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Abstract

The acquired immune deficiency syndrome (AIDS) is an incurable disease caused
by infection with the human immunodeficicncy virus (HIV). In the eight years following ‘
identification of HIV as the cause of AIDS, little progress has been made in
understanding the complex pathogenesis of AIDS or in developing cffective therapies to
forestall discase progression. All current strategics to treat HIV infection assume that
discuse progression is dircetly related to infection of and replication in CD4*
lymphocytes by HIV.

Recent theoretical and experimental studies have raised the possibility that the
pathogenesis of AIDS depends upon indirect effects of HIV infection; namely the
induction of deleterious immune responses. In this study, we examined the effects of
HIV infection on cytotoxic T iymphocyte (CTL) activity. Three aspects of CTL activity
in HIV infection were cxamined: the role of anti-HIV CTL in suppressing viral
replication and disease progression; the role of autoimmune CTL in CD4* lymphocylte
depletion in HIV infection; and changes in the CTL repertoire in HIV infection and the
relationship of these changes to progressive CD4+ lymphocyte depletion.

Although a possible role for circulating anti-HIV CTL in suppressirg HIV
replication in vivo was seen, there was no evidence that these CTL protect against CDa*
lymphocyte depletion. This suggests a dissociation between viral replication and CD4*
lymphocyte depletion.  Autoimmune CTL that lysed uninfected activated CD4*
lymphocytes were found in HIV-infected individuals. The natural history of CD4+
lymphocyte depletion suggested a relationship between this CTL activity and in vivo
depletion of CD4t tymphocytes. Autoimmune CTL had a conventional phenotype, but
were not HLA-restricted.  The characteristics of these CTL suggested a mechanism of
CD4* lymphocyte depletion involving rccognition of CD4+ T cell receptor (TCR)
idiotypes by the autoimmune CTL.
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Skewing of the CTL repertoire was also demonstrated in HIV infection. The
increased incidence of skewing of TCR variable domain (V) gene usuge observed in
parallel to CD4+ lymphocyte depletion is consistent with an interdependence of the
selective cxpansion of CTL and depletion of CDd* lymphocyics.

Results of this thesis suggest that autoimmune CTL play a role in the pathogenesis
of AIDS and are rational targets for novel therapeutic approaches to the treatment of HIV

infection.
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Prefuce

This thesis follows new guidelines established by the School of Graduate Studies
al McMaster University allowing the inclusion verbatim of manuscripts prepared for
publication as chapters in the written thesis. Three manuscripts have been included as
chapters in this thesis. Chapter one, " The influcnce of lymphocyte counts and discase
progression on circulating and inducible anti-HIV CTL activity in HIV-1* Humans” is a
study of the possible role of anti-HIV CTL in protection from disease progression, This
manuscript was published in 1992 in AIDS 6;1085. Chapter two, " Evidence of a role {or
autoimmune cytotoxic T lymphocytes in CD4* lymphocyte depletion in HIV-1-infection”
is a study of the possibic autodestructive cffects of CTL in HIV infection.  This
manuscript has been submitted 10 the Jowrnal of Immunology.  Chapler three, "Changes
in the cytotoxic T cell repertoire of HIV-1-infected individuals: relationship to disease
progression” is a study of the relationship between skewing of the CTL repertoire and
CD4* lymphocyte depletion. This manuscript was published in 1993 inViral Inmunology
6;85.

These chapters build on each other in that the first demonstrates the failure of anti-
HIV CTL to protect against CD4* depletion despite inhibiting HIV replication, the

ccond demonstrates the presence of autoimmune CTL in HIV infection and provides
evidence for their role in CD4* lymphocyte depletion and the third establishes a
relationship between the progressively more stringent selection of CD4+ and CD8*
lymphocytes that occurs in HIV infection. The theory which threads these studices
together is bascd on an hypothesis developed by the candidate and all cxperimental work
and design was the direct responsibility of the candidate. In this way, these three

manuscripts become the candidates thesis.
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Introduction

.,

Undcrsmndi:pg,‘ 'll'.cj’pil\lhogcncsis of acquired immunc deficiency syndrome (AIDS)
requires analysis of ll;‘e interactions between the human immunodcficiency virus (HIV)
and the human immune system, Many cffeets of FIV on the immune system have been
irccognizcd, but few are well understood. The common assumption that HIV replication
alotc is the critical clement of discase progression is not solidly supported by data, has
led to little progress in the treatment of AIDS and is now seriously questioned by both the
AIDS rescarch community and organized, well informed advocacy groups representing
people infected with HEV. The objective of this thesis was to investigate one potentiaily
critical aspect of the interaction between HIV and the immune system; the effect of HIV

infection on cytotoxic T lymphocyte (CTL} activity,
A. Cytotoxic T Lymphocytes and Viral Infections

CTL play a key role in protection from, control of, and elimination of intracellular
parasites such as viruses. CTL combat viral infection primarily by recognizing peptide
fragments of viral proteins presented by major histocompatibility complex (MHC)
molecules on the surface of infected host cells. This recognition causes death of the
infected host cells in in vitro assays and there is good evidence that host cell death due to
the action of anti-viral CTL occurs in vive as well (1), CTL are highly efficient killers
which usually peak in number and activity within several weeks of infection and
disappear quickly as infection subsides. Induction of CTL and subsequent failure to clear
infection has been associated with immunopathology and even death. The best studied

example of this negative effect of CTL is murine infection with lymphocytic



choriomeningitis virus (LCMV) (2). Recognition of their autodestructive capacity has
branded CTL the "double edged cword" of inmune effector function.  Appropriate

regulation of these effector cells is therefore crucial to health and survival,
B. Anti-HIV Cytotoxic T Lymphocyies in HIV Infection

The "doublc. edged sword" caveat is especially relevant for evaluating the role of
CTL in HIV infection. Since HIV is an intracellular parasite, it is a potential target for
anti-HIV specific CTL. The induction of anti-HIV CTL might help resolve acute
infection with HIV and later limit reactivation and spread of HIV. However, HIV
escapes and eventually defeats the immune system and the persistence of ineffective CTL
could actually favor their immunopathologic potential. A briel review of the literature on
CTL in HIV infection illustrates some realization of their bipartite potential,
* One of the most prominent early features of HIV infection is a marked increase in
the absolute number of CD8* lymphocytes in peripheral blood (3) and lymph nodes (4).
The CD8* lymphocyte subset includes the majority of CTL, therefore, this increase may
reflect the induction and recruitment of specific anti-HIV CTL. A similar clevation in
CD8*+ lymphocyte number occurs in Epstein-Barr virus (EBV) infection, but numbers
return to normal coincident with remission of acute symptoms (5). In HIV infection,
CD8+ lymphocyte numbers remain clevated from the time of seroconversion through the
late stages of infection (6). This may reflect continuous stimulation of anti-HIV CTL due
to chronic replication of HIV. Specific anti-HIV CTL were first described in the fungs
and peripheral blood of infected persons (7, 8). This detection was in no way associated
with, or limited to cases of acute infection. An extremely unusual feature of anti-HIV

CTL is their presence at high cnough frequency for direct detection in freshly isolated
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lymphocytes from peripheral blood and bronchoalveolar lavage fluid without in vitro
stimulation (7, 8). These findings demonstrate that infection with HIV induces a specific
CTL response that persists for years after infection and is probably scveral orders of
magnitude greater than CTL responses clicited by other viruses. Furthermore, the anti-
HIV CTL response in a particular individual does not focus on particular
immunodominant peptides, but includes CTL against multiple peptide determinants of
viral structural and regulatory proteins and viral enzymes (9). These findings have
generated optimism among vaccine researchers, since if such a response could be induced
by a preventive vaccine it might block infection, or if such a response could be
maintaincd by post-infection vaccination, it might prevent disease progression.
Conversely, these findings have also fucled pessimism, on the basis that since the
cnormous response to natural infection doesn't prevent disease progression, protective
responses may be impossible to generate.  Arguments that anti-HIV CTL do prevent
discase progression, at least in the short term, and that only through their eventual
reduction is HIV able to cause AIDS, continue to spark some optimism and direct

clinical immunotherapeutic research.
C. Evidence of a Protective Role for Cytotoxic T Lymphocytes in HIV-infection

Given the Iccntrul role attributed to anti-HIV CTL in combating disease
progression, it is unfortunate that experimental and clinical evidence for this role remains
scarce, circumstantial and ancedotal. Several groups have shown that in vitro replication
of HIV occurs to a greater extent in peripheral blood lymphocyte cultures depleted of
CDS8* lymphocytes (10, 11). This indicates that CD8* T cells inhibit viral replication in

vitro and suggests they do 50 in vivo as well. Furthermore, the degree of inhibition



mediated by CD8+ lymphocytes tends to decrease or disappear as clinical deterioration
occurs (12). This CD8*+ lymphocyte mediated inhibition appeurs to involve both cytolytic
and non-cytolytic mechanisms (13, 14).

Mutation of antigenic determinants of HIV in vivo away from CTL recognition
has been documented and interpreted as evidence for a protective role for anti-HIV CTL
(15). However, pcrsisfcncc of HIV variants in vivo expressing CTL epitopes in the
presence of circulating anti-HIV CTL specific for those epitopes has also been reported
(16). Thus, on the basis of currently available data, it is debatable whether immunc
selection of HIV variants insensitive to anti-HIV CTL is an integral component of
pathogenesis.

In one H1V-infected individual studied over 3 years, an initially high level of
circulating anti-HIV specific CTL activity fell gradually and eventually disappeared as
this individual developed AIDS (17). Investigators also reported selective depletion of
anti-HIV specific CTL in this subject and mentioned similar findings in 3 additional
AIDS patients (17). In contrast 1o these findings, a different study of a larger number of
subjects rcported non-selective disappearance of CTL sctivity with the occurence of
opportunistic infections (18).

Several groups have estimated the precursor frequency of anti-HIV CTL in
peripheral blood of small numbers of HiV-infected individuals. Results of the first study
suggested that anti-HIV CTL precursor frequency declined coincident with disease
progression (19}, but this finding was based on the study of only two individuals and
measured only HLA-A2 restricted anti-env CTL. A later study suggested the measured
decrease in anti-H1Y CTL precursors actually reflected accumulation of suppressor cells
and that anti-env CTL precursor frequency increased with discase progression (20).

Another study, measuring levels of circulating anti-HIV CTL activity, found no



corrclation with discase stage, since 2 patients with AIDS-related complex (ARC)
retained circulating anti-HIV CTL activity (21). However, no investigators have detected
circulating anti-HIV CTL in AIDS paticnts.

Even if the contentious issuc of whether anti-HIV CTL or anti-HIV CTL
precursor levels specifically fall in parallel with discase progression was resolved, this
would not establish a cause and effect relationship. CTL levels might fall and precipitate
increased viral replication and discase progression or CTL levels might simply fall as a
consequence of disecase progression. Ongoing and future experiments may help clarify
this issue. Post-infection vaccination with killed virus and recombinant gp160 has had
some positve effects on clinical status and CD4* lymphocyte numbers (22-24). Although
these treatments may stimulate anti-HIV CTL, there is as yet no experimental evidence of
such stimulation, nof of a role for anti-HIV CTL in mediating the positive effects of these
reatments.  Adoptive immunotherapy with autologous polycional phytohemagglutinin
(PHA)-activated CD8* lymphocytes and autologous anti-HIV CTL clones may directly
demonstrate or refute the importance of anti-HIV CTL in protecting HIV-infected
individuals from AIDS.

Several studics using scid mice reconstituted with human lymphocytes have
demonstrated some efficacy of anti-HIV CTL in protecting the mice from infection with
HIV (25). Protection sometimes occurred even when HLA-mismatched anti-HIV CTL
clones were transferred into reconstituted scid mice chaltenged with HIV (25). This
paraticls the inhibit_ion of HIV replication by CD8* cells in peripheral blood of HIV-
infected individuals in that FLA-restricted T cell receptor (TCR) mediated cytotoxic
immunity as well as non-HLA-restricted non-cytotoxic immunity is associated with

inhibition of viral replication (13, 14).



In summary, current evidence for protection against disease progression by anti-
HIV CTL is at l;cst controversial, yet several obscrvations offer compelling
circumstantial support for this possibility. HIV levels fall in acute HIV infection before
neutralizing antibodies can be detected, suggesting a role for cell-mediated immunity in
limiting the initial infection (26). Most, if not all, asymptomatic HIV-infected individuals
possess circulating anti-HIV CTL, while circulating anti-HIY CTL are not detectable in
AIDS patients. Furthermore, there is some cvidence that decreases in anti-HIV CTL
precursor frequency (19) and mutation by HIV away from recognition by anti-H1V CTL
are associated with disease progression (15). There is no dircct evidence that anti-HIV
CTL protect against CD4* lymphocyte depletion or fimit plasma or cellolar HIV load in
vivo. Since the hypothesis that anti-FH1V CTL protect against discase progression rests on
limiting viral replication in, and and thu« lysis and loss of CD4t lymphocytes, this

appears to be a key area requiring further research and evaluation.

D. Evidence for An Immunopathologic Role for Cytotoxic T Lymphocytes in HIV-

infection

The natural history of HIV infection, with estimates of 100% of HIV infected
individuals eventually suffering AIDS, is sufficient evidence alone o question &
protective role for anti-HIV CTL against discase progression. The unusually high
intensity of the anti-HIV CTL response also raises questions about the propricty of this
response. Two unique aspects of the anti-HIV CTL response have been reported, The
first is the well documented presence of detectable circulating anti-viral CTL. Sccondly,
it has been reported that detectable anti-HIV CTL can be casily gencrated in vitro by

primary stimulation of lymphocytes from non-HIV-infected individuals (19). Generation



of primary CTL in vitro was previously described only against allogeneic MHC antigens.
In the study demonstrating induction of anti-HIV CTL in uninfected individuals, the
frequency of anti-FIV CTL precursors was estimated to be comparable to that of CTL
precursors for allogeneic MHC antigens (19). Cross-reactivity between both HIV env
(27, 28) and nef (29) and MHC antigens has been reported and could explain the high
precursor frequencies of these anti-HIV CTL, but there are also high frequencies of CTL
recognizing HIV gag (30) and pol (31) antigens. No satisfactory explanation for the
inordinately high circulating anti-HIV CTL activity in HIV-infected subjects nor for the
primary induction of anti-HIV CTL in lymphocytes from non-HIV-infected subjects has
been established.

In light of the eventual failure of anti-HIV CTL to protect against disease
progression, it has been suggested that the intense anti-HIV CTL response actually
contributes to disease progression (32). This idea was first proposed based on
immunohistological analysis of lymph nodes from HIV-infected persons. Histological
evidence was consistent with the possibility that infiltrating CD8* lymphocytes
accumulated in, and later destroyed the lymph nodes and killed CD4* lymphocytes (33).
Reeently, a similar role for CD8* Iymphocytes in SIV infected macaques was also
suggested from immunohistological analyses of lymph nodes (34). CD8* lymphocytes
are associated with extralymphatic immunopathology in HIV-infection as well, including
vasculitis (35), alveolitis (36), sicca-syndrome (37) and neuritis (38). 1t is not known
whether the CD8+ lymphocytes involved are predominantly anti-HIV CTL, but anti-HIV
CTL have been isolated from the lungs of subjects with alveolitis (36).

Although CD4* HLA class 1l-restricted anti-env CTL are not apparent in natural
HIV infection, some CD4+ HLA class Il-restricted anti-env CTL clones from

seronegative individuals lyse uninfected CD4+ lymphocytes exposed to soluble HIV



gp120 (39). This suggested a possible in vivo pathogenic mechanism whereby uninfected
CD4* lymphocytes binding secreted HIV gpl20 become sensitive to lysis by class 11-
restricted anti-eny CTL (40). The possibilty of a more direct mechanism arose {rom the
demonstration that CD8* CTL from HIV-infected individuals lyse uninfected CD4*
lymphocytes never éxposed to HIV products (41). This finding implied a significantly
differcnt pathogenic mechanism in that thesc CTL were not anti-HIV CTL mediating
bystander lysis of uninfected CD4* lymphocyles, but were genuine autoimmunc CTL
dirccted against an autoantigen on uninfected CD4+ lymphocytes. Together with
previous histological evidence that CD8* lymphocytes infiltrate the lymph nodes and kill
CD4+ lymphocytes (33, 34), the concept of autoimmune CTL contributing to the
pathogenesis of AIDS is also supported by a corrclation between rapid progression 10
AIDS and higher CD8* lymphocyte counts at the time of lirst medical examination (42).
Therefore, the potential autodestructive activity of CTL in HIV infection is another area

of rescarch requiring further investigation.

E. The Cytotoxic T Cell Repertoire in HIV-infection

Inspired by the finding that sclf-superantigens encoded by endogenous murine
retroviruses mediate deletion of T cells utilizing particular TCR B-chain variable (V)
genes (43-45), investigators have begun 1o examine the T cell repertoire in HIV-infected
individuals. The report of specific deletion of T cells utilizing VPs 15-20 from the T cell
repertoire of HIV-infected subjects with scvere CD4* lymphocyte depletion suggested the
activity of an HIV-encoded superantigen (46). However, 1o my knowledge these resulls
have never been reproduced. Another report recently identificd V12 as the target of an

HIV associated superantigen (47). Some investigators believe that different strains of



HIV or even isolates derived from the same individual at different times might target
different VP regions (48).  Although the primary focus of T cell repertoire analysis has
been on. identification of VP specific deletions or expansions caused by a potential
superantigen (or VP selective clement) encoded by HIV, autoimmune theories of HIV
induced pathogenesis also predict effects on the T cell repertoire (49, 50). These theories
propose that an autoimmunc responsc dirccted against TCR variable regions is
responsible for the climination of CD4* T cells. Both the autoimmunity and superantigen
theories suggest negative and positive selection of T cells based on V region specificity.
The superantigen hypothesis predicts selection based only on V[ expression whereas the
autoimmune theory predicts selection based on the TCR idiotype. Idiotypic selection is
likely to preferentially affect certain VB and Vo regions without absolute restriction 1o
those VP or Va regions. The autoimmune theory provides a rationale for selective
depletion of CD4* lymphocytes based on a discernably different threc dimensional shape
imposcd upon the TCR by HLA-class 11 restriction versus HLA-class I restriction.
However, if CD8* CTL mediate the autoimmune destruction of CD4+ lymphocytes, then
positive sclection of specific autoimmune CD8* lymphocytes would be reflected by
changes in the CD8* CTL repertoire as well. Hence, characteristic changes in both the
CD8* and CD4+ T cell repertoires are predicted to accompany disease progression related
to autoimmunity. An experimentally appealing aspect of changes in the CTL. repertoire is
that these changes are amenable to direct functional analysis using antibodies against
TCR V region gene products in redirected lysis assays. If CD8+ CTL are responsible for
the autoimmune destruction of CD4* lymphocytes, it may be more meaningful to
quantitiate VP and Vo gene expression on CD8+ lymphocytes functionally, rather than

phenotypically.



Determining whether skewing of the T cell repertoire is a component of HIV
disease progression and whether the character of this skewing relates to the process of
discase progression is critical to establishing a realistic perspective on the pathogenesis of
AIDS. The paradigm of non-sclective CD4* lymphocyte depletion based on direct
infection and lysis has to date overwhelmingly dominated approaches to treatment of HIV
infection. If this paradigm is even partially wrong, a radical shift in the direction of
treatment rescarch is necessary. Thercefore, the effects of HIV infection on the CTL

repertoire is another area which warrants further investigation.

