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In the present study, neonatal cats were infected at birth with either JSY3 (WT) or 

JSY3∆ORF-A/2 for comparison of viral gene expression, proviral load, pathogenicity in thymus, 

lymph nodes, peripheral blood mononuclear cells (PBMCs) and sorted lymphocyte 

subpopulations of the blood, during the acute (8 weeks) and chronic (16 weeks) stages of 

infection.  The objective of this study was to further examine the impact of the ORF-A/2-deletion 

in relation to proviral load during acute and chronic FIV infection, viral gene expression during 

acute and chronic FIV infection, as well as track individual changes in proviral load and viral 

gene expression in the blood lymphocyte populations during acute and chronic infection.  The 

hypothesis is that proviral load and viral gene transcription will be lower in cats infected with the 

ORF-A/2 deletion-mutant during acute and chronic FIV infection.  Relative proviral load and 

expression of viral gag and rev genes was determined using real-time quantitative PCR.  

Compared to cats infected with JSY3 (WT), there was lower gag and rev gene transcription in 

thymus, lymph nodes and PBMCs at 8 and 16 weeks in cats infected with JSY3∆ORF-A/2.  

Proviral load in all three lymphoid tissues was lower in JSY3∆ORF-A/2 infected cats at 8 weeks 

only.  For peripheral blood lymphocytes, relative proviral load and transcription of viral gag and 
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rev genes was reduced in cats infected with JSY3∆ORF-A/2.  In particular, relative proviral load 

and viral transcription in JSY3∆ORF-A/2 sorted B cells of the PBMCs was statistically reduced 

during chronic FIV infection.  In addition to reduced viral integration and transcription, there 

was delayed CD4+/CD8+ T cell inversion and less B cell expansion in PBMCs of JSY3∆ORF-

A/2 infected cats.  Immunohistochemical detection of FIV p24 Gag protein revealed distribution 

of infected cells to the lymphoid follicles and medullary areas in the thymus of JSY3 (WT) and 

JSY3∆ORF-A/2 infected cats.  This type of distribution pattern was not observed previously 

(Norway et al., 2001) but has been observed in HIV/AIDS patients (Prevot et al., 1992) (Burke et 

al., 1995) and SIV-infected monkeys (Li et al., 1995).  Immunohistochemical analyses of the 

thymus with the Ki67 antibody demonstrated primarily cortical labeling, indiscriminant 

medullary staining and exclusion from the follicles.  The labeling of the cortical cells represents 

active cell cycling of non-infected thymocytes.  JSY3∆ORF-A/2 infected cats had a higher mean 

number of Ki67-positive cells compared to uninfected or JSY3 (WT) infected cats at either 8 or 

16 weeks.
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CHAPTER 1 
INTRODUCTION 

Human Immunodeficiency Virus (HIV) 

As of the year 2006, approximately 40 million people worldwide have contracted human 

immunodeficiency virus (HIV), of which 18 million were women and 2.3 million were children 

(UNAIDS/WHO; http://www.unaids.org/en/HIV_data/epi2006/).  In this same year, 530,000 

children were newly infected.  The predominance of infection in women and children 

emphasizes the need for further HIV research in an effort to decrease the propagation of the 

virus, by developing additional anti-retroviral drugs, and potentially an HIV vaccine. 

The focus on pediatric HIV is important as these patients acquire the virus from infected 

mothers through vertical transmission which can include in utero, peripartum or post-partum 

exposure.  In utero transmission of HIV is increasingly important as human infants infected in 

utero lose thymic competency and progress to an AIDS state at an accelerated rate compared to 

infants infected peripartum (Chakraborty, 2005).  The same outcome occurs in fetal cats 

inoculated in utero with feline immunodeficiency virus (FIV), and represents a significant 

difference in viral pathogenesis based on immune competency of the host (Johnson et al., 2001).  

At the same time, FIV-infected neonatal cats and older adult cats are more susceptible to 

infection than young cats, exemplifying that age at infection influences the severity of the 

disease (George et al., 1993). 

The numbers of children contracting HIV and dying from AIDS annually, mainly from a 

lack of immune competency at the time of exposure to the virus, will continue to increase.  This 

difference in immune competency is critical to emulate in an animal model if we are to better 

understand pediatric lentiviral pathogenesis. 
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Animal Model for HIV 

A suitable animal model is necessary for pediatric HIV research, since controlled 

infections of humans is not possible and access to valuable tissues is invasive and limited.  HIV, 

feline immunodeficiency virus (FIV), and simian immunodeficiency virus (SIV), all belong to 

the lentivirus genus of retroviruses (Knipe et al., 2001).  The close phylogenetic relationship and 

clinical course of HIV, to feline immunodeficiency virus (FIV), and simian immunodeficiency 

virus (SIV), allows the exploration and use animal models of lentivirus infection with the goal of 

understanding HIV (Overbaugh et al., 1997) (Levy, 1996) (Coffin et al., 1997).  All three of 

these viruses cause an initial acute infection (fever, malaise, neutropenia) with a resulting 

clinically latent infection (low plasma viremia, lymphadenopathy) where the subject displays no 

overt clinical illness.  These viruses have cellular tropisms for CD4+ T cells and the progressive 

depletion of these cells results in the inability to mount an effective immune response against 

invading pathogens (Pedersen et al., 1987) (Yamamoto et al., 1988) (Chakrabarti et al., 1987).  

The host experiences a gradual loss of CD4+ T cells, inversion of the CD4+:CD8+ T cell ratio, 

and eventually immunosuppression with a gradual wasting syndrome that results in an acquired 

immunodeficiency syndrome (AIDS) (Coffin et al., 1997) (Knipe et al., 2001) (Pedersen et al., 

1987) (Chakrabarti et al., 1987). 

Neonatal FIV Infection 

In pediatric FIV and HIV, the thymus is the primary target for virus replication, which 

causes atrophy and loss of T cell production, while the peripheral lymph nodes and blood may 

function as secondary storage sites for virus-infected cells (Johnson et al., 2001).  In the 

neonatally-infected cat model, acute infection occurs at around ~8 weeks and asymptomatic 

latency around ~16 weeks.  Utilization of the neonatally-FIV-infected cat model provides many 
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benefits due to the availability of tissues, control in timing of infection and method of 

inoculation, as well as decreased expense and larger litter size compared to the primate model. 

Significance of the FIV ORF-A/2 Gene 

In Vitro ORF-A/2 Studies 

From the beginning of FIV research, the ORF-A/2 gene has been a target of investigation 

in order to better understand its role in viral replication and pathogenesis.  Early in vitro work 

demonstrated that frameshift mutations in the ORF-A/2 gene resulted in decreased viral 

replication, reduced viral reverse transcriptase (RT) activity, and reduced FIV p24 Gag 

expression in primary peripheral blood lymphocytes and established T cell lines (Tomonaga et 

al., 1993).  Subsequent in vitro work demonstrated that the ORF-A/2-mutated San Diego isolate 

of FIV (pPR-strain) was growth restricted in primary feline blood leukocytes and a T lymphocyte 

line (MCH5-4), but not in a feline astrocyte cell line (G355-5) or Crandell feline kidney cells 

(CrFK).  Another ORF-A/2-mutated FIV strain 34TF10, demonstrated the ability to replicate in 

the G355-5 cell line and the CrFK cell line, but not in primary feline blood leukocytes or in the 

MCH5-4 T cell line (Waters et al., 1996).  This data suggested that ORF-A/2 mutations had an 

effect on the ability of the virus to replicate in certain cell types, specifically drawing attention to 

a lymphocyte-restriction.  Their data went on to suggest that the ORF-A/2 protein could behave 

as a transactivator on the FIV long terminal repeat (LTR), to promote viral gene expression, 

somewhat like the tat transactivator gene of HIV-1 (Waters et al., 1996).  In 1999, this same 

research group demonstrated that the San Diego isolate of FIV (pPR-strain) ORF-A/2 protein 

transactivated the FIV LTR, resulting in a 14 to 20-fold increase in expression above the basal 

level (de Parseval et al., 1999).  Additionally, the removal of three sites in the LTR totally 

abrogated ORF-A/2-mediated transactivation in transient transfection assays (de Parseval et al., 

1999). 
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However, other ORF-A/2 mutations of the pPR-strain of FIV demonstrated little-to-no 

effect on LTR-driven viral expression in PBMCs or IL-2 dependent T cell lines (Gemeniano et 

al., 2003).  These investigators did find that virions derived from the mutants had decreased 

infectivity in PBMC and these mutants could be rescued by co-transfection with a wild-type 

ORF-A/2 expression vector.  Taken together, their research suggests that ORF-A/2 is involved in 

virion infectivity and virion formation potentially signifying that the ORF-A/2 gene is analogous 

to other accessory genes of primate lentiviruses (vpr, vpu, nef).  In 2004, this same group 

demonstrated that the ORF-A/2 gene encoded a nuclear localization signal and the ORF-A/2 

protein was detected in the nucleus of CrFK and African green monkey kidney (COS-7) cells 

(Gemeniano et al., 2004).  They also found that ORF-A/2 protein could induce a G2 cell cycle 

arrest of transfected cells, thus lending support to their previous statement about the ORF-A/2 

gene functionally resembling an accessory gene, vpr, of HIV-1. 

In Vivo ORF-A/2 Studies 

There is less work in vivo that has focused on the FIV ORF-A/2 gene.  Use of the FIV TM2 

strain with ORF-A/2 deletions, in specific pathogen-free (SPF) cats infected between 4-9 weeks 

of age, demonstrated clinically normal cats at 16 weeks post-infection, with varying levels of 

FIV provirus in lymphoid tissues (Inoshima et al., 1998).  The data from this study suggested 

that ORF-A/2 was neither required for the viral life cycle nor needed for viral infection to occur.  

In 2001, Norway et. al. utilized a highly pathogenic molecular clone JSY3-point-mutated ORF-

A/2 and the neonatally-infected SPF kitten model (Norway et al., 2001).  The study revealed 

reduced viral replication in JSY3∆ORF-A/2 infected cats by lymphocyte co-culture, quantitative 

PCR, and immunohistochemistry at 14 weeks post-infection.  In addition, JSY3∆ORF-A/2 

infected thymus demonstrated equivalent lymphoid follicular hyperplasia with JSY3 (WT) 

infected thymus (Norway et al., 2001).  In 2002, Pistello et. al. infected 10 month old SPF cats 
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with p34TF10-derived mutations of the ORF-A/2 gene.  Their data demonstrated reduced plasma 

viremia, reduced proviral loads in PBMC, and reduced infectious cells in circulation compared to 

animals with an intact ORF-A/2 gene.  It appeared that the inability of ORF-A/2 mutants to 

replicate in lymphocytes in vitro, as reported previously (Waters et al., 1996), was not as 

absolute in vivo (Pistello et al., 2002). 

Use of ORF-A/2 in FIV/HIV Vaccine Development  

The significance of reduced viral replication in lymphocytes and a reduced plasma viremia 

has propelled an interest in the use of a mutated ORF-A/2 gene in a live attenuated FIV vaccine 

(Pistello et al., 2005).  Vaccination of 10 month old SPF cats with a defective ORF-A/2 gene 

demonstrated normal peripheral blood lymphocyte numbers and subsets, with no reversion to 

wild type infection over 22 months of observation.  However, 6 of 9 vaccine recipients displayed 

evidence of challenge virus over 15-months of observation with an increased proviral burden.  

The results of this work could not be applied to HIV-1 vaccine development, as there is no HIV-

1 accessory gene that has been implicated in the restriction of virus replication in lymphocytes 

and the use of live attenuated vaccines is not favored due to safety concerns (Girard et al., 2006). 

In recent work, the use of a recombinant ORF-A/2 protein to vaccinate six month old SPF 

cats, showed enhancement of the acute-phase FIV infection post-challenge, but overall the 

vaccinated cats exhibited reduced plasma FIV and a slower decline in peripheral CD4+ T cells 

compared to unvaccinated-FIV-challenged cats (Pistello et al., 2006).  The enhancement of the 

acute-phase infection was thought to be attributable to an increased expression of CD134, a cell 

surface receptor implicated in FIV cellular tropism, on ORF-A/2-immunized PBMC.  Thus, 

these data support the use of lentiviral accessory proteins, such as ORF-A/2, to improve the 

ability of the host to control viral replication and disease progression; at the same time, the use of 

accessory proteins in vaccine development is precarious and may exacerbate subsequent 
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lentiviral infections as seen in cases of SIV (Staprans et al., 2004) (Amara et al., 2005).  The 

enhanced expression of CD134 on the surface of ORF-A/2-immunized PBMC suggests that the 

ORF-A/2 protein may play an important role in viral entry into the cell, and it may not be a safe 

candidate in the development of a FIV vaccine. 

Role of ORF-A/2 in Sorted Cell Populations 

Several laboratories have examined the role of select lymphocyte cell populations in the 

pathogenesis of FIV, but none of these studies have included the use of an ORF-A/2 deletion 

mutant virus.  In 1993, English et. al. looked at FIV in vivo tropism utilizing the NCSU1 isolate 

in 16 adult cats.  The experiment involved the extraction of lymphocytes and their subsequent 

maintenance in culture with IL-2 and Con-A.  In 2004, Shimojima et. al. (Shimojima et al., 2004) 

published a report that indicated that CD134 (OX40) acts as a primary receptor for FIV.  

Additionally, CD134 is up-regulated on CD4+ T cells activated by treatment with IL-2 and Con 

A (de Parseval et al., 2004).  This study was an ex vivo analysis as opposed to in vivo analysis of 

cellular tropism with the modification by IL-2 and Con-A.  Proviral load was then examined by 

Southern blot and infectivity was measure by reverse transcriptase (RT) assay.  It was found that 

all cats had provirus in CD4+, CD8+ and B cells and that CD4+ T cells had the highest level of 

provirus 2 to 4 weeks after infection, while B cells had the highest proviral load in chronic status 

(≥ 1 yr).  The study also looked at monocyte population and found that only one out of ten cats 

had detectable FIV.  While this study reported initial FIV cellular tropism, albeit ex vivo, there 

was no quantification of viral gene expression from these sorted cells or the use of an ORF-A/2 

mutant at acute and chronic stages of FIV infection. 

Yang et. al. (Yang et al., 1996) characterized the molecular clone JSY3 (parent NCSU1) in 

adult cats.  As previously reported, FIV provirus was first detected in CD4+ T cells during acute 

infection with JSY3 (2-4 weeks post infection.), from 14 wks on, provirus was found in CD8+, B 
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and CD4+ T cells.  Their data suggested FIV infection of CD8+ T cells and B cells to be latent, 

and non-cytolytic.  On the contrary, the reduction in the number of CD4+ T cells into chronic 

infection was the result of active, cytolytic, infection.  The authors did not use a neonatally 

infected kitten model, examine viral gene expression, quantitate provirus by Real-Time PCR, or 

examine proviral load in the absence of the ORF-A/2 gene in sorted populations at acute and 

chronic phases of infection. 

In 1996, Dean et. al. (Dean et al., 1996) examined proviral burden and viral kinetics of FIV 

in lymphocyte subsets of the blood and lymph node.  Using the Petaluma strain and adolescent 

cats, they looked at acute infection (2-12 months) and chronic infection (6-10 months) and 

subsequently sorted for CD4+, CD8+, and CD21 cells.  They examined proviral levels by whole 

cell, endpoint dilution and semi-quantitative PCR and RT-PCR.  Through this they were able to 

demonstrate that CD4+, CD8+ and B cells contained provirus in acute and chronic states of 

infection.  They also reported that there was a greater increase in proviral levels in acute 

infection as opposed to chronic infection, in peripheral blood mononuclear cells (PBMCs).  At 

acute stages of infection the proviral load was comparable in lymph node and PBMCs.  At 20 

weeks they measured RNA in the lymph node of 5 cats and demonstrated that they were RT-

PCR positive (i.e. presence of viral RNA).  There was no quantification of viral gene expression 

from the lymph node or the sorted cells of the PBMCs, or the use of an ORF-A/2 mutant at acute 

and chronic stages of FIV infection.  Thus, the use of an ORF-A/2-deleted mutant virus, as 

examined in this research, will help elucidate the role of the ORF-A/2 gene in viral gene 

expression, in different cellular environments. 

Goals of the Study 

Previous in vivo work with the FIV ORF-A/2 gene has distinctions which include animal 

age differences, viral strain differences, level of sensitivity in assays performed, lack of viral 
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gene expression, and the absence of information regarding ORF-A/2’s involvement in sorted cell 

populations.  The goal of this research project is to more fully characterize the role of the ORF-

A/2 gene expression in vivo and to understand the mechanism of FIV pathogenesis by analyzing 

proviral load and gene expression from the acute to the chronic phase of infection, in the 

presence or absence of a functional ORF-A/2 gene, utilizing the highly pathogenic molecular 

clone JSY3.  To accomplish this objective, the neonatally-infected cat was selected as the 

infection model.  In this study, neonatal cats were infected with a highly pathogenic wild type 

FIV (JSY3) or its ORF-A/2 deletion mutant.  The major lymphoid tissue compartments - the 

thymus, lymph nodes, and peripheral blood mononuclear cells (PBMCs) were harvested during 

the productive and chronic phases of infection.  These compartments were analyzed for proviral 

load, viral gene transcription, and the localization of virus-infected and actively replicating cells 

(in the thymus and lymph node) of cats infected with the JSY3 wild type virus or an ORF-A/2 

mutant.  The hypothesis is that proviral load and viral gene expression will be lower in the 

thymus, lymph node, and PBMCs of cats infected with the ORF-A/2 deletion-mutant during 

acute and chronic FIV infection. 

In the following chapters, feline immunodeficiency virus (FIV) and the ORF-A/2 gene will 

be discussed in full (Chapter 2).  The methods, experimental design, and results of this project 

will be discussed in detail in the subsequent chapters:  Chapter 3: The quantification of proviral 

load and the quantification of viral gene expression (gag and rev) in thymocytes, lymph node 

cells, peripheral blood lymphocytes, and blood lymphocyte subsets during the productive and 

chronic phase of virus infection; Chapter 4: The localization and quantification of p24-virus-

infected-and actively replicating thymocytes and lymphocytes during the productive and chronic 

phase of virus infection utilizing immunohistochemistry. 
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Supplemental information on the characterization and analysis of the FIV ORF-A/2 gene 

will be detailed in Chapters 5, and 6:  Chapter 5 presents data on the cytokine(s) (IL-4, IL-7, IL-

15, IFN-γ, and IFN-α) gene expression in JSY3 (WT) and JSY3∆ORF-A/2 infected cats during 

acute and chronic infection.  And, Chapter 6 describes the visualization of the plasmacytoid 

dendritic cell type (PDC) utilizing immunohistochemistry in thymus and lymph node samples of 

JSY3 (WT) and JSY3∆ORF-A/2 infected cats during acute and chronic infection. 
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CHAPTER 2 
LITERATURE REVIEW 

Retroviridae 

The retroviridae comprise a large family of viruses found in all vertebrates (Knipe et al., 

2001).  Retroviruses are termed because they have a single-stranded RNA genome which is 

reverse-transcribed into double stranded DNA, by its own virion-associated RNA-dependent 

DNA-polymerase (reverse transcriptase) (Coffin et al., 1997).  There are seven genera of 

retrovirus classification and they are categorized as either “simple” or “complex” retroviruses.  

Simple viruses encode Gag, Pol, and Env gene products while complex viruses encode additional 

regulatory proteins.  The alpharetroviruses, betaretroviruses and gammaretroviruses are 

considered simple viruses, whereas the deltaviruses, epsilonretroviruses, lentiviruses, and 

spumaviruses are complex viruses (Knipe et al., 2001).  Feline immunodeficiency virus (FIV) 

belongs in the lentivirinae group and is a complex virus (Pedersen N.C., 1993a). 

The viral genome consists of two identical RNA molecules about 7-10 kilobases in length 

and they are modified similar to cellular mRNAs including capping at the 5’ end and 

polyadenylation at the 3’ end.  The order of the structural genes is gag-pro-pol-env.  All 

lentiviruses have at least three auxiliary genes in addition to gag-pro-pol-env (Knipe et al., 

2001).  FIV has three auxiliary genes: vif, rev and ORF-A/2 (Tomonaga et al., 1996). 

Retroviruses have an enveloped virion, which is approximately 100 nm in diameter, 

derived from the env gene (Knipe et al., 2001) (Pedersen N.C., 1993a).  The internal core is 

made up of 3-4 products of the gag gene, as well as catalytic proteins protease, reverse 

transcriptase and integrase (Coffin et al., 1997).  Reverse transcriptase is responsible for 

converting single-stranded RNA into double-stranded DNA, and integrase is necessary for 

inserting virus into cellular DNA to form provirus (Coffin et al., 1997). 
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Viral replication occurs in two stages.  The first stage includes entry of the virion core into 

the cytoplasm, synthesis of double-stranded DNA, (utilizing the single-stranded genome as 

template), transfer of the pre-integration complex to the nucleus and integration of DNA into the 

host genome (Coffin et al., 1997).  This integration takes place in the absence of viral gene 

expression and is regulated by proteins found within the virion (Pedersen N.C., 1993a).  The 

second stage of replication includes synthesis and processing of viral genomes, mRNAs and 

proteins using the host cell’s RNA polymerase (Coffin et al., 1997).  Virion assembly occurs by 

encapsidation of the genome by unprocessed precursors of gag, pro, and pol genes, association 

of the nucleocapsids with the cell membrane, release of the virion by budding and final 

processing of the precursors to finished products (Coffin et al., 1997) (Pedersen N.C., 1993a) 

(Knipe et al., 2001). 

Lentiviruses 

Lentiviruses are characterized by a unique cylindrical or conical virion core (Knipe et al., 

2001).  Examples of lentiviruses include HIV-1, visna virus, caprine arthritis encephalitis virus 

(CAEV), equine infectious anemia virus (EIAV), bovine immunodeficiency virus, simian 

immunodeficiency virus (SIV), and feline immunodeficiency virus (FIV) (Knipe et al., 2001) 

(Coffin et al., 1997).  All lentiviruses bud from the plasma membrane without a preformed 

nucleoid (Knipe et al., 2001).  All lentiviruses have a specific tropism for macrophages, are 

cytopathic and persist in cells (Brown et al., 2006) (Dean et al., 1999) (Brunner et al., 1989) 

(Dow et al., 1990) (Coffin et al., 1997).  They cause chronic degeneration and a slow progressive 

disease in its host (Michael et al., 1991).  The lentivirus genus includes viruses responsible for a 

variety of neurological and immunological diseases (Coffin et al., 1997). 
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Feline Immunodeficiency Virus (FIV) 

The etiologic agent of a chronic, progressive disease found in felines is feline 

immunodeficiency virus (FIV), which is similar to human immunodeficiency virus (HIV-1) that 

causes AIDS in humans (Pedersen et al., 1987).  This virus was first isolated in Petaluma, 

California in 1986, from a multiple cat household.  FIV was reported after the discovery of HIV-

1 in 1983 and HIV-2 in 1986 (Barre-Sinoussi et al., 1983;Clavel et al., 1986).  Analogous to 

HIV, at 4 to 6 weeks post-FIV infection, a generalized immune suppression is prominent, with an 

acute infection that begins with mild fever, lymph node enlargement and a gradual decline in 

CD4+ T cells (Pedersen et al., 1987).  This decline continues into a latent asymptomatic 

infectious stage marked with an inverted CD4: CD8 T cell ratio (CD8+ T cell population 

increases; B cells may increase and will infiltrate the thymus).  Generally, other opportunist 

infections mark the remaining course of life with gradual wasting syndrome such as seen in 

human acquired immunodeficiency syndrome (AIDS) patients (Yamamoto et al., 1988) (Ackley 

et al., 1990).  As a result of its ability to induce immunodeficiency, FIV is an important small 

animal model for use in HIV/AIDS research (Siebelink et al., 1990). 

