
ABSTRACT 

BULL, MARTA EILEEN. The Role of the B7 Costimulation Pathway in Feline 
Immunodeficiency Virus (FIV) and Human Immunodeficiency Virus (HIV) Associated T 
Cell Depletion. (Under the direction of Dr. Wayne Tompkins) 
 

Feline immunodeficiency virus (FIV) in the domestic cat provides a good animal 

model for dissecting the immunopathology associated with HIV infected individuals, as the 

immune dysfunction in the cat replicates the immune deterioration in humans. Lentiviruses 

characteristically cause a gradual loss in T-helper cells numbers and functions. A variety of 

mechanisms have been proposed to account for lentivirus-induced T cell depletion although 

none of these mechanisms alone account for all the T cell changes.   

The B7/cytotoxic T lymphocyte antigen four (CTLA4) signaling pathway is a major 

signaling pathway in the initiation and termination of T cell immune responses. The B7 

receptors are normally expressed on the surface of antigen presenting cells (APC), while 

CD28 and CTLA4 are differentially expressed on the surface of T cells. Recent studies show 

that chronic stimulation in vitro or in vivo results in an unusual increase in the percent of T 

cells that express the B7 and CTLA4 molecules. These chronically activated T cells also up-

regulate major histocompatibility complex class II molecules (MHC II) and are capable of 

inducing anergy and apoptosis of other activated T cells.  In this study we found that 

individuals with a HIV or FIV infections had increased expression of B7 and CTLA4 on T 

cells in peripheral blood and lymph nodes (LN).  These B7+CTLA4+ T cells were associated 

with an increased frequency of spontaneous apoptosis.  Analysis of MHCII receptor 

expression on PBMC from HIV infected patients revealed a significant increase in MHCII+ 

expression on B7+ or CTLA4+ T cells. TUNEL analysis of B7+MHCII+ or CTLA4+MHCII+ 

compared to B7+MHCII_ or CTLA4+MHCII_ T cells revealed that the increased frequency of 



T cell apoptosis could almost exclusively be attributed to B7+MHCII+ and CTLA4+MHCII+ 

T cells, similar to our observations in the cat From these data we hypothesize that T: T 

interactions between CD4+ and CD8+ B7+CTLA4+MHCII+ T cells within the LN results in 

IL2 inhibition rendering them susceptible to cytokine deprived apoptosis. 
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1) Introduction 

Human immunodeficiency virus (HIV) and feline immunodeficiency virus (FIV) are 

members of the family Retroviridae within the genus Lentivirus.  Members of this genus 

characteristically cause immune dysfunction and a gradual loss in T-helper cells resulting in 

non-responsiveness to mitogens or recall antigens and elevated levels of spontaneous 

apoptosis in T cell subsets (Clerici, et al., 1989, Gruters, et al., 1990, Shearer and Clerici, 

1991, Meyaard, et al., 1994a, Meyaard, et al., 1994b).  A variety of mechanisms have been 

proposed to account for HIV- and FIV-induced T cell depletion.  These include immune 

suppression (Hofmann, et al., 1986), immune hyperactivation and exhaustion (Ascher and 

Sheppard, 1988), the presence of inhibitory signals mediated by viral or regulatory gene 

products (Golding, et al., 1989), direct cell lysis by lentivirus specific cytotoxic T 

lymphocytes (CTL; Gandhi, et al., 1998), and inappropriate killing of uninfected, bystander 

cells (Lyerly, et al., 1987, Finkel, et al., 1995, Muro-Cacho, et al., 1995).     However, none 

of the above mechanisms has proven wholly satisfactory.   

Soon after infection with HIV there is a decreased ability of T cells to produce 

cytokines such as interleukin 2 (IL2) and proliferate in response to secondary antigen (Ag) 

stimulation. It is thought that this contributes to the early T cell dysfunction and cell death 

associated with HIV (Clerici, et al., 1989, Shearer and Clerici, 1991).  In apparent 

contradiction to this is evidence that cells in the peripheral blood mononuclear cells (PBMC) 

and lymph nodes (LN) of HIV infected patients are in a chronically activated state (Kestens, 

et al., 1994, Muro-Cacho, et al., 1995, Gougeon, et al., 1996, McCloskey, et al., 1998), 

indicating that T cells have received some activation signal, but exist in a quasi-activated 

state of non-responsiveness that is often referred to as anergy (Schwartz, 1992, Schwartz, 



 

 

2
1996).  This profound imbalance between immune activation and non-responsiveness may 

be attributed to antigenemia. 

In general the programmed cell death or apoptosis is thought to be the primary 

mediator of CD4+ T cell depletion in HIV-infected patients. Apoptosis regulates homeostasis 

and the development of the cellular repertoire in early development and throughout the life of 

an organism.  Unlike necrosis, apoptosis is an “active” form of cell death that is often, 

although not exclusively, initiated by interactions of cell-surface receptors with their ligands 

[Fas (CD95)/Fas ligand (FasL {CD95L}), tumor necrosis factor α (TNFα)/TNFα receptor 

(TNFαR), cytotoxic T lymphocyte antigen four (CTLA4)/B7]; these interactions induce 

signaling events that can result in cell death (Nagata, 1997).  In the LN of HIV and simian 

immunodeficiency (SIV) infected individuals cell death occurs primarily in uninfected cells 

with an activation phenotype that are in close apposition to infected cells, as opposed to 

directly infected cells (Muro-Cacho, et al., 1995, Finkel, et al., 1995).  These works prompted 

interest in receptor mediated and/or bystander apoptosis as primary mechanisms of T cell 

depletion.  In support of this are reports by several authors describing increased activation 

states in T cells from HIV+/SIV+ individuals that correlates with the level of apoptosis 

(Muro-Cacho, et al., 1995, Finkel, et al., 1995, Gougeon, et al., 1996, McCloskey, et al., 

1998).  FasL and CTLA4 are upregulated on activated T cells and may play a role in 

mediating signaling events that induce apoptosis. 

The B7/CTLA4 signaling pathway is the major signaling pathway in T cell activation. 

The B7 receptors are normally expressed on the surface of antigen presenting cells (APC), 

while CD28 is constitutively expressed on T cells and CTLA4 is expressed transiently on the 
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surface of T cells after activation. The B7-CD28 interaction in the presence of major 

histocompatibility complex (MHC)-peptide/T cell receptor (TCR) signaling is required for 

full T cell activation and stable IL2 production (Linsley, et al., 1991b).  However, 

engagement of a second receptor that is upregulated soon after T cell activation, the CTLA4 

molecule, results in the induction of anergy and apoptosis (Linsley, et al., 1991a, Krummel 

and Allison, 1995, Krummel and Allison, 1996, Gribben, et al., 1995, Scheipers and Reiser, 

1998, Brunner, et al., 1999).  This pathway is considered a major mechanism for modulating 

an immune response and maintaining peripheral tolerance in the mature immune system.   

Recent studies in PBMC of HIV infected individuals found an unusual increase in the 

percent of T cells that express the B7/CTLA4 molecules compared to uninfected controls 

(Wyss-Coray, et al., 1993, Wolthers, et al., 1996, Steiner, et al., 1999).  Of importance to 

HIV infection are observations that chronically activated T cells in vitro and in vivo, as is the 

case in autoimmune disorders and HIV, can also up-regulate MHCII on their cell surface and 

appear to act as APC (Lanzavecchia, et al., 1988, Azuma, et l., 1993, Wyss-Coray, et al., 

1993, Barnaba, et al., 1994, Abe, et al., 1999).  The B7+MHCII+ T cells may act as APC in 

vitro by presenting Ag to neighboring T cells, although this reaction typically results in the 

induction of anergy as opposed to T cell proliferation (Lanzavecchia, et al., 1988, Azuma, et 

al., 1993, Wyss-Coray, et al., 1993, Barnaba, et al., 1994, Lombardi, et al., 1996, Chai, et al., 

1999, Taams, et al., 1999). This dissertation will define a novel model of T cell interactions 

that might contribute to the T cell depletion/dysfunction associated with HIV and FIV 

infections.  We hypothesized that chronic infection with HIV/FIV leads to an increased 

frequency of T cells that co-express B7/CTLA4/MHCII molecules.  This phenotype is 

analogous to the APC-like T cells that have been reported elsewhere and may be important in 
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the immunopathogenesis associated with HIV.  As LN cells are the primary activation sites 

of T cells, we suggest that T: T interactions between CD4+ and CD8+ B7+CTLA4+MHCII+ T 

cells within the LN results in IL2 inhibition that renders CD4+ and CD8+ T cells susceptible 

to cytokine deprived apoptosis and anergy. 
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2) Literature Review 

I) Apoptosis  

  During development of the immune system apoptosis is a means of shaping the 

circulating cellular repertoire of T cells.  In the mature immune system apoptosis maintains 

cellular homeostasis after initiation of an immune response and maintains peripheral 

tolerance to autoantigens. Apoptosis or programmed cell death is an active cellular process 

that destroys the cell while retaining the membrane integrity, and thus prevents the release of 

potentially harmful intracellular enzymes into the microenvironment (Rathmell and 

Thompson, 1999).  The end result is an organized elimination of a cell via the production of 

apoptotic bodies that contain cellular remnants that are phagocytosed by neighboring APC.  

The entire process of apoptosis, once the commitment to cell death has been made generally 

takes 12-24 hours (Leist and Nicotera, 1997, Saraste, 1999).  

In 1971, the Australian pathologist John Kerr described the morphological features 

that now define apoptosis.  Initially the apoptotic cell shrinks in size, followed by releasing 

contact with neighboring cells and condensation of its nuclear chromatin (Earnshaw, 1995, 

Cohen, 1996, Rich, et al., 1999).  Eventually the cell begins to break up or “bleb” 

intracellular material into discrete vesicles or apoptotic bodies that are released from the cell.  

These bodies are then phagocytosed by APC and degraded in the intracellular lysosomes.  

The end-result is a relatively tidy clean up of dead cells and debris (Cohen, 1996).   

Much confusion has been raised regarding the terminology surrounding cell death.  

Historically, necrosis was a term used to describe dead tissue amongst living tissue that was 

visible to the naked eye (Letvin, et al., 1999).  A problem that soon became apparent in the 

early 1970’s was that a variety of morphological features existed that were characteristic of 
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both necrotic and apoptotic cells, although actual distinctions between the two types were 

apparent.  Gradually apoptosis became associated with cell shrinkage, while necrosis became 

associated with cell swelling, a phenomenon that is now termed oncosis (onko= Greek 

swelling).  In oncosis the cell typically swells due to increased water intake then bursts, 

resulting in release of the cell’s cytoplasmic contents into the surrounding environment, a 

reaction typified by local inflammation (Letvin, et al., 1999, Saraste, 1999).   

Traditionally, an early marker of apoptosis is the trapping of phosphatidylserine (PS) 

residues in the extra-cellular portion of the cell due to decreased function of an adenosine tri-

phosphate (ATP)-dependent translocase (Verhoven, et al., 1995).  However, recent evidence 

suggests that increased levels of PS residues occur in cells that are activated but not 

necessarily committed to die, suggesting that PS exposure is an early but reversible event in 

apoptosis (Dillon, et al., 2000).  Soon after these changes occur the nuclear envelope and 

nucleolus break apart as chromatin condenses.  At later stages of apoptosis there is 

characteristic cleavage of deoxyribonucleic acid (DNA) into discrete units [180 base pair 

(bp)] that frequently distinguish apoptosis from necrosis (Leist and Nicotera, 1997, Saraste, 

1999).  

 

1) Receptor mediated apoptosis 

A) Fas/FasL receptor-ligand mediated apoptosis 

Interest in apoptosis as a mechanism of cellular homeostasis prompted searches for 

mechanisms or proteins that were capable of inducing apoptosis and resulted in the discovery 

of the Fas and FasL receptors a member of the TNF/TNF family.  Receptor induced 

apoptosis pathways involve a number of complex signaling cascades that are initiated by 
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“death” receptors engaging their cognate ligand, such as FasR/FasL, TNF/TNFR, and 

B7/CTLA4 (Gribben, et al., 1995, Nagata, 1997, Scheipers and Reiser, 1998, Rathmell and 

Thompson, 1999).  Cellular receptors, particularly Fas and TNF, bind their specific ligands 

and transduce a signal that typically activates a group of cysteine proteases (caspases), while 

CTLA4/B7 is thought to induce death by interfering with the cell cycle progression (Nagata, 

1997, Rathmell and Thompson, 1999).  Cells suffering irreversible damage tend to die via a 

caspase- independent pathway reminiscent of necrosis, whereas cells dying as a part of 

normal tissue remodeling die via caspase activation (Earnshaw, et al., 1999, Rathmell and 

Thompson, 1999).  Caspase- mediated cell death is associated with the TNF family members, 

most notably TNF/TNFR or Fas/FasL pairs, which utilize intracellular adaptor proteins to 

link surface receptors, containing death domains, with intracellular caspases that in turn 

initiate the downstream death machinery (Ramthell and Thompson, 1999).   

Early work by Nagata described a cell surface receptor that when engaged by 

polyclonal antibodies resulted in morphological features consistent with apoptosis 

(Earnshaw, 1995, Nagata, 1997, Earnshaw, et al., 1999, Saraste, 1999). This receptor was 

designated the Fas/Apo-1 receptor and was subsequently shown to be expressed at high 

levels on many human and mouse cell lines. While the FasR is widely expressed in several 

tissues, its function varies depending on the tissue location (Nagata and Golstein, 1995, 

Bennett, et al., 1999).  Several years after the discovery of Fas, the FasL was cloned and 

expressed in COS cells where it was shown to induce apoptosis in target cells within hours 

(Nagata and Golstein, 1995).   

FasL messenger ribonucleic acid (mRNA) was not found in B cells, macrophage 

(Mφ), endothelial or thymic stromal cell lines.  In the mouse, FasR is abundantly expressed 
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in the thymus, spleen, LN, liver, heart, lung, kidney and ovaries (Suda, et al., 1995).  

Initially it was thought that FasR expression in humans occurred only on T lymphocytes after 

they became activated.  However, more recent observations in humans show that FasR is 

widely expressed on intestinal epithelium, testis, LN T cells, ovaries, liver, spleen and kidney 

(Bennett, et al., 1997).  In general, FasR is expressed constitutively to a varying degree on T 

cells regardless of the maturity of the cell, although its expression is increased after 

activation (Nagata and Golstein, 1995, Tucek-Sabo, et al., 1996, Bennet, et al., 1999). On the 

contrary, expression of FasL, the natural ligand of Fas, is tightly controlled.  FasL is 

primarily expressed on T cells soon after APC induced activation, however more recent work 

demonstrates that FasL is also expressed in various tissues including keratinocytes, Sertoli 

cells, natural killer cells, retinal and neuronal cells at low levels prior to activation (Griffith, 

et al., 1995, Berthau, et al., 1997, Saas, et al., 1997, Sanberg, et al., 1997, Bennet, et al., 

1999, Sharma, et al., 2001).  

FasL expression can be rapidly induced on T cells by activation with IL2, phorbol 12-

myristate 13-acetate (PMA)/ionomycin, concanavilin A (Con A) or TCR engagement. After 

TCR engagement FasL is expressed at low levels, although T cells do not immediately die by 

Fas ligation, as there is an apparent refractory period to Fas induced apoptosis after activation 

(Lenardo, 1999). Generally in vitro, after two days stimulation with IL2, cycling T cells 

become susceptible to Fas-mediated apoptosis (Katsikis, et al., 1995, Siegel, et al., 2001). In 

cells activated with Con A, FasL expression occurs primarily on CD8+T cells (Suda, et al., 

1995), leading to the idea that FasL was an effector molecule used by CD8+ T cells, and 

represented a distinct form of cell death from perforin and granzyme mediated cytotoxicity 



 

 

9
(Suda, et al., 1995).  More recent reports however, show that FasL is also expressed on 

CD4+ T cells (Siegel, et al., 2001).   

 Evidence for the role of Fas in apoptosis was shown by treatment of Jurkat cells with 

antibody against FasL or FasR fusion protein, which rapidly induced a cellular morphology 

consistent with apoptosis (Nagata, 1997, Nagata, 2000).   The most compelling evidence 

supporting the role of Fas/FasL in apoptosis was uncovered in mice with spontaneous loss of 

function mutations in either the Fas/FasL gene (the lpr and gld (-/-) mutations, respectively). 

Both of these mutant strains result in splenomegaly, systemic autoimmune disease and 

lymphoproliferation, suggesting a malfunction in downregulating T cell responses. In 

addition, these mice develop elevated levels of immunoglobulin G (IgG) and IgM antibodies 

that can result in lupus- like autoimmunity and typically die within 5 months of birth (Nagata, 

2000).  A human analog of the murine mutants was later discovered in patients with 

autoimmune lymphoproliferative syndrome (ALPS), which closely resembles the phenotype 

of lpr mice. The ALP syndrome is phenotypically characterized by massive 

lymphadenopathy and splenomegaly that is usually first apparent in childhood and may be 

accompanied by hemolytic anemia and thrombocytopenia (Siegel, et al., 2001).  

Despite external differences members of the TNFR family generally operate via 

similar downstream effector pathways.  The crosslinking of a death receptor initially recruits 

a signal transduction protein complex to the cytoplasmic domain of the receptor (Nagata and 

Golstein, 1995, Nagata, 1997, Nagata, 2000).  FasL is functionally a homotrimer; it’s binding 

to FasR causes homotrimerization of Fas.  The cytoplasmic domain of the Fas receptor 

contains a death domain (DD) that serves as a docking site for other DD containing proteins 

at the cell membrane, in particular a protein known as Fas-associating protein with death 
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domain (FADD).  The N-terminus of FADD contains a death effector domain (DED), 

which recruits proteins such as pro-caspase 8 to form the membrane death inducing signal 

complex (DISC).  Upon this association, pro-caspase 8 undergoes self-cleavage and thereby 

becomes activated (Budihardjo, et al., 1999).  After this point there are at least two, but likely 

more, signaling cascades that if initiated produce cell death.  These signaling pathways vary 

depending on the cell type that receives the signal.   

Peripheral T cells and thymocytes (Type I cells) initiate signaling after DISC 

formation, but bypass the mitochondria when inducing cell death (Scaffidi, et al., 1998).  The 

mitochondria releases several apoptotic proteins including cytochrome c, apoptosis 

associated factor 1 (Apaf-1) and endonuclease G. Cytochrome c is water-soluble protein that 

acts as an electron carrier in the respiratory chain and resides loosely attached in the 

mitochondrial intermembrane space. The sequencing of Apaf-1 revealed that its association 

with Apaf-2 (cytochrome c) and Apaf-3 result in the activation of downstream caspase 1 and 

8 (Mignotte and Vayssiere, 1998). It was more recently proposed that after release from the 

mitochondria, cytochrome c and Apaf-1 form the apoptosome that in an ATP (dATP) 

dependent fashion results in the activation of caspase 9. Activation of caspase 9 leads to the 

activation of downstream effector caspases 3 and 7 (Budihardjo, et al., 1999, Bratton and 

Cohen, 2001).  However in Type I cells, the DISC is assembled, caspase 8 is auto-activated 

and directly activates caspase 3 inducing it to activate death substrates or DNAses such as 

caspase-activated deoxyribonuclease independent of the mitochondria (CAD; Scaffidi, et al., 

1998).  This pathway cannot be blocked by over-expression of the anti-apoptotic protein B 

cell lymphoma-two (bcl-2).   



 

 

11
The second pathway is initiated by activation of caspase 8, which then cleaves the 

pro-apoptotic bcl-2 family member Bid causing its activation and translocation to the 

mitochondria where it induces the release of cytochrome c. Release of cytochrome c and 

other mediators of cell death results in the formation of the apoptosome, which activates 

downstream mediators such as CAD.  The second cell type, type II cells are exemplified by 

the liver.  This cell type has reduced DISC formation and apparently uses the mitochondria as 

a signal amplifier, resulting in activation of both caspase 8 and caspase 3 downstream of 

mitochondrial involvement (Nagata, 2000).  Apoptosis in type II cells can be blocked by 

over-expression of bcl-2 or bclXL, which strongly reduces the cells sensitivity to apoptosis.   

   

B) B7/CTLA4 receptor-ligand mediated apoptosis 

Evidence that Fas independent receptor pathways participate in down-regulating the 

immune response exist and are exemplified by the B7/CTLA4 signaling pathway (Gribben, 

et al., 1995, Ohnimus, et al., 1997, Scheipers and Reiser, 1998).  Molecules such as CTLA4 

have been associated with antigen-dependent induction of apoptosis or non-responsiveness 

(anergy) specifically in lymphocytes, in contrast to Fas/FasL induced apoptosis that occurs in 

a variety of tissue types (Gribben, et al., 1995, Bennet, et al., 1999, Sharma, et al., 2000).  

CTLA4 functions primarily by the down-regulating IL2 production and inhibiting cells in the 

G0/G1 phase of the cell cycle a phenomenon that in vitro is referred to as anergy  (Walunas, 

et al., 1994, Krummel and Allison, 1996, Schwartz, 1997, Egen, et al., 2002).   

The outcome of CTLA4 ligation depends on the activation state of the cell.  While 

CTLA4 induces anergy in resting T cells, manifested as inhibition of IL2 production and cell 

cycle inhibition at G0/G1 phase, in previously activated cells crosslinking of CTLA4 induces 
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apoptosis.  Several authors demonstrated that CTLA4 induces an apoptotic-signaling 

pathway in antigen activated T cells by cross-linking the CTLA4 receptor in the presence of 

TCR engagement (Gribben, et al., 1995, Scheipers and Reiser, 1998).   In addition, 

crosslinking of CTLA4 on T cells could not be blocked by the addition of antibodies against 

the FasR, suggesting that this pathway is Fas- independent apoptosis (Scheipers and Reiser, 

1998). The precise mechanisms underlying CTLA4 induced apoptosis remains poorly 

defined and controversial (Egen, et al., 2002).  Due to the important role of CTLA4 in 

regulating IL2 production it seems likely that engagement of this receptor would induce 

apoptosis via a mechanism that involves IL2.   

As CD28 and CTLA4 are paramount for IL2 production it seems likely that CTLA4 

would modulate apoptosis via cytokine withdrawal and may represent a normal mechanism 

of terminating the immune response and restoring T cell homeostasis  (Walunas, et al., 1994, 

Walunas, et al., 1998, Lenardo, et al., 1999).  Apoptosis induced by withdrawal of essential 

growth factors was initially demonstrated in the IL2 dependent cytotoxic T cell line, CTLL.  

When IL2 was removed from the medium these cells underwent a rapid apoptosis that could 

be inhibited by the addition of exogenous IL2 (Duke and Cohen, 1986, Shi, et al., 1997). This 

mechanism of apoptosis is of particular interest in the case of HIV+ and FIV+ infected 

individuals where IL2 production is impaired and T cells are more susceptible to apoptosis 

(Miedema, 1992, Meyaard, et al., 1994a, Groux, et al., 1996, Guiot, et al., 1997a, Guiot, et 

al., 1997b, Lenardo, 1999).   
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II) Apoptosis and Lentivirus infections  

1) Cellular activation and its association with HIV T cell loss  

Progressive immune deterioration in the asymptomatic stage of HIV infections is 

manifested by the inability of CD4+ T cells to produce IL2 after stimulation and proliferate in 

response to MHC class-II restricted recall antigens (Clerici, et al., 1989, Gruters, et al., 1990, 

Shearer and Clerici, 1991, Meyaard, et al., 1994).  The T cell immune dysfunction observed 

in HIV+ patients is often referred to as anergy, as defined by decreased ability to produce IL2 

and general hyporesponsiveness to antigen challenge with competent APC (Schwartz, 1992, 

Schwartz, 1997), and includes an increased sensitivity to spontaneous and activation induced 

apoptosis in vitro (Muro-Cacho, et al., 1995, Gougeon, et al., 1996).   

Generally, it is agreed that the accelerated apoptosis in HIV+ persons is not due to 

direct viral infection as very low numbers of T cells are actually infected (Finkel, et al., 

1995).  However, there is strong evidence in HIV-infected individuals that the accelerated 

apoptosis in T lymphocytes is due to an indirect mechanism, whether this is due to viral Ag, 

inappropriate signaling, or both is unknown (Banda, et al., 1992, Finkel, et al., 1995, Muro-

Cacho, et al., 1995, Gougeon, et al., 1996, Meyaard and Miedema, 1997).  The levels of 

apoptosis in fresh peripheral blood lymphocytes (PBL) reveals little difference between HIV+ 

and HIV- individuals (Muro-Cacho, et al., 1995).  However, after 24-hour incubation in the 

absence or presence of stimulation, PBL from HIV+ persons demonstrate increased levels of 

spontaneous apoptosis when compared with HIV- individuals (Muro-Cacho, et al., 1995, 

Gougeon, et al., 1996).  In general, T cell depletion in HIV+ persons correlates well with the 

activation-state of the T cells.  The majority of apoptosis in PBL of HIV+ children and adults 

occurs in CD28_ cells expressing MHCII+ or CD45RO+CD38+.  While apoptosis in T cells 
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expressing FasR and CD28 is less common (McCloskey, et al., 1998, Walker, et al., 1998, 

Badley, et al., 1999, Leng, et al., 2001, McCloskey, et al., 2001).  

Recent studies confirm that apoptosis is increased in the LN of HIV+ and SIV+ 

individuals when compared with controls.  These studies used the terminal deoxynucleotidyl 

transferase nick end labeling (TUNEL) method for detection of apoptosis in LN samples of 

humans and macaques.  Apoptosis was readily detectable in LN of both HIV+ and HIV- 

persons, although there was a three-to-four-fold increase in apoptotic cells in the LN from 

HIV-infected persons compared with HIV- controls (Muro-Cacho, et al., 1995).  In LN from 

perinatally HIV-infected children there were two separate dispersion patterns with respect to 

apoptosis.  The first was characterized by disperse clouds of viral particles with apoptotic 

cells randomly spread within this cloud; the apoptotic cells frequently occurred in clusters 

and were often located in the secondary germinal center areas (apical light zone) where 

activated T cells are also found.   The second pattern involved individual cells with a high 

viral burden adjacent to uninfected apoptotic cells (Finkel, et al., 1995).  Cell death was not 

confined to CD4+ T cells, but also occurred in CD8+ T cells and B cells (Muro-Cacho, et al., 

1995).  The majority of cells undergoing apoptosis in both cases were not infected 

themselves (bystander cells) but were in contact with APC and other T cells (Finkel, et al., 

1995).  However, both authors noted that apoptosis correlated with the extent of germinal 

center formation in both HIV_ and HIV+ patients, although the frequency of germinal center 

formation was significantly higher in the HIV+ patients (Finkel, et al., 1995). Thus it 

appeared from these studies that apoptosis was not correlated with direct viral infection, 

rather it was associated with T cells that were activated and in close apposition to virally 

infected cells (Finkel, et al., 1995, Muro-Cacho, et al., 1995). 
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Another recently reported mechanism of T cell depletion involved receptor induced 

apoptosis and the gp120 protein of HIV.  Apoptosis in this study occurred via direct contact 

between uninfected CD4+ cells and epithelial cells expressing B7 using gp120 as antigen 

(Coito and Bomsell, 1999).  In support of this work, it was found that B7 expressing 

monocyte-derived dendritic cells exposed to HIV could induce apoptosis in CD4+ and CD8+ 

T cells from normal controls (Suzuki, et al., 2000).  This is an unusual situation as the B7 

molecule is usually associated with IL2 production and proliferation.  This lends support to 

reports that suggest gp120 sensitizes the cell to apoptosis and irregular signaling events, 

possibly via B7/CTLA4 are the actual mediators of apoptosis (Banda, et al., 1992, Coito and 

Bomsell, 1999).  

