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Abstract

A variety of host factors influence the ability of Human Immunodeficiency Virus (HIV)- 

type-1 to access and subsequently replicate within the cellular immune system. Understanding 

these factors is a crucial step in the development of novel therapeutic strategies including both 

chemotherapeutic treatments and vaccines. Although it has recently been reported that the CC 

chemokines RANTES, MIP-la and MIP-10 are the major HIV-1 suppressive factors derived 

from CD8+ T lymphocytes, this work demonstrates that these factors are not active at the level of 

transcriptional control and do not share identity with HIV-1 suppressive factors as measured in a 

transcriptional control assay. These other remaining factors are produced not only by CD8+ T 

lymphocytes, but by CD4+ T  lymphocytes and cell lines derived from the other major leukocyte 

subsets. These factors are fractionable by standard chromatographic methodologies, and are 

active in models of both replication and transcription of laboratory and primary HIV-1 isolates. 

This work should form the basis for several areas of research related to modulation of HIV-1 

replication and transcription.
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CHAPTER ONE

GENERAL INTRODUCTION
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First identified in the early 1980s, Human Immunodeficiency Virus (HlV)-type-l, 

continues to present tremendous challenges, both in treatment of the virus itself and the 

associated Acquired Immune Deficiency Syndrome (AIDS) which usually accompanies its late 

stages of infection. Recent advances in pharmaceutical strategies to contain HIV have met with 

considerable success. However, due to both cost and likely poor compliance, elimination of this 

virus from infected individuals in undeveloped countries is unlikely to occur prior to 

development of a therapeutic vaccine.

In addition to emphasis placed on development of vaccination strategies, researchers 

world-wide continue to focus on the basic fundamentals of HIV-1 and its dramatic subversion of 

the human immune system. Indeed, in just the past few years, several exciting discoveries have 

prompted the development of new areas of HIV/AIDS research especially with respect to the 

interaction between the virus and the host leukocytes (white blood cells) which compose the 

cellular immune system. Although required to act in concert to generate an immune response 

against any foreign pathogen, the cellular immune system can be generally divided into cells that 

are targeted for infection by HIV-1 (CD4’ T lymphocytes and macrophage lineage cell types) 

and those that are not (CD8+ T lymphocytes and B lymphocytes). Historically, this has been 

credited to the dependence of HIV on the CD4 molecule as a receptor for the HIV envelope 

proteins gp 120 and gp41. Attention of late, however, has been directed at a long-standing 

phenomenon related to differential susceptibility of CD4+ T lymphocytes, macrophage lineage 

cell-types, and laboratory T cell lines to different strains of HIV-1. That is. HIV-1 isolated from 

naturally infected primary lymphocytes (taken from an HIV+ patient), usually replicates most 
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efficiently in target cells that are likewise recently isolated (primary CD4+ T lymphocytes and 

macrophages). These virus isolates are referred to as macrophage-tropic (M-tropic) HIV-1. In 

contrast, long-term culture of HIV-1 in laboratory T cell lines eventually leads to development of 

isolates which are found to be progressively incapable of efficiently infecting primary 

macrophages. Called T cell-tropic viruses, these HIV-1 isolates are restricted to targeting T cell 

lines and CD4 T lymphocytes. As will be discussed in this thesis, the molecules responsible for 

this distinction have recently been demonstrated to be the coreceptors utilized by HIV-1 (in 

addition to the CD4 molecule) to fuse with the target cell membrane. There are two major groups 

of these so-called coreceptors which are distinguished by the presence (CXC or alpha) or absence 

(CC or beta) of an intervening amino acid between the two N-terminal cysteine (denoted by C) 

residues in their respective chemokine ligands. Although the mechanisms involved in coreceptor 

utilization by HIV-1 are thus far poorly understood, to infect a target cell most T cell-tropic (T- 

tropic) viruses require expression of CXC chemokine receptors (eg. CXCR4). and most 

macrophage-tropic (M-tropic) viruses require expression of CC chemokine receptors (eg. CCR5. 

CCR3 and CCR2). Completing this story, the expression of CXC chemokine receptors is 

generally restricted to T cell lines and CD4* T lymphocytes, and the expression CC chemokine 

receptors is limited to CD4’ T lymphocytes and macrophage lineage cell types. Thus specificity 

of T and M-tropic viruses is primarily determined by differential coreceptor expression on T cell 

lines, CD4+ T lymphocytes and macrophages.

The complex interplay between HIV-1 and host factors is continued upon entry of the 

virus into the target cell. Once the single-stranded viral RNA genome has been reverse- 

transcribed into double-stranded DNA. the virus is then able to integrate into the host cell DNA.
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From this position, the virus can either remain latent, or through a series of complicated steps 

hijack the host cell transcriptional machinery and produce progeny virions to perpetuate the 

infection of the infected individual’s cellular immune system. This transcription is controlled by 

the 5' promoter element of the integrated dsDNA called the Long Terminal Repeat (LTR) which 

interacts with various host transcription factors and viral proteins.

As both coreceptor-mediated entry and subsequent generation of de novo virions present 

attractive therapeutic targets, many groups have concentrated on delineating weaknesses in these 

interactions. The research described in this thesis was initiated to examine factor(s) produced by 

CD8+ T lymphocytes which suppress transcription driven off the HIV-1 5' LTR. This work was 

complicated by the abovementioned discovery of the relationship between chemokines and HIV 

replication. The following sections outline previous descriptions of the CD8* T lymphocyte 

derived suppressive activity, the role of the CC chemokine receptors and their respective ligands, 

and the complex transcriptional factors which may be targets for the suppressive activity 

observed in our assay system.

A. Non-cytolytic control of HIV transcription and replication by CD8* T lymphocytes

Although CD8+ T lymphocytes are well established for mediating cytotoxic responses 

against virus infected target cells, and are also able to inhibit hepatitis B virus gene expression in 

transgenic mice (Guidotti, 1994 and Guidotti, 1996), it was Chris Walker and Jay Levy who first 

described the ability of this lymphocyte subset to powerfully suppress HIV replication in vitro 

4



without eliminating the infected CD4+ T lymphocyte targets (Walker, 1986). Additional work by 

Walker and Levy demonstrated that this effect is mediated by soluble factors capable of diffusing 

through a 0.45 micron filter (Walker, 1989), termed Cellular Antiviral Factor (CAF). Now over 

ten years after the initial report, with tremendous advances made in the understanding of the 

relationship between HIV and both the cellular and humoral immune systems, a clear and 

unequivocal identification of the factors responsible for this effect has not been made.

Accordingly, additional considerations with respect to the role of this activity in HIV 

pathogenesis are important to clarify. These primarily include: i) the relevance of in vivo CD8- 

derived suppression to clinical status; ii) whether or not the activity is a specific immune 

response elicited by HIV infection, and the corollary of which is whether or not the activity is 

present in HIV-negative individuals; iii) the specificity of this activity to HIV subtypes and 

pathogenic variants; and iv) the contribution that the CC chemokines Regulated on Activation of 

Normal T cell Expressed and Secreted (RANTES). Macrophage Inflammatory Protein (MIP)-la 

and MIP-ip described by Cocchi et al.( 1995), make to understanding of HIV pathology and the 

CD8-derived HIV suppressive effect.

CD8-derived suppression and clinical status

Although highly variable from patient to patient, cytotoxic (and humoral) immune 

responses specific to HIV develop within a few weeks of infection, concomitant with the typical 

drop in viral load signifying the end of the primary infection stage (Koup, 1994 and Borrow, 

1994). Similarly, the emergence of anti-HIV noncytolytic activities in the early stages of 

primary HIV infection has been described as peaking well before development of neutralizing 
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antibodies (Mackewicz 1994). Interestingly, in one study (Daar, 1991), dramatic decreases in 

viral replication as measured by p24 antigenemia and HIV-1 mRNA in peripheral blood 

mononuclear cells (PBMC), were not matched by changes in viral burden (incidence of proviral 

HIV-1 DNA per PBMC). Such one sided changes imply that expression of integrated proviral 

genes is suppressed without removal of the infected source via lytic mechanisms.

If the CD8-derived suppressive activity is initiated in the early stages of HIV infection, 

there is even stronger evidence that it is maintained for many years following seroconversion 

(development of measurable specific antibody responses). Several groups have demonstrated 

anti-HIV responses mediated by either CD8+ T lymphocytes isolated from the peripheral blood 

of asymptomatic individuals (Landay, 1993, Mackewicz, 1991, Kannagi. 1990. and Gomez, 

1994) or from lymph node biopsies (Blackboum. 1996). This latter result is especially important 

not only because most immune responses are either generated or maintained in the lymph node, 

but also because of the pivotal role that this tissue plays in HIV disease. Originally considered to 

remain latent following the acute viremia of primary infection (Clark, 1991), it is now apparent 

that HIV seeds the lymph nodes soon after infection, and continues to replicate rapidly without 

necessarily being detectable in the peripheral blood (Panteleo, 1993 and Embretson, 1993). As 

described by Panteleo et al., eventually the integrity of the follicular dendritic cell network, 

required for effective trapping of virus particles is lost (reviewed by Panteleo et al., 1994). This 

loss appears coincident with the decrease of CD8’ T lymphocytes capable of anti-HIV activity as 

patients progress to AIDS (Landay et al., and Kannagi et al.). Although lymph nodes may 

provide an environment which increases suppressive efficiency (in terms of localization of 
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soluble mediators and target cells), there have been no demonstrations of the requirement for 

intact lymph nodes to allow for the CD8-derived HIV suppressive response.

Finally, in a cross-sectional study using suppression of transcription as the endpoint 

assay, our group has reported that anti-HIV-suppressive activity generated by phytohemagglutin 

(PHA) and Interleukin (IL)-2 stimulation of CD8* T lymphocytes isolated from HIV’ patients 

does not correlate to any clinical markers of disease progression (Copeland, 1997). The obvious 

discordance with the abovementioned literature may be due to the powerful mitogenic 

stimulation which may make differences between patient groups difficult to distinguish. 

Alternatively, as will be discussed in this thesis, the HIV-1 LTR-suppressive factors may be 

partially or completely distinct from the factors active in other systems which only measure 

replication.

Elicitation of CD8-derived suppression

Conventional CTL require ligation of the T cell Receptor (TcR) by Major 

Histocompatibility Complex (MHC) Class I presenting viral peptides to occur prior to 

degranulation. This activity thus utilizes MHC matching at both the cognitive and effector phases 

of the response. In contrast, the presence of the CD8-derived factors in culture supernatants, the 

ability of CD8+ T lymphocytes to suppress HIV replication in heterologous CD4* T lymphocytes 

(Mackewicz, 1992), and the inability of anti-Class I antibodies to abrogate the CD8-derived 

suppressive effect (Brinchmann. 1990) indicates that, at least at the effector phase, the non- 

cytolytic suppressive activity is non-MHC Class I restricted. However, one of the initial reports 

by Walker (1989) indicated that direct cell-cell (CD8:CD4) contact was required for maximal 
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suppression of virus replication. There are several possibilities which could account for this, 

including the need for costimulation; decreased diffusion of the active mediators; and differential 

requirements for recognition of MHC Class I-presented virus specific peptides in the cognitive, 

but not the effector phases (Yang, 1997). This latter report suggested that HIV-negative 

individuals, who presumably have low circulating levels of precursor CD8+ T lymphocytes 

specific for HIV-derived peptides, do not mount vigorous non-cytolytic responses to HIV in 

vitro. Indeed, unstimulated CD8+ T lymphocytes isolated from seronegative donors were unable 

to inhibit replication of HIV-1 in acutely infected autologous CD4+ T lymphocytes (Kannagi et 

al., Mackewicz, 1991, and Walker, 1991). Nevertheless, when artificially stimulated with anti- 

TcR/CD3 antibodies (Brinchmann and Rosok, 1997), or PHA (Mackewicz, 1992), CD8+ T 

lymphocytes from HIV-negative individuals are capable of mediating anti-HIV noncytolytic 

activities.

Specificity of CD8-derived suppression

There have been no reports of variability of suppression mediated by CD8+ T 

lymphocytes based on changes of viral tropism (T cell line-tropic vs. macrophage/primary T cell­

tropic) which are dictated by non-synonymous sequence alterations within the envelope (env) 

gene (Oravecz, 1996). This should not be surprising considering that although clearly active at 

blocking replication. CD8-derived suppression is. at least in part, mediated by interference with 

proviral transcription (Mackewicz 1995, Copeland 1995, 1996). Although the exact mechanism 

(s) has yet to be delineated, elements including NF AT sites within the HIV-1 LTR are required 

intact for mediation of the suppressive effect under stimulation with the HIV-1 transactivating 
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protein Tat (discussed below) (Copeland 1996). However, the signal leading to the suppressive 

effect does not influence proliferation of the target cells and is active against fraws-activated 

promoters from Rous Sarcoma Virus and Human T cell Leukemia Virus type-1 (Copeland, 

1995). In addition, the replication of HIV-2 and the related Simian Immunodeficiency Virus 

(SIV) are modulated by CD8+ T lymphocytes (Kannagi, 1988, and Walker, 1991).

In another SIV model, replication of SIV in acutely and naturally infected CD4+ T 

lymphocytes from African Green Monkeys were modulated by CD8-derived supernatants 

(Ennen, 1994). The principle mediator of this effect has subsequently been identified as the 

simian homolog of Interleukin-16 (IL-16) which also suppresses the replication of HIV-1 (Baier, 

1995). Human IL-16 (hIL-16) which binds to the CD4 receptor, is also able to repress the HIV-1 

promoter activity (Maciaszek, 1997), but is reported to be distinct from the CD8-derived factors 

described by Walker and Levy (Mackewicz, 1996).

A recent study examined the role that variances in nucleic acid sequence in the LTR have 

on reporter gene expression (Estable, 1996). There was considerable variation found in sequence 

and gene expression-mediated by LTRs cloned from different patients (n=42, 478 LTRs 

sequenced), and ongoing studies are assessing the effect of these changes on CD8-mediated 

suppression of gene expression (M. Estable, personal communication).

CC chemokines and CD8-derived suppression of HIV-1

Any discussion of CD8-derived suppressive activities related to HIV pathogenesis would 

be remiss without mention of the CC chemokines RANTES, MIP-la and MIP-10. Prior to 

December 1995, these low molecular weight (8-14kd) cytokines were known for their 
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chemotactic effects on CD4+ and CD8+ T lymphocytes (Schall, 1993, and Taub, 1993) and 

macrophages (Schall, 1990). However, the directions of both chemokine and HIV research 

changed immeasurably with the publication of a report (Cocchi, et al.) by a group led by Robert 

Gallo and Paulo Lusso claiming to identify "RANTES, MIP-la and MIP-10 as the major HIV- 

suppressive factors produced by CD8+ T cells". This report described the purification of these 

chemokines, by conventional biochemical techniques (multiple steps of filtration and reverse­

phase HPLC), from supernatants of a CD8+ clone which powerfully suppressed replication of 

macrophage-tropic HIV-1 laboratory isolates. Whether used independently, or in combination, 

these chemokines were capable of suppressing replication of HIVBaL (macrophage-tropic 

laboratory isolate) or primary isolates of HIV-1, and laboratory isolates of HIV-2 and SIV. In 

addition, a combination of antibodies to RANTES, MIP-1 a and MIP-10 was able to abrogate the 

HIV-suppressive effect mediated by the crude supernatant derived from their CD8’ clone.

Although the specificity of the CC chemokines for only M-tropic HIV-1 isolates differed from 

the reported broad activity of the anti-HIV CD8-derived factors, suppression of HIV-1 RNA in 

treated targets and the low-molecular weight of these molecules was consistent with previous 

descriptions of the anti-HIV suppressor factor(s) (Copeland, 1995, 1996, and Mackewicz, 1995).

In a seemingly unrelated study, a group led by Ed Berger at the National Institutes of 

Health, Bethesda, Ma, identified Fusin (renamed CXCR4), a seven-transmembrane domain 

protein responsible for fusion of T-tropic strains of HIV-1 (Feng, 1996). The sequence of this 

coreceptor was noted for its homology to the receptor for Interleukin-8 (IL-8r) which is a CXC 

chemokine, and subsequent identification of natural ligand of CXCR4 yielded Stromal Derived 

Factor (SDF)-l (Oberlin, 1996), a CXC chemokine. Recognizing the importance of this 
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discovery and noting the suppressive effect mediated by the CC chemokines, several groups 

(including the Berger group), postulated that the CC chemokines were mediating their inhibitory 

effect by binding to their respective receptors. Indeed, in studies utilizing cell fusion-reporter 

gene assays, the CC chemokine receptors CCR5 (Deng, 1996, Choe 1996, Dragic, 1996, 

Alkhatib, 1996, and Doranz, 1996), CCR3 (Choe et al. and Doranz et al.), and CCR2b (Doranz 

et al.), were all identified as being coreceptors for M-tropic isolates of HIV-1. Although some of 

the data for CCR3 and CCR2b conflicted between these studies, CCR5 and Fusin have been 

accepted as having primary responsibility for interacting with CD4 and gpl20 / gp41 to mediate 

fusion of most primary isolates of HIV-1 (Simmons, 1996). In addition, CCR5 may be especially 

important for establishment of infection in vivo, because individuals homozyogous for a 32 base­

pair deletion appear to be resistant to sexually transmitted HIV (Liu. 1996, Huang, 1996, 

Samson, 1996, and Dean, 1996). This homozygous deletion causes premature termination of 

translation, which produces a protein lacking the last three transmembrane domains. This protein 

is not expressed on the cell surface, and thus is unable to interact with CD4 and gpl20/gp41 (Liu 

et al.). In Caucasian populations, approximately 1-2% have this homozygous deletion, and 10- 

11% have the heterozygous deletion (Samson et al. and Dean et al.).

To mimic this natural resistance1, attempts have been made to synthesize altered versions 

of RANTES capable of binding to CCR5 and preventing envelope-mediated fusion (Arenzana- 

Seisdedos, 1996 and Simmons, 1997), but without transducing activation signals in the form of 

Ca*2 fluxes (Turner, 1995). Although this avenue of investigation may eventually successfully

1 There has been one report of HIV-1 infection in an individual with the homozygous 32-
bp deletion (Biti, 1997)
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produce powerful and specific therapeutics, the claim that the CC chemokines share identity with 

the CD8-derived factors first described by Walker and Levy in 1986 has since been disputed 

(Mackewicz, 1996, Palliard, 1996, and Rubbert, 1997).