Physical properties of FIV 

The complete virion of FIV is 105-125 nanometers in diameter, is spherical to ellipsoid in 

shape and contains short envelope projections (Pedersen N.C., 1993a).  The virus buds from the 

plasma membrane of infected cells much like other retroviruses creating a crescent-shaped 

appearance (Pedersen N.C., 1993a).  FIV has a typical buoyant density in sucrose of 1.15-1.17 

g/cm3, much like other retroviruses and it is readily inactivated by disinfecting agents such as 

alcohol, chlorine, and phenolic compounds (Pedersen N.C., 1993b). 
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Molecular properties of FIV 

The genomic organization of FIV (Figure 2-1) is similar to other lentiviral genomes in that 

it contains several open reading frames which contain genes encoding for structural proteins 

(Gag, Pro, Pol, Env) and the genomic size is analogous to the genomic size of lentiviruses about 

9.4 kilobase pairs (Miyazawa, 2002).  Additional open reading frames (ORFs) exist which code 

for vif, rev and orf-a/2 genes (Miyazawa et al., 1994) (Tomonaga et al., 1992) (Tomonaga et al., 

1996) (Kiyomasu et al., 1991).  At the 3’ end of the env gene is a 243-nucleotide region that is 

the rev-response-element (RRE) where the Rev protein binds (Phillips et al., 1992) .  The  

provirus genome (the integrated viral genome) contains long terminal repeat (LTR) sequences, at 

both ends which are comprised of three regions designated as U3, R and U5 (Figure 2-1) 

(Miyazawa, 2002). 

FIV genome 

The length of the FIV LTR is similar to other lentiviruses (CAEV, EIAV, V-MV) but 

shorter than SIV or HIV (Pedersen N.C., 1993a).  The FIV LTR, like the LTR of CAEV and V-

MV, is capable of a high basal level of transcription in established cell lines (Sparger et al., 

1992) (Neuveut et al., 1993) (Saltarelli et al., 1993). 

The U3 promoter region of the FIV LTR contains binding sites for enhancer/promoter 

proteins such as AP-1, C/EBP, AP-4, ATF, and NF-1 (Inoshima et al., 1998) (Miyazawa et al., 

1991) (Phillips et al., 1990) (Thompson et al., 1994).  Nuclear proteins can specifically bind to 

the AP-1, ATF, AP-4, and C/EBP elements (Thompson et al., 1994) (Ikeda et al., 1998).  T-cell 

activation takes place via the AP-1 site by protein kinase C or c-Fos; the ATF site is required for 

protein kinase A-mediated cyclic AMP (cAMP) response (Ikeda et al., 1996) (Miyazawa et al., 

1993) (Sparger et al., 1992).  The jun/fos family of proteins regulates the transcription of genes 

containing the AP-1 sites; and the CAAT enhancing binding proteins (C/EBP) regulate the 
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transcription of genes the C/EBP sites (Lekstrom-Himes et al., 1998) (Rahmsdorf, 1996).  Cyclic 

AMP response element (CRE) sequences serve as the binding site for members of the 

ATG/CREB (CRE binding proteins) family of proteins (Montminy, 1997) (Meyer et al., 1993). 

The four FIV structural genes gag-pro-pol-env have different functions.  Gag codes for 

internal structural proteins of the virion, while pro, which is located at the 5’ end of the pol gene, 

encodes for the virion protease (Knipe et al., 2001) (Coffin et al., 1997) (Pedersen N.C., 1993a).  

Pol codes for reverse transcriptase and env codes for envelope glycoproteins of the virion (Knipe 

et al., 2001) (Coffin et al., 1997) (Pedersen N.C., 1993a). 

Vif has been shown to encode for an accessory protein, which is necessary for viral 

infectivity and efficient viral replication (Shacklett et al., 1994) (Lockridge et al., 1999).  This 

gene is similar in size and position to the vif of primate lentiviruses but no significant genetic 

homology exists.  Vif protein localizes to the nucleus (Chatterji et al., 2000), and may enhance 

infectivity in non-permissive cells by blocking a cell specific inhibitor as seen in HIV-1 (Yang et 

al., 2007) (Russell et al., 2007) (Opi et al., 2007). 

The Rev gene encodes a post-transcriptional regulatory protein that binds to a rev-

response-element (RRE) (Phillips et al., 1992).  The rev gene product is critical for viral 

replication (Kiyomasu et al., 1991) (Tomonaga et al., 1995) (Phillips et al., 1992).  Rev is an 

essential viral protein encoded by a small, multiply spliced mRNA synthesized at early times 

after infection (Coffin et al., 1997).  Multiply spliced events include Rev, and in the case of HIV-

1, Tat and Nef.  Multiply spliced RNA first appears in the cytoplasm early after transcription.  

When a level of Rev is reached, unspliced and singly spliced RNAs begin to accumulate in the 

cytoplasm, allowing productive infection to proceed (Michael et al., 1991) (Kiyomasu et al., 

1991) (Tomonaga et al., 1995) (Phillips et al., 1992) (Tomonaga et al., 1996).  Full length or 
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singly spliced mRNA code for virion structural proteins Gag, Pro, Pol and Env and thus leads to 

virion formation and a productive infection. 

The functions of the ORF-A/2 gene product have not been fully elucidated.  Similarities in 

the genomic placement of ORF-A/2 in FIV, to the tat transactivator gene of HIV, have provoked 

further studies into the role of ORF-A/2 protein as a putative transactivator that regulates FIV 

gene expression (de Parseval et al., 1999).  In HIV-1, the Tat protein behaves as a Type I Tat 

protein that up-regulates viral gene expression via interaction with a Tat transacting response 

region (TAR), an RNA stem-loop structure encoded in the long terminal repeat (Roy et al., 

1990).  In FIV however, the LTR does not contain a hairpin RNA loop structure like the HIV-1 

TAR, and the FIV LTR has a strong basal activity (Sparger et al., 1992) (Thompson et al., 1994).  

ORF-A/2 encodes a protein of 79 amino acids with a C-terminal cysteine-rich region like other 

tat genes of lentiviruses (Tomonaga et al., 1996).  The ORF-A/2 protein also contains a leucine-

rich region in the middle of the sequence, an N-terminal acidic/hydrophobic region but does not 

have the core and basic-coding regions present in tat genes of primate lentiviruses (Tomonaga et 

al., 1996) (Gemeniano et al., 2003).  Based on the amino acid sequence of ORF-A/2 protein and 

the strong basal promoter activity of the FIV LTR, the FIV ORF-A/2 protein has been postulated 

to regulate transactivation in a transacting response (TAR)-independent manner (as Type 2 Tat 

protein) (Tomonaga et al., 1996).  In vitro, the ORF-A/2 gene product has demonstrated slight 

transactivation of the FIV LTR (de Parseval et al., 1999).  However, other studies demonstrate 

only a small or no effect created by the ORF-A/2 protein on the FIV LTR gene expression 

(Thompson et al., 1994) (Miyazawa et al., 1993) (Sparger et al., 1992) (Waters et al., 1996). 

In 2001, Norway et. al. demonstrated a decreased rate of viral replication and pathogenesis 

in 14 week old-JSY3∆ORF-A/2 infected cats, relative to the JSY3 (WT), with reduced proviral 
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load, although the extent of thymic damage between both groups was equivalent (Norway et al., 

2001).  In 2003, Gemeniano et. al, (Gemeniano et al., 2003), demonstrated that ORF-A/2 may 

function at multiple steps of the FIV life cycle to include both virion formation , infectivity, and 

may have properties with the HIV-1 vpr gene, including nuclear localization and the ability to 

induce G2 cell-cycle arrest (Gemeniano et al., 2004).  In summary, the ORF-A/2 protein may 

have a variety of functions and its complete role in FIV pathogenesis remains somewhat elusive. 

FIV infection: cellular tropism  

In HIV-1 infection, the virus binds to the CD4 cell surface molecule, in addition to 

chemokine receptors CXCR4 or CCR5 (Coffin et al., 1997).  These binding events determine 

virus cellular tropism and whether or not the infection is productive.  In FIV infection, it has 

been demonstrated that FIV utilizes chemokine receptor CXCR4 (Garg et al., 2004) (Frey et al., 

2001).  In 2004, Shimojima et. al. (Shimojima et al., 2004) published a report indicating that 

CD134 (OX40) acts as a primary receptor for FIV; CD134 is up-regulated on CD4+ T cells 

activated by treatment with IL-2 and Con A (de Parseval et al., 2004a).  Soluble CD134 also 

facilitates FIV entry into CXCR4 positive cells (de Parseval et al., 2006).  Although FIV does 

not use CD4 as the primary receptor, it does share similarities with HIV-1 in the use of CXCR4, 

DC-SIGN, and cell-surface heparans for viral entry (Geijtenbeek et al., 2000) (Saphire et al., 

2001;de et al., 2001) (de Parseval et al., 2004b).  In vitro, Petaluma and PPR isolates of FIV have 

been reported to target the CD4+ and CD8+ T lymphocytes during infection (Brown et al., 

1991).  In vivo FIV has also been detected in lymphocytes (Pedersen et al., 1987), in peritoneal 

macrophages (Brunner et al., 1989), and in central nervous system tissue (Dow et al., 1990).  

English et al. (English et al., 1993) subsequently published that both T-cell subsets are infected 

in vivo, as well as immunoglobulin-positive (Ig+) cells.  Dean et. al. (Dean et al., 1996), reported 

that CD4+, CD8+ and B cells contained provirus in acute and chronic states of infection.  They 
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also reported that there was an increase in proviral levels in the peripheral blood mononuclear 

cells (PBMCs) in acute FIV infection rather than chronic FIV infection.  The proviral load was 

the same in the acute stages of infection in the lymph node and PBMC. 

FIV infection: tissue tropism 

Upon infection with FIV, the earliest places to detect the virus are the thymus, the lymph 

nodes, notably the mesenteric lymph node, as well as the central nervous system (Beebe et al., 

1994) (Dua et al., 1994) (Obert et al., 2002) (Rogers et al., 1998) (Toyosaki et al., 1993).  At 

later stages, FIV is detectable in the intestines, kidney, liver, bone marrow and salivary gland 

(Beebe et al., 1994) (Rogers et al., 1998) (Bishop et al., 1996) (Obert et al., 2000b) (Obert et al., 

2000a) (Park et al., 1995).  The route of exposure to the virus does not seem to be important, 

rather virus strain, and the type of inoculum are the determining factors (Bishop et al., 1996) 

(Obert et al., 2000b). 

The thymus is particularly sensitive to FIV infection and can become atrophic (Johnson et 

al., 2001) (Beebe et al., 1994).  Fetal FIV infection causes a temporary depletion of thymocytes, 

which is followed by a rebound in thymocytes to promote further viral replication (Johnson et 

al., 2001).  However, in neonatal kittens, a progressive atrophy occurs with a decreased ability to 

support replication over time (Johnson et al., 2001).  Prominent B-cell follicles form within the 

thymus during the acute stage of infection, and increase during the latent or asymptomatic phase 

(Liang et al., 2000) (Orandle et al., 2000).  This formation of follicles does not appear to be 

directly related to virus replication as seen in previous work (Norway et al., 2001). 

In the lymph node, follicular and paracortical hyperplasia occur.  Polyclonal B cell 

activation and expansion of the B cell population seems to be correlated with the development of 

lymphoid follicles in other tissues including the kidney, thymus, eye, bone marrow and salivary 

gland (Flynn et al., 1994) (Walker et al., 1994). 
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Pathogenesis in natural host  

Isolates of FIV have come from domestic cats, but research has revealed that FIV-related 

viruses have also been found in a number of wild cat species, including African lions, leopards, 

and cougars (Barr et al., 1995) (VandeWoude et al., 1997) (Brown et al., 1994).  Studies have 

shown that each of these wild cat species is infected with its’ own particular form of FIV.  While 

domestic cats infected with FIV often suffer from AIDS-like symptoms (Bull et al., 2003), wild 

cat species infected with their form of FIV appear to show no signs of disease (Hofmann-

Lehmann et al., 1996).  It is thought, that this lack of disease could stem from a long history of 

co-evolution between virus and its wild cat hosts (Olmsted et al., 1992) (Pedersen N.C., 1993b). 

FIV had been identified in many parts of the world including the United States, Canada, 

South Africa, Europe, China, Japan, New Zealand and Australia (Pedersen N.C., 1993b).  The 

virus has been recovered from the bodily fluids of infected cats, such as blood, saliva, plasma 

and serum (Yamamoto et al., 1988) (Dow et al., 1990).  Contact, as a means for horizontal 

transmission, can occur but it is not as efficient as bite wounds.  It has been shown that a single 

experimentally administered bite from a naturally or experimentally infected cat will transmit the 

infection to another cat (Yamamoto et al., 1988).  Subsequent studies have show that it can also 

be transmitted by mucosal exposure, blood transfer and vertically from mother to offspring 

(Pedersen et al., 1987) (Callanan et al., 1991) (O'Neil et al., 1995) (O'Neil et al., 1996) (Sellon et 

al., 1994). 

FIV diagnosis and control 

In the feral and pet cat population, routine screening for FIV antibodies is performed via 

patient-side immunochromatic lateral flow antibody tests.  Confirmation of FIV infection is 

made by Western Blot, immunofluorescent antibody test (IFA), PCR or virus culture.  Since FIV 

is typically contracted through bite wounds, the trap, neuter, and release programs (TNR) serve 
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to decrease the population of feral cats, especially intact male cats, which are over-represented in 

FIV infection.  In 2002, Fort Dodge Animal Health released Fel-O-Vax®, the first vaccine 

licensed for the prevention of FIV.  This vaccine is dual-subtype containing subtype A 

(Petaluma) and subtype D (Shizuoka) which is in the inactivated form (Pu et al., 2001).  The 

vaccine is licensed for use in cats 8 weeks and older and consists of the administration of 3 

doses, 2 to 3 weeks apart.  Annual boosters are recommended thereafter.  The vaccine has shown 

substantial protection against FIV challenge during vaccine trials but it remains uncertain how 

the vaccine will protect against other strains outside of subtypes A and D.  The vaccine contains 

whole virus and as a result cats develop antibodies that are indistinguishable from antibodies 

produced during natural infection.  This currently presents a challenge in the diagnosis of FIV 

infection as vaccinated cats may be false-positive on all methods of testing (ELISA, IFA, 

Western blot) (Crawford et al., 2007). 

Treatment of FIV-infected cats consists mostly of supportive care and addressing 

secondary conditions (stomatitis, anemia, and lymphoma).  The use of 3'-azido-2',3'-

dideoxythymidine (AZT) in cats has been more thoroughly researched and appears to reduce the 

plasma viral load and increase the CD4+ cell count.  Unfortunately, most of the other anti-

retroviral pharmaceuticals available for humans are too toxic or have not yet been studied in cats. 

The goal of this research project is to more fully characterize the role of the ORF-A/2 gene 

expression in vivo and to understand the mechanism of FIV pathogenesis by analyzing proviral 

load and gene expression from the acute to the chronic phase of infection, in the presence or 

absence of a functional ORF-A/2 gene, utilizing the highly pathogenic molecular clone JSY3.  

The methods, experimental design, and results of this project will be discussed in detail in the 

subsequent chapters:  Chapter 3: The quantification of proviral load and the quantification of 
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viral gene expression (gag and rev) in thymocytes, lymph node cells, peripheral blood 

lymphocytes, and blood lymphocyte subsets during the productive and chronic phase of virus 

infection; Chapter 4: The localization and quantification of p24-virus-infected-and actively 

replicating thymocytes and lymphocytes during the productive and chronic phase of virus 

infection utilizing immunohistochemistry. 

Supplemental information on the characterization and analysis of the FIV ORF-A/2 gene 

will be detailed in Chapters 5, and 6:  Chapter 5 presents data on the cytokine(s) (IL-4, IL-7, IL-

15, IFN-γ, and IFN-α) gene expression in JSY3 (WT) and JSY3∆ORF-A/2 infected cats during 

acute and chronic infection.  And, Chapter 6 describes the visualization of the plasmacytoid 

dendritic cell type (PDC) utilizing immunohistochemistry in thymus and lymph node samples of 

JSY3 (WT) and JSY3∆ORF-A/2 infected cats during acute and chronic infection. 

 
 
Figure 2-1.  Genomic structure of Feline Immunodeficiency Virus (FIV). 
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CHAPTER 3 
VIRAL GENE EXPRESSION IN LYMPHOCYTE SUBPOPULATIONS OF NEONTAL 

CATS INFECTED WITH THE MOLECULAR CLONE FIV OR ORF-A/2 DEFECTIVE FIV 
DURING ACUTE AND CHRONIC STAGES OF INFECTION 

Introduction 

ORF-A/2 mutations have shown various effects on the ability of FIV to replicate in vitro, 

including the preservation of replication in fibroblastoid cell culture lines (Crandell feline kidney 

cells (CrFK)) and monocyte-derived macrophage cultures, but the restriction of virus replication 

in feline peripheral blood leukocytes (PBLs) (Tomonaga et al., 1993a) (Waters et al., 1996).  

Increased viral gene expression, as a result of ORF-A/2 gene product transactivation of the FIV 

long terminal repeat (LTR), has also been reported CrFK and HeLa cells (Waters et al., 1996) 

(de Parseval et al., 1999). 

In vivo, ORF-A/2 mutations restrict virus replication in peripheral blood mononuclear cells 

(PBMC) of infected specific-pathogen-free (SPF) cats (Dean et al., 1999) (Norway et al., 2001).  

Norway et al. also demonstrated that neonatal cats infected with an ORF-A/2 deletion mutant of 

FIV had a delayed onset of CD4+:CD8+ T cell inversion, reduced proviral load in lymphocytes, 

reduced p24 Gag-positive-thymocytes, lower plasma viremia, and reduced expansion of CD8+ T 

cells compared to cats infected with the wild type parent viruses (Norway et al., 2001).  

However, whether the ORF-A/2 mutant deletion affects virus gene expression and replication in 

different lymphoid compartments during acute and chronic FIV infection is unknown.  The 

hypothesis is that proviral load and viral gene expression will be lower in cats infected with the 

ORF-A/2 deletion-mutant during acute and chronic FIV infection. 

To accomplish this objective, the neonatally-infected cat was selected as the infection 

model.  Neonatal cats were infected with a highly pathogenic wild type FIV (JSY3) or its ORF-

A/2 deletion mutant.  The major lymphoid tissue compartments - the thymus, lymph nodes, and 
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peripheral blood mononuclear cells (PBMCs) were harvested during the productive and chronic 

phases of infection for the comparison of provirus load, and viral gene expression between cats 

infected with the wild type virus or an ORF-A/2 mutant. 

Materials and Methods 

Cell Lines 

Human fibroblast 293T cells were cultured in Dulbecco’s minimal essential medium 

(DMEM), supplemented with 200nM L-glutamine, 10% fetal bovine serum (Serologicals 

Corporation, Norcross, GA), 20 units/ml penicillin, and 120 µg/ml streptomycin.  The human 

293 T cells were maintained at 37ºC in 5% CO2.  Feline CD4+ T cells (CD4E), kindly provided 

by Wayne and Mary Tompkins (North Carolina State University, Raleigh, NC ), were cultured in 

RPMI 1640 (cRPMI) supplemented with 10% fetal bovine serum, 2mM L-glutamine, 10mM 

HEPES, 0.075% sodium bicarbonate, 2mM sodium pyruvate, 20 units/ml penicillin, 120µg/ml 

streptomycin, 0.0004% 2-mercaptoethanol, and 100 U/mL of recombinant human interleukin 2 

(rIL-2; provided by the NIH AIDS Research and Reference Reagent Program, Rockville, MD) 

(complete RPMI, cRPMI).  The feline CD4E cells were maintained at 37°C in 7% CO2. 

Construction of CMVFIV Wild-Type and CMVFIVORF-A/2-Deficient Molecular Clones 

Molecularly cloned JSY3 FIV provirus (Yang et al., 1996) was kindly provided by Wayne 

Tompkins (North Carolina State University, Raleigh, NC.).  The JSY3ΔORF-A/2-deficient 

molecular clone was constructed by site-specific-mutagenesis involving two doublet nucleotide 

deletions in regions [6013/6014] and [6028/6029] of JSY3 as described previously (Norway et 

al., 2001) (Figure 3-4).  To allow for one round of replication of these feline viruses in the 

human 293 T cell line, a cytomegalovirus (CMV) promoter was inserted in place of the FIV U3 

promoter in the JSY3 and the JSY3ΔORF-A/2 provirus (Figure 3-1; Figure 3-2).  Insertion of the 



 

37 

CMV promoter was conducted using standard techniques and plasmids containing JSY3 and the 

JSY3ΔORF-A/2 provirus (Sambrook J., 1989). 

The following narrative describes the details of cloning the CMV promoter to the 

JSY3ΔORF-A/2 construct.  Briefly, PSP72ΔORF-A/2 (Norway et al., 2001) and 

PSP72CMVFIV were digested with restriction endonucleases Sph I and Eco RI for 1.5 hours at 

37°C, to reveal an approximate 9 Kb and a ~2 Kb fragment for each plasmid.  PSP72ΔORF-A/2 

was phosphatase (calf intestine) treated for 30 min at 37°C then placed on ice till gel loading.  

After enzyme digestion was complete, a 1% agarose gel was run to visualize both digested 

products.  The 9 Kb PSP72ΔORF-A/2 plasmid backbone was extracted from the agarose gel as 

well as the ~2 Kb insert from the PSP72CMVFIV, which contained the CMV promoter.  This 

was done utilizing the QIAEX II ® agarose gel extraction protocol (Qiagen Inc., Valencia, CA).  

From the gel extraction, DNA was isolated for ligation purposes.  Overnight ligation protocol 

included 1µL T4 DNA ligase (New England Biolabs, Ipswich, MA.), 2µL vector (PSP72ΔORF-

A/2) and insert (CMV) on ice.  The following day, ligation reaction was transformed with E. coli 

cells (DH5α).  Briefly, 100µL bacterial cells were added to the ligation mix and incubated for 30 

min on ice.  Cells were then heat shocked for exactly 90 seconds at 42°C.  Afterwards, cells were 

placed on ice for 1-2 minutes.  Liquid broth (LB) media was then added to snap-top polystyrene 

tubes and transformation mix was added to tubes then allowed to incubate at 37°C for 45 to 60 

minutes.  The mix was pelleted at room temperature for 30 seconds.  All supernatant was then 

removed except the last 50-100µL, which was used to mix pelleted cells by repeated pipetting up 

and down.  Cells were then streaked onto an agar plate, coating evenly.  The plate was incubated 

for 16 to 18 hours at 37°C, till the following day for colony picking. 



 

38 

After overnight plate growth, multiple colonies were selected and grown in 3 mL 

LB/ampicillin (100µg/mL final concentration of ampicillin) in snap-top polystyrene tubes.  

