurements ofiL-4 in peripheral blood and 

cloned CD4+ T cells from HIV + individuals have been mixed, with both upregulation 

and downregulation detected (63, 64, 73). Upregulation of IL-4 in the thymus offers an 

explanation for the mv -induced syncytia formation seen in vitro, since IL-4 stimulates 

formation of giant multinucleate cells (57). More IL-4 would also mean increased MHC 

class I and II expression and increased proliferation of activated T cells (135, 136). 

Upregulating immune system activation would theoretically be detrimental to fighting the 

infection, since HIV spreads when T cells are proliferating. In addition, the presence of 

additional IL-4 would likely drive naive TH cells to TH2 differentiation, resulting in less 

TH1 differentiation and a less effective immune response (42, 43). 

In vivo and in TOC, IL-6 expression was upregulated by all 4 viral isolates. 

Elevated levels of IL-6 have been reported in mv -infected monocytes and PBMC, and 



64 

HIV+ patient peripheral blood (69, 74, 75, 77, 82). Upregulation ofll..-6 following HIV 

infection would promote proliferation of stimulated thymocytes and T cells, and would 

enhance macrophage phagocytosis, possibly strengthening the body's ability to fight 

infection (136, 141, 142). However, since macrophages can harbor HIV, macrophage 

activation may simultaneously increase HIV replication in infected macrophages. 

Furthermore, since ll...-6 is a TH2-type cytokine, it is possible that upregulated levels of 

ll...-6 drive differentiating T cells to the TH2 phenotype at the expense of the TH1 

phenotype, thus stimulating the incorrect brand of the immune response. In fact, patients 

treated with anti-ll...-6 mAb, had decreased HIV levels (124). 

ll..r 7 expression following HIV infection was variable in these experiments. JR

CSF decreased ll..r 7 expression in SCID-hu to an extent that was statistically relevant, 

while the other 3 isolates tended to lower the ll..r 7 concentration. In TOC, there was no 

appreciable alteration of IL-7 expression, although NIA-3 and ID produced a mean 

decrease in expression, while JR-CSF and EW produced a mean increase. Previous 

studies have not examined ll..r 7 expression in relation to HIV infection. 

In both SCID-hu and TOC, ll..r 10 levels were upregulated by all 4 viral isolates. 

Previous studies analyzing HIV infection in PBMC, monocytes, and patient blood 

samples have shown upregulated levels ofll..-10 compared to uninfected samples (69, 

73). H1V and opportunistic infections would benefit from increased IL-10 production 

since ll..r 10 downregulates the immune response by inhibiting monocyte/macrophage 

activation and inhibiting some T cell proliferation (39, 145, 144). IL-10, a TH2 cytokine, 
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also downregulates expression of most TH1 cytokines and TH1 immune responses (145, 

146). 

The trend in both SCID-hu and TOC was toward upregulating IL-12 expression 

following HIV infection, but only JR-CSF and JD infection in SCID-hu did so to a 

relevant extent. An examination of IL-12 expression in HIV -infected PBMC found it to 

be downregulated (82). 

IFNy expression was inconsistently altered after HIV infection; downregulated 

after JR-CSF infection in SCID-hu, upregulated after EW and NIA-3 infection in SCID-

hu and after EW and JD infection in TOC, and not significantly changed by the 

remainder. IFN'y concentrations measured in HIV -infected patients have also varied, with 

overexpression ofiFNyreported in PBMC from HIV-infected individuals (63, 73, 86, 

90). Conversely, IFN'y was downregulated in patient CD4+ T cell clones and in patient 

monocytes {64, 84). In those instances in which IFNyexpression is decreased, 

proliferation of TH1 cells would be downregulated, especially in an environment in 

which IL-4 is upregulated, and MHC class I and IT expression would decline (50, 149). 

Together, these changes would encourage host infection. Furthermore, since IFN'Y has 

antiviral activity, a decrease in its production might speed HIV replication (149). 

However, ARC patients receiving riFN')' did not experience a change in CD4+ T cell 

counts or HIV levels (125). 

In SCID-hu thymus, TGFP expression was upregulated after infection with all 4 

viral isolates. All4 isolates also upregulated TGFP in TOC, but not to statistically 
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significant levels, perhaps because so few samples were analyzed. TGF~ levels were 

upregulated following mv infection in monocytes and in peripheral blood samples from 

lllV+ patients (73, 79). Upregulation ofTGF~ expression would be harmful to the 

immune system since it suppresses T cell proliferation, NK activity, macrophage 

activation, and generation of cytotoxic T cells (61, 141). 