B. Regulation of HIV-1 gene expression

The regulation of HIV-1 gene expression is mediated by complex interactions of cis- 

acting elements within the 5' LTR with cellular transcription factors (such as NF AT and NFkB), 

trans-acting factors such as the products of the tat gene and exogenously provided cytokines and 

other factors which may alter the activation state or environment of the host cell. Although many 

of these interactions are incompletely elucidated, or contested by different researchers, the basic 

mechanisms are well described. As this thesis is concerned with exogenous factors which 

regulate HIV-1 gene expression, a brief review of the key interactions and mechanistic 

relationships is important.

Nuclear Factor of Activated T cells (NFAT)

NF AT is a cellular transcription factor responsible for regulation of T lymphocyte 

activation by regulation of the Interleukin-2 (IL-2) gene (Crabtree, 1989). Two forms of NFAT 

are distinguishable: the cytoplasmic portion. NFATp which, in a phosphorylated state is unable 

to enter the nucleus; and the nuclear component, NFATn has been reported to be a dimer of eJun 

and cFos proteins which have a basic leucine zipper structure which allows for efficient dimer 

formation and DNA binding (McAffrey, 1993). Upon T cell activation, calcineurin. calcium-
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dependent phosphatase is thought to dephosphorylate NFATp (also referred to as NFATc), 

which then moves to the nucleus, and with NFATn binds to the NF AT element (Rao, 1994). 

Recognizing that sequences within the 5' HIV-1 LTR have significant homology to the NFAT 

sites in the IL-2 promoter, several researchers have attempted to prove that the NFAT proteins 

bind to this site and activate transcription driven off the HIV-1 LTR (Shaw, 1988, Greene, 1990, 

Lu, 1990 and Tong, 1990). Although DNase footprinting studies indicated that there are indeed 

binding sites for NFAT proteins in the HIV-1 LTR (Shaw, 1988) reports of a functional effect 

mediated by this interaction are controversial. Indeed, a recent report (Kinoshita, 1997) described 

the surprising activation of NFAT deletion mutants by NFATc provided in trans. Although 

NFATc was not active through non-HIV-1 LTR-derived consensus KB-elements ( from 

immunoglobulin NFkB binding sites), DNase footprinting demonstrated that NFkB elements 

within the LTR are bound by NFATc and that this binding is dependent on additional elements 

adjacent to these sites. These sites were reported to be distinct from those occupied by the NFkB 

family of proteins. Thus, activation of the HIV-1 LTR can occur through mobilization of 

NFATc which then binds to a site relatively distant from the LTR sequences homologous to the 

NFAT binding sites in the IL-2 promoter.

Nuclear Factor k B (NFkB)

The enhancer elements of the HIV-1 LTR. particularly the two NFkB lObp sequences are 

well established in their role in HIV-1 gene expression. There are several different cellular 

transcription factors which bind to the NFkB sites, however most are in the rel family which are 

related to the cellular oncogene v-rel (reviewed by Gaynor, 1992). These proteins, particularly 
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the 50 and 65kd proteins (p50 and p65, respectively) form a stable dimer capable of binding 

strongly to the NFkB motifs (Ruben, 1991). Although originally recognized for their ability to 

regulate basal transcription of HIV-1 genes in the absence of trans-activation by viral Tat in 

activated CD4* T lymphocytes (Nabel, 1987), the interactions that lead to NFkB binding have 

become considerably complicated. The ability of the complex of NFkB proteins p65 and p50 to 

translocate to the nucleus is tightly controlled by its sequestration by Inhibitor protein kB (IkB). 

With respect to T cell activation, the phosphorylation state of IkB is regulated by a Protein 

Kinase C dependent kinase (Baeuerle, 1988, and Urban, 1990). However, phosphorylation of IkB 

is not the only mechanism that modulates the interaction with the NFkB proteins. Indeed, 

reactive oxygen species (Screck, 1991) and the HIV protease (Riviere, 1991) are able to degrade 

IkB which releases the p50/p65 complex. Thus, altering the levels of free radicals or proteases in 

the cellular environment could alter the activation state of the HIV-1 LTR.

Although binding of NFkB proteins leads to low levels of basal transcription, the HIV-1 

LTR also has 3 adjacent SP-1 sites which are required intact for PMA-stimulated transcription 

(Li, 1994, and Perkins, 1993). In addition, the viral protein Vpr (a non-essential gene product) is 

also able to interact with the NFkB/SP-1 sites and rrans-activate LTR-mediated gene expression 

(Wang, 1995). These reports are preliminary, however they do serve to illustrate the complicated 

interplay between NFkB cis-acting elements, and viral and host factors. Interestingly, the 

claimed absolute dependence of HIV-1 transcription on intact NFkB elements (Alcami, 1995) 

has recently been disputed by the identification of an HI W patient who has replication competent 

HIV-1 which lacks NFkB binding sites (Zhang, 1997) in the 5’ LTR. This patient did not 

demonstrate any clinical abnormalities as would be suggested by this attenuation, however there 
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was a duplication of the upstream T Cell-specific transcription Factor (TCF)-l element. 

Although the function of the TCF-1 element is poorly characterized, this group has since 

described several so-called long-term survivors who also have a duplication of this element in 

primary isolate 5' LTRs (yet the NFkB sites are intact). Even though this phenomena requires 

additional clarification, the functional redundancy of the mechanisms which lead to transcription 

of HIV-1 genes cannot be over-emphasized.

Tat, TAR and the TATA box

The cis and trans-interactions of the TATA box, TAR RNA transcripts, and viral Tat 

which lead to stabilization of RNA polymerase II at the transcriptional start site, are best 

considered together. Mutagenesis studies have indicated that the integrity of the TATA box is 

crucial for both basal and Tat-induced transcription (Berkhout, 1992). This is most likely because 

the interactions of a cellular transcription factor, called TFIID. and RNA polymerase 

transcription factors are stabilized by the TATA element (Buratowski, 1989). This stabilization is 

sufficient to initiate basal transcription, including transcription of the TAR sequences (which are 

not subsequently translated). However, in absence of Tat. transcription pauses at the end of the 

TAR RNA sequences. All HIV genes have TAR sequences extending from +1 to +60, which 

when transcribed into nascent mRNA transcripts, form stem-loop structures which have distinct 

binding sites for viral Tat (Muesing. 1987) and a constitutively produced cellular transcription 

factor called TRP-185 (Sheline, 1991).

When both Tat and TRP-185 bind to TAR RNA. the binding of RNA polymerase II to 

the TAR RNA is altered, presumably allowing it to continue transcribing the full-length 
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transcript beyond the untranslated TAR RNA element (Wu-Baer, 1995).Whether provided in an 

autocrine or paracrine manner, Tat mediates from 10-50 fold enhancements of basal transcription 

(Verhoef, 1996). A recent report has also indicated elongation rates may also be increased by Tat 

directly phosphorylating RNA polymerase II (Parada, 1996). In these ways, Tat, in the presence 

of the TATA element, and nascent TAR RNA transcripts, stimulates not only increased rates of 

transcriptional initiation, but also increases elongation of HIV-1 transcripts (Laspia, 1989, 

Feinberg, 1991. and Marciniak, 1990).

Finally, as mentioned above, reactive oxygen species can increase IkB degradation and 

thus increase NFkB nuclear translocation. Interestingly, a recent study has documented the 

ability of Tat to also activate NFkB. an effect which is blocked in anti-oxidant conditions 

(Demarchi. 1996). Thus Tat may have alternative mechanisms for controlling HIV-1 

transcription in addition to influencing transcriptional elongation or initiation.
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Thesis Organization and Objectives

As described above, CD8+ T lymphocytes have a well-established ability to produce 

soluble mediators (or factors) capable of suppressing HIV-1 transcription and replication. This 

thesis examines the hypotheses that these factors are distinct from the CC chemokines RANTES, 

MIP-1 a and MIP-10, that they are produced by other lymphocyte subsets, and that the active 

mediators are fractionable by standard biochemical purification methodologies.

The work described in Chapter 2 resulted from attempts to confirm recent discoveries 

relating to the identity of these factors and shows that the CD8* factors active in our system are 

distinct from the CC chemokines RANTES, MIP-la and MIP-10. This work was published in 

the journal AIDS in May of 1997. The work in Chapter 3, which has been submitted to The 

Journal of Immunology, documents the ability of the CD4+ T lymphocyte subset to produce 

factors which suppress HIV-1 LTR-mediated gene expression in T cells, but enhance it in 

monocyte-lineage cell lines. Preliminary observations resulting from standard chromatographic 

purification of CD8’ T lymphocyte-derived supernatants are outlined in Chapter 4. This chapter 

also contains several important preliminary observations suggestive of further areas of research. 

The key observations arising from these studies and their implications are then discussed in 

Chapter 5.
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CHAPTER TWO

CD8+ T CELL-MEDIATIED SUPPRESSION OF HIV-1 LONG TERMINAL 

REPEAT-DRIVEN GENE EXPRESSION IS NOT MODULATED BY THE 

CC CHEMOKINES RANTES, MACROPHAGE INFLAMMATORY

PROTEIN (MlP)-la AND MIP-lp

Leith, J.G., K.F.T. Copeland, P.J. McKay, C.D. Richards, and K.L. Rosenthal

We gratefully acknowledge permission to reprint this article from AIDS (AIDS 11:575-580).
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Preface

The work described in this chapter has been published in the journal AIDS in May of 

1997, and demonstrates that the CC chemokines RANTES, MIP-1 a and MIP-10 are not 

responsible for the CD8+ T lymphocyte-derived suppression of HIV-1 transcription. This paper, 

and the experiments it describes were all completed by myself. Dr. K.F.T. Copeland was 

responsible for developing the HIV-1 LTR CAT reporter gene assay system in our laboratory and 

Paula McKay established the HVS-transformed CD8+ T lymphocyte clone used in some of the 

experiments.
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CD8+ T-cell-mediated suppression of HIV-1 long 
terminal repeat-driven gene expression is not 
modulated by the CC chemokines RANTES, 
macrophage inflammatory protein (MIP)-1a 

and MIP-1|3

Jonathan G. Leith, Karen F.T. Copeland, Paula J. McKay, 
Carl D. Richards and Kenneth L. Rosenthal

Objective: To assess the role of RANTES, macrophage inflammatory protein (MIP)- 
1a and MIP-1 P in modulation of HIV-1 long terminal repeat (LTR)-mediated gene 
expression and determine whether these chemokines share identity with CD8+ T- 
lymphocyte-derived HIV-1 LTR-suppressive factors.
Design: HIV-1 LTR-directed reporter gene expression is a model for transcription 
that is susceptible to inhibition by factors produced by CD8+ lymphocytes of HIV-1 - 
infected individuals. The effect of recombinant chemokines on LTR-directed gene 
expression was examined. The ability of chemokines found to be present in CD8 
supernatants to suppress HIV-1 LTR-mediated gene expression was determined by 
antibody inhibition assays.
Methods: The concentrations of RANTES, MIP-1 a and MIP-1 [3 in a panel of CD8+ 
T-lymphocyte-derived supernatants were determined by enzyme-linked 
immunosorbent assay. Recombinant chemokines were added to freshly transfected 
(pLTR-CAT and pSV40-taf) human Jurkat T cells. Excessive polyclonal neutralizing 
antibodies to these chemokines were added to transfected Jurkat T cells cultured in 
the presence of strongly inhibitory CD8+ T-cell-derived supernatants with known 
chemokine concentrations.
Results: The concentrations of RANTES, MIP-1 a and MIP-1 P in a panel of CD8+ 
lymphocyte-derived supernatants were found to correlate with their relative ability 
to suppress the LTR-mediated gene expression (r = 0.679, 0.764 and 0.48, 
respectively). The addition of recombinant CC chemokines had no effect over a 
broad range of doses on HIV-1 LTR-mediated gene expression. The CD8-suppressive 
effect on HIV-1 LTR-driven gene expression was not abrogated by a combination of 
antibodies to RANTES, MIP-1 a and MIP-1 p.
Conclusions: RANTES, MIP-1 a and MIP-1 P do not alter HIV-1 LTR-directed gene 
expression at doses up to 100 ng/ml. Although present in varying concentrations in 
supernatants derived from CD8+ lymphocytes from HIV-positive individuals, these 
chemokines are not responsible for the powerful CD8-derived suppressive effect on 
HIV-1 LTR-mediated gene expression observed in our system.
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Introduction
Activated CD8+ T lymphocytes from HIV-positive 
patients are capable of suppressing replication of HIV-1 
in CD4 + T lymphocytes through a non-cytolytic 
mechanism (1,2]. Although enhanced in ability by 
direct cell-to-cell contact, this suppression is mediated 
by soluble factors, and has been found to be active 
against related lentivimses including HIV-2 and simian 
immunodeficiency virus (3—6j. Several groups have 
demonstrated that the suppression of HIV-1 replication 
occurs prior to mRNA transcription and that this effect 
is mediated via the long terminal repeat (LTR) (5,7-9], 
We have demonstrated that CD8+ T-lymphocyte- 
mediated suppression of HIV-1 transcription is depen­
dent on the integrity of both the nuclear factors NFkB 
and NFAT elements of the HIV-1 LTR 110,11 ].

A recent report has demonstrated that replication of 
H1Vhal |macrophage-tropic non-syncytium-inducing 
(NS1) virus] in a human T-cell line in vitro can be 
strongly inhibited by RANTES, MIP-la and MIP-1P 
112]. These members of the P-chemokinc family arc 
major chemotactic molecules for CD4 + T lympho­
cytes, CD8+ T lymphocytes and macrophages 113—16). 
Cell-surface receptors for these chemokines (CC 
chemokine receptors CCR5, CCR3 and CCR2b) 
have recently been identified as coreceptors on CD4+ 
T lymphocytes for infection by NS1 and macrophage­
tropic strains of HIV-1 (17,18], and primary isolates 
(19-21], In addition, fusin. a molecule with homology' 
to the CXC chemokine receptor, interleukin (IL)—8 
receptor, has been described as necessary' for infection 
of human CD4+ lymphocytes with syncytium-induc­
ing T-cell-tropic laboratory strains of HIV-1 (22], 
Taken together, these results suggest that CD8-denved 
chemokines may suppress de novo infection of CD4+ T 
lymphocytes via steric interaction with the HIV core­
ceptor and gp 12()/gp41.

We have previously described the ability of CD8+ 
T-cell-derived factors to suppress HIV-1 transcription 
using transient transfection of the human Jurkat T-cell 
line with HIV-1 LTR driving chloramphenicol acetyl 
transferase (CAT) (10,11,23). To determine whether 
RANTES, MIP-la and M1P-1P are responsible for 
the suppression of HIV-1 transcription observed in our 
system, we first compared the concentrations of the 
CC chemokines to the relative suppressive ability’ of a 
battery of CD8+ T-lymphocyte-derived supernatants. 
We then attempted to replicate the CC chemokine- 
mediated suppression observed by Cocchi et al. [12] by 
supplementing the culture media of the HIV-1 LTR- 
transfccted Jurkat cells with comparable concentrations 
of recombinant RANTES, MIP-la and MIP-10. 
Finally, using polyclonal neutralizing antibodies, we 
attempted to block the suppressive effect of cell culture 
supernatants from both a Herpesvirus sainiin (HVS)- 

transfomied CD8+ T-lymphocyte clone and a suppres­
sive CD8+ supernatant.

Materials and methods
Subjects
HlV-l-infected asymptomatic individuals were referred 
by Dr F. Smaill at the McMaster Medical Centre 
Special Immunology Services Clinic (Hamilton, 
Ontario, Canada) and by Dr S. Walmsley at the 
Immunodeficiency Clinic of the Toronto General 
Hospital (Toronto, Ontario, Canada). Ethics approval 
for these studies was conferred by McMaster University 
Health Science Centre and the University of Toronto.

CD8+ T-cell cultures and supernatants
CD8+ T lymphocytes were isolated from the 
hepannized blood of HIV-positive patients and HIV­
negative controls using Ficoll-Paque density' gradients 
followed by’ positive selection using anti-CD8 
immunomagnetic beads (Miltenyi, Auburn, California, 
USA). CD8+ T lymphocytes were then cultured for 
3-4 days in RPMI-1640 medium (Canadian Life 
Technologies, Burlington, Ontario, Canada) supple­
mented with 10% fetal calf serum (FCS), 100 U/ml 
penicillin, lOOpg/ml streptomycin, 5 pg/ml phyto­
hemagglutinin (PHA) and 20 U/ml IL-2 at an initial 
concentration of 1 X 106 cells/ml. The cells were then 
washed twice and resuspended in the same medium but 
lacking PHA and recultured for 3—1 days. Supernatants 
were collected and stored at — 70°C.

Generation of HVS-transformed CD8+ T-cell 
clones and supernatants
HVS stock 488 (kindly provided by Dr R. Desrosiers, 
New England Regional Primate Research Center, 
Southborough, Massachusetts, USA) was prepared in 
owl monkey kidney cells as previously described |24| 
Several HVS-transformed CD8+ T-lymphocyte clones 
were generated as previously described |10|. Clone 3- 
14, previously shown to potently suppress HIV-1 
LTR-mediated transcription 110,11) was maintained m 
RPMI-1640 containing 20% FCS, 20 U/ml IL-2, 100 
U/ml penicillin and 100 pg/ml streptomycin. 
Supernatants were removed and stored at —70°C.

Transfections and vectors
The vector pLTR-CAT incorporates the HIV-1 LTR 
of the BRU strain to position +77 driving CAT [25|. 
pSV40-f<if (SV40 promoter driving HIV-1 tat) [26| was 
used to enhance HIV-l transcription to a level that has 
the potential to be clearly inhibited. The human Jurkat 
T-cell line (30 x 106) cultured in RPMI-1640 (supple­
mented with 10% FCS, 100 U/ml penicillin and 100 
pg/ml streptomycin), was transfected with 10 pg 
pLTR-CAT and 5 pg pSV40-f^f using a diethy- 
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laminocthyl dextran procedure [27]. Transfected cells 
were cultured m CD8+ T-cell supernatant and medi­
um for 24 h, then stimulated with phorbol myristate 
acetate (25 ng/ml) and ionomycin (2 pM) for 18 h. 
The cells were then lysed by repeated freeze/thaw 
cycles (3x). Lysates standardized for protein concentra­
tion were then assayed for the presence of CAT by 
enzyme-linked immunosorbent assay (ELISA; 
Boehringer Mannheim, Montreal, Quebec, Canada).