Samples were placed in a rotary shaker at 37°C for overnight growth.  The following day, DNA 

was isolated from the samples.  In brief, the bacterial culture was pelleted and re-suspended in 

GTE buffer (50mM glucose, 10mM EDTA pH 8.0, 25 mM Tris CL pH 8.0) containing 2mg/mL 

lysozyme.  The suspension was vortexed and then 200 µL of 0.2 N NaOH, 1% SDS was added to 

each tube, and tube was inverted.  150µL of 3M sodium acetate pH 4.8 was added, tube inverted 

and incubated at -20°C for 10 minutes.  The suspension was centrifuged at maximum speed for 

15 minutes and then supernatant was decanted into a fresh tube containing 900µL of absolute 

ethanol.  The suspension was inverted to mix and centrifuged at maximum speed for 5 minutes.  

The supernatant was then aspirated off from the pellet, and 750µL of absolute ethanol was added 

to the tube.  The suspension was inverted to mix, and incubated at -70°C for 10 minutes.  The 

suspension was then centrifuged for 5 minutes at maximum speed, and the supernatant was 

aspirated.  The sample was then speed-vac until dry.  The DNA sample was then re-dissolved in 

25-50µL of distilled water. 

DNA mini-preparations were then screened by restriction endonucleases to determine if 

they contained the proper construct.  Once the proper construct was identified, the clone was 

grown in 250 µL of ampicillin and 250 mL of LB media for amplification.  Isolation of the 

plasmid was accomplished using the Qiagen plasmid purification protocol (Qiagen Inc., 

Valencia, CA) according to manufacturer’s instructions. 

The sequence of the pCMVFIV wild-type and pCMVFIVORF-A/2-deficient constructs 

was confirmed by the University of Florida DNA Sequencing Core Laboratory (Gainesville, FL).  

The CMV promoter facilitated strong FIV expression in the human 293 T cells to amplify virus 
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production.  During subsequent replication of these constructs in feline CD4E cells, the CMV 

promoter was deleted during reverse transcription and replaced by the FIV U3 promoter in the 

progeny virions (Figure 3-3). 

Virus Preparation 

Human 293 T cells (4x105 cells/mL) were transfected with 1.5 µg of plasmids containing 

the pCMVFIV wild-type or pCMVFIVORF-A/2-deficient constructs using the reagent 

LipofectAMINE® according to manufacturer’s instructions (Life Technologies, Gaithersburg, 

MD).  After 8 hours, the transfection solution was replaced with minimal essential media (MEM; 

Invitrogen Corporation, Carlsbad, California).  After 24 hours, 106 feline CD4E cells in cRPMI 

were added to the transfected 293 T cells.  Following 4 days of incubation at 37°C in 7% CO2, 

suspended CD4E cells were carefully removed from the adherent 293 T cells and placed into 

new culture plates for further incubation at 37°C in 7% CO2.  A 25-μL aliquot of culture 

supernatant was removed every other day for measurement of Mg++-dependent viral reverse 

transcriptase (RT) activity as previously described (Johnson et al., 1990).  Culture supernatants 

were harvested and then utilized to infect 2x106 CD4E cells.  The supernatant of cultures 

containing JSY3 wild-type virus was harvested on day 7, while supernatant containing 

JSY3ΔORF-A/2 deficient virus was harvested on day 13.  The culture supernatants were passed 

through a 45-µm filter and viral genomic DNA was isolated using the QIAamp® DNA Mini Kit 

(Qiagen Inc., Valencia, CA).  The DNA was amplified by PCR using primers that flank the 

ORF-A/2 gene.  These primers were designed for detection of point mutations introduced into the 

ORF-A/2 gene (primers RMN 3 and RMN 4, Table 3-1).  The presence of JSY3 wild-type and 

JSY3ΔORF-A/2 FIV viruses in DNA extracted from culture supernatants was determined by 

conventional PCR performed on a reaction mixture containing 2 µL of RMN 3 and RMN 4 
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primers (20pmol/µL) (Table 3-1), 2 µL of DNA (100-200 ng), 1µL of 10mM dNTP mixture, 1 

µL of PFU, and 10 µL of 10x PFU buffer (Stratagene, La Jolla, CA).  PCR cycling conditions 

were: 94°C for 1min, 58°C for 2 min, and 72°C for 1 min for 30 cycles. 

The PCR products were sequenced to confirm that the ORF-A/2 deletions were still present 

(University of Florida DNA Sequencing Core Laboratory; Gainesville, FL) (Figures 3-4, 3-5).  

The TCID50 for each virus was determined by 4-fold titration in CD4E cells as previously 

described (Johnson et al., 1990).  The titer of JSY3 wild-type virus was 7.4x106 TCID50/mL and 

the titer of the JSY3ORF-A/2 deletion mutant was 2.9x104 TCID50/mL.  

Animals and Inoculation 

One-day-old specific pathogen-free kittens were injected intraperitoneally with 200μL 

cRPMI 1640 media containing 104 TCID50 of either the JSY3 wild-type virus (WT) (n=6) or the 

JSY3ORF-A/2 deletion virus (n=10).  Following inoculation, the kittens were returned to their 

respective queens for the duration of the study.  Infection was confirmed by PCR analysis of 

blood samples as described below.  The kittens were euthanatized by intravenous administration 

of a barbiturate (Beuthansia®,  Schering-Plough Animal Health Corp, Union, NJ)  at 8 weeks 

(n=3 for JSY3 wild type (WT), n=4 for JSY3ORF-A/2 deletion virus) and 16 weeks (n=3 for 

JSY3 wild type (WT), n=6 for JSY3ORF-A/2 deletion virus) post-infection for collection of 

tissues.  The kittens and their queens were housed in facilities accredited by the Association for 

Assessment and Accreditation of Laboratory Animal Care.  The study was approved by the 

University of Florida Institutional Animal Care and Use Committee (IACUC). 

Blood Samples 

Blood samples from each kitten were collected via jugular venipuncture into tubes 

containing EDTA prior to inoculation (0.5 mL) and at biweekly intervals thereafter (1-2 mL) 
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until the time of euthanasia.  In addition to a complete blood cell count with differential, 

lymphocyte subsets were quantified in each sample by flow cytometry as described below.  

Genomic DNA was extracted from the blood samples (QIAamp® DNA Mini Kit; Qiagen Inc., 

Valencia, CA) and the presence of JSY3 wild-type and JSY3ΔORF-A/2 FIV viruses in genomic 

DNA was determined by conventional PCR using gag-specific primers FIV-1(-2) and FIV-5(-4) 

(Table 3-1).  The reaction mixture contained  0.3uL of 50µM FIV-1(-2) and FIV-5 (-4), 2µL of 

genomic DNA (100-200 ng), 1 µL of 10mM dNTP mixture, 11 µL of 25mM MgCl2, 1 µL of 

Taq polymerase, and 10 µL of 10x Taq buffer (Roche Applied Science, Indianapolis, IN.).  PCR 

cycling conditions were: 94°C for 1min, 58°C for 2 min, and 72°C for 1 min for 30 cycles. 

Tissue Collection and Processing 

At the time of euthanasia, each kitten was anesthetized by intraperitoneal administration of 

ketamine (2 mg/kg, Ketaset®, Wyeth, Madison, NJ) and acepromazine (0.1 mg/kg, PromAce®, 

Fort Dodge Animal Health, Overland Park, KS) for collection of blood by cardiac puncture into 

tubes containing EDTA anticoagulant.  Peripheral blood mononuclear cells (PBMC) were 

isolated from the blood by a discontinuous density gradient of Percoll® (Sigma-Aldrich Corp. St. 

Louis, MO) as previously described (Tompkins et al., 1989).  The thymus and axillary, pre-

scapular and popliteal lymph nodes were aseptically collected from each kitten and weighed.  

Portions of the tissues were fixed in OCT® tissue matrix (BD Biosciences, San Jose, CA) for 

immunohistochemistry, and other portions were processed into single cell suspensions as 

previously described (Orandle et al., 2000). 

Immunomagnetic Selection of Peripheral Blood Lymphocyte Populations 

The PBMC were fractionated into T cell subsets and B cells using the MiniMACS® 

(Miltenyi Biotech, Auburn, CA) immunomagnetic bead-sorting protocols according to the 

manufacturer’s instructions.  The monoclonal antibodies used for selection of CD4+ T cells 
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included anti-feline CD4 antibody conjugated to phycoerythrin (PE) (MCA 1346 PE, Serotec 

Inc., Raleigh, NC) and anti-feline CD4 antibody conjugated to biotin (clone CAT30A, Wayne 

and Mary Tompkins, North Carolina State University, Raleigh, NC).  The monoclonal antibodies 

used for selection of CD8+ T cells included anti-feline CD8 antibody conjugated to 

phycoerythrin (PE) (MCA 1347PE, Serotec Inc., Raleigh, NC) and anti-feline CD8 antibody 

conjugated to fluorescein isothiocyanate (FITC) (clone CAT357, Wayne and Mary Tompkins, 

North Carolina State University, Raleigh, NC).  The monoclonal antibody used for selection of B 

cells was anti-CD79a conjugated to allophycocyanin (APC) (C7252; clone HM57, 

DakoCytomation California Inc., Carpinteria, CA).  PBMC aliquots were incubated with a 

fluorochrome-conjugated CD4 antibody, CD8 antibody, or B cell antibody followed by 

incubation with magnetic beads conjugated with antibody to the fluorochrome (anti-PE beads, 

anti-FITC beads, anti-biotin beads, anti-APC beads, Miltenyi Biotech, Auburn, CA). 

Briefly, PBMC were fractionated into T cell subsets and B cells using the MiniMACS® 

(Miltenyi Biotech, Auburn, CA) immunomagnetic bead-sorting reagents and protocols supplied 

by the manufacturer.  In one method, at both time points, we dual-labeled whole PBMC with 

anti-feline CD8 antibody conjugated to fluorescein isothiocyanate (FITC) (30 µL/1x106 cells) 

(clone CAT357, Wayne and Mary Tompkins, North Carolina State University, Raleigh, NC) and 

anti-feline CD4 antibody conjugated to biotin (30 µL/1x106 cells) (clone CAT30A, Wayne and 

Mary Tompkins, North Carolina State University, Raleigh, NC).  Purification of cells was done 

with anti-FITC beads and anti-biotin beads sequentially (10 µL/1x107 cells; 20 µL beads/1x107 

cells) (Miltenyi Biotech, Auburn, CA).  Labeled cells were removed by adherence to the 

magnetic column. 
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In an alternate method, CD8+ T cells were selected first by the use of anti-feline CD8 

antibody conjugated to phycoerythrin (PE) (MCA 1347PE, Serotec Inc., Raleigh, NC) (10 

µL/1x106 total cells).  Isolation of CD8+ T cells was done with anti-PE beads (20 µL of anti-PE 

beads/1x107 total cells) (Miltenyi Biotech, Auburn, CA) and the labeled CD8+ T cells were 

removed by adherence to the magnetic column.  The non-adherent cells were incubated with 

monoclonal antibody anti-CD79a conjugated to allophycocyanin (APC) (C7252; clone HM57, 

DakoCytomation California Inc., Carpinteria, CA) (10 µL/1x106 cells) followed by anti-APC 

beads (20 µL/1x107 cells) (Miltenyi Biotech, Auburn, CA).  The labeled B cells were removed 

by adherence to the magnetic column.  The non-adherent cells were incubated with anti-feline 

CD4 antibody conjugated to phycoerythrin (PE) (MCA 1346 PE, Serotec Inc., Raleigh, NC) (10 

µL/1x106cells) followed by anti-PE beads (20 µL/1x107cells )  (Miltenyi Biotech, Auburn, CA). 

The purity of the selected lymphocyte populations was determined by phenotype analysis 

using flow cytometry as described below.  The purity of lymphocyte populations from blood 

collected at 8 weeks was about 80%.  Refinement of the immunomagnetic selection techniques 

used for blood samples collected at 16 weeks resulted in purities greater than 90%. 

Flow Cytometry 

Subpopulations of PBMC, thymocytes, and lymph node cells were analyzed by dual-

fluorescence flow cytometry as previously described (Orandle et al., 2000).  Briefly, the CD4+ 

and CD8+ T cells were identified by incubating cells with a combination of  anti-feline CD4-

biotin (CAT30A) and anti-feline CD8-FITC (CAT357), or anti-feline CD4-FITC (MCA 1346F) 

and anti-feline CD8- PE (MCA 1347PE).  B and T cells were identified by incubation of cells 

with a combination of mouse anti-feline CD5- FITC (MCA 2038F, Serotec Inc, Raleigh, NC.) 

and mouse anti-feline B cell-PE (MCA 1781PE, Serotec Inc., Raleigh, NC).  After incubation 

with the primary antibodies, the cells were washed with PBS buffer containing 2% fetal calf 
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serum, and the cells labeled with anti-feline CD4-biotin were further incubated with streptavidin-

PE (Sigma Aldrich, St. Louis, MO.).  Following the final washes with PBS/2% fetal calf serum 

buffer, the cells were re-suspended in isotonic 0.25% paraformaldehyde.  The samples were 

acquired on a FACScan cytometer (Becton Dickinson Biosciences, San Jose, CA) and analyzed 

using the LYSIS-II program (Becton Dickinson Biosciences, San Jose, CA.).  Lymphocytes were 

gated on the basis of light scatter profiles as previously described (Orandle et al., 1997). 

Quantitative Real-Time PCR for FIV Provirus 

Genomic DNA was extracted (QIAamp® DNA Mini Kit, Qiagen Inc., Valencia, CA) from 

thymocytes, lymph node cells, PBMC, and blood lymphocyte subpopulations for quantification 

of FIV provirus by real-time PCR using primers for the JSY3 gag gene.  DNA concentration and 

purity was determined by UV spectrophotometer (A260/A280).  Feline G3PDH was selected as the 

housekeeping gene for normalization of FIV content. The gag primers, feline G3PDH primers, 

and corresponding Taqman® probes were designed using Primer Express® software (PE 

Applied Biosystems, Foster City, CA) (Norway et al., 2001)(Table 3-2).  PCR analyses were 

conducted in a 25-µl reaction volume of PCR Universal Master Mix® (PE Applied Biosystems) 

containing ~100-200 ng of DNA, 900 nM of each gag and G3PDH primer, and 125 nM of the 

TaqMan® probes.  The standard curve was generated by PCR on serial dilutions of a cDNA 

containing the JSY3 gag sequence and feline G3PDH.  All samples and the serial dilutions of the 

standards were assayed in duplicate.  For all samples, the target quantity was determined from 

the standard curve and divided by the target quantity of a calibrator, a 1× sample.  All other 

quantities were expressed as an n-fold difference relative to the calibrator.  The relative FIV 

provirus content was expressed as the ratio of FIV gag to G3PDH. 
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Quantitative Real-Time PCR for FIV Transcription 

Total RNA was extracted (RNeasy® Midi Kit, Qiagen Inc., Valencia, CA) from 

thymocytes, lymph node cells, PBMC, and blood lymphocyte subpopulations for quantification 

of FIV transcription by real-time PCR using primers for the JSY3 gag and rev genes.  

Transcription of the gag gene results in an unspliced or singly spliced product whereas 

transcription of the rev gene produces multiply spliced RNA products (Kiyomasu et al., 1991) 

(Michael et al., 1991) (Phillips et al., 1992) (Tomonaga et al., 1993b).  RNA concentration and 

purity was determined by UV spectrophotometer (A260/A280).  Reverse transcription was 

performed by use of the TaqMan® Reverse Transcription Reagents (PE Applied Biosystems, 

Foster City, CA) utilizing ~0.5 µg RNA and corresponding 3’ reverse gag and rev specific 

primers with the following cycling conditions: 75°C for 5 min, 42°C for 1 hour, 95°C for 5 

minutes, and 4°C for 5 minutes.  The gag primers, G3PDH primers, and corresponding 

Taqman® probes were those described for the provirus real-time PCR assay above (Table 3-2).  

The rev primers and corresponding Taqman® probes were designed using Primer Express® 

software (PE Applied Biosystems, Foster City, CA) (Table 3-2).  The rev Taqman® probe 

anneals to the splice junction of rev 1 and rev 2 (base pair 6513 to 8951 of JSY3), and is a minor-

groove-binding probe (MGB).  PCR analyses were conducted in a 25-µl reaction volume of PCR 

Universal Master Mix® (PE Applied Biosystems, Foster City, CA) containing ~100-200 ng of 

cDNA , 900 nM of each gag, rev, and G3PDH primer, and 125 nM of the TaqMan® probes.  

The standard curve was generated by PCR on serial dilutions of a cDNA containing the JSY3 

gag and rev sequences and feline G3PDH.  All samples and the serial dilutions of the standards 

were assayed in duplicate. For all samples, target quantity was determined from the standard 

curve and divided by the target quantity of a calibrator, a 1× sample.  All other quantities were 
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expressed as an n-fold difference relative to the calibrator.  The relative FIV gag and rev gene 

transcription products were expressed as the ratio of FIV gag and rev to G3PDH. 

Statistical Analysis 

A statistical software program (SigmaStat 3.0®, SPSS Inc., Chicago, IL) was utilized for 

all data analyses.  The data were transformed prior to analysis, via square root, in order to 

normalize any sample variability.  Hematological profile results were analyzed by a one-way 

analysis of variance (One-Way ANOVA).  Transformed variables that were not normally 

distributed or displayed unequal variances were compared using the ANOVA on Ranks test.  A 

one-way repeated measure of analysis of variance (RM- ANOVA) was utilized to compare an 

individual infected set of animals across the length of infection.  Transformed variables for 

proviral load and relative transcript comparison that had normal distribution and equal variance 

were compared using the Student’s t-test.  Transformed variables that were not normally 

distributed or displayed unequal variances were compared using the Mann-Whitney rank sum 

test.  Results are presented as means ± one standard deviation.  Values with P ≤ 0.05 were 

considered significant. 

Results 

Blood Lymphocyte Subpopulations 

Blood samples were collected from the FIV-infected cats every 2 weeks from the time of 

virus inoculation at birth to 16 weeks of age.  Lymphocyte subpopulations (CD4+ T cells, CD8+ 

T cells, and B cells) in the blood were analyzed by flow cytometry to monitor fluctuations 

associated with progression of FIV infection. 

In cats infected with JSY3 wild type (WT), there was a progressive inversion of the 

CD4:CD8 ratio from 2 weeks to 10 weeks post-infection with the values being statistically 

different from uninfected control kittens (P≤ 0.05) (Figure 3-6).  There is a similar, but less 
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pronounced, inversion for cats infected with the ORF-A/2 deletion mutant (JSY3ΔORF-A/2).  At 

two and four weeks, the JSY3 (WT) ratio was significantly lower than JSY3∆ORF-A/2 (P≤ 0.05) 

(Figure 3-6).  By 16 weeks post-inoculation, the CD4:CD8 ratios were similar for the 2 groups of 

infected cats and there was no statistical difference. 

The inversion of the CD4:CD8 ratio was associated with loss of CD4+ T cells from 2 to 8 

weeks post-infection in both groups of cats (Figure 3-7).  This reduction in absolute CD4+ T cells 

was statistically different from uninfected cats at 2 weeks, 4 weeks, 8 weeks and 12 weeks post-

infection in both JSY3 (WT) and JSY3∆ORF-A/2 cats (P≤ 0.05) (Figure 3-7).  The CD4+ T cell 

loss was greater for JSY3 (WT) infected cats from 6 to 10 weeks post-infection compared to cats 

infected with the ORF-A/2 deletion mutant virus.  However, there was a statistically significant 

difference in JSY3∆ORF-A/2 week 4 absolute CD4+ T cells compared to week(s) 8, 12 and 16 

(P≤ 0.05) indicating a progressive loss of CD4+ T cells.  By 16 weeks post-infection, the 

numbers of CD4+ T cells were similar in both groups although JSY3∆ORF-A/2 infected kittens 

exhibited statistically reduced CD4+ T cells compared to uninfected animals (P≤ 0.05) (Figure 3-

7). 

The number of CD8+ T cells fluctuated during the 16-week course of FIV infection 

(Figure 3-8).  At 2 weeks and 4 weeks, both JSY3 (WT) and JSY3∆ORF-A/2 cats had lower 

CD8+ cells in whole blood than uninfected cats (P≤ 0.05) (Figure 3-8).  There was no 

progressive expansion in this lymphocyte subpopulation in the blood of either group of cats but 

rather an expansion at 4 weeks for JSY3 (WT) and at 10 weeks for JSY3∆ORF-A/2. 

In contrast to the number of absolute CD8+ T cells, there was a slight expansion in the 

number of B cells starting around 4 weeks post-infection in the JSY3 (WT) infected group 

(Figure 3-9).  This absolute number was maintained to 16 weeks post-infection in cats infected 
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with JSY3 (WT).  In contrast, a progressive decline in the number of B cells in the JSY3ΔORF-

A/2 infected cats was monitored from 8 to 16 weeks post-infection.  At 2 weeks and 8 weeks, 

JSY3∆ORF-A/2 infected cats had a statistically lower absolute B cell counts than uninfected cats 

(P≤ 0.05) (Figure 3-9).  At 4 weeks, absolute B cell count in JSY3∆ORF-A/2 was statistically 

greater in comparison to week 16 (P≤ 0.05) (Figure 3-9).  At 16 weeks, the difference in 

JSY3∆ORF-A/2 absolute B cell numbers approached statistical significance (P=0.06).  A lower 

absolute B cell number in the blood could suggest sequestration of the B cells within other 

lymphoid compartments. 

Thymus and Lymph Node Lymphocyte Subpopulations  

Thymus and lymph node tissue samples were collected at necropsy from the FIV-infected 

cats at 8 weeks and 16 weeks of age.  Lymphocyte subpopulations were analyzed by flow 

cytometry to monitor fluctuations associated with progression of FIV infection.  At 8 weeks, 

there were statistically fewer T cells in the thymus of JSY3 (WT) infected cats, than the 

uninfected cats and JSY3∆ORF-A/2 infected cats (Figure 3-10 (C)).  This is further exemplified 

when cells are categorized into double negative T cells (DNeg), double positive T cells (DP), 

CD4+, and CD8+ T cells (Figure 3-10 (A-B; E-F)), in which JSY3 (WT)-infected cats had 

statistically less of each form of T cell at 8 weeks as compared to 16 weeks (P≤ 0.05).  JSY3 

(WT) also had a decrease in the absolute number of B cells in the thymus at 8 weeks compared 

to JSY3∆ORF-A/2 infected cats, but the slight increase relative to JSY3∆ORF-A/2 cats at 16 

weeks, was not significant (Figure 3-10 (D)).  JSY3∆ORF-A/2 maintained the same level of 

absolute B cells at 8 and 16 weeks which remained elevated above JSY3 (WT) and uninfected 

cats (Figure 3-10 (D)). 

Analysis of the lymph node samples revealed that JSY3∆ORF-A/2 had a greater number of 

absolute CD4+ T cells, and absolute T cells compared to JSY3 (WT) and uninfected cats at 8 
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weeks (Figure 3-11 (A and C)).  The absolute number of CD8+ T cells, and B cells at 8 weeks 

however were essentially equivalent between JSY3∆ORF-A/2  and JSY3 (WT) infected cats, 

both were elevated relative to uninfected cats (Figure 3-11 (B and D).  At 16 weeks the absolute 

number of CD4+ T cells and T cells is approximately equal between JSY3 (WT) and 

JSY3∆ORF-A/2, both were greater than uninfected cats (Figure 3-11 (A and C)).  However, both 

CD8+ T cells and B cells are increased in JSY3 (WT) infected tissue, and were greater than the 

levels detected in JSY3∆ORF-A/2 infected and uninfected cats at 16 weeks (Figure 3-11 B and 

D)).  Absolute CD8+ T cells in the lymph node samples of JSY3∆ORF-A/2 infected cats at 16 

weeks were significantly different from uninfected CD8+ T cells at 16 weeks (Figure 3-11 (B)). 