 

2) Apoptosis in FIV infection  

 Spontaneous and activation induced apoptosis have been examined in a limited 

number of studies involving FIV-infected cats, primarily using the peripheral blood. In 

agreement with work from HIV+ patients, there are significant increases in apoptosis in CD4+ 

and CD8+ T cells and B cells in FIV+ cats compared with uninfected controls that leads to a 

gradual decrease in the CD4 counts (Bishop, et al., 1993, Guiot, et al., 1997a, Guiot, et al., 

1997b, Holznagel, et al., 1998).  In addition, there is a marked down-regulation in CD8+ 

receptor expression, a phenotype that has been associated with a virally induced effector cell 

population (Holznagel, et al., 1996, Gebhard, et al., 1998, Holznagel, et al., 1998). Cell death 

in PBMC from FIV infected cats occurs primarily in cells expressing MHCII molecules and 

is inhibited by the addition of PMA, staphylococcal enteroxin A (SEA) and staphylococcal 

enteroxin B (SEB), but was only partially prevented with poke-weed mitogen (PWM) or 
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ConA (Guoit, et al., 1997b).  Treatment of FIV+ PBMC with Zn2+ inhibits apoptosis in a 

dose-dependent manner, presumably by inhibiting endogenous endonucleases (Bishop, et al., 

1993).  As apoptosis appeared to occur in stimulated, as well as unstimulated cultures, 

Bishop speculated that PBMC from FIV-infected cats receive an in vivo signal that primes 

them for apoptosis, consistent with currently held theories in HIV infected individuals. 

Apoptosis in the LN of FIV-infected cats has not been examined in detail.  A report 

regarding apoptosis in the LN of FIV+ cats found no significant difference in the levels of 

apoptosis in the LN follicular region between FIV+ and FIV- cats (Sarli, et al., 1998), 

although this may be due to the relatively short time post infection or the strain of FIV (11 

months).   Sarli did demonstrate however, that apoptosis in PBMC, thymic tissue, and splenic 

tissue of FIV-infected cats was intimately associated with entry into the cell cycle and 

significantly higher in FIV infected cats when compared with cont rols (Sarli, et al., 1998).  

 

III) Receptor Interactions in HIV associated T cell depletion 

1) Fas/FasL interactions 

  Infection with HIV results in increased expression of Fas and FasL on both T cells 

and macrophages (Mφ; Badley, et al., 1996, Badley, et al., 1997, Noraz, et al., 1997, Sieg, et 

al., 1997).  Apoptosis inducing agents such as PWM can enhance apoptosis in HIV infected 

individuals primarily via increasing Fas expression on T cells, which is inhibited by antibody 

against Fas, however anti-Fas does not block apoptosis induced by anti-CD3 (Dockerell, et 

al., 1999), suggesting the involvement of alternative apoptotic pathways.  It was later 

demonstrated that the pan-caspase inhibitor ZVAD-fmk prevented Fas induced apoptosis in 

PBMC from HIV infected patients, and that other death receptors such as TNF and TRAIL 
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were also likely involved in HIV associated apoptosis (Katsikis, et al., 1997, Iida, et al., 

1998).  Work examining the expression of FasL on PBMC from HIV infected patients 

however, indicated that HIV+ individuals actually had decreased expression of FasL on 

monocyte populations. This observation suggested that decreased expression and function of 

FasL in the case of HIV infection may be a mechanism during the course of HIV disease 

whereby the virus inhibits apoptosis in order to allow time for viral replication, at least in the 

early stages of the disease (Sieg, et al., 1997).    

A separate in vitro model of HIV associated apoptosis demonstrated that monocyte 

derived macrophages (MDM) could induce Fas-mediated apoptosis in target Jurkat cells and 

primary CD4+ T cells (Badley, et al., 1996, Badley, et al., 1997, Dockerell, et al., 1998).  In 

both cases the apoptosis induced by Fas/FasL interactions was partially blocked by the 

addition of blocking Ab against Fas, but this treatment was only effective in 50% of the 

patients (Badley, et al., 1996, Badley, et al., 1997).  Further experiments using the MDM and 

human PBMC demonstrated that TNFR fusion protein (TNFRFc) could inhibit 50% of the 

apoptosis, while TNFRFc and a Fas fusion protein (FasFc) in combination significantly 

inhibited apoptosis in two patients (Badley, et al., 1997).  Taken together these observations 

suggest that Fas interactions play some role in apoptosis induction, although othe r death 

receptor pathways likely play a role in the spontaneous and activation induced apoptosis that 

is observed in HIV+ patients.   

Interactions between gp120 –CD4 up-regulate the expression of Fas (CD95) 

expression on the surface of T cells and enhance the expression of FasL (CD95L) mRNA 

(Westendorp, et al., 1995, Accornero, et al., 1997, Cottrez, et al., 1997).  More recent work 

demonstrated that gp120 treatment altered the lateral association of CD95 with the CD4 
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receptor (Bottarel, et al., 1999).  This work primarily asserted that different strains of HIV 

could affect the association of CD4 with CD95, suggesting that gp120 was not necessarily 

directly cytotoxic, but rather functioned by acting on the CD95/CD95L system (Cottrez, et 

al., 1997, Bottarel, et al., 1999).   Both HIV+ and HIV- PBL were susceptible to this env-

mediated apoptosis that was apparently caspase-dependent as it could be inhibited by ZVAD-

fmk and YVAD-fmk treatment. 

With the advent of antiviral therapy several studies examined whether the inhibition 

of viral replication would decrease the level of apoptosis associated with HIV infection and 

thereby decrease expression of Fas and FasL.  Treatment with the protease inhibitor ritonavir 

showed that down-regulation of FasR expression, did not temporally correlate with the 

decreases in ICE (interleukin-1 converting enzyme; a.k.a. caspase-1) or AnnexinV+ staining, 

although they did observe decreases in FasL expression (Sloand, et al., 1999).  In contrast 

others have shown that patients treated with highly active antiretroviral therapy (HAART) 

did not result in a decrease in FasL expression in the LN from HIV+ patients (Badley, et al., 

1998).  This work specifically addressed the role of Fas/FasL interactions in the LN of HIV+ 

patients and showed that after initiation of HAART there was a decrease in Fas- induced 

apoptosis in tonsil LN biopsies, although this decrease was not paralleled by a decrease in 

FasL expression in the LN T cells (Badley, et al., 1998).   

There is some evidence that Fas/FasL interactions may not be the sole mediator of T 

cell loss in HIV infection or at least not the sole mediator of T cell depletion in HIV+ patients 

in vivo. Experiments using quantitative polymerase chain reaction (PCR) demonstrated that 

mRNA for FasL was actually decreased in PBL freshly isolated from HIV+ patients (Yang, et 

al., 1997).  The expression of FasL mRNA increased after 24 hr incubation in both the HIV+ 
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and HIV- cell populations, showing that FasL is normally upregulated in cultured cells 

(Yang, et al., 1997).  The presence of a Fas independent pathway of apoptosis in HIV 

infection is further supported by in vitro studies using cells from ALPS patients, who suffer 

lymphoproliferative disorders due to mutations in the FasR, as PBL from ALPS patients 

when infected with HIV were still susceptible to apoptosis despite lacking a functional FasR 

(Gandhi, et al., 1998).  It is therefore likely that other non-redundant or antigen specific 

apoptotic pathways exist and are involved in apoptosis seen in PBMC from HIV-infected 

patients.  

The Fas/FasL cDNAs have only recently been produced for the cat, therefore limiting 

the availability of feline specific antibodies against Fas and FasL and human specific 

antibodies against Fas/FasL fail to cross-react in the cat (Joling, et al., 1996, Mizuno, et al., 

1998).  However, the effects of another member of the TNFα receptor family in FIV infected 

cells have been explored.  It was originally observed that treatment of chronically FIV 

infected Crandell feline kidney cells (CrFK) with TNF would induce apoptosis (Ohno, et al., 

1993).  However, later work demonstrated that there was no difference in TNFRI or TNFRII 

mRNA expression between uninfected and FIV-infected CrFK T cells (Mizuno, et al., 2001). 

 
IV) HIV and anergy 

 There is a gradual loss in T cell responsiveness to Ag in PBMC from HIV patients, 

although individuals in the acute phase generally respond normally to alloantigens and lectins 

(Shearer and Clerici, et al., 1991).  During the asymptomatic phase of infection HIV+ 

individuals T cells lose their response to recall Ag such as, tetanous toxin (TT) and influenza, 

but retain their responses to alloantigen as assessed by IL2 production, suggesting a defect in 
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the CD4+ T helper cell subset.  These responses do not necessarily correlate with CD4+ T 

cell count.  The CTL response to influenza could be corrected by adding exogenous IL2, 

indicating that CD4+ T cells in HIV+ individuals are impaired in their ability to make IL2 

(Shearer and Clerici, 1991).   

 A separate indicator of CD4+ T cell response and anergy is exemplified by the 

tuberculin skin test, a delayed type hypersensitivity (DTH) reaction that depends primarily on 

memory CD4+T cells.  It was apparent early after the epidemic began that HIV+ patients did 

not react to sub-dermal injection of purified protein derivative (PPD) a component of the 

mycobacterium tuberculosis (TB) cell wall (Markowitz, et al., 1993).   The prevalence of 

reactivity was inversely proportionate to the CD4+T cell counts, as patients with cell counts 

<200 cells/ml had negative TB skin tests despite having clinical signs of tuberculosis and 

positive sputum samples, while patients with >200 CD4 T cells/ml could still respond to PPD 

and TT (Blatt, et al., 1993).  These studies and others indicate that HIV infected persons 

show signs of CD4+ T cell dysfunction, as defined by deficient IL2 production and 

proliferation, in addition to the gradual loss of CD4+ T cells that occurs as the disease 

progresses. 

  
V) B7 costimulatory molecules, anergy and apoptosis 

1) B7 costimulatory molecules and their ligands 

An important aspect of inducing an immune response is the ability to calibrate the 

magnitude of that immune response. Apoptosis and anergy are two processes that moderate 

the immune system and are of clinical significance in autoimmunity and peripheral tolerance 

(Krummel and Allison, 1995, Schwartz, 1997, Nagata, 2000). The costimulatory molecules 
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B7.1 and B7.2 are essential costimulatory receptors expressed primarily on APC and 

interact with both CD28 and CTLA4 expressed on T cells (Linsley, et al., 1991a, Krummel 

and Allison, 1995, Krummel and Allison, 1996, Egen, et al., 2002). During a normal immune 

response T cells require two signals in order to proliferate and  produce IL2.  The first signal 

is provided via engagement of the T-cell receptor (TCR) with its specific peptide in 

combination with the appropriate MHC molecule on an APC (June, et al., 1989, Linsley, et 

al., 1991a, Schwartz, 1992).  This signal is augmented and stabilized by a secondary signal 

between B7 molecules expressed on APC and the CD28 molecule on T cells (June, et al., 

1989). The result of this interaction is stable and enhanced IL2 cytokine production and 

proliferation of the target T cell (Linsley, et al., 1991a, Schwartz, 1992, Jain, et al., 1995, 

Egen, et al., 2002).  Within 24 –48 hr of TCR engagement a second molecule, CTLA4, is up 

regulated on the surface of T cells.  B7 engagement of CTLA4 transduces a signal that 

transcriptionally down-regulates the production of IL2.  CTLA4 may also operate by down-

regulating T cell activation by providing a threshold of activation via direct interference with 

TCR mediated signals or by induction of a soluble factor that mediates apoptosis or anergy 

induction (Walunas, et al., 1994, Krummel and Allison, 1995, Krummel and Allison, 1996, 

Boussiotis, et al., 2000, Egen, et al., 2002).  

 

2) Signaling via CD28 and CTLA4 

The costimulatory signal that CD28 receives is thought to operate via separate, but 

overlapping pathways with respect to the TCR signaling pathways, although this remains 

controversial (Rudd, 1996, Coudronniere, et al., 2000, Michel, et al., 2001).  The CD28 

receptor is constitutively expressed on the surface of T cells.  Similar to the TCR, CD28 has 
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no intrinsic kinase activity and therefore relies on non-receptor protein tyrosine kinases 

(PTK) to initiate its interactions with downstream signaling pathways.  Signaling via CD28 

may involve direct phosphorylation of CD28 by p56Lck and p59Fyn, as deficiencies in either 

protein results in decreased CD28 activity (Trobridge and Levin, 2001).  The 

phosphorylation of CD28 results in its association with inositol 1,4,5 triphosphate (IP3) 

kinase, an interaction that enhances IP3 kinase association with the plasma membrane where 

it acts on its substrates.  The YMNM motif located in the cytoplasmic tail of CD28 can also 

interact with the src homology –2 (SH2) domain of Grb-2, hence connecting CD28 directly 

to the Grb-2/son of sevenless (SOS) complex and thus affect p21ras activation via SOS 

(Rudd, 1996). 

While the p21ras signaling pathway overlaps with the TCR signal, CD28 may also 

independently affect the adherence of APC with T cells or work by favoring the 

accumulation at the TCR-MHC interface of signaling molecules TCR engagement on its own 

does not recruit (e.g. Vav-1, Itk/Tec, Akt; Michel, et al., 2001). The TCR dependent 

assembly of the Lat/SLP-76 scaffold may provide a focus for CD28 mediated recruitment of 

activated Itk, which can in turn recruit phospholipase C-γ (PLC-γ; Michel, et al., 2001).  

Other work suggests that TCR/CD28 mediated signaling acts on the protein kinase C-θ 

(PKCθ) isoform that is essential to TCR signaling, as there is a defect in TCR signaling in 

PKCθ knockout (k.o.) mice. Activation of PKCθ via CD3 and CD28 was assessed by 

enhanced activity of the CD28 responsive element (CD28RE)/AP-1 activity in the IL2 

promoter region, but this activity was never seen when Ab to either the CD3 or CD28 
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receptor was used alone, suggesting activation of the CD28RE requires both CD3 and 

CD28 signaling (Coudronniere, et al., 2000). 

Whereas CD28 is constitutively expressed on T cells at high levels, CTLA4 is 

expressed transiently and at very low levels after a T cell is activated (Gross, et al., 1992, 

Linsley, et al., 1995, Alegre, et al., 1996). The expression of CTLA4 is likely a mechanism of 

regulating its function, as CTLA4 is rapidly endocytosed after surface expression, with its 

peak expression correlating temporally with transient down-regulation of the CD28 receptor 

(Alegre, et al., 1996, Rudd, 1996, Scheipers and Reiser, 1998, Egen, et al., 2002).  It was 

initially thought that the actions of CD28 and CTLA4 were synergistic, as they share 

substantial sequence homology and likely originated from a gene duplication event (Harper, 

et al., 1991).  The most convincing evidence for distinct roles of CD28 and CTLA4 became 

apparent with the development of CTLA4 k.o. mice, which develop severe lymphadenopathy 

and die several weeks after birth, suggesting the importance of CTLA4 in down-regulating 

the immune response (Tivol, et al., 1995, Waterhouse, et al., 1995).  

Further regulatory mechanisms are found in the cytoplasmic tails of each receptor.  

Both CD28 and CTLA4 contain a YxxM motif that is a SH2 docking site, however there are 

differences in the positioning of each site, such that CTLA4 SH2 domain resides within an 

intracellular localization motif (Egen, et al., 2002).  With regards to CD28, phosphorylation 

of the tyrosine in the YxxM region allows for the binding of IP3 kinase.  In contrast, 

phosphorylation of the same tyrosine in the tail of CTLA4 results in stable expression of 

CTLA4 at the cell surface.  However, when that tyrosine is unphosphorylated it is able to 

interact with clathrin adaptor protein two (AP-2) resulting in rapid internalization of CTLA4 

into lysosomal vesicles and a decrease of surface CTLA4 expression (Schneider, et al., 1999, 
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Egen, et al., 2002). Other mechanisms regulating CTLA4 expression include the 

considerably shorter half- life of CTLA4 mRNA compared with that of CD28, CTLA4 

mRNA has an approximate half life of 2 hr, that is stabilized by TCR/CD28 ligation, 

reaching a maximum of 6-8 hr (Finn, et al., 1997, Egen, et al., 2002).  All of these regulatory 

mechanisms provide a balance between the initiation and down-regulation of an antigen 

specific T cell response.  

Whether CTLA4 interrupts TCR or CD28 signaling is under intense investigation.  

The CTLA4 molecule is thought to modulate the TCR response by recruiting tyrosine 

phosphatases such as Src homology 2-containing protein tyrosine phosphatase-1 or 2 (SHP-1 

and SHP-2, respectively) to the TCR. It is unknown whether recruitment of phosphatases to 

the signaling complex physically disrupts signaling or if CTLA4 competes with CD28 for the 

B7 ligands (Egen, et al., 2002).  Previous observations proposed that CTLA4 mediated its 

inhibitory function by recruiting the phosphatase SHP-2 that in turn dephosphorylates the 

CD3ζ chain and therefore inhibits phosphorylation of several downstream signaling 

molecules (Marengere, et al., 1996, Brunner, et al., 1999, Lee, et al., 1998). These report met 

with skepticism due to the known function of SHP-2 in modulating positive TCR signaling 

via the mitogen activated protein kinase (MAPK) pathway (Egen, et al., 2002). More recent 

work demonstrated that CTLA4 expression in primary CD4+ T cells did not result in de-

phosphorylation of the TCR zeta chain or interfere with Zap-70 recruitment to the TCR 

signaling complex. Instead this report suggested that CTLA4 might led to decreased 

phosphorylation of ZAP-70, possibly via phosphatase activity, that could interfere with the 

recruitment/activation of downstream signaling proteins.  In vitro phosphatase analysis found 
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that SHP-1, not SHP-2, accounted for the majority of this phosphatase activity 

(Guntermann and Alexander, 2002). 

Another scenario for CTLA4 action is the disruption of CD28 signaling.  As 

previously discussed CD28 is thought to quantitatively enhance TCR signaling, however 

Riley et al., showed that CD28 signaling effects might be more qualitative.  DNA microarray 

analysis at the whole genome level of primary T cells stimulated with CD3, CD28 and 

CTLA4 antibody coated beads revealed that CTLA4 induced a complete blockade of genes 

activated by anti-CD3 and -CD28 engagement at 2 and 8 hrs after stimulation.  Treatment 

with anti-CD3 and anti-CTLA4 in combination in the absence of CD28 had no affect on 

CD28 induced gene expression (Riley, et al., 2002), suggesting that CTLA4 interferes with 

CD28 signaling as opposed to CD3 signaling.  At 24 hrs some genes activated by CD28 

ligation were expressed (leaky genes) despite costimulation including CTLA4, suggesting 

that CTLA4 activity is primarily required during the initial activation event.  Downstream 

CTLA4 signaling is known to inhibit extracellular signal-related kinase (ERK)/c-Jun amino 

terminal kinase (JNK) pathways and attenuate nuclear factor kappa –B (NFκB) and AP-1 

translocation to the nucleus resulting in decreased production of IL2, and can arrest the cell 

cycle by disrupting cyclin dependent kinase four/six (cdk4/6) and cyclin D3 (Egen, et al., 

2002). However, the precise mechanisms that CTLA4 utilized to modulate these pathways 

remain elusive. 

Together the interactions of B7.1/B7.2 with CD28 and CTLA4 on T cells moderate 

the immune response initiated by TCR ligation by peptide-MHC complexes; CD28 initiates 

the response, whereas CTLA4 may raise the threshold of activation or transduce an inhibitory 

signal.  CTLA4 has been implicated in downregulating T cell activation either by providing a 
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threshold of activation via direct interference with TCR mediated signals or by induction 

of a soluble factor that mediates apoptosis or anergy induction (Gimmi, et al., 1993, 

Krummel and Allison, 1995, Krummel and Allison, 1996, Boussiotis, et al., 2000).   

3) Differential expression and signaling by B7.1 and B7.2 

Generally, B7.2 is expressed on APC more abundantly and is rapidly up regulated 

after activation of the APC, while B7.1 is undetectable in resting APC and expressed with 

slower kinetics than B7.2 after APC activation (Sansom, 2000).  The expression of B7.1 and 

B7.2 on T cells has been described to a limited extent and as such functional differences 

between these two receptors on T cells remains controversial. The B7.2 receptor is expressed 

constitutively at low levels on T cells, whereas B7.1 is detected primarily after activation, a 

time when B7.2 expression is beginning to decrease (Greenfield, 1998).  

There is approximately 25% sequence homology between B7.1 and B7.2 and this 

difference has lead to speculation that B7.1 and B7.2 perform different functions. Several 

studies have been undertaken to determine whether B7.1 and B7.2 have strictly redundant 

functions, but have been confounded largely due to great diversity in the mouse strains, in 

addition to differences in the model systems that are employed.  Further, the interdependent 

nature of the B7 ligands and their overlapping use of the CD28 and CTLA4 receptors further 

complicate these studies.  Receptor knockout studies in mice support a role for B7.2 as a 

primary actor with CD28 early after T cell activation (Sansom, 2000).  However, it 

functionally appears that B7.1 may be more important for potent T cell activation.  The 

reciprocal expression of B7.1 and B7.2 further support a role for B7.2 early during T cell 

activation, while the delayed kinetics of B7.1 expression are similar to those observed for 

CTLA4 and suggest that B7.1 and CTLA4 may preferentially interact. In support of this are 
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observations that demonstrate B7.1 has a higher affinity and slower off rate for CTLA4 

than does B7.2 (Sansom, 2000).  Blockade of B7.1 by mAb tends to exacerbate the diabetes 

observed in the non-obese diabetes (NOD) mouse, a model where interactions and functions 

of B7/CD28/CTLA4 signaling have been intensely studied. 

Cytokines such as interferon (IFN) α, IFNγ and granulocyte macrophage colony 

stimulating factor (GM-CSF) can induce the expression of B7 coreceptor expression, 

although expression of both receptors is inhibited by IL-10 and IL-4. There is also evidence 

to suggest that B7 engagement by CD28 can alter the cytokines produced during an immune 

response depending on which receptor predominates.  For instance, when T cells from TCR 

transgenic mice are cultured with mAb against B7.2 there is preferential production of IFNγ, 

while T cells cultured with B7.1 mAb tend to produce IL-4.  These observations led to 

speculation that the B7 receptors could create a “shift” from a Th1- like response to a Th2-

like response depending on the predominate signal, although this remains very controversial 

(Sansom, 2000).  

4) Abnormal expression of B7, anergy and HIV 

Anergy and apoptosis are normal processes involved in maintaining peripheral 

tolerance, as they aid in eliminating autoreactive T cells (Boussiotis, et al., 1994, Allison, et 

al., 1998).  The induction of anergy can occur via signaling through the TCR in the absence 

of costimulation, during interaction of soluble peptide or by CTLA4 signaling or by 

interfering with the TCR signaling with an inappropriate peptide antigen (Schwartz, et al., 

1992, Krummel and Allison, 1996, Schwartz, 1996).  The induction of anergy appears to be a 

mechanism that dampens or controls the magnitude of an immune response and it appears 
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that APC as well as T cells are both capable of anergy induction.  That anergic APC and T 

cells play a role in maintaining peripheral tolerance was recently demonstrated utilizing in 

vitro anergized T cells to induce anergy in APC that in turn could anergize activated T cells 

(Taams, et al., 2000).  A separate study showed that alloreactive CD4+ T cell clones 

anergized by treatment with antibody against the CD3 receptor could also induce anergy in 

activated T cells (Chai, et al., 1999).  These interactions typically require cell-to-cell contact 

and induce anergy through a pathway distinct from classic anergy, where IL2 synthesis is 

negatively regulated by altered or inhibited signaling cascades (Taams, et al., 1999).  

Normally the B7 receptors are restricted to expression on APC and are not expressed 

on T cells (Schwartz, 1992, Krummel and Allison, 1995, Krummel and Allison, 1996).  

However, in cases of chronic immune stimulation as reported in autoimmune diseases 

[systemic lupus erythmatosous (SLE) and rheumatoid arthritis (RA)] or in HIV infection, B7 

and MHCII are up-regulated on the surface of T cells resulting in a T cell with an APC-like 

phenotype (Azuma, et al., 1993, Haffar, et al., 1993, Wyss-Coray, et al., 1993, Sansom and 

Hall, 1993, Kestens, et al., 1994, Ranheim and Kipps, 1994, Abe, et al., 1996, Gougeon, et 

al., 1996, Kochli, et al., 1998, McCloskey, et al., 2001).   

While the functional significance of B7, CTLA4 and MHCII antigens on the surface 

of T cells is unclear, evidence suggests that T cells co-expressing B7 and MHCII and these 

cells are capable of antigen presentation (Lanzavecchia, et al., 1988, Haffar, et al., 1993).  It 

was further demonstrated that B7 up-regulated on the surface of T cells in situations of 

chronic immune stimulation in vitro are functional and capable of stimulation in T-T cell 

interactions (Sansom and Hall, 1993, Wyss-Coray, et al., 1993). It was previously found that 

activated human T cell clones expressed MHC class II molecules and were able to 
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pinocytose, process, and present tetanus toxoid soluble antigen at their cell surface and 

could activate MHC-matched T cell clones (Barnaba, et al., 1994).   However, others 

reported that T-T cell interactions involving soluble peptide result in anergy induction or 

apoptosis depending on the immune status of the T cell (Lanzavecchia, et al., 1988, Wyss-

Coray, et al., 1993, Lombardi, et al., 1996, Chai, et al., 1998, Taams, et al., 1999).  Whether 

these cells represent a “normal” regulatory mechanism of maintaining peripheral tolerance or 

are an insignificant phenotype remains unknown.   

All members of the B7/CD28/CTLA4 signaling receptors are apparently affected by 

infection with HIV, as evidenced by decreases in CD28 and increases in B7.1, B7.2 and 

CTLA4 on the surface of T cells (Kochli, et al., 1998, Walker, et al., 1998). Decreases in 

CD28 expression occur soon after ligation of the B7.1 receptor. Several reports demonstrate 

decreases in the expression of CD28 on both CD4+ and CD8+ T cells from HIV infected 

patients (Brinchmann, et al., 1994, Caruso, et al., 1994, Lewis, et al., 1999, Walker, et al., 

1998). The CD8+ T cells with low levels of cell surface CD28 were hypo-responsive to 

antigenic challenge and both CD4+ and CD8+ T cells with reduced CD28 expression appear 

more susceptible to apoptosis (Lewis, et al., 1994, Wolthers, et al., 1996, Walker, et al., 

1998, Dennet, et al., 2002).   Decreases in the absolute numbers of CD4+CD28+ T cells might 

also be a better predictor of disease progression in HIV+ patients than CD4+ T cell counts 

alone (Lewis, et al., 1994, Choremi-Papadopoulou, et al., 2000).  In diseases characterized by 

chronic immune stimulation such as HIV, Epstein Barr virus (EBV) and cytomegalovirus 

(CMV) there is a persistent decrease in CD28 expression on the surface of CD8+ cells that is 

reversed by treatment with antiretroviral therapy with no data on CD28 expression on CD4+ 
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T cells (Wolthers, et al., 1996, Caruso, et al., 1998, Badley, et al., 1999, Choremi-

Papadopoulou, et al., 2000).   

Work by Steiner showed that there is also an increase in the percent of T cells with 

surface expression of CTLA4 in patients with HIV (Steiner, et al., 1999). More recently 

examination of intracellular expression of CTLA4 was performed and found a significant 

increase in CTLA4 intracellular expression on CD4+ T cells from HIV+ individuals.  The 

increased expression correlated with the stage of disease and the proportion of activated T 

cells (Leng, et al., 2002).  The increased expression of B7/CTLA4 in HIV infected patients is 

of interest due to observations that HIV+ patients T cells are anergic and exhibit increased 

sensitivity to T apoptosis, both pathways where the B7/CTLA4 is thought to operate.  

 

5) T: T cell interactions and anergy/apoptosis 

As outlined above there is ample evidence that activated T cells upregulate 

costimulatory receptors and MHC class II antigens and that these T cells are capable of 

presenting antigen.  Whether these APC-like T cells modulate normal immune responses is 

unknown.  As outlined above persistent viral infections like FIV or HIV may cause T cell 

depletion by interfering with the normal T cell regulatory pathways and inadvertently lead to 

the destruction of the host’s immune system. Chronic immune stimulation may induce T cells 

to express B7, MHCII and CTLA4 and decrease expression of the CD28 receptor, resulting 

in a an unusual situation that might markedly favor down-regulation an active immune 

response and prematurely prime T lymphocytes for anergy and apoptosis.  This dissertation 

will explore the expression of co-stimulatory receptors on the surface of T cells from FIV- 



 

 

31
and HIV-infected individual and their association with T cell depletion by addressing the 

following specific aims:   

Specific Aim 1: Is there an increase in the expression of B7 and CTLA4 on LN T cells from 

FIV infected cats? 