Chemokine ELISA
The CC chemokines RANTES, MIP- id and M1P-1P 
were detected in CD8+ T-lymphocyte-derived culture 
supernatants using ELISA (R&D Systems, Minneapolis, 
Minnesota, USA).

Recombinant chemokines
Purified recombinant chemokines, including human 
RANTES, MIP-1a and MIP-1 P, were obtained from 
the National Institutes of Health AIDS Research and 
Reference Reagent Program. The chemokines were 
added to the Jurkat cells immediately following trans­
fection, to yield final concentrations in the range of 
1-100 ng/ml.

Neutralizing antibodies
Polyclonal goat anti-human IgC neutralizing antibodies 
to RANTES, Ml P-1 d and MIP-1P were obtained 
from R&D Systems. Prior to addition to the transfected 
cells, the CD8+ T-lymphocyte supernatants were incu­
bated with the antibodies for 1 h at either room tem­
perature or 37°C, as indicated.

Results 
RANTES, MIP-1 a and MIP-1 p are present in 
CD8+ T-lymphocyte-derived culture 
supernatants
The concentrations of RANTES, MIP-1a and M1P- 
IP were measured by ELISA in a battery of super­
natants from CD8 + T lymphocytes derived from 
asymptomatic HIV-infected subjects (CD4 count 
350 x 10,7l). Table 1 shows the range of suppression of 
HIV-1 LTR-mediatcd gene expression by these super­
natants and their corresponding chemokine concentra­
tions. Correlations between the concentrations of 
RANTES. MIP-la and MIP-1P and percentage sup­
pression by patient CD8+ T-lymphocyte supernatants 
(supernatants from clone 3-14 excluded) varied consid­
erably (r = 0.679, 0.764 and 0.48, respectively). 
Supernatant from the Fl VS-transfonned clone 3-14, 
which inhibited 100% (at 1 : 1 dilution with medium) 
m comparison to media only control, was found to 
contain 16, 2.4 and 13 ng/ml of RANTES, MIP-la 
and MIP-iP, respectively.

Table 1. Level of long terminal repeat (LTR)-chloramphenicol 
acetyl transferase (CAT) suppression and concentration of CC 
chemokines in CD8+ lymphocyte supernatants.

Patient % Suppression*

ng/ml

MIP-1 a MIP-1 p RANTES

1 8.9 0.4 0.6 7.0
2 18 1.0 2.6 6.0
3 24 2.1 4.5 5.0
4 39 0.7 2.1 1.0
5 58 5.5 61.0 17.0
6 61 3.5 8.0 8.0
7 66 12.5 10.8 17.0
8 66 6.1 17.0 14.0
Clone 3-14 100 16.0 2.4 13.0

'Level of suppression is given as percentage suppression from 
media only control. MIP, Macrophage inflammatory protein.

RANTES, MIP-1 a and MIP-1 p do not inhibit 
HIV-1 LTR-mediated gene expression
To determine whether the CC chemokines were capa­
ble of modulating HIV-1 LTR-driven gene expression, 
recombinant RANTES, MIP-la and Ml P-1 P were 
added to freshly transfected Jurkat T cells in doses rang­
ing from I to 100 ng/ml (Fig. I). At all doses, each 
individual CC chemokine had no effect on the level of 
LTR-mediated gene expression. A triple combination 
of chemokines (100 ng/ml each) was able to effect a 
moderate decrease of 37% relative to control. In a sepa­
rate experiment, combinations of all three chemokines 
in equal doses ranging from 10 to 200 ng/ml did not 
suppress HIV-1 LTR-mediated gene expression rela­
tive to medium only control (data not shown). In com­
parison, the supernatant from the H VS-transfonned 
CD8+ T-lymphocyte clone 3-14 (diluted 1 :5 with 
media) was able to suppress reporter gene expression 
75% (in other experiments 1 : 1 dilution yielded 100% 
suppression), even though the concentrations of 
RANTES, MIP-1 a and M1P-1P m this culture super­
natant (Table 1) were relatively low compared with the 
concentrations of the recombinant chemokines used in 
these experiments.

CD8 suppression of HIV-1 LTR-mediated gene 
expression is not abrogated by anti-chemokine 
antibodies
To confinn that the CC chemokines are not responsi­
ble for CD8+ lymphocyte-mediated suppression of 
HIV-l LTR-driven gene expression, inhibitory super­
natants from both CD8+ T-lymphocyte cultures from 
an HIV-positive patient, and HVS-transfonned CD8+ 
T-cell clone 3-14 were treated with polyclonal goat 
anti-human IgG antibodies to RANTES, MIP-la and 
M1P-1P (at 200, 50 and lOOpg/ml, respectively). In 
two separate experiments, excessive anti-chemokine 
antibodies were unable to abrogate the inhibition of 
HIV-1 LTR-driven CAT expression (Fig. 2).
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Fig. 1. CC chemokines do not affect long terminal repeat 
(LTR)-mediated reporter gene expression. Recombinant 
RANTES, macrophage inflammatory protein (MlP)-la and 
MIP-1 P were added to jurkat T cells cultured in RPMI-1640 
plus 10% fetal calf serun! (FCS), immediately following 
transfection with pLTR-CAT and pSV40-fat. Positive control 
supernatant from CD8+ clone 3-14 was diluted 1 : 5 with 
medium (RPMI plus 10% FCS). All sample values are aver­
ages of duplicates, and this experiment is representative of 
two separate experiments. CAT, Chloramphenicol acetyl 
transferase.

Fig. 2. Neutralizing antibodies (Ab) to CC chemokines are 
unable to abrogate suppression of long terminal repeat 
(LTR)-mediated reporter gene expression. Addition ol the 
combination of polyclonal goat anti-human neutralizing Ab 
to RANTES, macrophage inflammatory protein (MlP)-la 
and MIP-lp (200, 50 and 100 pg/ml, respectively) to Jurkat 
T cells cultured in equal parts inhibitory supernatant and 
RPMI plus 10% fetal calf serum, or to control media alone. 
Supernatants from CD8+ lymphocytes and clone 3-14 were 
incubated with anti-chemokine Ab for 1 h prior to addition 
to lurkat cells, at room temperature or *37°C, as indicated. 
All sample values are averages of duplicates, and this 
experiment is representative of two separate experiments. 
CAT, Chloramphenicol acetyl transferase.

Discussion
The ability of CD8+ T lymphocytes from HlV-posi- 
tive individuals to strongly suppress HIV replication in 
vitro via a non-cytolytic mechanism has been extensive­
ly studied (28], Although direct cell-to-cell contact 
results in more efficient suppression, this mechanism is 
mediated at least in part by soluble factors [2]. These 
soluble factors presumably have the potential to act at 
any stage of the life cycle of HIV-1 to inhibit replica­
tion. We and others have reported that the suppression 
of replication of HIV-1 by CD8+ T-lymphocyte- 
derived factors occurs at the level of transcription 
15,7-11].

Recently, Cocchi et al. [12] described the ability of the 
CC chemokines RANTES, MIP-1 a and MIP-1 P to 
inhibit replication of the macrophage-tropic NSI HIV- 
1HAL strain in a human T-cell line. Indeed, here we 
report that these CC chemokines are present in varying 
concentrations in the supernatants of cultured CD8+ T 
lymphocytes from HIV-positive patients (Table 1). 
Statistical analysis comparing the ability of CD8- 
denved supernatants to suppress HIV-1 LTR-dnven 
gene expression and the concentration of these 
chemokines to their respective ability to suppress yield­
ed moderate-to-strong correlations (RANTES, 
r = 0.679; MIP-la, r = 0.764; MIP-lp. r = 0.48).
However, since the ability of CD8+ T lymphocytes 
isolated from different HIV-positive patients to pro­
duce HIV-1 inhibitory factors is dependent on in vitro 
activation m our system, the correlative production of 

chemokines may be reflective of the overall activated 
state of rhe cell population rather than a modulatory 
effect on the HIV-1 LTR. An alternative hypothesis is 
that specific transcriptional control mechanisms that 
regulate the production of the LTR-suppressive factors 
are shared with the CC chemokines. Thus, high levels 
of chemokines in CD8+ cell supernatants may only be 
representative of the presence of other inhibitory fac­
tors detectable by their inhibition of LTR-mediated 
gene expression.

To examine the LTR-suppressive potential of 
RANTES, MIP-1(X and MIP-lp present in super­
natants derived from CD8+ T lymphocytes, we first 
tested the effect of the recombinant CC chemokines on 
HIV-1 LTR-dnven gene expression. In three separate 
experiments, in combination and at high doses, there 
were no observable effects of these chemokines on 
HIV-1 LTR-CAT expression (Fig. 1). In comparison, 
the control supernatant from HVS-transformcd CD8 
clone 3-14. diluted 1 : 5, was able to powerfully inhibit 
CAT expression even though the concentrations of 
RANTES. MIP-la and MIP-lp in this supernatant 
(tested neat) were only 13, 16 and 2.4 ng/ml, respec­
tively. Thus, even when diluted, factors present in this 
supernatant were able to inhibit expression of the HIV- 
1 LTR, whereas high concentrations of recombinant 
RANTES, MIP-la or MlP-1p cannot.

The lack of a suppressive role for the CC chemokines 
in our system was further confirmed by the observa­
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tions that polyclonal neutralizing antibodies to human 
RANTES, MIP-la and M1P-10 (200, 50 and 100 
pg/ml, respectively) arc unable to abrogate LTR sup­
pression mediated by supernatant from cultured CD8+ 
T lymphocytes from an HIV-positive patient and from 
CD8+ clone 3-14. The fact that the CC chemokines 
RANTES, MIP-la and M1P-1£ do not block HIV-1 
LTR-mediated gene expression in our system, 
although they are able to inhibit the replication of a 
macrophage-tropic HIV-1 strain |12|, should not be 
surprising considering the range of possible targets in 
the HIV-1 life cycle. Understanding mechanisms that 
block both viral entry and activation of proviral tran­
scription is especially important considering the recent 
identifications of coreceptors for HIV-1 entry into the 
host cell. If the CC chemokines do indeed act at this 
level by binding to their respective receptors, and 
thereby preventing cofactor-assisted fusion, there is 
obvious hope tor therapeutic use to prevent de uoi'u 
infection of CD4+ lymphocytes expressing the appro­
priate chemokine receptor. However, the remaining 
CDS-denved factors should not be discounted, most 
importantly because as we have shown, unlike the CC 
chemokines RANTES, MIP-la and MIP-1 P, they 
exert their effects at the level of transcriptional control. 
Intracellular events leading to both accelerated virion 
production in primary infection and reactivation of 
latent infection seen late in HIV disease are therefore 
likely targets for these CDS-derived factors. One can 
foresee the potential role of these factors in combina­
tion with chemokines. nucleoside analogues and 
protease inhibitors in immunochemothcrapies designed 
to block viral entry, reverse transcription, proviral tran­
scription and finally cleavage and assembly of new viral 
particles To this end, we arc examining the biochemi­
cal characteristics and intracellular effects of the CD8- 
derived factors in hope that these powerful, but elusive, 
molecules may yet be identified.
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Abstract

We previously demonstrated that soluble factors from a Herpesvirus saimiri (HVS)- 

transformed human CD8+ T cell clone and CD8+ T lymphocytes from HIV-infected individuals 

suppress HIV-1 Long Terminal Repeat (LTR)-mediated gene expression in CD4+ T cells and 

enhance HIV-1 LTR-mediated gene expression in monocytic cells. Here we demonstrate that 

soluble factors produced by CD4+ T lymphocytes mediate similar dichotomous effects on HIV-1 

transcription and replication in T cells and monocytes. These effects were dose-dependent and 

mediated, at least in part, through the NFkB elements of the HIV-1 LTR. A panel of supernatants 

from CD4+, CD8+ and unfractionated peripheral blood lymphocytes (PBL) from both HIV- 

infected and uninfected individuals generated these activities, indicating that in vivo priming with 

HIV-1 was not necessary for production of these HIV-1 LTR-modulatory factors. Using CD4+ 

Jurkat T cells infected with primary or laboratory strains of HIV-1 and transfected with an LTR- 

reporter gene construct, we show that suppression of virus replication occurred concomitant with 

suppression of HIV-1 LTR-mediated gene expression. Similarly, supernatants derived from 

CD4+ and CD8" T lymphocytes enhanced both HIV-1 replication and LTR-mediated gene 

expression in UI monocytes. Interestingly, enhancements induced by CD8+, but not CD4+ T 

lymphocyte-derived factors were pertussis toxin sensitive and associated with a significant 

induction of TNF-a production. Our results demonstrate that factors produced by both CD4+ and 

CD8' T lymphocytes can regulate HIV-1 LTR-mediated gene expression and virus replication. 

CD4+ T lymphocyte-derived autocrine regulation of HIV-1 is a powerful control mechanism 

with relevance to our understanding of HIV pathogenesis.
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Introduction

A variety of host factors influence the ability of human immunodeficiency virus type 1 

(HIV-1) to infect and replicate within CD4+ T lymphocytes and macrophage lineage cell types 

[1]. These include receptor and coreceptor expression, the activation state of T cells and host 

immune responses to HIV, particularly the production of soluble factors or cytokines. Clearly, 

CD4 and coreceptor(s) expression is critical for HIV infection. Recently, virus-cell fusion was 

shown to be mediated by members of the chemokine receptor family. Macrophage-tropic strains 

of HIV-1 use CCR5 as a fusion cofactor [2][3][4][5][6], whereas T cell-tropic strains of HIV-1 

use CXCR4/fusin as a coreceptor[7]. The importance of these coreceptors is supported by the 

recent observation that some individuals who are repeatedly exposed to HIV but remain 

uninfected have mutations of CCR5[8].

HIV-1 infection is also influenced by the host T cell activation state. Indeed, HIV-1 

replication is more efficient in activated cells[9][l 0]. Levels of HIV consistently increase when 

the immune systems of HIV-infected individuals are activated by exogenous stimuli, such as 

opportunistic infections [11 ][12] or following immunization [ 13][14], This increase in the rate of 

HIV replication is associated with cellular activation and the expression of HIV-inducing 

cytokines, as well as an acceleration in the course of HIV disease (reviewed in [1]). The impact 

of immune activation on viral replication and disease progression has been confirmed in SIV- 

infected monkeys and HIV-infected chimpanzees [13][14],

Effective T cell activation requires engagement of the T cell receptor/CD3 complex and 

at least one costimulatory signal. Recently, it was shown that activation of CD4+ T cells with 

immobilized antibodies to CD3 and CD28 specifically induced a potent anti-HIV effect [15],
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The intrinsic resistance of CD4+ T cells to HIV infection following anti-CD28 costimulation was 

shown to be specific for M-tropic isolates of HIV-1, and was due to either enhanced production 

of the P-chemokines, RANTES, MIP-la and MIP-10 [16], which bind to CCR5 and block 

infection by M-tropic isolates of HIV-1[17][18], or a lack of transcripts encoding CCR5 [19].

Host immune responses, particularly the balance between HIV-inducing and HIV- 

suppressive cytokines control the net level of HIV replication [1 ][20]. In 1986, Walker et al. [21] 

demonstrated that CD8+ T cells from HIV-infected individuals were able to nonlytically suppress 

the replication of HIV-1. This was subsequently shown to be mediated by a soluble factor(s) 

whose identity was unknown [22], Recently, Cocchi et al [23] identified the P-chemokines 

RANTES, MIP-la and MIP-1 P as CD8-derived factors able to suppress infection by 

macrophage-tropic, but not T cell-tropic, strains of HIV-1. The potential importance of these 

findings was supported by Paxton et al. [24] who showed that CD4+T cells from HIV-exposed 

uninfected individuals produced higher levels of P-chemokines in vitro. More recently, IL-16, a 

chemoattractant cytokine produced by CD8+ T cells that binds to CD4, was shown to suppress 

the replication of HIV-1 [25], Indeed, transfection of human CD4+ T cells with the IL-16 gene 

markedly inhibited HIV replication[26].

We previously described the ability of CD8~ T cell-derived factors to suppress HIV-1 

long terminal repeat (LTR)-driven gene expression in human T cells [27][28], This was shown 

using supernatant from a Herpesvirus saimiri (HVS)-transformed human CD8+ T cell clone and 

from CD8+ T lymphocytes from HIV-infected patients. Interestingly, CD8-derived supernatant 

that suppressed HIV LTR-driven gene expression in CD4* T cells caused an enhancement of 

HIV LTR-driven gene expression and replication in monocytic cells. Neither effect was mediated 
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by the 0-chemokines [29] [30]. During these studies, we found that supernatant from a HVS- 

transformed CD4+ T cell clone was also able to markedly suppress HIV-1 LTR-driven gene 

expression. Here we demonstrate that similar to CD8+ T cells, soluble factors produced by 

CD4+ T lymphocytes mediate dichotomous effects on HIV-1 transcription and replication in T 

cells and monocytes. CD4‘ T lymphoyte-derived autocrine regulation of HIV-1 is a novel and 

powerful control mechanism with obvious relevance to our understanding of HIV pathogenesis 

and treatment.
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Materials and Methods

Subjects

HIV-1-infected asymptomatic individuals were referred by Dr. Fiona Smaill at the 

McMaster Medical Centre Special Immunology Services Clinic (Hamilton, Ontario, Canada) and 

by Dr. Sharon Walmsley at the Immunodeficiency Clinic of the Toronto General Hospital 

(Toronto, Ontario. Canada). Ethics approval for these studies was conferred by McMaster 

University Health Science Centre and the University of Toronto.