Proviral Load in Lymphoid Tissues and Lymphocyte Subpopulations 

The proviral load was quantified in genomic DNA extracted from thymocytes, lymph node 

cells, peripheral blood mononuclear cells (PBMC), and blood lymphocyte subpopulations (CD4+ 

T cells, CD8+ T cells, and B cells) prepared from FIV-infected cats at 8 and 16 weeks post-

infection.  The relative quantity of provirus in these cell populations was determined by a real-

time PCR assay specific for the gag gene of JSY3 FIV. 

At 8 and 16 weeks post-infection, the relative proviral load in the thymus, lymph nodes, 

and PBMC in cats infected with JSY3ΔORF-A/2 was lower than that for cats infected with JSY3 

(WT) (Figure 3-12; Figure 3-13).  The difference in proviral load between the 2 groups of cats 

was most pronounced at 8 weeks post-infection.  At this time, the proviral load in the thymus, 

lymph node cells and PBMC was significantly lower in cats infected with the ORF-A/2 deletion 

mutant (P≤ 0.05) (Figure 3-12).  On examination of gag proviral load in relation to tissue weight, 

JSY3∆ORF-A/2 had a statistically lower ratio in the thymus at 8 weeks versus JSY3 (WT) 

(Figure 3-14).  JSY3 (WT) had a statistically significant reduction in the ratio at 16 weeks 
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compared to 8 weeks (P≤ 0.05).   This result could not be demonstrated for the lymph node 

however (P=0.065) (Figure 3-15).  By 16 weeks post-infection, the proviral load in the thymus, 

lymph nodes, and PBMC were similar between the 2 groups of infected kittens (Figure 3-13).  

For cats infected with JSY3 (WT), the proviral load was significantly lower in all the lymphoid 

tissues at 16 weeks post-infection compared to 8 weeks (Table 3-3).  For cats infected with 

JSY3ΔORF-A/2, there were no significant differences in proviral load in the lymphoid tissues 

between 8 and 16 weeks post-infection (Table 3-3). 

Similar to the total lymphocyte population in the blood, the proviral load in the blood 

lymphocyte subpopulations (CD4+ T cells, CD8+ T cells, B cells) was lower in cats infected with 

the ORF-A/2 deletion mutant compared to cats infected with the wild type parent virus (Figure 

3-16).  At 16 weeks post-infection, the proviral loads in the CD4+ and CD8+ T cells were similar 

for the 2 groups of infected cats, but the B cells in the JSY3ΔORF-A/2 infected cats still had a 

significantly (P=0.025) lower proviral load (Figure 3-17).  For each group of infected cats, there 

were no significant differences in proviral load of the lymphocyte subpopulations between 8 and 

16 weeks post-infection (Table 3-4). 

Transcription of gag and rev in Lymphoid Tissues 

FIV gag and rev transcripts were quantified in RNA extracted from thymocytes, lymph 

node cells, and PBMC collected from infected cats at 8 and 16 weeks post-infection. The relative 

quantity of viral transcripts in these cell populations was determined by a real-time PCR assay 

specific for the gag and rev genes of JSY3 FIV. 

Transcription of the gag gene produces full-length transcripts that are translated into 

proteins necessary for assembly of fully infectious virions.  Compared to cats infected with JSY3 

(WT) virus, the relative amount of gag transcripts in the thymus, lymph nodes, and PBMC were 
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reduced in cats infected with the ORF-A/2 deletion mutant at both 8 and 16 weeks post-infection 

(Figure 3-18).  The relative amount of gag transcripts were significantly lower in the thymus 

(P=0.048), lymph node (P=0.005) and PBMC (P< 0.001) at 8 weeks (Figure 3-18 (A)), and in the 

thymus (P=0.026) and lymph node (P=0.029) at 16 weeks (Figure 3-18 (B)).  For cats infected 

with JSY3 (WT), the relative quantity of gag transcripts was significantly greater in the thymus 

compared to lymph node (P=0.008) and PBMC (P=0.039) at 8 weeks post-infection, and the 

PBMC contained significantly more gag transcripts than the lymph node (P=0.015) (Table 3-5).  

Similarly, for cats infected with JSY3ΔORF-A/2, the relative quantity of gag transcripts was also 

significantly greater in the thymus compared to lymph node (P=0.014) and PBMC (P=0.007) at 8 

weeks post-infection (Table 3-5).  There were no significant differences in gag transcript 

quantity between the thymus, lymph node, and PBMC at 16 weeks for either group of infected 

cats (Table 3-5). 

Transcription of the rev gene occurs early after FIV integration into the host cell genome, 

and the resultant rev protein regulates the release of other viral transcripts from the nucleus to the 

cytoplasm for translation into proteins for assembly of infectious virions (Kiyomasu et al., 1991) 

(Michael et al., 1991) (Phillips et al., 1992) (Tomonaga et al., 1995). 

Compared to cats infected with JSY3 (WT) virus, the relative amount of rev transcripts in 

the thymus, lymph nodes, and PBMC were lower in cats infected with the ORF-A/2 deletion 

mutant at both 8 and 16 weeks post-infection (Figure 3-18 (C) and (D)).  The relative amount of 

rev transcripts were significantly lower in the lymph node (P=0.010) and PBMC (P< 0.001) at 8 

weeks (Figure 3-18 (C)).  For cats infected with JSY3 (WT), the relative quantity of rev 

transcripts was greater in the thymus than lymph node and PBMC at both 8 and 16 weeks post-

infection, but these differences were not statistically significant (Table 3-6).  For cats infected 
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with JSY3ΔORF-A/2, the relative quantity of rev transcripts was significantly (P≤ 0.05) greater 

in the thymus than lymph node and PBMC at 8 weeks post-infection (Table 3-6).  In addition, 

the relative quantity of rev transcripts was significantly (P< 0.05) greater in the lymph node and 

PBMC at 16 weeks compared to 8 weeks post-infection (Table 3-6). 

Transcription of gag and rev in Blood Lymphocyte Subpopulations 

The relative quantity of gag and rev transcripts was determined in CD4+ T cells, CD8+ T 

cells, and B cells in the blood of infected cats at 8 and 16 weeks post-infection. 

Similar to the lymphoid tissues, the relative quantities of gag and rev transcripts were 

lower in all 3 lymphocyte subpopulations of cats infected with JSY3ΔORF-A/2 at 8 weeks post-

infection compared to JSY3 (WT) infected cats (Figure 3-19).  At 16 weeks post-infection, the 

relative quantities of gag transcripts in CD4+ and CD8+ T cells were similar for the 2 groups of 

cats, whereas the quantity in B cells was still significantly (P=0.03) lower in the cats infected 

with the ORF-A/2 deletion mutant (Figure 3-19 (B)).  In contrast to the gag transcripts, the 

relative quantity of rev transcripts remained lower in all 3 lymphocyte subpopulations in the 

JSY3ΔORF-A/2 infected cats at 16 weeks (Figure 3-19 (D)).  The rev transcripts were 

significantly lower in the CD4+ T cells (P=0.014) and B cells (P=0.007) (Figure 3-19 (D)). 

For cats in both groups, there were no significant differences in the relative quantity of gag 

or rev transcripts in the CD4+ T cells, the CD8+ T cells, and the B cells at 8 weeks post-

infection, 16 weeks post-infection, or in comparison of quantities at 8 weeks versus 16 weeks 

post-infection (Tables 3-7 and Table 3-8).  The only exception was that the rev transcripts were 

significantly (P=0.01) greater in the B cells than CD4+ T cells for JSY3 (WT) infected cats at 16 

weeks post-infection (Table 3-8). 
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Discussion 

Close examination of the thymus subpopulations by flow cytometry revealed a significant 

reduction in the absolute number of T cells in JSY3 (WT) infected cats at week 8 compared to 

the JSY3∆ORF-A/2 infected or uninfected cats.  JSY3 (WT) infected cats at week 8 had a 

significant decrease in the number of CD4+ T cells, CD8+T cells, CD4+CD8+ (DP) T cells , and 

CD4-CD8-(DNeg) T cells in the thymus compared to JSY3 (WT) infected cats at 16 weeks (P ≤ 

0.05).  JSY3∆ORF-A/2 infected samples had equivalent absolute CD8+ T cells to JSY3 (WT) 

infected at 16 weeks.  This information is different than previously reported (Norway et al., 

2001), where a reduced expansion of CD8+ thymocytes was seen in JSY3∆ORF-A/2 infected 

cats at 14 weeks post-infection.  Perhaps the sampling at 16 weeks, compared to 14 weeks, with 

greater number of JSY3∆ORF-A/2 infected cats in these experiments, accounted for this 

observation.  Thymus samples of JSY3∆ORF-A/2 infected have consistently more DP and DNeg 

T cells compared to JSY3 (WT) or uninfected cats at 16 weeks.  This observation of more DP T 

cells in the thymus of JSY3∆ORF-A/2 infected cats, compared to JSY3 (WT) infected, is 

consistent with the previous report (Norway et al., 2001). 

In terms of thymic and lymph node proviral load, JSY3∆ORF-A/2 infected cats had 

statistically lower proviral load at 8 weeks compared to JSY3 (WT) infected, but by 16 weeks, 

there is no difference suggesting that the level of proviral load had paralleled or that a percentage 

of JSY3 (WT) infected cells have decreased by cell death.  This observation is different than the 

previous report of a significantly reduced proviral load in JSY3∆ORF-A/2 infected thymus of 14 

week old cats (Norway et al., 2001).  Perhaps the sampling at 16 weeks, compared to 14 weeks, 

with greater number of JSY3∆ORF-A/2 infected cats in these experiments, accounted for this 

observation. 
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Examination of the level of gag and rev gene expression in the thymus and lymph node 

demonstrated that JSY3∆ORF-A/2 infected cats consistently expressed lower gene expression 

and this difference was statistically significant for gag RNA at 8 and 16 weeks.  Despite the fact 

that JSY3∆ORF-A/2 infected thymus and lymph nodes had more T cells (in the thymus, DNeg, 

DP) there was no equivalence to JSY3 (WT) infected in the production of gag or rev transcripts 

at 16 weeks.  This suggests JSY3∆ORF-A/2 produced fewer RNA products despite clinical 

(PBMC) parameters of chronic FIV infection (decreased absolute CD4+ T cell count; inverted 

CD4:CD8 ratio). 

Analysis of the PBMC flow cytometry data demonstrates the progressive decline in the 

CD4+:CD8+ ratio, with a loss of CD4+ T cells in both JSY3 (WT) and JSY3∆ORF-A/2 infected 

cats.  This decline in CD4+ T cells is more severe in JSY3 (WT) infected cats earlier (week 2) in 

the course of infection compared to JSY3∆ORF-A/2 (week 8).  This observation is consistent 

with the previous report of a delay in the decline of the CD4:CD8 ratio in JSY3∆ORF-A/2 

infected cats (Norway et al., 2001).  By 16 weeks of infection, the relative CD4:CD8 ratio of 

JSY3 (WT) and JSY3∆ORF-A/2 infected cats are equivalent with approximately equal number 

of CD4+ T cells and CD8+T cells.  JSY3 (WT) infected cats experienced a mild expansion of B 

cells in the PBMCs at 4 weeks that JSY3∆ORF-A/2 infected cats do not.  In contrast, 

JSY3∆ORF-A/2 cats exhibit a mild increase in absolute B cell numbers at 4 weeks with a 

gradual decline in those B cell numbers during the following weeks, nearly approaching 

statistical significance at 16 weeks (P=0.06).  The reason for the lower absolute B cell numbers 

in the circulating PBMCs of JSY3∆ORF-A/2 infected cats is unknown, but may reflect a 

generalized sequestration and compartmentalization of B cells in the thymus and lymph node, as 

suggested by flow cytometry data.  In JSY3∆ORF-A/2 infected thymus, B cell levels were 
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monitored that consistently remained higher than JSY3 (WT) infected thymus at 8 and 16 weeks 

although not statistically significant.  In the lymph node, JSY3∆ORF-A/2 infected B cell 

numbers are also higher than JSY3 (WT) and do not change between week 8 and 16, although 

not statistically significant.  However, by 16 weeks of JSY3 (WT) infection, increased B cell 

numbers are observed in both the thymus and the lymph node possibly indicating an influx of B 

cells into the tissues. 

The mechanism by which ORF-A/2 enhances viral replication in PBMCs is unknown.  

FIV-p34 is a natural ORF-A/2 mutant that has a stop codon in the middle of the ORF-A/2 gene 

(Talbot et. al., 1989).  When the stop codon is converted to a tryptophan codon, FIV-p34 is 

capable of replicating in feline PBMCs implicating ORF-A/2 as an important factor for 

replicating in primary cells (Waters et. al. 1999).  Analysis of JSY3∆ORF-A/2 sorted PBMCs 

demonstrates a reduction in the proviral load with a significant difference in B cell proviral load 

between JSY3 (WT) at 16 weeks.  Reduced gag and rev gene expression was seen in all of the 

JSY3ΔORF-A/2 subpopulations, with CD8+ T cells demonstrating statistically significant 

differences from JSY3 (WT) at 8 weeks and JSY3ΔORF-A/2 B cells expressing fewer gag and 

rev transcripts at 16 weeks.  It may be that ORF-A/2 has multiple functions which promote virus 

replication, as seen in HIV accessory genes.  Gemeniano et. al. (2003) reported ORF-A/2 is 

required for virus particle formation/virus infectivity, and similar to Vpr, induces a G2 cell cycle 

arrest (Gemeniano et. al., 2003; Gemeniano et. al., 2004).  The low level of viral transcripts in 

JSY3∆ORF-A/2 infected animals may reflect the reduction in proviral load and may be related to 

the problem of particle formation and or virus infectivity (Gemeniano et al., 2003).  Yang et. al. 

(1996) previously reported that during acute phase of infection, proviral load was only found in 

the CD4+ T cell subset.  Data presented here demonstrates provirus in all three subsets during 
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acute phase of infection.  It is possible that a difference in sampling time point 2 weeks, 

compared to 8 weeks, may account for this difference.  Yang et. al. (1996) also suggested that 

the progressive decline in CD4+ T cells while CD8+ T cells and B cells numbers remain 

consistent during the chronic phase indicate that FIV infection is latent and non-cytolytic in 

CD8+ and B cells.  However, data presented here supports active gene expression in CD8+ T 

and B cells at 16 weeks.  The use of neonatal kittens instead of adult cats, could account for this 

difference in results. 

In summary, T cell and B cell numbers were increased in the thymus at 8 and 16 weeks of 

JSY3∆ORF-A/2 infected cats compared to JSY3 (WT) infected cats.  Despite these increases in 

cell numbers, by 16 weeks, JSY3∆ORF-A/2 infected cats have near equivalent levels of proviral 

load but, reduced gag and rev mRNA, compared to JSY3 (WT) infected cats.  JSY3∆ORF-A/2 

infected cats’ absolute values in lymph node subpopulations did not change markedly between 

week 8 and week 16 and although the numbers of cells were consistent, this did not result in an 

increase in the rate of gag and rev gene expression in the lymph node at 8 or 16 weeks.  Analysis 

of the PBMC revealed that B cell numbers in the blood of JSY3∆ORF-A/2 infected cats were 

lower than JSY3 (WT) infected cats, and that these B cells, when sorted and analyzed for 

proviral load and gene expression, revealed lower proviral load and viral gene expression 

throughout the JSY3∆ORF-A/2 infection.  Specifically, B cells exhibited a statistically 

significant reduction in proviral load and viral gene expression during chronic infection.  The 

reason for this is unknown although the mean absolute number of B cells at 16 weeks for cats 

infected with JSY3∆ORF-A/2 (768 cells/µL) is lower than JSY3 (WT) (2,954 cells/µL) and 

could be attributable.  However, upon examination of the absolute mean values of CD8+ and 

CD4+ T cells at 8 weeks, there is equivalent number of cells between JSY3 (WT) and 
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JSY3∆ORF-A/2 yet lower proviral load and gene expression in JSY3∆ORF-A/2 infected cats.  

Whether ORF-A/2 contributes to the shift from CD4+ cells during acute infection, to the B cells 

in the chronic phase of infection, remains to be determined. 
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Figure 3-1.  Construction of the CMV-driven JSY3 (WT) molecular clone. 
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Figure 3-2.  Construction of the CMV-driven JSY3∆ORF-A/2 molecular clone. 
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Figure 3-3.  Schematic of viral events depicting what transpired utilizing the CMV driven 

plasmids.  Upon transfection of the 293 T cells, the CMV promoter would be utilized 
to drive initial expression of the virus and that promoter is subsequently removed 
during viral reverse transcription and assembly.  The intact FIV LTR then drives 
expression in the feline CD4E cell line. 
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NOVAK AORFA#1/RMN4R  LENGTH: 462  CHECK: 2527  .. 
     1  CTTTGTGTTG CTATATCAAA ATCTAATAAC TCTTCAGCTT CTTCTGGTCC 
 
    51  TATCCATTGT CTATTGGCTG CAAATCCTTC TGCCATAATT ATTGTTGCAA 
 
   101  ATGAAATATT ATTATAAGTA TTTCTAAGCA GTAGTTATTG ATAATGTAGA 
 
   151  TTGCAACTGC CAATAGTAGA ATTTGCAACA GAACCAACAT AAACAGTATT 
 
   201  TTGTTTGGGG TTTCTTAAAT CTATGTCTCC AAACTAATCC TTGTAGTAAT 
 
   251  CTAATAACTT TGTCCCTTTC TAATTGATGT GCTAATACAA ATATTCTGAT 
 
   301  AGCTTTTTCC TTTTCTAGTT TCTTA--GACCT TATTAAAT--T GTTAGTATGTC 
 
   351  TTCCATTCAT AGGCTCCCTG ACCATAATAG ACTCCAGCTG GGCTTGGATT 
 
   401  GAATGACCTC CAAATCAGCA GGCGTTCTGT AAGGAGAAAC AAAGCGTTGA 
 
   451  TTACAGCATC CT 
 
Figure 3-4.  ORF-A/2 gene DNA sequence data from the PCR product of JSY3∆ORF-A/2 

infected CD4E cells.  Side-by-side comparison of this sequence with JSY3 wild type 
ORF-A/2 gene revealed four base pair deletions (indicated by dash marks (-)) from 
site-directed-mutagenesis as described previously. 
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NOVAK WT#2/RMN4R  LENGTH: 465  CHECK: 5005  .. 
     1  TTTGTGTTGC TATATCAAAA TCTAATAACT CTTCAGCTTC TTCTGGTCCT 
 
    51  ATCCATTGTC TATTGGCTGC AAATCCTTCT GCCATAATTA TTGTTGCAAA 
 
   101  TGAAATATTA TTATAAGTAT TTCTAAGCAG TAGTTATTGA TAATGTAGAT 
 
   151  TGCAACTGCC AATAGTAGAA TTTGCAACAG AACCAACATA AACAGTATTT 
 
   201  TGTTTGGGGT TTCTTAAATC TATGTCTCCA AACTAATCCT TGTAGTAATC 
 
   251  TAATAACTTT GTCCCTTTCT AATTGATGTG CTAATACAAA TATTCTGATA 
 
   301  GCTTTTTCCT TTTCTAGTTT CTTAGTGACC TTATTAAATA ATGTTAGTAT 
 
   351  GTCTTCCATT CATAGGCTCC CTGACCATAA TAGACTCCAG CTGGGCTTGG 
 
   401  ATTGAATGAC CTCCAAATCA GCAGGCGTTC TGTAAGGAGA AACAAAGCGT 
 
   451  TGATTACAGC ATCCT 
 
Figure 3-5.  ORF-A/2 gene DNA sequence data from the PCR product of JSY3 (WT) infected 

CD4E cells.  Side-by-side comparison of this sequence with JSY3∆ORF-A/2 PCR 
product reveals an intact ORF-A/2 gene. 
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Table 3-1.  The sequences of the primers used for conventional PCR analyses for FIV. 
Primer    Sequence (5' to 3') Use 
FIV-1  TGA CCG TGT CTA CTG CTG CT Conventional PCR for gag 
FIV-5  CAC ACT GGT CCT GAT CCT TTT  
    
FIV-2  CCA CAA TAT GTA GCA CTT GAC C Conventional PCR for gag 
FIV-4  GGG TAC TTT CTG GCT TAA GGT G (nested PCR) 
    

RMN 3  AGT GGC GAG GAT GCT GTA AT 
Conventional PCR for 
ORF-A/2 

RMN 4  CCT GGA TTT AGT GGC CCT TC  
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Table 3-2.  The sequences of the primers and probes used for quantitative real time PCR analyses 
for FIV. 

 Primer or 
Probe Sequence (5' to 3') Use 

F-GAG AGC CCT CCA CAG GCA TCT C  
R-GAG TGG ACA CCA TTT TTG GGT CAA  

Probe-GAG 6-FAM-ATT CAA ACA GCA AAT GGA GCA 
CCA CAA TAT G-TAMRA  

   

F-G3PDH CCA TCA ATG ACC CCT TCA TTG 
Real-time qRT-
PCR for G3PDH 

R-G3PDH TGA CTG TGC CGT GGA ATT TG  

Probe-G3PDH 6FAM-CCT CAA CTA CAT GGT CTA CAT GTT 
CCA GTA TGA TTC C-TAMRA  

   

F-REV  CGG AAT GAA CTT CAA GAG GTA AAA CTA
Real-time qRT-
PCR for rev 

R-REV TCA TAT TCT TGA AGG CTT TCT TCC TT  

Probe-REV  
6FAM-CAG GTA AAA AGA AAA AAA GAC 
AAA-MGBNFQ  
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Figure 3-6.  Absolute CD4:CD8 T cell ratios from birth to 16 weeks.  The data are expressed as 

mean± one standard deviation.  (*) denotes a statistically significant difference 
between uninfected and JSY3 (WT) infected kittens (P≤ 0.05).  (**) denotes a 
statistically significant difference between JSY3 (WT) and JSY3∆ORF-A/2 infected 
kittens (P≤ 0.05). 

 

 

Figure 3-7.  Absolute CD4+ T cells in PBMC from birth to 16 weeks.  The data are expressed as 
mean± one standard deviation.  (*) denotes a statistically significant difference 
between uninfected, JSY3 (WT), and JSY3∆ORF-A/2 infected kittens (P≤ 0.05).  
(**) denotes a statistically significant difference between JSY3 (WT) and uninfected 
kittens (P≤ 0.05).  (***) denotes a statistically significant difference between 
JSY3∆ORF-A/2 and uninfected kittens (P≤ 0.05).  (‡) denotes a statistically 
significant difference between JSY3∆ORF-A/2 week 4 compared to week(s) 8, 12, 16 
(P≤ 0.05). 
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Figure 3-8.  Absolute CD8+ T cells in PBMC from birth to 16 weeks.  The data are expressed as 

mean± one standard deviation.  (*) denotes a statistically significant difference 
between uninfected and JSY3∆ORF-A/2 infected kittens (P≤ 0.05). 