Specific Aim 2: Does the expression of B7 or CTLA4 correlate with apoptosis? 

Specific Aim 3: Can blockade or modulation of the B7 signaling pathway affect spontaneous 

apoptosis in FIV-infected cats?  

Specific Aim 4: Are costimulatory receptors expressed on T cells from HIV-infected 

patients? 

A) Is there an increase in the percent of B7/CTLA4+MHCII+ T cells in HIV+ patients? 

B) Are the B7+ or CTLA4+MHCII+ T cells in HIV+ associated with apoptosis? 
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Abstract 

The B7.1 and B7.2 co-stimulatory molecules on antigen presenting cells provide second signals 

for regulating T cell immune responses via CD28 and CTLA4 on T cells.  CD28 signals cell 

proliferation, whereas CTLA4 signals for anergy/apoptosis terminating the immune response.  

As T cell apoptosis and immunodeficiency are characteristics of feline immunodeficiency virus 

(FIV)- infected cats, we speculated that B7-CTLA4 negative T cell signaling may be favored in 

these cats.  Flow cytometry revealed high percents of CD8+ and CD4+ cells expressing B7.1, 

B7.2, and CTLA4 in lymph nodes of FIV+ cats, and that a large fraction of CTLA4+ T cells co-

expressed B7.1 and B7.2.  Three-color analysis with anti-B7.1/B7.2, anti-CTLA4 and TUNEL 

analysis revealed that apoptosis was a characteristic of B7.1+B7.2+CTLA4+ T cells.  These data 

support the hypothesis that lymph node apoptosis and immune deterioration in FIV-infected cats 

results from chronic B7.1/B7.2-CTLA4 mediated T-T interactions. 
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Introduction 

Human immunodeficiency virus (HIV) and feline immunodeficiency virus (FIV) are 

lentiviruses that cause a remarkably similar immunopathology [1] characterized by a gradual 

loss in T-helper cell numbers and function, resulting in immune deficiency and increased 

susceptibility to secondary pathogens.  A number of mechanisms have been proposed to 

account for virus- induced T cell depletion, including direct viral cytopathogenesis [2], 

immune hyperactivation and exhaustion [3], immune suppression mediated by viral and 

regulatory gene products [4], and inappropriate immune killing of uninfected cells [5].  

Based on observations that T cells from asymptomatic HIV-infected individuals fail to 

produce IL2 and proliferate after antigenic stimulation, a number of investigators have 

speculated that HIV immunopathogenesis is the result of accelerated programmed cell death 

or apoptosis [6].  This speculation is supported by reports of abnormally high frequency of 

apoptotic T cells in lymph nodes (LN) of HIV-infected individuals [7, 8] and FIV-infected 

cats [9, 10].   

Programmed cell death is a normal process that regulates the development of the 

cellular repertoire throughout the life of an organism, and is initiated by engagement of 

specific cell surface receptors with their ligands (e.g. FasL/Fas, tumor necrosis factor 

[TNF]á/TNFáR, B7/CTLA4) that transduce intracellular signals mediating cell death.  While 

the Fas and TNF receptors are highly conserved and induce caspase-mediated apoptosis in 

many tissue types [11, 12], the B7/CTLA4 apoptotic pathway appears to be T- lineage 

specific and mediates antigen-specific clonal deletion of previously activated T cells via 

suppression of IL2 [13, 14].  It is not known if the accelerated apoptosis observed in lymph 

nodes of HIV-infected individuals and FIV-infected cats represents enhanced activity of the 
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Fas/TNFáR pathways or the B7/CTLA4 pathway, or both.  In support of the B7/CTLA4 

clonal deletion pathway, progressive immune deterioration in the asymptomatic stage of HIV 

and FIV infections is manifested by the inability of CD4 cells to produce IL2 and proliferate 

in vitro in response to MHC class II-restricted recall antigens [6, 15].  This T cell immune 

hyporesponsiveness is reminiscent of a state of anergy as defined by the inability of T cells to 

produce IL2 and proliferate in response to stimulation with competent antigen presenting 

cells (APC ) [16]. 

The B7 family of co-stimulatory molecules principally B7.1 (CD80) and B7.2 

(CD86) are normally found on professional APC and interact with CD28 and CTLA4 

(CD152) on T cells to provide the necessary second signals for regulating the immune 

response [14, 17].  B7.1 and B7.2 initially engage CD28 on T cells, ensuring sustained IL2 

secretion, T cell proliferation, and development of an immune response.  If the B7-CD28 

signal does not occur following antigen-TCR engagement, the T cell becomes unresponsive 

or anergic to the antigen and, in the absence of IL2, undergoes apoptosis upon secondary 

stimulation by competent APC [18, 19].  T cells can also be anergized via an active 

mechanism, whereby B7 molecules engage CTLA4 on activated T cells.  While CD28 is 

constitutively expressed on CD4+ T cells and transduces a signal for cell survival and 

proliferation, CTLA4 is only expressed after the CD4+ cells become activated (2-3 days post 

APC-TCR engagement), [20-22] and upon engagement with B7 molecules, transduces a 

negative signal to T cells, suppressing IL2 transcription and further proliferation, resulting in 

anergy and apoptosis [20-23].  As the binding avidity of B7.1 and B7.2 for CTLA4 is 20-100 

x greater than for CD28 [14], negative signaling would dominate on activated T cells 

expressing CTLA4, thereby terminating the immune response.  Thus, sequential engagement 
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of CD28 and CTLA4 by B7 molecules maintains a balance of T cell activation/proliferation 

and apoptosis, a process important in regulating normal immune responses by clonal deletion 

of previously activated antigen-specific T cells. 

While B7.1 and B7.2 receptors are normally restricted to APC such as dendritic cells 

and activated monocytes and B cells [24, 25], numerous studies have demonstrated that these 

molecules are up-regulated on CD8+ and CD4+ cells activated in vitro, as well as on a small 

subset of CD4+ and CD8+ cells in patients with autoimmune disease or HIV infection [26-

31].  A number of studies have demonstrated that B7+ T cells can function as APC [30, 31].  

However, data suggest that T-T antigen presentation does not co-stimulate IL2 production 

and proliferation, but primes T cells for anergy and apoptosis upon subsequent antigen 

presentation by professional APC [32, 33].   

Thus the accelerated apoptosis observed in LN of HIV-infected patients and FIV-

infected cats, as well as under other conditions of chronic immune stimulation such as 

autoimmune diseases [26] could result from anergic signaling mediated by activated T cells 

expressing B7 molecules.  We propose that the progressive loss of immune function in FIV 

infection is the result of chronic interactions between B7 and CTLA4 positive T cells leading 

to T cell anergy and apoptosis. 

 

Materials and Methods  

Cats.  The cats used in this study were specific pathogen free cats obtained from 

Liberty Labs (Waverly, NY) or Cedar River Laboratory (Mason City, IO); they ranged in age 

from 6 months to 10 years at the time samples were collected.  FIV-infected cats (n=44) were 

inoculated intravaginally with a cell- associated form of the NCSU1 isolate of FIV [34-36] as 
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described by Bucci et al. [37].  All cats were approximately 6 months of age when inoculated 

with FIV and became antibody positive as detected by commercial ELISA (IDEXX, 

Westbrook, ME) and provirus positive by PCR for gag sequences between 4 and 8 weeks 

post infection [31, 38].  At the time samples were taken, cats had been infected with FIV 

anywhere from 4 weeks to 10 years.  All FIV-infected cats had inverted CD4+ : CD8+ T cell 

ratios in the blood.  Cats infected for 8 years or more suffered from chronic secondary oral or 

respiratory infections, and upon necropsy, several were found to have B cell lymphomas.  

Control cats (n=23) also ranged in age from 6 months to 10 years. 

Sample Collection.  Lymph node cells were obtained from peripheral lymph node 

biopsies as described by Levy et al. [38].  Briefly, cats were anesthetized with intravenous 

ketamine and diazepam and maintained with inhalant anesthetic (isoflurane).  A popliteal 

lymph node was excised and butorphanol tartrate administered to control post-operative 

discomfort.  Single cell suspensions of lymph node cells were prepared for subsequent flow 

cytometric analysis of surface antigen expression and terminal deoxynucleotidyl transferase 

(TdT) nick end labeling (TUNEL)-based analysis of apoptosis by gently passing the tissue 

through a steel mesh screen.  Blood was collected by jugular venipuncture into sodium citrate 

anticoagulant tubes.  Whole blood was used for flow cytometric analysis of lymphocyte 

surface antigens using a whole blood lysis technique as described by Davidson et al. [39].  

For TUNEL-based flow cytometric analysis of apoptosis, peripheral blood mononuclear cells 

(PBMC) were purified on Percoll as described by Tompkins et al. [40].  

Antibodies.  Feline CD4+ and CD8+ T cells were identified using monoclonal 

antibodies (mAbs) developed in our laboratory [41, 42].  A species cross-reactive human 

recombinant CTLA4 protein fused to the Fc of murine IgG (huCTLA4-Ig) was obtained from 
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Ancell Corp. (Bayport, MN). Rabbit polyclonal antibody was made against purified feline 

CTLA4 peptide [43] linked to KLH.  Purified peptide was glutaraldehyde-linked to KLH by 

mixing peptide and KLH at a ratio of 100 to 1 (in nmols).  Glutaraldehyde was added to a 

final concentration of 0.4%.  After reacting for 1 hour at room temperature, glutaraldehyde 

was removed by dialysis against PBS.   A rabbit was immunized with 200 nmol of cross-

linked peptide in Freund’s complete adjuvant and boosted three times at four-week intervals 

with 200 nmol peptide in Freund’s incomplete adjuvant.  Specificity of the antibody was 

confirmed by Western blot analysis.  A fluorescein conjugated donkey anti-rabbit antibody 

against CTLA4 was obtained from Jackson Laboratory (Bar Harbour, ME).  A biotinylated 

mAb specific for feline MHC class II antigen (CAG5-307) was obtained from Custom 

Monoclonals (West Sacramento CA).  A cross-reacting antibody to human CD14 (Clone 

TUK4) was obtained from DAKO (Carpinteria, CA). 

Construction of swinepox virus (SPV)/B7-histidine (HIS) Expression Vectors. The 

feline B7.1 and feline B7.2 genes were cloned from concanavalin A (ConA)-stimulated feline 

peripheral blood mononuclear cells as previously described [44]. Truncations of feline B7.1 

(nucleotides 1-720) and feline B7.2 (nucleotides 1-748) genes excluding the putative 

transmembrane regions were cloned by PCR, utilizing gene specific primer pairs (B7.1 sense 

primer, 5’-TCGAGAATTCGGGTCACGCAGCAAAGTGG, and B7.1 antisense primer, 5’-

CTGAGGATCCGATGTAGACAGGTGAGATCTTTTCCA; B7.2 sense primer, 5’-

TCGACAATTGGATGGGCATTTGTGACAG, and B7.2 antisense primer, 5’- 

GGATCCTGTTCTGGGTCTTTATCCTTAG).  Construction of recombinant swinepox virus 

(SPV) expression vectors has been described previously [44]. Briefly, the truncated B7 PCR 

gene products were cloned downstream of a synthetic, late-early pox promoter and fused to a 
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6X-histidine tag (Novagen, Madison, Wisconsin) at the 3’ end of the B7 ORF.  A gene 

cassette containing the E.coli uidA gene driven by an early synthetic pox promoter was 

cloned upstream of the B7 cassette. A SPV homology vector was created containing the Hind 

III K fragment of the SPV genome [45]. The B7-HIS and uidA gene cassettes were inserted 

into a unique EcoRI restriction site within the HindIII K SPV genome fragment. 

Recombinant SPV/B7.1-HIS and SPV/B7.2-HIS viruses were created by homologous 

recombination in embryonic swine kidney (ESK-4) cells and plaque purified according to 

methods described previously [46].  Briefly, ESK-4 cells were pre-infected with wild-type 

SPV (Kasza strain) at MOI 0.01 -0.001 for 2 h before transfection with 15 ìg of homology 

plasmid using LIPOFECTIN7 reagent (GibcoBRL). Infection-transfections were incubated 

for 4 to 6 days until complete cytopathic effect (CPE) was observed.  Cell lysates and 

supernatant were harvested and frozen at –70° C. Infection-transfection stocks were plaque 

purified as previously described [47] with modification, utilizing the presence of E. coli â-

glucuronidase and substituting the substrate, 5-Bromo-6-chloro-3- indolyl-beta-D-

galactopyranoside (BIOSYNTH AG, Staad, Switzerland).  

Confirmation of expression of feline B7.1 and feline B7.2 from recombinant viruses, 

SPV/B7.1-HIS and SPV/B7.2-HIS, respectively, was performed by standard western blot 

methods [48] utilizing polyclonal goat anti-human B7.1 and B7.2 antibodies (R&D Systems).  

Production of Purified B7 Protein.  B7-HIS fusion proteins were purified from 

clarified supernatants from ESK-4 cells infected with recombinant SPV/B7-HIS viruses. B7-

HIS proteins were purified by nickel chelate and DEAE ion exchange chromatography. 

Functionality of purified B7.1 and B7.2 proteins was confirmed in a competitive binding 
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assay (scintillation-proximity assay) for specific binding to human CTLA4 and human CD28, 

utilizing iodinated human B7.1 protein as competitor [49] (data not shown).  

Production of Feline B7.1 and B7.2 Rabbit Polyclonal Antibodies. Polyclonal 

antibodies to B7.1-HIS and B7.2-HIS purified proteins were generated in rabbits. 200ug of 

purified protein was injected with complete Freund’s adjuvant. Rabbits were boosted twice, 

three weeks apart, with 100ug protein with incomplete Freund’s adjuvant.  

Production of Feline B7.1 Monoclonal Antibodies.  BALB/c mice were injected 

intraperitoneally with 20 ug of B7.1-HIS mixed with Corixa Ribi Adjuvant (Corixia, Seattle, 

WA) on two occasions three weeks apart.  Three weeks after the second injection, serum was 

tested by immunostaining of recombinant SPV-B7 plaque assay as described below.  The 

mice were given a final injection of 10 ug B7.1-HIS in Ribi Adjuvant and the spleen cell 

fusions were performed 5 days later.  Hybridoma supernatants were initially screened using a 

feline CD4+ cell line (FCD4E) known to express high levels of B7.1 and B.2 on their surface. 

 B7.1 specificity of the positive supernatants was determined with the recombinant SPV-B7 

plaque assay.  One positive hybridoma clone, B7.1.66, was selected for expansion and 

supernatants collected for these studies.  A fraction of supernatant was purified and 

conjugated with phycoerythrin (PE). 

B7 Antibody Specificity.  Specificity of B7.1 and B7.2 rabbit polyclonal antibodies 

(Figure 1) and B7.1.66 mAb hybridoma supernatant (Figure 2A) was confirmed by 

immunostaining of recombinant SPV plaques expressing full- length B7.1 and B7.2 proteins. 

Recombinant SPV viruses expressing full- length B7.1 (SPV/flB7.1) or full- length B7.2  

(SPV/flB7.2) were constructed as described above. Immunostaining of recombinant virus 

plaques was carried out as previously described [48].  Briefly, ESK-4 cells were infected 
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with SPV/flB7.1 or SPV/flB7.2 viruses overnight and overlaid with nutrient agarose. After 7 

to 10 days, the agarose was removed and the monolayer was fixed with 100% methanol. B7 

rabbit antibodies, diluted 1:1000 in 5% dried milk in 1X TS (50mM tris-HCl, 150mM NaCl), 

or hybridoma cell culture supernatant from B7.1 mAb, diluted 1:10, were applied to the 

monolayer and incubated for two hours at room temperature. Monolayers were washed with 

1X TS and reacted with alkaline phosphatase-conjugated secondary antibody. Alkaline 

phosphatase substrate, NBT/BCIP (200ug/ml NitroBT, 150 ìg/ml 5-bromo-4-chloro-3-

indolyl-phosphatase-toluidine salt; Fisher Biotech, Fair Lawn, NJ) diluted in 100mM tris pH 

9.6, 100mM NaCL, 50mM MgCl2 was added and incubated for 5-30 minutes at room 

temperature until plaques turned a purple/black color.  Specificity of the rabbit B7 antibodies 

and supernatant from B7.1 mAb was confirmed with SPV/fl-B7.1 and SPV/fl-B7.2 lysates in 

western blots (data not shown). 

To further confirm that mAb B7.1.66 bound only B7.1, blocking studies with the 

rabbit polyclonal anti-B7 antibodies were performed.  LN cells were incubated with either 

rabbit polyclonal anti-B7.1 or anti-B7.2 followed by incubation with PE conjugated mAb 

B7.1.66 and analyzed by flow cytometry.  Polyclonal rabbit anti-B7.1 reduced B7.1.66 

binding to LN T cells by ~ 80% whereas there was no reduction in B7.1.66 binding when 

cells were pre-treated with rabbit polyclonal anti-B7.2 (Figure 2B). 

Flow Cytometric Analysis of Lymphocyte Surface Antigens.  Three-color flow 

cytometric analysis was used to determine the percent CD4+, CD8+, and B7+ cells in whole 

blood and lymph node samples using fluorescein isothiocyanate (FITC)-anti- feline CD4 

(mAb CAT30A), allophycocyanin (APC)-anti- feline CD8 (mAb 117) and PE-huCTLA4-Ig 

(Ancel) for B7.  When rabbit anti- feline B7.1 and anti-B7.2 antibodies were used, cells were 
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stained first with either of these antibodies, followed by a donkey PE-anti-rabbit antibody, 

and finally with the anti-CD4 and anti-CD8 directly conjugated antibodies.  Negative 

controls consisted of irrelevant isotype-matched mAbs or pre-bleed rabbit serum.  All 

reactions were incubated at 4°C.  Care was taken to perform all flow cytometry as soon after 

collecting samples from the cats as possible to avoid any culture-induced changes in 

expression of co-stimulatory molecules.  Data were acquired on a FACSCalibur flow 

cytometer (Becton-Dickinson), using a helium-neon laser as the second excitation source for 

the APC stained samples. For all samples, data from at least 15,000 cells were acquired and 

stored list-mode fashion for subsequent analysis.  Gated data was then generated for 

fluorescent analysis of lymphocytes as defined by forward and side scatter.  

Three-color Flow Cytometric-based TUNEL Assay for Identification of Apoptotic 

Cells.  T cell apoptosis in lymph nodes and PBMC was determined by terminal 

deoxynucleotidyl transferase (TdT) nick end labeling (TUNEL) assay (Boehringer-

Mannheim, Indianapolis, IN).  Cells were first stained with rabbit anti-B7.1 or anti-B7.2 

antibody, followed by the donkey PE-anti-rabbit antibody.  Cells were then stained with 

either biotinylated anti-CD4 or anti-CD8 antibodies and developed with streptavidin-

conjugated APC (Becton Dickinson).  The cells were fixed in 4% paraformaldehyde and 

permeabilized with Tween20 and sodium citrate buffer.  Following permeablization, the cells 

were incubated with terminal deoxynucleotidyl transferase and fluorescein-conjugated dUTP 

for 20 minutes at 37°C for end-nick labeling.  After washing, cells were analyzed on a 

FACSCaliber flow cytometer. 
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Statistical Analysis.  Mann-Whitney’s test (t-test- like for non-parametric data) was 

used to compare aged-matched FIV-infected versus control cats for different parameters 

(e.g., B7 expression).  For comparisons of parameters for different times of infection, 

Kruskal-Wallis (analysis of variance for non-parametric data) was used to determine that at 

least one group differed.  Pairwise comparisons were obtained using Mann-Whitney’s test.  

Differences were considered significant at p < 0.05.  

 

Results

HuCTLA4-Ig Fusion Protein Binds to T Cells from Lymph Nodes of FIV-infected 

Cats.  B7 co-stimulatory molecules (B7.1 and B7.2) are normally not expressed on large 

numbers of T cells, but are up-regulated on T cells activated in vitro, and in vivo under some 

conditions of chronic immune stimulation [14, 29, 30].  To determine if FIV infection, which 

is manifested as a chronic low-level viremia [50], induces the expression of B7 on LN T 

cells, we analyzed by three-color flow cytometry the binding of PE-conjugated huCTLA4-Ig 

on CD8+ and CD4+ cells from cats infected with FIV for 4 weeks to 10 years, and from age-

matched control cats.  Figure 3A is a representative flow cytometry histogram demonstrating 

increased binding of the huCTLA4-Ig fusion protein to CD8+ and CD4+ LN cells from an 

FIV-infected cat compared to an age-matched normal cat.  Analysis of data from a large 

number of cats indicates a progressive increase with time of infection in the percent lymph 

node T cells, in particular CD8+ cells, that bind the huCTLA4-Ig fusion protein (Figure 3B).  

In cats infected for less than 3 months (n=9), the percent of CD8+ cells binding the 

huCTLA4-Ig fusion protein ranged from 6% to 26%, which is significantly (p = 0.002) 

increased over binding to LN CD8+ cells from age-matched controls (n=11), which ranged 
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from 0.4% to 10%.  By 1 to 5 years post- infection (p.i.) (n=30), the percent of CD8+ cells 

binding huCTLA4-Ig ranged from 6.8% to 52%, again significantly (p = 0.0006) increased 

over binding to LN CD8+ cells of age-matched controls (n=8; 2.6% to 16.5%).  The majority 

of lymph node CD8+ cells from long-term (8-10 yrs) infected cats displaying signs of AIDS 

(n=5) bound huCTLA4-Ig on their surface (62-95%), which was significantly higher (p = 

0.02) than huCTLA4-Ig binding to CD8+ cells from LN of the 4 age-matched controls (9-

18%).  There is also a trend towards increased binding of huCTLA4-Ig on CD4+ cells in the 

FIV-infected cats that is significantly different from control cats during the acute stage 

infection (p = 0.0008) and long term infection (p = 0.02), but not the asymptomatic stage (1-5 

yr p.i.; Figure 3B).  In comparing acute to asymptomatic, and asymptomatic to long-term 

infections, the increased binding of huCTLA4-Ig is also significant with time after infection 

for both CD8+ (p < 0.05) and CD4+ (p < 0.01; Figure 3B).  Some of this increase may be age-

related, as there is a increase in binding of huCTLA4-Ig over time in the normal cats.  

However, it is only significant from 5 years to 10 years for CD8+ cells (p = 0.02) and from 6 

months to 5 years for CD4+ cells (p = 0.01).  As B7.1 and B7.2 are the only receptors for 

CTLA4 [51], we conclude that the huCTLA4-Ig is binding to B7.1 and/or B7.2 on feline T 

cells, and that these co-stimulatory receptors are increasingly up-regulated on LN T cells 

throughout the course of FIV infection.  This progressive up-regula tion of B7 molecules over 

time is inversely correlated with LN CD4+ : CD8+ ratios (Figure 3C) and peripheral blood 

CD4+ and CD8+ cell counts (Figure 3D). 

Expression of B7.1 and B7.2 is Increased on T Cells from FIV-infected Cats.  While 

huCTLA4-Ig binding indicated that B7 was expressed at a high frequency on CD8+ and 

CD4+ LN cells from FIV positive cats, we were not able to determine whether one or both B7 
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molecules was up-regulated.  However, rabbit polyclonal antibodies specific for cloned feline 

B7.1 and B7.2 became available to us during the course of this study, which allowed for 

specific measurements of B7.1 and B7.2 on LN T cells.  Figure 4 demonstrates increased 

binding of both rabbit anti-B7.1 and anti-B7.2 on LN CD8+ and CD4+ T cells from a FIV-

infected cat compared to an age-matched uninfected cat.  Specificity of anti-B7.1 and anti-

B7.2 binding was demonstrated by failure of the appropriate rabbit pre- immune serum to 

bind either CD4+ or CD8+ cells from FIV-infected cats (Figure 4A), and the fact that 

pretreatment of cells with either anti-B7.1 or anti-B7.2 blocked binding of huCTLA4-Ig 

(Figure 4B).   

Simultaneous analysis of staining by huCTLA4-Ig fusion protein, rabbit anti-B7.1 

and rabbit anti-B7.2 on LN T cells from 9 cats infected with FIV (1-10 years p.i.) and 10 age-

matched controls revealed that all three reagents bound a greater percent of CD8+ cells from 

the FIV-infected cats than from the control cats (Figure 5A).  The difference between FIV-

infected and normal cats in binding of anti-B7.1, anti-B7.2 and huCTLA4-Ig to CD4+ cells 

was less striking than the CD8+ cells, as normal CD4+ cells tend to have a higher background 

expression of B7.1 than CD8+ cells.  Figure 5B compares the binding of anti-B7.1 and anti-

B7.2 to LN CD8+ and CD4+ cells from a large number of FIV-infected cats (3 months to 10 

yr p.i.) and age-matched controls.  Again, there is a significantly greater expression of B7.1 

(p = 0.0001) and B7.2 (p = 0.0001) on CD8 + cells from FIV-infected cats compared to 

controls.  As observed in Figure 5A, the binding of anti-B7.1 to CD4+ cells in FIV infected 

cats was also increased relative to controls, though the difference was not statistically 

significant.  Although the increase in B7.2 expression on CD4+ cells from the FIV-infected 

cats is not as dramatic as on the CD8+ cells, it is still significant (p = 0.04) compared to the 
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control cats (Figure 5B).  These data collectively demonstrate that both B7.1 and B7.2 are 

up-regulated on CD8+ and CD4+ LN cells from FIV-infected cats and that the huCTLA4-Ig 

fusion protein binds both feline B7.1 and B7.2.   

To confirm that these anti-B7 antibodies were actually binding to CD4+ and CD8+ 

cells and not other cell types such as monocytes or macrophages, we performed 2-color flow 

cytometric analysis using a human antibody against CD14 that cross reacts with feline 

monocytes and macrophages and either anti-CD4 or anti-CD8 (using an anti-CD8 â chain 

monoclonal antibody).  We found no dual staining of CD14 on either CD4+ or CD8+ lymph 

node cells (data not shown), indicating that we were indeed detecting B7 on T cells.  These 

data also indicate that feline monocytes and macrophages do not express CD4, as has been 

reported for human monocytes [52].  The observation that B7.1 and B7.2 were co-expressed 

with the CD8 â chain eliminated the possibility that we were detecting a subset of dendritic 

cells (DC) that are CD8 á/á positive [53].  

In addition to surface expression of B7.1 and B7.2 co-stimulatory molecules, human 

and mouse T cells activated in vitro co-express MHC class II molecules [30, 31].  To 

determine if this was also true for B7+ T cells from FIV-infected cats, we performed two- and 

three-color flow cytometry to co- localize MHC class II molecules with B7.1 and/or B7.2 on 

CD4+ and CD8+ LN T cells.  Interestingly, the majority of T cells (>85%) from FIV-infected, 

as well as control cats, expressed class II antigens on their surface whether or not they were 

B7 positive (data not shown).  Others have previously reported that the majority of T cells in 

the blood of FIV-infected, as well as naïve control cats constitutively express MHC class II 

antigen on their surface [54-57].  Thus, class II expression is not useful in distinguishing 

naïve from activated T cells in the LN of FIV-infected or control cats. 
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B7.1 and B7.2 Expression on Peripheral Blood T Cells from FIV-infected Cats.  