F. Specific Objectives

i. Anti-H1V Specific Cytotoxic T Lymphocyltes in HIV Infection

-Studies on anti-HIV CTL activity were designed to address several specilic
questions related to controversial issues raised in the introduction, in the hope that the
answers might provide insight into the role of anti-HIV CTL in HIV infection. The first
questions centered on the characterization of anti-HIV CTL in natural infection. What
HIV antigens do they predominantly recognize, gag, pol or env? Are the anti-HIV CTL

predominantly HLA-class I or class Il restricted? The remaining questions dealt with the

relationship between anti-HIV CTL activity and discase progression. Did the presence of

circulating or inducible anti-HIV CTL correlate with parameters of disease progression
such as CD4* lymphocyte count, CD8* lymphocyte count, HIV plasma antigenemia and
clinical stage of disease? Did the requirements for induction of anti-HIV CTL activity in
vitro relate to parameters of discase progression? Were anti-HIV CTL precursors

activated in subjects without detectable circulating anti-HIV CTL activity? The answers
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to these questions might suggest whether or not anti-HIV CTL protect against HIV
replication, CD4* Jymphocyte depletion, or clinical progression. Also, detection of
specific impairments arising in anti-HIV CTL activity might suggest how HIV escapes
the CTL immune response. Finally, a better understanding of the role of anti-HIV
specific CTL in HIV infection miﬁ,ht cnable evaluation of competing theories of
pathogencsis. The results of these studies are presented in form of a manuscript
published in 1992 in AIDS 6;1085, entitled "The influence of lymphocyte counts and
disease progression on circulating and inducible anti-HIV-1 CytotoxicT cell activity in
HIV-1* Humans" by M. D. Grant, F. M. Smaill, D. P. Singal and K. L. Rosenthal, Dr.
Smaill was attending physician to the HIV-infected individuals volunteering for this study
and made available on a confidential basis results of CD4+ and CD8* lymphocyte counts
and clinical evaluations. Dr. Singal conducted HLA-class T A, B and C typing of study

volunteers.
ii. Autoimmune Cytotoxic T Lymphocytes in HIV Infection

Studies on autoimmune CTL in H1V infection were designed to address a possible
role for awtoimmune CTL in the pathogenesis of CD4* lymphocyte depletion. The first
objective was to confirm their presence and levels in HiV-infected individuals relative to
non-infected individuals. The next guestions focussed on characterization of the
autoimmune CTL. What was the phenotype of the CTL? What receptors do the CTL use
to recognize and kill uninfected CD4* lymphocytes? Are the autoimmune CTL HLA-
restricted? Are the CTL specific for CD4+ lymphocytes? Do they recognize all CD4*
lymphocytes equally? What are the characteristics of the antigen on CD4* lymphocytes

that is recognized by the autoimmune CTL? What stimuli can be used to activate
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autoimmune CTL in vitro? The last questions addressed the possible role of autoimmune
CTL in the in vivo depletion of CD4+ lymphoceytes, Do HIV-infected individuals with
detectable autoimmune CTL lose CD4* lymphocytes more rapidly than HiV-infected
individuals without autoimmune CTL activity? Doces the loss of CD4* lymphoceytes in
vivo correlate with the elimination of specific targets of the autoimmune CTL? The
answers to these questions might help in understanding the mechanisms leading to the
induction of autoimmune CTL und to evaluate the possible role for autoimmune CTL in
disease progression. The results of studies addressing these questions are presented in the
form of a manuscript submitted for publication in The Journal of Innmmunology entitled
"Evidence of 2 Role for Autoimmune Cytotoxic T lymphocytes in CD4* Lymphocyte
Depietion in HIV-1-infection" by M. D. Grant, F. M. Smail and K. L. Rosenthal. Dr,
Smaill was attending physician to the HIV-infected individuals volunteering for this study

and made available on a confidertial basis results of CD4*+ and CD* lymphocyte counts.

iii. The Cytotoxic T cell Repertoire in H1V Infection

Studies were designed to determine whether skewing of the cytotoxic T cell
repertoire is a component of discasc progression in HIV infection. The first objective was
to establish a normal range for functional V gene utilization by CTL from non-HIV
infected individuals. Afier this was established, functional V gene utilization by CTL
from HIV-infected individuals at different stages of CD4* lymphocyte depletion was
analysed. The main questions asked were whether or not skewing of the CTL repertoire
occurred in HIV infection and if so, was it related to the degree of CD4* lymphocyte
depletion. Comparing functional to phenotypic levels of V gene utilization by CD8* CTL

in HIV infection might suggest whether sclected subsets of CTL with certain Vo or Vi3
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regions are activated by specific antigens, or whether superantigen mediated activation of
all T cells with a certain Vo or VP region is responsible for skewing of the repertoire.
The results of these studies are prescated in the form of a manuscript published in Viral
Immunology cutitled "Changes in the Cytotoxic T ceil Repertoire of HIV-1 Infected
Individuals: Relationship to Discasc Progression” By M. D. Grant, F. M. Smaill, K.
Lautie and K. L. Roscnthal, Karen Laurie prepared the celis for flow cytometry. Dr.
Smaill was attending physician to the HIV-infected individuals volunteering for this study

and made available on a confidential basis results of CD4* and CD8* lymphocyte counts.

G. An Hypothesis

At the extreme, there are only two alternative views on the pathogenesis of AIDS:
HIV directly kills the CD4+ Iymphocytes that disappear following HIV infection; or the
immune system Kills the CD4+ lymphocytes that disappear following HIV infection. My
hypothesis is that the immune system kills CD4* lymphocytes and that this is caused by
an autoimmune response against TCR idiotypes specific to HLA-class I restricted T
lymphocytes. One of the fundamental tenets of this hypothesis is the existence of an
idiotypic network of interactions between T lymphocytes. This conflicts with the
cstablished view that T cells recognize only small lincar peptide sequences in the context
of MHC antigens. There are well documented exceptions to this current belicf, but the
significance of these cxceptions lies mainty in the fact that there is no absolute restriction
of TCRs to recognition of peptides in association with MHC molecules, nor any
functional restriction to activation through such recognition. For example, alloantigens
(51), superantigens (52) and anti-TCR antibodies (53) activate T cells in a non-MHC-

restricted manner. In addition, non-MHC-restricted T cells with specificity for
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conformational determinants of myoglobin (54), 1 molecule expressed on activated
lymphocytes (55), fluorescein (56), B cell idiotypes (57) and tumor-associated mugins
(58), have been well characterized. While T cell responses to foreign antigens
undoubtedly involve MHC restriction, T-T interactions may be restricted to loci distinet
from the MHC such as the restriction of suppressor T cclls to the enigmatic 1-J loci (39)
and to 1gh loci (60). From the point of view of T lymphocytes, there may be two distinet
antigenic universes: an external one composed of sclf-peptides and peptides from foreign
proteins complexed to sclf-MHC; and an internal one composed of complementary
shapes within the V regions of other lymphocytes. As a consequence ol connectivily
within the internal antigenic universe, T cells may recognize, react 1o and regulate each
other via idiotypic complementarity between their respective TCRs.  Further, an
appropriate level of complementarity between TCRs may be cssential in selection and
maintenance of the T cell repertoire, Because extensive diversity is favored to ensure
responsiveness to an almost limitless array of foreign antigens, any onc lymphocyte is
less likely to contact its complementary external foreign peptide, than an internal
complementary receptor. Whereas these contacts via complementary V regions require
and also maintain connectivity between TCRs, MHC restriction is imposed by carly
selection criteria in the thymus, where survival depends an appropriate affinity for scll-
MHC.

What relates the idiotypic T cell network 1o the pathogencesis of AIDS is the

possible role of T-T interactions in the selection of MHC-restricted anti-foreign T cells.

If T cells possess V region conncctivily, two forces might drive the emergence of

dominant T cells in response to forcign peptides; competition for foreign peptide in the
context of MHC and the ability to escape internal interactions to an extent allowing

dominance over other clones. In this scheme, autorcactivity is a natural consequence of
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any reaction to foreign antigens and in fact helps to determine that the dominant T cells
arc minimally sclf-reactive (fall within network defined limits of connectivity) and
optimally MHC-restricted to foreign peptides. This self-regulatory scheme can be
circumvented by antigens that resist restriction to self-MHC antigens. These antigens
activate T cells independently of MHC presentation and consequently impel no
competitive sclection of MHC-restricted peptide specific T cells,  Without this
competitive sclection, autorcactivity against the V regions of the activated T cells may
cross a threshold beyond which immunity against the V regions of T cells activated in &
non-MHC restricted manner oceurs, This would eventually result in the elimination of
all T cells with V region complementarity to the persistent antigen. There are a number
of ways that HIV may activate T cells in a non-MHC restricted manner. Our results will

be interpreted in light of this hypothesis.
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Abstract

Objective: The objective of this study was to evaluate specific anti-HIV CTL activity in
relation to basic clinical and laboratory parameters used to follow HIV infection.
Methods: Lymphocytes from HIV* subjects with different clinical and immunologiczﬁ‘
features of FIV infection were tested for circulating and inducible anti-HIV CTL activity
using autologous B lymphoblastoid cells infected with recombinant vaccinia viruses
expressing the HIV gag, pol and env genes as targets. Anti-HIV CTL were induced in vitro
by stimulation with HIV-infected autologous lymphoblasts.
Results: We detected circulating anti-FIIV CTL exclusively in asymptomatic subjects and
found a significant association (p<.01) between CD8* lymphocyte counts 2900/u1 blood
and detectable levels of circulating anti-HIV CTL. The subjects with circulating anti-HIV
CTL also had a higher mean CD8* lymphocyte count than those without detectable
circulating activity (p<.001), but no significant difference in mean CD4* lymphocyte count.
CD8*HLA class I-restricted anti-HIV CTL were induced in all HIV* subjects tested
following in vitro stimulation with HIV-infected autologous lymphoblasts. In subjects
. without detectable circulating anti-HIV CTL, circulating HLA-DR* cells contributed to anti-
HIV CTL activity induced in vitro by stimulation with HIV or Concanavalin A (Con A).
Conclusions: Circulating anti-HIV CTL activity is associated with CD8* lymphocyte
counts 2900/ut. Anti-HIV CTL retain proliferative and functional capacity following in
vitre stimulation with HIV and IL-2 through all stages of HIV infection. Persistent
inducible anti-HIV CTL activity in subjects with advanced HIV disease and without

circulating CTL suggests impaired activation and/or proliferation of the CTL in vivo.

Keywords: HIV, cytotoxic T lymphocytes, AIDS, chromium release assay
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Introduction

Infection with HIV induces characteristic immunodeficiency over a variable time period.
Cellular immunologic signs of infection include a decreased CD4/CD8 lymphaocyte ratio in
peripheral blood and progressive reduction of CD4* lymphocyte number and function,
CD8+ lymphocytes usuaily persist at normal or clevated levels long after CDA* T-cell
depletion and impairment have occurred. In later stages of HIV infection, CD8t
lymphocytes also decrease in number, without apparent functional impairment or infection
with HIV [1, 2]. Determining the role of CD8* suppressor and cytotoxic lymphocytes in
HIV infection and AIDS, with regard to control of infection, immunopathology, and
immune system regulation, is critical for evaluation of immunotherapeutic protocols and

vaceines, and for understanding the pathogenesis of AIDS.

CDS8* cytotoxic T lymphocytes capable of killing cells expressing HIV antigens and non-
cyloto:_(ic CD8* lymphocytes which suppress HIV replication in vitro circulate in HIV*
subjects [3, 4]. These CD8* lymphocytes may help maintain low levels of CD4*
lymphocyte infection during the long asymptomatic period of HIV infection. In many
subjects, HIV replication increases before the onsct of AIDS, suggesting that immune
system surveillance is somchow overwhelmed, suppressed or breached |5-7]. A major
research focus in HIV infection concems defects in CD4* lymphocyte function. Reduced
antiviral CTL activation in vitro, reversible by addition of IL-2 or costimulation with
allogencic cells probably reflects defective CD4* T-cell function [8-10], however, specilic
CD8* lymphocyte defects have also been described. Anti-HIV CTL precursor cells were
found to decreasc prior to AIDS defining illness and an increase in CD8*CD57+ suppressor
cells which inhibit CTL activity was reporied to parallel discase progression {11, 12].
Selective disappearance of anti-HIV CTL from an otherwise functional cytotoxic CD8*

lymphocyte pool and the accumulation of HLA-DR* CD8* lymphocytes with defective
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proliferative potential have also been reported |1, 13, 14}, Any or all of these defects might

contribute to reduced anti-HIV immune surveillance and progression of HIV disease.

Alternatively, anti-HIV CTL may not protect against discase progression. The anti-HIV
CTL response is unusually strong in that CTL measurable without in vitro stimulation
persist for years in peripheral blood [1, 15, 16]. In spite of this initial CD8* CTL-mediated
response, CD4+ T cell depletion and discase progression eventually occur. Thus CD8*
anti-HIV CTL may not protect aginst disease progression. In addition, immunopathology
associated with HIV infection appears to be caused by CD8*+ T-cells | 17-19]. Several
rescarchers have even suggested a 1:ole for anti-HIV CTL in CD4* lymphocyte depletion
[20-22]. To study the role of anti-HIV CTL and CTL regulation in progressive HIV
infection, we measured and characterized circulating and inducible anti-HIV gag, pol, and
env CTL in a cohort of HIV* subjects at different stages of discase and with different levels
of peripheral blood CD4* and CD8* lymphopenia. Our data demonstrate the presence of
circulating anti-HIV CTL in CD4 lymphopenic, but otherwise asymptomatic persons with
2900 CD8* lymphocytes/ul blood. HLA-DR*and DR- anti-HIV CTL precursors and
responscs could be stimulated in virro through later stages of HIV infection in all subjects
tested. Immunocompetence in the CD8* lymphocyte population even after AIDS onset
suggests that CTL activity might be exploited in immunotherapy, but also that the natural

anti-HIV CTL immunc responsc is either ineffective or overcome,
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Methods

Subjects

Subjects were recruited from the McMaster University Special Immunology Services Clinic.
HIV-1 infection was determined by anti-HIV antibody ELISA and confirmed by Western
blot. Subjects were clinically assessed in tandem with CD4/CDS8 lymphocyte analysis, anti-
HIV CTL analysis, and plasma p24 quantitation. Although most subjects were
asymptomatic, CD8* lymphocyte counts were increased and CD4* lymphocyte counts anel
CD4/CD8 lymphocyte ratios decreased relative to values for the general population,
Informed consent was obtaincd from all subjects for drawing of blood samples and our

studies received local ethics approval.

Lymphocyte separation

Blood was collected in heparinized vacutainers, diluted with an equal volume of PBS
(phosphate buffered saline), centrifuged for 15 min at 500Xg, and the cell free supernatant
collected and stored at -70°C for subsequent plasma HIV antigen measurement. Blood cells
were rediluted to 2X original volume with PBS, layered over Ficoll-Paque gradient

scparation medium (Pharmacia Chemicals, Dorval, Que.) and centrifuged at 400Xg for 30

min. Interface cells were collected, washed three times in PBS with 1% FCS (fetal calf

serum) and used as fresh effector cells or cultured appropriately. Medium used for all
studies was RPMI 1640 (GIBCO, Grand Island, NY) supplemented with 10% FCS
(Bockneck, Burlington, Ont.), 10mM hepes, 2mM  L-glutamine, 1%
penicillin/streptomycin, (all from GIBCO) and 2X10-5 M 2-mercaplocthianol (Sigma
Chemical Company, St. Louis, MO). HLA class I A, B and C antigen typing was done on
peripheral blood mononuclear cells (PBMC) by the microdroplet lymphocyte cytotoxicity

test [23]

20



Genceration of B lymphoblastoid cell lines (BLCL)

5X 106 freshly isolated PBMC were incubated in 2.5 ml cell free supernatant from EBV
producing BY5-8 cells (American Type Culture Collection, ATCC CRLI1612). After 24
hours, the cells were washed and incubated in medium containing 20% FCS and 1pg/ml
cyclosporin A (Sundoz Canada, Montreal, Que.). After 10 days, BLCL were maintained in
standard media or frozen in 20% FCS, 10% DMSO supplemented medium and stored in

liquid Na.

In vitro induction of anti-H1V CTL

A modification of the method established by Plata and coworkers was used to stimulate anti-
HIV CTL in vitro |24]. Bricfly, freshly separated PBMC were cultured (1X10/ml) in
standard medium (90% of cells) or resuspended in 1-2 ml E-line supernatant with Spug/ml
purificd phytohemagluttinin (PHA-P) (Wellcome Diagnostics, Dartford, England) for 3
days (10% of celis). E-line cells, constitutively producing HIV-1spz were kindly supplied
by J. Levy (UCSF, CA). After three days, the infected cells were washed in medium,
irradiated at 5000 rad, resuspended in fresh medium and mixed with with the original
uninfected cultured PBMC at a 1 stimulator/ 10 responder ratio. After 3 days of coculture,
cells were resuspended in fresh medium, usually supplemented with 5U/mi recombinant IL-
2 (Genzyme, Cambridge MA) to expand activated cells, and tested for anti-HIV cytotoxic
activity 4 days later. Cells were retested after 3 additional days if specific lysis was not
apparent and cell lines could be maintained in 1L-2 for up to 8 weeks by restimulation with
HIV infected irradiated autologous PHA activated blasts every 10 days. For Concanavalin
A (Con A) stimulation, PBMC cultures were supplemented with 10 pg/ml Con A (Difco,
BDH, Toronto, Ontario, Canada) for 3 days, followed by 7 days with 5U/ml IL-2.
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Cytotoxicity assays

Targets for anti-HIV CTL assays were generated by infecting autologous BLCL overnight at
a multiplicity of infection of 15 with recombinant vaccinia virus vectors expressing the HIV
gag gene (Vscd0) 125], the HIV pol reverse transcriptase gene (Vef21) [ 15], the HIV env
gene (Vsc25) [26], and as control, the nucleoprotein gene of pichinde virus (VVNP) [27].
Vsed0, Vef2l, and \fchS were the generous gifts of Dr, B, Moss, (NIH) and VVNP was
constructed in our laboratory {27]. All recombinants were constructed by transfection of
vaccinia virus (wild"lﬁpé.slrain WR) infected CV-1 cells with plasmids containing the E. coli
B-galactosidase gene and the desived HIV-1 gene. Recombinants were identificd as blue
plaques by development with B-galactosidase substrate, plaque purificd, expanded, and
expression of the relevant HIV insert in infected cells confirmed by
radioimmunoprecipitation. Infected BLCL were incubated for 90 min with 200 pCi
Na,51CrO4 (New England Nuclear, Boston, MA), washed 4 times in PBS with 1% FCS,
1‘esuspc;ndcd at 1X105/m! and 50p! added to round bottom wells of microtitre test plates.
Effector cells were washed and resuspended in fresh medium at 1X 107/ml (circulating CTL
assays) or 5X106/ml (in vitro induced CTL assays) and 30, 25, and 12.5 pl added 10
replicate wells. The final volume in cach well wus adjusted to 300 with medium or with

OKT?3 hybridoma supernatant (ATCC CRL 8001). Each target was added in duplicate to

wells containing medium alone or 1 N HCL to generate background and maximum *1Cr

relcase values. Microtitre test plates were incubated for 5 hours at 37° after which 100u of

supernatant was removed from each well for ¥ counting. Per cent specific lysis was
calculated as previously described [28]. Spontancous SICr release was Jess than 25% in all
cases. Variation between the lysis of replicate VVNP infected control targets averaged less
than 3%, therefore lysis greater than 10% above that of control targets was taken as

significant HIV-specific lysis.
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CD4+/CD8*/DR* lymphocyte depletions

To investigate the contributions of CD4*, CD8* and HLA-DR* lymphocytes to anti-HIV
CTL activity, subscts were depleted or selected from starting populations either immediately
before cytotoxicity assays or before initiation of in vitro stimulation. Lymphocytes were
incubated at 3X lOf’I_ml in PBS with 1% bovinc serum albumin (BSA) for 30 min at 4°C with
cither OKT8 (ATCC CRL8014), OKT4 (ATCC CRL8002), or anti-HLA-DR 1.243 (ATCC
FB55) antibodies. Hybridomas were obtained from ATCC and grown in vivo in CAF|
mice (OKT4 and OKT8) or Balb C mice (L243). Monoclonal antibodics were concentrated
from ascitic Muid by (NHg4)2SOy4 precipitation, redissolved in 2x original volume PBS,
exhaustively dialyzed against PBS and used at 1/200 dilutions. After incubation with
antibodies, the lymphocytes were washed twice in PBS with 196 BSA and incubated with
goat anti-mouse 1gG conjugated magnetic dynabeads (DYNAL Inc., Great Neck, NY) for |
hour at 4°C. Unbound cells were removed after magnetic displacement of beads. This
njcsult;d in depletion of >95% of the intended ccll population as measured by flow
cytometry. Positive sclection using the magnetic beads resulted in 99% purity of the

selected population.