Leukocyte Cultures and Supernatants

CD4 + and CD8 + T lymphocytes were isolated from the heparinized blood of HIV­

positive patients and HIV-negative controls using Ficoll-Paque density gradients followed by 

positive selection using anti-CD8 immunomagnetic beads (Miltenyi, Auburn, CA). The T 

lymphocytes were then cultured for 3-4 days in RPMI 1640 (Canadian Life Technologies, 

Burlington. ON) supplemented with 10% FCS, 100 units/ml penicillin. lOOug/ml streptomycin, 

5ug/ml PHA and 20 U/ml IL-2 (a generous gift from Chiron Corp., San Francisco, CA) at an 

initial concentration of IxlO6 cells/ml. The cells were then washed twice and resuspended in the 

same medium but lacking PHA and recultured for 3-4 days. Supernatants were collected and 

stored at -70°C.

Monocytic cell lines (U38 and UI) were cultured in RPMI 1640 supplemented with 10% 

FCS, 100 U/ml penicillin and 100 pg/ml streptomycin. U38 cells were derived from U937 cells 

and are stably transfected with the HIV-1 LTR linked to the bacterial gene chloramphenicol 

acetyl transferase (CAT)[31 ] [32] (AIDS Research and Reference Reagent Program. Division of
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AIDS, NIAID, NIH, contributor Dr. B.K. Felber and Dr. G.N. Pavlakis). The UI cell line [33] 

derived from U937 cells is chronically infected with HIV-1 (AIDS Research and Reference 

Reagent Program, contributor Dr. T.M. Folks).

Generation of Herpesvirus Saimiri (HVS) Transformed CD8 + T Cell Clones and Supernatants 

Herpesvirus saimiri stock 488 (kindly provided by Dr. Donald Desrosiers, New England

Regional Primate Research Center, Southborough, MA, USA) was prepared in owl monkey 

kidney cells as previously described [34]. Several HVS-transformed CD4 + and CD8+ T 

lymphocyte lines and clones were generated as described [28]. The two used in these 

experiments. HVSCD4 clone and HVSCD8 line, were both >95% CD4+ and CD8* by FACS 

analysis, respectively. All transformed lymphocyte cultures were maintained in RPMI 1640 

containing 20% FCS, 20 U/ml IL-2 (Chiron), 100 U/ml penicillin and 100 ug/ml streptomycin. 

Supernatants were removed and stored at -70°C.

Transfections and Vectors

The vector pLTRCAT incorporates the HIV-1 LTR of the BRU strain to position +77 

driving CAT[35]. pSVtat (SV40 promoter driving HIV-1 tat)[36] was used to enhance HIV-1 

transcription to a level that had the potential to be clearly inhibited. The CD4 + Jurkat T cell line 

(30x106 cells) cultured in RPMI (supplemented with 10% fetal calf serum (FCS), 100 units/ml 

penicillin and lOOug/ml streptomycin), was transfected with lOug pLTRCAT and 5ug pSVtat 

using a DEAE dextran procedure [37], Uninfected transfected cells were cultured in test 

supernatant and media (1:1). Primary cells infected (20ng p24 / 5x106 cells) with the primary 
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isolate HIV419 were transfected 5-6 days post-infection using the above procedure. 

Infected/transfected cells were then cultured in test supernatant and media as before. After 24hrs, 

transfected or infected/transfected cells were stimulated with PMA (25ng/ml) and ionomycin 

(2pM) for 18hrs. Supernatants were then removed from infected/transfected cells and assayed 

for p24 by ELISA (Organon Teknika, Durham, NC). The cells were then lysed by repeated 

freeze-thaw cycles (3x). Lysates standardized for protein concentration were then assayed for the 

presence of chloramphenicol acetyl transferase (CAT) by ELISA (Boehringer Mannheim, 

Montreal,). Acute infections using laboratory isolate HIVIIIB (obtained through the AIDS 

Research and Reference Program Division of AIDS, NIAID, NIH, contributed by Dr. R. Gallo) 

were conducted as above.

UI and U38 monocytes (3 x 107) were also transfected using the DEAE dextran 

procedure. The vector pLTRCAT was provided to UI cells at 10 pg per transfection and pSVtat 

was provided to U38 cells at 5 pg per transfection. Transfected cells were cultured with CD8 * T 

cell supernatant at a ratio of 1:3 (supernatant: RPMI). Twenty four hours following transfection 

the cells were treated with PMA (25 ng/ml; Sigma) and ionomycin (2 pM; Sigma) for 18 hours. 

Supernatant of UI cells was retained for measurement of p24. The cells were then lysed by 4 

rounds of freeze/thaw and the chloramphenicol acetyl transferase (CAT) was measured as 

described above. In some experiments target cells were pre-treated with pertussis toxin 

(lOng/ml).
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Detection of TNF-a in cell culture supernatants

TNF-a concentrations were measured in cell culture supernatants by ELISA according to 

the manufacturer's directions (Genzyme Diagnostics, Cambridge, MA).
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Results

Suppression and enhancement of HIV-1 LTR-mediated gene expression by HVS-transformed 

human CD4+ T cell supernatants is dose-dependent

In order to study the role that CD8+ T cell-derived supernatants had on HIV-1 LTR- 

mediated gene expression, we developed Herpesvirus saimiri (HVS)-transformed lines from 

HIV+ patient lymphocyte cultures. Several CD8+ lines and one CD4+ cloned line were noted for 

their ability to strongly suppress HIV-1 gene expression. Since there were no descriptions of 

CD4+ T cell-derived factors capable of suppressing HIV-1 LTR-mediated gene expression, we 

conducted additional studies on this latter clone, termed HVSCD4. Fig.lA shows a typical dose 

response suppression of HIV-1 LTR-driven gene expression in Jurkat T cells treated with 

supernatant derived from HVSCD4. Maximal suppression occurred between a 1:1 and 1:4 ratio 

which is similar to that seen with CD8-derived supernatants [30].

We previously observed that CD8+ T lymphocyte-derived supernatants from HIV+ 

individuals were capable of exerting an enhancing effect on HIV-1 LTR-mediated gene 

expression in U38 monocytes which are stably transfected with HIV-1 LTR driving CAT [29]. 

This effect was also noticed when the U38 cell line was treated with HVS CD4-derived 

supernatant (Fig. 1B). As seen in Jurkat T cells described above, the enhancing effect was 

maximal at 1:1 dilution, and likewise appeared to lose activity as the dilution approached 100- 

fold. Thus, the ability of CD8+ T lymphocytes to suppress HIV-1 LTR-mediated gene 

expression in Jurkat T cells and enhance expression in U38 monocytes is also shared by an HVS- 

transformed human CD4* T cell clone.
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Suppression and enhancement of HIV-1 LTR-mediated gene expression by CD4~ and CD8+ T 

lymphocyte-derived supernatants

Having observed LTR-suppressive and enhancing effects of supernatants derived from a 

CD4* HVS-transformed clone, we screened a panel of culture supernatants from CD4+, CD8+ 

and unfractionated peripheral blood lymphocytes from both HIV* patients (P1-P5) and 

uninfected laboratory worker controls (LW1-LW4) for their effects on LTR-mediated gene 

expression in CD4+ Jurkat T cells and U38 monocytic cells, respectively. Confirming our results 

using the HVS-transformed CD4+ T cell clone, primary culture supernatants from stimulated 

CD4* lymphocytes demonstrated comparable levels of suppression to the CD8* T lymphocyte 

and unfractionated PBL-derived supernatants from 5 of 5 HIV+ patients (Table I). Tested in the 

U38 monocyte system, these same supernatants were found to have an opposite, enhancing 

effect on LTR-mediated gene expression. Interestingly, similar suppressing / enhancing effects 

were found to be mediated by supernatants derived from CD4+, CD8+ and PBLs from HIV­

negative laboratory worker controls LW1-LW4 (except PBLs from LW1 and LW2). That this 

LTR-modulatory capability is not specific to lymphocytes derived from HIV* individuals 

indicates that in vivo priming with HIV-1 is not necessary to induce production of these HIV-1 

LTR-modulatory factors in vitro. Thus, factors present in cultures of both major T lymphocyte 

subsets, and in unfractionated PBL are capable of suppressing gene expression driven off the 

HIV-1 LTR in Jurkat T cells, but enhancing it in U38 monocytes.
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Suppression of HIV-1 NFKB-mediated gene expression by CD4- and CD8-derived supernatants 

To characterize the CD4-derived suppressive activity further, we examined the 

specificity of this control by using a construct containing a dimer of the HIV-1 NFkB enhancer 

element driving CAT. This element within the HIV-1 LTR has also been reported to be 

responsive to Nuclear Factor of Activated T cell (NFAT)-mediated upregulation of HIV-1 

transcription [38] and thus may be influenced by binding of either NF AT, or NFkB proteins. To 

determine if the CD4-derived supernatants also mediated a suppressive effect through the NFkB 

elements we used CD4+, CD8+ and whole peripheral blood lymphocyte culture supernatants 

from the same HIV’ patient. As seen in Figure 2, there is no significant difference in the 

suppression mediated by either whole PBL or fractionated T cell subsets. However, in 

comparison to media alone, all three treatments mediate very significant suppressive effects on 

gene expression in this system (p<.005 for each treatment). This result indicates that like the 

CD8-derived effect [28], the suppression of HIV-1 LTR-mediated gene expression by CD4+ T 

lymphocytes is at least in part the result of suppression of activation through the NFkB enhancer 

elements.

Replication ofprimary and SI laboratory strains of HIV-1 is suppressed by CD4+ T cell-derived 

supernatants

To determine if the observed suppression of HIV-1 LTR-mediated gene expression was 

related to modulation of virus replication, we developed a model of acute infection followed by 

transient transfection of the LTR-CAT reporter gene construct (see Materials and Methods).
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Briefly, Jurkat T cells acutely infected with a non-syncytia-inducing (NSI) primary isolate 

HIV419 were transfected with the HIV-1 LTR-driving CAT. After 24 hrs of stimulation, the 

lysates were assayed for CAT and the supernatants for p24. As indicated in Table II, suppression 

of virus replication (p<.05) appears coincident with suppression of LTR-mediated gene by 

HVSCD4 and HVSCD8 T cell supernatants. Although not necessarily indicative of the same 

factors acting in both of these treatments, the suppression of both transcription and replication of 

a primary HIV-1 isolate mediated by the HVSCD4 supernatants was strikingly similar to that 

mediated by supernatants derived from HVSCD8.

To confirm the suppressive ability of the CD4-derived supernatants on another system of 

virus replication, primary CD4+ T lymphocytes from an HIV' donor were acutely infected with 

the laboratory strain HIVIIIB. Data shown in Figure 3 indicates that with respect to replication 

alone, supernatants derived from the HVS CD4* clone (p=.O18), but not a combination of 

RANTES, MIP-1 a. and MIP-10 (200 ng/ml each) suppressed p24 production. As expected, the 

P-chemokines did not block replication of the SI lab strain HIVII[B, but factors present in our 

HVS-transformed CD4+ clone supernatant exhibited marked suppression of replication of this 

strain, and the NSI primary' isolate HIV4I9 (with concommitant suppression of HIV-1 LTR- 

mediated gene expression)

Replication and transcription are enhanced in monocyte lineage UI cells by CD-T T cell-derived 

factors

We previously described strong enhancing effects that CD8-derived supernatants have on 

HIV-1 replication and LTRCAT-mediated gene expression in transiently transfected U937- 
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derived UI monocytes [29]. To further assess the functional characteristics of the factors present 

in CD4-derived supernatants, we screened culture supernatants derived from CD4+ and CD8+ 

lymphocytes from an HIV+ individual. In this assay system, we again found enhancement of 

LTR-mediated gene expression occurred concomitant with increases in p24 production by 

treatment with either CD4- or CD8-derived primary patient supernatants (Fig. 4A and 4B). In 

agreement with previous findings, CD8-derived enhancement of gene expression and replication 

in UI moncytes was pertussis toxin (PTx) sensitive (Fig 4A and 4B) (Copeland et al., submitted). 

However, there was no significant reduction of the CD4-derived enhancement by similar PTx 

treatment. The active factors in the supernatants from the CD4+ T lymphocytes are further 

distinguished from those present in the CD8+ T lymphocyte cultures by their effect on TNF-a 

levels in the UI culture media measured just prior to lysis. TNF-a has been well characterized 

for its ability to act in an autocrine manner to upregulate HIV-1 gene expression in monocytic 

cells through NFkB elements[39][40]. CD8-derived supernatants from this patient induced a 

two-fold increase in TNF-a levels over control which was susceptible to PTx treatment 

(p=0.0001, Fig. 4C). In contrast, the CD4-derived supernatant induced only a modest increase in 

TNF-a levels (p<.05), which was also abrogated by PTx treatment. Thus, the enhancement of 

HIV-1 LTR-driven gene expression and replication in monocytic cells by CD8’ T cell 

supernatants, but not CD4" T lymphocyte-dervied supernatants, was PTx sensitive and the 

concurrent induction of TNF-a production was significantly lower in CD4+ T lymphocyte- 

derived supernatant treated monocytic cells (p<005).
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Discussion

This study was initiated following our observation that soluble factors from a 

Herpesvirus saimiri (HVS)-transformed human T cell clone that strongly suppressed HIV-1 

LTR-mediated gene expression was CD4 positive. Our results demonstrate that like CD8+ T 

cells, CD4+ T cells produce soluble factors that modulate HIV-1 LTR-mediated gene expression 

in T cells and monocytes. This activity measured was found in supernatants from positively 

selected CD4+ and CD8* T lymphocytes, from both HIV-positive and HIV-negative individuals. 

Therefore, production of the LTR-modulatory factors by these cell types does not absolutely 

require prior exposure to HIV-1 in vivo.

Examination of these factors with respect to replication of the laboratory isolate HIVIIIB 

and a primary isolate (HIV4I9) in CD4+ T lymphocytes also yielded strikingly similar suppressive 

effects, indicating that factors present in the CD4-derived supernatants are capable of modulating 

both gene expression and replication of HIV-1. Although not examined in this study, it is not 

unreasonable to speculate that expression of HIV-l LTR-suppressive factors could markedly 

limit the active sources of de novo virion production from the CD4+ T lymphocye population.

The similarities between the suppressive activity mediated by CD8* T lymphocytes, and 

that mediated by CD4+ T lymphocytes were reiterated in studies of monocyte-lineage cells. Both 

U937-derived U38 and UI cell lines demonstrated enhancements mediated by CD4" T 

lymphocyte-derived culture supernatants of gene expression, and concurrent gene expression and 

replication, respectively. In the U38 model, we observed consistent enhancements of gene 

expression induced by supernatants from both HIV* and HIV' individuals. As seen in Table I, in 
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the latter group we observed discordance between enhancement mediated by supernatants from 

fractionated lymphocyte subsets and unfractionated PBL from LW1 and LW2. This may be the 

result of soluble factors produced by B lymphocytes and monocytes (found in the unfractionated 

PBL), but not CD4* and CD8+ T lymphocytes alone.

We have previously described the enhancing effect related to CD8-derived supernatants 

in these systems [29], but as Fig. 4 demonstrates, this CD8-derived activity in UI monocytes is 

distinguished from the CD4 effect by its susceptibility to Pertussis Toxin (PTx). The effect of 

PTx with respect to replication and gene expression is also apparent in the increases in TNF-a 

levels induced by treatment with CD8-derived supernatants. Interestingly, although significant 

enhancement of TNF-a is induced by the CD4-derived supernatants (p<.05), the effect is not 

nearly as powerful as that induced by the CD8-derived supernatants. Possibly indicative of 

differential expression of factors present in the respective supernatants (or cell-type specific 

receptor expression), this increase in TNF-a production could also be representative of the 

influence of the concentration of the active factors present in the lymphocyte culture 

supernatants. This question, along with the more interesting question of whether or not the 

enhancing effect in monocytic cells is mediated by the same factors responsible for the 

suppressing effect in CD4 + T lymphocytes may only be answered by purification and 

identification of all active, involved molecular species. To this end. preliminary biochemical 

characterization does indicate that at least one of these factor(s) is an acid-stable molecule of low 

molecular weight (J. Leith et al., unpublished observations). Interestingly, a recent report has 

demonstrated that Interleukin-16 (IL-16) is capable of inducing down-regulation of the
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HIV-1 LTR through the NFkB element [41], IL-16 has not been found to share identity with 

CAF as described by Mackewicz et al [42], and kinetics [41] which differ from the activity of 

both the CD4- and CD8-derived factors active in our system. To confirm the identity of the 

factors active in our system and to further elucidate their respective mechanisms of control of 

HIV-1 gene expression, we are continuing with a standard protocol for biochemical purification 

of both CD4 and CD8-derived suppressive factors.

Although there is great interest in CD8* T cell-derived factors that nonlytically control 

HIV infection and replication, there has previously been little emphasis on factors produced by 

CD4* T cells that control HIV-1 in a similar manner. Recent descriptions of the interactions 

between RANTES, MIP-la and MIP-10, and their cognate receptor complexes [ 17][ 18][43][44] 

has shifted attention from exogenous mechanisms of control of HIV-1 replication and 

transcription to endogenous control of expression of both 0-chemokines and their respective 

receptors. Paxton et al. [24] were the first to note that CD4+ T cells from individuals who remain 

uninfected despite multiple high-risk sexual exposures to HIV-1 were relatively resistant to HIV- 

1 infection. This was suggested to be the result of autocrine production of the 0-chemokines 

RANTES, MIP-la and MIP-10, but later found to be the result of the A32-base pair deletion in 

CCR5 [8]. Continuing the study of endogenous resistance mechanisms, one recent report 

characterized an antiviral state induced by ligation of CD28 and CD3, but not stimulation with 

PHA and IL-2 [15]. Based on the down-regulation of CCR5 (but not CXCR4) mRNA expression 

by the former treatment [19] or enhanced production of RANTES. MIP-la and MIP-10 [16], 

this effect would appear to be the result of the inability of M-tropic isolates to bind to this 

receptor. Either mechanism has effectively the same result as the CCR5 A32 base-pair deletion 
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that may be significantly protective against infection in vivo [45], Although using 5-fold greater 

concentrations of IL-2 than in our experiments, the endogenous HIV-suppressive effect of 

CD28 / CD3 costimulation (derived from conditioned media) was found to be considerably more 

powerful than the triple combination RANTES, MIP-la and MIP-10 at up to 500 ng/ml, 

indicating that there are remaining, CD4-derived soluble mediators active in this system. We are 

currently studying the effect of CD28 / CD3 costimulation on HIV-1 suppression in our systems.