Bucci et al., [42] and Gebhard et al., [58] recently described in the blood of FIV-infected cats 

a subset of CD8+ cells expressing an activation phenotype 

(CD8âloCD62LnegCD49dhiCD44hiCD18hi).  Similar to the B7.1 and B7.2 activation 

phenotypes in the LN, the CD8âlo phenotype in the blood increased in number as the FIV-

infection progressed.  To determine if the B7.1+ and B7.2+ T cells were also present in the 

blood, and if they were associated with the previously described CD8âlo activation 

phenotype, two-color flow cytometry was performed on PBMC from chronically FIV-

infected cats with anti-CD8 â chain, and anti-B7.1 or anti-B7.2.   B7.1 positive peripheral 

blood CD8+ cells from FIV-infected cats were significantly (p = 0.0001) greater in number 

than in control cats (Figure 6A) and similar to that observed in the LN (Figure 5A), whereas 

B7.2 positive CD8+ cells were low in the blood of FIV positive cats and not significantly 

different from the control cats (Figure 6A).  Two-color flow cytometric analysis with anti-

CD8 â chain revealed that B7.1 positive CD8+ cells in the blood were almost exclusively 

CD8âlo (Figure 6B), indicative of an activation phenotype.  Analysis of B7.1 and B7.2 

receptors on CD4+ cells from PBMC of FIV positive and control cats revealed a pattern 

similar to that observed on CD8+ cells (data not shown).  Thus, while CD8+B7.2+ and 

CD4+B7.2+ T cells in FIV positive cats are largely restricted to the LN, the B7.1+ T cells 

have a significant presence in the blood as well as the LN, and the B7.1+ CD8+ cells in the 

blood have an activation phenotype as indicated by decreased expression of the CD8 â chain 

[42, 58]. 

B7.1 and B7.2 Expressing Lymph Node T Cells Undergo Spontaneous Apoptosis.  

The LN of FIV-infected cats and HIV-infected individuals are characterized by a high 
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frequency of spontaneous T cell apoptosis that correlates with the state of LN cell activation 

[7-10].  As an unusually large number of CD8+ and CD4+ cells in LN of FIV-infected cats 

express B7.1 and B7.2, indicative of an activation phenotype, we hypothesized that the 

apoptosis seen in the FIV+ LN is associated with B7 expressing cells.  To address this 

question, monoclonal anti-CD4+ and anti-CD8+ antibodies, the polyclonal rabbit anti-B7.1 

and anti-B7.2 antibodies, and a fluorescein conjugated dUTP TUNEL assay were used in 3-

color flow cytometric analysis of LN T cells from FIV-infected and control cats.  Similar to 

what has been described by others [9, 10], we found that freshly isolated LN CD4+ and CD8+ 

cells from FIV-infected cats tended to have a higher frequency of spontaneous apoptosis than 

cells from uninfected cats (Figure 7A). In addition, T cells from FIV-infected cats cultured in 

vitro for 24 hours showed significantly increased apoptosis as compared to T cells from 

control cats (Figure 7A; CD4: p=0.0283; CD8: p=0.0020).  Figure 7B represents a typical 

three-color flow cytometric analysis of LN CD4+ TUNEL positive cells from an FIV-infected 

cat and the B7.1 expression status.  These data clearly show that apoptosis is largely 

restricted to B7.1 positive cells as opposed to the B7.1 negative cells. Further examination of 

this relationship in a number of FIV-infected and control cats revealed that apoptosis was 

primarily a characteristic of B7.1 and B7.2 positive CD4+ and CD8+ LN cells (Figure 7C).  

Preliminary TUNEL analysis of B cells using a monoclonal antibody developed in this 

laboratory, revealed increased frequency of B cell apoptosis in LN of FIV-infected cats that 

also was associated with B7.1 and/or B7.2 expression (data not shown).  Interestingly, 

apoptosis was also a feature of the relatively small numbers of B7.1 and B7.2 positive CD4+ 

and CD8+ cells (Figure 7C), as well as B cells (data not shown), from control cats, suggesting 
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that B7 molecules expressed on activated lymphocytes may be involved with the normal 

process of T and B cell turnover in lymph node germinal centers. 

CTLA4 is Upregulated on the Surface of CD8+ and CD4+ T Cells from LNs of FIV-

infected Cats.  Most studies with in vitro activated T cells examining B7 molecules suggest 

that T-T antigen presentation leads not to co-stimulation, but to anergy and apoptosis via 

preferential engagement of CTLA4 [32, 59].  As B7.1 and B7.2 are not known to transduce a 

proliferation or anergy signal, as does CTLA4, one would predict that the B7 positive, 

TUNEL positive cells in LN of FIV-infected cats should also be positive for CTLA4.  

Measurement of cell surface-associated CTLA4 in the absence of in vitro stimulation has 

been problematic, as most of the protein is sequestered intra-cytoplasmically, even in 

activated T cells, and the cell surface CTLA4 is rapidly internalized [60].  However, analysis 

of freshly explanted, unstimulated LN cells and PBMC by two-color flow cytometry with a 

rabbit polyclonal anti-CTLA4 revealed significant levels of CTLA4 on the surface of a 

fraction of CD4+ and CD8+ cells from FIV-infected cats.  As illustrated by the representative 

flow cytometry histogram in Figure 8A, a significant number of CD8+ cells and CD4+ cells 

from LN of an FIV-infected cat expressed surface CTLA4, whereas only a few cells from a 

normal cat express CTLA4.  Analysis of a number of FIV-infected cats with asymptomatic 

infection (1 to 5 yr p.i.) and age-matched control cats revealed a significant (p < .01) increase 

in CTLA4 positive CD4+ and CD8+ cells in both blood and LN of FIV-infected cats 

compared to controls (Figure 8B).   

Co-Expression of CTLA4 and B7 Molecules on LN T Cells from FIV Positive Cats.  

As the above documentation of B7.1, B7.2 and CTLA4+ positive T cells was derived with 

rabbit polyclonal antibodies for all three receptors, the data do not address the question of 
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cellular co- localization of CTLA4 with B7.1 and/or B7.2.  However, during the course of this 

study, we developed a monoclonal antibody to feline B7.1 (mAb B7.1.66, Figure 2) to 

explore the question of co-expression of B7.1 with B7.2 and CTLA4 on LN T cells from 

FIV+ cats.  The dot plots and histograms in Figure 9 illustrate the three-color flow cytometric 

analysis for co-expression of B7.1 and either B7.2 or CTLA4 on CD8+ and CD4+ lymph node 

T cells from a single FIV positive cat.  Figure 9A demonstrates that 74.2% of CD8 + B7.2+ 

cells are also positive for B7.1 and 75.5% of B7.2+ CD4+ cells are positive for B7.1.  Figure 

9B demonstrates that 71.2% of CD8+ CTLA4+ cells are positive for B7.1 and 67.7% of CD4+ 

CTLA4+ cells are positive for B7.1.  Figure 9C illustrates the data from four FIV+ cats and 

clearly shows that the majority of CTLA4 positive CD8+ and CD4+ cells from LN of FIV+ 

cats co-express B7.1.  Further, as the majority of B7.2 positive T cells co-express B7.1, it can 

be predic ted that a large fraction of B7.2+ cells co-express CTLA4.  Collectively these data 

suggest that a significant proportion of activated CD8+ and CD4+ T cells in LN of FIV+ cats 

co-express B7.1, B7.2 and their ligand CTLA4.  

TUNEL Positive CD4+ and CD8+ LN T Cells are CTLA4+.  As the majority of 

TUNEL positive T cells reside in the B7.1 and B7.2 positive fractions and as the majority of 

B7+ T cells are CTLA4+, it is likely that the B7+CTLA4+ cells are also TUNEL positive.  To 

confirm this, we performed 3-color flow cytometric analysis on LN CD4+ and CD8+ T cells.  

Figure 10A illustrates a typical three-color analysis demonstrating that a large fraction of 

CD4+ CTLA4+ cells from a FIV-infected cat are TUNEL positive, whereas only a minor 

fraction of CD4+ CTLA4 - cells are TUNEL positive.  Analysis of a number of FIV-infected 

and control cats indicated that the CTLA4 positive, CD4+ or CD8+ cells, from either LN or 

blood, are the predominant TUNEL positive populations (Figure 10B).  Similar to the 
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relationship between apoptosis and B7 expression, the small numbers of CTLA4+ T cells in 

normal cats were also TUNEL positive.  These data, in conjunction with the data in Figure 9, 

strongly argue that TUNEL positive cells in LN of FIV-infected cats that are undergoing 

apoptosis express both B7 molecules (B7.1/B7.2) and CTLA4 on their surface, supporting a 

model for bi-directional T-T anergy and apoptosis. 

 

Discussion 

 Progressive immune deterioration, a hallmark of HIV and FIV infections, is 

manifested by the inability of CD4+ cells to produce IL2 and proliferate in vitro in response 

to MHC class II-restricted recall antigens and mitogens [6, 15], reminiscent of a state of 

anergy [16].  As activated anergic T cells frequently progress to apoptosis in the absence of 

IL2 [23], one would predict a high frequency of T cell apoptosis in lymphoid tissues of 

individuals with these infections.  Recent phenotypic analysis of LN and PBMC cells from 

asymptomatic HIV-infected patients and FIV-infected cats have provided strong evidence for 

elevated levels of spontaneous T cell apoptosis [7-10].  The studies reported herein 

demonstrate that T cell apoptosis in LN of FIV-infected cats is a characteristic of CD4+ and 

CD8+ cells expressing the B7.1 and B7.2 co-stimulatory molecules, and at least in some 

cases, their receptor, CTLA4.   As ligation of T cell CTLA4 with either B7.1 or B7.2 

transduces a signal to arrest T cells in G0/G1 of the cell cycle, a prelude to anergy and 

apoptosis, we propose that aberrant B7 expression on T cells in lymphoid tissues from FIV-

infected cats promotes inappropriate B7-CTLA4-mediated T cell ligations, resulting in 

anergy and apoptosis, and ultimately the development of AIDS. 
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Flow cytometric analysis using the huCTLA4-Ig fusion protein, as well as polyclonal 

antibodies specific for feline B7.1 and B7.2 co-stimulatory molecules, revealed a marked 

increase in the percent of CD8+ cells expressing B7 molecules in LN of FIV-infected cats, as 

compared to control cats.  The percent CD8+B7.1+ and CD8+B7.2+ cells increased 

progressively with time after infection, such that the majority of CD8+ cells in LN of long-

term FIV-infected cats with symptoms of AIDS expressed B7 molecules.  Increasing percent 

of LN CD4+ cells expressing B7.1 and B7.2 molecules was also evident as the FIV infection 

progressed.  

Expression of B7.1 and B7.2 co-stimulatory molecules on a large percent of T cells is 

highly unusual, as in a physiological setting they are normally restricted to APC, and provide 

the necessary second co-stimulatory signals to T cells for regulating the immune response 

[14, 17, 30].  A number of recent studies indicate that B7 molecules may be up-regulated on 

T cells activated in vitro and on a subset of CD4+ and CD8+ T cells in patients with 

autoimmune disease [26-29] or HIV infection [30, 31, 61].  Wolther et al., [61] reported 

increased B7.1 and B7.2 expression on in vitro stimulated CD4+ and CD8+ T cells from HIV-

infected individuals, as compared to controls. Wyss-Coray et al., [30] reported expression of 

B7 protein and mRNA on human CD8+ T cells from HIV uninfected patients following 

antigen activation. These authors also reported that B7 was present on a subset of CD3+ cells 

from HIV-infected individuals, whereas CD3+ cells from healthy individuals did not express 

B7.  Examination of a limited number of HIV-infected patients (n=12) revealed that 0.5-20% 

of CD3+ T cells in PBMC expressed B7 molecules, whereas none of the CD3+ cells of PBMC 

from normal patients (n=5) expressed B7 [30].  Kochli et al., [31] also reported that a small 

subset (2-5%) of both CD4+ and CD8+ cells in the blood of HIV-infected individuals 
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expressed B7.1 and B7.2 on their surface. We also observed an unusually high fraction of B7 

expressing CD4+ and CD8+ T cells in the blood of FIV positive cats.  However, our studies 

indicate that, while significant numbers of B7.1+ CD4+ and CD8+ cells were present in both 

the LN and blood of FIV-infected cats, B7.2+ T cells were for the most part restricted to the 

LN.  The discrepancy between the percent of B7.2+ T cells in the LN and blood could be 

explained by a preferential spontaneous apoptosis of B7.2+ T cells in the LN compared to 

B7.1+ T cells.  Our studies indicate that all B7.2+ cells in the LN co-express B7.1, whereas a 

significant fraction of the B7.1+ cells are negative for B7.2.  Thus, it is possible that the LN 

B7.1+B7.2+ double positive T cells are more susceptible to apoptosis and die before they can 

enter the blood.  Studies have documented that spontaneous T cell apoptosis occurs at a much 

higher frequency in the LN than in the blood of HIV-infected patients [7, 62].  

The significance of up-regulation of B7.1 on feline T cells must be interpreted with 

caution. There are relatively large numbers of CD4+B7.1+ cells in the LN and blood of 

normal cats, making it difficult to determine what affect FIV-infection has on this phenotype. 

 A relative high frequency of CD4+ cells constitutively expressing B7.1 also appears to be a 

feature of human lymphoid tissue.  Kuiper et al., [63] reported that ~30% of CD4+ cells in 

freshly explanted, non-stimulated human PBMC constitutively expressed B7.1 on their 

surface.  It is possible that B7.1 gene expression is not as tightly regulated on CD4+ cells as is 

B7.2, and the increased expression of the CD4+B7.1+ phenotype is an artifact of the in vitro 

manipulation of the lymphoid tissues.  Alternatively, the relative high frequency of 

CD4+B7.1+ cells in LN and blood of normal cats could reflect the fact that APC-B7.1 is 

transferred to the surface of CD4+ cells following APC-TCR engagement [64].  This B7 

transfer appears to be fairly selective for B7.1 and CD4+ T cells [64] and thus could explain 
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the high background numbers of CD4+B7.1+ cells in the blood and LN of both control and 

FIV-infected cats.  Additional studies must be necessary to resolve this, including LN 

immunohistochemistry and in situ mRNA analysis. 

B7.1 and B7.2 expressed on APC regulate immune responses by engaging either of 

two T cell receptors, CD28 and CTLA4. CD28 is constitutively expressed on most T cells 

and transduces a signal for cytokine (IL2) production and cell proliferation, thus initiating the 

immune response [14, 17].  CTLA4 is expressed only 2-3 days after T cells have been 

activated [20-22, 60] and transduces a signal activating the apoptosis pathway, thus 

effectively terminating the immune response [20-23].  Our data demonstrate that a significant 

number of CD4+ and CD8+ T cells in the LN of FIV-infected cats constitutively express 

CTLA4 on their surface.  The percent of CD4+ and CD8+ T cells expressing CTLA4 on their 

surface increased with the time after FIV infection, but in general was always lower than the 

percent of B7.1+ and B7.2+ T cells.  Steiner et al., [65] also recently reported increased 

numbers of CTLA4 positive CD4+ (6.4%), but not CD8+ PBMC in HIV-infected patients as 

compared to controls (3.8%).  Co-expression analysis of B7.1/B7.2 and CTLA4 on LN T 

cells from FIV-infected cats revealed that a significant fraction of CD4+ and CD8+ cells 

expressed both the B7 molecules and CTLA4.  Virwilghen et al., [29] reported that a fraction 

of CD4+ and CD8+ T cells in the synovial fluid of patients with rheumatoid arthritis 

expressed B7.1 and CTLA4 on their surface, but did not determine if the two receptors were 

co-expressed on the same cell.  To the best of our knowledge, this is the first report of freshly 

explanted, non-stimulated T cells co-expressing the B7 co-stimulatory molecules and their 

ligand CTLA4.   
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One would predict that the presence of activated LN T cells expressing B7 and/or 

CTLA4 would result in frequent T-T interactions mediated by B7.1/B7.2-CTLA4 ligation 

that would transduce a signal for anergy and apoptosis.  Three-color flow cytometric analysis 

of LN T cells using the TUNEL assay for frequency of single strand DNA breakage and 

apoptosis supported this prediction.  Spontaneous apoptosis of CD4+ and CD8+ cells from 

LN of FIV-infected cats tended to occur at a higher frequency than in control cats and was 

largely restricted to T cells expressing B7.1/B7.2 and CTLA4.  In addition, LN CD4+ and 

CD8+ cells from FIV-infected cats, as reported with HIV-infected patients [7, 8], showed 

increased apoptosis when cultured in vitro, even in the absence of mitogenic simulation.  

These apoptotic cells were also characterized by expression of B7.1/B7.2 and CTLA4. 

Interestingly, spontaneous apoptosis also occurred with LN T cells from control cats, 

although at a lower frequency than cells from FIV-infected cats.  Control T cell apoptosis 

was also associated with T cells expressing B7.1/B7.2 and CTLA4.  These observations raise 

the possibility that B7+ T cells may mediate the normal process of activation-induced cell 

death that regulates immune responses in germinal centers.  Thus it is possible that the T cell 

immune dysfunction associated with HIV and FIV infections represents virus conscription of 

a normal T cell regulatory process. 

How the chronic and progressive state of T cell activation is maintained in the LN of 

FIV-infected cats is not known but somehow must be related to chronic antigenic 

stimulation.  As the virus burden is generally considered to be low in cats with asymptomatic 

FIV infection, and as apoptosis occurs in CD4+, CD8+, and B cells, the mechanism must be 

indirect.  While we did not address the question of viremia in this study, Dean et al., [50] 

examined the FIV provirus burden in lymphocyte subsets and reported that less than 0.1% of 
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CD4+ and CD8+ cells in PBMC and LN from cats with chronic asymptomatic FIV 

infection contained FIV provirus.  Thus, it is extremely unlikely that direct FIV infection 

could account for the large fraction of B7+ cells or the apoptotic T cells in LN of FIV-

infected cats.  In support of this, the number of lymphocytes from HIV seropositive blood 

that undergo spontaneous apoptosis when cultured in vitro far exceeds the number of cells 

infected with HIV [7, 66].  Also, histochemical analysis of LN from HIV-infected patients 

and SIV-infected macaques has revealed that most apoptotic cells are not infected with virus 

but lie in close proximity to infected cells or dendritic cells bearing trapped virions [8]. 

Consistent with these observations, the degree of T cell apoptosis in LN from HIV-infected 

patients does not correlate with either the stage of disease or virus burden, but does strongly 

correlate with the degree of activation of the LN cells [7].   

The most straightforward interpretation of our data supports a model of chronic LN T 

cell anergy and apoptosis resulting from interactions between T cells expressing B7.1/B7.2 

and their negative signaling ligand CTLA4.  As both B7.1 and B7.2 bind CTLA4 with 20-

100 fold higher avidity than they bind CD28 [14], T-T interactions would favor T cell anergy 

and apoptosis rather than T cell co-stimulation.  Whatever the mechanisms involved in 

chronic up-regulation of B7.1/B7.2 and CTLA4 on LN T cells from FIV-infected cats, and 

the associated apoptosis, it will be important to develop in vitro T-T co-culture systems 

capable of analyzing B7.1/B7.2-CTLA4 interactions.  Such a co-culture model will be 

necessary to investigate the role of virus, as well as the possible MHC restriction and antigen 

specificity of the hypothesized T-T induced anergy and apoptosis.  These studies should 

provide significant insights to cellular and molecular mechanisms leading to 

immunodeficiency in FIV-infected cats, and by inference HIV-infected patients. 
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Tompkins et al.
Figure 1 Rabbit polyclonal antibodies are specific for feline B7.1 or B7.2.
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Figure 2 Monoclonal Ab B7.1.66 is specific for feline B7.1.
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Tompkins et al.
Figure 3 huCTLA4-Ig fusion protein binds to feline lymph node (LN) T cells. 
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Figure 4 Rabbit antibodies to cloned feline B7.1 and B7.2 bind feline lymph node (LN) T cells and block 
huCTLA4-Ig binding.
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Tompkins et al. 
Figure 5 Staining of lymph node (LN) T cells by rabbit anti-B7.1 and anti-B7.2 antibodies. 
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Tompkins et al.
Figure 6 B7.1 and B7.2 are expressed on CD8+ cells in the peripheral blood. 
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Tompkins et al.
Figure 7 Apoptosis of lymph node (LN) cells as measured by 
terminal deoxynucleotidyl transferase (TdT) nick end labeling 
(TUNEL) assay is associated with B7 expression. 
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Tompkins et al.
Figure 8 Expression of CTLA4 is increased on lymphocytes from feline immunodeficiency virus (FIV)-infected cats. 
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Tompkins et al.
Figure 9 Co-expression of B7.1 on B7.2+ or CTLA4+ feline lymph node T cells. 
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Tompkins et al.
Figure 10 Apoptosis as measured by terminal deoxynucleotidyl transferase (TdT) nick end labeling 
(TUNEL) assay is a characteristic of CTLA4+ T cells. 
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Figure Legends  

Figure 1.  Rabbit polyclonal antibodies are specific for feline B7.1 or B7.2.  A. 

Embryonic swine kidney-4 cells were infected with swinepox virus full length (SPV/fl)-B7.1 

or SPV/fl-B7.2 viruses, fixed, and incubated with polyclonal rabbit anti- feline B7.1 or B7.2 

as described in the methods. Controls consisted of pre- immune rabbit serum. Plaques were 

developed with an alkaline phosphatase-conjugated secondary antibody as described in the 

methods.  A.  Monolayers infected with SPV/fl-B7.1 virus.  B. Monolayers infected with 

SPV/fl-B7.2 virus.  Note plaques are present only when the appropriate polyclonal antibody 

is added and that there is no cross-reactivity.   

 

Figure 2.  Monoclonal Ab B7.1.66 is specific for feline B7.1.  A.  Plaque assay using 

swinepox virus full length (SPV/fl)-B7.1 or SPV/fl-B7.2 virus- infected embryonic swine 

kidney-4 monolayers immunostained with mAb B7.1.66.  B.  Blocking of mAb B7.1.66 

binding by rabbit polyclonal anti-B7.1 but not anti-B7.2.  Lymph node cells were incubated 

first with either rabbit polyclonal anti-B7.1 or B7.2 followed by mAb B7.1.66 and then a 

FITC-conjugated anti-mouse Ab (dotted line).  Controls consist of staining with rabbit anti-

B7.1 or B7.2 alone (thick line), or incubating with pre- immune rabbit serum prior to mAb 

B7.1.66 (thin line).  Rabbit anti-B7.1 reduced mAb B7.1.66 binding by ~ 80% while rabbit 

anti-B7.2 did not interfere with the mAb binding. 

 

Figure 3.  huCTLA4-Ig fusion protein binds to feline lymph node (LN) T cells.  Three-

color flow cytometry using monoclonal APC-conjugated anti- feline CD8, FITC-conjugated 

anti- feline CD4, and a PE-conjugated huCTLA4-Ig fusion protein was performed on LN 
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cells from cats experimentally infected with feline immunodeficiency virus (FIV) and age-

matched controls.  A.  Histogram demonstrating staining of huCTLA-Ig fusion protein on 

CD8+ and CD4+ cells from a cat infected with FIV for 5 years (heavy line) compared to an 

age-matched control (thin line).  A higher percent of CD8+ and CD4+ cells from the FIV-

infected cat bind the fusion protein.  B.  Box-whisker plots demonstrating the increase in 

percent T cells stained with huCTLA4-Ig fusion protein through the course of FIV infection 

compared to age-matched controls.  Each box-whisker plot represents the 5th and 95th 

percentiles (whiskers), 25th and 75th percentiles (box), and median (middle line).   Symbols 

(•) represent values for individual cats, n= the number of cats analyzed.  Values represent the 

percent huCTLA4-Ig positive CD8+ or CD4+ of total CD8+ or CD4+ cells. There is a 

significant increase in the percent huCTLA4-Ig positive cells in the FIV-infected cats 

compared to their normal controls for the acute (CD8+ and CD4+ cells), asymptomatic (CD8+ 

cells), and long-term (CD8 + and CD4+ cells) infections.  C.  Box-whisker plot demonstrating 

lymph node CD4:CD8 ratios of the cats described in 3B.  There is an inverse correlation 

between the CD4+:CD8+ ratios and huCTLA4-Ig binding.  As the percent huCTLA4-Ig 

positive CD8+ and CD4+ increases over time, the CD4+:CD8+ ratios decrease.  The ratios are 

significantly decreased compared to normal cats in the asymptomatic and long-term 

infections.  D.  Peripheral blood CD4+ and CD8+ lymphocyte numbers of the FIV-infected 

cats described in 3B.  Similar to the CD4+:CD8+ ratios, there is an inverse correlation 

between huCTLA4-Ig binding on lymph node T cells and peripheral blood T cell numbers.  

Bars represent the mean and SD of the number of cats shown in parentheses, statistical 

analysis comparing acute with long-term infected cats, * p<0.05, **p<0.01.  

 



 84
Figure 4.  Rabbit antibodies to cloned feline B7.1 and B7.2 bind feline lymph node 

(LN) T cells and block huCTLA4-Ig binding.  A. Three-color flow cytometry was 

performed using monoclonal anti- feline CD8, anti- feline CD4, and rabbit polyclonal 

antibodies to feline B7.1 or B7.2.  Cells were stained with the rabbit polyclonal antibodies, 

followed by a PE-conjugated donkey anti-rabbit antibody, then with the anti-CD8 and anti-

CD4 antibodies as described in Figure 3. There is a greater percentage of B7.1+ and B7.2+ 

CD8+ and CD4+ cells in the feline immunodeficiency virus (FIV)- infected cat (5 yr p.i.; 

heavy line) compared to an age-matched control cat (thin line).  B. Blocking of CTLA4-Ig 

binding by rabbit polyclonal anti-B7.1 and anti-B7.2. LN cells from an FIV-infected cat (5 

yrs p.i.) were incubated with monoclonal antibodies to feline CD8 and CD4 as described in 

Figure 3, followed by rabbit anti-B7.1 or B7.2, followed by PE-conjugated huCTLA4-Ig 

fusion protein (dotted line).  Controls consisted of staining with huCTLA4-Ig fusion protein 

without pretreatment with rabbit serum (heavy line) or incubating with pre- immune rabbit 

serum followed by CTLA4-Ig fusion protein (thin line).  

 

Figure 5.  Staining of lymph node (LN) T cells by rabbit anti-B7.1 and anti-B7.2 

antibodies.  A.  Comparison of staining of LN cells by huCTLA4-Ig fusion protein, rabbit 

anti-B7.1, and rabbit anti-B7.2.  LN cells from feline immunodeficiency virus (FIV)- infected 

cats (1-10 yr p.i.) and from age-matched controls were simultaneously analyzed for the 

binding of CTLA4-Ig fusion protein as described in Figure 3 and for expression of B7.1 and 

B7.2 as described in Figure 4.  B.  Analysis of a large number of FIV-infected cats (3 mo.- 10 

yrs p.i.) and age-matched controls for expression of B7.1 and B7.2 on LN CD8+ and CD4+ 
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cells.  Box-whisker plots are as described in Figure 3. Values represent the percent 

huCTLA4-Ig, B7.1 or B7.2 positive cells of total CD8+ or CD4+ cells. 

 

Figure 6.  B7.1 and B7.2 are expressed on CD8+ cells in the peripheral blood.  Three-

color flow cytometric analysis was performed as described in Figure 3 on feline peripheral 

blood mononuclear cells (PBMC).  A. Expression of B7.1 and B7.2 on peripheral blood 

CD8+ cells from a number of chronically FIV-infected (1-5 yrs p.i.) and age-matched control 

cats.  Box-whisker plots are as described in Figure 3. Values represent the percent B7.1+ or 

B7.2+ CD8+ cells of total CD8+ cells.  There is a significant increase in B7.1+ but not B7.2+ 

CD8+ PBMC.  B.  Dot plot demonstrating B7.1 and CD8 â-chain expression on the 

peripheral blood mononuclear cells from a cat infected with FIV for 3 years.  B7.1 

expression is largely confined to the CD8âlo population, which we have previously 

demonstrated to be an activation phenotype. 