 
 
Figure 3-9.  Absolute B cells in PBMC from birth to 16 weeks.  The data are expressed as mean± 

one standard deviation.  (*) denotes a statistically significant difference between 
uninfected and JSY3∆ORF-A/2 infected kittens (P≤ 0.05).  (**) denotes a statistically 
significant difference between JSY3∆ORF-A/2 week 4 compared to week 16 (P≤ 
0.05). 
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Figure 3-10.  Absolute thymocyte subpopulations at 8 and 16 weeks as determined by flow 

cytometry.  The data are expressed as mean± one standard deviation.  (*) denotes a 
statistically significant difference at 8 weeks between uninfected, JSY3 (WT), and 
JSY3∆ORF-A/2 infected kittens (P≤ 0.05).  The solid line with (*) denotes a 
statistically significant increase in JSY3 (WT) from 8 weeks. 
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Figure 3-11.  Absolute lymphocyte subpopulations at 8 and 16 weeks as determined by flow 

cytometry.  The data are expressed as mean± one standard deviation.  (*) denotes a 
statistically significant difference at 16 weeks between uninfected and JSY3∆ORF-
A/2 infected kittens (P≤ 0.05). 
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Figure 3-12.  Relative proviral load of the FIV gag gene in thymus (TH), lymph node (LN) and 

blood (peripheral blood mononuclear cells (PBMCs)) of 8-week old kittens infected 
with JSY3 (WT) and JSY3∆ORF-A/2 virus.  The kittens were infected with 104 
TCID50 of JSY3 (WT) (n=3 kittens) or JSY3∆ORF-A/2 (n=4) kittens.  The relative 
proviral load of FIV JSY3 gag gene in thymocytes, lymph node cells and peripheral 
blood mononuclear cells was determined by real-time PCR assay.  The data are 
expressed as mean± one standard deviation.  (*) denotes a statistically significant 
difference between JSY3 (WT) and JSY3∆ORF-A/2 infected kittens (P≤ 0.05). 

 
 
Figure 3-13.  Relative proviral load in thymus (TH), lymph node (LN) and peripheral blood 

mononuclear cells (PBMCs) 16-week old kittens infected with JSY3 (WT) and 
JSY3∆ORF-A/2 virus.  The kittens were infected with 104 TCID50 of JSY3 (WT) 
(n=3 kittens) or JSY3∆ORF-A/2 (n=6) kittens.  The relative proviral load of FIV 
JSY3 gag gene in thymocytes, lymph node cells and peripheral blood mononuclear 
cells was determined by real-time PCR assay.  The data are expressed as mean± one 
standard deviation. 
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Figure 3-14.  Relative proviral load per gram thymus weight at 8 and 16 weeks.  The relative 

proviral load of FIV JSY3 gag gene in thymocytes was determined by real-time PCR 
assay.  The data are expressed as mean± one standard deviation.  (*) denotes a 
statistically significant difference between JSY3 (WT) and JSY3∆ORF-A/2 infected 
kittens (P≤ 0.05).  (**) denotes a statistically significant difference between week 8 
JSY3 (WT) and week 16 JSY3 (WT). 

 
 
Figure 3-15.  Relative proviral load per gram lymph node weight at 8 and 16 weeks. The relative 

proviral load of FIV JSY3 gag gene in lymph node cells was determined by real-time 
PCR assay.  One way analysis of variance (ANOVA) did not reveal statistical 
significance (P=0.065).  Student’s t-test did not reveal any statistical significance 
between JSY3 (WT) week 8 and JSY3∆ORF-A/2 week 8 (P=0.057). 



 

71 

Table 3-3.  The FIV proviral load in the thymus, lymph nodes, and peripheral blood lymphocytes 
of cats neonatally infected with JSY3 wild type (WT) FIV and the ORF-A/2 deletion 
mutant of JSY3 (JSY3ΔORF-A/2). 

 JSY3 (WT)a  JSY3ΔORF-A/2 

  8 weeksb  16 weeks  8 weeks  16 weeks 

Thymus 1.64 (0.77)c,e  0.33 (0.27)d  0.14 (0.10)  0.30 (0.35)

Lymph Node 1.21 (0.20)f  0.71 (0.77)  0.08 (0.06)  0.50 (0.82)

PBMC 2.10 (0.55)g  0.79 (0.86)  0.05 (0.03)  0.33 (0.41)
a Kittens were infected at birth with JSY3 wild type (WT) FIV (n=6) or the ORF-A/2 deletion 
mutant of JSY3 FIV (JSY3ΔORF-A/2) (n=10). 
b Genomic DNA was extracted from the thymus, lymph nodes, and peripheral blood 
lymphocytes (PBMC)of kittens at 8 weeks (n=3 for JSY3 (WT), n=4 for JSY3ΔORF-A/2) and 
16 weeks (n=3 for JSY3 (WT), n=6 for JSY3ΔORF-A/2) post-infection.  Provirus gag gene in 
the genomic DNA was quantified by a real time PCR assay. 
c Mean (standard deviation) for the relative amount of provirus gag gene. 
d The relative amount of provirus gag gene was significantly reduced in the thymus at 16 weeks 
compared to 8 weeks post-infection (P≤ 0.05). 
e The relative amount of provirus gag gene at 8 weeks was significantly increased in JSY3 (WT) 
infected thymus than JSY3∆ORF-A/2 thymus (P≤ 0.05). 
f The relative amount of provirus gag gene at 8 weeks was significantly increased in JSY3 (WT) 
infected lymph nodes than JSY3∆ORF-A/2 lymph nodes (P≤ 0.05). 
g The relative amount of provirus gag gene at 8 weeks was significantly increased in JSY3 (WT) 
infected PBMC than JSY3∆ORF-A/2 PBMC (P≤ 0.05). 
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Figure 3-16.  Relative proviral load of the FIV gag gene in CD4+, CD8+, and B cells of the 

blood of 8-week old kittens infected with JSY3 (WT) and JSY3∆ORF-A/2 virus.  The 
kittens were infected with 104 TCID50 of JSY3 (WT) (n=3 kittens) or JSY3∆ORF-A/2 
(n=4) kittens.  The relative proviral load of FIV JSY3 gag gene in CD4+, CD8+ and 
B cells was determined by real-time PCR assay.  The data are expressed as mean± 
one standard deviation. 

 
 
Figure 3-17.  Relative proviral load of the FIV gag gene in CD4+, CD8+, and B cells of the 

blood of 16-week old kittens infected with JSY3 (WT) and JSY3∆ORF-A/2 virus.  
The kittens were infected with 104 TCID50 of JSY3 (WT) (n=3 kittens) or 
JSY3∆ORF-A/2 (n=6) kittens.  The relative proviral load of FIV JSY3 gag gene in 
CD4+, CD8+ and B cells was determined by real-time PCR assay.  The data are 
expressed as mean± one standard deviation.  (*) denotes a statistically significant 
difference between JSY3 (WT) and JSY3∆ORF-A/2 infected kittens (P≤ 0.05). 
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Table 3-4.  The FIV proviral load in CD4+ T cells, CD8+ T cells, and B cells in the peripheral 
blood of cats neonatally infected with JSY3 (WT) FIV and the ORF-A/2 deletion 
mutant of JSY3 (JSY3∆ORF-A/2). 

 JSY3(WT)a  JSY3ΔORF-A/2 
  8 weeksb  16 weeks  8 weeks  16 weeks 

CD4+ T cells   2.30 (2.84)c 0.33 (0.03)  0.05 (0.06) 0.16 (0.19)
CD8+ T cells 1.51 (1.21) 0.62 (0.47)  0.02 (0.02) 0.23 (0.22)
B cells 2.08 (0.21) 1.71 (0.80)  0.06 (0.01) 0.20 (0.13)

a Kittens were infected at birth with JSY3 wild type (WT) FIV (n=6) or the ORF-A/2 deletion 
mutant of JSY3 FIV (JSY3ΔORF-A/2) (n=10).  
b Genomic DNA was extracted from CD4+ T cells, CD8+ T cells, and B cells purified by 
immunomagnetic selection from the peripheral blood of kittens at 8 weeks (n=3 for JSY3 (WT), 
n=4 for JSY3ΔORF-A/2) and 16 weeks (n=3 for JSY3 (WT), n=6 for JSY3ΔORF-A/2) post-
infection.  Provirus gag gene in the genomic DNA was quantified by a real time PCR assay.  
c Mean (standard deviation) for the relative amount of provirus gag gene. 
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Figure 3-18.  Relative gene expression of FIV gag and rev in the thymus (TH), lymph node (LN) 

and blood (PBMC) of 8-week and 16-week old kittens infected with JSY3 (WT) and 
JSY3∆ORF-A/2 virus.  The kittens were infected at birth with 104 TCID50 of JSY3 
(WT) (n=6 kittens) or JSY3∆ORF-A/2 (n=10) kittens.  The thymus, lymph nodes, and 
blood were harvested from kittens at 8 weeks (JSY3 (WT) =3 kittens, JSY3∆ORF-
A/2=4 kittens) and 16 weeks (JSY3 (WT) =3 kittens, JSY3∆ORF-A/2=6 kittens) 
post-infection.  The relative expression patterns of FIV JSY3 gag and rev gene in 
thymocytes, lymph node cells, and peripheral blood mononuclear cells were 
determined by real-time PCR assay.  (A) Relative expression pattern of JSY3 gag at 8 
weeks.  (B) Relative expression of JSY3 gag at 16 weeks.  (C) Relative expression of 
JSY3 rev at 8 weeks.  (D). Relative expression of JSY3 rev at 16 weeks.  The data are 
expressed as mean ± one standard deviation.  (*) The relative expression in kittens 
infected with JSY3ΔORF-A/2 was significantly (P≤ 0.05) less than in kittens infected 
with JSY3 (WT). 
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Table 3-5.  Transcription of the FIV gag gene in the thymus, lymph nodes, and peripheral blood 
lymphocytes of cats neonatally infected with JSY3 wild type (WT) FIV and the ORF-
A/2 deletion mutant of JSY3 (JSY3ΔORF-A/2 ). 

 JSY3(WT)a  JSY3ΔORF-A/2 
  8 weeksb  16 weeks  8 weeks  16 weeks 

Thymus  1.55 (0.68)c,d  1.31 (1.04)  0.49 (0.49)f  0.28 (0.21)
Lymph 
Node  0.20 (0.04)  0.35 (0.22)  0.05 (0.04)  0.10 (0.08)
PBMC  0.53 (0.15)e  0.28 (0.13)  0.03 (0.04)  0.13 (0.19)

a Kittens were infected at birth with JSY3 wild type (WT) FIV (n=6) or the ORF-A/2 deletion 
mutant of JSY3 FIV (JSY3ΔORF-A/2) (n=10). 
b Total RNA was extracted from the thymus, lymph nodes, and peripheral blood lymphocytes 
(PBMC) of kittens at 8 weeks (n=3 for JSY3 (WT), n=4 for JSY3ΔORF-A/2) and 16 weeks (n=3 
for JSY3 (WT), n=6 for JSY3ΔORF-A/2) post-infection.  JSY3 gag RNA was quantified by a 
real time PCR assay.  
c Mean (standard deviation) for the relative amount of gag RNA. 
d The relative amount of gag RNA was significantly greater in the thymus than in the lymph node 
and PBMC at 8 weeks post-infection (P≤ 0.05). 
e The relative amount of gag RNA was significantly greater in the PBMC than in the lymph node 
at 8 weeks post-infection (P≤ 0.05). 
f The relative amount of gag RNA was significantly greater in the thymus than in the lymph node 
and PBMC at 8 weeks post-infection (P≤ 0.05). 
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Table 3-6.  Transcription of the FIV rev gene in the thymus, lymph nodes, and peripheral blood 
lymphocytes of cats neonatally infected with JSY3 wild type (WT) FIV and the ORF-
A/2 deletion mutant of JSY3 (JSY3ΔORF-A/2 ). 

 JSY3(WT)a  JSY3ΔORF-A/2 
 8 weeksb  16 weeks  8 weeks  16 weeks 

Thymus   2.45 (3.32)c  1.56 (1.29)  0.32 (0.33)d  0.29 (0.20)
Lymph Node  0.14 (0.06)  0.44 (0.39)  0.02 (0.02)  0.06 (0.04)e

PBMC  0.14 (0.03)  0.35 (0.43)  0.01 (0.01)  0.08 (0.08)f

a Kittens were infected at birth with JSY3 wild type (WT) FIV (n=6) or the ORF-A/2 deletion 
mutant of JSY3 FIV (JSY3ΔORF-A/2) (n=10).  
b Total RNA was extracted from the thymus, lymph nodes, and peripheral blood lymphocytes 
(PBMC) of kittens at 8 weeks (n=3 for JSY3 (WT), n=4 for JSY3ΔORF-A/2) and 16 weeks (n=3 
for JSY3 (WT), n=6 for JSY3ΔORF-A/2) post-infection. JSY3 rev RNA was quantified by a real 
time PCR assay.  
c Mean (standard deviation) for the relative amount of rev RNA. 
d The relative amount of rev RNA was significantly greater in the thymus than in the lymph node 
and PBMC at 8 weeks post-infection (P≤ 0.05). 
e The relative amount of rev RNA was significantly greater in the lymph node at 16 weeks 
compared to 8 weeks post-infection (P≤ 0.05). 
f The relative amount of rev RNA was significantly greater in the PBMC at 16 weeks compared 
to 8 weeks post-infection (P≤ 0.05). 
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Figure 3-19.  Relative gene expression of the FIV gag and rev gene in CD4+, CD8+ and B 

lymphocytes in the blood of 8-week old and 16-week old kittens infected with JSY3 
(WT) and JSY3ΔORF-A/2 virus.  The kittens were infected at birth with 104 TCID50 
of JSY3 (WT) (n= 6 kittens) or JSY3ΔORF-A/2 (n=10) kittens.  Blood was collected 
from kittens at 8 weeks (JSY3 (WT) = 3 kittens, JSY3ΔORF-A/2= 4 kittens) and 16 
weeks (JSY3 (WT) = 3 kittens, JSY3ΔORF-A/2= 6 kittens) post-infection.  The 
CD4+, CD8+ and B lymphocytes were purified from the peripheral blood 
mononuclear cells (PBMC) by immunomagnetic selection.  The relative expression of 
the FIV gag and rev gene in each lymphocyte population was determined by real-time 
PCR assay.  (A)  Relative expression of JSY3 gag at 8 weeks. (B)  Relative 
expression of JSY3 gag at 16 weeks.  (C)  Relative expression of JSY3 rev at 8 
weeks.  (D)  Relative expression of JSY3 rev at 16 weeks.  The data are expressed as 
mean ± one standard deviation. * The relative expression in kittens infected with 
JSY3ΔORF-A/2 was significantly (P≤ 0.05) less than in kittens infected with JSY3 
(WT). 
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Table 3-7.  Transcription of the FIV gag gene in CD4+ T cells, CD8+ T cells, and B cells in the 
peripheral blood of cats neonatally infected with JSY3 wild type (WT) FIV and the 
ORF-A/2 deletion mutant of JSY3 (JSY3ΔORF-A/2 ). 

 JSY3 (WT)a  JSY3ΔORF-A/2 
 8 weeksb  16 weeks  8 weeks  16 weeks 

CD4+ T 
cells   0.176 (0.079)c  0.125 (0.057)  0.004 (0.002)  0.042 (0.051)
CD8+ T 
cells 0.254 (0.167)  0.049 (0.005)  0.002 (0.002)  0.107 (0.214)
B cells 0.234 (0.077)  0.198 (0.041)  0.001 (0.002)  0.031 (0.026)

a Kittens were infected at birth with JSY3 wild type (WT) FIV (n=6) or the ORF-A/2 deletion 
mutant of JSY3 FIV (JSY3ΔORF-A/2) (n=10). 
b Total RNA was extracted from CD4+ T cells, CD8+ T cells, and B cells purified by 
immunomagnetic selection from the peripheral blood of kittens at 8 weeks (n=3 for JSY3 (WT), 
n=4 for JSY3ΔORF-A/2) and 16 weeks (n=3 for JSY3 (WT), n=6 for JSY3ΔORF-A/2) post-
infection. JSY3 gag RNA was quantified by a real time PCR assay. 
c Mean (standard deviation) for the relative amount of gag RNA 
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Table 3-8.  Transcription of the FIV rev gene in CD4+ T cells, CD8+ T cells, and B cells in the 
peripheral blood of cats neonatally infected with JSY3 wild type (WT) FIV and the 
ORF-A/2 deletion mutant of JSY3 (JSY3ΔORF-A/2 ). 

 JSY3 (WT)a  JSY3ΔORF-A/2 

  8 weeksb  16 weeks 8 weeks  16 weeks 

CD4+ T cells 0.027 (0.032)c  0.012 (0.004)  0.002 (0.004)  0.002 (0.003)

CD8+ T cells 0.033 (0.034)  0.037 (0.029)  4.44 E-4 (0.001)  0.016 (0.030)

B cells 0.011 (0.002)  0.057 (0.015)d  5.06 E-5 (7.16 E-5)  0.002 (0.003)
a Kittens were infected at birth with JSY3 wild type (WT) FIV (n=6) or the ORF-A/2 deletion 
mutant of JSY3 FIV (JSY3ΔORF-A/2) (n=10).  
b Total RNA was extracted from CD4+ T cells, CD8+ T cells, and B cells purified by 
immunomagnetic selection from the peripheral blood of kittens at 8 weeks (n=3 for JSY3 (WT), 
n=4 for JSY3ΔORF-A/2) and 16 weeks (n=3 for JSY3 (WT), n=6 for JSY3ΔORF-A/2) post-
infection. JSY3 rev RNA was quantified by a real time PCR assay.  
c Mean (standard deviation) for the relative amount of rev RNA. 
d The relative amount of rev RNA was significantly greater in the B cells than in the CD4+ T 
cells at 16 weeks post-infection (P≤ 0.05). 
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CHAPTER 4 
VISUALIZATION OF VIRUS-INFECTED CELLS AND ACTIVELY REPLICATING 

THYMOCYTES AND LYMPHOCYTES OF JSY3 WILD TYPE (WT) AND JSY3∆ORF-A/2 
INFECTED KITTENS DURING ACUTE AND CHRONIC STAGES OF INFECTION 

Introduction 

Portions of the thymus and the lymph node were examined by immunohistochemistry to 

determine the percentage of cells expressing FIV p24 Gag protein during acute and chronic FIV 

infection.  P24 is a major core protein and is present after successful viral infection.  The thymus, 

which is responsible for T cell production, is the principle target during FIV infection (Beebe et 

al., 1994).  The lymph nodes also serve as secondary sites for virus storage and trafficking 

(Beebe et al., 1994).  Previous studies (Norway et al., 2001) have shown that the chronic (14 

weeks) JSY3 (WT) FIV infection of the thymus resulted in equivalent follicular hyperplasia 

between JSY3 (WT) and JSY3∆ORF-A/2 but JSY3∆ORF-A/2 cats displayed lower level of viral 

p24- Gag-positive cells compared to JSY3 (WT) and that FIV p24 Gag positive cells were 

distributed evenly throughout the thymus but excluded from the lymphoid follicles.  By 

examining the percentage of cells expressing viral p24 we were able to visualize the distribution 

of virus production and quantitate differences between JSY3 wild type (WT) and JSY3∆ORF-

A/2 infected kittens at acute and chronic FIV infection. 

The thymus and lymph node sections were also stained with Ki67 antibody to determine 

the mean number of cells and distribution of cells that were undergoing active cell cycle 

replication (those cells not in Go arrest) during acute and chronic infection.  The Ki67 protein is 

essential for the cell cycle and its removal halts cell proliferation (Schluter et al., 1993).  It can 

be utilized as an index of proliferation by immunohistochemistry on the thymus and lymph node 

sections.  Typically the antibody is utilized to determine a correlation between low or high Ki67 

index and low or high grade histopathology of neoplasms.  The Ki67 antibody was utilized to 
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visualize the distribution and degree of cell replication between JSY3 (WT) and JSY3∆ORF-A/2 

tissues as well as to correlate the degree of viral p24 protein expression to cell replication.  The 

Ki67 antibody has not been previously used in FIV studies. 

Materials and Methods 

Immunohistochemistry Assay for FIV p24 Protein and Ki67 Protein 

Five micron paraffin-embedded sections of thymus and lymph node were stained with 

hematoxylin and eosin for morphological analysis.  For immunohistochemistry, 5-µm frozen 

sections were fixed in ice cold ethanol for 5 minutes and rinsed in PBS buffer.  Sections were 

incubated at room temperature for 30 minutes with 1% normal horse serum blocking solution 

and blotted, followed by a 30 minute incubation with 10µg/mL of monoclonal antibody to FIV 

p24 Gag protein (clone PAK3-2C1; Custom Monoclonals International, West Sacramento, CA.) 

or 0.8 µg/mL of monoclonal antibody to Ki-67 antigen (clone MIB-1 (M 7240); Dako 

Cytomation Inc., Carpinteria, CA).  For a negative control, thymus and lymph node sections 

were incubated with 1% normal horse serum instead of the FIV p24 antibody or Ki67 antibody.  

All sections were developed using the Vectastain Universal Elite® ABC Kit (Vector 

Laboratories Inc., Burlingame, CA) according to the manufacturer’s instructions and stained with 

diaminobenzidine chromagen enhanced with nickel.  Sections were then rinsed in water and 

counterstained with Harris’s hematoxylin.  The p24 sections were examined microscopically, at a 

10x objective, for measurements of follicular, medullary (for thymus sections) and total area 

using the Image J® NIH software program (http://rsb.info.nih.gov/ij/download.html).  The 

results were reported as number of FIV p24-positive cells identified per unit of designated area.  

The Ki67 sections were examined microscopically on 100x power and a total of 200 cells were 

counted in a minimum of three (maximum six), random, non-overlapping fields using the Image 

http://rsb.info.nih.gov/ij/download.html
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J® NIH software program (http://rsb.info.nih.gov/ij/download.html).  The results were reported 

as the number of Ki67-positive cells identified per 200 total cells counted per average field. 

Statistical Analysis 

A statistical software program (SigmaStat 3.0®, SPSS Inc., Chicago, IL) was utilized for 

all data analyses.  The data were transformed prior to analysis, via square root, in order to 

normalize any sample variability.  Transformed variables that had normal distribution and equal 

variance were compared using the one-way analysis of variance (One-Way ANOVA).  

Transformed variables that were not normally distributed or displayed unequal variances were 

compared using the ANOVA on Ranks test.  Values with P≤ 0.05 were considered significant. 

Results 

H&E sections showed similar changes within infected thymuses of JSY3 and JSY3ΔORF-

A/2 infected cats.  Observable depletion of thymocytes was variable, but overall the cortices 

were well populated and the corticomedullary junctions were clearly visible.  Lymphoid follicles 

were a prominent feature within thymuses of both groups of cats and were formed either within 

the medullary areas or abutting the cortical surface.  H&E sections of lymph nodes for all cats 

contained abundant prominent secondary lymphoid follicles, but with an overall mild to 

moderate reduction in cortical cellularity. 

Initial immunohistochemical slides exhibited mild homogenous brown extracellular 

background staining within the germinal centers of secondary lymphoid follicles, particularly 

within lymph node sections.  However, attempts to incorporate a step to quench endogenous 

peroxidase activity resulted in abrogation of antibody staining and were discontinued.  The low 

level of background staining did not impair the evaluation of positive cellular staining. 