Noting that the 0-chemokines do not influence HIV-1 gene-expression [29][30], CD4+ T 

lymphocyte-derived modulation directly implicates an autocrine control pathway independent of 

co-receptor modulation. We have shown that factors produced by CD4’ T lymphocytes are able 

to suppress concurrent HIV-1 gene expression and replication. Thus, this autocrine suppressive 

pathway is novel and distinct from other mechanisms of suppression of HIV-l (coreceptor 

modulation or 0-chemokine production). Such a pathway, triggered on activation (likely 

coincident with productive infection) could then act to partly suppress viral replication. This may 

appear to contradict the conventional view that the primary reservoir for highly replicating HIV-1 

is the CD4+ T lymphocyte. However, control of the viral replication by an autocrine pathway 

may begin to answer a long-standing paradox of advanced HIV disease: Given the total 

destruction of the cellular immune system, as witnessed by architectural ablation of the lymph 

nodes and loss of CD4 + T lymphocytes apparent after several years of HI V-l infection (for a 

review see [46]), what are the sources for the high titres of HIV-l found in the peripheral blood 

in many end stage AIDS patients? An obvious explanation is that latently infected cells of the 

monocyte / macrophage lineage increase normally low levels of replication as CD4 ’ T 

lymphocytes decline in number [47]. However, another option, as suggested by our preliminary 
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data, is that as HIV disease progresses the ability of CD4+ T lymphocytes to control endogenous 

replication is lost, contingent on decreased production of autocrine suppressive factors. Such loss 

of autocrine control could lead to dramatically increased production of HIV-1 by the remaining 

naturally infected CD4 * T lymphocytes.

An additional consideration is the extent to which the contribution to the pool of 

circulating virus is increased by the described enhancing effect of both CD4 + and CD8+ T 

lymphocytes on HIV-1 infected macrophages. This activity could encourage overall increased 

viral replication and possibly result in increased infiltration of the virus into neuronal sites 

heavily populated with monocyte / macrophage lineage cell types. Further studies are obviously 

necessary to clarify the roles of the abovementioned cell types in the network of suppression and 

enhancement of HIV-1 replication. And as the dynamics of this network are likely to 

continuously vary in response to changes in viral load and populations of lymphocyte subsets, 

our results serve to illustrate the importance of understanding the complex nature of the 

interactions between HIV-1 and its human host.
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Table I

Jurkat (% Suppression)3 U38 (% Enhancement)

Patient HIVb CD4 CD8 PBL CD4 CD8 PBL

Pl + 75 90 99 100 176 172

P2 + 78 92 86 107 55 72

P3 4- 69 90 91 128 168 161

P4 4- 100 95 100 33 29 22

P5 4- 43 42 ND 153 115 ND

LW1 - 95 99 88 118 76 18.5

LW2 - 71 81 100 212 112 0

LW3 - 97 84 97 117 42.5 160.5

LW4 - 100 ND 98 322 ND 256

a Measured as a percentage of averaged duplicates compared to treatment of media alone control 
b Representative sample of 5 HIV-positive patients and 4 HIV-negative laboratory worker 
controls
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Table II
Suppression of replication and transcription in infected / transfected Jurkats by 

CD4 and CD8-derived supernatants

Treatment p24 (ng / ml)a CAT (pg /150ug
__________________ protein)

Control 324 (40.4) 1255 (339)

HVS CD4 172(9.0) 732(135)

HVS CD8 202(38.7) 622(71)

a All values are show as mean of triplicates, +/- standard error. Experiment is 
representative of two experiments showing same result.
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Captions

Figure 1. HIV-1 transcription is controlled in a dose-dependent manner by HVS-
transformed CD4-derived supernatants in T cells and monocytes. HIV-1 LTR-mediated gene 
expression (compared to media alone control) is suppressed in Jurkat T cells (A) and enhanced in 
U38 monocytic cells (B). These data are shown as means of triplicates (+/- standard error) of 
CAT in lysates normalized for concentration of protein, and are each representative of two 
separate experiments.

Figure 2. Suppression of HIV-1 NFKB-mediated gene expression by CD4*, CD8+ 
and PBL-derived supernatants from an HIV+ patient. Reporter gene expression driven off the 
NFkB enhancer of the HIV-1 LTR is suppressed (all p values <.005) by the treatment with 
supernatants derived from CD4*-, CD8+-, and PBL-derived supernatants. Data are shown as 
means of triplicates (+/- standard error).

Figure 3. Suppression of T-tropic isolates of HIV-1 by CD4-derived supernatants. 
Replication of HIVIIIB in acutely infected primary CD4+ T lymphocytes is suppressed by HVS- 
transformed CD4" T lymphocyte-derived supernatants (p=.O18), but not the CC chemokines 
RANTES, MIP-la and MIP-10 (200ng/ml). Data is shown as means of triplicates (+/- standard 
error).

Figure 4. Differential pertussis toxin (PTx) sensitivity of CD4- and CD8-mediated 
suppression of HIV-1 replication and transcription in UI monocytes. PTx sensitivity of CD8- 
(p<.05), but not CD4-derived enhancements of HIV-1 LTR-mediated gene expression (A) and 
p24 production (B) in U937-derived chronically infected UI monocytes transiently transfected 
with the HIV-1 LTR-driving CAT. CD8-derived supernatants induce a PTx-sensitive 
enhancement of TNF-a concentrations (p<.005) measured in culture supernatants removed prior 
to lysis (C). CD4-derived supernatant induction of TNF-a is also sensitive to PTx, but not to the 
same degree (p<.05). Data are representative of at least two experiments showing the same result 
and are shown as means of triplicates or quadruplicates, (+/- standard error). The same patient 
lymphocyte-derived supernatants were used throughout these experiments.
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CHAPTER FOUR

BIOCHEMICAL FRACTIONATION OF CD8-DERIVED SUPERNATANTS

AND CHARACTERIZATION OF HIV-1 REPLICATION AND

TRANSCRIPTION-SUPPRESSING FACTORS

62



Preface

This chapter describes preliminary studies of fractionation of the factors HIV-1 LTR- 

suppressive factors by chromatographic methods and characterization of the suppressive activity 

and the cell types from which it is produced. All work in this chapter was done by myself 

excluding the generation of the HVS-transformed CD8+T cell line CD8290 by Paula McKay, 

and Dorothee Bienzle provided assistance with 5lCr release assays. In addition, special thanks 

goes to Dr. Jack Rosenfeld and Dr. Susan Breckenridge who provided not only the 

chromatography equipment, but excellent assistance and suggestions which were invaluable to 

these studies.
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Introduction

Preliminary biochemical characterization of the factors present in CD8-derived 

supernatants responsible for suppression of HIV-1 LTR-mediated gene expression required a 

continuous source for large volumes of supernatants containing the active constituents. Our 

laboratory has previously utilized Herpesvirus saimiri (HVS)-transformation of CD8* T 

lymphocytes, followed by selective subcloning to generate cloned lines capable of continuous 

Interleukin-2- dependent growth. However, noting difficulties in long-term viability of these 

cultures, we decided to avoid the sub-cloning step, favouring development of a more 

heterogeneous population of HVS-transformed CD8* T lymphocytes.

Protocols to fractionate the HIV-1 LTR-suppressive activity from supernatants derived 

from the two HVS-transformed lines, CD8290 and CD8106 were developed based on reverse 

phase and size exclusion liquid chromatography (RP- and SEC-HPLC, respectively). 

Concurrently, several separate experiments were conducted to determine the specificity of the 

LTR-suppressive activity within leukocyte populations; the kinetics of the suppressive activity; 

and the cytolytic potential of suppressive populations of CD8* T lymphocytes.

It is important to note that although the experiments described in this chapter are 

interesting and novel, the results presented should be considered preliminary', and thus warrant 

further study.
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Materials and Methods

Generation of CD8-derived supernatants via Herpesvirus-transformation of CD8* T lymphocytes 

from an HIV+ patient

A new stock of HVS was prepared from an original stock 488 (donated by Dr. R. 

Derosiers) by inoculating owl monkey kidney (OMK) cells grown to confluence in DMEM 

media with 1ml of stock 488. Cytopathic effects of HVS denoted by plaque formation on the 

OMK lawn occurred by day 7 of culture. Supernatant was removed and frozen at -70° C. CD8+T 

lymphocytes from an HIV positive patient (# 92-290 and 91-016) were inoculated with 0.5ml of 

new HVS stock for two hours, at which point 1.5ml of RPMI 1640 (supplemented with 20% 

Fetal Calf Serum; lOOU/ml penicillin, lOOug/ml streptomycin, and 25mM HEPES) was added. 

After three weeks of culture, these cells were supplemented with IL-2 (20U/ml). The two lines 

developed by these methods are referred to as CD8290 and CD8O16 in the following studies, 

and are both >95% CD8* by flow-cytometric analysis. After several months of culture, these 

lines were cycled through AIM-V serum free media (Gibco, Burlington, ON).

Preliminary Filtration of HVS-derived supernatants

To make crude fractionations prior to chromatographic methods, CD8290 and CD8016 

supernatants were clarified by passing through a lOOkD filter and filtered on a 30kD molecular 

weight cut-off filters (Amicon, Beverly. MA). Fractions (filtrates and retentates) were diluted 

back to the original volume and tested separately for suppression of HIV-1 LTR-mediated gene 

expression in Jurkat T cells.
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Reverse-Phase High Performance Liquid Chromatography (RP-HPLC)

Preliminary separation of the active constituents of the HVS-transformed CD8+T cell 

supernatants was completed by clarifying 200mls of CD8290 pooled supernatant which was then 

concentrated on a 30kD filter. The concentrate (100X) was then heat treated at 56° C for 40 

minutes to eliminate any remaining infectious HVS. Samples of 200ul were run on a Cl 8 column 

using a linear gradient starting from 80% ddH2O and 20% acetonitrile plus 0.008% 

trifluoroacetic acid (TFA) and moving to 20%:80% over 30 minutes, at a flow rate of 

2mls/minute. Fractions were collected at 1 min. intervals and then lyophilized. Samples were 

then reconstituted in 1/2 original volume of media (RPMI 1640+10%FCS), and tested for 

suppressive capability. To determine the concentration of protein in the active fraction, after 

lyophilzation, the sample was brought up in phosphate buffered saline (PBS) and one portion 

was tested for [protein] using the BIO-RAD protein assay (Bio-Rad Labs, Hercules, CA). A 

second portion was boiled with 2-Mercaptoethanol and loading buffer and run on a 12% SDS- 

polyacrilamide gel. The gel was silver stained according to standard protocols, (destained with 

5% methanol, 7% glacial acetic acid, and 88% ddH2O) and then dried.

Size Exclusion Chromatography (SEC)

To ascertain an approximate molecular weight, CD8290 and CD8016 serum free 

supernatants were filtered as above, and then applied to a SEC column (Shodex, Waters) which 

has highest resolution from 800-60.000 daltons. Each 200ul sample was run in PBS, pH 7.3, 

mobile phase at Iml/min, under ~350p.s.i. Fractions were collected at 30-120 second intervals, 

lyophilized and reconstituted in media (to original fraction volume). For this procedure
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molecular weight standards of albumin, chymotrypsin, ovalbumin and RNase were run twice 

after test samples. Ultraviolet light absorbance (280nm) was used to measure the individual 

protein peaks. The resulting standard curve was used to estimate the approximate molecular 

weight of the active fractions. These experiments were repeated (along with MW standards) 

using a mobile phase consisting of acetonitrile and water (v/v 1:1), pH 1.6.

Cytokines and anti-cytokine antibodies

The cytokines Interferon (IFN)-y (Sigma-Aldrich, Oakville, ON) and Tumour Necrosis 

Factor (TNF)-a (R&D Systems) were diluted to appropriate concentrations in media (RPMI 

1640 + 10%FCS) and provided to the HIV-1 LTRCAT system. Polyclonal neutralizing 

antibodies directed against anti-human soluble TNF-receptor I and II were incubated with 500pl 

of suppressive supernatants for Ihr at 37° C prior to addition to the HIV-1 LTRCAT system. The 

final concentration of each antibody was lOpg/ml.

Transfection of primary CD4+ T lymphocytes and HIV-1-infected Jurkat T cells

All transfections were conducted as described in Chapters 2 and 3. However, to transfect 

primary CD4* T lymphocytes, the standard protocol was modified as follows: immediately 

following DEAE-dextran transfection, cells were washed once, and then pooled by being brought 

up in media plus lyophilized PBS (same volume of media), and treated with 20U/ml of IL-2. The 

pooled cells were then split into the required number of aliquots in a 24-well plate, containing 

control or test supernatants.
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Acute infection of primary CD4+ T lymphocytes

CD4* T lymphocytes polybrene-treated PHA blasts were incubated with 5ng p24 / IxlO6 

cells for three hours, washed once, and then recultured at IxlO6 / ml (plus lOU/ml IL-2 from 

Chiron, San Francisco, CA), in media or media plus test supernatant or effector cells at a 1:1 

ratio. After 6-7 days, lOOul of supernatant was removed for p24 analysis by ELISA (Organon 

Teknika. Durham, NC).

Redirected cytoxicity assays

Approximately 5xl06 Fc receptor-expressing P815 murine mastocytoma cells (American 

Type Culture Collection. Rockville, MD) were incubated 60 min. with 200pCi Na51CrO4 

(DuPont, Mississauga, ON), washed three times in PBS containing 1%FCS, counted, and 

resuspended in media at 1.5xl06/ml. Cells were then incubated with lug anti-CD3 monoclonal 

antibody for 45min. at 37°C. These targets cells were then washed once and resuspended in 

media at lxl05/ml, and 50ul was aliquoted to each well of a round-bottom 96-well plate. 

Effectors (CD8016 or CD8290) were then added to wells at indicated E:T ratios, and media was 

added to make the final volume 300pl. For each experiment, maximum 5lCr release was 

determined by adding IM HCL to untreated targets. Targets without effectors were set as 

minimum 51Cr release. In addition, to make sure that release was specific to TcR ligation, targets 

were also incubated in absence of anti-CD3 antibody. Following 5hr incubation at 37°C, 1 OOpT 

from each well was removed and counted in a y-counter. Percent specific lysis was calculated as 

follows:
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(Sample 51Cr release - minimum release) (maximum 51Cr release - minimum release) x 100

All samples and controls were tested in triplicate.
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Results

HIV-1 LTR-suppressive factors do not pass through a 30kD molecular weight cut-off filter

As seen in Figure 1, factors which suppress HIV-1 LTR-mediated gene expression found 

in pooled HVS-transformed supernatants from CD8290 and CD8016 did not pass through a 

30kD molecular weight cut-off filter. These filters should not be considered accurate for 

assessment of molecular weight, but this result does support the utility of 30kD filters as a 

preliminary step to concentrate the active factors prior to initiation of methods of 

chromatography.

RP-HPLC of HVS-transformed CD8+ T lymphocyte supernatants yields fractions with LTR- 

suppressive activity

Fractionation of supernatants concentrated on a 30kD filter by a linear gradient of ddH2O 

and acetonitrile run through a Cl8 RP-HPLC column produced one fraction with >50% 

suppression of HIV-1 LTR-mediated gene expression compared to media control (labelled M) 

(Figure 2). Fractions #1 (80% ddH20, 20% acetonitrile) and #41 (20% ddH2O, 80% acetonitrile) 

were spiked with 200ul of concentrated supernatant (are denoted by *). This fraction, #17, when 

lyophilized and reconstituted in PBS, had [protein] of 1.3 mg/mL This high concentration of 

protein was confirmed by silver staining of an SDS-PAGE gel on which three samples were run 

(10, 20 and 50ul) (Figure 3).

Activity losses using this protocol were calculated to be less than 50%. That is, the full 

activity of a 200ul (equivalent to 20mls unconcentrated supernatant) sample collected over 4 

fractions (8mls), concentrated 2-fold (to 4mls total) has thus been diluted 20-fold total (4 mis /
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200ul). Thus each 1ml fraction is equivalent to 1ml of original unconcentrated supernatant. As 

50% suppression of the HIV-1 LTR is mediated by a sample diluted by 1/2 (all test samples are 

used at 1:1 with media), this demonstrates a <50% loss of activity (1:1 dilutions of neat HVS- 

transformed CD8+ T lymphocyte supernatants typically suppress between 50 and 100%). Further 

experiments (such as a titration curve) are required to confirm the accuracy of the above estimate.

SEC-HPLC of HVS-transformed CD8+ T lymphocyte supernatants yields fractions with LTR- 

suppressive activity

Separation of pooled CD8290 and CD8016 supernatants by SEC - HPLC in PBS mobile 

phase yielded two successive fractions, (#7 and 7.5) which suppressed HIV-1 LTR-mediated 

gene expression (Figure 4a). In these experiments, CAT is expressed by UV absorbance at 

405nm. instead of pgCAT / 150ug total protein because the PBS mobile phase causes an increase 

in basal expression of LTR-mediated gene expression over media control. Accordingly, all 

fractions from SEC-HPLC run with PBS mobile phase cause baseline increases in CAT over 

media alone, although unconditioned media run through the same conditions did not have 

suppressive effects on HIV-1 LTR-mediated gene expression. The molecular weight of the active 

fraction was estimated based on standards to be 50-60kD (Fig. 4b).

To confirm these results without the enhancing influence of PBS components, the mobile 

phase was changed to a 1:1 v/v ratio of ddH;O:acetonitrile which in RP-HPLC was 

approximately the point on the linear gradient at which the active factors eluted (#17. pH 1.6). 

Shown in Figure 5a, as percent suppression in comparison to media alone control (and 

ddH^O:acetonitrole - labelled H2O/Ac). fractions denoted 6.5 and 7 demonstrated peak 
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suppressive activity. These fractions correspond to a molecular weight range of approximately 

20-30kD based on standards run in these conditions (Fig. 5b).

Using either mobile phase (representative chromatograms shown in Fig. 4a and 5a), the 

loss of activity (estimated by similar means as described in section on RP-HPLC) was 

approximately 50%, indicating that this method is also useful for preparative fractionation.