 

Figure 7.  Apoptosis of lymph node (LN) cells as measured by terminal 

deoxynucleotidyl transferase (TdT) nick end labeling (TUNEL) assay is associated with 

B7 expression. Three-color analysis was performed for CD4 or CD8 expression, B7.1 or 

B7.2 expression, and apoptosis by TUNEL. Cells were stained with rabbit anti-B7.1 or anti-

B7.2 and PE-conjugated anti-rabbit, followed by biotinylated anti-CD4 or anti-CD8 and 

developed with streptavidin-APC.  Following permeablization, cells were stained with a 

fluorescein-dUTP.  A.  Analysis of the total lymphocyte population for TUNEL positive 

cells.  There is an increase in TUNEL positive cells from feline immunodeficiency virus 

(FIV)- infected cats (1-5 yrs p.i.) compared to age-matched controls, whether the cells were 
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analyzed immediately after harvesting the LN or after 24 hours of culture.  Each bar 

represents a single cat.  B.  Analysis of association of B7.1 expression and TUNEL positive 

CD4+ cells from the LN of an FIV-infected cat.  The histogram demonstrates the TUNEL 

positive CD4+ cells defined by their B7.1 expression in the dot plot above it.  R2 (heavy line) 

represents CD4+B7.1+ cells; R3 (thin line) represents CD4+B7.1- cells.  TUNEL positive cells 

are predominantly CD4+B7.1+.  C.  Relationship of B7.1 and B7.2 expression and apoptosis 

on CD4+ and CD8+ cells from FIV-infected and age-matched control cats.  Bars present the 

mean and standard error (SE) of 3 control and 5 FIV-infected cats (1-5 years p.i.). 

 

Figure 8.  Expression of CTLA4 is increased on lymphocytes from feline 

immunodeficiency virus (FIV)-infected cats.  Three-color analysis was performed as 

described in Figure 3 using monoclonal anti- feline CD8 and anti- feline CD4 antibodies, and 

a rabbit polyclonal anti- feline CTLA4 antibody.  A.  Histogram demonstrating increased 

expression of CTLA4 on lymph node T cells from a cat infected with FIV for 5 years 

compared to an age-matched control.  B.  Box-whisker plots demonstrating the increase in 

percent CTLA4+ T cells in LN and blood of FIV-infected cats (1-5 yrs p.i.) compared to age-

matched controls.  Box-whisker plots are as described in Figure 3. Values represent the 

percent CTLA4+CD8+ or CTLA4+CD4+ of total CD8+ or CD4+ cells.  There is a significant 

increase in percent CTLA4+ T cells in both the blood and LN of FIV-infected cats.  

 

Figure 9.  Co-expression of B7.1 on B7.2+ or CTLA4+ feline lymph node T cells.  Three- 

color analysis was performed for CD4 or CD8 expression, B7.2 or CTLA4 expression, and 

B7.1 expression.  Cells were stained with rabbit anti-B7.2 or anti-CTLA4 and fluorescein-
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conjugated anti-rabbit, followed by PE-conjugated monoclonal anti- feline B7.1, and APC-

conjugated anti- feline CD4 or CD8 antibodies.  A. B7.2+CD8+ or B7.2+CD4+ cells from a 

FIV-infected cat were gated (R4) and analyzed for B7.1 expression.  B. CTLA4+CD8+ or 

CTLA4+CD4+ cells were gated (R4) and analyzed for B7.1 expression.  The histograms 

demonstrate the percent B7.1- (M1) and percent B7.1+ (M2) gated cells.  C. Expression of 

B7.1 on B7.2+ or CTLA4+ CD4+ or CD8+ lymph node cells.  Bars represent the mean and 

S.D. of 4 cats infected with FIV for 3 to 5 years. 

 

Figure 10.  Apoptosis as measured by terminal deoxynucleotidyl transferase (TdT) nick 

end labeling (TUNEL) assay is a characteristic of CTLA4+ T cells.  Three-color analysis 

was performed for CD4 or CD8 expression, CTLA4 expression, and apoptosis by TUNEL as 

described in Figure 7.  A.  Analysis of association of CTLA4 expression and TUNEL 

positive CD4+ cells from the LN of a FIV-infected cat.  The histogram demonstrates the 

TUNEL positive CD4+ cells defined by their CTLA4 expression in the dot plot above it.  R2 

(heavy line) represents CD4+CTLA4+ cells; R3 (thin line) represents CD4+CTLA4- cells. 

TUNEL positive cells are predominantly CD4+CTLA4+.  B.  Relationship of CTLA4 

expression and apoptosis on T cells in the blood and LN of 3 FIV-infected (1-5 yrs p.i.) cats 

and 2 age-matched controls.   
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Abstract 

 

The lymph node (LN) T cells from FIV-infected cats have elevated levels of the 

costimulatory receptors B7 and CTLA4, an activation phenotype recently shown in vitro to 

induce anergy and apoptosis in activated T cells.  FIV-infected cats additionally have 

increases in spontaneous apoptosis in LN T cells compared with uninfected control animals.  

The apoptosis observed in these animals occurred primarily in T cells expressing B7 and 

CTLA4, suggesting a role for B7 and CTLA4 interactions in the induction of 

anergy/apoptosis associated with FIV infection.  Therefore, we undertook these experiments 

to determine the role of B7 and CTLA4 interactions on T cell apoptosis in LN T cells from 

FIV_ control and FIV-infected cats.  Addition of IL2, the primary cytokine produced by 

B7/CD28 interactions, resulted in significant decreases in T cell apoptosis in cultured LN 

cells as assessed by two-color flow cytometry and the TUNEL assay.  Further, the addition of 

antibodies against B7.1, inhibited T cell apoptosis in FIV-infected cats with low-level plasma 

viremia, while addition of anti- B7.2 and -CTLA4 had no affect.  These results suggest that 

B7 signaling may play a role in the spontaneous apoptosis observed in LN T cells from FIV- 

infected animals.  
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Introduction 

Human immunodeficiency virus (HIV) and feline immunodeficiency virus (FIV) are 

members of the family Retroviridae of the genus lentivirus that characteristically cause a 

gradual depletion and loss of function in T-helper cells (Gruters, et al., 1990,  Shearer and 

Clerici, 1991, Lewis, et al., 1994). A variety of mechanisms have been proposed to account 

for HIV- and FIV- induced T cell depletion, including immune suppression or anergy 

(Hoffmann, et al., 1986), immune hyperactivation and exhaustion (Ascher and Sheppard, 

1988), inhibitory signals mediated by viral structural or regulatory gene products (Golding, et 

al., 1989), direct cell lysis by lentivirus specific cytotoxic T lymphocytes (CTL; Gandhi, et 

al., 1998), and inappropriate killing of uninfected bystander cells (Lyerly, et al., 1987, 

Siliciano, et al., 1988).  Failure of T cells from HIV-infected patients to produce IL2 and 

proliferate in response to recall antigen and mitogen have suggested to some that HIV 

induces T cell anergy that could progress to apoptosis and a gradual loss of CD4+ T cells.  

That activation is an important component of HIV-associated T cell apoptosis is well 

documented.  Muro-Cacho, et al.,  (1995) and Finkel, et al., (1995) separately demonstrated 

that peripheral blood mononuclear cells (PBMC) and LN cells undergoing apoptosis were 

rarely infected with the virus. These apoptotic CD4+, CD8+ T cells and B cells had an 

activated phenotype as indicated by localization within germinal centers and were often 

clustered together in the germinal centers in close apposition to virally infected cells. HIV+ 

patients receiving HAART therapy in general show increases in CD4+ T cell counts and 

decreases in plasma viremia that correlate with decreased expression of T cell activation 

markers also supporting a relationship between T cell activation and T cell loss (Muro-

Cacho, et al., 1995, Badley, et al., 1999, Grabar, et al., 2000, Leng, et al., 2001).   
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Consistent with this, HIV+ patients have an increased percentage of T cells 

expressing receptors characteristic of an activation phenotype (CD38hiCD62LloMHCIIhi), and 

as the disease advances these cells become the predominant phenotype in the circulation 

(Gougeon, et al., 1996, Badley, et al., 1999, Leng, et al., 2001). Thus, there is an 

immunological paradox in HIV+ patients, as they have  impaired immune responses, yet their 

T cells manifest the phenotypic characteristics of activated T cells (Clerici, et al., 1989, 

Kestens, et al., 1994, Finkel, et al., 1995, Muro-Cacho, et al, 1995, Gougeon, et al., 1996).  

These observations suggest that progressive T cell loss and immune hyporesponsiveness in 

HIV+ patients might be attributed to a dysfunction in the cell cycle (Meyaard, et al., 1994, 

Muro-Cacho, et al., 1995, Finkel, et al., 1995, Meyaard, et al., 1997, McCloskey, et al., 1998, 

Paiardini, et al., 2000).  In support of this are reports of HIV+ patients with increased 

frequencies of T cells expressing the Ki67 “proliferation” marker retained in the G0/G1 or 

resting phase of the cell cycle, an aberration that can be corrected by exogenous IL2, 

suggesting a state of anergy (Regamey, et al., 1999, Paiardini, et al., 2000, Leng, et al., 

2001).  

Optimal T cell activation depends on receipt of two signals from antigen presenting 

cells (APC).  The first signal is mediated by interactions of TCR/ major histocompatibility 

complex (MHC)-peptide complexes, and the second signal is generated via B7/CD28 

engagement. The most intensely studied members of the B7 family, B7.1 (CD80) and B7.2 

(CD86), are normally restricted to APC, where they provide the necessary costimulatory 

signals for T cell activation following peptide-MHC class II (MHCII) engagement of the 

TCR (Schwartz, 1992, Linsley, et al., 1991, Freedman, et al., 1991).  Antigen presenting cells 

expressing B7 initially engage the CD28 receptor on CD4+ T cells sending signals that up-
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regulate and stabilize the production of IL2 mRNA.  The net result of this interaction in a 

normal cell is IL2 production, an essential cytokine for T cell transit out of G0/G1, 

proliferation and the initiation of an immune response (Krummel and Allison, 1995, 

Krummel and Allison, 1996, Obaya and Sedivy, 2002). Activation of T cells via MHC-

peptide-TCR and costimulation induces the expression on T cells of a second costimulatory 

molecule specific for B7, the cytotoxic T-lymphocyte antigen 4 (CTLA4), approximately 24 

–48 hr after TCR engagement.  The ligation of CTLA4 on the surface of T cells by B7 

transduces a negative signal that inhibits IL2 production leading to cell-cycle arrest and 

anergy (Krummel and Allison, 1995, Krummel and Allison, 1996, Brunner, et al., 1999). 

Thus sequential engagement of CD28 and CTLA4 by the B7 co-stimulatory molecules is 

critical for regulating an ordered immune response.   

While B7.1 and B7.2 are normally expressed on APC, in situations of chronic 

immune stimulation such as autoimmune disease or HIV infection there is an increase in the 

frequency of T cells that express B7 and HLA-DR (Azuma, et al., 1993, Sansom and Hall, 

1993, Wyss-Coray, et al., 1993, Wolthers, et al., 1996, Takasaki, et al., 1998, Abe, et al., 

1999, Kochli, et al., 1999).  Separate works by Steiner, et al., (1998) and Leng, et al., (2002) 

later showed that an increase in the percent of CD4+ T cells expressing surface and 

intracellular CTLA4 correlated with increased T cell activation and HIV disease progression 

(Steiner, et al., 1999, Leng, et al., 2002).  While the functional significance of B7 and 

CTLA4 antigens on the surface of T cells is unclear, the observation that these T cells also 

express MHCII on their surface suggests that they are capable of presenting antigen to 

activated T cells (Lanzavecchia, et al., 1988, Haffar, et al., 1993, Barnaba, et al., 1994).  

However, interactions between T cells expressing B7 and MHCII antigen an other activated 
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T cells typically inhibit the production of IL2 and induce anergy (Taams, et al., 1999, 

Chai, et al., 1998, Chai, et al., 1999). This led to speculation that theB7/HLA-DR+ T cells 

represent a mechanism for suppressing peripheral immune responses in cases of chronic 

immune stimulation (Lanzavecchia, et al., 1988, Azuma, et al., 1993, Haffar, et al., 1993).   

We recently reported an increased frequency of T cells expressing B7 and CTLA4 

costimulatory molecules in PBMC and LN from FIV-infected cats that correlated with 

disease progression (Tompkins, et al., 2002). Further, we reported that FIV-infected cats 

have elevated levels of spontaneous LN T cell apoptosis when compared to FIV negative 

cats.  Further observations demonstrated that T cell apoptosis in LN cells from FIV-infected 

cats was primarily restricted to CD4+ or CD8+ T cell co-expressing B7.1, B7.2 and CTLA4 

costimulatory molecules (Tompkins, et al., 2002).  These observations lead us to hypothesize 

that FIV-activated B7.1+B7.2+CTLA4+ T cells are capable of T-T cell APC-like interactions 

that induce T cell anergy and apoptosis (Tompkins, et al., 2002).   

We undertook the current work to determine whether exogenous IL2 or B7/ CTLA4 

receptor blockade could affect apoptosis.  Addition of IL2 to cultured LN cells from FIV- and 

FIV+ cats significantly inhibited spontaneous apoptosis.  IL2 inhibition of spontaneous T cell 

apoptosis in FIV-infected cats inversely correlated with plasma virus load.  Addition of 

antibodies to B7.1 or to both B7.1 and B7.2 inhibited T cell apoptosis in cultured LN cells, 

but only in the cats with low plasma viremia.  Apoptosis was not significantly inhibited by 

the pan-caspase inhibitor Z-VAD-fmk in FIV+ cats suggesting that apoptosis mediated by 

B7-CTLA4 signaling in FIV+ cats is not caspase-dependent.  
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Material and Methods  

 Cats.  The cats used in this study were specific pathogen free cats obtained from 

Liberty Labs (Liberty Corners, NJ) or Cedar River Laboratory (Mason City, IA) and ranged 

in age from 6 months to 4 years at the time samples were collected.  Cats (n=12) were 

inoculated with the NCSU1 isolate of FIV (Tompkins, et al., 1991, English, et al., 1993, 

English, et al., 1994) intra-vaginally or intravenously with cell-associated virus as described 

by Bucci, et al., (1998).  All cats were approximately 6 months of age when inoculated with 

FIV and became antibody positive as detected by commercial ELISA (IDEXX, Westbrook, 

ME) and provirus positive by PCR for gag sequences between 4 and 8 weeks post infection 

(English, et al., 1993).  At the time samples were taken, cats had been infected with FIV from 

4 weeks to 4 years.  All FIV-infected cats had inverted CD4: CD8 ratios in the blood.  

Control cats (n= 9) also ranged in age from 6 months to 4 years. 

 Sample Collection.  Lymph node cells were obtained from peripheral lymph node 

biopsies as described by Levy, et al., (1998).  Briefly, cats were anesthetized with 

intravenous ketamine and diazepam and maintained with inhalant anesthetic (isoflurane) 

according to IACUC guidelines at North Carolina State University.  A popliteal LN was 

excised and butorphano l tartrate administered to control post-operative discomfort.  Single 

cell suspensions of lymph node cells were prepared for subsequent flow cytometric analysis 

of surface antigen expression and TUNEL-based analysis of apoptosis by gently passing the 

tissue through a steel mesh screen as described previously (Tompkins, et al., 2002).    

Procedure for IL2 inhibition B7 Blockade of Apoptosis. Approximately 6x106 cells 

(3x106 for 24 and 48 hrs) were incubated with the polyclonal antibodies against B7.1, B7.2 

alone or in combination, CTLA4 (Tompkins, et al., 2002) or irrelevant rabbit serum at 
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equivalent concentrations in a final volume of 200 µL for 2 hrs at 37°C.  The cells were 

then split into two wells of a 48 well plate (CoStar, Cambridge, MA) and incubated for 24 or 

48 hr in a final volume of 500 µl of complete medium (RPMI containing 10% FBS [Sigma, 

St. Louis, MO], 1% HEPES Buffer, 1% NaBicarbonate, 1% PenStrep, and 1% L-glutamine 

[GIBCO BRL, Long Island, NY]).  For IL2 treatment, the cells were treated with 100 U/ml 

of recombinant human IL2 (rhuIL2; NIH AIDS Research and Reagent Program) in a volume 

of 200 µl for 2 hr at 37°C in parallel with the antibody treated cells, then divided into two 

wells of a 48 well plate and incubated in complete medium containing 100 U/ml rhuIL2.  To 

examine the affect of cell activation on T cells from cats, 3x106 cells were incubated for 24 

hr in the presence of concanavilin A (ConA; Sigma, St. Louis, MO) at a final concentration 

of 5µg/ml. Cells were harvested at 24 and 48 hr after treatment and washed with 1x PBS to 

prepare for antibody staining. 

 Antibodies and staining procedures for TUNEL analysis of apoptosis.  Feline specific 

biotinylated monoclonal antibodies (mAb) developed in our laboratory were utilized to 

identify CD4+ and CD8+ T cell populations (Tompkins, et al., 1991).  These populations were 

visualized with a secondary antibody consisting of streptavidin conjugated to 

allophycocyanin (SA-APC; Becton Dickinson, San Jose, CA) as outlined previously 

(Tompkins, et al., 2002).  Two- color flow cytometric analysis was used to determine the 

percent of apoptotic CD4+ and CD8+ LN cells after blocking treatments using TUNEL based 

detection (Roche, Basel, Switzerland). Briefly, cells were harvested from 48 well plates and 

washed with 1x PBS and divided into two tubes (1.5x106 cells per tube).  Biotinlylated anti-

feline CD4 (mAb CAT30A), anti- feline CD8 (mAb 357) mAb were incubated with the cells 

for 20 min in the dark at 4°C.   The samples were washed with 1x PBS and centrifugated for 
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10 min at 4°C (wash step) followed by incubation with SA-APC and incubated in the 

dark for 20 min at 4°C.  The cells were washed and fixed in 2% paraformaldehyde for 10 min 

at room temperature (RT) and washed.   Following fixation the cells were permeabilized on 

ice with 1% Tween 20 and 1% NaCitrate solution for 2 min.  Following permeablization, the 

cells were incubated with terminal deoxynucleotidyl transferase and fluorescein-conjugated 

dUTP for 20 min at 37°C for end-nick labeling. Positive controls for apoptosis entail 

incubating a fixed and permeabilized sample with DNAse (3U/ml) for 10 min to induce DNA 

fragmentation. Immediately after treatment, the cells were acquired on a FACSCalibur flow 

cytometer (Becton-Dickinson), using a red-diode laser as the second excitation source for the 

APC stained samples. For all samples, data from at least 20,000 cells were acquired and 

stored list-mode fashion for subsequent analysis.  Data was analyzed by using FSC and FL-1 

height to set G1 such that all apoptotic cells were included for analysis.  The samples were 

then analyzed for APC and TUNEL staining.  

Real-Time Polymerase Chain Reaction (PCR) of virus load.  

Blood was collected into EDTA tubes at the time of LN biopsy; the plasma was collected and 

stored at –20°C until analysis.  The samples were slowly thawed on ice and RNA was 

extracted using Qiagen QIAamp Viral RNA mini kit (Qiagen, Valencia, CA) following 

manufacturer’s instructions.  The viral RNA was reverse transcribed using the Taq-Man One 

Step RT-PCR from Applied Biosystems (Branchburg, New Jersey).  Gag specific sequence 

primers were designed using software from Applied Biosystems based on sequences reported 

by Yang, et al., (1996).   The NCSU1 specific probe for the real- time PCR reaction was 

designed as specified by Leutenegger, et al., (1999).  
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(Forward primer sequence: FIVNC.491f 5’GATTAGGAGGTGAGGAAGTTCAGCT 3’; 

reverse primer sequence: FIVNC.617R: 5’CTTCATCCAATATTTCTTTATCTGCA 3’; 

Probe: FIVNC.555p 5’FAM-CATGGCCACATTAATAATGGCCGCA-TAMRA 3’). 

The real- time reaction was assembled as specified by the manufacture with minor 

adjustments. Twenty to forty µl of RNA was incubated in RT-PCR master mix with 100nM 

final concentration of forward and reverse primers in the presence of an RNAse ihibitor 

(0.40U/ml) and with 250 nM final concentration of the Taq Man Probe.  The real-time PCR 

assay was performed on the BioRad i-cycler (Bio-Rad Laboratories Ltd., Hemel Hempstead, 

UK) using the following thermal cycling parameters: 30 min at 48°C for the Reverse 

Transcription, 10 min at 95°C for AmpliTaq Gold Activation, 50 cycles of 15 sec denature 

step at 95°C and 1 min anneal/extend step at 60°C.   Fluorescence was detected at the end of 

each anneal/extend step and analyzed post run. 

Standards consisted of the NCSU1 gag plasmid and a pcDNA3.1gag that were run in 

serial dilutions to generate a standard curve.  Ambion’s mMESSAGE mMACHINE kit 

(Austin, TX) was used to generate the RNA gag standard.  RNA standard is estimated at 

1x10 11 molecules/ml. Standards were used at 10 0 to 105 molecules/sample in ten fold 

dilutions. An equation was developed from the linear standard curve and used to calculate the 

number of viral particles per ml of plasma.  

Caspase experiments.  The LN cells were obtained from popliteal biopsies as outlined 

above.  Approximately 6x106 cells were divided into one of 5 different treatment groups 

including: a positive control ceramide (D-erythro sphingosine, N-acetyl, Calbiochem, San 

Diego, CA), ceramide lipid control (D-erythro sphingosine, dihydro, N-acetyl; Calbiochem), 

caspase inhibitor (Caspase Inhibitor I, ZVAD-fmk, Calbiochem) and a combination of 
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ceramide and caspase inhibitor to insure that the caspase inhibitor was functional.  

Ceramide is a lipid mediator involved in several signaling pathways, including induction of a 

caspase-dependent apoptosis (Obeid, et al., 1993, Martin, et al., 1996). The ceramide control 

is a precursor form of ceramide that lacks a double bond between carbons 4 and 5 of the 

sphingoid backbone that is thought to be biologically inert as this precursor fails to exert 

several of the biological functions of ceramide (Bielawska, et al., 1993, Jayadev, et. al., 

1995).  The caspase inhibitor, ZVAD-fmk, is a reversible cell-permeable synthetic peptide 

that inhibits activation of caspase 1, 3, 4 and 7 (pan-caspase inhibitor) by binding its active 

site (Dolle, et al., 1994).  All treatment groups were incubated with the respective chemical 

for 2 hrs at 37ºC at the following concentrations in complete medium:  ceramide (cer) 40 

µM, ceramide control (cer ctrl) 40 µM, caspase inhibitor (casp inh) 50µM.  The cells treated 

with ZVAD-fmk (casp- inh and cer+ casp inh groups) were initially treated with ZVAD-fmk 

for 2 hr and then placed in medium containing caspase inhibitor alone or caspase inhibitor 

plus ceramide.  After 2 hr incubation the treatment groups were incubated in medium 

containing the appropriate test reagent (e.g., cer treatment was incubated for 24 and 48 hr in 

500 µl of 40 µM ceramide in complete medium, etc.,).   The cells were then harvested and 

stained for two-color flow cytometry as outlined for the antibody blocking studies. 

Statistical Analysis.  The percent TUNEL+ cells were collected for the no treatment 

(No TX) and all other treatment groups and recorded. These data were compared using an 

ANOVA test to detect differences between treatment groups [No TX vs. A-Rabbit serum 

(protein control) vs. antibody treatment].  If a significant difference was detected the percent 

TUNEL+ T cells were re-examined by ANOVA comparing only two of the three variables to 

determine which were significantly different. Statistical analysis examining the response in 
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the caspase experiments and after IL2 treatment also employed the ANOVA test. 

Differences were considered significant at p < 0.05.   

Results 

Effect of exogenous IL2 on T cell apoptosis in cultured LN cells from FIV-infected 

cats.  We previously reported that the spontaneous T cell apoptosis observed in overnight 

cultures of PBMC and LN cells from FIV+ cats was associated with T cells expressing B7 

costimulatory molecules (Tompkins, et al., 2002). As the B7/CTLA4 signaling pathway 

negatively regulates the expression of IL2, we investigated whether exogenous IL2 could 

alter the spontaneous apoptosis seen in LN T cells from FIV-infected domestic cats. Single 

cell suspensions from FIV- and FIV+ cats were incubated for 24 and 48 hrs in the presence of 

IL2 plus or minus, Con A stimulation and then assayed for apoptosis by flow cytometry 

based analysis and TUNEL.  

As shown in Figure 1, LN CD4+ and CD8+ T cells from FIV+ cats showed increased 

frequencies of spontaneous apoptosis after 24 hr in culture compared with controls (CD4: p= 

0.0466; CD8: p=0.0161).  Treatment with ConA did not significantly enhance apoptosis in 

FIV- or FIV+ cats at 24 hr when compared with the un-stimulated groups.  Further, treatment 

with ConA in these experiments did not enhance the expression of B7 or CTLA4 molecules 

at either time point (data not shown).  

Previous work in HIV and FIV demonstrated that the addition of IL2 or serum 

attenuates spontaneous apoptosis observed after short-term culture (Adachi, et al., 1996, 

Guoit, et al., 1997a, Guoit, et, al., 1997b, Regamey, et al., 1999). As shown in Fig. 2, 

addition of IL2 to LN cultures significantly inhibited (20-50%) apoptosis in both FIV- and 

FIV+ T cells at 24 hr.  Overall, the response of T cells from FIV-infected cats was slightly 
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greater than that observed for FIV-uninfected cats as treatment with IL2 resulted in a 

greater net decrease in T cells apoptosis from infected animals (Fig. 2B).  In addition, the 

decrease in the frequency of TUNEL+ T cells was apparent in CD4+ and CD8+ lymphocytes 

expressing B7 or CTLA4 molecules (data not shown). After 48 hr in culture, the FIV_ cats 

showed further decreases in apoptosis when compared with cells that did not receive IL2 

treatment (Fig. 2).  However, in FIV+ cats at the 48 hr time point their response to IL2 

treatment was less than at 24 hr, suggesting that IL2 treatment only temporarily inhibited 

apoptosis in CD4+ and CD8+ T cells from FIV+ cats.   These results demonstrate that 

spontaneous T cell apoptosis in FIV-infected cats can be partially corrected by exogenous 

IL2.   

Previous reports suggested that persons with high viral loads tend to respond less to 

treatment with IL2 than those with low viral loads (Teppler, et al., 1993, Wood, et al., 1993).  

It was therefore of interest to determine whether viral load affected the in vitro T cell 

responses to IL2 treatment. Therefore, the plasma viral load of each FIV+ animal used in this 

study was determined using real time PCR.  The cats involved in the blocking studies were 

then subdivided based on their relative viral load, designated as low (<1x104 RNA 

particles/ml) and high viral load (>1x105 up to 1x107 RNA particles/ml) and re-examined for 

their ability to respond to in vitro administration of IL2.  As shown in Fig. 3A, when the cats 

with high viral loads were eliminated from analysis, the FIV+ cat’s ability to respond to IL2 

after 48 hr in culture was retained.  Consistent with this, the FIV+ cats that had elevated viral 

loads demonstrated no ability to respond to IL2 treatment at 48 hr in culture (Fig. 3B). 

Effect of B7 receptor blockade on T cell apoptosis.  Our previous work demonstrated 

that spontaneous apoptosis from fresh LN samples and LN samples at 24 hr after culture was 
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restricted to T cells that express the B7 and CTLA4 costimulatory molecules (Tompkins, 

et al., 2002).  As B7 costimulatory molecules are involved in regulating IL2 production and 

cell death, we determined whether antibody blockade of B7.1 and B7.2 molecules could 

inhibit apoptosis.  LN T cells were incubated with saturating levels of anti-B7 as determined 

by flow cytometry, harvested at 24 and 48 hr, washed then stained for CD4 or CD8 and 

processed for TUNEL staining. In FIV-infected and -uninfected cats antibody against B7.1 

showed little ability to block apoptosis in CD4+ or CD8+ T cells at 24 hr or 48 hr (data not 

shown).   

We speculated that similar to our observations with IL2 treatment, cats with high viral 

loads might not respond to blocking with B7.1 antibody. When cats were grouped into low 

virus burden (<1x104 RNA particles/ml) or high virus burden (105-107 RNA particles/ml) and 

re-evaluated, we found that similar to our observations with IL2 treatment, anti B7.1 

treatment causes a small but significant decrease in apoptosis at both 24 and 48 hr time points 

(Fig. 4A).  In addition, LN T cells from cats with low viral load treated with a combination of 

anti-B7.1 and -B7.2 yielded similar results to treatment with B7.1 alone, suggesting that B7.1 

was primarily involved in blocking apoptosis (Fig. 4B).  This interpretation is consistent with 

our observations that anti-B7.2 alone had no effect on apoptosis of LN cells from either FIV+ 

or FIV- cats (data not shown).  Treatment of LN culture with anti-CTLA4 also failed to 

reduce CD4+ or CD8 + T cell apoptosis in LN cells from either FIV+ cats with high or low 

plasma viral load (data not shown).  