Plasma p24 quantitation

Plasma collected from blood coincidentally with preparation of PBMC for circulating CTL
assays was used for p24 quantitiation by HIV antigen capture ELISA (Organon Teknika,
Scarborough, Ontario, Canada). Recombinant p24 obtained from the NIAID AIDS
reference reagent program [29] was serially diluted with control plasma and used to generate

a standard curve. The detection limit of this assay was ~30 pg p24/ml of plasma.
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Statistical Analysis

Associations between CTL activity and lymphocyte counts were assessed by the Chi-square
test with Yates correction. Corrclations between different measures were assessed by linear
regression analysis and differences between means assessed with Student's £ test using the

Statworks statistical analysis program.
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Results

Circulating anti-HIV E‘."I‘L activily

T{lis activity was assessed in 20 HIV* subjects using freshly isolated lymphocytes and
autologous EBV transformed BLCL infected with recombinant vaccinia viruses expressing
HIY gag, pol, and env genes. Autologous BLCL infected with VVNP, a recombinant
vaceinia virus expressing Pichinde virus nucleoprotein, served as control targets for these
and all other studies. Of 20 HIV* subjects tested, 6 had detectable circulating anti-HIV CTL
activity against gag,'pol. orenv antigens. Circulating cellular cytotoxicity against HIV was
shown to be mediated by T cells by inhibition of lysis by OKT3 for subjects AO87 and
AO75. All subjects with circulating anti-HIV CTL activity were CDC class II,
asymptomatic (Table 1). Since all persons with circulating anti-HIV CTL activity had CD8*
lymphocyte counts of 900/l or greater, we tested for association between CD8 lymphocyte
counts 2900/ul and circulating CTL activity. Circulating anti-HIV CTL activity was
significantly (p<.01 X2=7.54) associated with CD8* lymphocyte counts 2900/ul blood.
Mean CDS"‘ lymphocyte count was also higher in the group of subjects with circulating anti-
HIV CTL activity (p<.001); mean£SEM 1075493 versus 713+75. The CD4* lymphocyte
counts of subjects with circulating anti-HIV CTL activity ranged from approximately normal
(830/u1 AO89) to extremely low (90/ul AO75). There was no significant difference
between the mean CD4*+ lymphocyte count of the group of subjects with and without
circulating anti-HIV CTL (p>.25); meantSEM 3481102 versus 239+46.

Although no statistically significunt association (p>0.40) between the presence or
levels of circulating anti-HIV CTL and plasma HIV antigenemia was observed, only 1 of the
6 subjects with circulating anti-HIV CTL activity had detectable HIV antipenemia, compared
to 7 of the 14 subjects without circulating anti-HIV CTL activity. This is unlikely to be due
to anti-viral treatment, since S of the 8 subjects positive for plasma HIV antigen were

receiving AZT at the time of testing (Table 1). These results demonstrate that detection of
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circulating anti-HIV CTL is associated with CD8 counts = 900/l and are consistent with o
role for circulating anti-HIV CTL in limiting HIV replicution during asymptomatic infection,
However our data docs not prove a causal role for circulating anti-HIV CTL in limiting

replication of FIIV in vivo.

Induction of anti-HIV CTL activity

Anti-HIV CTL activity was measured after in vitro stimulation with HIV and 1L-2 tfor 7 and
10 days. The results following 7 days in vitro stimulation are shown in Table 1. Anti-HIV
CTL ditected against pol and env antigens v:are commoniy detected following restimulation,
Anti-HIV CTL against HIV gag antigens were seen less frequently than reported in other
studies [ 14, 16], which might relate to our cohort of subjects or more likely to the particular
recombinant vaccinia virus vector used to express HIV gag antigens. In cight subjects, anti-
HIV activity was shown to be inhibitible with OKT3, confirming the T cell nature of this
activity. HLA restriction of the anti-HIV CTL was shown using autologous and partially
HLA-matched target cells (Table 2). Thus, classical anti-HIV CTL can be induced by this
method in most HIV* subjects. Three subjects, AO86, A0123 and AO102 showed no CTL
activity after 7 days stimulation (Table 1). This was somewhat surprising in the case of
subject AO8G because of the presence of circulating anti-HIV CTL. The lack of activity
after 7 days of stimulation may be related to terminal differentiation of the circulating anti-
HIV CTL in vive, as previously suggested by Gotch er af. (14). Anti-HIV CTL activity
developed for two of these subjects (AO123 and AO102) who were retested after 10 days of
stimulation (Fig. 1). In addition, higher CTL activity was present after 10 days of in vitro
stimulation compared to 7 days of stimulation (AO105). Thus, competent CTL precursors
were always present, although different incubation times and conditions were nccessary for
their activation. Since our original cohort included only two subjects classified under then
current guidelines as having AIDS (CDC group V), we wished to confirm the presence of

inducible anti-HIV CTL in additional group 1V subjects. Results snown in Table 3 confirm
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the persistence of anti-HIV CTL precursars following the occurrence of AIDS defining
opportunistic infections or ncoplasms. Two of the subjccts tested in this group were also
part of the original cohort, one (AO103) having progressed to AIDS over the course of
study and the other (AO78), one of the original 2 group 1V subjects. Subject AO78 has
retained anti-HIV CTL precursor activity for >24 months post AIDS. For a number of
subjects exogenous IL-2 was not necessary for induction of anti-HIV CTL in 7 day
cocultures, while for others, additional 1L-2 was necessary or significantly augmented the
response (Figs. 2a and 2b). After stimulation without exogenous IL-2, not enough cells
were obtained with two subjects with AIDS (AO78 and AO103) to even perform assays,
while AIDS subject AO136 showed cquivalent anti-HIV CTL responses with and without
exogenous IL-2. Thus, ncither clinical staging nor immunological staging (CD4
lymphacyte counts) can be generally applicd to predict requirements for in vitro induction of

anti-HIV CTL in HIV* subjects.

Contribution of different lymphocyte subsets to anti-HIV CTL

In order to determine which subset of lymphocytes mediated the anti-HIV CTL activity and
from which subsets the CTL originated, selection and depletion experiments were carried
out using anti-CD4, anti-CD8 and anti-HLA-DR monoclonal antibodies and anti-mouse IgG
coated magnetic beads.  After restimulation with HIV and IL-2, effector cells from 6
subjects were depleted of cither CD8* or CD4* lymphocytes immediately before CTL
assays. In all cases, depletion of CD4* cells had little effect, while removal of CD8* cells
reduced anti-HIV CTL activity practically to background (Fig. 3). Thus CD8* lymphocytes
mediated the HIV env and pol specific lysis of autologous BLCL infected with recombinant

viecinia viruses.

In order o determine the initial phenotype of the anti-HIV CTL present following HIV/IL-2

stimulation or Con A/IL-2 stimulation, freshly isolated lymphocytes were separated into
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control and HLA-DR" populations by depletion of HLA-DR* cells. Stimulation with HIV
and 1L-2 induced anti-HIV CTL activity in both populations, but the activity was lower in
the ’bopulation depleted of HLA-DR* cells (Fig. 4). This suggests that both the FHLA-DR*
and the HLA-DR- populations contain anti-HIV CTL precursor cells. However, removal of
HLA-DR™* cells might decrease the induced anti-HIV CTL activity by removal of accesory
cells, rather than removal of CTL precursors. To address this possibility, {reshly isolated
PBMC were separated into HLA-DR* and HLA-DR- populations by positive selection of
HLA-DR* cells, stimulated non-specifically with Con A and IL-2 and tested for anti-HIV
CTL activity. This method of stimulation also resulted in higher anti-HIV CTL activities
with the HLA-DR* starting populations (Fig. 5). Therefore, some HLA-DRY cells
contribute to the anti-HIV CTL activity generated in vitro by stimulation with HIV and 1L-2
or Con A and IL-2, The HLA-DR antigen is an activation marker on T fymphocytes,
therefore it is notable that HLA-DR* cells present in vive contribute to in vitro inducible
anti-HIV CTL activity in subjects without detectable circubuting anti-HIV CTL activity and

low numbers of CD8* lymphocytes.
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Discussion

Understanding the role of anti-HIV CTL in the natural history of HIV infection is important
for understanding the pathogenesis of AIDS, Anti-HIV CTL activity is potentially a critical
determinant of the course of infection and also a window on the immune status of HIV
infected subjects. In this cross-sectional study, we examined anti-HIV CTL activity in a
cohort of HIV infected subjects at dif"fércnt stages of disease. Interestingly, a number of
subjects with CD4* lymphocyte counts indicative of progressive discase had high levels of
circulating anti-HIV CTL activity. We observed a strong association between circulating
anti-HIV CTL activity and the numbers of CD8* lymphocytes. Furthermore, the mean
CD8* lymphocyte count was higher in subjects with circulating anti-HIV CTL activity than
in subjects without circulating anti-H1V CTL. HIV pol antigens were most commonly
recognized by circulating CTL from subjects studied with our assay system. In contrast,
anti-HIV CTL inducible by in vitro stimulation with HIV infected autologous lymphoblasts
and IL-2 were present in all subjects tested. These CTL were HLA class [-restricied CD8*
T lymphocytes. Requirements for induction of anti-HIV CTL activity in vitro varied
between individual subjects; many required only coculture with HIV infected autologous
lymphoblasts for 7 days, while others also required exogenous IL-2 and 10 days of
coculture. The levels of inducible activity were independent of CD4* or CD8* lymphocyte
counts and discase status. Anti-HIV CTL activated in vitro were derived from both CD8*
HLA-DR* and CD8+ HLA-DR- circulating lymphocytes in subjects with and without
detectable circulating anti-HIV CTL. Thus, anti-HIV CTL or their precursors were often
activated in vivg, as demonstrated by HLA-DR expression, in subjects with <900 CD8+

lymphocytes/itl blood and no detectable circulating anti-HIV CTL.

The absence of circulating anti-HIV CTL in subjects showing strong anti-HIV CTL

responses following in vitro stimulation suggests there is in vivo impairment of some aspect
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of anti-HIV CTL generation. The lack of corrclation between circulating anti-HIV CTL
activity and CD4+ lymphocyte number and the ability of subjects without circulating anti-
HIV CTL to generate anti-HIV CTL in vitro without exogenous 1L-2 indicates that this
impairment is not whotly dug to defective helper T cell function. A soluble factor released
by CD8*+CD57+ T cells, which increase in number during HIV infcetion | 12], was shown to
inhibit the effector phase of CTL function [31]. Further, transforming growth factor 3,
which inhibits the differentiation and expansion of CTL, is produced in greater amounts by
PBMC cultures of FIIV* subjects than controls [32]. These soluble factors might play a role
in anti-HIV CTL impairment. Recently, our laboratory demonstrated that exposure of CTL
to human fibroblasts infected with herpes simplex virus renders the CTL inactive |C.M.
Posavad and K.L. Rosenthal: submitted for publication]. Therefore, a number of features
associated with HIV infection, other than defective CD4* helper cell function, may conspire

to compromise the effectiveness of the anti-HIV CTL response.

Anti-HIV CTL responses were detectable in all HIV infected subjects following in vitro
restimulation, but the activation requircments of these CTL varied between subjects,
suggesting & hierarchy of defects in CTL responsiveness. 1t is likely that anti-HIV CTL can
be induced by coculture with HIV infected cells without exogenous 1.-2 before HIV
associated deficiencies occur. Either functional helper lymphocytes responsive to HIV are
still present or the CD8* CTL produce IL-2 and proliferate in an autocrine fushion. A
fraction of HIV* subjects required exogenous IL-2 for the generation of anti-HIV CTL
activity. In these subjects, HIV specific helper function was insufficient or possibly
suppressor cells which are dituted out in IL-2 were present. Still other HIV* subjects
required longer periods of stimulation with HIV infected cells and exogenous 11.-2,
indicating lower CTL precursor frequency, increased suppsessor cel! frequency, or other

factors reducing the efficiency of CTL generation.
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Our subjects were all asymptomatic at time of testing, including those with previous AIDS
defining opportunistic infections. Previous reports of failure to detect anti-HIV CTL
precursors in subjects with AIDS defining opportunistic infections and of decreasing anti-
HIV CTL precursor frequency following opportunistic infections [11], could be due to the
elfects of concurrent infection, rather than specific effects of HIV disease. Two previous
studies of circulating non-specific CTL activity showed that AIDS patients had elevated

circulating CTL activity which fell upon occurrence of an opportunistic infection (33, 34}.

The presence of circulating anti-HIV CTL activity in subjects with low CD4* lymphocyte
counts is interesting in light of current models of the pathobiology of HIV infection.
Elevation of CD8* lymphocyte numbers occurs before significant CD4* lymphocyte
depletion [35] and the association between CD8* lymphocyte counts and circulating anti-
HIV CTL activity suggests that at least some of the CD8* lymphocytosis during infection is
due to activation of anti-HIV CTL. CD4*lymphocyte depletion may thercefore occur despite
anti-HIV CTL activity. CD8* cells are known to at least suppress viral production by HIV
infccu;,d Iymphocytcs 14, 36], but it is clear that infection is not eliminated and that complete
viral suppression never occurs in vive. There is, thercfore, speculation that clinical
deterioration occurs only when the level of viral production crosses a certain threshold. In
this model of pathogenesis, a role for anti-HIV CTL in delaying disease progression seems
probable. However, if the pathogenic effects of HIV arc mediated by direct destruction of
CD4* lymphocytes, this progressive destruction in the face of few productively infected
lymphocytes and an unusually strong anti-viral CTL response is paradoxical. In light of
this, indirect mechanisms of HIV induced CD4+ lymphocyte depletion which would not be
hindewed, and in 301‘11c cases would be hastencd by anti-H1V CTL activity have recently been

proposed [20, 37-39].
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In summary, it is clear that in vivo anti-HIV CTL activity and in vitre anti-HIV CTL
responses persist long after signit’icunt IV induced CD4+ lymphocyte depletion has
occurred. These CTL suppress HIV replication in vitro, although they do not eliminate HIV
infected cells [40]. If there are as few productively infected lymphocytes as reported |2, 41,
42), it is unclear why CD4+ lymphocyle numbers decrease so dramatically. Infection of T
cell progenitors is one possible explanation {43] but this would have un cffect on CD8*
tymphocytes as well, given the passage of CD8$* precursors through a CD4YCDE* stape
[44]. As yet, there is no evidence that class l-restricted anti-HIV CTL contribute to CD4*
lymphocyte depletion and cluss Il-restricted anti-HIV CTL are not apparent in natural
infection. HMuman HIV infection is enigmatic in terms of the profound CD4* lymphocyte
depletion occurring despite low levels of infection. Less rescarch has focussed on elevated
CD8* numbers than on reduccd CD4+ numbers, but this is an carly and persistent
characteristic of HIV infection [35]. An cpidemiological study reported more rapid
progression to AIDS in subjects with the highest CD8* lymphocyte counts at the time of
first examination [45] and CD8* T-cells from HIV* subjects which specifically lyse
uninfécted CD4+ T celis have also been described [46).  Although some ChDy*
lymphocytosis probably relates to anti-HIV activity, the pathological changes in CD8*
lymphocyte activity observed in HIV infection imply additional processes in maintaining
elevated CD8+ lymphocyte numbers and inducing the accumulation of CD8* lymphaocytes
with unusual characteristics. This indirect effect of HIV infection could relate more dircetly

to the pathogenesis of AIDS than the infection of smail numbers of CD4* lymphocytes.
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Figure Captions

Fig. 1. Comparison of 7 and 10 day in vitro stimulation of anti-HIV CTL. All subjects
were tested after 7 days for consistency (Table 1), but subjects whose activity alter 7 days
was insignificant were retested on day 0. Results shown are with an effector:target ratio
of 50:1 with lysis of control VVNP infccted targets subtracted for calculation of percent
specific lysis. Lysis of VVNP-infected targets in these experiment ranged from 1% to

1%.

Fig. 2. Effcct of exogenous IL-2 on in vitro induction of anti-HIV CTL activity. 1a}In 5
subjects, addition of 5U/ml IL-2 (+) after 3 days to cells stimulated with autologous
infected lymphoblasts was nccessary for, or at least enhanced, induction of anti-HIY
CTL. [b} In another 5 subjects, addition of IL-2 (+) after 3 days had linle effect on anti-
HIV CTL responses. Results shown are with an cffectoritarget ratio of 50:1 with lysis of
VVNP infected control targets subtracted for calculation of percent specific lysis. Lysis

of VVNP-infected targets in these experiment ranged from 6% to 41%.

Fig. 3. Effect of T cell subsct depletions on anti-pol and anti-cnv CTL activity.
Depletion of CD4+ or CD8* cells was carried out immediately before CTL assays on
starting populations sct at an effector:target ratio of 50:1. Results shown represent the
mean reduction in percent specific lysis (ESEM) in depletion experiments with 6 scparate
subjects, Initial specific lysis of vace-pol infected targets ranged from 16%-66% and

initial specific lysis of vacc-env expressing targets from 12-60% in these experiments.
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Fig. 4. Contribution of HLA-DR* cells to the inducible anti-HIV CTL response. Fresh
PBMC were split into two populations, one of which wus depleted of HLA-DR* cells
(DR-) prior to stimulation with HIV infected autologous lymphdbiaﬁsts and IL-2 for 7
days. Anti-HIV CTL activity was then measured in both populations. Effector:target
ratio was 20:] for subject AO75 and 50:1 for subjects AO78 and AO87. Lysis of control
VVNP infected targets was subtracted for calculation of percent specific lysis. Lysis of

VVNP-infected targets in these experiment ranged from 2% to 13%.

Fig. 5. Anti-HIV CTL induced in vitro derive from the circulating HLA-DR*
tymphocyte population. Positively selected HLA-DR* cells (DR} and the reciprocal cell
population depleted of HLA-DR* cells (DR-) were stimulated with Con A for 3 days,
followed by 5U/ml IL-2 for 7 days before assessment of anti-HIV CTL activity using
autologous BLCL infected with recombinant vaceinia viruses. Results shown are with an
elfectoritarget ratio of 50:1 with lysis of VVNP infected control targets subtracted for
calculation of percent specific lysis. Lysis of VVNP-infected targets in these experiment

ranged {rom 2% to 13%.
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Table 1, HIV* Subjects' Clinical Status and CTL Activity Against HIV Antigens

Subject Lymphocytes/ut  HIV % Specilic Lysis®
CDC Blood Plasma Circulating Restimulated
Stage® CD4t+ CD8+ AZT Agl gag pol cnv pich  gag  pol  env pich

AQ8% 11 830 1160 - - 4 0 9 0 4 28 3 9
AOI01 11 660 825 - - 0 1 0 0 43 16647 17 4428 3|
ACI23 11 420 630 - - 0 4 0 0 4 13 10 0
AO76 11 390 1300 - - 3 2 3 3 214 628 448 25
AQ30 1 310 1030 - - O 3 10 0 26 20 34 17

AO8¢ I 300 1500 -+ 8 2 16 2 41 33 44 35
AOB4 I 300 1000 -+ 0 0 0 0 14 21 269 Y

AO8L I 280 930 - - 4 25 6 0 29 51 a5 28
AO87 1i 280 930 + - 75273081 35 i2 34 43 13
AO134 11 250 590 + - 0 8 2 0 9 15 25 14

AO105 I 240 1200 + + 0o 0 5 0 11 I8 7 6
AQ77 U 230 380 + - 0 3 6 0 38

K

5129 5028 23
AO78 IVe1290 730 + + 0 0 1 0 303 303 351 17
AOI03 I 220 550 + + 0 2 3 0 14 3 50 5
AOBS Il 180 600 + + O 0 4 0  42)7 5018 5317 40
AORS LI 150 750 - + 1o 5 8 5 4 17 14 5
AO75 I 90 900 +
AO7T2 1 40 400

80 2601103 12 459 316 14

8 7 9 10 3 9 257 9
AOl118 IVe-130 560 + + 0 0 5 0 2 9 35 3
AOL02 II 10 &0 + - 0 0 5§ 0 7 9 1) 7
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Table 1. Legend

aCDC status assessed according to published classification criteria [30].

bSubjects positive for antigenemia if >30 pg p24/ml plasma present.

cPereent Specific Lysis values shown at an cffector:target ratio of 100:1 for circulating CTL
and 50:1 for restimulated CTL.

dSubjcets underlined had detectable circulating anti-HIV CTL activity.

eUnderlined values are percent specific lysis in the presence of OKT3, which inhibits T cell-

mediated lysis.