The distribution of p24-positively staining cells within the JSY3 (WT) and JSY3∆ORF-

A/2 infected thymic sections was largely limited to lymphoid follicles with smaller numbers of 

http://rsb.info.nih.gov/ij/download.html
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cells scattered throughout the medulla.  Positive p24 cells were rare within the thymic cortex.  

Uninfected tissues did not stain positively with the p24 FIV antibody.  Positive p24 staining cells 

were distributed evenly throughout the follicles (Figure 4-1.) (Table 4-1).  Within the lymph 

node, positive cells were a prominent feature within the mantles of the secondary follicles, but 

with large numbers of cells also present and evenly distributed throughout the remainder of the 

section (Figure 4-2.) (Table 4-2). 

As p24-positive cells were over represented within follicles, histologic measurements of 

area were made to standardize for their relative contribution to the total tissue area.  Cells were 

counted and categorized as follicular or nonfollicular, and results were tabulated as number of 

positive cells per unit area (Table 4-1; Table 4-2).  No statistical difference between the number 

of p24 positive cells within the lymph nodes or thymuses of JSY3 and JSY3ΔORF-A/2 infected 

cats was measured. 

The distribution of Ki67 positively staining cells within the thymic sections was largely 

limited to cortices with smaller numbers of cells scattered throughout the medulla.  Ki67 positive 

cells were rare within the thymic follicles (Figure 4-3; Figure 4-4).  Uninfected tissues did stain 

positively with the Ki67 antibody and this distribution was the same as JSY3 and JSY3∆ORF-

A/2 infected cats (Table 4-3).  Within the lymph node, positive cells were a prominent feature 

within the mantles of the secondary follicles, but with a large numbers of cells also present 

evenly distributed throughout the remainder of the section (Figure 4-5). 

Ki67 positive cells were over represented within the cortices of the thymus and evenly 

distributed in the lymph nodes.  As a result of this distribution, the Ki67 sections were examined 

microscopically on 100x power and a total of 200 cells were counted in a minimum of three 

(maximum six), random, non-overlapping fields.  Cells were counted and categorized as cortical 
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or medullary for the thymus, uncategorized for the lymph node, and the results were tabulated as 

number of positive cells per 200 total cells per field (Table 4-3; Table 4-4).  Quantitation of 

positive cells showed no statistical differences between the number of Ki67 positive cells within 

lymph nodes and thymuses of JSY3 and JSY3ΔORF-A/2 infected cats. 

Discussion 

The results from these experiments demonstrate FIV-infected thymocytes distribute to the 

lymphoid follicles, slightly to the medulla and rarely to the cortex.  These results differ from 

prior immunohistochemistry experiments with JSY3 (WT) and JSY3∆ORF-A/2 infected kittens 

which saw a consistent thymic distribution of p24 positive cells and did not see lymphoid 

follicular distribution during latent infection (Norway et al., 2001).  Other work using the NCSU1 

FIV strain with cats of differing routes of infection or timing of inoculation, also noted lack of 

FIV expression from thymic follicles utilizing in situ hybridization techniques (Orandle et al., 

1997).  However, additional studies from our laboratory have confirmed FIV expression from 

thymic lymphoid follicles by in situ hybridization techniques (laboratory observation; data not 

shown).  Likewise, other in situ hybridization and immunohistochemistry data have shown a 

similar distribution pattern (follicular and medullary) in HIV/AIDS patients (Prevot et al., 1992) 

(Burke et al., 1995) and SIV infected monkeys (Li et al., 1995). 

In our recent experiments we utilized frozen tissue, and not paraffin sections, as done 

previously.  In addition, we removed the step to quench endogenous peroxidase activity because 

it attenuated antibody staining.  In order to validate our results, thymic tissues used in the 

Norway et. al. study (Norway et al., 2001) were stained with the FIV p24 antibody using the 

most current protocol.  The staining patterns of those tissues were in agreement with the current 

results (Figure 4-6).  This difference in protocol could account for the differences in the results 

of the two studies.  Perhaps with frozen tissue sections and ethanol fixation, the p24 Gag 
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antibody could not penetrate to label the infected cells.  Alternatively, cells could harbor the 

virus without active viral replication and not label with p24 antibody. 

With regards to the mean number of positive cells per unit area, we saw no statistical 

differences between JSY3 (WT) and JSY3∆ORF-A/2 thymus or lymph node at either time point.  

At week 8, JSY3 (WT) staining exhibited more p24-positive cells per area compared to 

JSY3∆ORF-A/2 but by 16 weeks of age both groups demonstrated a similar number of 

thymocytes positively labeling per unit area.  In the lymph node however, JSY3∆ORF-A/2 

displayed more p24 positive cells compared to JSY3 (WT) at week 8 and week 16.  Since lymph 

nodes are a major site of antigen trafficking (Janeway Jr. et al., 2001), this supports the 

observation that there are additional cell types (CD8+, B cell, macrophages, and plasmacytoid 

dendritic cells (PDCs) as seen in HIV/SIV) present that are responsible for viral replication and 

dissemination.  This observation has been confirmed by others (English et al., 1993) (Zhang et 

al., 2005) (Brown et al., 2007).  Perhaps with the mutation in the ORF-A/2 gene, and subsequent 

decreased viral replication and gene expression, there is a localization of these antigen presenting 

cells, such as plasmacytoid dendritic cells (PDCs) (Cella et al., 1999) (Yoneyama et al., 2004), in 

the inflamed lymph node.  This can also be supported by our DLEC immunohistochemistry data 

which demonstrated a greater mean number of DLEC-positive cells (cell surface marker for 

plasmacytoid dendritic cells) at either 8 or 16 weeks, in JSY3∆ORF-A/2 lymph node, compared 

to JSY3 (WT) lymph node (Chapter 6). 

Immunohistochemical analysis of the thymus with the Ki67 antibody demonstrated 

primarily cortical labeling, indiscriminant medullary staining and exclusion from the follicles.  

This data signifies active cell cycling within the cortices of the thymus.  JSY3 (WT) infected 

initially exhibited intense labeling of the cortices, however by 16 weeks, this mean value was 
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less than uninfected age-matched controls.  This could be partially reflect indirect thymocyte cell 

death secondary to cell signaling events (such as activation of apoptosis due to caspase signaling 

as seen in HIV—not necessarily due to direct FIV infection of the cortical cells) (Meissner et al., 

2006) or perhaps thymocyte entrance into a quiescent state (Go) where Ki67 protein expression is 

undetectable.  The mean number of positive thymocytes of JSY3∆ORF-A/2 did not vary between 

week 8 and week 16 and remain elevated compared to uninfected controls from respective time 

points.  This elevated level of replicating thymocytes cannot be the result of increased thymic 

mass relative to uninfected, or JSY3 (WT), as thymic mass values did not change significantly 

over time.  This data is interpreted to reflect that the ORF-A/2 mutation did not appear to alter 

cell replication in the cortical thymocytes. 

Ki67 labeling of the lymph node sections demonstrated a generalized positive staining both 

within the secondary follicles, and the cortical areas of the lymph nodes.  In JSY3∆ORF-A/2 

animals, an overall reduced level of Ki67 cell proliferation was observed at both time points 

while there was an increase number of Ki67 positive cells for both uninfected and JSY3 (WT).  

There are an overall reduced number of Ki67 positive cells for JSY3∆ORF-A/2 in contrast an 

increased number of p24 positive cells at week 16.  This trend may suggest that a population of 

JSY3∆ORF-A/2 infected cells were not actively replicating cells compared to JSY3 (WT). 
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Table 4-1.  Mean number of p24+ cells per thymic area. 
Animal Group Mean number positive cells/unit area 
8 week JSY3 (WT) (n=3) 2.03E-05 
8 week JSY3∆ORF-A/2 (n=4) 1.02E-05 
  
16 week JSY3 (WT) (n=3) 1.57E-05 
16 week JSY3∆ORF-A/2 (n=6) 1.48E-05 
  

Table 4-2.  Mean number of p24+ cells per lymph node area. 
Animal Group Mean number positive cells/unit area 
8 week JSY3 (WT) (n=3) 2.81E-05 
8 week JSY3∆ORF-A/2 (n=4) 3.73E-05 
  
16 week JSY3 (WT) (n=3) 3.18E-05 
16 week JSY3∆ORF-A/2 (n=5) 5.84E-05 
  

 



 

88 

Table 4-3.  Mean number of Ki67+ cells per 200 counted thymic cells. 
Animal Group Mean number positive 

cortical cells/200 
Mean number positive 
medullary cells/200 

8 week Uninfected (n=2) 43.08 20.50
8 week JSY3 (WT) (n=3) 88.33 43.00
8 week JSY3∆ORF-A/2 (n=3) 71.94 25.00
 
16 week Uninfected (n=4) 53.29 22.14
16 week JSY3 (WT) (n=3) 49.67 35.17
16 week JSY3∆ORF-A/2 (n=6) 74.11 32.04

 
Table 4-4.  Mean number of Ki67+ cells per 200 counted lymph node cells. 
Animal Group Mean number positive cells/200 
8 week Uninfected (n=1) 34.50
8 week JSY3 (WT) (n=3) 46.55
8 week JSY3∆ORF-A/2 (n=4) 37.90
 
16 week Uninfected (n=1) 62.00
16 week JSY3 (WT) (n=3) 58.00
16 week JSY3∆ORF-A/2 (n=4) 37.19
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Figure 4-1.  10X. Histologic section of the JSY3 (WT) infected Week 8 thymus demonstrating 

p24 antibody-stained cells (black) within the follicles (F) and the medullary (M) areas 
of the lobule. Note the lack of p24+ cells within the cortex (C). 
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Figure 4-2.  10X. Histologic section of the JSY3∆ORF-A/2 infected Week 8 lymph node 

demonstrating p24 antibody-stained cells (black) localized to the mantle of the 
secondary follicles (SF) (arrow) and within the cortex (C). 
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Figure 4-3.  20X. Histologic section of a JSY3∆ORF-A/2 infected Week 16 thymus 

demonstrating Ki67 antibody-stained cells (black).  Note the cells localize to the 
cortex (C) and sparsely to the medulla (M). 

 
 
Figure 4-4.  100x. Histologic section of JSY3∆ORF-A/2 infected Week 16 thymus 

demonstrating Ki67 antibody-stained cells (black) (arrows) within the cortex. 
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Figure 4-5.  100X. Histologic section of the JSY3 (WT) infected Week 8 lymph node 

demonstrating Ki67 antibody-stained cells (black) (arrows). 
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Figure 4-6.  10X. Histologic section of the thymus demonstrating p24 antibody-stained cells 

(black) within the follicles (F) and the medullary (M) areas of the lobule.  Note the 
lack of p24 positive cells within the cortex (C).  This sample is representative of our 
protocol utilizing JSY3∆ORF-A/2 infected tissue (Week 14) from (Norway et al., 
2001). 
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CHAPTER 5 
MEASUREMENT OF CYTOKINES IL-4, IL-7, IL-15, INTERFERON-ALPHA AND 

INTERFERON-GAMMA IN JSY3 WILD TYPE (WT) AND JSY3∆ORF-A/2 INFECTED 
KITTENS DURING ACUTE AND CHRONIC FIV INFECTION 

Introduction 

Cytokines are important in maintaining harmony within the immune system.  Cytokines 

are proteins that are made and secreted by cells and have the ability to affect the behavior of 

other cells via autocrine, paracrine or endocrine mechanisms (Janeway Jr. et al., 2001).  They are 

usually made in response to an activating stimulus and generate their response by binding to 

receptors (Janeway Jr. et al., 2001).  Infections with lentiviruses disrupt the cytokine profile of 

the target cells.  For example in HIV infection, anti-viral (Th1) cytokines such as IFN-γ and IL-2 

are decreased with time, while others such as IL-4, IL-10, also know as humoral cytokines (Th2), 

are increased (Kedzierska et al., 2001).  Changes in cytokine profiles contribute to viral 

pathogenesis.  For example in HIV, increases in IL-4 production cause CD4+ T cells to 

differentiate into a Th2 phenotype, as opposed to a Th1, and these cells may produce additional 

IL-4, contributing to a decreased cell-mediated immunity which is crucial for virus elimination 

(Santana et al., 2003). 

Numerous studies have been performed in order to elucidate the role of cytokines during 

lentiviral infection.  In FIV, Liang et. al. (Liang et al., 2000) were able to show that interferon-

gamma (IFN-γ) and IL-10 expression is up-regulated in the thymus and lymph nodes of FIV-

infected cats.  Ohashi et. al. (Ohashi et al., 1992) demonstrated that the pro-inflammatory 

cytokine IL-6, which is responsible for polyclonal B cell activation and proliferation, remains 

elevated in FIV infection compared to uninfected cats. 

Cytokines of particular interest to this study are IL-4, IL-7, IL-15, IFN-α, and IFN-γ and 

their level of gene expression in the thymus and the lymph node.  Acutely and chronically 
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infected -JSY3 (WT) and JSY3∆ORF-A/2 kittens were utilized to determine if there was a 

difference in cytokine gene expression during acute and chronic FIV infection.  Although we 

observed a decreased level of viral gag and rev gene expression in the thymus and lymph nodes 

samples with the ORF-A/2 deletion of the molecular clone JSY3 (Chapter 3), we observed 

equivalent pathologic changes in the thymus (lymphoid follicular hyperplasia) of JSY3 (WT)  

and JSY3∆ORF-A/2 infected samples (Chapter 4).  Since no statistical differences between JSY3 

(WT) and JSY3∆ORF-A/2 infected cats were observed in the amount of FIV p24 Gag antibody 

labeling of thymus or lymph node tissue, nor distribution of p24, we hypothesized that cytokine 

composition of the thymus and lymph node may in fact be equivalent between JSY3 (WT) and 

JSY3∆ORF-A/2 infected kittens. 

Materials and Methods 

Cytokine Primers and Probes 

Cytokine primers and probes were designed as described previously in, Cytokine Profiles 

and Viral Replication within the Thymuses of Neonatally Feline Immunodeficiency Virus-

Infected-Cats (Kolenda-Roberts, 2006).  Their sequences and specificity were confirmed and 

validated. 

Quantitative Real Time PCR for Cytokine Transcription 

Total RNA was extracted from thymic and lymph node samples from acutely (week 8) and 

chronically-infected (week 16) JSY3 (WT) and JSY3∆ORF-A/2 cats (RNeasy® Midi Kit, Qiagen 

Inc., Valencia, CA).  Additional JSY3 (WT) infected thymus RNA at weeks 8 and 16 were 

kindly provided through collaborative work with Calvin Johnson and Holly Kolenda-Roberts 

(Kolenda-Roberts, 2006).  Total RNA was also extracted from uninfected age-matched thymus 

samples; lymph node samples however, were not available.  RNA concentration and purity was 

determined by UV spectrophotometer (A260/A280).  RNA samples were treated with DNase I 
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(Sigma, St. Louis, MO, USA).  One microgram samples of extracted RNA were used to generate 

complementary DNAs (cDNAs) in a 20 μl synthesis reaction using random hexamer primers 

(First Strand cDNA Synthesis Kit, Roche, Indianapolis, IN, USA).  Feline G3PDH was selected 

as the housekeeping gene for normalization of cytokine mRNA content.  The feline G3PDH 

primers, cytokine primers, and corresponding Taqman® probes were designed using Primer 

Express® software (PE Applied Biosystems, Foster City, CA) (Table 4-1 and Table 5-1).  Real-

time RT-PCR analyses were conducted using the ABI 7700 Sequence Detection System (PE 

Applied Biosystems, Foster City, CA), utilizing a 25-μl reaction volume of PCR Universal 

Master Mix® (PE Applied Biosystems, Foster City, CA) containing ~100-200 ng of cDNA , 900 

nM of G3PDH primer, and 125 nM of the TaqMan® probes.  The standard curve was generated 

by PCR on serial dilutions of a thymic cDNA sample from a selected 6 week-old, FIV-infected 

animal.  All samples and the serial dilutions of the standards were assayed in triplicate.  For all 

samples, target quantity was determined from the standard curve and divided by the target 

quantity of a calibrator, a 1× sample.  All other quantities were expressed as an n-fold difference 

relative to the calibrator, and the same calibrator thymic sample was used for all cytokine 

experiments.  The relative feline cytokine gene transcription products were expressed as the ratio 

of cytokine mRNA to G3PDH mRNA content. 

Statistical Analysis 

A statistical software program (SigmaStat 3.0®, SPSS Inc., Chicago, IL) was utilized for 

all data analyses.  The data were transformed prior to analysis, via square root, in order to 

normalize any sample variability.  Transformed variables that had normal distribution and equal 

variance were compared using the one-way analysis of variance (One-way ANOVA).  

Transformed variables that were not normally distributed or displayed unequal variances were 

compared using the one-way analysis of variance on ranks (ANOVA on Ranks).  A one-way 
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repeated measures ANOVA (RM-ANOVA) was performed to analyze cytokine differences, 

between each group of cats, over time.  Results are presented as means ± one standard deviation.  

Values with P ≤ 0.05 were considered significant. 

Results 

IL-4 

IL-4 gene expression was compared over time and against age-matched controls (thymus 

only).  Lymph node and thymic IL-4 gene expression was measured at 8 weeks and 16 weeks 

post-JSY3 (WT) and JSY3∆ORF-A/2 infection.  Arithmetic means with the corresponding 

standard deviations are represented in Table 5-2 and 5-3. 

During acute infection in the thymus, IL-4 transcript levels remain indistinguishable 

between JSY3 (WT), JSY3∆ORF-A/2 and uninfected cats (Figure 5-1; Table 5-3).  However, at 

16 weeks post-infection, JSY3∆ORF-A/2 infected cats’ exhibit decreased IL-4 expression, 

statistically lower than age-matched uninfected controls (P≤ 0.05).  There is an approximate 21-

fold difference between the JSY3∆ORF-A/2 infected and uninfected cats; a 4-fold difference 

between the JSY3 (WT) and uninfected cats at 16 weeks.  Based on this data it appears that both 

JSY3 (WT) and ∆ORF-A/2-deleted virus exert a suppressive effect on IL-4 production in the 

thymus especially in JSY3∆ORF-A/2 infected cats.  Uninfected cats at 16 weeks demonstrate 

increased IL-4 production which suggests an age-related occurrence within the developing 

thymus. 

Relative levels of IL-4 expression in the lymph node were not statistically different at 

either 8 or 16 weeks when comparing JSY3 (WT) to JSY3∆ORF-A/2 (Figure 5-2; Table 5-2).  In 

both JSY3 (WT), and JSY3∆ORF-A/2, there is a 3-fold and a 2-fold difference between week 8 

thymus versus week 8 lymph node (elevated levels in the lymph node compared to thymus) 
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(Table 5-3).  However, in JSY3∆ORF-A/2 infected cats, we observed a 6-fold increase in week 

16 lymph node IL-4 gene expression compared to week 16 thymic IL-4 levels (Table 5-3). 

IL-7 

IL-7 gene expression was compared over time and against age-matched controls (thymus 

only).  Lymph node and thymic IL-7 gene expression was measured at 8 weeks and 16 weeks 

post-JSY3 (WT) and JSY3∆ORF-A/2 infection.  Arithmetic means with the corresponding 

standard deviations are represented in Table 5-2 and 5-3. 

Changes in thymic IL-7 gene expression over time were not statistically significant in 

either wild type or ∆ORF-A/2 infected cats (Figure 5-3).  As with IL-4, there was an increase in 

IL-7 transcripts in the uninfected population at 16 weeks.  This increase may suggest an age-

related change associated with thymus maturation. 

In the lymph node the relative level of IL-7 RNA in JSY3 (WT) was statistically increased 

at 16 weeks, compared to 8 week post-infection (P≤0.05)(Figure 5-4).  This was reflected as a 3-

fold increase in the level of IL-7 gene expression in JSY3 (WT) at 16 weeks compared to a 2-

fold increase in JSY3∆ORF-A/2 at 16 weeks. 

IL-15 

IL-15 gene expression was compared over time and against age-matched controls (thymus 

only).  Lymph node and thymic IL-15 gene expression was measured at 8 weeks and 16 weeks 

post-JSY3 (WT) and JSY3∆ORF-A/2 infection.  Arithmetic means with the corresponding 

standard deviations are represented in Table 5-2 and 5-3. 

IL-15 gene expression at 8 weeks in the JSY3 (WT) thymus was comparable to uninfected 

controls although JSY3∆ORF-A/2 thymic expression is reduced nearly 3-fold (Figure 5-5).  

JSY3∆ORF-A/2 thymic IL-15 transcripts remain relatively unchanged between time points and 

are significantly reduced at 16 weeks, in comparison to JSY3 (WT) at 16 weeks; this difference 
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is statistically significant (P≤0.05).  The elevation of JSY3 (WT) IL-15 gene expression and 

statistically significant expansion of CD8+ (SP) T cells at 16 weeks (Chapter 3) that is not seen 

in JSY3∆ORF-A/2 thymocyte populations supports previous work that demonstrated a 

relationship between high IL-15 levels and an enhanced number, function and survival of CD8+ 

(SP) T cells (Lodolce et al., 2002).  IL-15 levels are characteristically low in the sera of HIV-

infected/AIDS patients and suggest a loss of regulation of the immune system (Ahmad et al., 

2003). 

No differences in lymph node IL-15 levels were found to be statistically significant 

between WT and ∆ORF-A/2 cats at either time point (Figure 5-6).  Since IL-15 is important in 

lymphoid homeostasis and involved with transmitting signals to various innate immune cell 

types it is likewise unchanged in either group (Lodolce et al., 2002). 

Interferon Gamma (IFN-γ) 

Interferon-gamma expression was compared over time and against age-matched controls 

(thymus only).  Lymph node and thymic IFN-γ gene expression was measured at 8 weeks and 16 

weeks post-JSY3 (WT) and JSY3∆ORF-A/2 infection.  Arithmetic means with the 

corresponding standard deviations are graphically represented in Table 5-2 and 5-3. 

No statistically significant differences in thymic IFN-γ gene expression could be 

determined between JSY3 (WT), JSY3∆ORF-A/2, and uninfected animals at either 8 or 16 

weeks (Figure 5-7).  At 16 weeks, a 4-fold difference was observed between JSY3 (WT) infected 

thymus and uninfected cats; a 2-fold difference was observed between JSY3∆ORF-A/2 and 

uninfected.  There was only a 2-fold difference between JSY3 (WT) and ∆ORF-A/2 infected cats 

at 16 weeks.  The uninfected IFN-γ 16 week time point is similar to the trends observed for IL-4 

and IL-7.  IFN-γ expression level is abrogated by cats infected with FIV, and infected animals 

express IFN-γ at a level 4-times, or 2-times less than uninfected controls.  Since the predominant 
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cell type that expresses IFN-γ is the CD8+ (SP) thymocyte, and given the expansion of the CD8+ 

(SP) T cells in the JSY3 (WT) infected thymus at 16 weeks (Chapter 3) we would expect to see 

an elevation in IFN-γ relative to uninfected or ORF-A/2 kittens.  The reduction in IFN-γ 

expression in both groups likely indicates viral suppression. 

No statistically significant differences in IFN-γ levels were observed in the lymph nodes at 

8 and 16 weeks (Figure 5-8).  As seen in the thymus at 16 weeks, JSY3∆ORF-A/2 infected cats 

exhibited slightly higher levels of IFN-γ expression with a 3-fold difference between JSY3 (WT) 

- and JSY3∆ORF-A/2 infected cats. 