 Role of caspases in T cell apoptosis in FIV-infected cats.  The observations outlined 

above suggest that B7 costimulatory pathway plays at least a partial role in spontaneous 

apoptosis observed in FIV+ cats after short-term culture.  We therefore wanted to determine 
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whether spontaneous apoptosis was mediated via the caspases, the cysteine proteases that 

are thought to be essential in many forms of apoptosis, particularly the Fas/FasL pathway 

(Sharma, et al., 2000). The LN T cells were treated with the pan-caspase inhibitor ZVAD-

fmk (Dolle, et al., 1994), plus ceramide or a ceramide control. After 24 and 48 hr in complete 

medium containing the appropriate pharmacological agent the cells were harvested and 

stained with antibodies against CD4 or CD8 fixed, then treated with the TUNEL reaction 

mixture.  As a positive control for the efficacy of our caspase inhibitor, a fraction of the cell 

suspensions were incubated with ceramide + ZVAD-fmk.  As shown in Fig. 5, CD4+ and 

CD8+ T cell apoptosis in both the FIV_ and FIV+ cats was slightly decreased by the ZVAD-

fmk although the difference was not significant, suggesting the caspases are not solely 

involved in spontaneous T cell apoptosis observed in our system (FIV_ CD4+: p=0.0833, 

CD8+: 0.7728; FIV+ CD4+: p=0.0833, CD8+: p=0.3865). However, when LN T cells from 

FIV_ cats were treated with ceramide 70% of the T cells underwent apoptosis, a response that 

was significantly inhibited by the caspase inhibitor ZVAD-fmk (Fig. 5) that indicated our 

caspase inhibitor was functional.  A similar trend was observed at the 48 hr time point for 

both FIV_ and FIV+ cats (data not shown). The results from these experiments also 

demonstrate that while ceramide- induced a significant increase in apoptosis of T cells from 

FIV- cats there was only a marginal increase in apoptosis of cells from FIV+ cats (Fig. 5).   

 

Discussion  

 The LN T cells from FIV-infected domestic cats have increased levels of B7 and 

CTLA4 expression on their surface when compared with control animals.  Up-regulation of 

B7 and CTLA4 correlates with disease progression, as cats with the longest duration of 
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infection have higher levels of B7+ and CTLA4+ T cells. Our previous work 

demonstrated a significant association between LN T cells expressing B7 or CTLA4 and 

apoptosis (Tompkins, et al, 2002).   We hypothesized that interactions between B7 and 

CTLA4 on activated T cells could inhibit the production of IL2 and as a result might induce 

apoptosis via cytokine withdrawal.  In this study, we address whether modulation of the 

B7/CD28 signaling pathway will inhibit spontaneous apoptosis, a characteristic of T cells 

from HIV/FIV-infected individuals.   

The in vitro experiments in this study showed that T cells from FIV-infected animals 

are more susceptible to apoptosis after 24 hr in culture compared with FIV-uninfected 

animals.  The increased susceptibility of T cells from FIV-infected animals to apoptosis 

might be a result of priming or activation signals received in vivo (Bishop, et al., 1993, Guoit, 

et al., 1997a, Guoit, et al., 1997b).  Our observations that spontaneous apoptosis is increased 

in FIV-infected cats after 24 hr in culture compared with controls provide support for these 

observations (Fig. 1).  Work by Guoit demonstrated that certain pharmacological stimulation, 

such as ionomycin and to a lesser degree Con A increased the level of apoptosis in T cells 

from FIV-infected animals (Guoit, et al., 1997a).  The discordant signaling from ionomycin 

alone, as opposed to ionomycin and phorbol myristate (PMA) in combination, a TCR 

signaling mimic, may preferentially act on death signaling pathways (Duchen, 2000). In 

contrast, we found no difference in the levels of apoptosis between T cells treated with Con 

A and those left un-stimulated in either FIV-uninfected or FIV-infected animals in agreement 

with reports by Bishop (Bishop, et al, 1993).  Ionomycin or Con A act via distinc t signaling 

pathways.  Ionomycin operates via activation of inositol triphosphate (IP3) and release of 
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intracellular Ca2+ stores, whereas ConA is a strong polyclonal mitogen that non-

specifically stimulates T cell division and may therefore more closely mimic TCR 

engagement.   

As B7/CD28/CTLA4 interactions are essential for modulating IL2 expression, we 

determined whether providing exogenous IL2 in vitro rescues LN T cells from spontaneous 

apoptosis.  Exogenous IL2 significantly inhibits apoptosis in T lymphocytes from FIV-

infected and -uninfected cats (Fig. 2 and Fig. 3; Adachi, et al., 1996, Guoit, et al., 1997a, 

Guoit, et al., 1997b, Regamey, et al., 1999).  Overall, T cells from FIV infected cats tended to 

be more responsive to IL2 treatment compared with T cells from uninfected animals, as the 

net reduction in T cell apoptosis from IL2 treatment in FIV+ cats was greater than that seen in 

T cells from FIV_ cats (Fig. 2B) and after treatment with IL2 the levels of apoptosis in FIV+ 

cats resembled the levels observed in FIV_ cats without IL2 treatment (Fig. 2B).    

That apoptosis is significantly inhibited in both FIV_ and FIV+ cats differ from 

reports in humans, in that HIV_ humans have very low levels of spontaneous apoptosis that is 

only marginally affected by IL2 treatment (Adachi, et al., 1996).  However, significant 

differences with respect to spontaneous apoptosis exist when comparing PBMC from 

domestic cats and humans, as uninfected cats have unusually elevated levels of apoptosis 

compared with uninfected humans (Holznagel, et al., 1996).  Increased apoptosis in FIV_ cats 

compared with humans was attributed to increased expression of MHCII on T cells from 

domestic cats, a phenotype associated with T cell activation that might indicate increased 

susceptibility to activation induced apoptosis in cats compared with humans (Holznagel, et 

al., 1996). The higher rate of apoptosis seen in cats was more responsive to IL2 treatment, 

although we cannot rule out an increased responsiveness due to the high concentration of IL2 
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used in this study.  Nonetheless, the level of apoptosis observed in both the FIV_ and 

FIV+ cats used in this study were similar to those reported by previous authors (Bishop, et al., 

1993, Holznagel, et al., 1996, Guoit, et al., 1997b). 

 To determine whether B7-CTLA4 interactions were involved in the spontaneous 

apoptosis, we examined the effect of blocking the B7 or CTLA4 receptors with antibody.  

Treatment of LN T cells with the B7.1 pAb significantly inhibited apoptosis in FIV+ cats 

with a low viral load, but had little affect in cats with high viral loads.  On the contrary, 

addition of B7.1 pAb to T cell cultures from FIV-uninfected animals had no affect on 

apoptosis, nor did the addition of anti-B7.2 affect apoptosis (data not shown).  The levels of 

apoptosis inhibition by anti-B7.1 (20-30%) is consistent with reports from Lewis using B7.1 

and B7.2 antibodies in humans and reflect other studies utilizing antibodies against Fas 

(Badley, et al., 1997, Lewis, et al., 1999).  These experiments demonstrate that antibody 

against a surface receptor (Fas or B7) has some affect on apoptosis, although receptor 

blockade is unable to completely inhibit apoptosis in FIV- or HIV-infected individuals.  

These observations are consistent with the hypothesis that T cells from lentivirus- infected 

individuals are primed in vivo to undergo apoptosis and when isolated have progressed to 

such a point that addition of B7 or other antibodies can only rescue a fraction of the 

susceptible population (Bishop, et al., 1993, Muro-Cacho, et al., 1995).  The involvement of 

multiple death-signaling pathways cannot be excluded and might explain the limited effect of 

anti-B7.1 on spontaneous apoptosis in our system.  The marginal effect of the caspase 

inhibitors in this system supports the involvement of the Fas/FasL, a caspase dependent 

signaling pathway, in spontaneous apoptosis (Nagata, 1995, Nagata, 1997).   
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Cross-linking CTLA4 on the surface of activated T lymphocytes can induce 

apoptosis (Gribben, et al., 1995, Scheipers and Reiser, 1998).  Addition of low and high 

concentrations of CTLA4 antibody did not inhibit or induce apoptosis in this study.  As the 

CTLA4 receptor is rapidly endocytosed after expression at the cell surface, it is possible that 

our antibody was internalized and degraded before it could exert any affect on apoptosis 

(Perkins, et al., 1996, Schneider, et al., 1999, Iida, et al., 2000).  Our data suggest that 

blocking B7/CTLA4 interaction is technically more difficult to accomplish with CTLA4 pAb 

and that optimal blockade of this pathway is more effectively achieved by B7 blockade.   

 The spontaneous CD4+ and CD8+ cell apoptosis observed in FIV_ and FIV+ cats in 

our in vitro system is partially inhibited by the pan-caspase inhibitor ZVAD-fmk. These 

levels were not statistically significant, although it is likely that the low sample size used in 

this work precluded powerful statistical analysis.  In order to demonstrate the efficacy of the 

caspase inhibitor, we treated cells with ceramide concentrations that were toxic (30 µM) as 

determined by titration assays using PBMC from FIV-uninfected animals.  In subsequent 

experiments we used 40 µM ceramide and tested LN T cells from FIV-uninfected cats in 

parallel with FIV-infected cats using the same treatment medium in each case.  We 

consistently found that 40 µM ceramide was unable to induce high levels of apoptosis in T 

cells from FIV infected animals, as FIV+ cats were relatively resistant to ceramide 

concentrations that consistently killed greater than 60% of the T cells from control cats, 

suggesting that infection with FIV might inhibit ceramide- induced apoptosis.  

Although it remains controversial, ceramide signaling is thought to induce apoptosis 

via disruption of mitochondrial membrane potential, eventually leading to caspase 3-

activation (Hearps, et al., 2002).  Consistent with this report and our observations in the cat, 
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infection of U937 cells with HIV inhibits apoptosis via caspase 3- inactivation, suggesting 

that HIV infection can modulate apoptosis, although no viral protein was implicated in this 

study (Tanaka, et al., 1999).  One could speculate that blockade of ceramide- induced 

apoptosis in T cells from FIV+ cats in our system is blocked by interference with caspase 3-

activation, as in the work by Tanaka, via some unknown viral protein.  There are several 

reports demonstrating the anti-apoptotic capacity of lentivirus proteins, including tat, vpr and 

nef, that act by modulating the activity of cellular proteins involved in signaling or cell death 

(McCloskey, et al., 1997, Ross, 2001, Geleziunas, et a., 2001, Xu, et al., 2001).  However, 

while a nef- like open reading frame (ORF) has been identified, a gene with nef function has 

not been identified in FIV, therefore leaving any anti-apoptotic functions mediated by viral 

proteins in our system up to a tat or vpr equivalent.  

Alternatively, it has been shown that exogenous ceramide can act as a signaling 

molecule and promote cell survival via activation of mitogen activated protein kinases 

(MAPK).  Significantly more T cells from lentivirus infected individuals are of an 

activated/memory phenotype, it may be that the different activation state of T cells from FIV_ 

and FIV+ cats result in qualitatively different responses to ceramide (Duchen, et al., 2000, 

Huwiler, et al., 2000). In support of this are studies using the IL2 dependent murine cytotoxic 

T lymphocyte line (CTLL) cell line.  These studies induced apoptosis in CTLL cells by 

depriving them of IL2.  The IL2 deprived cells were then treated with exogenous ceramide, 

which inhibited apoptosis in this system by inducing the expression of bcl-XL and 

demonstrated the dual signaling effects of ceramide (Flores, et al., 1998).    It would be of 

interest to further investigate whether ceramide resistance is caused by a viral protein or 

alters the ceramide signaling pathway in T cells from FIV-infected animals.  
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As T:T cell interactions between B7+ T cells in vitro predominately results in the 

inhibition of IL2 (anergy) and apoptosis (Chai, et al., 1999, Taams, et al., 1999), this pathway 

may be important in regulating peripheral tolerance in vivo.  Our data suggests tha t 

interactions between B7.1 and CTLA4 might play a role in apoptosis induction in LN T cells 

from FIV-infected cats, as anti-B7.1 could inhibit apoptosis in cats with low viremia. The 

inability of anti-B7.2 to inhibit apoptosis provides support for observations that B7.1 and 

B7.2 have opposing physiological functions (Freeman, et al., 1993, Gajewski, et al., 1996). 

The B7.1 and B7.2 receptors have limited sequence homology (~ 25%; Linsley, et al., 1994) 

and several reports suggest the two receptors have opposing roles with respect to T cell 

activation and cytokine production (Freeman, et al., 1993, Kuchroo, et al., 1995). Further 

work by Fallarino, et al., demonstrated that B7.1 signaling via CTLA4 strongly inhibited 

proliferative responses and IL2 production in T cells from CD28 knock-out mice (Fallarino, 

et al., 1998).  The B7.1 receptor has a higher affinity and slower off rate when binding 

CTLA4 compared with the rates for B7.2, suggesting that B7.1-CTLA4 interactions are 

favored and that B7.1 and B7.2 may deliver qualitatively different signals via both CD28 and 

CTLA4 (Linsley, et al., 1994).  

Lewis demonstrated that anti-B7.1 and -B7.2 were able to partially block spontaneous 

T cell apoptosis in PBMC from HIV-infected individuals.  Similar work from our laboratory 

using an FIV-uninfected PBMC in an in vitro co-culture system supported Lewis’ 

observations and demonstrated that antigenic stimulation resulted in increased levels of B7 

expression on T cells and increased apoptosis that could be blocked by the addition of anti-

B7.1 (Vahlenkamp, submitted).  Vahlenkamp demonstrated that T: T cell interactions were 

likely involved in spontaneous apoptosis, since removal of B cells and monocytes did not 
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affect the level of apoptosis nor the ability of B7.1 to inhibit apoptosis.  Induction of 

anergy by T-T cell interactions was first demonstrated by Chai using T cell lines expressing 

B7 to induce anergy in activated T cells targets (Chai, et al., 1999).  

These data support the hypothesis that in vivo B7-CTLA4 negative signaling T-T cell 

interactions may contribute to the high frequency of programmed cell death observed in LN 

of FIV-infected cats and HIV-infected humans. The cat FIV model provides unique resources 

to better understand the immune pathology associated with lentiviral immunsuppression. The 

development of our in vitro model of T-T cell interactions will allow us to further examine 

the mechanisms of B7.1/B7.2-CTLA4 interactions and to investigate the role of virus, as well 

as the possible MHC restriction and antigen specificity of the T-T induced apoptosis. These 

studies should provide significant insights into the cellular and molecular mechanisms 

leading to lentivirus- induced immunodeficiency.  
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Figure 1.  Spontaneous apoptosis is increased in FIV+ cats
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Figure 3. FIV-infected cats with a low plasma viremia respond better to 
IL2 treatment than cats with a high viral load. 
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Figure 4. B7.1, but not B7.2, partially inhibits apoptosis in FIV+ cats 
with a low viral load.
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Figure  5.  Spontaneous apoptosis is not caspase dependent. 
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Figure Legends  
 
Figure 1. Spontaneous apoptosis is increased in FIV+ cats.  The LN T cells were isolated 

from FIV_ and FIV+ cats as outlined in materials and methods.  The LN cells were gently 

released from the LN capsule into a single cell suspension then washed with 1x PBS.  

Lymphocytes from LN were placed into overnight culture in 48 well plates in complete 

medium in the absence of exogenous IL2 or stimulation.  The cells were harvested at 24 hr 

and washed with 1x PBS prior to staining with biotinlylated mAb against CD4 or CD8 and 

visualized with secondary strepatavidin (SA) conjugated to allophycocyanin (SA-APC; 

Becton Dickinson).  A) CD4+ T cells at the Fresh (0 hr) or 24 hr time point with respect to 

TUNEL staining or apoptosis or B) CD8+ T cells at the Fresh (0 hr) or 24 hr time point with 

respect to TUNEL staining or apoptosis. Each box-whisker plot represents the 5th and 95th 

percentiles (whiskers), 25th and 75th percentiles (box), and median (middle line).  Symbols (•) 

represent values for independent cats, n= the number of cats analyzed.  The percent values 

represent the number of TUNEL+ CD4+ or CD8+ T cells within the total CD4+ or CD8+ T cell 

population. C) Peripheral lymph node (PLN) cells were obtained as outlined for A and B, 

then cultured in complete medium in the absence or presence of Con A (5µg/ml) for 24 hr.  

Cells were harvested at 24 hr then washed with 1x PBS, fixed with 2% paraformaldehyde 

followed by permeabilization and subjected to TUNEL staining as outlined in materials and 

methods.  A and B) Significant differences in the percent TUNEL+ T cells were found 

between FIV_ and FIV+ cats at the 24 hr time point for CD4+ T cells (*p< 0.0463) and CD8+ 

T cells (**p<0.002), however no significant differences occurred between FIV_ or FIV+ cats 

with respect to CD4 + or CD8+ T cells at the 0 hr or fresh time point.  C) Treatment with Con 
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A does not significantly enhance apoptosis (No Con A vs. + Con A for FIV_ or FIV+ cats, 

respectively) after 24 hr in culture.  

 

Figure 2. Addition of IL2 inhibits apoptosis in vitro.  The LN T cells for IL2 blocking 

experiments were obtained as outlined in Figure 1.  Single cell suspensions were derived 

from the LN and placed into overnight culture in 48 well plates with 100 units (U)/ml of 

recombinant human IL2 (rhuIL2). At 24 and 48 hr the cells were harvested, stained with 

biotinylated mAb against CD4 or CD8, washed and stained with secondary SA-APC and 

fixed with 2% paraformaldehyde followed by permeabilization and TUNEL staining.  A) 

Represents apoptosis inhibition after 24 and 48 hr when values are normalized to the No TX 

groups and compares T cells with no treatment (No TX) to cells treated with 100 units of 

rhuIL2.  The n= the number of cats analyzed at 24 hr, while the numbers in parentheses 

represent the n value at 48 hr.  B) Represents the average value obtained for comparison of 

relative levels of apoptosis or TUNEL+ staining.  A) Statistical analysis was performed on 

the original non-transformed data using an ANOVA to compare the level of apoptosis in 

CD4+ or CD8+ without treatment with IL2 to those that were treated with IL2, *p<0.03, 

**p<0.05. 

 

Figure 3. FIV-infected cats with a low plasma viremia respond better to IL2 treatment 

than cats with a high viral load.  At the time of LN biopsy a blood sample was collected 

into EDTA tubes from each cat and processed to obtain plasma that was stored at -70°C until 

analysis by Real- time PCR as outlined in the materials and methods.  The TUNEL+ values 

obtained from FIV+ cats in Figure 2 were divided based on plasma viremia into two groups, 
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those with low plasma viremia (<1x104 RNA particles/ ml) or high plasma viremia 

(1x105-1x107 RNA particles/ml) and analyzed with respect to the percent TUNEL+ staining 

within the whole CD4+ or CD8+ T cell population, whereas the values from FIV_ cats are 

identical to those shown in figure 2. The bars represent the percent TUNEL+ T cells 

normalized to No TX. A) The LN CD4+ or CD8+ T cells from cats with low viral load 

(<1x104 RNA particles/ml) were analyzed for the level of apoptosis at 24 and 48 hr. B) The 

LN CD4+ or CD8+ T cells from cats with a high viral load (>1x105 RNA particles/ml) 

analyzed at 24 and 48 hr. Statistical analysis was performed with an ANOVA; *p<0.03, 

**p<0.05. 

Figure 4. B7.1, but not B7.2, partially inhibits apoptosis in FIV+ cats with a low viral 

load. The LN T cells for B7 blocking experiments were obtained as outlined in Figure 2.  

Single cell suspensions were derived from the LN and treated with saturating levels of 

polyclonal Ab against A) B7.1 or B) B7.1+B7.2 in combination as outlined in materials and 

methods. At 24 and 48 hr the cells were prepared for TUNEL staining as outlined in figure 2. 

A) Data from FIV+ cats with low plasma viremia (<1x104 RNA particles/ml) that were 

treated with pAb against B7.1 were analyzed for the level of apoptosis at 24 and 48 hr. B) 

Data from FIV+ cats with low plasma viremia (<1x104 RNA particles/ml) that were treated 

with pAb against B7.1 and B7.2 were analyzed for the level of apoptosis at 24 and 48 hr. The 

percent of the total CD4+ or CD8+ TUNEL+ cells was recorded and compared between No 

TX and treatment with B7.1 or B7.1 and B7.2 using an ANOVA; error bars represent the 

standard error of the mean (SE); *p<0.03, **p<0.05. 
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Figure 5. Spontaneous apoptosis is not caspase dependent. The LN T cells for B7 

blocking experiments were obtained as outlined in Figure 2.  Single cell suspensions were 

derived from the LN and treated as outlined in materials and methods with ceramide (cer; 40 

µM), ZVAD-fmk a caspase inhibitor (casp inh; 50 µM), a ceramide control (cer ctrl) 40 µM, 

casp inh (50 µM) and cer (40µM) in combination or left untreated. In the case of cells treated 

with both cer and casp inh, cells were initially treated in parallel with other groups with 

50µM casp inh then cultured for 24 hr in complete medium containing a mixture of 50 µM 

casp inh plus 40 µM of cer.  At 24 and 48 hr the cells were harvested and stained as outlined 

in Figure 2. The percent of the total CD4+ or CD8+ TUNEL+ cells between all treatment 

groups was compared using an ANOVA within the FIV_ or FIV+ groups individually, in 

addition ANOVA was performed to determine whether differences existed between the FIV_ 

and FIV+ CD4+ or CD8+ T cells with respect to treatment with ceramide and is indicated by 

bars, *p<0.05. 
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Abstract 

The B7.1 and B7.2 co-stimulatory molecules on antigen presenting cells provide the 

necessary second signals for regulating T cell immune responses via ligation of CD28 and cytotoxic 

T lymphocyte antigen 4 (CTLA4) on T cells.  CD28 signals cell proliferation, whereas CTLA4 

signals for anergy and apoptosis, terminating the immune response.  We reported previously a 

marked and progressive expansion of a unique T cell with an antigen presenting cell (APC)-like 

phenotype expressing B7.1 and B7.2 costimulatory molecules, and their ligand CTLA4 in lymph 

node (LN) of FIV-infected cats.  The B7.1+B7.2+CTLA4+ T cells were characterized by a high 

frequency of spontaneous apoptosis. As spontaneous T cell apoptosis is also a feature of HIV 

infection, we analyzed B7, CTLA4 and major histocompatibility complex (MHC) II expression on 

T cells in the blood of HIV-infected patients.  Three-color flow cytometric analysis of CD4+ and 

CD8+ T cells for expression of B7.2, CTLA4 and MHCII revealed a significant increase in CD4+ 

and CD8+ T cells co-expressing B7 or CTLA4 and MHCII molecules, as compared to controls.  
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There is a significant negative correlation between percent CD4+ T cells expressing B7.1/B7.2 

and/or CTLA4 and absolute numbers of CD4+ T cells and the CD4+: CD8+ ratios.  Plasma virus 

analysis revealed a significant positive correlation between virus load and expression of B7.2 and 

CTLA4 on CD4+ T cells and expression of B7.1 and B7.2 on CD8+ T cells.  Four-color flow 

cytometry analysis with anti-B7.2 or anti-CTLA4, MHCII and the TUNEL assay revealed that 

most of the apoptosis occurred in B7.2+MHCII+ or CTLA4+MHCII+ CD4+ or CD8+ T cells.  

These data support the hypothesis that T cell immune deterioration in HIV-infected patients may 

result from chronic B7.1+/B7.2+-CTLA4+ T cell-T cell apoptotic interactions, as has been 

proposed to explain the immunopathgenesis of FIV infection in the cat.  These observations add to 

the growing body of evidence that FIV infection in cats is a relevant small animal model for HIV 

infections in human. 
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Introduction 

The immunopathogenesis of HIV infection is characterized by a gradual loss in T-helper cell 

numbers and function, resulting in immune deficiency and increased susceptibility to secondary 

pathogens.  The mechanisms by which this immune dysfunction occurs are still poorly understood.  

Based on observations that T cells from asymptomatic HIV-infected individuals have impaired IL2 

production and proliferate poorly after antigenic stimulation, a number of investigators have 

speculated that HIV immunopathogenesis is the result of T cell dysfunction and accelerated 

programmed cell death or apoptosis (Hofmann, et al., 1986, Clerici, et al., 1989, Meyaard, et al., 

1992, Miedema, 1992, Lewis et al., 1994).  This speculation is supported by reports of abnormally 

high frequency of apoptotic T cells in peripheral blood lymphocytes (PBL) and LN of HIV-infected 

individuals (Muro-Cacho, et al., 1995, Finkel, et al., 1995).   

Programmed cell death is a normal process that regulates the development of the cellular 

repertoire throughout the life of an organism and is initiated by engagement of specific cell surface 

receptors with their ligands (e.g. FasL/Fas, TNFá/TNFáR, B7/CTLA4) that transduce intracellular 

signals mediating anergy and cell death.  While Fas- and TNF-mediated apoptosis is a common 

pathway in many cell types and occurs primarily via activation of caspases; the B7/CTLA4 pathway 

functions primarily in the T cell lineage and operates via suppression of IL2 production (Schwartz, et 

al., 1992, Krummel and Allison, 1995, 1996, Brunner, et al., 1999).  It is not known if the 

accelerated apoptosis observed in LN of HIV-infected individuals represents enhanced activity of 

the Fas/TNFáR pathways or the B7/CTLA4 pathway, or both.  However, the T cell 
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hyporesponsiveness, characterized by the inability of CD4+ T cells to produce functional IL2 

and proliferate in vitro in response to MHC class II-restricted recall antigens and the high 

frequency of apoptotic T cells in HIV infection is suggestive of the B7/CTLA4 pathway (June, et al., 

1989, Gruters, et al., 1990, Miedema, 1992, Paiardini, et al., 2001). 

The B7/CTLA4 apoptotic pathway, which appears to be T-lineage specific, plays an 

important role in the activation/termination of immune responses and in maintaining peripheral 

tolerance.  The B7 family, principally B7.1 (CD80) and B7.2 (CD86), of costimulatory molecules 

are normally found on professional APC and interact with CD28 and CTLA4 (CD152) on T cells 

to provide the necessary second signals for regulating the immune response (Linsley, et al., 1991, 

Schwartz, 1992, Greenfield, et al., 1998).  B7.1 and B7.2 initially engage CD28 on T cells, assuring 

sustained IL2 production and stability, T cell proliferation, and development of an immune response. 

 If B7-CD28 signaling does not occur following antigen-TCR engagement, the T cell becomes 

unresponsive or anergic to the antigen and, in the absence of IL2, undergoes apoptosis upon 

stimulation by a competent APC (Gimmi, et al., 1993, Boussiotis, et al., 1994). Once activated via 

TCR/B7/CD28 engagement, CD4+ T cells begin to express CTLA4 within 24-48 hr (Walunas, et 

al., 1994, Karandikar, et al., 1996, Bluestone, 1997).  Binding of B7 molecules with CTLA4 

transduces a negative signal to T cells that suppresses IL2 transcription and proliferation, resulting in 

anergy or apoptosis, depending on the activation state of the T cell (Walunas, et al., 1994, Gribben, 

et al., 1995, Karandikar, et al., 1996, Bluestone, 1997, Scheipers and Reiser, 1998).  As the 

binding avidity of B7.1 and B7.2 for CTLA4 is 20-100 x greater than for CD28 (Linsley, et al., 
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1995, Greenfield, et al., 1998), negative signaling would dominate on activated T cells 

expressing both CD28 and CTLA4, thereby terminating the immune response.  Thus, sequential 

engagement of CD28 and CTLA4 by B7 molecules maintains a balance of T cell 

activation/proliferation with anergy and apoptosis; all processes important in regulating normal 

immune responses by clonal deletion of previously activated antigen-specific T cells. 