Table 2. Class I HLA Restriction Specificity of anti-11V CTL

Subject H ass I Typ Target cell % Spegific Lysis?
A B HLAMuch gag pol  env  pich
AO75 2,24 44 autologous 12 45 3! 14
A2 ND 18 30 10
A24 ND 2 16 17
Bd4 ND 24 3 2
AQT6 2,28 18,44 autologous 23 62 44 25
A2 ND 20 25 8
A28 ND 22 25 12
318 ND 15 18 22
B44 ND I 11 13
AQ80 1,3 7,35 autologous 27 27 39 17
Al B35 15 22 23 12
Al 19 28 28 I8
B7 44 41 49 25
AO81 2,28 44,51 autologous 29 51 35 28
A2 B51 8 2 9 5
A28 B5l 11 1 20 10
A2 ! 10 12 4

apercent specific lysis is shown at an cffectoritarget ratio of 50:1.
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Tuble 3. Inducible anti-HIV CTL activity in CDC group 1V Subjects

Subject. Lymphocytes
Jul Blood

AOI03

AO78

AOI88
A0207
AOI130
Adl 36
AOI85

AO20

uPereent specific lysis is shown at an effector:target ratio of 50:1.

10

40

20

10

290

30

0

CD4* CD8*

170

150

130

600

690

580

i

16

6

39

29

30

57

40

9

cnv

19

37

19

20

10

48

25

22

6

i

Effectors I‘ QKT3Y

gag pol  env
2 5 5

0 3 0

7 2 14

13 i5 16

2 2 4
24 28 27

11 14 8

14 12 17

51

pich

[

13

17

bpereent specific lysis in the presence of monoclonal antibody QKT3 was measured to confirm

that the lysis was mediated by T cells.
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Infection of humans with HIV results in depletion of CD4* lymphocytes by
poorly understood mechanisms. Here, we demonstrate that HIV-infected individuals
possess CTL that kill autologous activated CD4* lymphocytes and activated CD4¥
lymphocytes from heterologous HIV~-infected and uninfected individuals, HIVY or
Con A induced this activity in PBL cultures from HIV-infecled, but not uninfected
individuals, CTL present in HIV-infecled individuals lysed activated CD4* but not
CD§+ lymphocytes from the same HIV-infected or uninfected individuals, Effector
cells mediating this activity were shown to be CD3* CD8* and TCR afi, yet lysis
mediated by these cells was neither HLA-restricted, nor HIV-specific,  CTL-
mediated lysis of heterologous CD4+ lymphocytes was not inhibited by a mAb against
fILA-A, B and C antigens and occurred when targets and cffectors were mismatched
at HLA-A and B class [ antigens. Cytotoxicity was much higher against activated
than non-activated CD4* lymphocytes. These CTL distinguish between activated
CD4+ cells from different H1V-seronegative individuals, suggesting recognition of a
polymorphic antigen specific to CD4* fymphocytes and unrelated to HIV. CTL
activity against autologous CD4+ lymphocytes was deteeted at any one time in only 2
minority of HIV-infected subjects tested, but varied markedly over time in individual
HIV-infected persons, suggesting that there are periodic peaks of detectable activity.
A group of HIV-infected individuals with this CTL activity upon initial testing
demonstrated a 36% drop in mean CD4 [ymphocyte count over a six munth follow-
up period, whereas a corresponding group without this CTL aclivity showed no
significant change in CD4 lymphocyle count over an equivalent period (p<.01).
Further, several individuals with CTL activity against their own CD4*% lymphocyles
at one time point did not lyse their own CD4* lymphocytes at a later time point when
their CD4 count had fallen, but continued to lyse CD4+ lymphocytes from an HIV-
seronegative donor. The association of CTL activity against CD4* lymphocyles with

HIV infection, prediction of CD4* T cell loss and climination of susceptible



autologous CD4* T cell targets over time are features consistent with a role for this

activity in the in vivo depletion of CD4+ T cells and in the pathogenesis of AIDS.
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The mechanisms by which HIV infection leads to CD4* T cell depletion and the
development of AIDS arc not clear. It has been argucd that HMIV infection of and
replication in CD4* lymphocytes is responsible for this depletion, but enumeration of
HIV-infected CD4* cells in vivo has raised doubt that this is the only mechanism ol CD4*
T cell depletion (1-3). Alternative mechanisms have been proposed and are now receiving
considerable attention (4-10). Evidence was recently presented for FIIV-associated
superantigen-mediated deletion of T cells (11} and there is also evidence that CD4* T cell
deletion may involve induction of T cell ancrgy (12) and in vivo priming ol I cells for
apoptosis (13). These alternate mechanisms are based on abnormal T cell activation
which might mimic ontogenetic sclection events leading to anergy or deletion, In the
inappropriate setting of the mature immune system, the result could be tolerance 1o foreign
antigens, immunodeficiency and T cell depletion, the hallmarks off AIDS. is unclear,
however, how superantigens mediate depletion of peripheral T cells, whether HIV genes
encode a superantigen and exactly how peripheral T cells become primed for apoptosis,
Evidence has also accumulated supporting o role for antoimmunity in the pathogenesis of
AIDS, including reports of cell-mediated cytotoxicity against uninfected lymphocytes (14-
18). The demonstration by Zarling er al. (19) that HIV-infected humans, but not HIV-
infected chimpanzees have circulating CTL thal lyse uninfected CD4* lymphocytes is
especially provocative.

Elevated CD8* lymphocyte numbers and cnhanced cytotoxicity of peripheral
blood lymphocytes arc common features of HIV infection (20-23).  In fact,
immunopathology associated with HIV infection includes CDRY T cell-mediated
alveolitis, sicca-syndrome, vasculitis and neuritis (24-27). Increased levels of activated
HLA-DR* CD8* T lymphocytes were found to accompany disease progression in several
studics (28-30) and a positive corrclation between the number ol CD8* lymphocytes/ul
blood at first examination and rate of progression to AIDS has alse been noted (31). The

abnormally high level of activation of CD8* lymphocytes in HIV infection is also
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reflected in the unusuil case of detection and high frequency of circulating anti-HIV CTL
in asymptomatic HIV-infected individuals (32-34).  Although incrcased CD8* T cell
numbers and activation in M1V infection partially reflects a protective immunc response, it
is important to recognize that T cell-mediated cytotoxicity may contribute to T cell loss,
immunoputhology and diseuse progression, Reports of autoimmune cytoloxic activity
suggest more than one set of cytotoxic cells with pathogenic potential may be activated in
HIV infection. Zarfing et al. (19) reported the presence of circulating, putatively HLA-
restricted CD8* T cells which lysed uninfected CD4+ lymphocytes and did not lyse EBV-
ransformed B cells, whereas Isrucl-Biet ef al, (18) reported non-HLA-restricted CD4-
CD&- T cells which lysed autologous EBV-transformed B cells, as well as activated CD4*
and CD8* T cells. Since the effect of HIV infection is to specifically deplete CD4+ T cells
and the activity reported by Isracl-Bict ef af. (18) showed no clear relationship to markers
of discase progression, we focussed on characterizing T cell-mediated cytotoxicity specific
for CD4*+ lymphocytes. After we were unable to detect circulating CTL which lysed
uninfected CD4* lymphocytes in 10/10 HIV-infected individuals tested, we tried in vitro
activation with Con A and IL-2. Since activation and expansion of T cells with mitogens
does not alter their clonotypic specificity, in vitro stimulated celis were used to
characterize CTL specific for uninfected CD4+ lymphocytes.

We have confirmed the presence of CTL in HIV-infected individuals which lyse
uninfected activated CD4* T cells and further investigated the nature of this CTL activity
and its relationship to in vivo CD4* T cell depletion. The CTL lysing uninfected CD4+ T
cells were CD3+CDS$* TCR aft and target cell recognition was mediated by the
clonotypic aff TCR, but rccognition by these cells was neither HIV-specific nor HLA-
restricted.  Activated CD4+, but not CD8* lymphocytes from both HIV-infected and
uninfected individuals were lysed by these CTL. CD4* cells from different HIV-
scroncgative subjects were sclectively lysed by CTL from different HIV-infected

individuals, suggesting that the target of these CTL is a polymorphic antigen other than a
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classical HLA‘umigcn. CTL capable of specifically lysiilg uninfected activaed CD4+
lymphocytss were ‘*;"fic;‘icntly induced in PBL from HIV-infected individuals by
stimulation with Con A or HIV, but not by stimulation with EBV. The natural history of
subjects with CTL activity ugainst autologous CD4+ cells supports a role for these CTL in

the in vivo depletion of CD4+ lymphocytes. |
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MATERIALS AND METHODS

Subjec:.'s\". HI1V-1-infected individuals were recruited through the Chedoke-
McMaster Special Immunology Services Clinie. Infection with HIV-1 was determined by
ELISA and confirmed by Western blot. Subjects were clinically assessed and CD4+ and
CD8* lymphocyte counts determined at 3 month intervals whenever possible. Uninfected
HIV-scroncgative volunteers were recruited from hospital and laboratory personncl.
HLA-typing for some subjects was performed by microcytotoxicity assay (35).

Lymphocyte Separations. Blood was collected in heparinized vacutainers, diluted
with an cqual volume of PBS, layered over Ficoll-paque gradient separation medium
(Pharmacia Chemicals, Dorval, Que.) and centrifuged at 400xg for 30 min. Interface cells
were collected, washed 3 times in PBS containing 1% FCS, and counted. Cells were
resuspended in PBS containing 0.1% BSA at 3x100/ml with sufficiecnt OKT4 coated
nmgnc;ic beads (DYNAL Inc., Great Neck, NY) to ensure o 5:1 bead-to-target cell ratio
and rotated together for 1 hvin a 15 ml conical tube at 4°C. After magnetic displacement
of beads, unbound cells were removed by pipetting.  The beads bearing the positively
selected cells were washed twice with PBS containing 0.1% BSA before culture.

Lymphocyte Stinudation. Positively selected CD4+ lymphocytes were resuspended
at approximately 109%ml in RPMI 1640 medium (Gibco, Grand Island, NY) supplemented
with 10% FCS (Bocknck, Burlington, Ont.), 10 mM HEPES, 2mM L-glutamine, 1%
penicillin-streptomycin, (all from Gibeo) and 2x10-3 M 2-ME (Sigma Chemical Co. St.
Louis MO) and stimulated with 5 pg/ml PHA-P (Wellcome Diagnostics, Dartford,
England). After 3 days of PHA stimulation, CD4* culturcs were further supplemented
with 5 U/ml recombinant IL-2 (Genzyme, Cambridge, MA). Following an additional 2-3
days in IL-2, CD4+ cells were reimoved from the beads by vigorous pipetting in a 15 ml

conical tube, magnetic displacement of beads, removal of unbound cells, resuspension of

59



beads in PBS containing 1% BSA and repetition of this procedure a total of 3 times. Cells
were not used for at lcast 48 hours after removal from beads to allow reexpression of
surface antigens. Cultures so treated contained a mean of 95% CD4* lymphocytes as
determined by flow cytometry (data not shown).

CD4* lymphocyte depleted cultures were resuspended at approximately 100/ml in
lymphocyte medium supplemented with 10 pg/ml Con A (Difco, BDH, Toronto, Ont.,
Canada) for 3 days after which 5 U/ml [L-2 was :ultlc(l.' After a total of 7 days these
cultures contained 2 mean of 90% CD8* T cells by flow cytometry (data not shown).

For stimulation with H1V, 10% of the freshly isolated PBMC were cultured with 5
ng/m! PHA-P for 3 days to activate replication of endogenous HIV, washed, irradiated at
5000 Rad, and added to the remaining 90% of the PBMC which had been maintained in
unsupplemented mcdium. After 3 days of coculture, 5 U/ml 1L-2 was added.  For
stimulation with EBYV, autologous EBV-transtormed BLCL were irradiated at 5000 Rad
and added at a ratio of 1:10 10 3 day cultures of PBMC. After 3 days coculture, 11.-2 wiss
added at 5 U/ml. Stimulated cclls were routinely tested for cytotoxicity or used as targets
after 7 days in IL-2 or a total of 10 dayr arter isoiation. To generate EBV-transformed B-
lymphoblastoid cell lines (BLCL), 5X 100 freshly isolated PBMC were incubated in 2.5 ml
cell-free supernatant from EBV-producing BY5-8 cells (American Type Culwure
Collection, ATCC CRLI612). After 24 hours, the cells were washed and incubated in
medium containing 20% FCS and 1pg/ml cyclosporin A (Sandoz Canada, Montreal,
Que.). After 10 days, BLCL were maintained in stundard medium or frozen in medium
supplemented with 20% FFCS and 10% DMSO and stored in fiquid No.

Cytotoxicity Assays. Autologous or heterologous CD4* or CD8* lymphaocytes
cultured as described above for between 10-14 days were incubated for 90 min with 200
UCi Nas'CrO, (New England Nuclear, Boston, MA), washed 4 times in PBS containing
1% FCS, and resuspended at 10%/ml in medium, 50 pl of target cell suspension were

added to duplicate wells uf 96 well round bottom microtitre plates (Nunclon, Roskilde,
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Denmark) for cach E:T ratio and for minimum and maximum controls. Effector cells
were resuspended in media at 5x109/ml and 50, 25 and 12.5 pl added to duplicate wells of
the microtitre plates to attain E:T ratios of 50:1, 25:1 and 12,5:1. A constant volume of
300 pl in cach well was attained by adding either medium or hybridoma supernutants to
test wells, medium alone to minimum wells and by adding IN HCI to maximum wells.

Following addition of effector and target cells, microtitre plates were incubated at 37°C in

humidificd 5% CO, incubators for 5 hours and 100 pl of supernatant was removed from -

cach well for y counting. Percent specilic lysis was calculated by the following formula:
(Test 3!Cr release-Spontancous release)+ (Maximum 3ICr release-Spontancous release) x
100, |

In all assays, spontancous ¥'Cr release was <30% of total 3Cr release. Ten percent
specific lysis was considered positive since this was always greater than 3 times the
standard deviation of the mean spontaneous release,

Characterization of Effector Cells. Inhibition studies with various monoclonal
antibodics were carried out te determine the phenotype of the cytotoxic cells. Hybridoma
supernatants from OKT3 (ATCC CRL8001) and OKT8 (ATCC CRL8(14) were added to
the microtitre plates.in some cases, while in other cases, effector cells were incubated for
30 min with 1 ml OKT3 hybriduma supematant and washed 2 times with PBS containing
1% FFCS before inclusion in cytotoxicity assays. In further tests, effector cells were
incubated with 1 pg of anti-aff TCR mAb BMA-031 ‘Behring Diagnostics, Ont.) or 1 ml
OKT3 hybridoma supernatant for 30 min and washed as above before inclusion in assays.
In other assays, target cells were incubated with hybridoma supematants from anti-HLA
class I mAb PA2.6 (ATCC HBI18), OKT4 (ATCC CRL8002), or anti-HLA-DR mAb
L243 (ATCC HBS55) or 2 pg ami-CD54 ICAM (84H 10, Amacine, Westbrook, ME) for 30
min and washed as above before use as targets. These studies were performed to evaluate
the functional relevance of cell surface molecules to target cell recognition and effector

cecll function,
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Statistical Analysis. Wilcoxon Signed Rank Test and Student's ¢ test were cirried

out using the Statworks™ statisticad analysis software program,
s b &
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RESULTS

Dmnan.s'trar.ian and Initial Characterization of CTL from HIV-1-Infected
Individualy which Lyse CO4% Lymphocytes. Using Con A-stimulated CD8* lymphocytes
from FIV-scropositive individuals as effector cells and panels of purified CD4*
lymphocytes as targets, we demonstrated killing of autologous and heterologous CD4+
lymphocytes obtained from HIV-seropositive and uninfected individuals (Table ).
Specifically, results in Table 1 show effective lysis of purificd autologous CD4*
fymphocytes by CD4-depleted Con A-stimulated effector cells from seven HIV-1-infected
individuals. In addition, CD8* effector cells from HIV-infected individuals were able to
lyse purificd CD4* cells from heterologous HIV-seropositive individuals (Table ). The
results in Table I also show that CD8* effector cclls from HIV-infected individuals were
cytotoxic for uninfecied CD4* target cells obtained from HIV-seroncgative individuals.
Since uninfected CD4* lymphocytes were lysed by CD8* effector cells from HIV-infected
individuals, recognition of the target cells was independent of expression of HIV antigens.
In contrast, following the same in vitro culture conditions used to stimulate effector cells
from HIV-infected individuals, none of eight HIV-seronegative individuals tested
displayed similar cytotoxic activity against uninfected CD4+ target cells (Table I). These
results confirm that CTL activity against uninfected activated CD4+ lymphocytes occurs
in HIV-1 infection. In order to determine the phenotype of the effector cells and the
signalling or accessory molecules involved in target cell lysis, inhibition studics with mAb
against T cell surface markers were performed. Killing of autologous and heterologous
CDd+ cells from l-lfV+ individuals and killing of heterologous CD4% lymphocytes from
uninfected individuals was inhibited when antibodies against either CD3 or CD8 were
present throughout the assay (Table 1). In addition, killing of CD4* cells was inhibited

when effector cells alone were reacted with anti-CD3 and washed (Table 1), These results
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show that HIV-1 infected individuals possess CD3+ CD8+ CTL which lyse uninfected
CD4* lymphocytes and that lysis by these CTL is triggered through the CD3-associated T
cell receptor complex,

Specificity of CTL for Activated CD4* Lymphocytes. Since some HIV* individuals
demonstrate clevated CTL responses to alloantigens (36), we wished to determine if the
lysis of heterologous CD4+ lymphocytes involved recognition of alloantigens. Thercefore,
we compared the ability of the CTL from HIV* subjects to fyse CD4* and CD8*
lymphocytes obtained from the same HiV-infected or uninfected individual, Resulis
shown in Table IT demonstrate that CD8* cffcctor cells from HIV-infected individuals
lysed hetcrologous CD4* lymphocytes but not CD8* lymphacyles obtained from an HIV-
infected or uninfected individual, In contrast, alloantigen-specific CTL generated by MLR
lysed CD4* and CD8* target cells cqually (Table 1), The susceptibility of CD4*
lymphocytes to CTL-mediated lysis was also shown to be dependent on the activation
state of the target cells, Results shown in Table HI demonsirate that activated autologous
CD4+ pelis or activated CD4+ cells from heterologous uninfected individuals were more
susceptible to lysis than unstimuiated CD4* wrget cells.  Thus, CTL from HIV-
seropositive individuals recognize a target antigen present on activated CD4* but not
CD8* lymphocytes. These results also suggest that lysis of heterologous CD4Y
lymphocytes is not duc to allorecognition. Lysis of autologous CDA* lymphacytes or
heterologous CD4+ lymphocytes from FIV-seroncgative individuals was also not inhibited
by the anti-HLA-A, B and C mAb (PA2.6), although this same antibody inhibited
alloantigen-specific CTL and class I-restricted anti-viral CTL (Table V). This reinforees
the evidence that recognition of uninfected CD4+ lymphocytes by CD8* CTL. was not due
to recognition of HLA class I antigens and further suggests that lysis of autologous CD4*
lymphocytes was not due to HLA class [-restricied recognition of HIV antigens. Indeed,
lysis of heterologous CD4* T cells from HIV-infected and uninfected individuals occurred

in the absence of HLA-A or B identity (Tuble V).
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By cxamining pancls of CD4* lymphocytes obtained from HIV* and HIV-
individuals as target ecils, we found that CD8* CTL from dilfercnt HIV-infected
individuals preferentially recognized CD4+ lymphocytes from particular subjects (Table
VI). This did not reflect an inherent resistance 1o lysis for a particular subject’s CD4*
lymphocytes, since all were sensitive to lysis by CTL from at least one HIV-seropositive
individual. We interpret this pattern of recognition as suggesting that CTL from the HIV*
subjeeeee Lpnize a polymorphic antigen specific to CD4* T iymphocytes.