All 4 viral isolates in both systems upregulated TNFa expression. TNFa 

upregulation following mv infection has been reported in mv patient samples (77' 78, 

80, 90). Upregulation of TNFa following lllV infection might help fight the infection 

since TNFa stimulates MHC class I expression and has cytotoxic effects against tumor 

cells and virus-infected cells (153). Treatment of cells in culture with rTNFa enhanced 

mv replication (16, 93, 96, 98, 110, 116, 117). Treatment oflllV-infected TOC cultures 

with rTNFa also augmented HIV production (unpublished data). Clinical trials with 

r1NFa did not provide any benefit to the patient (125). 

There is a great deal of debate as to whether or not mv infection causes a shift 

from TH1 to TH2 production. In general, cells producing THl cytokines are better at 

fighting viral infections and intracellular pathogens, while extracellular pathogens and 

bacterial infections are better controlled by TH2 cells. Thus, if after lllV infection the 

body switches from producing THl cells to producing TH2 cells, it might be less capable 

of combating mv replication. 

In some instances, analysis of cells isolated from mv -infected blood and lymph 

nodes suggest a switch from THl to TH2 cytokine production (59, 60, 61). However, 
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other studies indicate a shift from THl to THO cytokine production since IFNylevels are 

upregulated in addition to IL4 and IL-10 (43, 62). 

The data presented here clearly demonstrate upregulation of IIA, IL-6, and IL-l 0 

expression and downregulation of IL-2 expression following HI'V infection of the thymus. 

Previous studies of mv -infected T and monocyte cells and cell lines and of mv + patient 

PBMC or serum have also found upregulated IL-6 and IL-10 production (68, 69, 75, 77). 

Downregulation of IL-2 expression has been reported in blood samples (PBMC, serum 

and T cell clones) from HIV-infected patients (63, 83, 84). Results regarding IFNy 

expression in the thymus are not as definitive, with mean IFNy concentrations measured 

decreasing, increasing, or not changing, depending on the strain of mv and the thymic 

model employed. Conflicting results have likewise been reported for IFNy expression 

levels in HIV-infected patient samples (63, 64, 73, 84, 86). Since IIA, IL-6 and IL-10 

are TH2-type cytokines, and since IL-2 is a THl-type cytokine, these result support the 

hypothesis of a THl to TH2 switch following lllV infection. 

HIV infection of the thymus may expose naive and quiescent thymocytes to a 

cytokine milieu which would pre-commit them, as they exit the thymus, to a TH2 

phenotype, resulting in TH2-responsiveness upon subsequent antigen-specific immune 

activation in the periphery. Assuming that a THl to TH2 switch does occur after mv 

infection, the body would switch from predominantly cell-mediated immune responses to 

humoral immune responses. A reduction in THl cells would result in decreased 

macrophage activities, including antigen presentation, DTH, and phagocytosis. DTH 

responses are an important defense mechanism against intracellular pathogens like 
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Pneumocystis carinii, so iC s not surprising that AIDS patients frequently succumb to this 

disease. A reduction in IL-2levels would reduce a patienCs ability to generate CfLs, 

limiting their ability to destroy virus-infected cells and tumor cells. Concomitant with 

THl cell reduction, augmenting TH2 cell numbers would strengthen B cell activation and 

antibody production. 

FUTURE CONSIDERATIONS 

Existing data suggest that both the SCID-hu and TOC models are relevant for 

studying mv pathogenesis in the context of the thymus (30, 132, 133). These models, 

then, are excellent tools for further studies of cytokine production in the thymus 

following mv infection, and may also be used for evaluating potential cytokine 

therapies. 

CD4+ T cell clones can be generated from both the SCID-hu and TOC models 

plus/minus HIV infection. These clones can then be analyzed for production and 

secretion of cytokine protein and can be classified as producing THl, TH2, or THO 

cytokines. This will give a clearer picture as to the THlffH2 switch hypothesis and will 

also provide important information as to the normal cytokine profiles of thymocytes, for 

which there is currently incomplete information. 

In addition to the THlffH2 switch hypothesis, it has been suggested that at least 

some of the cytokines upregulated following HN infection may represent important 

determinants of HIV replication and disease progression. In these instances, treatment 

which curtailed the cytokine production could prove beneficial. The SCID-hu and TOC 
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models may serve as predictive indicators of potential cytokine therapies. Based on the 

changes in cytokine expression patterns seen following mv infection of these models, 

the role and potential therapeutic effects of a variety of cytokines and/or regulators of 

cytokine secretion might be measured for their ability to suppress viral replication, 

facilitate thymopoiesis in the context of mv infection, and in general enhance or restore 

immune responsiveness. This kind of information could help identify and move novel 

anti-IDV therapies into the clinic more rapidly. 
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