Interferon Alpha (IFN-α) 

Interferon-alpha expression was compared over time and against age-matched controls 

(thymus only).  Lymph node and thymic IFN-α gene expression was measured at 8 weeks and 16 

weeks post JSY3 (WT) and JSY3∆ORF-A/2 infection.  Arithmetic means with the corresponding 

standard deviations are graphically represented in Table 5-2 and 5-3. 

IFN-α transcript levels in the thymus at 8 weeks were reduced in JSY3 (WT) and 

JSY3∆ORF-A/2 infected cats in comparison to 8 week controls.  A 69-fold reduction in JSY3 

(WT) IFN-α gene expression and a 16-fold reduction in JSY3∆ORF-A/2 IFN-α gene expression 

were observed at 8 weeks, compared to uninfected controls at 8 weeks.  Only a 1-fold difference 

was observed between JSY3 (WT) and JSY3∆ORF-A/2 infected thymus at 8 weeks (Figure 5-9).  

At 16 weeks, the IFN-α gene expression of uninfected controls increased approximately 7-fold, 

in comparison to uninfected cats at 8 weeks.  There was an 86-fold increase in IFN-α gene 

expression in uninfected cats at 16 weeks, in comparison to JSY3 (WT) at 16 weeks, and an 82-

fold increase in comparison to JSY3∆ORF-A/2 infected cats at 16 weeks (Figure 5-9).  A 

statistically significant difference was seen between JSY3 (WT) infected cats and uninfected cats 

at 16 weeks (P≤0.05).  No statistically significant differences could be measured at 16 weeks 
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between JSY3∆ORF-A/2 infected and uninfected cats, or ∆ORF-A/2 infected cats and JSY3 

(WT) infected cats although a 1-fold difference between WT- and ∆ORF-A/2-infected at 16 

weeks is observed.  Both JSY3 (WT) and ∆ORF-A/2 cats exhibited decreased IFN-α gene 

expression in the thymus during acute and chronic infection, with JSY3 (WT) virus exhibiting a 

much larger reduction.  This data is similar to what is seen in HIV patients with viral depletion of 

type I interferons (IFN-α, β) (Martinelli et al., 2007) over the course of infection. 

Lymph node IFN-α gene expression in JSY3 (WT) at 8 weeks was lower than JSY3∆ORF-

A/2 infected cats at 8 weeks (Table 5-3).  At 16 weeks post-infection, however, both wild type- 

and ∆ORF-A/2 infected lymph node IFN-α gene expression levels were approximately equal 

(Figure 5-10). 

Discussion 

IL-4 is important for maintaining the thymocyte population.  It does not participate in the 

immune response within the thymus, but is a mediator between the thymocyte and thymic 

epithelial cells (TEC) (Yarilin et al., 2004).  The down-regulation of IL-4 gene expression in 

JSY3∆ORF-A/2 cats at 16 weeks, compared to uninfected cats at 16 weeks post-infection, is 

statistically significant (Figure 5-1).  This suggests that despite JSY3∆ORF-A/2 being a 

replication mutant, with low viral gag and rev gene expression in the thymus at 16 weeks 

(Chapter 3), the virus exerts a suppressive effect on thymocyte maturation and development 

during chronic FIV infection. 

IL-4 has been shown to promote memory CD8+ survival (Khaled et al., 2002).  It is 

produced by activated CD4+ T cells, mast cells, basophils and NK cells which up-regulates 

MHC II expression on B cells, macrophages and promotes T and B cell activation (Paul, 1991).  

In view of this information it is interesting to note that lymph node IL-4 gene expression is 

elevated, especially in ∆ORF-A/2 mutants, above JSY3 (WT) infected cats at 16 weeks.  In the 
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absence of uninfected controls it is difficult to assess the significance of this observation.  In 

HIV-1 patients, IL-4 production is increased alongside IgE, resembling an allergic patient 

(Becker, 2007).  This response is thought to be due to HIV-1 virions shedding gp120, which 

contains a superantigen (suprallergen) domain that enables viral glycoproteins to bind the Vh3 

domain of IgE molecules bound to dendritic cells, mast cells, basophils, and plasmacytoid 

dendritic cells.  This interaction increases the expression of cytokines IL-4, 5, 10, and 13 from 

these hematopoietic cells.  Perhaps a similar event may be occurring with FIV gp120, and this 

may, in part, explain our lymph node findings. 

Within the thymus, IL-7 has been implicated in T-cell homeostasis; data has shown that 

IL-7 modulates low-affinity peptide-induced proliferation, which is critical in the regulation of 

T-cell homeostasis (Yarilin et al., 2004).  Primary sources of IL-7 are non-marrow-derived 

stromal and epithelial cells of the thymus and bone marrow (Yarilin et al., 2004).  Both JSY3 

(WT) and JSY3∆ORF-A/2 infected cats had decreased IL-7 gene expression at 8 and 16 weeks 

suggesting a viral-induced suppressive effect on IL-7 gene expression.  This suppressive effect 

could alter the thymus microenvironment and perhaps T-cell regulation, as IL-7 has been shown 

to assist in the differentiation and growth of the CD4-CD8- (double negative) T cells.  

Specifically at 16 weeks, we observe an increased production of IL-7 transcripts in the 

uninfected kittens, as we saw in IL-4 at this time point, suggesting IL-7 plays a role in the 

maturation of the thymus. 

In the lymph node at 16 weeks, there was a statistically significant increase in IL-7 gene 

expression in JSY3 (WT) infected cats compared to 8 weeks.  This data supports the role of IL-7 

in T-cell regeneration in a response to a peripheral T cell depletion.  IL-7 is also required for 

survival of naive CD4+ and CD8+ cells and memory CD8+ cells (Schluns et al., 2003). 
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The cytokine IL-15 is critical in lymphoid homeostasis, in addition it appears to be 

important in transmitting signals to various innate immune cell types (Natural killer cells (NK), 

NK T cells and γ/δ intraepithelial lymphocytes (IELS) (Lodolce et al., 2002) (Ma et al., 2000).  

In vivo, IL-15 is responsible for lymphoid proliferation, protection from cell death, cell homing, 

and it is absolutely required for the development of memory T-cell populations.  It also has a 

supportive role for CD8+ T cells—preferentially enhancing the number of CD8+ T cells, their 

function and survival.  Data from Lodolce et. al. (2002) has shown that IL-15 receptor α 

dependent signals are required for CD8+ T cell proliferation in response to bystander stimuli, 

and these signals are delivered by cells other than T cells.  This occurs via conserved microbial 

motifs, such as poly I: C (viral mimic) which bind to toll-like receptors (TLRs) on the cell 

surface, and this binding leads to the release of type I interferons (IFN-α/β) (Lodolce et. al., 

2002).  These interferons then stimulate the release of IL-15 from stromal cells and other 

accessory cell types (such as monocytes).  The aforementioned sequence of events results in 

increased IL-15 gene expression.  At 16 weeks, the JSY3 (WT) thymus has a statistically 

significant expansion of CD4-CD8+ (SP) thymocytes compared to 8 weeks (Chapter 3), that 

JSY3∆ORF-A/2 infected cats do not experience, and JSY3 (WT) infected cats experiences an 

increase in IL-15 gene expression in the thymus at 16 weeks.  (IL-15 gene expression in 

JSY3∆ORF-A/2 infected cats is reduced at both 8 and 16 weeks).  The only disparity in this 

correlate resides in the level of IFN-α gene expression.  IFN-α gene expression, however; is low 

in JSY3 (WT) thymus samples at 16 weeks (Figure 5-9).  This is indicative of viral inhibition 

since interferon production can be inhibited at various stages in viral replication as seen with 

adenovirus, SV40 virus, influenza, vaccinia and other retroviruses, like HIV (Stark et al., 1998).  
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IFN-α gene expression may also be reduced by the infection and the depletion of IFN-α 

producing cells such as seen in HIV-1 patients (Meyers et al., 2007). 

Interferon-gamma is produced by NK cells, thymocytes, as well as activated T cells.  It 

stimulates mononuclear phagocytes as well as cytotoxic T- lymphocytes in response to viral 

infection (Le et al., 2000).  In the thymus, it induces thymic epithelial cell (TEC) activation 

which is critical for T cell development and maturation (Yarilin et al., 2004).  In our data, we 

observed a slight increase in IFN-γ gene expression in the thymus of JSY3∆ORF-A/2 infected 

cats at 8 weeks compared to uninfected cats.  In the uninfected animals at 16 weeks, however, 

there was an increase in IFN-γ gene expression compared to JSY3 (WT) or JSY3∆ORF-A/2 

(Figure 5-7).  This suggests that there is viral suppression of IFN-γ gene expression in both JSY3 

(WT) and JSY3∆ORF-A/2 kittens at 16 weeks post-infection, and that the rise in IFN-γ in 

uninfected kittens at 16 weeks suggests a role of IFN-γ in thymic maturation.  No notable 

differences in IFN-γ gene expression were seen in the lymph nodes. 

Four of the cytokine gene expression analyses show higher gene expression values, 

although not statistically significant, in the thymus of uninfected kittens at 16 weeks (IL-4, IL-7, 

IFN-γ, IFN-α).  The cytokine IL-15 is the exception with a reduction in the uninfected samples 

relative to JSY3 (WT) infected (Figure 5-5).  These elevations in cytokine gene expression in 

uninfected animals at 16 weeks highlight the importance of the cytokine microenvironment in 

the development and maturation of the thymus and represent a generalized increase in 

thymopoietic activity in this age group. 

Since we did not have uninfected lymph node samples available at the time of this 

experiment it is more difficult to draw any conclusions from our results.  The only notable result 

was an increase in IL-7 gene expression in JSY3 (WT) samples that was statistically significant 
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at 16 weeks compared to 8 weeks (Figure 5-4).  This elevation supports a role of IL-7 in T-cell 

regeneration and restoration after peripheral depletion during chronic FIV infection. 

 

Table 5-1.  Primers and probes utilized for the cytokine real time quantitative PCR. 
 
Primer or Probe Sequence (5’ to 3’) 
IL-4 forward primer  TTC ACG GAA CAG GTC CTG TTT 
IL-4 reverse primer  TGC TCC ACC AAA TTC CTC AAA 

IL-4 probe  6FAM-CCA TGC TGC TGA GGT TCC TGT CGA-
TAMRA 

IL-7 forward primer GCC CTG TGA AAC TCT TGA TAA GTG 
IL-7 reverse primer TCG TGC TGC TCA CAA GTT GAA 

IL-7 probe 6FAM-AGA TTG AAT TCC TCA CTG TTA TTC ACT 
TTG ACA AAG TG TAMRA 

IL-15 forward primer AAC TGA AGC TTG CAT TCC TGT CT 
IL-15 reverse primer TCC TGC CAG TTT GCC TCT GT 

IL-15 probe 6FAM-CAT TTT GAG CTG TAT CAG TGC AGG TCT 
TCC TAA-TAMRA 

IFN-alpha forward primer TCC GGT GGA GAC CAG TCC C 
IFN-alpha reverse primer TTC TGG TTC GTC ACG TGC A 
IFN-alpha probe 6FAM-CAA GGC CCA AGC CCT CTC GGT G-

TAMRA 
IFN-gamma forward primer ATG ATG ACC AGC GCA TTC AA 
IFN-gamma reverse primer TTT ACT GGA GCT GGT ATT TAA CAA CTT ATC 

IFN-gamma probe 6FAM-AGC ATG GAC ACC ATC AAG GAA GAC 
ATG C-TAMRA 

Note:  Reprinted with permission from Kolenda-Roberts, H. 2006.  Cytokine profiles and viral 
replication within the thymuses of neonatally feline immunodeficiency virus-infected cats.  PhD 
dissertation (Page 34, Table 4-1). University of Florida, Gainesville, Florida. 
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Figure 5-1.  IL-4 gene expression in the thymus.  The thymus was harvested from kittens at 8 

weeks (Uninfected (n=5); JSY3 (WT) (n=8); JSY3∆ORF-A/2 (n=4)) and 16 weeks 
(Uninfected (n=3); JSY3 (WT) (n=10), JSY3∆ORF-A/2 (n=5)).  The data are 
expressed as mean± one standard deviation.  (*) denotes a statistically significant 
difference between JSY3∆ORF-A/2 and uninfected kittens at 16 weeks post-infection 
(P≤ 0.05). 

 
Figure 5-2.  IL-4 gene expression in the lymph node.  The lymph nodes were harvested from 

kittens at 8 weeks (JSY3 (WT) (n=3); JSY3∆ORF-A/2 (n=4)) and 16 weeks (JSY3 
(WT) (n=2), JSY3∆ORF-A/2 (n=5)).  The data are expressed as mean± one standard 
deviation.  No statistically significant differences were observed. 
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Figure 5-3.  IL-7 gene expression in the thymus.  The thymus was harvested from kittens at 8 
weeks (Uninfected (n=5); JSY3 (WT) (n=8); JSY3∆ORF-A/2 (n=4)) and 16 weeks 
(Uninfected (n=3); JSY3 (WT) (n=11), JSY3∆ORF-A/2 (n=6)).  The data are 
expressed as mean± one standard deviation.  No statistically significant differences 
were observed. 

 

Figure 5-4.  IL-7 gene expression in the lymph node.  The lymph nodes were harvested from 
kittens at 8 weeks (JSY3 (WT) (n=3); JSY3∆ORF-A/2 (n=4)) and 16 weeks (JSY3 
(WT) (n=3), JSY3∆ORF-A/2 (n=6)).  The data are expressed as mean± one standard 
deviation.  (*) denotes a statistically significant difference between JSY3 (WT) at 8 
weeks compared to 16 weeks post-infection (P≤ 0.05). 
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Figure 5-5.  IL-15 gene expression in the thymus.  The thymus was harvested from kittens at 8 
weeks (Uninfected (n=5); JSY3 (WT) (n=8); JSY3∆ORF-A/2 (n=4)) and 16 weeks 
(Uninfected (n=3); JSY3 (WT) (n=11), JSY3∆ORF-A/2 (n=6).  The data are 
expressed as mean± one standard deviation.  (*) denotes a statistically significant 
difference between JSY3 WT at 16 weeks compared to JSY3∆ORF-A/2 kittens at 16 
weeks post-infection (P≤ 0.05). 

 

Figure 5-6.  IL-15 gene expression in the lymph node.  The lymph nodes were harvested from 
kittens at 8 weeks (JSY3 (WT) (n=3); JSY3∆ORF-A/2 (n=4)) and 16 weeks (JSY3 
(WT) (n=3), JSY3∆ORF-A/2 (n=6)).  The data are expressed as mean± one standard 
deviation.  No statistically significant differences were observed. 
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Figure 5-7.  IFN-γ gene expression in the thymus.  The thymus was harvested from kittens at 8 
weeks (Uninfected (n=5); JSY3 (WT) (n=8); JSY3∆ORF-A/2 (n=4)) and 16 weeks 
(Uninfected (n=3); JSY3 (WT) (n=11), JSY3∆ORF-A/2 (n=6).  The data are 
expressed as mean± one standard deviation.  No statistically significant differences 
were observed. 

 

Figure 5-8.  IFN-γ gene expression in the lymph node.  The lymph nodes were harvested from 
kittens at 8 weeks (JSY3 (WT) (n=3); JSY3∆ORF-A/2 (n=4)) and 16 weeks (JSY3 
(WT) (n=3), JSY3∆ORF-A/2 (n=6)).  The data are expressed as mean± one standard 
deviation.  No statistically significant differences were observed. 
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Figure 5-9.  IFN-α gene expression in the thymus.  The thymus was harvested from kittens at 8 
weeks (Uninfected (n=6); JSY3 (WT) (n=7); JSY3∆ORF-A/2 (n=4)) and 16 weeks 
(Uninfected (n=3); JSY3 (WT) (n=11), JSY3∆ORF-A/2 (n=6).  The data are 
expressed as mean± one standard deviation.  (*) denotes a statistically significant 
difference between uninfected kittens at 16 weeks compared to JSY3 WT infected 
kittens at 16 weeks post-infection (P≤ 0.05). 

 

Figure 5-10.  IFN-α gene expression in the lymph node.  The lymph nodes were harvested from 
kittens at 8 weeks (JSY3 (WT) (n=3); JSY3∆ORF-A/2 (n=4)) and 16 weeks (JSY3 
(WT) (n=3), JSY3∆ORF-A/2 (n=6)).The data are expressed as mean± one standard 
deviation.  No statistically significant differences were observed. 
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Table 5-2.  Transcription of cytokine genes (IL-4, IL-7, IL-15, Interferon-gamma, Interferon-
alpha) in the thymus of cats neonatally infected with JSY3 wild type FIV and the 
ORF-A/2 deletion mutant of JSY3 (JSY3ΔORF-A/2 ). 

 JSY3 (WT)a                 JSY3ΔORF-A/2 
  8 weeksb  16 weeks  8 weeks  16 weeks 

IL-4 0.53 (0.39)c  1.57 (1.28)  0.59 (0.73) 0.32 (0.31)d

IL-7 0.81 (0.55 )  2.08 (2.84)  1.73 (1.83) 2.40 (2.22)
IL-15 1.23 (0.89)  1.96 (1.20)e  0.38 (0.34) 0.28 (0.14)
IFN-α 3.58 (2.90)  20.59 (41.36)f  14.94 (14.63) 21.54 (19.03)
IFN-γ 2.29 (1.98 )  3.68 (3.40)  3.56 (4.41) 5.48 (5.55)

a Kittens were infected at birth with JSY3 wild type (WT) FIV (n=6) or the ORF-A/2 deletion 
mutant of JSY3 FIV (JSY3ΔORF-A/2) (n=10). 
b Total RNA was extracted from the thymus of kittens at 8 weeks and 16 weeks post-infection. 
Relative cytokine RNA was quantified by a real time PCR assay.  
c Mean (standard deviation) for the relative amount of cytokine RNA. 
d The relative amount of IL-4 RNA was significantly greater in uninfected thymus at 16 weeks  
versus JSY3∆ORF-A/2 at 16 weeks post infection (P≤ 0.05). 
e The relative amount of IL-15 RNA was significantly greater in JSY3 (WT) thymus at 16 weeks 
post infection versus JSY3∆ORF-A/2 at 16 weeks post infection (P≤ 0.05). 
f. The relative amount of IFN-α RNA was significantly greater in the thymus of uninfected 
kittens at week 16 compared to JSY3 (WT) at week 16 (P≤ 0.05). 
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Table 5-3.  Transcription of cytokine genes (IL-4, IL-7, IL-15, Interferon-gamma, Interferon-
alpha) in the lymph nodes of cats neonatally infected with JSY3 wild type FIV and 
the ORF-A/2 deletion mutant of JSY3 (JSY3ΔORF-A/2 ). 

 JSY3 (WT)a  JSY3ΔORF-A/2 
  8 weeksb  16 weeks  8 weeks  16 weeks 

IL-4 1.35 (1.32)c  0.82 (0.33)  1.08 (0.17)  1.90 (1.64)
IL-7 2.21 (0.99)  5.99 (1.49)d  2.86 (1.47)  5.00 (1.65)
IL-15 0.48 (0.39)  0.84 (0.99)  0.81 (0.73)  0.57 (0.31)
IFN-α 2.92 (3.16)  27.55 (26.77)  5.93 (7.21)  26.64 (25.13)
IFN-γ 1.74 (1.28)  1.55 (3.61)  1.03 (1.36)  5.01 (6.74)

a Kittens were infected at birth with JSY3 wild type (WT) FIV (n=6) or the ORF-A/2 deletion 
mutant of JSY3 FIV (JSY3ΔORF-A/2) (n=10). 
b Total RNA was extracted from the lymph nodes of kittens at 8 weeks (n=3 for JSY3 (WT), n=4 
for JSY3ΔORF-A/2) and 16 weeks (n=3 for JSY3 (WT), n=6 for JSY3ΔORF-A/2) post-
infection. Relative cytokine RNA was quantified by a real time PCR assay.  
c Mean (standard deviation) for the relative amount of cytokine RNA. 
d The relative amount of IL-7 RNA was significantly greater in JSY3 (WT) at 16 weeks 
compared to JSY3 (WT) at 8 weeks post infection (P≤ 0.05). 
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CHAPTER 6 
VISUALIZATION OF PLASMACYTOID DENDRITIC CELLS (PDC) WITHIN THE 

THYMUS AND LYMPH NODES OF FIV JSY3 WILD TYPE (WT) AND JSY3∆ORF-A/2 
INFECTED KITTENS DURING ACUTE AND CHRONIC INFECTION 

Introduction 

Previous studies on HIV-1 have discovered interferon-producing cells (IPCs)/plasmacytoid 

dendritic cells (PDCs) that are important mediators of innate immunity (Zhang et al., 2005).  

These cells act to suppress viral replication through the secretion of interferon (IFN)-alpha 

(Zhang et al., 2005) (Gurney et al., 2004).  In vitro experiments have found that these cells can 

suppress HIV and that this cell population is severely reduced in the peripheral blood of HIV-

infected individuals (Barron et al., 2003) (Donaghy et al., 2001).  In addition, it was found that 

PDCs are lost from lymphoid tissue in advanced SIV infection, suggesting that systemic DC 

depletion plays a direct role in the pathophysiology of AIDS (Brown et al., 2007).  The thymus 

has been shown to harbor a subset of resident PDC, however, their function within the normal 

thymus remains unclear (Fohrer et al., 2004).  

A recombinant human dendritic cell lectin (rhDLEC) has been developed and 

commercially developed antibodies are available facilitating the study of the interferon 

producing cell (IPC)/plasmacytoid dendritic cell type (PDC).  However, previous reports 

indicated that anti-human DLEC antibodies did not cross-react with PDC from the peripheral 

blood of the rhesus macaque (Chung et al., 2005). 

The experiments described in this chapter are a continuation of data initially provided by 

Holly Kolenda-Roberts (Kolenda-Roberts, 2006), on the polyclonal anti-human DLEC-derived 

antibody.  These results provide preliminary data to characterize this cell type in JSY3 (WT) and 

JSY3∆ORF-A/2 infected cats during acute (8 weeks) and chronic (16 weeks) FIV infection.  The 

results demonstrate that the rhDLEC polyclonal antibody does cross-react with a subset of feline 
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thymic and lymph node cells.  These DLEC-positive cells seem to be IFN-α producing cells that 

are localized in the lymphoid follicles of the thymus and the secondary mantles of the lymph 

nodes.  PDCs and IFN-α cells are depleted from the thymus over the course of JSY3 (WT) and 

JSY3∆ORF-A/2 FIV infection.  JSY3∆ORF-A/2 infected cats demonstrate higher IFN-α positive 

cells and DLEC-positive cells in the lymph node at week 8 compared to JSY3 (WT) infected cats 

at 8 weeks.  By 16 weeks, JSY3∆ORF-A/2 infected cats have an equivalent number of IFN-α 

positive cells to JSY3 (WT) infected cats and a higher number of DLEC-positive cells compared 

to JSY3 (WT) infected cats, in the lymph node, indicating a loss of IFN-α expression in 

JSY3∆ORF-A/2 infected cats. 