T Cell Receptor Phenotype and Mechanisms of Activation of CTL Recognizing
CD4* Lymphocytes.  Since the recognition of activated CD4* lymphocytes by CD3*
CD8* CTL from HiV-infected individuals was not HLA-restricted or HIV-specific, we
attempted to determine the T cell receptar phenotype of the effector CTL.  Separate
effector CTL popululibus were preincubated with cither OKT3 or BMA-(31. OKT3 binds
to CD3 and inhibits botk aff and ¥8 T cell-mediated cytolysis, while BMA-031 binds to
the & TCR and inhibits enly af T cell-mediated cytolysis. In cach cuse, lysis of CD4+
lymphocyte targets was markedly inhibited when effector cells were incubated with
antibodies against either CD3 or the off T cell receptor (Table VII). Therefore, CTL from
HIV-infected individuals that lyse CD4+ T cells in an unrestricted manner are
predominantly TCR af3* CTL.

We have shown that Con A stimulation induces CTL activity aginst activated
CD4* lymphocytes in a number of HIV-infected individuals., To determine the
relationship of this activity to HIV infcction, we examined whether stimulation with HIV
would also induce this activity, and i so, whether this was a specific property of HIV.
Autologous lymphoblasts stimulated with PHA were uscd as HIV* stimulator cells since
this has previously been shown to stimulate anti-HIV CTL (40). Results showa in Table
VHI demonsteate that stimulation of cffector CTL from HIV-infected individuals with
cither Con A or autologous HIV-infected cells led to the activation of CTL against

autologous and heterolgous CD4* lymphocytes. Stimulation with HIV was as effective as
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stimulation with Con A (Table VIII). Further, the cytotoxic activity against CD4*
lymphocytes stimulated by Con A or HIV was inhibited in the presence of anti-CD3
(Table VIII). In contrast, stimulation with autologous EBV transformed B lymphoblastoid
cells (BLCL) induced CTL activity against autologous BLCL, but did not stimulate anti-
CD3 inhibitable CTL activity against autologous or heterologous CD4* lymphoeytes
(Table VIID). Therefore, Con A and HIV, but not EBV, were able 1o stimulate C'I‘l—:
activity in PBMC from HIV-infected individuals against autologous and heterologous
activated uninfected CD4* lymphocytes.

Relationship of CTL Activity Against Antologons COHY Lymphocytes to In Vive T
Cell Depletion. Over 50 HIV* subjects have been tested at least once for eell-mediated
cytotoxicity against autologous CD4+ lymphocytes. Of these, 16 showed clear evidence
of anti-CD3 inhibitablie cell-mediated immunity against autologous CDd* lymphocytes.
We have obtained follow-up CD4 counts for the 6 month period following detection of
this activity for seven individuals who at time +f testing had >50 CD4+ lymphocytes/pl
blood. All of these subjects lost circulating CD4* lymphocytes over the follow-up period
(Fig. 1). The mean fall (£SD) in CD4* lymphocytes/iL blood for this group was 1214 84
or 36 % compared to a mean rise (£SD) of 40499 or 10 % for a corresponding group
which clearly had no CTL activity against autologous CD4* lymphocytes (Fig. 1). Thus
for this group of HIV* subjects who demonstrated CTL activity against autologous CD4*
lymphocytes, a significant drop (p<.01, Wilcoxon Signed Rank “T'est) in CD4 counts
occurred, whercas a comparable group of FIV-infected individuals who did not
demonstrate this CTL activity showed no significant change in their CD4 counts over the

six month period (Fig. 1)

Further evidence of a role for CTL activity against autologous CDA*+ T eells in T

cell depletion comes from repeated testing for CTL activity against autologous CD4t
lymphocytes over time. Results in Table IX show the natural history of CD4 counts and

CTL activity against autologous CD4* lymphocytes for six HiV-infected subjects. In
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these subjects, CTL activity against autologous CD4+ lymphocytes fell dramatically or.
disappeared coincident with an in vivo fall in CD4 counts. Since it was possible that the
inubility to detect lysis of autologous CD4* cells was due to the loss of susceptible
autologous target cells in vive in the HIV-infected individual, we cbncurrcntly tested lysis
ol heterologous CD4+ lymphocytes from an uninfected individual by CTL from several
HIV* subjects at muliiple time points. In these cases, even though lysis of autologous
CD4* lymphocyles decreased coincident with a fall in CD4 number, lysis of CD4+
lymphocytes obtained from an uninfected individual remained relatively constant (Table
IX). Therefore, auiologous CD4+ lymphocytes sometimes became insensitive to lysis
following an in vivo {all in CD4* lymphocyte numbers, whereas CD4+ lymphocytes from
an uninfected person, in whom numbers and subset representation should remain fairly
constant, were $till lysed by the CTL. This pattern of lysis could occur due to in vivo

depletion of susceptible CD4+ targets by the CTL in HIV* subjects.
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DISCUSSION

In this paper, we have confirmed the presence in HIV-infected individuals of CTL
which lyse uninfecied activated CD4* lymphocytes. "T'his lysis was specific in that it was
mediated thiough the TCR of CD8+ o3+ CTL which did not lyse CD8+ lymphocytes from
the same target cell donor. Recognition was not restricted by classical HLA antigens since
lysis occurred with unrelated CD4* lymphocytes from HLA-mismatehed, heterologous
donors and was not inhibited by an antibody specific for HLA-A, B and C encoded
antigens, However, preferential recognition of certain HIV- subject’s CD4* lymphocytes
from within a panel of such targets suggests recognition of a polymorphic ligand specilic
to CD4* T cells.. A relationship between this CTL aciivity and HIV infection was
suggested by the absence of such CTL from HIV-seronegative controls and the ability of
HIV, but not EBV, to induce these CTL following in vitre stimulation.  Furthermore, a
role for these CTL in the in vive depletion of CD4* lymphocytes in HIV infection is
suggested by the sclective disappearance of susceptible autologous CD4* target cells from
HIV-infeeted individuals and the relationship between detection of this CTL activity and
subsequent loss of CD4* lymphocytes in vivo. These observations and the unusual
characteristics of the CTL themselves, raise questions regarding the pathogenesis ol AIDS
and the role of non- HLA-restricted T cell recognition,

A vole for CTL-mediated lysis of uninfected CD4* lymphocytes in the pathogencis
of AIDS was first suggested by Zarling er al. (19), who described the presence of such
CTL in the circulating blood of HIV-infected humans, but not chimpanzees, This
difference is a compelling explunation for the failure of HIV to induce discase in
chimpanzees. [n our study, the consistency with which detection of this activity predicted
an iminent full in CD4+ iymphocyte numbers supports this possibility. They also observed
that CTL activity against autologous CD4+ lymphocytes was often less than against

heterologous HIV-uninfected lymphocytes (19) and raised the possibility that the CTL
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activity had climinated scnsitive targets in vivo in the HIV-infected subjects. This
suggestion was supported by our demonstration thut CD4+ lymphocyles from time points
preceding a fall in CD4+ lymphocyte number were more sensitive to lysis than CD4+
lymphocytes isolated from HIV-infected subjects following an in vivo fall in CD4*
lymphocyte number.

Qur identification of CD8+ TCR af+ CTL capable of specifically lysing
uninfected CD4* cells concurs with the phenotype of autoimmune cffectors repori~d by
Zarling e al. (19). Despite our inability to detect these CTL directly from circulating
PBL, the similaritics to the activity reported by Zarling et 4l (19) suggest that these CTL
are active in vive in HIV-infection. Under identical culture conditions, 10 HIV-
seroncgative controls did not generate the CTL activity displayed by HlV-infected
individuals, Therefore, this CTL activity is related to IV infection and not an artefact of
in vitro stimulation. Isracl-Bict ef al. (18) reported non-HLA-restricted cytotoxic effectors
that were mostly CD4- CD8- and lysed activated CD4* and CD8* lymphocytes and EBV-
trzmsl'qrmcd B cells. We found that stimulation with EBV-transformed B cells induced
effector cells which killed CD4* lymphocytes, but this activity was not inhibited by anti-
CD3 antibodics. lsracl-Bict ef al. (18) found no obvious assoctation be'ween this activity
and CD4* lymphocyte depletion. In contrast, we found an association between the specific
anti-CD3 inhibitable CTL activity against autologous CD4* lymphocytes and CD4*
lymphocyte depletion. Several distinct cell-mediated cytotoxic activitics capable of lysing
activated uninfected CD4* T cells may be present in HiV-infected individuals, but only
the anti-CD3 inhibitable cytotoxicity specific for CD4* lymphocytes and mediated by
CDS8+ TCR aff* CTL shows a refationship to CD4% lymphocyte depietion in vivo. The
phenotype, specificity and functional utilization of the clonotypic af3 TCR suggests a
specific inunune response direeted against CD4* lymphocytes in HIV infection.

The lack of HLA-restriction of CTL capable of lysing uninfected activated CD4+

lymphocytes is unusual. For this reason and because T7R y6* CTL capable of lysing



autologous activated lymphocytes have been described (41), we considered the possibility
that CTL recognizing uninfected CD4+ lymphocytes were ¥8 lymphocytes. This would
also be consistent with the clevated numbers of ¥ lymphocytes observed in HIV infection
(42, 43). Results from our studies indicated, though, that CTL capable of lysing activated
uninfected CD4* lymphocytes were predominantly, it not exclusively, o3t T celis, It also
seemed possible that the killing ol heterologous CD4+ T cells might be due to
allospecificity, but this was ruled out by demonsteating lysis of CD4* but not CD8*
lymphocytes and by the lack of inhibition with an anti-HLA-A, B and C mAb which
inhibited both alloantigen-specilic and class [-restricted CTL. Despite the dissociation of
T cell recognition and HLA presentation, CTL from HIV-infected individuals were able to
distinguish between CD4* T cells from different donors, suggesting recognition of a
polymorphic determinant.

We also found that activated CD4* lymphocytes were preferentially Iysed by the
CTL. This could be duc to activation-induccd expression of ncoantigens, upregulation of
accessory molecules critical to conjugate formation and lysis or duc to activation-induced
intracellular programming to receive signals inducing apoptosis. Pre-incubmtion of CD4+
target cells with mAb against [ICAM did not inhibit lysis (data not shown), suggesting that
upregulation of this accessory molecule was not involved in the susceptibility of activaied
CD4* cells. A role for activation-induced HLA class 1 expression in recognition is also
unlikely, based on the CD8* phenotype of the CTL (Table 1), differential recognition of
activated CD4+ versus CD8+ lymphocytes (Table 11) and the failure of an anti-HLA-class
II mAD to inhibit lysis (data not shown). Amicsen and Capron (5) have proposed that the
inappropriate reemergence of a T cell death program in response to activation could
account for the CD4* defects seen in MIV-infected individuals.  They recently
demonstrated that activation of CD4* lymphocytes from HIV-infccted individuals by
HLA-class I1-dependent superantigens or PWM resulted in cell death by apoptosis (13).

Since one of the mechanisms by which CTL kill their targets is inducidon of apoptosis
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(44), it is possiblc.lhut activated CD4+ lymphocytes from HIV-infected subjects are
susceptible to programmed cell death following recognition by CD8* CTL.

Our studies suggest that in HIV infection, polymorphic antigens on CD4*
lymphocytes become targets of autoimmune CTL activity. The tack of HLA-restriction of
this activity suggests a possible explanation we are currently investigating, Although non-
HLA-restricied TCR-mediated recognition by CTL is unusual, there are well documented
cxamples of such recognition (45-47). Exposure to foreign antigens clearly clicits HLA-
restricted T cells specific for that antigen, However, recognition between T cells is
sometimes restricted 1o loci outside the MHC (48, 49) and has been postulated to occur via
complementary T cell receptors (50). Evidence for this type of T cell recognition was
reviewed by Coutinho (51) and is exemplificd by the non-HLA restricted protection from
GVIHD induced by transfer of parental lymphoceytes into F1 offspring obtained by prior
exposure o low numbers of parenta! lymphocytes (52). In HIV infection, it is possible
that CTL recognizing idiotypic determinants specific to HLA class-11 restricted TCRs lyse
autologous activated CD4* lymphocytes. This would explain the observed specificity of
the CTL and variation in activity over time, since the TCR is extensively polymorphic and
climination of CD4* lymphocytes in HIV infection may be selective according to TCR VY
region determinants (11). Through reeeptor complementarity, the CTL themselves could
provide the requisite activation signal to sensitize CD4* target cells for lysis.

The idea that autoimmunity is involved in the pathogencis of AIDS is not new, but
the finding of CTL ‘which specifically lyse uninfected CD4* lymphocytes is nonctheless
remarkable. The action of these CTL in the pathogenesis of AIDS is consistent with the
observed increases o activated T cells (28-30) and soluble markers of lymphocyte
activation, such as $-2 microglobulin (53), CD4 (54), CD8 (55) and IL-2 receptor (56).
We detected CTL against autologous CD4* lymphocytes in a minority of HIV* subjects,
however, this may reflect the dynamic nature of the process as specific targets are

climinated and periods of equilibrium last until the CTL infringe upon more of the CD4*
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T cell repertoire. The result of this activity would be gradual selective diminuition of the
CD4* T cell repertoire with deereasing CD4* T cell numbers over time, which has been
reported by Iniberti ef af. (11). In their study, the sclective depletion of CD4+ T cells was
attributed to an H1V encoded superantigen, but autoimmune CTL recognizing specilic
cD4+ TCR idiotypes could also cxplain the sclective depletion. Tt is not clear how R1AY

juces these CTL, but the normal regulatory features of the immune system must be

compromised. This could involve HIV induced cross-reactive immunity agiinst

regulatory T cell idiotypes (4, 10) or specilic infection of regulatory 'I' cells. Further

research is necessary to better understand the origin, specificity and role of these CTL in

HIV-infected individuals.
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TABLE1

Lysis of autologous and heterologous CO4* lymphocyles from HiV-infected and uninfected
individuals is mediated by CD3+ CD&* cytoroxic T lymphocytes fron HIV-infected
' individuals

CD4g+ CD4+

Percent specific lysis

Effectors Turaet Souree ET. 50 25 12,5 S50+40KT3% 50+OKT8
FHV* autologous targets:
119 119 26 25 21 0
[19+0KT3b 19 0 0 {
139 139 17 11 0 l
139+0KT3 139 Q0 0 0
140 (40 15 16 13 4
152 152 43 33 20 |
167 {67 35 25 19 8
188 188 4] 23 14 0
188+0KT3 148 2 0 0
203 203 15 4 3 0
203+0KT3 203 0 0 0
HIV* heterologous targets:
112 140 23 20 13 8
182 140} 14 14 1t 0
119 136 15 8 7 i
136 72 45 27 19 4 6
136 139 40 14 10 ! 18
142 140 14 6 0 0
HIV- heterologous targets:
i KR 45 30 i2 2
[19+0KT3 KR 1 3 1
(Y DS 27 I 2 9 0
[19+OKT3 DS 7 3 0
139 KR 31 27 19 0
'55 KR 29 9 0 5
152 DS 48 26 30 il
123 DS 21 10 7 6
203 DS 44 24 18 7
HIV- autologous targets
KR KR 3 0 2
cp cp 0 0} 0
DS DS 0 Y] 0
SP SP 0 0 0
MW MW 0 0 )
AA AA 0 { 4
AG AG 0 0 0
SG SG 0 )] 0
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TABLE L. legend

CD4-depleted effector cells stimulated with Con Af1L-2 were tested Tor eytotoxicity aguinst
purificd autologous PHA activated CD4+ lymphocytes, activated heterologous CD4Y
lymphocytes from HIV-infected individuals and uninlected activated CD4* lymphocytes from
HIV-seronegative individuals.

aLysis in the presence of OKTS or OK'T8 was measured at an 12T ratio ol 50:1 by adding
200 ! hybridoma supernitant to test wells in place of medium for a final volume of 300 pl.

bin some cases, effector cells alone were incubated with 1 ml OK'T3 hybridoma superitant
for 30 min immediately prior to the assuy. Unbound QK12 was removed by 2 washes in PBS

containing 1% FFCS.



CTL from Hi V—inﬁcred individuals tyse CD4* but not CD8* T cells from heterologous HIV-

TABLEII

infected und yninfected individuals

83

CD8* Hiv+ Percent specific lysis (BT=50, 25, 12.5)
Lftectors Lurgets CD4r Dg*
112 140 23 20 13 0 0 0
182 140 14 14 Il 0 0 0
119 136 15 8 7 0 0 0
136 139 40 14 10 0 0 0
136 72 45 27 19 2 2 0
142 140 4 6 0 0o 0 0
119 140 63 56 56 7 0 l
139 140 48 49 46 0 0 0
207 188 58 45 35 0 0 3

HIV- Tarpets
119 KR 45 30 12 9 6 1
139 KR 31 27 19 4 1 0
28 KR 34 33 25 7 4 0
123 DS 2] 10 7 4 0 0
152 DS 48 20 30 2 | 0
203 DS dd 24 18 0 G {
132 MW 19 5 12 0 0 0
207 MW 20 14 9 0 0 0
168 MW il 8 4 0 0 0
Anti-aflo HI.A CTL Controls®

sp KR 3 15 5 30 15 10
KR Sp 22 9 0 27 16 7
AG SG 31 id 2 26 10 0




TABLE IL legend

Effector cells were tested for cytotoxicity against purificd heterologous PEHLA-stimulated
CD4+ and Con A-stimulated CD8* lymphocytes {rom HiV-infeeted (HIVY) and uninfected
(HIV-) individuals,

aAnti-alloantigen specific CTL were generated lollowing 6 day MLR using o 1110

stimulator:responder ratio.
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TABLE 11l

Activation of antologons or heterologous CD4+ 1 lymphocytes is required for susceptibility to
Iysis by CTL from HIV-infected individuals

CD8* CDd+ o Specific Lysis
ffectors Tareets BT 50 25 12.5
119 ' 119 non-activated 0 3 ]
119 PHA/IL-2 25 18 16
152 152 non-activated 8 0 0
152 PHA/I-2 82 77 GO
185 KR non-activated 16 9 9
KR PHA/IL-2 Ol 53 50
214 KR non-activated 19 15 6
KR PHA/IL-2 8 63 56
221 KR non-activated q 3 ]
KR PHA/IL-2 51 37 24
252 KR non-activated 43 25 19

KR PHA/IL-2 69 51 40
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TABLE I, legend

Effcctor cells from HIV-infected individuals were tested for cytotoxicity against non-
activated or CD4* lymphocytes activated with PHA and [L-2. CD4+ lymphocytes were
positively sclected from freshly isolated PBMC from HIV-infected subjects 119 and 152 by
magnetic bead separation. CD4* cells were removed from the beads by vigorous pipetting
and used as targets after 24 h of culture in lymphocyte medium. Lysis of non-activated CD4*
cells from an HIV-seronegative donor (KR) was measured against CD4 cells enriched from
PBMC by depletion of CD8* T cells with OKT8-coated magnetic beads and depletion of

monocytes by adherence to plastic.