Suppression of HIV-1 LTR-mediated gene expression is shared by CDS' leukocyte cell lines

The capability to suppress transcription of HIV-l is demonstrated not only by HVS- 

transformed CD8+T lymphocyte lines CD8290 and CD8016, HVS-transformed CD4+ T 

lymphocyte clone HVSCD4 (as described in Chapter 3), but also by the CD4* Jurkat T cell line, 

and the U937-derived U38 monocytic cell line (Figure 6). In both cases (U38 and Jurkat) 

supernatants were removed after 3-4 days of culture and tested neat.

HIV-1 LTR-mediated gene expression is suppressed by the cytokines IFN-y and TNF-a

TNF-a and IFN-y are cytokines produced by CD8+ T lymphocytes and have been 

reported to be distinct from the factor CAF (Cellular Antiviral Factor) as described by Levy's 

group (Mackewicz, 1994). Separate reports have described HIV-1 replication enhancing and 

suppressive effects mediated by IFN-y. To determine the effects of these cytokines on HIV-1 

LTR-mediated gene expression, media alone treatments were supplemented with 1 Ong/ml and 

lOOU/ml doses of TNF-a and IFN-y, respectively. As shown in Figure 7, both IFN-y and TNF-a 

(73% and 47% suppression vs. control, respectively) are able to significantly suppress HIV-1 

LTR-mediated gene expression (p<.005 and .05. respectively). At this dose of lOOU/ml. the
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suppression mediated by IFN-y is approximately equivalent to that mediated by HVS- 

transformed CD8' T cell line CD8290 shown in the same experiment ( p>.05 between CD8290 

and IFN-y).

Effect of antibodies to human TNF-a soluble receptors on CD4- and CD8-derived suppression of 

HIV-1 LTR-mediatedgene expression

Dependent on the dose used, TNF-a has been reported to have a biphasic effect 

(suppressing at high, but enhancing at low doses) on HIV-1 replication (Mackewicz, 1994). 

Although the complete array of effects that TNF-a may have on an HIV-1 infected CD4* T 

lymphocyte is incompletely elucidated, enhancement of HIV-transcription by TNF-a binding to 

its cognate surface receptor (which indirectly causes increased binding of NFkB elements in the 

HIV-1 LTR; Knippa, 1992) is one mechanism that may lead to increased HIV-1 replication. 

Soluble mediators which interfere with this mechanism, could lead to decreased TNF-a-induced 

HIV-1 production.

Human soluble TNF-a receptors I and II (hsTNF-RI and II) may be two such molecules. 

Both are able to inhibit PMA-induced activation of the HIV-1 LTR in monocyte (Howard. 1993, 

and Granowitz, 1996) and T cell lines (Howard); down-regulate TNF-a receptor surface 

expression (Kalinkovich, 1995); and (hsTNF-RI only) have been found in high levels in the 

plasma of HIV-1-infected individuals. To preliminarily determine if hsTNF-RI and RII share 

identity with the HIV-1 LTR-suppressive factors, high concentrations of anti-TNF-RI and RII 

antibodies (five fold greater than ND50 - 50% of dose required to neutralize 300ng/ml of hsTNF- 

RI and RII) were pre-incubated with supernatants selected for their ability to suppress HIV-1
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LTRCAT-mediated gene expression. These antibodies were unable to abrogate LTR-suppression 

mediated by a patient-derived CD8+ T lymphocyte supernatant (Fig. 8a) and HVS-transformed 

CD4+ and CD8" T lymphocyte-derived supernatants (Fig. 8b and 8c). Control treatments of 

antibodies alone (in combination) had observable suppressive effects in each experiment, which 

may be due to competition with TNF-a for binding to the TNF-R surface receptor (with which 

these antibodies are cross-reactive). Although these experiments do support the hypothesis that 

the active factors in these supernatants are distinct from the hsTNF-Rs, further experiments are 

necessary to confirm these preliminary results.

HVS-transformed CD8 + T lymphocyte supernatants mediate suppression of the HIV-1 LTR in 

primary CD4+ T lymphocytes

Due to unknown reasons, the DEAE-dextran transfection method that we have utilized to 

insert the HIV-1 LTRCAT construct into Jurkat T cells and UI monocytes has not been 

successful in transfecting primary CD4+ T lymphocytes. However, the observations of increased 

LTR-mediated gene expression following treatment with lyophilized PBS fractions from size 

exclusion chromatography experiments suggested that modifications to the DEAE-dextran 

method might make possible transfecting primary CD4+ T lymphocytes. Figure 9 demonstrates 

that this is not only possible, but also that gene expression driven off the HIV-1 LTR in this 

population is suppressed by supernatants derived from an HVS-transformed CD8+T cell line 

(CD8016). Although further attempts were made to utilize this protocol for measurement of 

LTR-mediated gene expression in acutely infected primary CD4+ T lymphocytes, these 

experiments were unsuccessful due to undetectable CAT expression. This may be because of
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unknown cyto-pathological effects of the viral infection. Clearly, this methodology is important, 

but requires further experimental development.

Time-course of HIV-1 LTR-mediated gene expression in Jurkat T cells

To separate studies of the kinetics of the suppression of HIV-l gene expression were 

conducted. The first, where LTRCAT-transfected cells cultured with or without a patient CDS* T 

lymphocyte-derive supernatant were removed and lysed every six hrs (Fig. 10a) show that HIV-1 

LTR-mediated gene expression is induced 6-12hrs after PM A and ionomycin (Pi) stimulation, 

and increases linearly until lysis (18hrs after Pi stimulation). The second study (Fig. 10b), 

demonstrates that longer pre-incubation (prior to Pi stimulation) with CD8+ T lymphocyte- 

derived supernatants from an HIV+ patient to causes increased levels of suppression of HI V-l 

LTRCAT-mediated gene expression. This result was confirmed in a separate experiment (with a 

different CD8* T lymphocyte supernatant from an HIV+ patient), where the time-course was 

extended by 12hrs. Taken together, these time-course experiments indicate that although HIV-1 

LTR-mediated gene expression occurs only after Pi stimulation, suppressive effects induced by 

factors in CD8-derived supernatants are maximized by pre-incubation of supernatants with the 

Jurkat T cell targets.

Increased efficiency of suppression of HIV-1 replication by direct cell-cell contact: evidence for 

a lytic mechanism

A recent report outlined in Chapter 1 described the requirement for Major 

Histocompatibility Class I recognition to suppress HIV-1 replication non-cytolytically (Yang.
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1997). To confirm these results, a comparison was made between suppression of replication of 

HIVB.a, in acutely infected primary CD4+ T lymphocytes mediated by culture supernatants from 

HVS-transformed CD8+ T cell lines, and co-cultures (of the same cell lines) allowing direct cell­

cell contact. As shown in Figure 1 la, supernatants from CD8290, but not CD8016 suppressed 

HIVB.a| replication. This variable effect was seen again in Figure 1 lb, where 1:1 effector:target 

(E:T) ratios dramatically suppressed p24 production in co-cultures of CD8290 (p<.005) and 

HIV-1-infected primary CD4* T lymphocytes. This effect was decreased in 1:2 E:T ratios, but 

still greater than that mediated by CD8016 cells at a 1:1 E:F ratio. For both cell lines suppression 

mediated by cell-cell contact was significantly greater than suppression mediated by supernatants 

alone. Observations made during these experiments indicated that lytic activity of the these HVS- 

transformed CD8*T cell lines might be responsible for the decreased HIV-1 production noticed 

in co-culture treatments. To confirm the lytic potential of these cell lines, re-directed 

cytotoxicity assays were conducted as described (Grant, 1994). This assay measures non-specific 

lysis generated against a target cell line (P815) which has anti-CD3 bound to cell surface 

expressed Fey receptors. This assay does not indicate that killing is HIV-specific. As shown in 

Figure 12, both cell lines were lytically competent, with cell line CD8290 demonstrating 

significantly higher killing at 10:1 ratios than CD8016. It is important to also note that because 

both CD8290 and CD8016 are not cloned lines, the heterogenous population could contain 

distinct non-cytolytic and cytolytic populations which could exert separate mechanisms of 

modulating HIV-1 gene expression and replication. Further cloning based on lytic and non- 

cytolytic end-points is important to clarify the relationship between these two virus control 

mechanisms.
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Figure 1. Effect of 30kD filter on suppressive supernatants

Factors produced by HVS-transformed T cell lines CD8016 and HVS-transformed CD4+ 
T cell clone HVSCD4 responsible for suppressing HTV-1 LTR-mediated gene expression do not 
pass through a 30kD molecular weight cut-off filter. Experiment is representative of two 
experiments showing the same result, and means of triplicates are shown (+/- standard error).
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Figure 2. HIV-1 LTR-suppressive activity of RP-HPLC fractions.

Suppression of HTV-1 LTR-mediated gene expression by RP-HPLC fractions peaks at 
fraction #17 (taken 17 minutes after flow initiated). Control fractions are shown with an asterix 
(1’ and 41’, and were spiked with 200ul suppressive supernatant. Experiment is representative of 
two experiments showing the same result as single data points.
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Figure 3. Silver stain of SDS-PAGE gel loaded with suppressive fraction #17.

SDS-PAGE of 10, 20 and 50ul (lanes 1, 2 and 3, respectively) aliquots from HIV-1 LTR- 
suppressive fraction #17 demonstrate multiple high and low molecular weight species. As 
indicated, molecular weight standards were run in lane 5. An empty lane (lane 4) is indicated by B 
(blank).
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Figure 4. Effect of SEC Fractions on HIV-1 LTR-mediated gene expression: PBS mobile phase.

Size exclusion chromatography (SEC) in a PBS mobile phase yielded peaks in fractions #7 
and 7.5 when assayed for suppression of HIV-1 LTR-mediated gene expression (Fig. 4a). This 
activity, indicated by a rectangular box superimposed on the chromatogram (Fig. 4b) Ues between 
the molecular weight standards of 43 and 67kD (as indicated). For all chromatograms, 
absorption was measured at 254nm and standards were run immediately following test sample. 
Experiment is representative of two experiments showing the same result as single data points.
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Figure 5. Effect of SEC Fractions on HIV-1 LTR-mediated gene expression: ddH20 / 
acetonitrile mobile phase.

Size exclusion chromatography (SEC) in a ddH20: acetonitrile (1:1) mobile phase yielded 
peaks in fractions #6.5-7.5 when assayed for suppression of HIV-1 LTR-mediated gene 
expression (Fig. 5a). Suppressive activity elutes between the 13.7 and 25kD molecular weight 
standards (Fig. 5b). Experiment is representative of two experiments showing the same result as 
single data points.
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Figure 6. Suppression of HIV-1 LTR-mediated gene expression by leukocyte-derived 
supernatants.

In comparison to media alone control (Media) and supernatants from CD8+ T cell lines 
(CD8290, CD8016), HIV-1 LTR suppressive activity is also mediated by CD4+ T cell clone 
HVSCD4 and HTLV-1 transformed Jurkat cell line, as well as the U937-derived U38 monocytic 
cell line. Experiment is representative of two experiments showing the same result, and means of 
triplicates are shown (+/- standard error).
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Figure 7. Suppression of HIV-1 LTR-mediated gene expression by TNF-alpha and IFN-gamma.

Compared to media alone control (Media) IFN-gamma and TNF-alpha suppress HIV-1 
LTR-mediated gene expression. At this dose (lOOU/ml) suppression mediated by IFN-gamma is 
approximately equivalent to that mediated by CD8290 (HVS-transformed CD8+ T cell line). This 
experiment is representative of two showing the same result, and data points are indicated as 
means of triplicates (+/- standard error).



pg
C

AT
 /1

50
ug

 P
ro

te
in

Treatment



Figure 8. Effect of anti-hsTNF-RI and RII antibodies on CD8* T lymphocyte mediated 
suppression of HIV-1 LTR-driving CAT.

Pre-incubation of CD8+ T lymphocyte-derived supernatants from an HIV+ patient (Fig. 
8a), a HVS-transformed CD4+ T cell clone (Fig. 8b) and a HVS-transformed CD8+ T cell clone 
(Fig 8c) with antibodies directed against hsTNF-RI and RII (lOug/ml each) dose not abrogate the 
respective HTV-1 LTR-suppressive effects of these supernatants. Each experiment is 
representative of two showing the same effect, and data points are averages of duplicates.
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Figure 9. CD8-derived suppression of HIV-1 LTR-mediated gene expression in CD4+ primary 
cultures.

CD4+ T lymphocytes from an HIV' laboratory worker were transfected with HIV-1 LTR- 
driving CAT using a modified DEAE dextran method. The expression of HIV-1 LTRCAT was 
significantly suppressed (p<05) by treatment with HVS-transformed T cell line-derived 
supernatants. Means of triplicates (+/- standard error).





Figure 10. Time-course of HIV-1 LTR-mediated gene expression in Jurkat T cells

Jurkat T cells transfected with HTV-1 LTR-driving CAT were removed from culture every 
six hours and assayed for expression of CAT(Fig. 10a). Jurkat T cells were also treated with 
suppressive supernatant at various time points prior to (Exp. 1 and 2), and after (Exp. 2 only), 
stimulation with PMA and ionomycin (Fig. 10b). Cultures treated with CD8+ T lymphocyte- 
derived supernatants from an HIV* patient are indicated in the open circles; untreated in closed 
circles. All data points are averages of duplicates.
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Figure 11. Suppression of replication of HIV-1 by CD8-derived supernatants and direct 
cocultures.

Replication of HIV-1^ was suppressed by supernatants derived from HVS-transformed 
lines CD8290, but not CD8016 (Fig. 1 la). Suppression of replication by coculture at ratios of 1:1 
or 1:2 (Fig. 1 lb) resulted in 100-1000 fold greater suppression of p24 than supernatants alone. 
Data points are means of triplicates (+/- standard error).
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Figure 12. Redirected lysis by HVS-transformed CD8+ T cell lines.

Specific lysis of P815 mastocytoma target cells at various effector target ratios (10:1, 1:1 
and 1:10) shows that CD8016 and CD8290 HVS-transformed T cell lines (as indicated) are 
capable of cytolytic activity. This experiment confirms results obtained in one preliminary 
experiment, and data points are shown as averages of triplicates (+/- standard error).
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CHAPTER FIVE

DISCUSSION
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An understanding of the importance of non-cytolytic suppression of HIV-1 gene 

expression and replication to in vivo pathogenesis has become increasingly important, especially 

as we become more aware of the limits to classical cytolytic and humoral immune responses. 

This thesis, in contributing to the ever expanding pool of information concerned with non- 

cytolytic suppression of HIV-1, has likely posed more questions than it has answered. However, 

several key findings have been made and are thus important to highlight and further discuss.

CD8~ T lymphocyte-derived HIV-1 LTR-suppressive factors are distinct from the CC chemokines 

RANTES, MIP-la and MIP-1 $

Since submission of the paper forming Chapter 2, several additional studies have helped 

to clarify the role of RANTES, MIP-la and MIP-10 in abrogating HIV-1 replication. Initially 

reported by Cocchi et al. to be active at the level of RNA transcription, these CC chemokines 

now appear to be restricted in their effector functions to extracellular steric hindrance of virus 

envelope-mediated fusion events with target cells (Rucker, 1996, and Picard, 1997). Thus, in the 

HIV-1 LTRCAT system (described in this thesis) confirmation of these results did not occur. As 

Chapter 2 discusses, although present in comparatively low' (<100ng/ml) concentrations in HIV- 

1 LTR-suppressive CD8* T lymphocyte supernatants, RANTES. MIP-la and MIP-10 do not 

suppress HIV-1 LTR-mediated gene expression, and polyclonal neutralizing antibodies do not 

abrogate LTR-mediated effects by either patient-derived CD8’ T lymphocyte or HVS- 

transformed CD8+ clone supernatants. Following submission of this manuscript (Ch. 2) two 

separate groups led by the original pioneers in this field. Jay Levy and Chris W alker, reported 

that the CC-chemokines are able to mediate HIV-1 suppressive effects, but that there are HIV-1 
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strains which are susceptible to suppression by CD8+ T lymphocytes, but not RANTES, MIP-la 

and MIP-10 (Mackewicz, 1996, Palliard, 1996).

Other groups have since demonstrated that, in a variety of virus replication systems (both 

monocyte / macrophage and CD4 T lymphocyte), the 0-chemokines are able to block replication 

of some, but not all M-tropic isolates, and no T-cell tropic viruses (Oravecz, 1996, Barker, 1996. 

Kinter, 1996, Moriuchi, 1996, and Rubbert. 1997). Thus, unlike the broad specificity of the 

remaining unidentified CD8-derived factors, the CC-chemokines exert their HIV-suppressive 

effects by blocking tropism-specific regions involved in target cell-virus fusion events, and not 

(as Chapter 2 confirms) gene expression of HIV-l.

CD8 and CD-I-derived suppressive factors are active against both transcription and replication 

of HIV-1, in Jurkat T cells and primary CD4+ T lymphocyte cultures (CD8-derived  factors only)

Although seemingly a reasonable assumption, suppression of transcription of HI V-l, as 

measured by model systems, is not necessarily related to modulation of whole virus replication. 

In addition to the artificial nature of reporter gene systems, the multiple targets of inhibition or 

enhancement found in systems of virus replication make this assumption important to prove 

when considering the effects of suppressive factors derived from CD8 or CD4 T lymphocytes. 

The data shown in Chapter 3 (Table II) confirms an observation similar to that made by 

Mackewicz, et al. (for HIW patient CD8* T lymphocyte-derived supernatants; Mackewicz, 

1995), that HVS-transformed lymphocyte-derived supernatants contain factor(s) capable ot 

suppressing HIV-1 gene expression and replication. Although further work is required to 
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determine if the same active factor(s) concurrently suppress virus replication and gene 

expression, if the opposite result had been obtained from these experiments, the relevance of the 

HIV-1 LTRCAT system would have been in doubt. It should also be noted that due to the 

multiple targets (outlined in Ch. 1) for suppression of PMA and ionomycin induced transcription 

including the nuclear factors NFAT and NFkB, and trans-activating Tat, it is quite possible that 

the observed suppression of replication and transcription are coincident. Again, clarification of 

questions relating to this complex mechanism first requires isolation of all suppressive factors 

active in both systems of replication and transcription.