Materials and Methods 

Immunohistochemistry Assay for DLEC and IFN-α  

Five micron paraffin-embedded sections of JSY3 (WT) and JSY3∆ORF-A/2 thymus and 

lymph node were stained with hematoxylin and eosin for morphological analysis.  Uninfected 

thymus samples were from age-matched controls.  Uninfected lymph node sections were not 

available for comparison.  For immunohistochemistry, 5-µm frozen sections were fixed in ice 

cold ethanol for 5 minutes and rinsed in PBS buffer.  Sections were incubated at room 

temperature for 30 minutes with 1% normal horse serum blocking solution and blotted, followed 

by a 30 minute incubation with 10μg/mL of either anti-rhDLEC polyclonal antibody (R&D 

Systems, Minneapolis, MN, USA), or a polyclonal anti-human IFN-α antibody (PBL Biomedical 

Laboratories, Piscataway, NJ, USA).  For a negative control, thymus and lymph node sections 

were incubated with 1% normal horse serum instead of the anti-rhDLEC polyclonal antibody or 

the anti-human IFN-α antibody.  All sections were developed using the Vectastain Universal 

Elite® ABC Kit (Vector Laboratories Inc., Burlingame, CA) according to the manufacturer’s 

instructions and stained with diaminobenzidine chromagen and enhanced with nickel.  Sections 
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were then rinsed in water and counterstained with Harris’s hematoxylin.  The slide sections were 

examined microscopically, at a 10x objective, for measurements of follicular, medullary (for 

thymus sections) and total area using the Image J® NIH software program 

(http://rsb.info.nih.gov/ij/download.html).  The results were reported as number of positively-

stained cells identified per unit of designated area. 

Statistical Analysis 

A statistical software program (SigmaStat 3.0®, SPSS Inc., Chicago, IL) was utilized for 

all data analyses.  The data were transformed prior to analysis, via square root, in order to 

normalize any sample variability.  Transformed variables that had normal distribution and equal 

variance were compared using the one-way analysis of variance (One-Way ANOVA).  

Transformed variables that were not normally distributed or displayed unequal variances were 

compared using the ANOVA on Ranks test.  Values with P ≤ 0.05 were considered significant. 

Results 

Initial immunohistochemical slides exhibited mild homogenous brown extracellular 

background staining within the germinal centers of secondary lymphoid follicles, particularly 

within lymph node sections.  However, attempts to incorporate a step to quench endogenous 

peroxidase activity resulted in abrogation of antibody staining and were discontinued.  The low 

level of background staining did not impair the evaluation of positive cellular staining. 

Experiments utilizing the anti-human-IFN-α antibody resulted in mild positive staining of 

cells localized along the corticomedullary junction, and the endothelial cells, in uninfected 

thymus samples (Figure 6-1).  JSY3 (WT) and JSY3∆ORF-A/2 infected samples also had these 

cells present, but the predominance of positive cells were present within the lymphoid follicles 

which were secondary to viral infection (Figure 6-2; Figure 6-3).  There were no visible 

http://rsb.info.nih.gov/ij/download.html
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differences in the distribution of positive cells in the thymus between JSY3 (WT) and 

JSY3∆ORF-A/2 infected cats at 8 or 16 weeks. 

Within the lymph node, IFN-α-positive cells were a prominent feature within the mantles 

of the secondary follicles, but with large numbers of cells also present and evenly distributed 

throughout the remainder of the section (Figure 6-4). 

Immunohistochemistry experiments utilizing the anti-rhDLEC antibody revealed positive 

staining in the JSY3 (WT) and JSY3∆ORF-A/2 infected thymus with DLEC-positive cells 

localized within the lymphoid follicles (Figures 6-5 and 6-6).  Lymph node samples displayed 

intense DLEC staining in the mantles of the secondary follicles with scattering of positive cells 

throughout the cortex (Figure 6-7). 

Statistical analysis of the thymus data showed that there were no significant differences at 

either time point, in the number of IFN-α positively staining cells per unit area between JSY3 

(WT) and JSY3∆ORF-A/2 infected cats.  At week 8, JSY3∆ORF-A/2 infected thymus samples 

contained a greater mean number of IFN-α positive cells per total thymus area measured, than 

JSY3 (WT) infected or uninfected cats (Table 6-1).  However, by 16 weeks, JSY3∆ORF-A/2 and 

JSY3 (WT) infected cats have less IFN-α positive cells per thymus area than uninfected cats 

(Table 6-1).  This same trend is evident in the lymph node samples (Table 6-2).  No comparison 

can be made, however, between the mean number of IFN-α positive cells in uninfected lymph 

node, JSY3 (WT) infected, and JSY3∆ORF-A/2 infected, as uninfected lymph node samples 

were not available at the time of the experiment. 

For thymus tissues stained with anti-rhDLEC, 8-week-old JSY3 (WT) infected samples 

contained statistically more DLEC-positively staining cells than 16-week-old JSY3 (WT) 

infected animals (P≤0.05) (Table 6-3).  No other statistical differences were found.  Unlike the 
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mean number of IFN-α-positive cells in the thymus at 8 weeks (Table 6-1), JSY3∆ORF-A/2 

infected cats had lower DLEC-positive cells in the thymus at 8 weeks, than JSY3 (WT) or 

uninfected cats at 8 weeks (Table 6-3).  The opposite trend is seen in the lymph node samples 

wherein JSY3∆ORF-A/2 infected cats at 8 weeks had a greater mean number of DLEC-positive 

cells per area, compared to JSY3 (WT) infected (Table 6-4).  In addition, at 16 weeks, 

JSY3∆ORF-A/2 infected lymph node samples also contain a greater number of DLEC-positive 

cells per area versus JSY3 (WT) (Table 6-4).  No comparison can be made however, between the 

mean number of DLEC-positive cells in uninfected lymph node, JSY3 (WT), and JSY3∆ORF-

A/2, as uninfected lymph node samples were not available at the time of the experiment. 

Discussion 

These immunochemistry experiments support previous data (Kolenda-Roberts, 2006) that 

the rhDLEC polyclonal antibody does cross-react with a subset of feline thymic and lymph node 

cells.  These cells were present in both JSY3 (WT) and JSY3∆ORF-A/2 infected cats during 

acute and chronic FIV infection.  Both rhDLEC and IFN-α gave a similar distribution pattern, 

analogous to the FIV p24 Gag staining (Chapter 4).  This distribution data suggests that FIV-

infected-p24-positive cells may in fact be plasmacytoid dendritic cells that express IFN-alpha.  In 

support of this is original data from Holly Kolenda-Roberts’ (Kolenda-Roberts, 2006;Kolenda-

Roberts, 2006) double-labeled immunohistochemistry performed on JSY3 (WT) infected thymus 

samples which stained positively for both DLEC and IFN-α.  Her results suggest that DLEC-

positive cells may in fact be interferon producing cells (IPCs).  These findings support previous 

HIV-1 reports on PDCs (Zhang et al., 2005). 

In terms of IFN-α immunohistochemistry, JSY3∆ORF-A/2 infected thymus and lymph 

node at week 8 consistently had a greater number of positive cells than JSY3 (WT) infected or 

uninfected samples, but this difference was not statistically significant.  At 16 weeks however, 
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the mean number of IFN-α-positive cells in JSY3∆ORF-A/2 and JSY3 (WT) infected cats were 

equivalent in the thymus and lymph node samples.  This overall reduction in the number of cells 

in the thymus expressing IFN-α in JSY3∆ORF-A/2 and JSY3 (WT), compared to uninfected 

samples at week 16, suggest a down-regulation of IFN-α production.  In Chapter 5, IFN-α gene 

expression data demonstrated the suppression of IFN-α gene expression in the thymus of JSY3 

(WT) and JSY3∆ORF-A/2 infected cats at 16 weeks.  This data supports the reduction seen in 

the number of IFN-α positive cells in JSY3 (WT) and JSY3∆ORF-A/2 infected thymus at 16 

weeks. 

In the lymph node samples at 16 weeks, we observe approximately equivalent numbers of 

IFN-α positive cells in JSY3 (WT) and JSY3∆ORF A/2 infected cats, although the lack of 

uninfected lymph node sections makes it difficult to assess how significant this equivalence is.  

Similarly, in Chapter 5, we reported equivalent relative levels of IFN-α gene expression from the 

lymph node of JSY3 (WT) and JSY3∆ORF-A/2 infected cats at 16 weeks. 

DLEC immunohistochemistry revealed a depletion of the PDC cell types from the thymus 

and lymph node over the course of FIV infection.  Specifically, JSY3 (WT) infected DLEC-

positive cells in the thymus decreased significantly from week 8 to week 16 (P≤ 0.05).  

JSY3∆ORF-A/2 infected cats had lower DLEC-positive cells in the thymus at week 8 compared 

to uninfected or JSY3 (WT) infected cats.  However, by 16 weeks of infection, JSY3 (WT)   and 

JSY3∆ORF-A/2 infected cats had equivalent numbers of DLEC-positive cells in the thymus, 

lower numbers than uninfected cats.  In the lymph node, no statistical differences were seen but 

JSY3∆ORF-A/2 maintained higher numbers of DLEC-positive cells compared to JSY3 (WT). 

In summary, rhDLEC polyclonal antibody does cross-react with a subset of feline thymic 

and lymph node cells.  These DLEC-positive cells seem to be IFN-α producing cells that are 
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localized in the lymphoid follicles of the thymus and the secondary mantles of the lymph nodes.  

JSY3∆ORF-A/2 infected cats appear to have higher numbers of IFN-α producing cells in the 

thymus and lymph node at 8 weeks compared to 16 weeks.  By 16 weeks, however, both JSY3 

(WT)   and JSY3∆ORF-A/2 infected cats have equivalent numbers of IFN-α positive cells in 

both the thymus and lymph node.  JSY3∆ORF-A/2 infected cats have lower DLEC-positive cells 

in the thymus at 8 weeks versus JSY3 (WT) infected cats, but equivalent numbers to JSY3 (WT) 

infected cats, at 16 weeks.  It must be proposed that some other cell type is producing IFN-α in 

the JSY3∆ORF-A/2 infected thymus at 8 weeks, to correlate the low DLEC numbers at 8 weeks.  

Clearly PDCs and IFN-α cells are depleted from the thymus over the course of JSY3 (WT) and 

JSY3∆ORF-A/2 FIV infection.  The numbers of DLEC in lymph node of JSY3∆ORF-A/2 

infected cats remains elevated into 16 weeks compared to JSY3 (WT).  This suggests a more 

dramatic PDC depletion in JSY3 (WT) infected lymph nodes much like what is seen in the 

peripheral lymph nodes of advanced SIV infection (Brown et al., 2007). 
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Table 6-1.  Mean number of IFN-α positive cells as measured per total thymus area. 
Animal Group Mean number positive cells/unit area 

8 week Uninfected (n=2) 1.55E-06 

8 week JSY3 (WT) (n=3)  1.94E-05 

8 week JSY3∆ORF-A/2  (n=4) 3.83E-05 

  

16 week Uninfected (n=2) 2.40E-06 

16 week JSY3 (WT) (n=3) 1.05E-05 

16 week JSY3∆ORF-A/2  (n=6) 1.21E-05 

 
Table 6-2.  Mean number of IFN-α positive cells as measured per total lymph node area. 
Animal Group Mean number positive cells/unit area 

8 week JSY3 (WT) (n=3) 2.45E-05
8 week JSY3∆ORF-A/2 (n=4) 3.74E-05
 
16 week JSY3 (WT) (n=3) 1.10E-05
16 week JSY3∆ORF-A/2 (n=6) 1.96E-05
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Table 6-3.  Mean number of DLEC-positive cells as measured per total thymus area. 
Animal Group Mean number positive cells/unit area 

8 week Uninfected (n=2) 2.27E-06 
8 week JSY3 (WT) (n=3) 2.19E-05a 
8 week JSY3∆ORF-A/2 (n=4) 1.10E-05 
  
16 week Uninfected (n=4) 2.30E-06 
16 week JSY3 (WT) (n=3) 8.95E-06 
16 week JSY3∆ORF-A/2 (n=6) 8.35E-06 

a.   The mean number of DLEC-positive cells in JSY3 (WT) thymus at week 8 is significantly 
greater than week 16 JSY3 (WT) thymus (P≤ 0.05). 
 
Table 6-4.  Mean number of DLEC-positive cells as measured per total lymph node area. 
Animal Group Mean number positive cells/unit area 
8 week JSY3 (WT) (n=3) 4.37E-05
8 week JSY3∆ORF-A/2 (n=4) 7.18E-05
 
16 week JSY3 (WT) (n=3) 3.62E-05
16 week JSY3∆ORF-A/2 (n=4) 5.91E-05
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Figure 6-1.  10X. Histologic section of an uninfected thymus at 16 weeks stained with anti-IFN-α 

antibody.  The arrows demonstrate how the endothelial cells stain lightly. 

 
Figure 6-2.  10X. Histologic section of a JSY3 (WT)-infected thymus at 8 weeks demonstrating 

IFN-α antibody-stained cells (black) within the follicles (F) and the medullary (M) 
areas of the lobule.  Note the lack of IFN-α positive cells within the cortex (C). 
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Figure 6-3.  10x. Histologic section of a JSY3∆ORF-A/2-infected thymus at 16 weeks 

demonstrating IFN-α antibody-stained cells (black) within the follicles (F) and the 
medullary (M) areas of the lobule.  Note the lack of IFN-α positive cells within the 
cortex (C). 

 
Figure 6-4.  10X. Histologic section of a JSY3∆ORF-A/2-infected lymph node at 8 weeks 

demonstrating IFN-α antibody-stained cells (black) localized to the mantle of the 
secondary follicles (SF) (arrow) and within the cortex (C).  The homogenous brown 
staining in the center of the follicles was typical of the lymph node samples and was 
not considered positive when counting for IFN-α-positive cells. 
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Figure 6-5.  10x. Histologic section of a JSY3∆ORF-A/2-infected thymus at 16 weeks 

demonstrating DLEC-antibody-stained cells (black) within the lymphoid follicles (F) 
of the lobule.  Note the lack of DLEC-positive cells within the cortex (C). 

 

Figure 6-6.  10x. Histologic section of a JSY3 (WT)-infected thymus at 8 weeks demonstrating 
DLEC-antibody-stained cells (black) within the lymphoid follicles (F) of the lobule.  
Note the lack of DLEC-positive cells within the cortex (C). 
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Figure 6-7.  10X. Histologic section of a JSY3∆ORF-A/2-infected lymph node at 8 weeks 
demonstrating DLEC antibody-stained cells (black) localized to the mantle of the 
secondary follicles (SF) (arrow) and within the cortex (C).  The homogenous brown 
staining was typical in the center of the follicles of the lymph node samples and was 
not considered positive when counting for DLEC-positive cells. 
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CHAPTER 7 
CONCLUSIONS 

In conclusion, the goal of this research project was to more fully characterize the role of 

the FIV ORF-A/2 gene expression in vivo, so as to understand the mechanism of FIV 

pathogenesis in different lymphoid populations.  In order to accomplish this, we analyzed 

proviral load, viral gene expression, and the localization of virus-infected and actively replicating 

cells from acute to chronic phase of FIV infection.  We selected the neonatally-infected cat as the 

infection model, utilizing the highly pathogenic molecular clone JSY3, in the presence or 

absence of a functional ORF-A/2 gene. 

These experiments demonstrate that the ORF-A/2 gene deletion results in diminished gene 

expression in the thymus, lymph node and PBMC (Chapter 3).  JSY3∆ORF-A/2 infected cats 

had greater T cell and B cell numbers in the thymus at 8 and 16 weeks compared to JSY3 (WT) 

infected cats.  Despite these higher cell numbers, by 16 weeks, JSY3∆ORF-A/2 infected cats 

have near equivalent levels of proviral load, but, reduced gag and rev transcription products, 

compared to JSY3 (WT) infected cats.  JSY3∆ORF-A/2 infected cats’ absolute values in lymph 

node subpopulations did not change markedly between week 8 and week 16 and although the 

absolute number of cells remained equivalent, this did not result in an increase in the rate of gag 

and rev gene expression in the lymph node at 16 weeks.  Analysis of the PBMCs revealed that B 

cell numbers in the blood of JSY3∆ORF-A/2 infected cats were significantly lower relative to 

the JSY3 (WT) infected cats, and that these B cells, when sorted and analyzed for proviral load 

and gene expression, revealed lower levels of proviral load and viral gene expression throughout 

the JSY3∆ORF-A/2 infection period.  Specifically, B cells exhibited a statistically significant 

reduction in proviral load and viral gene expression during chronic infection.  In the sorted 

PBMCs, the relative level of B cell proviral load and viral gene expression were severely 
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hindered by the ORF-A/2 mutation.  The reason for this is unknown although the mean absolute 

number of B cells at 16 weeks for cats infected with JSY3∆ORF-A/2 (768 cells/µL) is lower 

than JSY3 (WT) (2,954 cells/µL) and could be attributable.  However, upon examination of the 

absolute mean values of CD8+ and CD4+ T cells at 8 weeks, there is equivalent number of cells 

between JSY3 (WT) and JSY3∆ORF-A/2 yet lower proviral load and gene expression in 

JSY3∆ORF-A/2 infected cats.  Whether ORF-A/2 contributes to the shift from CD4+ cells 

during acute infection, to the B cells in the chronic phase of infection, remains to be determined. 

Our immunohistochemistry data, described in Chapter 4, demonstrated that FIV-infected 

thymocytes distribute to the lymphoid follicles, slightly to the medulla and rarely to the cortex.  

Likewise, other in situ hybridization and immunohistochemistry data have shown a similar 

distribution pattern (follicular and medullary) in HIV/AIDS patients (Prevot et al., 1992) (Burke 

et al., 1995) and SIV-infected monkeys (Li et al., 1995).  The staining patterns of tissues 

previously reported (Norway et al., 2001) were in agreement with our current results.  At week 8, 

JSY3 (WT) staining exhibited more p24-positive cells per area compared to JSY3∆ORF-A/2-

infected, but by 16 weeks of age both groups demonstrated a similar number of thymocytes 

positively labeling per unit area.  In the lymph node however, JSY3∆ORF-A/2 displayed more 

p24-positive cells compared to JSY3 (WT) at week 8 and week 16.  Additional cell types (CD8+, 

B cell, macrophages, and plasmacytoid dendritic cells (PDCs) (as seen in HIV/SIV) may be 

present that are responsible for viral replication and dissemination.  This observation has been 

confirmed by others (English et al., 1993) (Zhang et al., 2005) (Brown et al., 2007).  Perhaps 

with the mutation in the ORF-A/2 gene, and subsequent decreased viral replication and gene 

expression, there is a localization of these antigen presenting cells, such as plasmacytoid 

dendritic cells (PDC) (Cella et al., 1999) (Yoneyama et al., 2004), in the inflamed lymph node.  
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This can also be supported by our DLEC immunohistochemistry data which demonstrated a 

greater mean number of DLEC-positive cells (cell surface marker for plasmacytoid dendritic 

cells (PDCs)) at either 8 or 16 weeks, in JSY3∆ORF-A/2 infected lymph node, compared to 

JSY3 (WT) infected lymph node (Chapter 6). 

The ORF-A/2 mutation did not appear to alter cell replication (Ki67) in the cortical 

thymocytes (Chapter 4).  There are an overall reduced number of Ki67-positive cells in the 

lymph node for JSY3∆ORF-A/2 infected cats in contrast to an increased number of p24-positive 

cells at week 16.  This data suggests that a population of JSY3∆ORF-A/2-infected cells were not 

actively replicating cells compared to JSY3 (WT).  This data does not suggest, however, that 

these JSY3∆ORF-A/2 infected cells have entered a G2-arrest, as in vitro work has previously 

reported (Gemeniano et al., 2004). 

Four of the cytokine gene expression analyses show higher gene expression values, 

although not statistically significant, in the thymus of uninfected kittens at 16 weeks (IL-4, IL-7, 

IFN-γ, IFN-α).  The cytokine IL-15 is the exception with a reduction in the uninfected samples 

relative to JSY3 (WT) infected.  These elevations in cytokine gene expression, in uninfected 

animals at 16 weeks, highlight the importance of the cytokine microenvironment in the 

development and maturation of the thymus and represent a generalized increase in thymopoietic 

activity in this age group. 

IL-4 gene expression in the thymus of JSY3∆ORF-A/2 infected cats was lower than JSY3 

(WT) infected and was significantly less than uninfected cats at 16 weeks.  This suggests that 

despite JSY3∆ORF-A/2 being a replication mutant, with low viral gag and rev gene expression 

in the thymus at 16 weeks (Chapter 3), the virus may exert a suppressive effect on thymocyte 

maturation and development during chronic FIV infection.  IL-4 has also been shown to be 
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produced by activated CD4+ T cells, mast cells, basophils and NK cells which up-regulates 

MHC II expression on B cells, macrophages and promotes T and B cell activation (Paul, 1991).  

Despite higher T and B cell numbers in the thymus of JSY3∆ORF-A/2-infected cats at 16 weeks, 

the level of IL-4 gene expression is low, suggesting that the percentage of activated T cells and B 

cells must be low.  The low IL-4 gene expression appears correlated to the low level of IL-15 

gene expression in the thymus of JSY3∆ORF-A/2 infected cats at 16 weeks.  IL-15 is responsible 

for the induction of B cell proliferation and differentiation (Armitage et al., 1995); in HIV-1 IL-

15 may promote polyclonal B-cell activation and hypergammaglobulinaemia (Kacani et al., 

1999). 

In Chapter 6, we found the rhDLEC polyclonal antibody to cross-react with a subset of 

feline thymic and lymph node cells.  These DLEC-positive cells seem to be IFN-α producing 

cells that are localized in the lymphoid follicles of the thymus and the secondary mantles of the 

lymph nodes.  JSY3∆ORF-A/2 infected cats appear to have higher numbers of IFN-α producing 

cells in the thymus and lymph node at 8 weeks compared to JSY3 (WT).  By 16 weeks, however, 

both JSY3 (WT) and JSY3∆ORF-A/2 infected cats have equivalent numbers of IFN-α positive 

cells.  JSY3∆ORF-A/2 infected cats have lower DLEC-positive cells in the thymus at 8 weeks 

versus JSY3 (WT), but equivalent numbers at 16 weeks.  It must be proposed that some other 

cell type is producing IFN-α in the JSY3∆ORF-A/2 infected thymus at 8 weeks to correlate the 

low DLEC numbers at 8 weeks.  Clearly PDCs and IFN-α cells are depleted from the thymus 

over the course of JSY3 (WT) and JSY3∆ORF-A/2 FIV infection.  

The numbers of DLEC in lymph node of JSY3∆ORF-A/2 infected cats remains elevated 

into 16 weeks compared to JSY3 (WT) (Chapter 6).  This suggests a more dramatic PDC 
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depletion in JSY3 (WT) infected lymph nodes much like what is seen in the peripheral lymph 

nodes of advanced SIV infection (Brown et al., 2007). 

The combined results of these experiments suggest that future studies are needed in order 

to define the role of the ORF-A/2 gene product and how it relates to FIV pathogenesis of the B 

cell.  It appears there is a significant reduction in the number of circulating B cells, the level of B 

cell proviral load, and viral gene expression in the PBMCs of JSY3∆ORF-A/2 infected cats.  The 

reason for the lower absolute B cell numbers in the circulating PBMCs of JSY3∆ORF-A/2 

infected cats is unknown, but may reflect a generalized sequestration and compartmentalization 

of B cells in the thymus and lymph node, as suggested by flow cytometry data.  Measurement of 

IL-4 and IL-15 cytokine gene expression in the thymus of JSY3∆ORF-A/2 infected cats revealed 

lower levels compared to JSY3 (WT) and uninfected cats.  Both of these cytokines are known to 

have roles in B cell activation, proliferation, and differentiation. 
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