TABLE IV

Anti-HLA class [ A, B and C mAb does not inhibir Iysis of antologous or heterologons CD4*
Iymphocytes by CD8* CTL from HiV-infected individuals

CDg+ CD4g+ Percent Specific Lysis
Effector cells Targets  ET S0 25 12,5 SO+PA2.6H
188 : 188 60 54 43

188 188+PA2.6V 73 62 48

139 139 17 ] 10

139 139+PA2.6 17 16 17

119 119 26 25 21

119 1194PA2.6 34 36 30

119 KR 50 38 19

119 KR+PA2.6 41 33 13

155 KR 29 9 0 25
185 KR 70 55 50 71
214 KR 78 63 56 75
22] KR 51 37 28 40)
252 KR 69 51 40 67

Anti-viral and anti-allogeneic HLA Controls

119 anti-HIV CTL Vace-env 60 45 28 14
123 anti-HIV CTL Vacc-pol 54 27 13 28
152 anti-EBV CTL 152 BLCL 70 54 26 8
KR anti-SP CTL. SP BLCL 27 6

SP anti-KR CTL KR BLCL 59 38 22 19




TABLE IV, legend

The ability of PA2,6, a mAb against HLA class I A, B and C, 1o inhibit lysis of CD4+
lymphocytes by CTL from HIV-infected individuals was tested. Recombinant vaccinia viruses
expressing the pol (Vace-pol Vefd0) (37) and env (Vace-env VS¢25) (38) gencs of HIV were
used in anti-HIV CTL studies. These viruses were obtained from Dr. B. Moss (NIH) and used
to infect autologous BLCL at a multiplicity of infection of 15 for 16 h before their use as
target cells. A vaccinia recombinant containing the nucleoprotein of Pichinde virus (VVNP)
was constructed in our laboratory (39) and used as a control for these studies.

in some cases, 20011 hybridoma supernatant was added to microtitre plates in place of
medium to attain a final volume of 300 ul at an E:T ratio of 50.

bIn other cases, target cells alone were incubated for 30 min with | ml hybridoma

supernatant and unbound antibody removed by 2 washes in PBS containing 1% FCS.
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TABLE V

CD8* CTL from HiIV-infected individuals Ivse HLA-A and B class I-mismatched CD4*
Iymphocytes

CDg* HLA® CD4+ HLA Percent specilic lysis
Effectors A B Targets A B ET 30 258 125
119 2 2844 18 140 1 3 7 wi7 65 50 56
139 231 7 51 DS 1 23 8 44 25 21 13
139 KR 32w33 14 44 31 27 19
140 I 3 7w57 KR 62 52 33
152 | 26 18 49 KR 4 36 26
155 1 3 7 35 KR 29 9 0
155 . Ccp 31 i3 39 49 43 20
111 2 28 51 44 CP 52 40 29

Effector CTL from HIV-infected individuals were tested for cytotoxicity against purified
CD4* target cells from FLA-class I A and B typed HIV-infected (140} and uninfected (KR,
DS and CP) individuals.

aHLA types were determined using standard microcylotoxicity assays (35).
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TABLE VI

CD&* CTL -mmediated lysis of CD4+ T cells discriminates benveen CD4* T eells from different
HIV* gr HIV- individuals

CDg+ CD4+
136 _ AA - MW 139 72 19 140 136
) 14 3 40 45 8 8
25 16 4 14 27 5 4 5
12.5 6 0 o 19 4 3 2
137 DS KR SP 137
50 45 0 6 9
25 42 0 2 9
12.5 34 0 3 5
207 cP DS KR SP 188 207
50 )1 11 0 0 38 2
25 0 0 0 0 45 0
12.5 0 6 0 0 35 0
188 CP DS KR 136 188
30 14 0 1 i4 38
25 4 0 0 30
12.5 i 0 0 8 21
127 DS 126 232 127
S0 12 3 1Y 0
25 13 7 10 2
12.5 5 0 6

Cifcctor cells from HIV-infected individuals were tested for cytotoxicity against a panel of
purificd CD4+ cells from HIV-intected (numbered) or uninfected (initials) individuals,



CTL mediating non-HLA-restricted Iysis of CD4% tymphocyies are TCR aff +7T cells

TABLE VH

CDg+ CD4+ Pereent Speciflic Lysis
Effectors Targets ET= 50 25 125

119 KR 28 19 8
119+0KT3 KR 0 0 0
119+BMA-031 KR 0 0 0
19 DS 24 14 9
119+0KT3 DS 7 3 0
119+BMA-031 DS 2 0 i
139 KR 32 18 8
139+0OKT3 KR IS il 8
139+BMA-031 KR 14 14 4
140 DS 28 20 )
140+0KT3 DS 7 5 ]
140+BMA-031 DS 5 i 2
203 KR 30 25 18
203+0OKT3 KR 8 2 4
203+BMA-031 KR 8 4 3
203 203 IS 4 b
203+0OKT3 203 0 l 0
203+BMA-031 203 0 0 ()
214 KR 53 44 39
214+0OKT3 KR 5 5 0
214+BMA-031 KR 10 6 3
221 KR 18 17 14
221+0KT3 KR 0 0 0
221+BMA-031 KR 0 0 0
252 KR 39 24 I
252+0KT3 KR 0 0 0
252+BMA-031 KR 12 2 4




TABLE VII. legend

Immediately prior to assay, cffector cells were incubated with either 1 ml of OKT3
hybridoma sepernatant, 1ig of anti-TCR «ff framework mAb BMA-031 in 1 ml medium or |
ml of medium alone for 30 min. Effector cells were then washed 2 times in PBS containing

1% FCS and tested for cytotoxicity.
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TABLE VI

Stimudation with Con A or HIV, but not EBV, generares CTL which Ivse CDIY Iymphocytes

Percent Specific Lysis

Effectors ~ Stimulation Target ET 50 25 125  50+QKT3
232 Con A 232 CD4* I3 5 0
232 Con A 126 CD4+ 44 31 2 7
232 HIV 232 CD4* 4 7 | 0
232 HIV 126 CD4+ 66 46 3l 17
136 HIV 72 CD4+ 36 30 14 3
136 Con A 72 CD4* 45 2119 4
123 EBV 123 BLCL 64 38 30 43
123 EBV 123 CD4* PR TR 23
123 EBV DS CD4* 33023 22 4l
123 HIV 123 BLCL 138 7 12
123 HIV 123 CD4* 137 3
123 HIV DS CD4* 20 10 7 6
119 EBV 119 B. CL 57 48 306 13
19 EBV 119 CD4* 55 3 3
119 EBV KR CD4* 0 3 0 0
119 HIV 119 BLCL 29 21 12 12
119 HIV 119 CD4* 0 4 0 6
119 HIV KR CD4* 30 160 9 0
119 Con A 119 BLCL 27 22 12 31
119 Con A 119 CD4* 0o 0 0 0

119 Con A KR CD4+ 35 20 I 0




TABLE VIII. legend

The ability of Con A, HIV and EBV to stimulate CTL from HIV-infected individuals
against CD4*F lympocyles was compared.  Effector cells were generated in vitro by
stimulation with Con A, PHA-stimulated auvtologous PBMC (HIV) or autologous EBV-
transformed BLCL (EBYV). Target cells were purificd CD4+ cells or BLCL from HIV-
infected individuals (humbered) and CD4+ cells from uninfected (initials) individuals.

4In order to show that cytotoxicity was mediated by T cells, 200 ul OKT3 hybridoma

supernatant was added in place of medium to test wells with an E:T ratio of 50:1.
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Fig. 1
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Figure 1. HIV* subjects initially with CTL activity against autologous activated CD4* T cells
demonstrate a loss of CD4 cells over the 6 month period following testing. This study compared
subjects who at time 0 had >50 CD4* T cells/pl blood and for whom CID4 counts al appropriate
times were available. Fig. la subjects all had >15% OKT3 inhibitable lysis of autologous CD4*
lymphocytes after in vitro stimulation while Fig. 1b subjects had <5% lysis of autologous CD4*
lymphocytes under identical conditions of stimulation. For group a, the mean CD4 count fell
significantly (36%) over the 6 months following testing (p<.01) while for group b, no significant

change in the mean CD4 count occurred (Wilcoxon Signed Rank Test). The mean change in CD4

ﬁﬂ l[)=337i27 1
Xy t6=2162209 p<.0l

AXy=-121484

X to=419£269
}_{b l6=459+271 ns

AXp=d0£99  p<.0l

count was also significantly greater in group a (p<.01) (Student's 1 test).
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TABLE IX

Detection of CTL activity against autologous CD4* lymphocytes in HIV-infected individuals
precedes loss of CD4 *cells in vivo and loss of sensitivity of autologous CD4* lymphocytes
1o lysis

CDg+ Time CD4 Percent Specific Lysis (E:T=50, 25, 12.5)
CIL Months Count Autologous CD4s KR CD4s
140 0 160 20 J6 14 35 32 10
140 8 10 0 0 0 39 31 20
139 0 230 16 12 7 3l 27 19
139 8 200 2 0 0 28 19 8
119 0 480 25 18 16 23 21 9
119 6 260 2 0 0 45 30 12
152 0 210 82 77 66 ND
152 ‘ 6 90 0 0 0 ND

I5 0 870 s 1l 8 ND

15 4 590 I 3 3 ND
199 0 530 4 12 10 ND
199 2 310 0 0 0 ND

CDd-depleted cffector cells tuken from HiV-infected individuals at different times were
stimulated with Con A and IL-2 and tested for lysis of concurrently isolated autologous
activated CD4* lymphocytes. Lysis of CD4* lymphocytes from an HIV-seronegative
individual (KR) was also measured for some subjects at the diiferent time points for

comparison.
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The repertoire of antigen specific receptors expressed on T Ilymphocytes is shaped by
[fixed genetic and variable environmental selective pressures. Recent technological
advances have enabled the analysis of T cell receplor (TCR) expression in the context
of scleclive pressures arising through normal immur_n_q sys{tg‘ﬁh‘dcvelopment and also
through pathological fealures of discase. The path.c;‘l.ﬁgﬂg’ical features of acquired
immune deficiency syndrome (AIDS) are reflected by selective depletion of particular
T lymphocyte sub;sels and expansion of others. An important question concerning
the immunopathogencsis of AIDS is whether or not the perturbation of the CD4+ and
CD8* T cell subscets lollowing infection with human immunodeficiency virus {(11V) is
selective based on TCR variable (V) region gene expression. To address this
(question, we have functionally analyzed TCR V gene expression on CD8* cytotoxic T
lymphocytes from HIV-1-infected individuals, This was done using monoclonal
antibodics against individual TCR V regions to trigger redirected cytolysis in 31Cr
release assays. The percent specific lysis induced by each antibody functionaily
measures the representation of the TCR V region gene product it is specific for.
Relative to non-HIV-infected controls and asymptomatic HIV-infected individuals
with only moderate CD4 lymphocyte depletion, IHIV-infected individuals with low
CD4 lymphocyte counts exhibited skewed patterns of TCR V region representation,
Therefore, the perturbation within the CD8* cytotoxic T lymphocyte repertoire in
HIV-infection appears Lo be sclective based on TCR 'V region usage, increasingly so
as diseasc progresses. The TCR V genes affected varied between different HIV-
infected individuals and skewing detected in functional assays was not always
apparent by flow cytometric analysis. These results suggest that HIV-infection
causes gencralized effects on the T cell repertoire which are reflected in the relative
TCR V gene represenlation of the CD§+ cytotoxic T lymphocyte population in

peripheral blood.
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A

INTRODUCTION

T cell antigen receptors arc encoded by rearranged genes assembled . from dispersed
segments within the genome. Much of the extensive diversity is drawn from multiple
genomic o and B V gene scgments out of which one per individual rewranged o and 3
chain genc is chosen to encode the most common TCR (Davis and Bjorkman, 1988).
Once receplors are expressed on the thymocyte surface, positive and negative selection of
individual receptors in the thymus produces a peripheral repertoire of T lymphocytes
expressing characteristic proportions of the V genes represcnted in the genome (Baccala
et. al., 1991). Further selective events in the periphery may alter the proportions of
individual V genes expressed. Under normal conditions, the proportions of individual V
gene expression arc maintained within relatively narrow limits (Grunewald et al., 1991q),
even across varied ethnic backgrounds (Ramakrishnan ct al., 1992). When the immune
system is subjected to unusual pressures such as cxposure o superantigens, chronic
dysn'egulution, or malignancy, there may be marked cffects on the proportions ol
individual TCR V genes expressed. This is reflected in highly skewed V region
representation in the T cell repertoire in certain types of autoimmunity (Kay ct al., 19913
Grunewald et al., 1991b; Davies et al., 1991), lymphoma (Wen et al,, 1990; Janson ¢t al.,
1991) and following superantigenic challenge (Webb ct al., 1990 MaucDaonald et al,,
1991).

The characteristics of skewing of the T cell repertoire in pathological states can
provide insight into the etiology of the condition. Oligoclonal T celi populations in the
joints of subjects with rheumatoid arthritis are consistent with a highly sclective localized
antigen driven recruitment and expansion of reactive T cells (Stamenkovic et al., 1988).
The demonstration that an endogenous superantigen encoded by a murine retrovirus
causes deletion of T cells bearing pariicular V regions in the thymus (Marrack et al., 1991,

Woodland et al. 1991; Dyson et al. 1991) and in the periphery (Webb ct al., 199(;
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MacDonald ct al., 1991) led to speculation that HIV encodes a superantigen (Janeway,

1991). Support for this suggestion appeared in the report of consistent deletion of certain '

V region expressing T cells in AIDS patients (Imberti et al., 1991), This deletion was
demonstrated by reverse transeription of T lymphocyte mRNA and quantitative
polymerase chain reaction (PCR) amplification of TCR V regions. In addition, clevated
Icvels of CD4* T cells with particular V regions have been detected by flow cylometry in
asymptomatic HIV-infected individuals (Dalgleish et al., 1992). Expansion could reflect
the period of superantigen-mediated expansion of T cells with particular V regions
preceding T cé-ll deletion in murine systems (Webb ct al., 1990; MacDonald ct al,, 1991),
Although interpreting changeis in the T cell repertoire in HIV-infection as due to
superantigens has been questioned, it is clear that the T cell repertoire changes markedly
during HIV-infection (Imberti et al., 1991).

A prominent feature of HIV-infection is systemic activalion of the immunce system
and an increase in activated HLA-DR* CD8* T lymphocyies in the peripheral blood
(Princp et al., 1987; Giorgi and Detels, 1989; Levacher et al., 1990). Some of these
activated lymphocytes are cytotoxic T lymphocytes (CTL) which recognize HIV-infected
cells (Walker ¢t al., 1987, Grant et al., 1992), others are autoreactive CTL (Isracl-Biet et
al,, 1990; Zurling et al., 1990), and many are of unknown specificity. In order to
understand AIDS, it is important to characterize the selective pressures operating on the T
cell repertoire during HIV infection. V region gene representation in the T cell repertoire
of HIV-infected individuals is therefore an arca of intense investigation. We have adapted
a redirected cytolysis assay (Lecuwenberg ct al., 1985) to functionally quantitate V region
gene utilization by CD8+ CTL in HIV-infected subjects. This assay allows rapid
comparative analysis of TCR V region representation. Results of these studies suggest
that HIV has a generalized cffect on the T cell repertoire distinet from the effects of
noninal antigens or superantigens and that this effect on the T cell repertoire relates to

discasc progresston:
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MATERIALS AND METHODS

Subjects

HIV-l-infected individuals were recruited through the Chcdlukc—i\'chuslcr Special
Immunology Services Clinic. Infection with HIV-{ was determined by ELISA and
confirmed by Western blot.  Subjects were clinically assessed and CD4+ and CD8*
lymphocyte counts determined at 3 month intervals whenever possible. These studies
received local ethical approvai and informed consent was obtained from all individuals
involved. Non HIV-infected volunteers were recruited from hospital and laboratory

personnel.

Lymphocytc Separations

Blood was collected in heparinized vacutainers, diluted with an equal volume of phosphate
buffered saline (PBS), layered over Ficoll-paque gradient separation medium (Pharmicia
Chemicals, Dorval, Que.) and centrifuged at 400xg for 30 min. Interfuce cells were
collected, washed 3 times in PBS containing 1% fetal calf serum (FCS), and counted. In
order to remove CD4* lymphocytes, cclls were resuspended in PBS containing 0.1%
bovine serum albumin (BSA) at 3x106/ml with enough OKT4 coated magnetic beads
(DYNAL Inc., Great Neck, NY) for a 5:1 bead-to-target cell ratio and rotated together for
1 hin a 15 m] conical tubc at 4°C. Alter magnetic displacement of beads, unbound cells
were removed by pipclting. To positively sclect HLA-DR* lymphocytes, 1x107 peripheral
blood mononuclear cells (PBMC) were incubated for 30 min with Spug monoclonal anti-
HLA-DR (L243, Becton-Dickinson, Mountain View, CA), washed twice in PBS with
0.1% BSA, and selected as above using goat anti-mouse 1gG couated magnetic beads

(DYNAL Inc., Great Neck, NY).
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Lymphocyte Stimulation

CD4+ lymphocyte depleted PBMC or posilivlc:,ly sclected HLA-DR+ PBMC were
resuspended at approximately 109/m] in RPMI 16140 medium (Gibco, Grand Island, NY)
supplemented with 10% FCS (Bocknek, Burlington, Ont.), 10 mM hepes, 2mM L-
glulaminc._l% penicillin-streptomyein, (all from Gibeo) and 2x10-3 M 2-mercaptoethanol
(Sigma Chemical Co. St. Louis MO). Cultured cells were stimulated with 10 pg/ml
concanavalin A (Con A) (Difco, BDH, Toronto, Ont., Canada) for 3 days after which 5
U/ml recombinant interleukin-2 (riL-2) (Genzyme, Cambridge, MA) was added. After a
total of 7 days these cultures contained >90% CD8* T cells meusured by flow cytometry
(data not shown). Magnetic beads were removed from stimulated HLA-DRT cells by 3
cycles of vigorous pipetting, magnetic displacement of beads, and washing with PBS 0.1%
BSA. For stimulation with H1V, 10% of the freshly isolated PBMC were cultured with 5
pg/ml phytohemaggluttinin-purified (PHA-P) (Wellcome Diagnostics, Dartford, England)
for 3 days to activate replication of endogenous HIV, washed, irradiated at 5000 Rad, and
zlddcd.lo the remaining 90% of the PBMC which had been maintained in unsupplemented
medium. After 3 days of coculture, 5 U/ml of rlL-2 was added. Stimulaled cells were

routinely tested for cytotoxicity following 7 days incubation in rIL-2.

Redirected Cytotoxicily Assay

Approximately 2x10¢ Fc receptor positive P815 murine mastocytoma cells (American
Type Culture Collection, Rockville, MD) were incubated for 60 min with 200 nCi
Na3'CrQ, (New England Nuclear, Boston, MA), washed 3 times in PBS containing 1%
FCS, counted, and resuspended in lymphocyte medium at 1.5x106/ml, 1.5x105 31Cr-
labeled P81S cells were transferred to separate tubes. These cells were incubated for 45
min at 37°C with lpg of one of 6 ditferent monoclonal antibodies, including OKT3 (anti-
CD3), ICI (anti-VP 5.2 and 5.3) OT145 (anti-VP 6.7) 16G8 (anti-VP8) S5i1 (anti-
VB12) and Fl (anti-Va.2.3). In some assays OKT8 (anti-CD8) was also used as a
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negative control antibody, OKT3 and OKT8 were from Couiter Immunology (Hialeah,
FL) and all other antibodies were from T-Cell Sciences (Cambridge, MA). Target cells
were then resuspended without further washing at 1x105/ml and 50 pl added to cach test
well of round bottom 96 well microtitre plates (Nunclon, Roskilde, Denmark). Elfector
cytotoxic cells were counted and resuspended at 5x106/m! (control M1V seroncgative
subjects) or 2.5x106/ml (HIV-infected subjects) and 50 pl added to cach test well of
microtitre plates for effector cell:target cell ratios (E:T) of 50:1 (M1V-) or 25:1 (HIIVY),
Medium was added to each well to obtain a final volume ol 300 pl. For cach set of
antibody-coated P815 cells, triplicate wells containing target cells and medium alone to
determine spontancous 3!Cr release and target cells and IN hydrochloric acid (HCD to
determine maximum 31Cr release were included. All sets ol effector cells were also tested
in triplicate for lysis of P815 celis redirected by each individual antibody. Following
incubation at 37°C in a humidified 5% CQO2 incubator for 5 hours, 100 il supernatant was
removed from cuch. well and counted in a 7y counter. Percent specific redivected lysis
mediated by each of the monoclonal antibodics was calculated by the following formula:

(Test 31Cr release-Spontancous release)+ (Maximum SICr release-Spontancous release) x
100. Results are expressed as the mean of triplicate tests. In all assays, spontancous SICr

release was <15% of total 3!Cr release. Assays were considered invalid if redirected lysis

mediated by OKT3 or by the 5 anti-TCR monocionals in total was <50%. Additionally, if

lysis of the OKTS treated P815 cells was >10%, the assay was considered invalid, since
OKTS binds to a non-triggering molecule expressed on the surface of CD8*+ CTL.
Depletion of CD8* cells immediately before assays reduced the redirected lysis mediated
by OKT3 by >95% in 6/6 cascs (data not shown), demonstrating that CD8* cells account

for the overwhelming majority of CTL detected by redirected cytolysis.