We have also demonstrated (Ch. 4, Fig. 9) that the HIV-1 LTRCAT construct can be 

transfected into primary CD4+T lymphocytes, and that subsequent fnms-activation by viral Tat 

plus Pi stimulation is suppressed by supernatants from an HIV* patient CD8* T lymphocyte 

culture. As there have been no previous descriptions of suppression of HIV-1 LTR-driven gene 

expression in primary' CD4* T lymphocytes, this result demonstrates for the first time that similar 

to Jurkat T cells, a pathway exists in these cells, allowing transduction of negative-regulator. 

signal(s) to the HIV-1 LTR. This preliminary experiment shows the potential feasibility of 

transfecting HIV-1 infected primary CD4* T lymphocytes, which could then serve as a more 

physiologically relevant model of HIV-1 gene expression and replication.
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HIV-1 LTR-suppressorfactors are produced by CD8-negative leukocyte subsets

The limited number of factors which are capable of modulating HIV-1 LTR-mediated 

gene expression (compared to those active at all steps in the virus life-cycle) would imply that 

the number of active factors, and thus their source cell-type is limited as well. However, 

observations outlined in Chapter 4 (Fig. 6) indicate that in addition to the cell types mentioned in 

Chapter 3 (CD4 , CD8+, and PBL from HIV’/- patients), conditioned media taken from cultures 

of Jurkat T cells and U38 monocytes also suppress HIV-1 LTR-mediated gene expression. This 

should not be surprising because many cytokines are produced by both activated T lymphocytes 

(CD4* and CD8’) and macrophages. Nevertheless, considering the apparent ubiquity of the HIV- 

1 LTR-suppressive factor(s), and that their activity is neither specific to lentiviruses (Copeland. 

1995), nor induced by in vivo priming by HIV-1 (Ch.3, Table I), all would suggest that the 

unidentified factor(s) have other important, conserved roles in the immune system. These roles 

will be important to ascertain before development of a therapeutic form of these HIV-1 LTR- 

suppressive factor(s).

Suppression of the HIV-1 LTR is mediated by an acid-stable molecule of variable molecular 

weight

Initial chromatographic studies indicated that fractionation ot HVS-transformed CD8 T 

lymphocyte supernatants yielded a peak of HIV-1 LTR-suppressive factors appearing at 1.1 

ratio of ddH2O:acetonitrile, which co-migrated with large concentrations of protein. Changing 

columns (from Cl8 reverse phase to size-exclusion) and mobile phases (to PBS), again yielded 

recoverable activity, and demonstrated to have an approximate molecular weight of JO 6
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acid conditions (pH 1.6), this estimate, based on molecular weight standards, is two-fold lower, 

from 20-30kd. This effect is similar to that noted for size exclusion chromatographic separation 

of IL-16 (Baier, 1995), but presumably reducing conditions would cause similar changes in the 

migration (through a gel-matrix) of any dimeric / trimeric protein of this approximate molecular 

weight. As mentioned in Chapter 1, IL-16 has been discounted by Mackewicz et al., as sharing 

identity with the replication suppressive factor(s) active in their system; and unlike the LTR- 

suppressive factor(s) measured in our system (Chapter 4, Fig. 10a and 10b), IL-16 requires pre- 

incubation with the target cell for 24 hrs to exert its effects.

A final consideration when judging the success or failure of a separation protocol is the 

yield of active factor(s). Although experiments directly examining the loss of activity at each 

point in the fractionation protocols have not been conducted, a conservative estimate of 50% 

activity loss supports the utility of these materials and methods for preliminary fractionation of 

HIV-1 suppressive factors from other components of HVS-transformed CD8* T lymphocyte- 

derived supernatants. Further experiments to determine the maximum load volume of this 

column (200ul was the injector limit) could increase the yield of active factor(s) using these 

systems.

HIV-1 LTR-suppressive activity is shared with known cytokines

Clearly the most important question to resolve before continuing with a large-scale 

purification protocol is whether or not the factor(s) active in the HIV-1 LTR reporter gene system 

are known cytokines. To answer this question with respect to the factor(s) active in their sy stem. 

Carl Mackewicz and Jay Levy conducted an extensive study of all major cytokines
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TNF-a,P, IFN-y,a,p, Transforming Growth Factor (TGF)-p, and Granulocyte and Granulocyte 

Monocyte -Colony Stimulating Factors (G-CSF and GM-CSF). These studies have been 

rextended to include the CC-chemokines, hsTNF-RI and II, IL-16 and other cytokines, but the 

data thus far has been reported only as unpublished data (Levy, 1996). The original study not 

only did not consider combinations of cytokines (as would be expected in a culture supernatant), 

but measured replication, which as we have demonstrated is susceptible to multiple levels of 

regulation not necessarily shared by proviral gene expression. Nevertheless, there are a few 

candidates which may contribute partially or wholly to the effect seen in our system. These 

include IL-16, TNF-a and IFN-y.

As mentioned in Chapters 1 and 3, at first described for its ability to suppress HIV-1 LTR 

by blocking a CD4-dependent binding step (Baier, 1995), IL-16 has more recently has been 

reported to act through the HIV-1 LTR NFkB elements to suppress HIV-1 replication 

(Maciaszek, 1997). If it were not for differences in the kinetics of this activity (requirement for 

24hr pre-incubation), this activity is very similar to that noted in our system. In addition, 

although not constitutively produced by CD4+ T lymphocytes, IL-16 is produced under 

mitogenic stimulation (Center, 1996). However, this same group . along with Mackewicz and 

Levy, have reported that antibodies to human IL-16 did not abrogate the suppressive effect 

mediated by CD8* T lymphocytes, and very high doses of recombinant IL-16 were required to 

cause only a moderate reduction in reverse-transcriptase activity (1 pg protein tor 45 o decrease 

from control) (Mackewicz, 1996). Thus, although it is possible that IL-16 may be active in some 

systems measuring HIV-1 LTR-mediated gene expression, it may not have as powerful ettects in 
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some systems of whole virus replication. Clearly, the results reported by these two groups would 

be important to confirm.

The role that TNF-a has in the overall suppression mediated by both CD4* and CD8* T 

lymphocytes observed in our system is much more complex. TNF-a is found in elevated levels 

in the lymph nodes of HIV" individuals (Graziosi, 1994) and is well established to induce HIV-1 

LTR-mediated transcription (Duh, 1989) and synergize with IL-6 to upregulate HIV-1 

replication (Poli, 1990). In addition, TNF-a production is increased by infection of PBMC with 

HIV-1 (Vyakamam, 1990), a mechanism which also leads to autocrine up-regulation of HIV-1 

replication. However, the observation that lOng/ml doses of TNF-a suppressed HIV-1 LTR- 

mediated gene expression made in Chapter 4 is not without precedent. In their study of cytokine 

control of HIV-1 replication, Mackewicz and Levy reported a dose-dependent dichotomous 

effect of TNF-a (suppressing at high, enhancing at low doses, Mackewicz, 1994). In addition, 

Guidotti et al. have observed that through an indirect mechanism, TNF-a in synergy with IFN-y 

suppresses Hepatitis B virus gene expression in infected hepatocytes. Although in our system the 

mechanism of suppression of the HIV-1 LTR appears to be direct blocking of nuclear 

translocation of cellular transcription factors, it is possible that TNF-a may induce autocrine 

production of other HIV-1 LTR-suppressive factor(s).

Similarly, IFN-y has been reported to have either enhancing or suppressing effects on 

HIV-1 replication, depending on the assay system (reviewed by Poli, 1994, and Mackewicz, 

1994). Although there have been no reports of direct HIV-1 LTR-suppressive effects, IFN y has 

been reported to reduce the infectivity of HIV particles by stimulating oxygen me 

production by monocytes (Ennen. 1993). Thus, the suppressive effect observed in Chapter 4 may 
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be the result of indirect changes to the oxidation state of the target cell. Since IFN-y is also found 

increased in the lymph nodes of HIV+ individuals (Graiziosi, 1994), the role that it, along with 

TNF-a. is important to elucidate. However, such a undertaking would be complicated due to 

indirect effects mediated by these two cytokines. In addition, with respect to replication, the 

suppression of NSI and SI isolates of HIV-l may also be modulated by the chemokines 

RANTES, MIP-la and MIP-ip, and Stromal Derived Factor (SDF)-l in mechanisms which 

could occur concurrent with, but independent of, suppression of LTR-mediated gene expression 

(by IL-16, TNF-a or IFN-y). In this case, suppression of HIV-1 replication, although apparently 

concurrent with decreased LTR-mediated gene expression, might be coincident rather than the 

result of factor(s) suppressing replication via a transcriptional mechanism.

As mentioned in the previous section, the variable molecular weights determined by SEC, 

suggest that the factor(s) active in our system may form dimeric or trimeric molecules dependent 

on pH. However, more accurate assessments of this characteristic are difficult to make due to the 

inaccuracy of the SEC system. Thus, matching a known molecule to the factor(s) active in our 

system based solely on SEC-estimated molecular weight is not possible based on these data. 

Further fractionation protocols, using ion-exchange chromatography will be useful to clarify the 

identity of the factor(s) active in our system.

Summary and Conclusions

The data described in this thesis support the primary' conclusion that there are as yet 

unidentified factor(s) which are produced by CD8 T lymphocytes which act via the H 

to suppress gene expression. The active factor(s) are tractionable by standard bioche 
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techniques and have an apparent molecular weight of 50-60kd at physiological pH, but 20-30kd 

at acidic pH. Although a few known cytokines can mediate suppression of the HIV-1 LTR, this 

effect is not mediated by the CC-chemokines RANTES, MIP-la and MIP-lp. In addition, CD4+ 

T lymphocytes produce factor(s) which also suppress LTR-mediated gene expression and 

replication of SI and NSI HIV-1 isolates. Finally, CD8* T lymphocyte cell lines produce soluble 

HIV-1 LTR-suppressive factor(s) which also suppress HIV-1 replication by more powerful, lytic 

mechanisms.

104



References

Alcami, J., T. Lain de Lera. L. Folguiera, M-A. Pedraza, J-M. Jacque F Bachelerie A R 
Noriega. R.T. Hay, D. Harrich. R.B. Gaynor, J-L. Virelizier, and F. Arenzana-Seisdedos 1995 
Absolute dependence of kB responsive elements for intitiation and Tat-mediated amplification of 
HIV transcription m blood CD4 T lymphocytes. EMBO J. 14. 1552-1560.

Alkhatib, G„ C. Combadiere, C.C. Broder, Y. Fend. P.E. Kennedy, P.M. Murphv and E A 
Berger. 1996. CC CKR5: A RANTES, MIP-la and MIP-If receptor as a fusion cofactor for 
macrophage-tropic HIV-1. Science 272, 1955-1958.

Arenzana-Seisedos, F., J_L Virelizier, D. Rousset, I. Clark-Lewis, P. Loetscher, B. Moser and M. 
Baggiolini, 1996. HIV blocked by chemokine antagonist. Nature 383, 400.

Baeuerle, P.A., and D. Baltimore, 1988. IkB: a specific inhibitor of the NFkB transcription 
factor. Science 242, 540-546.

Baier, M.A., A. AVemer, N. bannert, K. Metzner, and R. Kurth. 1995. HIV suppression by 
interleukin-16. Nature 378. 563.

Barker, T.D., D. Weissman, J.A. Daucher, K.M. Roche, and A.S. Fauci, 1996. Identification of 
multiple and distinct CD8* T cell suppressor activities. J. Immunol. 156. 4476-4483.

Berkhout B., R.H. Silverman, and K.T. Jeang, 1989. Tat frans-activates the human 
immunodeficiency virus through a nascent RNA target. Cell 59. 273-282.

Biti, R., R. Ffrench, J. Young. B. Bennetts, and G. Stewart, 1997. HIV-1 infection in an 
individual homozygous for the CCR5 deletion allele. Nat. Med. 3, 252-253.

Blackboum, D.J., C.E. Mackewicz, E. Barker, T.K. Hunt. B. Hemdier. A.T. Haase, and J.A.
Levy, 1996. Suppression of HIV replication by lymphoid tissue CD8+ cells correlates with the 
clinical state of HIV-infected individuals. Proc. Natl. Acad. Sci. USA 93, 13125-13130.

Borrow, P„ H. Lewicki, X. Wei, M.S. Horwitz. N. Peffer. H. Meyers, J.A. Nelso, J.E. Gairin, 
B.H. Hahn, M.B.A. Oldstone. and G.M. Shaw, 1997. Antiviral pressure exerted by HIV-1- 
specific cytotoxic T lymphocytes (CTLs) during primary infection demonstrated by rapid 
selection of CTL escape virus. Nat. Med. 3, 205-211.

Brinchmann. J.E., G. Gaudemack, and F. Vartdal, 1990. CD8' T cells inhibit HIV replication in 
naturally infected CD4* T cells. J. Immunol. 144, 2961-2966.

Buratowski, S„ S. Hahn, L. Guerente, and P.A. Sharp. 1989. Five intermediate complexes in 
transcription initiation by RNA polymerase II. Cell 56. 549-561.

105



Center. D.M., H. Komfeld. and W. W. Cruikshank, 1996. Interleukin 16 and its function as a 
CD4 ligand. Immunol. Tod. 17, 476-486.

Choe, H., M. Farzan, Y. Sun, N. Sullivan, B. Rollins, P.D. Ponath, L Wu C R Mackay G 
LaRosa, W. Newman. N. Gerard, C. Gerard, and J. Sodroski, 1996. The p’-chemokine receptors 
CCR3 and CCR5 facilitate infection by primary HIV-1 isolates. Cell 85, 1135-1148

Clark, S.J., M.S. Saag, W.D.Decker, S. Campbell-Hill, J.L. Roberson, P.J. Veldkamp. J.C. 
Kappes, B.H. Hahn, and G.M. Shaw, 1991. High titres of cytopathic virus in plasma of patients 
with symptomatic primary HIV-1 infection. N. Engl. J. Med. 324, 954-960.

Cocchi, F., A.L. DeVico, A. GarzinoODemo, S.K. Arya, R.C. Gallo, and P. Lusso, 1995. 
Identification of RANTES, MIP-la and MIP-lp as the major HIV-suppressive factors produced 
by CD8* T cells. Science 270, 1811-1815.

Copeland, K.F.T., P.J. McKay, and K.L. Rosenthal, 1996. Suppression of the human 
immunodeficiency virus long terminal repeat by CD8* T cells is dependent on the NFAT-1 
element. AIDS Res. Hum. Retrov. 12, 143-148.

Copeland, K.F.T., J.G. Leith, P.J. McKay, and K.L. Rosenthal. 1997. CD8* T cell supernatants of 
HIV type 1 -infected individuals have opposite effects on long-terminal repeat-mediated 
transcription in T cells and monocytes. AIDS Res. Hum. Retrov. 13, 71-77.

Copeland, K.F.T., P.J. McKay, and K.L. Rosenthal, 1995. Suppression of activation of the 
human immunodeficiency virus long terminal repeat by CD8* T cells is not lentivirus specific. 
AIDS Res. Hum. Retrov. 11, 1321-1326.

Crabtree, G.R., 1988. The same inducible nuclear proteins regulate mitogen activation of both 
interleukin-2 receptor-alpha gene and type 1 HIV. Cell 53, 827-836.

Daar, E.S., T. Moudgil, R.D. Meyer, D.D. Ho, 1991. Transient high levels of viremia in patients 
with primary HIV-1 infection. N. Engl. J. Med. 324, 961-964.

Dean, M., M. Carrington, C. Winkler, G.A. Huttley, M.W. Smith. R. Allikmets, J.J. Goedert, 
S.P. Buchbinder, E. Vittinghoff, E. Gomperts. S. Donfield, D. Vlahov, R. Kaslow, A. Saah. C. 
Rinaldo, R. Detels, and S.J. O’Brien. 1996. Genetic restriction of HIV-1 infection and 
progression to AIDS by a deletion of the CKR5 structural gene. Science 273. 1856-1862.

Demarchi, F., F.D. Fagagna. A. Falaschi, and M. Giacca. 1996. Activation of transcription factor 
NFkB by the tat protein of HIV-1. J. Virol. 70, 4427-44?7.

106



Deng, H., R. Liu, W. Ellmeier, S. Choe, D. Unutmaz, M. Burkhart, P. Di Marzio S Marmon 
R.E. Sutton, C.M. Hill, C.B. Davis, S.C. Peiper, T.J. Schall, D.R. Littman, N.R. Landa^996 
Identification of a major co-receptor for primary isolates of HIV-1. Nature 381,661-666

Doranz, B.J., J. Rucker, Y. Yi, R.J. Smyth, M. Samson, S.C. Peiper, M. Parmentier, R G 
Coilman, and R.W. Dorns, 1996. A dual-tropic primary HIV-1 isolate that uses fusin and the p- 
chemokine receptors CKR-5, CKR-3 and CKR-2b as fusion cofactors. Cell 85. 1149-58

Dragic, T., V. Litwin, G.P. Allaway, S.R. Martin, Y. Huang, K.A. Nagashima, C. Cayanan, P.J. 
Maddon, R.A. Koup, J.P. Moore, and W.A. Paxton, 1996. HIV-1 entry into CD4+ cells is 
mediated by the chemokine receptor CC-CKR-5. Nature 381, 667-673.

Duh, E.J., W.J. Maury, T.M. Folks, A.S. Fauci, and A.B. Rabson, TNF-a activates human 
immunodeficiency virus type 1 through induction of nuclear factor binding to the NFkB sites in 
the long terminal repeat. Proc. Natl. Acad. Sci. USA 86, 5974-5978.

Embretson, J., M. Zupancic, J. L. Ribas, A. Burke, P. Racz, K. Tenner-Racz, and A.T. Haase, 
1993. Massive covert infection of helper T lymphocytes and macrophages by HIV during the 
incubation period of AIDS. Nature 362, 359-362.

Ennen, J., and R. Kurth. 1993. Interferon-y-activated monocytes impair infectivity of HIV 
particles by an oxygen metabolite-dependent reaction. Immunology, 78. 171-176.

Ennen, J., H. Findeklee, M.T.Dittmar, S. Norley, M. Ernst, and R. Kurth, 1994. CD8 T 
lymphocytes of African green monkeys secrete an immunodeficiency virus-suppressing 
lymphokine. Proc. Natl. Acad. Sci. USA 91, 7207-7211.