While B7.1 and B7.2 receptors are normally restricted to professional APC (Gimmi, et al., 

1991, Freedman, et al., 1991), numerous studies have demonstrated that these molecules are up-

regulated on CD4+ and CD8+ T cells repeatedly activated in vitro, as well as on a small subset of 

CD4+ and CD8+ T cells in patients that are chronically exposed to antigen, as is the case with 

autoimmune disease or HIV infection (Haffar, et al., 1993, Wyss-Coray, et al., 1993, Abe, et al., 

1999, Kochli, et al., 1999).  Recently, Leng et al., reported that intracellular CTLA4 was 

upregulated in CD4+ T cells from HIV-infected patients and that these cells were arrested in the 

G0/G1 phase of the cell cycle, suggesting a state of anergy (Leng, et al., 2002).  As anergy can result 

in increased sensitivity to apoptosis, these observations are consistent with the speculation that T cell 

apoptosis in LN of HIV-infected individuals is associated with cells that abnormally express B7 

and/or CTLA4 receptors (Lenardo, 1999, Lanzavecchia and Sallusto, 2001). While the in vivo 

function of the B7+MHCII+ T cells remains unclear, there is some indication that activated T cells 

expressing B7 and MHCII can present antigen (Ag) to neighboring T cells in vitro. However, these 

T: T interactions primarily result in anergy induction, leading to speculation that this cell phenotype 

plays a role in maintaining peripheral tolerance (Wyss-Coray, et al., 1993, Haffar, et al., 1993, 
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Barnaba, et al., 1994, Lombardi, et al., 1996, Chai, et al., 1998, Taams, et al., 1999). 

In support of the B7/CTLA4 pathway as a mechanism of lentivirus-induced apoptosis, we 

recently reported an increased frequency of CD4+ and CD8+ T cells expressing B7 costimulatory 

molecules and CTLA4 that correlated with spontaneous T cell apoptosis in the feline 

immunodeficiency virus (FIV) model of HIV infection (Tompkins, et al., 2002).  Using three-color 

flow cytometric analysis, we demonstrated a high percentage of CD4+ and CD8+ T cells expressing 

B7.1, B7.2, and CTLA4 in lymph nodes, and to a lesser extent in the blood, of FIV+ cats and that a 

large fraction of CTLA4+ T cells co-expressed B7.1 and B7.2.  Further, three-color analysis with 

anti-B7.1, anti-B7.2, and anti-CTLA4 and TUNEL staining revealed that the B7.1+B7.2+CTLA4+ 

activated T cells undergo a high frequency of spontaneous apoptosis when compared to 

B7.1_B7.2_CTLA4_ naïve T cell phenotypes.  As the immunopathogenesis of HIV infection is 

similar to that of FIV, we examined the expression of the B7 and CTLA4 costimulatory molecules 

and their association with apoptosis in the peripheral blood of HIV-infected patients.   

In this paper we present evidence that similar to FIV infection, HIV infected individuals, 

perhaps due to chronic immune stimulation, develop an increased frequency of CD4+ and CD8+ T 

cells expressing B7.1, B7.2, and CTLA4 that co-express MHCII.  These B7+ or CTLA4+MHCII+ 

T cells have an APC-like phenotype and are analogous to T cells described in previous reports that 

are capable of inducing anergy and apoptosis in activated T cells (Wyss-Coray, et al., 1993, 

Barnaba, et al., 1994, Lombardi, et al., 1996, Chai, et al., 1998, Taams, et al., 1999). These 

results support our hypothesis that the progressive loss of immune function in lentivirus infected 
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individuals is the result of T cell-T cell interactions mediated via B7 and CTLA4 that lead to 

anergy and apoptosis. 

 
 

Materials and Methods  

Individuals studied.  Peripheral blood from 27 HIV_ and 74 HIV+ individuals was 

analyzed for surface expression of CTLA4 and/or B7 co-stimulatory molecules.  This set of patients 

ranged in age from 28-60 yr of age and consisted of 45 men and 56 women, seventy of the HIV+ 

patients were on antiretroviral therapy at the time of this study.  A second group of patients were 

utilized for apoptosis analysis and included HIV_ controls (n=18), HIV+ patients on HAART 

therapy (n=15) and HIV+ patients that were either HAART naïve or had discontinued HAART 

therapy (n=21) for a period of greater than 6 months.  These patients ranged in age from 28 to 61 

yr of age (median: 43; range 28-61 yr) and included 29 males and 26 females. A second group of 

patients was analyzed with respect to viral load these viral load values (RNA particles/ml) were 

obtained from patient records.  The patients were divided into two groups: low viral load was 

defined as <1x104 RNA particles per/ml and high viral load was designated as >6x104 RNA 

particles/ml.  The two groups were then analyzed for the expression of B7.1, B7.2 or CTLA4 on 

CD4+ or CD8+ subsets.

Flow Cytometric Analysis of Lymphocyte Surface Antigens.  Four-color flow 

cytometric analysis was used to determine the percent CD4+ and CD8+ T cells expressing B7.1, 

B7.2, and CTLA4 using a standard whole blood lysis method.  The following monoclonal 

antibodies (mAb), obtained from Becton-Dickinson (San Diego, CA), were incubated with whole 
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blood collected in EDTA: phycoerythrin (PE)-anti-B7.1 (clone L307.4), fluorescein 

isothiocyanate (FITC)-anti-B7.2 (clone 2331), Cy-chrome (CyC)-anti-CTLA4 (clone BN13), 

MHCII (HLA-DR; clone G46-6) conjugated to CyC and either allophycocyanin (APC)-anti-CD4 

(clone RPA-T4) or -anti-CD8 (clone RPA-T8).  Negative controls consisted of isotype-matched 

mAbs directed against irrelevant antigen (KLH).  Preliminary two-, three-, and four-color analysis 

demonstrated that none of the mAbs caused stearic interference resulting in artificially lower surface 

molecule expression (data not shown).   Blood was stored at room temperature until mAbs were 

added and all assays were set up within 3-24 hours after blood collection.  Analysis of several 

blood samples at 3-4 hours and again at 24 hours post collection indicated that there was no change 

in surface molecule expression during that time (data not shown).  Data were acquired on a 

FACScalibur flow cytometer (Becton-Dickinson), using a helium-neon laser as the second 

excitation source for the APC stained samples. Lymphocytes were gated based on forward versus 

side light scatter. For all samples data from 2000 gated events were acquired for subsequent 

analysis.  

Flow Cytometric-based TUNEL Assay for Identification of Apoptotic Cells.  

Peripheral blood mononuclear cells (PBMC) were isolated by density centrifugation using 

Histopaque-1077 (Sigma, St Louis, MO) following manufacturer’s instructions.  The band 

corresponding to a density of 1.077 was isolated and washed with 1x PBS, then dispersed into 6 

well plates for overnight incubation in complete medium (RPMI containing 10% FBS [Sigma, St. 

Louis, MO], 1% HEPES Buffer, 1% NaBicarbonate, 1% PenStrep, and 1% L glutamine [GIBCO 



 

 
 

146

 

BRL, Long Island, NY]) in the absence of stimulation or IL2.  The T cell apoptosis in PBMC 

was determined by a terminal deoxynucleotidyl transferase (TdT) nick end-labeling (TUNEL) assay 

with slight modifications to manufacturer’s instructions (Roche-Boehringer-Mannheim, Indianapolis, 

IN).  Cells were stained with antibody against CD4-APC, or CD8-APC, in combination with PE 

conjugated B7.1, B7.2, CTLA4, or CD28 (clone CD28.2) and in four- color cytometry with 

MHCII (HLA-DR; clone G46-6) or CD45R0 (clone UCHL1) conjugated to CyC (Becton 

Dickinson).  The cells were fixed in 2% paraformaldehyde and permeabilized with Tween20 and 

sodium citrate buffer.  Following permeablization, the cells were incubated with TdT and 

fluorescein-conjugated dUTP for 20 minutes at 37º C for end-nick labeling.  Data were acquired on 

a FACScalibur flow cytometer (Becton-Dickinson), using a helium-neon laser as the second 

excitation source for the APC stained samples. Lymphocytes were gated based on forward versus 

side light scatter and all samples included a minimum of 80,000 events collected for analysis.  

Statistical Analysis.  Data was collected for the expression of B7 or CTLA4 on CD4+ and 

CD8+ T cells from HIV_ and HIV+ individuals.  Data was initially analyzed for normal distribution 

utilizing a Wilcoxon sign-rank test and all parameters were found to be nonparametric in their 

distribution.  Therefore, a Mann-Whitney U test (t-test-like for non-parametric data) was used to 

compare HIV-infected patients versus controls for different parameters (e.g., B7 expression or 

apoptosis).  The Pearson Product Moment test was used to determine correlations between 

CD4:CD8 ratios, CD4 cell numbers, or virus load and co-stimulatory molecule expression.    For 

apoptosis analysis, comparisons were made between HIV_ and HIV+ patients with respect to 
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apoptosis in both CD4+ and CD8+ T cells using a Mann-Whitney U test.  Comparison in the 

level of apoptosis between CD4+B7_ or CD8+B7_ vs. CD4+B7+or CD8+B7+ and CD4+CTLA4_ or 

CD8+CTLA4_ vs. CD4+CTLA4+ or CD8+CTLA4+ and CD4+B7+MHCII_ or CD8+B7+MHCII_ 

vs. CD4+MHCII+ or CD8+B7+MHCII+ cell populations was performed in HIV_ and HIV+ 

populations separately using the Mann-Whitney U –test for nonparametric data.  All statistical 

analysis was performed using JMP software (SAS Institute, Cary, NC) and differences were 

considered significant at p≤ 0.05.  

Results 

 Increased expression of B7.1, B7.2 CTLA4 and decreased expression of CD28 on T 

cells from HIV-infected individuals.  We have reported increased expression of the co-

stimulatory molecules B7.1, B7.2 and CTLA4 on T cells from FIV-infected cats (Tompkins, et al., 

2002) and have postulated that these molecules play a role in the CD4 T cell loss seen in FIV 

infection.  To determine if this is the case in HIV infection, we analyzed, by four-color flow 

cytometry the expression of these costimulatory molecules on peripheral blood CD4+ and CD8+ T 

cells from HIV-infected patients.  As shown in Figure 1A, there is a significant increase in the 

percent CD4+ cells expressing B7.1 (HIV_ ranges: 0.67%-5.16%; HIV+ ranges: 0.72%-40.42%; 

p<0.0001), B7.2 (HIV_: 0.34%-4.59%; HIV+: 0.24%-53.16%; p=0.0007) and CTLA4 (HIV_: 

0.06%-7.18%; HIV+: 0.07%-29.73%; p=0.0023) in HIV+ compared to HIV_ individuals.  The 

percent CD8+B7.2+ T cells (Fig. 1B; HIV-: 0-3.63; HIV+: 0.1-18.89; p=0.0008) is also increased 

in HIV+ individuals, although there is no significant difference in the expression of either B7.1 or 
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CTLA4 on CD8+ cells between HIV_ and HIV+ individuals.  For both HIV+ and HIV_ 

individuals, the expression of the costimulatory molecules was higher in the CD4+ population than in 

the CD8+ population, with the difference being significant for all three molecules in HIV+ individuals 

(B7.1, p<0.0001; B7.2, p=0.019; CTLA4, p=0.049).   

The expression of the B7 ligand CD28, which transmits a positive costimulatory signal to a 

T cell, is reportedly decreased in patients with HIV (Choremi-Papadopoulou, et al., 1994, Lewis, 

et al., 1994, Leng, et al., 2002). Similarly we observed a significant decrease in the frequency of 

CD4+ and CD8+ T cells expressing CD28 in HIV+ patients compared with HIV_ individuals (Fig. 

1C) and a negative correlation between CD4+CTLA4+ expression and the frequency of 

CD4+CD28+ T cells (r = -0.4173; p<0.0157). 

To further determine the activation state of the T cells, we employed three color flow 

cytometry using mAb against CD4 or CD8 and mAb B7 or CTLA4 in combination with CD45RO, 

an isoform of CD45R that is often associated with activated and memory T cells (Smith, et al., 

1986, Kestens, et al., 1994, Lanzavecchia and Sallusto, 2000). This analysis revealed that 50-80% 

of the B7+ T cells in both HIV_ and HIV+ individuals co-expressed CD45RO and B7 indicating that 

these T cells were of an activated or memory cell phenotype (Fig. 2 and data not shown). 

Up-regulation of B7 and CTLA4 on CD4+ T cells correlates with decreased CD4+ T 

cell numbers and plasma viral load. When the HIV-infected patients in Figure 1 are divided into 

three groups according to their CD4+ T cell numbers (<100, 100-500, >500), there is a dramatic 

increase in the percent CD4+ T cells expressing B7.1, B7.2, and CTLA4 in the group with less than 
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100 CD4+ T cells (Fig. 3).  Also, there is a negative correlation with respect to the percent 

CD4+ T cells expressing the co-stimulatory molecules in HIV-infected patients and declines in 

CD4+ cell numbers (Fig. 3; B7.1: r= - 0.507, p< 0.0001; B7.2: r= -0.447, p< 0.0001; CTLA4:  r= 

-0.375, p= 0.006) and CD4:CD8 ratios (Fig. 4; B7.1: r = - 0.376, p = 0.001; B7.2: r = -0.449, 

p< 0.0001; CTLA4:  r= -0.406, p= 0.002). There is also a significant increase in the percent CD8+ 

T cells expressing B7.1 and B7.2 in the HIV+ <100 group over the other two groups (Fig. 3), and a 

negative correlation between the percent CD8+ T cells expressing B7.1 or B7.2 and CD4+ T cell 

numbers (B7.1: r= -0.386, p= 0.001; B7.2: r= -0.412, p= 0.001).  In contrast, there is a slight 

positive correlation between expression of these molecules and CD4:CD8 ratio in the HIV negative 

individuals (Fig. 4; B7.1: r= 0.057; B7.2: r=0.037; CTLA4:  r= 0.362). Similar to the CD4+ T cells, 

there is a positive correlation between the CD4:CD8 ratio and expression of the costimulatory 

molecules on CD8+ cells in HIV negative individuals (data not shown).  When the patients were 

examined with respect to viral load and co-stimulatory molecule expression, there is a positive 

correlation between plasma virus load and expression of B7.1, B7.2, and CTLA4 on CD4+ and 

CD8+ T cells (Table 1), suggesting that the presence of the virus might contribute to activation of T 

cells and induction of B7/CTLA4 molecules on their surface. 

Effect of viral load and HAART therapy on CD4+ and CD8+ T cells co-expressing 

costimulatory molecules. As we observed a positive correlation between plasma viral burden and 

T cells expressing the costimulatory molecules we next investigated whether treatment with highly 

active antiretroviral therapy (HAART) effected the level of the costimulatory molecules on T cells.  
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Because all but 4 of the patients shown in Figure 1 were receiving anti-retroviral therapy at the 

time their blood was analyzed, to address this question, we analyzed a second group of patients, 15 

of who were on HAART and 21 who had been off therapy for at least 6 months prior to analysis.  

Similar to the first group, this set of patients  had significant increases in the percent of T cells 

expressing B7.1 and B7.2 compared with controls, although there was no significant increase in the 

percent of T cells expressing CTLA4 (Table 2).  When the patients were divided into two groups 

based on HAART treatment there was a tendency for the patients not receiving HAART to have 

increases in the expression of co-stimulatory receptors compared with those that were receiving 

HAART therapy, although these differences were not consistently significant (Fig. 5A and 5B).   

Treatment with HAART often, although not absolutely, tends to lower viral load.  It is 

unknown whether patients receiving HAART adhered to their treatment regime or if patients not 

receiving HAART were able to naturally contain virus replication. Therefore, we divided the second 

group of patients not on treatment status, but by plasma viral load obtained from patient’s records 

during the study period.  When HAART_ and HAART+ patients were analyzed based on virus 

loads, we observed significantly increased B7.1 and CTLA4 expression on CD4+ T cells (Fig. 6A), 

in addition to increased B7.2 and CTLA4 expression on CD8+ T cells (Fig. 6B) in patients with high 

viral loads compared with those with lower plasma viremia. It appears that viral load is generally a 

reliable indicator for co-stimulatory molecule expression, regardless of treatment with HAART, as 

patients with high viral loads tended to have increases in the expression of B7 and CTLA4 on T 

cells in peripheral blood.  
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Expression of MHCII on T cells expressing B7.1, B7.2 and CTLA4. 

Our hypothesis suggests that T cells co-expressing B7 and MHCII are capable of 

modulating the peripheral immune response by inducing anergy and apoptosis and that these cells 

are present in HIV+ patients to a greater degree than in controls.  If negative T cell signaling occurs 

between T cells expressing the co-stimulatory receptors in HIV+ patients, we would predict that B7 

and MHCII would be co-expressed on the same T cell.  We therefore examined in more detail the 

relationship between B7 and MHCII expression on T cells from HIV infected patients.  Fresh 

PBMC from HIV_ and HIV+ patients were subjected to three-color flow cytometry.  Initially, using 

two-color flow cytometry we observed significant increases in the expression of MHCII on CD4+ 

and CD8+ T cells from HIV+ patients when compared with controls (Fig. 7A). The representative 

dot plots of HIV_ and HIV+ patients shown in Figure 7B reveal that the majority of CD4+B7+ or 

CD8+B7+ T cells from both HIV_ and HIV+ patients co-express MHCII, although there are 

significantly more CD4+ and CD8+ T cells that co-express B7 and MHCII from HIV+ patients 

compared with HIV_ patients (Fig. 7C). In addition, there is a significant increase in the frequency of 

B7+MHCII+ T cells within the total T cell population in HIV+ patients compared to controls  (Fig. 

7D).  These data suggest that there is an increased frequency and activation state of T cells in 

patients with HIV.  

 Expression of B7.1, B7.2 or CTLA4 and HLA-DR is associated with apoptosis.   

We previously demonstrated in FIV-infected cats that T cells expressing B7 and CTLA4 

co-stimulatory receptors had an increased frequency of spontaneous T cell apoptosis (Tompkins, et 
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al., 2002). To address this question in HIV infection, we utilized a fluorescein conjugated dUTP 

TUNEL assay in conjunction with three- and four-color flow cytometry analysis to monitor the level 

of spontaneous apoptosis in T cells from the peripheral blood of HIV_ and HIV+ individuals 

(patients in Fig. 5 and 6).   

TUNEL analysis revealed little to no spontaneous apoptosis in fresh blood samples, 

whereas apoptosis was detectable and significantly increased in HIV+ patients compared with HIV_ 

controls after 24 hours in culture (Table 3).  To determine whether apoptosis was associated with 

co-stimulatory expression we compared the CD4+ or CD8+ T cells that expressed B7 or CTLA4 

with the CD4+ or CD8+ T cells that did not express B7 or CTLA4 for TUNEL staining as following 

the analysis scheme demonstrated in Figure 8A.  This analysis did not include B7.1, as the 

CD4+B7.1+ and CD8+B7.1+ cell yields were insufficient after 24 hr (data not shown). The data in 

Figure 8B and 8C demonstrate that there is a higher percent of TUNEL+ cells in the CD4+B7.2+ or 

CD4+CTLA4+ (Fig. 8B) and CD8+B7.2+ or CD8+CTLA4+ (Fig. 8C) populations compared to the 

T cell populations that did not express B7.2 or CTLA4.   

The data presented in Figure 7 and 8 show that a significant proportion of B7+ T cells in 

HIV+ patients co-expressed MHCII and that expression of B7 or CTLA4 correlated with T cell 

apoptosis, similar to our observations in the cat. However, we were ultimately interested in 

determining whether cells with an APC-like phenotype (B7+MHCII+ T cells) were more prone to 

apoptosis than T cells that lacked this phenotype, therefore we compared CD4+B7+MHCII_  or 

CD8+B7+MHCII_ with CD4+B7+MHCII+ or CD8+B7+MHCII+ T cells, respectively, for TUNEL 
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staining as outlined in materials and methods. The analysis scheme we utilized to determine the 

levels of apoptosis in the B7.2+MHCII_ vs. B7.2+MHCII+ or CTLA4+MHCII_ vs. 

CTLA4+MHCII+ T cells is demonstrated for CD4+CTLA4+ T cells from an HIV+ individual in 

Figure 9A.  As predicted, CD4+B7.2+ or CD8+B7.2+ and CD4+CTLA4 or CD8+CTLA4 T cells 

that co-express MHCII have significantly higher levels of apoptosis than CD4+B7.2+ or CD8+B7.2+ 

and CD4+CTLA4+ or CD8+CTLA4+ T cells that do not express MHCII (Fig. 9B). These data 

provide support for our hypothesis that interaction between T cells that co-express MHCII and B7 

or CTLA4 can lead to anergy and apoptosis. The increased level of these cells in HIV infected 

patients might contribute to the non-responsiveness reported in patients in addition to playing a role 

in apoptosis.  

 

Discussion   

LN T cells from FIV-infected cats have increased numbers of B7+CTLA4+ T cells as 

compared to control cats (Tompkins, et al., 2002). Up-regulation of B7 and CTLA4 on T cells 

correlates with disease progression, as the highest numbers of B7+ and CTLA4+ CD4+ and CD8+ T 

cells are seen in animals with advanced infection. Because LN T cell apoptosis is a characteristic of 

FIV-infected cats, and appears to be associated with B7+CTLA4+ T cells (Tompkins, et al., 2002), 

we hypothesized that T-T interactions mediated by B7.1/B7.2 - CTLA4 ligation may be responsible 

for T cell apoptosis and the eventual development of AIDS. A number of reports have described 

increased expression of B7.1 and B7.2, as well as MHC Class II molecules on murine or human T 
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cells following anti-CD3 or antigen stimulation (Azuma, et al., 1993, Sansom, et al., 1993, 

Wyss-Coray, et al., 1993, Barnaba, et al., 1994). These activated T cells with an APC phenotype 

are capable of acting as APC, but instead of inducing proliferation, transduce signals for anergy and 

apoptosis of other activated T cells (Lombardi, et al., 1996, Greenfield, et al., 1997, Chai, et al., 

1998). 

The data presented here demonstrates an increased frequency of T cells from HIV infected 

patients that express an unusual activation phenotype previously associated with T cell antigen 

presentation and anergy (Lanzavecchia, et al., 1988, Azuma, et al., 1993, Wyss-Coray, et al., 

1993, Barnaba, et al., 1994, Chai, et al., 1998, Taams, et al., 1999).  The B7+MHCII+ or 

CTLA4+MHCII+ T cells have an activated or memory phenotype, as the majority of  T cells that 

expressed B7 also co-express CD45RO, an isoform of CD45R that is found on previously 

activated/memory T cells (Fig. 2; Kestens, et al., 1994, Lanzavecchia and Sallusto, 2000).  

Increased expression of activation markers such as MHCII, CD69, CD38 and CD45RO on the 

surface of T cells from HIV infected patients has been widely reported by others (Lees, et al., 

1993, Kestens, et al., 1994, Badley, et al., 1996, Gougeon, et al., 1996, Nokta, et al., 2001).  

These observations provide support for our data showing an expansion in B7+MHCII+CD45RO+ T 

cells in peripheral blood from HIV infected individuals (Haffar, et al., 1993, Wyss-Coray, et al., 

1993, Kochli, et al., 1999, Steiner, et al., 1999, Leng, et al., 2002).   

In the initial group of patients (Fig 1, Table 1), we saw a significant correlation between viral 

load and B7 or CTLA4 expression on T cells from HIV+ patients. The increased expression of 
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costimulatory molecules was inversely correlated with CD4 T cell counts and CD4:CD8 ratios 

in HIV+ patients, and was positively correlated with viral load (Table 1).   HAART generally causes 

a marked decrease in plasma viremia and comparison of HAART+ patients with HAART_ patients 

revealed a similar trend, in that treatment with HAART tends to decrease the B7+CTLA4+ T cells, 

although this difference was not statistically significant (Fig. 5A).  Lack of clear distinction between 

HAART+ and HAART_ patients could reflect problems with adherence to medications or the fact 

that a small portion of HIV+ patients maintain low viral loads even in the absence of therapy, 

suggesting that viral load is a better predictor of B7 expression than receipt of HAART therapy 

(Fig. 6).  In support of this, when patients are divided based on viral load rather than HAART 

treatment, there was a significant correlation between expression of B7 and CTLA4 on CD4+ and 

CD8+ T cells and viral loads (Fig. 6A and 6B).    

Treatment with HAART therapy is generally associated with the down-regulation of 

activation receptors on immune cells. Several activation markers reportedly decrease after the 

initiation of HAART, including CD38, MHCII, FasL and CD45RO (Landay, et al., 2002, Ensoli, et 

al., 2000, Dyrhol-Riise, et al., 2001). However, consistent with our results are reports showing no 

change in the expression of FasL on LN T cells from HIV infected patients after initiation of 

HAART therapy (Badley, et al., 1998).  Similarly, Leng demonstrated no difference in the 

expression of Ki67, a marker for dividing cells, and no difference with respect to correlations with 

CD4 T cell counts or viral load with MHCII expression, when comparing patients on or off of 

HAART therapy (Leng, et al., 2001).  It therefore appears that expression of some, but not all, 
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activation markers are decreased as a result of drug therapy. Due to poor or inconsistent 

adherence to therapy, viral loads independent of treatment status may be a better indicator of 

receptor expression. Conversely, receptor expression might simply be caused by the presence of 

viral antigens, as is the case in patients with autoimmune disease (Ranheim and Kipps, 1994, Abe, 

et al., 1999, Dennet, et al., 2002).  In support of this are reports suggesting that after a year on 

antiviral therapy the declines in activation markers and in apoptosis plateau, but still remain higher 

than levels observed in HIV_ patients (Bisset, et al., 1998, Valdez, et al., 2002).   

Previous data from this laboratory examining the LN of FIV-infected cats found that the 

frequency of T cells expressing B7 or CTLA4 is consistently higher in the LN compared with the 

blood (Tompkins, et al., 2002).  Barnaba identified the highest levels of B7+MHCII+ T cell 

populations in the liver of a hepatitis C infected patient, the primary site of the hepatitis C virus 

replication (Barnaba, et al., 1994).  Although we were able to detect B7+MHCII+ T cells in PBMC 

from HIV infected patients, we predict that the level of CD4+B7+ or CD4+CTLA4+ and CD8+B7+ 

or CD8+CTLA4+ cells would be higher in the LN from HIV infected patients, as this is the primary 

area of virus replication during the asymptomatic stage of infection (Pantaleo, et al., 1993, Pantaleo, 

et al., 1998).  It would be of interest to examine tonsil biopsies from HIV_ and HIV+ patients to 

determine whether similar associations of B7 or CTLA4 expression and apoptosis occur in fresh 

LN from HIV infected patients (Pantaleo, et al., 1993, Garrigue, et al., 2000).    

The B7+MHCII+ T cells in this study are similar phenotypically to those described in 

patients with autoimmune disorders such as systemic lupus erythmatosus (SLE) and rheumatoid 
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arthritis. This work demonstrates for the first time the presence of a small number of these cells 

in humans with no overt clinical disease, in addition to elevated numbers of these cells in HIV 

infected patients compared with controls and raises questions regarding the immunological function 

of these cells in vivo (Azuma, et al., 1993, Barnaba, et al., 1994, Ranheim and Kipps, 1994, Abe, 

et al., 1999). A recent study by Ferlazzo, et al., (2002) examined the development of these 

B7+MHCII+ T cells by generating them in vitro from seronegative patients; they determined that B7 

acquisition on T cells does not involve B7 receptor transfer from APC, as both B7 surface 

expression and mRNA were observed in T cells (Ferlazzo, et al., 2002). The B7 expression was 

induced in the presence of strong activation by staphylococcal enteroxin B (SEB) and by 

interactions between DC and T cells that was partially mediated by MHCII, as blocking antibody to 

MHCII could inhibit B7 expression on T cells (Ferlazzo, et al., 2002).   