Ilow Cytometry

In order to phenotypically determine levels of TCR V region representation, T cells were
stained with fluorescein isothiocyanate (FITC)-conjugated anti-TCR V region antibodics
and phycocrythrin (PE)-conjugated OKT8 as previously described (Silver et al., 1992) and
counted by two color direct immunofluorescence flow cytometry (FACScan flow

cytomeler, Becton-Dickinson, Mountain View, CA}

Data Normalization

The anti-TCR monoclonal antibodies used in this study together cover approximately 20%
of the normal human T-cell repertoire (Janson et al., 1991). In order to compare the
relative use of cach individual TCR V region within this 20% window between different
subjects, the redirected lysis mediated by all 5 antibodics was totalled and lysis mediated
by individual antibodies expressed as a percentage of this total. Results from flow
cytometric analyses were treated similarly so that the number of lymphocytes bearing each
individual V region gene was expressed as a percentage of the total number of

tymphocytes expressing any of the 5 V region genes detected by the antibodics.
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RESULTS

Functional TCR V region gene representation of CD8* cytotoxic T lymphocytes from
controls

Results of redirected lysis assays done with CD8* lymphocytes from 6 normal control
donors are shown in table 1. A normal range for TCR V region gene representation in
CTL was estimated from these results based on the mean percentage representation of
cach TCR V region gene for the 6 control individualst3 standard deviations (SD).
Notably consistent within the control group was the functional eminence of VPS5 and Va2,
ranking Ist or 2nd in level of representation in 12/12 cases. These results generally agree
with published data on physical representation of TCR V region genes in controls (Junson
et al., 1991), except we found VP8 functionally underrepresented on CD8* T cells relative

to its reported physical level of representation.

Functional TCR V region gene representation of CD8* cytotoxic T lymphocytes from

HIV-infected individuals

The cytotoxic activity of lymphocytes from HIV-infected subjects was much higher than

that of lymphocytes from uninfected controls, therefore an E:T ratio of 25:1 instead of

50:1 was used in the analysis of V region genc representation of CTL from HIV-infected
subjects. Results from redirected lysis assays done with CD8* lymphocytes [rom 6
asymptomatic HIV-infected individuals with CD4* lymphocyte counts 2400/ul blood are
presented in table 2. In this group of 6 subjects, least affected by HIV, there is only 1 case
in which functional representation of a TCR V region gene falls outside the normal range.
This instance is the relative overrepresentation of V6 by the cytotoxic CD8* lymphocytes
of subject 115. As in the control group, the functional eminence of V{5 and Vo2 is
consistent (1st or 2nd ranking in 11712 cases), except for subject 115, where the eminence

of Vo2 fell to 3rd coincident with overrepresentation of V6.
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Table 3 shows the results of redirected lysis asays done with lymphocytes from 6
HIV-infected individuals with CD4* lymphocyte counts between 200 and 400/l blood.
These individuals were also clinically asym;liomatic, although their CD4 counts indicated
progressive discas;:. In this group, there were 6 cases in which the functional
representation of a TCR V region gene fell outside the normal range, involving 4 of the 6
individuals. These included 3 examples of diminished representation: in subject 155, of
VPS5, in subject 16 of Va2, and in subject 112 of VB6; and 3 examples of
overrepresentation: in subject 155 of V6, in subject 132 of V[38 and in subject 112 of
VB12. The eminence of VB5 is less consistent in this group, as V5 is undetectable in
subject 155 and ranks 3rd in subjects 132 and 112, Despite a low representation relative to
controls, Vo2 ranks a distant 2nd, comparable with V12 in subject 16.

Tablc 4 shows the results of redirected lysis assays done with lymphocytes from 6
HIV-infected individuals with <200 CD4+ lymphocytes/ptl blood. All but subjects 152
and 122 had suffered AIDS defining illnesses prior to testing, but at the time of testing,
only subject 13 was symptomatic, This group demonstrated 9 cases of functional V region
gene representation outside the normal range, involving 5 of the 6 individuals. These
included 3 cases of diminished representation: in subjects 140, 185 and 13 all of VB5; and
6 cascs of overrepresentation: subjects 140, 152, 185 and 13 all V6 and subjects 122 and
13 VB12. VB35 was not at all eminent in this group (ranked 1st or 2nd in /6 cases) and the
eminence of Vo2 was less than in the contro! group (ranked 1st or second in 4/6 cases).
The number of individuals affected per group (1 vs 4 vs 5) and the total number of TCR V
region genes alfccted per group (1 vs 6 vs 9) increased with each stratification of
decreasing CD4+ lymphocyte counts. This consistent trend towards an abnormal CD8*
repertoire as CD4* lymphoceyte counts decrease suggests that distortion of the functional

CTL repertoire is & component of progressive HIV disease.
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Comparison of functional and phenotypic analysis of the CD8* T cell repertoire

Tablc 5 shows the results of flow cytometric analysis of TCR V region gene expression by
the CD8* lymphocytes of 6 HIV-infected individuals for whom concurrent analysis by
redirected cytotoxicity was done, There were 3 cases where phenotypic TCR V region
gene representation by CD8* lymphocytes feil outside the normal range. Subjects 232,

152 and 140 all showed elevated levels of VP12 relative to published control levels
(Janson ct al., 1991). These clevations were not accompanicd by functional
overrepresentation. Converscly, in nonc of the 4 cases where functional TCR V region
gene representation fell outside the normal range (132 V@38, 140 V5 and VB6 and 152
VB6) were phenotypic levels outside the normal range. In fuct, the relative levels of
expression for each TCR V region gene were different when measured functionally or
phenotypicically, as was the ranking of V region gene representation. It therefore appears
these methods measure different things and that phenotypic and functional representation

of TCR V region genes on CD8* T cells are not necessarily dircetly related.

An obvious discrepancy between the functional and phenotypic representation of

VP8 (p=.007, Student's ¢ test), in that it was physically abundant, but functionally subdued,
can be seen in table 5. In the 6 HIV-infected individuals for whom both measurements are
available, VP8 physically accounted for a meantSD of 29+3.8% of the portion of the T
cell repertoire covered by the anti-V gene antibodics used. Functionally, VP8 accounted
for only 15£9.7% of the same portion of the repertoire, suggesting a population of
cytotoxically silent VB8+CD8* T lymphocytes. Since this discrepancy was apparent in

controls as well as HIV-infected individuals, it appears unrelated to HIV infection.
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Functional TCR V repion gene representation of distinct CD8* T cell subsets from
the same individual

An advantage of functional analysis of the T cell repertoire is access to diagnostic subsets
of T cells which may be too sparse for study by three color flow cytometry or
indistinguishable by PCR analysis. By positively selecting HLA-DR* cells from fresh
peripheral blood, c;tpatmding this population with Con A, and analyzing by redirected
cytolysis, we can determine TCR V region gene representation specifically within
circulating activated CTL. Since the original activation occurs in vivo, the repertoire
expressed by these cells maiy be more diagnostic for disease related changes than the
general repertoire. Results shown in figure | for two HIV-infected individuals support
this possibility. Comparison of the functional repertoire of HLA-DR* cells and HLA-DR-
cells from HiV-infeeted individuals 139 and 152, shows selective expansion of VB6*
cytotoxic T celfs in the HLA-DR* population. One year later, this activated population
was sclectively expanded in the general repertoire.  Thus skewing of the activated
repertoire, especially for subject 152, predicted later changes in the repertoire. Analysis of
activated subscts may therefore identify discase related changes in the repertoire earlier, or
actually predict changes. The time between analyses for both subjects was nearly a year,
over which the CD4 count of subject 139 fell from 230 to 170 and that of subject 152 from
210 to 80. Interestingly, the more dramatic fall in CD4* lymphocytes occurred in the
individual with TCR V region gene representation values outside the normal range. We
have observed a similar trend in other individuals in that a stable T cell repertoire with V
region gene representation within the normal range is associated with clinical stability.
However, more subjects must be followed longtitudinally to document this association and

determine any prognostic significance of repertoire skewing.
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Stimulation of differential functional V region gene representation by antigen or
mitogen

Another application of V region gene analysis by redirccted lysis is 1o look at the effect of
antigenic stimulation on V gene use by cytotoxic T cells. We compared lymphocytes from
HIV-infected individuals after stimulation with Con A or HIV and were surprised by the
ability of HIV to stimulate broad representation of TCR V genes (Fig, 2). There were,
however, several cases where certain V genes selectively responded to, or selectively
ignored antigen specific stimulation with HIV, For example, stimulation with HIV
reduced the usage of VP8 by cytotoxic lymphocytes of subject 132 1o within the normal
range, but also reduced the use of VB5 to below the normal range compared to Con A
stimulation. Stimulation with either Con A or HIV induced V6 utilization at a level

outside the normal range by cytotoxic T lymphocytes from subject 115, The levels of V

region genc usc by cytotoxic lymphocytes from subject 188 were similar with either

stimulation. Overall, the pattern of V region gene representation induced by stimulation
with HIV was not markedly distinct from that induced by stimulation with Con A. The
reasons for this are not clear, but could relate to the way lymphocytes are stimulated with

HIV and an immunopathogenic mechanism of CD4 depletion proposed in the discussion,
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DISCUSSION
This study introduces the application of redirected lysis assays with monoclonal antibodies
against TCR V region pene products to the analysis of the cytotoxic T cell repertoire. V
region analysis by this method allows comparison of functional and physical levels of V
region gene expression, which may be quite different. Results obtained with lymphocytes
from FIV-infected individuals support the concept that progressive distortion of V region
gene representation of CTL relative to controls occurs as CD4* lymphocyte numbers fall.
The number of cases of V gene utilization outside the normal range increased successively
in 3 groups of HIV-infceted individuals stratified according to CD4* lymphocyte counts.
It should be emphasized that these cases were detected with antibodies covering
approximately one-fifth of the repertoire only, so the actual perturbation of the T cell
repertoire in HIV-infected individuals is probably far greater than detected in this study.
This type of finding has been attributed to superantigens, but our obscrvation that
increases detected by Tunction are not always reflected by physical increases suggests that
not all lymphoceytes expressing a certain V region arc affected. This is more consistent
with antigens rather than superantigens driving the expansion or deletion of CTL
cxpressing particular V oregion genes.  In several cases, changes in the total T cell
repertoire were detected carlier by analyzing the repertoire of T cells activated in vivo. If
this is a general finding, then processes associated with HIV infection which sclectively
activate T ceils may impact on the whole repertoire and are an integral component of
pathogenesis. HIV alone may not be directly responsible for the skewing of the repertoire,
since stimulation with HIV obscured at least onc case of V gene overrepresentation which
was apparent after polyclonal stimulation with Con A,

The major question regarding the skewing of the T cell repertoire in HIV infection
is whether it reflects an integral component of the immunopathology of AIDS or whether
it merely reflects the presence of opportuniatic pathogens whose impact parallels disease

progression,  Although there is not yet a definitive answer to this question, there are
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reasons to think that the changes in the repertoire are not due to opportunistic pathogens.
One reason is that' the success of the opportunistic pathogen, by definition, depends
directly upon a weakened immune response to that pathogen. Hence, once the
opportunistic puth_ogen is established, it has the least impact on the immune system. An
alternative scenario is that constrictive changes in the repertoire favor the establishment of
opportunistic pathogens by eliminating T cells which would normally be involved in the
response to the pathogens. The idea that opportunistic pathogens have superantigens
which stimulate the dilapidated immune system without inducing immunity 10 themselves
is another possibility which can be investigated by assessing the diversity of TCRs sharing
the same overrepresented V region gene. The tevel of diversity may indicate whether the
signal for expansion is antigenic (Tow diversity) or superantigenic (high diversity).  In
particular cases, the question of diversity within TCRs sharing V region genes can alse be
addressed by redirected cytolysis. For instance, if Va2 was found 1o be expanded in an
individual, Vo2*+ cytotoxic T cells could be selected, expanded and analyzed by redirected
cytolysis for V{ region cxpression. Now that an cxpanded panel of anti-V[ TCR
monoclonals are available, about 50% of the repertoire can be investigated in this way.
Diversity of VB expression by the expanded Voi2* cells over that 50% of the repertoire
should indicate if Vo2 expansion is polyclonal (superantigenic) or oligoclonal (antigenic).
These methods are also amenable to the characterization of TCR V region gene use by
antigen-specific cytotoxic T cell clones.

The idea that skewing of the T cell repertoire is an integral component of the
pathogenesis of HIV infection centers around 2 possibilities. One is that HIV itsell is a

superantigen, The lack of consistent expunsion of the same V region genes in different

HIV-infected individuals scems to discredit this idea, but there is now evidence of

selective growth of HIV in VB12+ cells (Laurence et al,, 1992). This evidence suggests
that HIV directly activates VB12+ cells, thereby favoring selective replicution in CD4+

VB12+ cells following infection. It is interesting that by flow cytometry, but not
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redirccted lysis, we observed an increase in V312 levels relative to controls in 3/6 HIV-
infected individuals. By flow cytometry, only V12 was found outside the normal range
of representation,

Another possibility for HIV-induced skewing of the T cell repertoire, more
consistent with all the data, is that M1V does not sclectively stimulate on the basis of just V
gene expression, but induces autoimmunity against conformational determinants of TCRs.
This would tend to selectively eliminate some V region genes and favor others, but the
pattern could differ in unrelated individuals and only a subset of T cells expressing any
particular V region gene would be affected.  Autoimmunity against conformational
determinants of TCRs has been previously proposed to explain the selective depletion of
CD4* T cells in HIV infection (Hoffmann et al., 1991, Grant, 1991) and crossreactivity
between HIV gp120 and VB4 has recently been demonstrated (Primi, 1992). This model
of HIV pathogenesis is consistent with clinical and immunological features of HIV-
infection. We and others have shown that CD8* CTL from HIV-infected persons
sclectively kill uninfected CD4* lymphocytes (Zarling et al., 1990, Isracl-Biet et al.,
1990). Although lh;: autoimmune CTL cells are phenotypically normal (CD3+CD8* TCR
o), they are not HLA-restricied, suggesting recognition of a conformational determinant
(Grant et al., submitted for publication). Increases in CD8* lymphocytle number and
activity and a correlation between discase progression and percentage of circulating
activated CD8* T cells are very consistent features of HIV-infection (Vanham et al.,
1991). If HIV-induced autoimmunity drives this expansion, then the distortions in the
CTL repertoire would reflect activation against certain CD4* lymphocytes and progress in
parallel with depletion of CD4+ lymphocytes. Also, if the target of the cytotoxic
lymphocytes is CD4* lymphocytes, this would explain why stimulation with HIV induces
a broad representation of TCR V regions, similar to polyclonal stimulation. HIV

stimulation relics upon expression of HIV antigens by activated CD4* lymphocytes, so the
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CD4+ lymphoceytes themselves may also activate cytotoxic cells highly represented in the
functional repertoire .

In summary, we fee!l that redirected cytolysis with antibodics against TCR V
region gene products is a uscful new technique for analysis of the cytotoxic T cell
repertoire. Our results corroborate those of others, obtained mainly by PCR techniques,
suggesting that distortion of the T cell repertoire accompanics progressive HIV-infection,
In light of the possibility that autoimmune CD8* CTL are involved in the depletion of
CD4+ lymphocytes, it may be much more meaningful to focus on the [unctional cytotoxic
T cell repertoire, rather than on all the T cells. Whether these changes in the repertoire are
a cause or cffect of disease progression is an important and controversial issue for further

examination.
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Table 1. Functional T cell Receptor V Region Representation of Cytotoxic T cells From non-

HIV-infected Controls

Subject

Percent Specific Lysis

Mediated by Antibody

Percentage of Total Anti-V Region

Antibody Mediated Lysis Mediated

by Individual Antibodies®

OKT3 VB5 VB6 VB8 VBI2Z Va2 VB5 VB6 VP8 VPI2 Va2
1100 40 10 28 11 57 27 7 19 8 39
2 Y 56 24 13 14 59 34 14 8 8 36
3 78 15 I 11 15 20 21 15 15 21 28
4 82 14 4 2 3 24 30 9 4 6 51
5 5 13 8 6 0 23 26 16 12 0 46
6 82 16 4 2 2 14 42 11 5 5 37

MeantSD 3057 1343 116 817 4018

Normal Range (Mcant3 SD) 9.51 4-22 0-29 0-29 16-64

4To normalize the data to allow comparison between individuals, the percent lysis mediated by

each individual antibody was divided by the total of the lysis mediated by the 5 anti-V region

antibodies. This gives a percentage expressing the relative level of representation of each V

region within the total portion of the repertoire covered by the anti-V region antibodies.



Table 2. Functional T cell Receptor V Region Representation of Cytotoxic T cells From

HIV-infected Subjects With >400 CD4* T Lymphocytes/ul Blood

Subject

Percent Specific Lysis

Mediated by Antibody

Percentage of Total Anti-V Region

Antibody Mediated Lysis Mediated

by Individual Antibodics?

OKT3 VBS VB6 VP8 VBI2 Va2

116
232

28
115
119
190

85
69
76
73
93
97

44
23

9
22
22
65

33
8
7

20
4

44

22
9
3
6

10

36

16
3
7

12

13

32

46
20

Vps
27
32
29
31
34

VPG

20 4
11 13
11 12
280 8
6 16
19 16

10

VBS VPIZ Va2

29

37

ITo norm:;lizc the data to allow comparison between individuals, the percent lysis mediated
by each individual antii)ody was divided by the total of the lysis mediated by the 5 anti-V
region antibodies. This gives a percentage expressing the relative level of representation of
each V region within the total portion of the repertoire covered by the anti-V region
antibodies.

bUnderlined values are those which fall outside the normal range established for controls (>3

standard deviations above or below control mean).