Estable, M.C., B. Bell, A. Merzouki, J.S.G. Montaner, M.V.O'Shaughnessy, and I.J. Sadowski, 
1996. HIV-1 LTR variants from 42 patients representing all stages of infection display a wide 
range of sequence polymorphism and transcription activity. J. Virol. 70, 4053-4062.

Feinberg, M.B., D. Baltimore, and A.D. Frankel, 1991. The role of tat in the human 
immunodeficiency virus life-cycle indicates a primary effect of transcriptional elongation. Proc. 
Natl. Acad. Sci. USA 88, 4045-4049.

Feng, Y, C.C. Broder, P.E. Kennedy, and E.A. Berger, 1996. HIV-1 entry cotactor: fictional 
cDNA cloning of a seven-transmembrane domain, G-protein coupled receptor, cience ~ 
877.

Gaynor, R., 1992. Cellular transcription factors involved in the regulation ot HIV-1 gene 

expression. AIDS 6, 347-363.

107



Gomez, A.M., F.M. Smaill, and K.L. Rosenthal, Inhibition of HIV replication by CD8* T cells 
correlates with CD4 counts and clinical stage of disease. Clin. Exp. Immunol. 97, 68-75.

Grant, M.D., F.M. Smaill, K. Lauri, and K.L Rosenthal, 1993. Changes in the cytotoxic T-cell 
repertoire of HIV-1-infected individuals: relationship to disease progression. Viral Immunol 6 
85-95. ’ ’

Graziosi, C., G. Panteleo, K.R. Gantt, J-P. Fortin, J.F. Demarest, O.J. Cohen, R.P. Sekaly, and 
A.S. Fauci, 1994. Lack of evidence for the dichotomy of TH1 and TH2 predominance in HIV- 
infected individuals. Science 265, 248-252.

Greene, W.C., 1990. Regulation of HIV-1 gene expression. Annu. Rev. Immunol. 8, 453-475.

Guidotti, L.G., T. Ishikawa, M.V. Hobbs, B. Matzke, R. Schreiber, and F.V. Chisari, 1996. 
Intracellular inactivation of the hepatitis B virus by cytotoxic T lymphocytes. Immunity 4, 25-36.

Guidotti, L.G., K. Ando, M.V. Hobbs, T. Ishikawa, L. Runkel, R.D. Schreiber, and F.V. Chisari, 
1994. Cytotoxic T lymphocytes inhibit hepatitis B virus gene expression by a non-cytolytic 
mechanism in transgenic mice. Proc. Natl. Acad. 91, 3764-3768.

Huang, Y., W.A. Paxton, S.M. Wolinsky, A.U. Neumann, L. Zhang, T. He, S. Kang, D. 
Ceradini, Z. Jin, K. Yazdanbakhsh, K. Kunstman, D. Erickson, E. Dragon, N. R. Landau, J. 
Phair, D.D. Ho, and R.A. Koup, 1996. The role of a mutant CCR5 allele in HIV-1 transmission 
and disease progression. Nat. Med. 2, 1240-1243.

Kannagi. M., T. Masuda, T. Hattori, T. Kanoh. K. Nasu, N. Yamamoto, and S. Harada. 1990. 
Interference with HIV replication by CD8+ T cells in peripheral blood leukocytes of 
asymptomatic HIV carriers in vitro. J. Virol. 64, 3399-3406.

Kannagi, M., L.V. Chalifoux, C.I. Lord, and N.L. Letvin, 1988. Suppression of simian 
immunideficiency virus replication in vitro by CD8 lymphocytes. J. Immunol. 140, 2237-2242.

Kinoshita, S., L. Su, M. Amano, L. Timmerman, H. Kaneshima, and G.P. Nolan, 1997. The T 
cell activation factor NFATc postively regulates HIV-1 replication and gene expression in T 
cells. Immunity 6, 235-244.

Kinter, A.L, M. Ostrowski, D. Goletti, A. Oliva, D. Weissman. K. Gantt. E. Hardy, R.J. Jackson, 
L. Ehler, and A.S. Fauci, 1996. HIV replication in CD4* T cells of HIV-infected individuals is 
regulated by a balance between the viral suppressive eftects of endogenous c ^°Q’neS 
viral inductive effects of other endogenous cytokines. Proc. Natl. Aca . ci.
14081.

108



Koup, R.A., J.T. Safrit, Y. Cao, C.A. Andrews, G. McLeod, W. Borkowsky, C. Farthing, and 
D.D. Ho, 1994. Temporal association of cellular immune response with the initial control of 
viremia in primary human immunodeficiency virus type 1 syndrome. J. Virol. 68. 4650-4655

Landay, A.L., C.E. Mackewicz, and J.A. Levy, 1993. An activated CD8+ T cell phenotype 
correlates with anti-HIV activity and asymptomatic clinical status. Clin. Imm. Immunopath 69 
106-116.

Laspia. M.F., A.P. Rice, M.B. Mathews, 1989. HIV-1 tat protein increases transcriptional 
initiation and stabilizes elongation. Cell 59, 283-292.

Levy, J.A., C.E. Mackewicz, and E. Barker, 1996. Controlling HIV pathogenesis: the role of the 
noncytotoxic anti-HIV repsonse of CD8* T cells. Immunol. Tod. 17, 217-224.

Li, Y. G. Mak. and B.R. Franza Jr. 1994. In vitro study of functional involvement of Spl, 
NFkB/RcI and Ap-1 in Phorbol 12-Myristate 13-Acetate-mediated HIV-1 LTR Activation. J. 
Biol. Chern. 269, 30616-30619.

Liu, R., W.A. Paxton, S. Choe, D. Ceradini. S.R. Martin, R. Horuk, M.E. MacDonald, H. 
Stuhlmann, R.A. Koup and N.R. Landau, 1996. Homozygous defect in HIV-1 coreceptor 
accounts for resistance of some multiply-exposed individuals to HIV-1 infection. Cell 86, 367- 
377.

Lu, Y.C., N. Touzjian. M. Stenzel, T. Dorfman. J.G. Sodroski, and W.A. Hazeltine, 1990. 
Identification of cis-acting repressive sequences within the negative regulatory element of HIV- 
l.J. Virol. 64, 5226-5229.

Maciaszek, J.W., N.A. Parada, W.W. Cruikshank. D.M. Center. H. Komfeld. and G.A.
Viglianti, 1997. IL-16 represses HIV-1 promoter activity. J. Immunol. 158, 5-8.

Mackewicz, C.E., E. Barker, J.A. Levy, 1996. Role of P-chemokines in suppressing HIX 
replication. Science 274, 1393-1395.

Mackewicz, C.E., H.W. Ortega, and J.A. Levy, 1991. CD8* cell anti-HIV activity correlates with 
the clinical state of the infected individual. J. Clin. Invest. 87, 1462-1466.

Mackewicz, C.E. and J.A. Levy, 1992. CD8’ cell anti-HIV activity: non-lytic suprpession ot 
virus replication. AIDS Res. Hum. Retrov. 8. 1039-1050.

Mackewicz, C.E., D.J. Blackboum. and J.A. Levy, 1995. CD8 T cells SUPP^^S 1 USA 
immunodeficiency virus replication by inhibiting viral transcription, roc.
92,2308-2312.

109



Mackewicz, C.E., L.C. Yang, J.D. Lifson, and J.A. Levy, 1994. Non-cytolytic CD8 T-cell anti­
HIV responses in primary HIV-1 infection. Lancet 344, 1671-1673.

Mackewicz, C.E., J.A. Levy, W.W. Cruikshank, H. Komfeld and D.M. Center 1996 Role of IT 
16 in HIV replication. Nature 383, 488-489.

Marciniak, R.A., B.J. Calnan, A.D. Frankel, and P.A. Sharp, 1990. HIV-1 tat protein trans- 
activates transcription in vitro. Cell 63, 791-802.

McCaffrey, P.G., C. Luo, T.K. Kerppola, J. Jain, T.M. Badalian, A.M. Ho, E. Burgeon, W.S. 
Lane, J.N. Lambert, T. Curran. G.L. Verdine, A. Rao, and P.G. Hogan, 1993. Isolation of the 
cyclosporin-sensitive T cell transcription factor NFATp. Science, 262, 750-754.

Moruchi, H., M. Moriuchi, C. Combadiere, P.M. Murphy and A.S. Fauci, 1996. CD8+ T-cell- 
derived soluble factor(s). but not p-chemokines, RANTES, MIP-la and MIP-Ip. suppress HIV-1 
replication in monocyte / macrophages. Proc. Natl. Acad. Sci. USA 93, 15341-15345.
Nabel, G., and D. Baltimore. 1987. An inducible transcription factor activates expression of HIV 
in T cells. Nature 326, 711-713.

Muesing, M.A., D.H. Smith, and D.J. Capon, 1987. Regulation of mRNA accumulation by a 
human immunodeficiency virus frans-activating protein. Cell 48, 691-701.

Oravecz, T., M. Pall, and M.A. Norcross, 1996. p-chemokine inhibition of monocytotropic HIV- 
1 infection. J. Immunol. 157, 1329-1332.

Palliard, X., A.Y. Lee. C.M. Walker, 1996. RANTES. MIP-1 and MIP-1 are not involved in the 
inhibition of HIVSF33 replication mediated by CD8* T-cell clones. AIDS 10, 1317-1321.

Panteleo, G., C. Graziosi, J. F. Demarest, L. Butini. M. Montroni, C.H. Fox, J.M. Orenstein, D.P. 
Kotler, and A.S. Fauci, 1993. HIV infection is active and progressive in lymphoid tissue during 
the clinically latent stage of disease. Nature 362, 355-358.

Panteleo, G., C. Graziosi, J.F. Demarest, O.J. Cohen, M. Vaccarezza, K. Grant, C. Muro-Cacho, 
and A.S. Fauci, 1994. Role of lymphoid organs in the pathogenesis of Human Immunodeficiency 
Virus (HIV) infection. Immunol. Rev. 140, 105-130.

Parada, C.A., and R.G. Roeder, 1996. Enhanced processivity of RNA polymerase II triggered by 
tat-induced phosphorylation of its carboxy-terminal domain. Nature 384, 375 j78.

Perkins, N. D., N.L. Edwards, C.S. Duckett, A.B. Agranoff, R.M. Schmid, and G. J NabeL 19%. 
A cooperative interaction between NFkB and Sp 1 is required tor HIV -1 e ancer ac iva i
EMBOJ. 12,3551-3558.

110



Picard, L. G Simmons CJt Power. A. Meyer, R.A. Weiss, and P.R. Clapham 1997 Multiple 
extracellular domains of CCR-5 contribute to human immunodeficiency vims type 1 entry and 
fusion. J. Virol. /I, □UUj-jUI 1. J

Poli, G„ P. Biswas and A.S. Fauci, 1994. Interferons in the pathogenesis and treatment of 
human immunodeficiency virus infection. Antiv. Res. 24, 221-233

Poli, G, P. Bressler. A. Kinter, E. Duh, W.C. Timmer, A. Rabson, J.S. Justement, S. Stanley, 
and A.S. Stanley, 1990. IL-6 induces human immunodeficiency virus expression in infected 
monocytic cells alone and in synergy with TNF-a by trasncriptional and post-transcriptional 
mechansims. J. Exp. Med. 172, 151-158.

Rao. A. 1994. NFATp: a transcription factor required for the co-ordinate induction of several 
cytokine genes. Immunol. Today 15, 274-281.

Riviere, Y., V. Blank. P. Kourilsky, and A. Israel, 1991. Processing of the precursor ofNFKB by 
the HIV-1 protease during acute infection. Nature 350, 625-627.

Rosok, B„ P. Voltersvik, B-M, Larsson, J. Albert, J.E. Brinchmann, and B. Asjo, 1997. CD8* T 
cells from HIV type 1 -seronegative individuals suppress virus replication in acutely infected 
cells. AIDS Res. Hum. Retrov. 13, 79-85.

Rubbert. A., D. Weissman, C. Combadiere, K.A. Pettrone, J.A. Daucher, P.M. Murphy, and A.S. 
Fauci, 1997. Multifactorial nature on noncytolytic CDS* T cell-mediated suppression of HIV 
replication: P-chemokine-dependent and -independent effects. AIDS Res. Hum. Retrov. 13, 63- 
69.

Ruben, S., P.J. Dillon, R. Shreck, T. Henkel, C-H. Chen, M. Maher, P.A. Baeurerle. and C.A. 
Rosen, 1991. Isolation of a reZ-related human cDNA that potentially encodes the 65kD subunit of 
NFkB. Science 251, 1490-1493.

Rucker, J., M. Samson, B.J. Doranz, F. Libert, J.F. Berson, Y. Yi, R.J. Smyth, R.G. Coilman. 
C.C. Broder, G. Vassart, R.W. Dorns, and M. Parmentier, 1996. Regions of p-chemokine 
receptors CCR5 and CCR2b that determine HIV-1 cofactor specificity. Cell 87, 437-446.

Samson, M., F. Libert. B.J. Doranz. J. Rucker. C. Liesnard. C-M. Farber. S. Saragosti, C. 
Lapoumeroulle, J. Cognaux, C. Forceille. G. Muyidermans. C. Verhofstede, G. Burtonboy. M. 
Georges, T. Imai., S. Rana, Y. Yi, R.J. Smyth, R.G. Coilman. R.W. Dorns. G. Vassart. and M.
Parmentier, 1996. Resistance to HIV-1 infection in Caucasian individuals bearing mutant alle es 
of the CCR-5 chemokine receptor gene. Nature ?82, 722-725.

Schall. T.J., K. Bacon, KJ. Toy, and D.V. Goeddel. 1990. Selective attraction of monocytes and 

T lymphocytes of the memory phenotype by cytokine RANTE . ature a

111



Schall, T.J., K. Bacon, R.D.R. Camp, J.W. Kaspari, D.V. Goeddel, 1993. Human macrophage 
inflammatory protein a (MIP-1 a) and MIP-1 f chemokines attract distinct populations of 
lymphocytes. 1 Exp. Med. 177, 1821-1826.

Schreck R., P. Rieber, and P.A. Baeuerle. 1991. Reactive oxygen intermediates as apparently 
widely used messengers in the activation of the NFkB transcription factor and HIV-1 EMBO J 
10,2247-2258.

Shaw, J.P., P.J. Utz, D.B. Durand, J.J. Toole, E.A. Emmel. and G.R. Crabtree. 1988. 
Identification of a putative regulator of early T cell activation genes. Science 241,202-205.

Sheline, C.T., L.H. Milocco, and K.A. Jones, 1991. Two distinct nuclear transcription factors 
recognize the loop and bulge residues of the HIV-1 TAR RNA hairpin. Genes Dev. 5, 2508- 
2520.

Simmons, G., P.R. Clapham, L. Picard, R.E. Offord, M.M. Rosenkilde, T.W. Schwartz, R. 
Buser, T.N.C. Wells, and A.E.I. Proudfoot, 1997. Potent inhibition of HIV-1 infectivity in 
macrophages and lymphocytes by a novel CCR5 antagonist. Science 276, 276279.

Simmons, G., D. Wilkinson, J.D. Reeves, M.T. Dittmar, S. Beddows, J. Weber, G. Carnegie, U. 
Desselberger, P.W. Gray, R.A. Weiss, and P.R. Clapham. 1996. Primary', syncytium-inducing 
human immunodeficiency virus type 1 isolates are dual-tropic and most can use either Lestr or 
CCR5 as coreceptors for virus entry. J. Virol. 8355-8360.

Taub, D.D., K. Conlon, A.R. Lloyd, J.J. Oppenheim, and D.J. Kelvin, 1993. Preferential 
migration of CD4* and CD8* T cells in response to MIP-la and MIP-10. Science 260, 355-358.

Tong, S.S., T.M. Welsh, and B.M. Peterlin. 1990. Differences in transcriptional enhancers of 
HIV-1 and HIV-2. Response to T cell activation signals. J. Immunol. 145, 4348-4354.

Verhoef K., A. Klein, and B. Berkhout, 1996. Paracrine activation of the HIV-1 LTR promoter 
by the viral tat protein is mechanistically similar to rrans-actvation within a cell. Virol. 225, M6 
327.

Vyakamam. A., J. mckeating. A. Meager, and P.C. Beverley, 1990. Tumour necrosis factors 
(a-p) induced by HIV-1 in PBMCs potentiate virus replication. AIDS 4,21-27.

Walker, C.M., G.A. Thomson-Honnebier, F.C. Hsueh. A.L. Erickson. L-Z. Pan and LA. Levy, 
1991. CD8’ T cells from HIV-1-infected individuals inhibit acute infection by human an 
primate immunodeficiency viruses. Cell. Immunol. 137, 420-428.

Walker. C.M., D.J. Moodym D.P. Stites, and J.A. Levy. 1986. CD8’ lymphocjnes can control 

HIV infection in vitro by suppressing virus replication. Science -

112



Walker, C.M., and J.A. Levy, 1989. A diffusible lymphokine produced by CD8* T lymphocytes 
suppresses HIV replication. Immunology 66, 628-630.

Wang, L., S. Mukherjee, F. Jia, O. Narayan, and L-J. Zhao. 1995. Interaction of the virion 
protein Vpr of HIV-1 with cellular transcription factor Sp-1 and trans-activation of viral long 
terminal repeat. J. Biol. Chern. 270, 25564-25569.

Wu-Baer, F., D. Sigman, and R.B. Gaynor, 1995. Specific binding of RNA polymerase II to the 
human immunodeficiency virus trans-activating region RNA is regulated by cellular cofactors 
and Tat. Proc. Natl. Acad. Sci. USA 92, 7153-7157.

Yang, O.O., S.A. Kalams, A. Trocha, H. Cao, A. Luster, R.P. Johnson, and B.D. Walker, 1997. 
Suppression of HIV-1 replication by CD8+ cells: evidence for HLA Class I-restricted triggering 
of cytolytic and noncytolytic mechansisms. J. Virol. 71, 3120-3128.

Zhang, L., Y. Huang, H. Yuan, B.K. Chen, J. Ip, and D. Ho, 1997. Genotypic and phenotypic 
characterization of Long Terminal Repeat sequences from long-term survivors of HIV-l 
infection. J. Virol. 71, 5606-5613.

113





'ThfccU

Mm-1