The CD4+B7+MHCII+ or CD8+B7+MHCII+ and CD4+CTLA4+MHCII+ or 

CD8+CTLA4+MHCII+T cells appear in both HIV_ and HIV+ patients, suggesting that these cells 

might represent a regulatory T cell population involved in maintaining peripheral tolerance.  Several 

groups have examined the function of these cells in vitro utilizing T cell lines or PBMC and show T 

cells co-expressing B7 and MHCII are capable of presenting Ag to activated T cells, although 

different experimental systems produced conflicting results, as one set of conditions induced 

proliferation while other conditions resulted in anergy (Lanzavecchia, et al., 1988, Haffar, et al., 

1993, Lombardi, et al., 1996, Chai, et al., 1998, Taams, et al., 1999).  Functional analysis of B7+ T 

cells from seronegative patients produced in vitro after stimulation with SEB or co-culture with DC 
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demonstrated APC-like T cells could induce proliferation in naïve autologous T cells, but 

induced anergy in previously activated T cells, an outcome that could be blocked by anti-B7.2 or 

CTLA4 fusion protein, consistent with work from several groups (Lombardi, et al., 1996, Chai, et 

al., 1998, Taams, et al., 1999, Ferlazzo, et al., 2002).  In agreement with previous observations 

from this laboratory in the feline model of HIV, we demonstrated that CD4+ or CD8+ T cells 

expressing the B7 and CTLA4 costimulatory molecules had increased levels of TUNEL+ cells 

compared with T cells that lacked these costimulatory molecules. Consistent with this observation is 

the apparent relationship in this work with the propensity of B7+MHCII+ T cells to undergo 

apoptosis compared to B7+MHCII_ T cells (Fig. 9).  Taken together these studies suggest that the 

outcome of T: T interactions are dramatically affected by the activation state of the T cell, an 

observation that is consistent with the dual function of CTLA4 (Gribben, et al., 1995, Brunner, et 

al., 1998).   

 The CD4+B7+MHCII+ or CD8+B7+MHCII+ and CD4+CTLA4+MHCII+ or 

CD8+CTLA4+MHCII+T cell phenotype resembles previously described in vitro activated APC-

like T cells from the FIV infected cats (Tompkins, et al., 2002, Vahlenkamp, submitted) and HIV-

infected humans (Kochli, et al., 2002) shown  to be capable of inducing anergy and apoptosis in 

activated T cells (Lombardi, et al., 1996, Chai, et al., 1998, Taams, et al., 1999).  Barnaba et al., 

(1994) described T cells with a similar phenotype in the liver of a patient with hepatitis C virus 

suggesting that CD4+ or CD8+B7+MHCII+ T cells are not specifically associated with FIV or HIV 

infection, but may represent a small fraction of T cells chronically activated in the presence of 
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persistent Ag.   The significance of these APC-like T cells to immunity or the immunopathology 

associated with lentivirus infection is not known and the increased susceptibility of these T cells to 

apoptosis remains to be clarified.  As these cells appear to be of an activated phenotype, our 

observations in this study provide further evidence that T cells in HIV infected patients occurs 

primarily in activated T cells and might be a result of T: T cell interactions in the LN that induce 

anergy and apoptosis in activated T cells (Muro-Cacho, et al., 1995, Finkel, et al., 1995, Gougeon, 

et al., 1996, Leng, et al., 2001, Leng, et al., 2002) 

We hypothesized that the APC-like phenotype, CD4+B7+MHCII+ or CD8+B7+MHCII+ 

and CD4+CTLA4+MHCII+ or CD8+CTLA4+MHCII+ T cells, develop as a result of chronic 

immune stimulation. These cells might contribute to the elevated levels of apoptosis observed in HIV 

infected individuals, presumably by controlling activated T cells at sites of inflammation or at sites of 

viral replication.  The naïve T cells in this environment would become non-responsive to secondary 

stimulation and no longer produce IL2, a phenomenon reported frequently in HIV infected 

individuals (Hofman, et al., 1986, Clerici and Shearer, 1989, Gruters, et al., 1990, Lees, et al., 

1993, Graziosi, et al., 1996, Pairdini, et al., 2001). Conversely, T cells with an activated phenotype 

would receive an apoptotic signal and may account for the majority of the T cells that we observe in 

our in vitro studies (Fig. 9). However, it remains unclear why during the course of an immune 

response T cells develop a phenotype that is capable of APC like function, although it is tempting to 

speculate that their role in the immune response is to down-regulate or modulate the magnitude of 

the immune response.  
 



Figure 1. Changes in Expression of co-stimulatory molecules on peripheral blood T cells 
from HIV-infected individuals. 
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Figure 1. Changes in Expression of co-stimulatory molecules on peripheral blood T 
cells from HIV-infected individuals. 
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Figure 2. The CD4+B7+ and CD8+B7+ T cells have an activated/memory phenotype. 
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Figure 3. Low CD4+ T cell numbers in HIV-infected patients correlate with increased 
co-stimulatory molecule expression.
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Figure 4. Inverse correlation between expression of co-stimulatory molecules and 
CD4:CD8 ratios in HIV-infected individuals. 
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Figure 5. No significant difference in the level of B7 expression in patients receiving 
HAART therapy compared with those not receiving HAART treatment.
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Figure 6. Viral load affects B7 expression in HIV+ patients regardless of treatment 
status. 
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Figure 7A. Analysis of APC-like T cells for expression of MHCII and co-expression of 
MHCII and B7 in peripheral blood
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Figure 7B. Analysis of APC-like T cells for expression of MHCII and co-expression of 
MHCII and B7 in peripheral blood
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Figure 7C. Analysis of APC-like T cells for expression of MHCII and co-expression of 
MHCII and B7 in peripheral blood
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Figure 7D. Analysis of APC-like T cells for expression of MHCII and co-expression of 
MHCII and B7 in peripheral blood
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Figure 8A. Apoptosis is associated with T cells that express B7 or CTLA4.
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Figure 8B. Apoptosis is associated with T cells that express B7 or CTLA4.
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Figure 9A.  Apoptosis occurs primarily in T cells that co-express B7 or CTLA4 and 
MHCII.
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Figure 9B.  Apoptosis occurs primarily in T cells that co-express B7 or CTLA4 and 
MHCII.
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Figure Legends  

Figure 1. Changes in Expression of costimulatory molecules on peripheral blood T cells 

from HIV-infected individuals.  Box-whisker plots demonstrating increase in percent T 

cells from 74 HIV-infected individuals expressing cell surface co-stimulatory molecules 

compared to 26 controls.  Two- and three-color flow cytometry analysis using APC-

conjugated mAb anti-CD4 or CD8, FITC-conjugated mAb anti-B7.2, PE-conjugated mAb 

anti-B7.1, -B7.2, -CD28 -CTLA4, and Cy-Chrome-conjugated mAb anti-CTLA4 was 

performed on peripheral blood lymphocytes from HIV uninfected and HIV-infected 

individuals using a whole blood lysis technique.  In a second set of patients, described in the 

text and table 2-3, the expression of CD28 on CD4+ or CD8+ T cells was examined.    Each 

box-whisker plot represents the 5th and 95th percentiles (whiskers), 25th and 75th percentiles 

(box), and median (middle line).   A) CD4+B7.1+, CD4+B7.2+ and CD4+CTLA4+ B) 

CD8+B7.1+, CD8+B7.2+ and CD8+CTLA4+ C) CD4+CD28+ and CD8+CD28+. Values 

represent the percent surface receptor positive of total CD4+ or CD8+ cells (n= the number of 

individuals analyzed) and p values were obtained using the Mann-Whitney U-test to compare 

receptor expression between HIV_ and HIV+ groups. 

 

Figure 2. The CD4+B7+ and CD8+B7+ T cells have an activated/memory phenotype.  

Representative dot plots of CD4+ and CD8+ T cells from HIV_ and HIV+ patients.  Three-

color flow cytometry was conducted using APC-conjugated mAb anti-CD4 or CD8, PE-

conjugated mAb anti-B7.2 and Cy-Chrome conjugated-CD45RO was performed on 

peripheral blood lymphocytes from HIV-uninfected and HIV-infected individuals using a 

whole blood lysis technique. The CD4+ or CD8+ T cells populations were designated as G1, 
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subsequent dot plots examine the percent CD4+B7.2+CD45RO+ and 

CD8+B7.2+CD45RO+ T cells within the total CD4+ or CD8+ T cell subsets and demonstrate 

that the majority of CD4+ or CD8+ T cells co-express B7 and CD45RO+. 

 

Figure 3.  Low CD4+ T cell numbers in HIV-infected patients correlate with increased 

co-stimulatory molecule expression.  The percent of receptor positive T cells presented in 

Figure 1 were divided according to CD4+ T cell numbers, following CDC guidelines for HIV 

disease stage classification (CDC, 1993), patients were grouped based on CD4 T cell counts 

<100/µl, <500/µl and >500/µl.  Box-whisker plots are as described in figure one.  Statistical 

analysis was performed using a Mann-Whitney U test to examine differences in co-

stimulatory receptor expression between each group with p<0.05 considered significantly 

different.  

 

Figure 4.  Inverse correlation between expression of costimulatory molecules and 

CD4:CD8 ratios in HIV-infected individuals.   The relationship between CD4: CD8 ratio 

and co-stimulatory receptor expression was examined to determine correlations (r) of data 

presented in figure one. Analysis was performed using the Pearson Product Moment test for 

pair-wise comparisons.  The r- and p- values are displayed on each graph. A) CD4+B7.1+ 

receptor expression vs. CD4:CD8 ratio ; B) CD4+B7.2+ receptor expression vs. CD4:CD8 

ratio; C) CD4+CTLA4+ receptor expression vs. CD4:CD8 ratio, correlations were considered 

significant at p<0.05. 
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Figure 5. No significant difference in the level of B7 expression in patients receiving 

HAART therapy compared with those not receiving HAART treatment.  Three-color 

flow cytometric analysis used APC-conjugated mAb anti-CD4 or CD8, and PE-conjugated 

mAb anti-B7.1, -B7.2, -CTLA4 on peripheral blood lymphocytes from controls and HIV-

infected individua ls using a whole blood lysis technique. Patients were classified as receiving 

HAART therapy or not receiving HAART therapy for 6 months or longer prior to admission 

to the study.  Statistical analysis was performed using a Mann-Whitney U test to determine 

differences in co-stimulatory receptor expression on CD4+ or CD8+ T cells between each 

group, no significant differences were noted with respect to treatment. A) CD4+B7.1+, 

p=0.0395; CD4+B7.2+, p=0.2690; CD4+CTLA4+, p=0.1319; B) CD8+B7.1+, p=0.1514; 

CD8+B7.2+, p=0.1800; CD8+CTLA4+, p=0.0707.  

 

Figure 6. Viral load affects B7 expression in HIV+ patients regardless of treatment 

status.  Flow cytometry was performed as outlined in Figure one. The RNA partilces/ml 

(viral load) was obtained from patient records.  The patients were divided based on viral load 

into two groups, low viral load was defined as <1x104 RNA copies per/ml and high viral load 

was designated as >6x104 RNA copies/ml.  The two groups were then analyzed for the 

expression of B7.1, B7.2 or CTLA4 on CD4+ or CD8+ T cells.  Statistical analysis was 

performed using a Mann-Whitney U test to examine differences in co-stimulatory receptor 

expression between each group, differences were considered significant at p=0.05. A) 

CD4+B7.1+, p=0.0264 CD4+B7.2+, p=0.5157; CD4+CTLA4+, p=0.05; B) CD8+B7.1+, 

p=0.1501; CD8+B7.2+, p=0.05; CD8+CTLA4+, p=0.0248.  
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Figure 7. Analysis of T cells expressing MHCII and those co-expressing B7 and 

MHCII in peripheral blood.  Two- and three-color flow cytometry examining receptor 

expression used APC-conjugated mAb anti-CD4 or CD8, and PE-conjugated mAb anti-B7.2, 

-CTLA4 and CyC-conjugated MHCII incubated with whole blood from HIV_ and HIV+ 

individuals followed by a whole blood lysis technique as described in Figure one. A) Two 

color analysis of MHCII expression on total CD4+ and CD8 + T cell populations from HIV_ 

and HIV+ patients. B) Typical dot-plot from HIV_ and HIV+ subject demonstrating B7 and 

MHCII co-expression on CD4+ and CD8+ T cells.  The analysis was performed as follows: 

lymphocyte populations were identified by forward (FSC) and side scatter (SSC) then 

defined as G1.  The CD4+ or CD8+ T cells were subsequently gated by FL-4 (APC) vs. SSC 

to eliminate monocytes and CD4+ or CD8+ cells were defined as G1 and G2.  The T cell 

populations were examined for the expression of B7+ cells vs. MHCII+ in the dot plots shown 

in 7B. The values in parentheses represent the frequency of CD4+B7+MHCII+ or 

CD8+B7+MHCII+ T cells within the total CD4+ or CD8+ T cell population, whereas the va lue 

not in parentheses represent the percent of the total CD4 +B7+ or CD8+B7+ T cells that co-

express MHCII. C) Box-whisker plot of three-color flow cytometry analysis showing the 

percent of the total CD4+B7+ or CD8+B7+ T cells that co-express MHCII from HIV_ and 

HIV+ individual (values not in parentheses in 7B). D) Box whisker plot of three-color flow 

cytometry analysis showing the frequency of CD4+B7.1+ or CD8+B7.1+ and CD4+B7.2+ or 

CD8+B7.2+ cells co-expressing MHCII within the total CD4+ or CD8+ T cell populations 

from HIV_ and HIV+ individuals (values in parentheses in 7B). Statistical analysis examining 

differences between HIV_ and HIV+ individuals was performed using the Mann-Whitney U 

test; significance was set at p<0.05. 
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Figure 8. Apoptosis is associated with T cells that express B7 or CTLA4.  Peripheral 

blood mononuclear cells from HIV-negative controls and HIV-infected patients were isolated 

using density centrifugation as outlined in materials and methods.  The cells were incubated 

in complete medium at 37°C, after 24 hr PBMC were harvested then stained with mAb anti- 

CD4 or -CD8 in combination with anti-B7.1, -B7.2 or -CTLA4 then subjected to TUNEL 

staining. The CD4+B7+ or CD8+B7+ and CD4+CTLA4+ or CD8+CTLA4+ T cells were 

identified as outlined in legend of Figure 7.  A) Dot plot analysis for detection of TUNEL+ 

cells within the CD4+B7.2_ (R3) and CD4+B7.2+ (R2) T cell populations.  B) The bar graph 

represents the percent TUNEL+ T cells within each subset of CD4+B7.2_ and CD4+B7.2+ or 

CD4+CTLA4_ and CD4+CTLA4+ T cells C) CD8+B7.2_ and CD8+B7.2+ or CD8+CTLA4_ 

and CD8+CTLA4+ T cells.  Statistical analysis was performed using the Mann-Whitney U 

test. The p values indicate significant differences with respect to TUNEL staining and 

expression of co-stimulatory molecules and are as follows: for CD4+ T cells: HIV- negative: 

CD4+B7.2_ vs. CD4+B7.2+, p<0.01; CD4+CTLA4_ vs. CD4+CTLA4+, p=0.0941; HIV 

positive: CD4+B7.2_ vs. CD4+B7.2+, p<0.001; CD4+CTLA4_ vs. CD4+CTLA4+, p=0.0995.  

Statistics for CD8+ T cells: HIV negative:  CD8+B7.2_ vs. CD8+B7.2+, p<0.01; CD8+CTLA4_ 

vs. CD8+CTLA4+ p<0.01; HIV positive: CD8+B7.2_ vs. CD8+B7.2+, p<0.0004; 

CD8+CTLA4_ vs. CD8+CTLA4+ p<0.0004; *p≤ 0.01. 
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Figure 9.  Apoptosis occurs primarily in T cells that co-express B7 or CTLA4 and 

MHCII. 

Peripheral blood mononuclear cells from HIV-infected patients and HIV-negative controls 

were isolated using density centrifugation as outlined in materials and methods.  PBMC were 

isolated using density centrifugation as outlined in materials and methods. The cells were 

incubated in complete medium at 37°C and 24 hr later PBMC harvested then subjected to 

four-color flow cytometry, by staining the cells with APC-conjugated mAb anti-CD4 or -

CD8 in combination with PE-conjugated mAb anti-B7.2 or -CTLA4, CyC-conjugated 

MHCII and TUNEL (Fluorescein) staining. A) The scheme for identification of the CD4+B7+ 

or CD4+CTLA4+ and CD8+B7+ or CD8+CTLA4+ T cells that do or do not co-express MHCII 

(R6 and R5, respectively) similar to the analysis in Figure 8. Within these subsets the 

CD4+B7+MHCII_ vs. CD4+B7+MHCII+ or CD4+CTLA4+MHCII_ vs. CD4+CTLA4+MHCII+ 

and CD8+B7+MHCII_ vs. CD8+B7+MHCII+ or CD8+CTLA4+MHCII_ vs. 

CD8+CTLA4+MHCII+ T cells were gated and examined by histogram analysis to determine 

the relative amount of TUNEL+ T cells within each population. The bars represent the 

percent TUNEL+ T cells within the following populations: A) CD4+B7+MHCII_ vs. 

CD4+B7+MHCII+ and CD8+B7+ MHCII_ vs. CD8+B7+ MHCII+ B) CD4+CTLA4+MHCII_ vs. 

CD4+CTLA4+MHCII+ and CD8+CTLA4+ MHCII_ vs. CD8+CTLA4+MHCII+.  Statistical 

analysis was performed using JMP software and the Mann-Whitney U test. The p values 

indicate significant differences between CD4+ or CD8+ T cells expressing B7 or CTLA4 

based on their expression of MHCII (MHC_ or MHCII+) with respect to TUNEL staining, 

*p=0.04, **p<0.003. 
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Table 1: Correlation between plasma virus load and percent CD4+ and CD8+ T cells 

expressing B7.1, B7.2, and CTLA4. 

___________________________________________________________________________ 

Costimulatory molecules 

____________________________________________________________ 

      B7.1 
________ 

    B7.2 
________ 

   CTLA4 
________ 

 
CD4+ Cells 

 r = 0.3191 
 
p = 0.054 

 r = 0.513 
 
p = 0.002 

 r = 0.627 
 
p < 0.0001 

 
CD8+ Cells 

 r = 0.465 
 
p = 0.004 

 r = 0.708 
 
p < 0.0001 

 r = -0.080 
 
p = 0.675 

___________________________________________________________________________ 

1Correlations (r) of plasma virus load and co-stimulatory molecule expression, p values were 

determined using the Pearson Product Moment test. 
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Table 2. Median and ranges for B7/CTLA4 expression for second set of HIV 

patients used in apoptosis study. 

 

 
1The data are displayed as the distribution of receptor expression on CD4+ or CD8+ T cells 
from HIV_ and HIV+ patients as the median and (25th percentile -75th percentile).  No 
significant differences in expression of co-stimulatory molecules were observed when 
comparing HIV+ patients receiving therapy (n=15) vs. those not receiving HAART therapy 
(n=21). Therefore, in this second group of patients all HIV+ patients regardless of treatment 
status were grouped together for the statistical analysis of receptor expression.   Two patients 
were eliminated from this analysis as they experienced erratic increases in viral burden 
between two sampling time points unlike other patients evaluated in this study (viral load of 
82 copies/ml increasing to 948 copies/ml within a two month period). Statistical analysis 
examined differences between HIV_ and HIV+ patients utilizing a Mann-Whitney t-like test 
for nonparametric data and p values are listed.  

 HIV (-) n=18 HIV (+) n=36 P value 

 median (25-751) median (25-75)  

CD4 B7.1 1.87 (1.24-1.83) 5.28 (2.29-7.02) 0.0102 

CD4 B7.2 1.78 (1.16-2.95) 7.93 (3.74-12.91) <0.0001 

CD4 CTLA4 5.06 (3.18-6.7) 4.83 (2.8-7.36) NSD 

CD8 B7.1 0.59 (0.33-1.08) 1.32 (0.625-2.45) 0.0072 

CD8 B7.2 2.27 (1.61-4.58) 10.99 (7.0-16.98) <0.0001 

CD8 CTLA4 3.82 (3.06-8.01) 3.12 (1.55-5.75) NSD 
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Table 3.  Increased apoptosis in CD4+ and CD8+ T cells from HIV+ patients.  
 
 
 
 

 

 
 
 
 
* The second group of patients used to examine apoptosis.  The table shows differences in 
the TUNEL staining (apoptosis) in CD4+ and CD8+ T cells and displayed as the median and 
25th and 75th percentiles.  No statistically significant difference in the level of apoptosis 
existed between HIV+ patients that were on HAART therapy when compared with those that 
were naïve to treatment or not receiving HAART (CD4: p= 0.8958; CD8: p=0.8519).   These 
groups were therefore combined for statistical analysis. Statistical analysis was performed 
using Mann-Whitney T-test for non-parametric data, significance was set at p<0.05. 
 
 
 
 
 
 
 
 
 
 
 

CD4  Percentile    

 n Median 25th 75th P value* 

HIV (-) n=13 8.17 2.0 21.9 NA 

HIV (+) n=29 24.78 11.76 34.4 0.0087 

CD8                         Percentile    

 n Median 25th 75th P value* 

HIV (-) n=13 7.82 2.29 10.69 NA 

HIV (+) n=29 13.89 5.89 19.09 0.014 
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SUMMARY 

The preceding experiments have demonstrated the following in FIV infected 

domestic cats: 

1. B7.1, B7.2 and CTLA4 costimulatory receptors are upregulated on the surface of T 

cells from the blood and lymph node of FIV infected animals, when compared with 

controls. 

a. Significant increases in the expression of B7 and CTLA4 on CD4+ and CD8+ 

T cells occur as the time post infection increases.  

b. The majority of CD4+B7+ and CD8+B7+ T cells co-express CTLA4.  

c. There is no significant difference with respect to apoptosis in freshly excised 

LN samples when comparing T cells from uninfected and infected cats.  

However, FIV infected animals have increased levels of spontaneous apoptosis 

after overnight culture when compared with uninfected controls.  

d. The majority of apoptosis occurs in the T cells that are expressing B7 or 

CTLA4, in both FIV uninfected and infected animals. Due to the elevated 

percent of T cells that co-express B7 and CTLA4 in infected animals, the net T 

cell loss of B7+ and CTLA4+ T cells would be higher in FIV infected cats. 
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2. Spontaneous apoptosis in FIV infected animals can be blocked by the addition 

of IL2 and in cats with low viremia by addition of pAb against B7.1, but not by 

CTLA4. 

a. Exogenous IL2, the primary cytokine that is produced by interactions 

between B7 and CD28, is able to inhibit apoptosis (~40%) observed in FIV-

infected animals after overnight culture. 

b. In cats with low viremia addition of antibodies against B7.1 partially inhibits 

apoptosis. Addition of anti-B7.2 tended to increase apoptosis, while anti-

CTLA4 had no effect on apoptosis. 

c. The spontaneous apoptosis observed after overnight culture tended to be 

decreased when T cells were treated with a caspase inhibitor (ZVAD-fmk), 

suggesting that caspase inhibitors may play a partial role in mediating 

apoptosis.  

 

The preceding experiments have demonstrated the following in peripheral blood 

from HIV infected patients: 

3. Similar to the observations in LN samples from FIV infected cats, T cell subsets 

from HIV infected individuals have increased frequencies of B7+MHCII+ and 

CTLA4+MHCII+ T cells compared with controls.   

a. The B7.1, B7.2 and CTLA4 costimulatory receptors are upregulated on T 

cells from the blood of HIV infected humans, when compared with controls.  

In addition, the primary receptor for B7, CD28, is significantly downregulated 

on T cells from HIV-infected patients compared with controls. 
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b. The CD4+B7+ and CD8+B7+ or CD4+CTLA4+ and CD8+CTLA4+ T cells 

co-express MHCII and apparently represent an activated or memory phenotype 

as the majority of CD4+B7+ and CD8+B7+ T cells also co-express CD45RO, a 

marker expressed primarily on activated T cells.  Significantly more of the 

CD4+B7+ and CD8+B7+ T cells from HIV infected patients co-express MHCII 

than in uninfected controls. The CD4+B7+MHCII+ and CD8+B7+MHCII+ or 

CD4+CTLA4+MHCII+ and CD8+CTLA4+MHCII+ T cells have an activation or 

APC-like phenotype observed in other chronic viral infections that has been 

associated with antigen presentation and anergy induction.   

c. The T cells from HIV infected individuals have elevated levels of 

spontaneous apoptosis after overnight culture compared with HIV uninfected 

controls.  Apoptosis occurs primarily in CD4+ or CD8+ T cells that co-express 

B7 or CTLA4 and MHCII, when compare to CD4+B7+ or CD8+B7+ T cells that 

do not express MHCII. 

 

CONCLUSIONS 

Based on the experiments outlined herein FIV appears to be a reliable predictor for 

immunological outcomes in the PBMC from HIV infected patients.  Similar results were 

observed in feline PBMC with respect to B7 and CTLA4 expression compared with the B7 

and CTLA4 expression in PBMC from HIV infected individuals.  Thus, FIV infected 

domestic cats can serve as a good model for simulating the immunopathogenesis seen in HIV+ 

patients.   
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Progressive immune deterioration in HIV and FIV infections is manifested by the 

inability of CD4+ cells to produce IL2 and proliferate in vitro in response to MHC class II-

restricted recall antigens and mitogens.  As activated anergic T cells frequently progress to 

apoptosis in the absence of IL2, one would predict a high frequency of T cell apoptosis in 

lymphoid tissues of individuals with these infections.  This dissertation identified in PBMC 

from HIV infected individuals an increase in the frequency of an APC-like phenotype 

(CD4+B7+MHCII+ or CD8+B7+MHCII+ and CD4+CTLA4+MHCII+ or CD8+CTLA4+MHCII+ 

T cells) that was previously shown in vitro to induce apoptosis and anergy in antigen activated 

T cells.   

That these T cells are detectable in the peripheral blood and LN from uninfected 

individuals, suggests the APC-like phenotype of T cells represents a normal component of an 

immune response, possibly as a mechanism of maintaining peripheral tolerance.  Although the 

precise reason for the expansion of an APC-like T cell remains undefined, several reports 

have observed increases in this population in patients with autoimmune disorders and in in 

vitro models of chronic T cell activation, suggesting that persistent antigenic stimulation leads 

to the expansion of APC-like T cells.  Hence, one would predict that increased levels of 

B7+MHCII+ or CTLA4+MHCII+ T cells would occur in the LN from lentivirus infected 

individuals, as this is the primary site of replication during the asymptomatic phase of the HIV 

infection.  In support of this LN T cells from FIV uninfected and infected animals had 

significantly higher levels of T cells expressing B7.1, B7.2 and CTLA4 compared to the T 

cells in the peripheral blood (Chapter 1), and it is likely that LN T cells from HIV infected 

humans would also have increased levels of B7+MHCII+ T cells.   
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The precise nature of these cells within the context of HIV infection remains to be 

elucidated, as this work did not specifically characterize the function of these APC-like T 

cells.  These APC like T cells might play a role in containing the inflammatory or antiviral 

responses that result as a consequence of persistent viral infection.  The increased frequency 

of B7+MHCII+ or CTLA4+MHCII+ T cells in lentivirus-infected individuals encourages 

several questions pertaining to their function.  For instance, are these T cells non-responsive 

to recall antigen and impaired in their ability to produce IL2, as one would predict?  Do the 

B7+MHCII+ or CTLA4+MHCII+ T cells induce anergy or apoptosis in activated T cells in 

vitro or in vivo?  Are these cells undergoing apoptosis due to direct viral infection?  Do these 

APC-like T cells occur during acute HIV infection?  Are these T cells a characteristic of other 

chronic viral infections?  As we have demonstrated in this work, feline immunodeficiency 

virus infection provides a good model for addressing some of these questions.  Research in 

both HIV and FIV infections could explore further the nature of the APC-like T cells.  As 

apoptosis was a characteristic of B7+MHCII+ T cells in uninfected and infected individuals, it 

will be important to determine the role of these cells within the immune system. It is likely 

that these activated T cells are a normal part of regulating immune responses in LN germinal 

centers.  The persistent presence of viral antigen in the LN microenvironment might induce 

the expansion of APC-like T cells as a way to suppress the magnitude or duration of an 

immune response.  It is of interest that the B7+MHCII+ T cells become more frequent in cases 

of chronic antigen exposure an observation that may have serious implications for vaccine 

development in HIV and FIV infections. 
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