Table 3. Functional T cell Receptor V Region Representation of Cytotoxic T cells From

HIV-infected Subjects With 200-400 CD4+ T Lymphacytes/pl Blood

Subject  Percent Specific Lysis Percentage of Total Anti-V Region
Mediated by Antibody Antibody Mediated Lysis Mediated
by Individual Antibodies®

OKT3 VP5 VB6. VP8 VBI2Z Va2 VBS VB6 VP8 VPI2 Va2
139 93 31 11 17 9 42 22 10 15 8 38
55 100 0 28 0 14 40 o 34 0 17 49
111 88 64 20 20 10 55 38 12 12 6 33
132 87 25 12 61 15 92 12 6 30 7 45
16 68 40 7 9 12 12 50 9 11 15 15
112 81 19 0 8 21 22 27 0 11 30 3l

#To normalize the data to allow comparison between individuals, the percent lysis mediated
by cach individual antibody was divided by the total of the lysis mediated by the 5 anti-V
region antibodics. This gives a percentage expressing the relative level of representation of
cach V region within the total portion of the repertoire covered by the anti-V region
antibodies.

bUnderlined values are those which fall outside the nonmal range established for controls (>3

standard deviations above or below control mean).
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Table 4. Functional T ¢ell Receptor V Region Representation of Cytotoxic T cells From

HIV-infected Subjects With <200 CD4* T Lymphocytes/jil Blood

Subject  Percent Specific Lysis Percentage of Total Anti-V Region
Mediated by Antibody Antibody Mediated Lysis Mediated

by Individual Antibodics®

OKT3 VP5 VP6 VB8 VPIZ Va2 VB5 VPG VBS  VPI2 Va2
181 69 6 9 12 13 2l 0 15 20 21 34
140 98 0 21 3 7 21 b 40 6 13 40
122 76 14 5 5 27 18 20 7 7 39 26
152 82 13 34 4 4 40 14 36 4 4 42
185 87 4 20 3 16 14 as 5 28 25
13 73 6 20 11 271 17 25 14 33 21

aTo normilize the data to allow comparison between individuals, the percent lysis mediated
by each individual antibody was divided by the total of the lysis mediated by the 5 anti-V
region antibodies. This gives a percentage expressing the relative level of representation of
each V region within the total portion of the repertoire covered by the anti-V region
antibodies.

bUnderlined values are those which Fall outside the normal range established for controls (>3

standard deviations above or below control meun).
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Table 5. Phenotypic T cell Receptor V Region Representation of CD8*+ Lymphocyics From

HIV-infected Subjects

Subject

Percentage of CD8*

Lymphocyles Expressing

Percentage of CD8* Lymphocytes
Expressing Individual TCR V Region

Individual TCR V Region Totald
Total VB5 VA6 VAS VBIZ Vo2 VRS VP66 VB8 VBI2 Va2
232 20 57 24 56 23 37 29 4.1 28 12 19
132 19 44 22 53 21 48 23 12 28 11 26
139 15 35 20 48 19 23 24 14 33 13 16
181 18 49 29 58 1.8 29 27 16 32 10 16
152 20 53 38 . 46 34 25 27 19 23 17 13
140 21 54 39 69 26 24 25 18 33 12 11

4To normalize the data to allow comparison between individuals, the percentage of CD8+
cells reacting with cach tndividual antibody was divided by the total percentage of CD8+
cells reacting with the 5§ anti-V region antibodies. This gives a percentage expressing the
relative level of representation of cach V region within the total portion of the repertoire
covered by the anti-V region antibodics.

bUnderlined valucs arc those which fall outside the range observed for CD8+ lymphocytes
from 24 HIV-scronegative controls (Janson ct al., 1991). The cytolysis data for comparison

is presented in tables 2-4: subject 232, >400 CDds/pl; subjects 132 and 139 200-400

CDds/pl; and subjects 181, 152, and 140 <200 CD4ds/ul.
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Fig. 1. Differences in relative level of VB6 expression in in vive activated versus all
cytotoxic cells and change in relative VB6 expression over time, Functional expression
of VB6 was compared in eytotoxic T cells derived from in vive HLA-DR* cells and in all
cytotoxic cells for 2 HIV-infected individuals.  All cytotoxic celis were retested
approximately one year later. Results for VB6 alone are shown because the functional

expression of this subset cither began or went outside the normal range of representation,
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Fig. 2. Comparisen of relative levels of V region use by cytotoxic T cells stimulated with
Con A or HIV. Lymphocytes from 3 separate HIV-infected individuals, 132 (200-400
CDds/ul), 188 (<200 CDds/ul), and 115 (>400 CD4s/ul), were stimulated with either

HIV or Con A before analysis of V region expression by redirceted lysis assay.
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Discussion

This thesis has examined three aspects of CTL activity in the pathogenesis of
A]DS: protection from discase progression; auwtoimmunity against CD4*+ T lymphocytes;
and the cytotoxic T cell repertoire. Results [rom these studies will be interpreted in light
of our hypothesis that the pathogenesis of AIDS is caused by negative selection of CD4* T

cells in the periphery of HIV-infected individuals by wutoimmune CTL activity.
A. Protection From Discase Progression,
i. Circulating anti-HIV CTL activity.

Several aspects of the findings on circulating anti-HIV CTL activity are consistent
with a role for anti-HIV CTL in protection from discuse progression. ‘The presence of
detectable circulating anti-FHIV CTL activity was associated with CDRY Tymphocyte
counts above 900/ul peripheral blood. This demonstrates that at least a portion of the
CD8+ lymphocytosis characteristic of HIV infection is caused by activation and expansion
of CD8* anti-HIV CTL. Circulating anti-IHIV CTL were also found exclusively in
asymptomatic HIV-infected individuals, although only in about 40% ol those individuals
tested. In addition, there was a lower proportion of HIV-infected individuals who had
detectable plasma HIV antigens (1/6 veesus 7/14) with circulating anti-HIV CTL activity
than without circulating anti-HIV CTL. This is consistent with a lower level of HIV
replication in those individuals with circulating anti-H1Y CTL activity. Although all HIV-
infected individuals with circutating anti-HIV CTL activity had more than 900 CD3*
lymphocytes/pl peripheral blood, these individuals showed a wide variation in CD4*

lymphocyte counts. CD4+ lymphocyte counts in this group ranged from approximately
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normal (880/ul) to extremely low (90/ul) and there was no significant difference in the
mean CD4* lymphocyte number in groups with or without circulating anti-HIV CTL
activity. In contrast, there was a highly significant diff‘crence in mean CD8* lymphocyte
number in the two groups. These results can be interpreted to suggest that absolute CD8*
lymphocyte count is a critical determinant of the presence of detectable circulating anti-
HIV CTL and that the presence of this activily is practically independent of CD4*
tymphocyte counts. Since circulating anti-HIV CTL activity is associated with a
decreased incidence of HIV antigenemia but not with higher CD4* lymphocyte counts,
this suggests a dissociation between viral replication and the loss of CD4* lymphocytes,
although production of p24 docs not nccessarily correlate with production of infectious
HIV. Even though circulating anti-HIV CTL may inhibit HIV replication in vivo, they do

not appear to protect aginst CD4% lymphocyte loss.
ii. Inducible anti-HIIV CTL activity .

In contrast to the clear association of circulating anti-HIV CTL activity in
asymptomatic HIV-infected individuals with CD8* lymphocyte count above 900/ul,
inducible anti-HIV CTL activity was found in all HIV-infected individuals tested,
regardless of clinical stage or laboratory purameter measurements (ie. CD4* and CD8*
lymphocyte counts, This suggests that inducible anti-HIV CTL precursors persist through
all stages of discase. Even in individuals with AIDS, the anti-HIV CTL precursors
showed evidence of activation in the form of FILA-DR expression. There was however, a
heirarchy of potential defects seen in terms of the requirements for anti-HIV CTL
activation, ir. that exogenous IL-2 and a longer period of in virro stimulation of CTL
precursors was required for the detection of anti-HIV CTL activity in some individuals.
This could be interpreted as a functional decrease in CTL precursor activity with or

without a decrease in actual numbers of anti-HIV CTL precursors. This interpretation is
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consistent with the reported finding of suppression of anti-HIV CTL activity in
symptomatic HIV-infected individuals (20, 61, 62). Since considerable anti-HIV CTL
activity was inducible in vitro in all H1V-infected individuals, it is difticult to relate
changes in anti-HIV CTL precursor frequency to discase progression. However, the
accumulation of successively more stringent requirements for the activation of anti-H1V
CTL suggests that some aspects of discase progression may have o negative effect upon
the efficacy of anti-HIV CTL activity.

In terms of the general hypothesis, the most significant finding in these studies was
that circulating Illlti:I'IIV CTL activity may inhibit the in vivo replication of HIV without
conferring protection against CD4+ lymphocyte loss. This potential dissociation of HIV
replication from CD4* lymphocyte depletion implies that indirect efTects of HIV-infection
are at least partially responsible for the loss of CD4* lymphocytes.

For this reason, we decided to test HIV-infected individuals for the presence of
autoimmune CTL capable of lysing uninfected CD4+ lymphoceyies. CTL with this
specificity were reported in the circulation of HiV-infected individuals and were not found
in HIV-infected chimpanzees (41), which don't develop AIDS following HIV-infection.
The reported specificity of these CTL and their absence in HIV-infected chimpanzees
suggested that these CTL might play a role in CD4* lymphocyte depletion in human

infection with HIV.
B. Autoimmune CTL Against Uninfected CD4+ Lymphocytes.
i. Presence in HIV-infected individuals.
HIV-infected individuals were shown to possess Con A inducible CTL activity

capable of lysing autologous CD4+ lymphocytes, heterologous CD4* lymphocytes from

HIV-infected individuals and surprisingly, heterologous CD4* lymphocytes from non-
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HIV-infected individuals, This CTL activity was not detectable in uninfected controls.
Levels of this activity against autologous cells varied, but was often extremely high
against CD4* lymphocytes from uninfected individuals. These results suggested that the

CTL may climinate their own autologous targets in vive,
ii. Phenotype of autoimmune CTL.

Lysis of CD4* lymphocytes by autoimmune CTL was"’qhown to be inhibitable by
anti-CD3 antibodices and anti-CD8 antibodics when the antibodies were included in the
assay. Also, when cffector cells alone were treated with anti-CD3 antibodies, killing of
CD4+* cells was markedly inhibited. This argues against a veto phenomenon since
inhibition of CD4* ‘ccll death by treating the CD8* cffectors with anti-CD3 demonstrates
that the CD8* cells are delivering the "lethal hit" to the target cells in contrast to the veto
phenomenon where autoimmune target cells recognize self MHC class I on CD8*
lymphocytes and commit suicide (63). Inhibition with anti-CD3 and anti-CDS identified
the autoimmune CTL as CD3+*CD8* T lymphocytes, the classical phenotype of CTL.
Inhibition with anti-CD3 and also with anti-o} TCR antibodies demonstrated the use of
the antigen specific TCR in recognition of the CD4* targets and suggested a specific

cellular immune response against CD4* T lymphocytes.
iii. Specificity of the autoimmune CTL.

In contrast to their classical phenotype and use of the TCR to recognize their
targets, these CTL have unusual characteristics. The most obvious is their recognition of
uninfccted CD4F lymphocytes. Thus, these CTL are not virus-specific. In addition, these
CTL show no evidence of HLA-restriction which is an almost universally accepted

constriint of off TCR+ T cell recognition. Although at least some yd TCR* T cells are not
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HLA-restricted, we showed that the autoimmune CTL were at least prﬁdominnntly af
TCR* T lymphocytes. Despite these uncharacteristic features, the CTL display specilicity
for an antigen expresscd on a subsct of uninfected activated CD4* lymphocytes and
recognition of antigenic polymorphism, This was shown in the failure of the autoimmune
CTL to lyse autologous or heterologous CD8* lymphocytes and the ability of the CTL 10
lyse CD4* T lymphocytes from particular donors preferentially, when tested against a
panel of CD4+ lymphocytes from muktiple HIV-infected or uninfected donors, This was
not due to an inherent resistance of CD4+ lymphocytes from certain donors to lysis since
CD4+ lymphocytes from every donor were lysed by CTL from at keast one HIV-infected
individual,

These cells can be activated in vitro by polyclonal stimulation with Con A or in the
same way as anti-HIV CTL are specifically activated, The activity was not generated by
stimulation with another virus (EBV) known to induce a strong CD&* CTL response,
Although stimulation with EBV in some cases induced cells which lysed uninfected CD4*
lymphocytes, lysis in these cases was not inhibitable with antibodies against CD3.
Therefore, the activity induced by stimulation with EBV was different from the
autoimmune CTL activity and did not represent a specific CTL response against

uninfected CD4+ lymphocyics.
iv. Role of Autoimmune CTL in CD4* lymphocyte depletion.

Several aspects of the autoimmune CTL activity suggest it might play  role in the
pathogenesis of CD4+ lymphocyte depletion and AIDS. The most obvious is the
presence of this activity in HIV-infected individuals, but not in non-H1V-infected
individuals. These CTL werc also absent in HIV-infected chimpanzees (41), which

despite being susceptible to HIV-infection do not develop AIDS.
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When tested at a single time point, not all HIV-infected individuﬂs showed CTL
activity against their own CD4* lymphocytes. We followed the CD4+ lymphocyte counts
of 14 individuals, seven of which lysed »15% of their own CD4+ lymphocytes and seven
of which lysed <5% of their own CD4* lymphocytes, for a six month period after tesing
for autoimmune CTL activity. As a group, the individuals with >15% lysis of their own
CD4* lymphocytes lost more CD4+* lymphocytes over the six month follow-up
period{p<.01), There was no significant change in the mean CD4 count of the group
without autoimmune CTL activity, while 7/7 of those with autoimmune CTL activity lost
>15% of their CD4* lymphocytes (a mean loss of 36%) over the six month follow-up.
This is consistent with a role for autoimmune CTL activity in the in vive depletion of
CD4* lymphocytes. The only subject without detectable autoimmune CTL activity who
lost CD4+ lymphocytes over the follow-up period was receiving chemotherapy for an
AIDS-associated malignancy .

In a number of HIV-infected individuals who initially had autoimmune CTL
activity, we found that this activity became undetectable against autologous CD4*
lymphocytes coincident with an in vive decrease in CD4+ lymphocyte count. However,
when tested against CD4+ lymphocytes from heterologous non-HIV-infected individuals,
CTL activity aguainst CD4* lymphocytes was maintained. Since the CD4* lymphocyte
count and repertoire of the uninfected individual are unlikely to change drastically, the
same CTL target antigens should be expressed over time. In contrast, the HIV-infected
individual has lost a significant number of CD4+ lymphocytes over the same time period
and the same CTL target antigens appear to no longer be expressed. One interpretation of
this finding is that CD4+ lymphocytes expressing relevant target antigens recognized by
the autoimmune anti-H1Y CTL activity arc eliminated i vivo in HIV-infccted individuals
and that this ¢limination is responsible for the loss of CD4* lymphocytes. This finding is
consistent with a dircet role for the autoimmune CTL in the in vive depletion of CD4t

lymphocytes.
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Selective climination of certain CD4+ lymphocytes over time in HIV-infection by
autoimmune CTL suggests that changes in the CD4* lymphocyte populition will be
mirrored by changes in the CD8* cytotoxic T cell population. Different subsets off CD4*
lymphocytes will stimulate different scts of autoimmune CTL. If avtoimmune CTL ciuse
selective climination of CD4+ lymphocytes, there should be selective expansion of CD8*
CTL with different specificities as CD4*+ lymphocyte depletion progresses.  Since
specificity is related to V gene usage, we decided to look at the effects of HIV infection
on the CTL repertoire by functionatly measuring V genc usage in relation to progressive

CD4+ lymphocyte depletion.

C. Cytotoxic T Cell Repertoire in HIV Infection.

We examined effects on the cytotoxic T cell repertoire in HIV-infected
individuals by compuring the functional level of expression of five TCR V regions in
non-HIV-infected individuals and in HIV-infected individuals stratified into three groups
based on degree of CD4*+ lymphocyte depletion. The most obvious difference between
the two groups was the higher level of T cell-mediated cytotoxicity expressed by CD8*
lymphocytes from HIV-infected individuals than by CD8* lymphocytes fron uninfected
controls. This suggests that in vive, in HIV-infected persons, there is cither positive

sclection of a subset of CD8* T lymphocyles with greater cytotoxic potential or that

CD8* lymphocytes in general are activated for cytotoxicity by HIV infection. In cither

case, the expansion of CD8* lymphocytes seen in HIV infection includes the cxpansion
of functionally activated cytotoxic CD8* T celis.
Analysis of the TCR repertoire of the cytotoxic T cells activated in HIV infection

showed that there was selective activation based on the V region expressed by the CD8*

lymphocytes. This is apparent from the skewing of the repertoire reflected in over or
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underutilization of particular V regions by CTL from HIV-infected individuals refative to
controls. The number of examples of detectable skewing increased from | in the group of
HIV-infected individuals with >400 CD4* lymphocytes to 6 in the group of HIV-infected
individuals with 200-400 CD4* lymphocytes to 9 in the group of HIV-infected
individuals with <200 CD4* lymphocytes. The number of affected individuals in the
same three groups increased from 1/6 to 4/6 10 5/6. While this skewing could occur in
response to HIV or other pathogens favored by the immunodeficiency associated with
FllV-infection, it might also reflect the autoimmune CTL response against autologous
CD4+* lymphocytes. The association between the degree of skewing and CD4t
lymphocyle count is consistent with cither possibility.

CD8* lymphocyte counts are often highest in HIV-infected individuals with high
CD4* lymphocyte counts. These individuals make a strong anti-HIV CTL response, but
tend not to exhibit skewing of the CTL repertoire. This suggests that the skewing is not a
dircct result of the immune response to HIV. Individuals with high CD4+ lymphocyte
counts also rarcly possess detectable autoimmune CTL activity.

In vitro stimulation with HIV uses PHA activated autologous lymphoblasts as
stimulators and in some HIV-infected individuals, this also activates autoimmune CTL
against autologous CD4+ lymphocytes. This is probably due to the presence of activated
CD4* lymphocytes in the stimulating population. In the individuals tested, this form of
stimulation induced broad representation of TCR V regions on activated CTL, very
similar o0 that induced by polyclonal stimulation with Con A, Con A also cffectively
stimulated awtoimmune CTL in HIV-infected individuals. Since Con A stimulation
selectively expands cells already activated in vivo (64), this suggests that the autoimmune
CTL are present at a high frequency in the peripheral blood and together with the broad
response induced by autologous fymphoblasts as stimulators, suggests that the
accumulation of autoimmuae CTL may be a key factor in the skewing of the CTL

repertoire.  The association between the skewing of the CTL repertoire and the loss of
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CD4* lymphocytes may reflect the direct role of autoimmune CTL in CD4* lymphocyte
depletion for which evidence was presented in the previous section,

Some investigators have suggested that the skewing of the repertoire seen in HIV
infection results from the action of superantigens encoded cither by HIV or other
pathogens (46-48). Superantigens stimulate T cells which express a particular V[3 gene
segment and this can result in expansion and subsequent deletion of T cells expressing
that gene product (52). Superantigenic stimulation non-selectively effects all T cells
expressing the relevant VP gene. When we compared the phenotypic level of CXPression
of TCR V regions measured by flow cytometry to the functional level of expression
measured by redirccted cytolysis, we saw little if any relationship between phenotypic
and functional levels. The fact that functional skewing occurrcd for certain V regions
without concurrent phenotypic skewing can be interpreted as evidence that not all ‘T cells
with a certain V region have been expanded, but only a specific subset of CTL with that
V region have been expanded. Therefore, the skewing we have detected functionally
does not suggest the action of & superantigen. It is also unlikely that opportunistic
pathogens, which thrive due to a reduced host response, could at the sume time influence

the T cell repertoire to the extent scen.

D. The Pathogenesis of AIDS.

Throughout the clinically asymptomatic phase of HIV infection, the immune
system shows signs of massive activation. While dircet detection of HIV requires
sensitive analytical techniques, the indirect effects of HIV infection are obvious. The
hypothesis behind our work is that this immunc system activation, rather than the
infection of smal numbers of CD4* lymphocytes is the real pathogenic effect of HIV

infection.



In any immunc response there is clonal selection of reactive cells. In parallel,
there may be selection of variants of the immunogen. The longer and more pronounced
the immune responsc, the more stringent selection becomes. With HIV infection, a
massive immune response is mounted against the CD4* lymphocytes themselves. A way
in which HIV may accomplish this is by stimuluting CD4* cells independently of HLA-
restricted antigen presentation. This would impair the selection of dominant CD4* HLA-
class 11 restricted anti-HIV helper cells and drive the activation of polyclonal populations
of CD4* cells, If an idiotypic nctwork of T cells exists, this will subscquently result in
the activation of T cells anti-idiotypic to CDd* cells. At least three ways in which HIV
could activate T cells independently of HLA-presentation have been proposed. The first
way is via an HIV-encoded superantigen, which could selectively activate T cells with
particular V regions (48). Continued mutation of the putative HIV-encoded superantigen
could result in activation of T cells with other V regions (48). Evidence for this type of
FLA-non-restricted presentation has been presented in two recent reports (46, 47). A
second way by which HIV may activate T cells without HLA presentation has also been
reported by two groups (65-67). Binding of HIV gpl120 to the CD4 molecule of T cells,
followed by crosslinking of gp120 by anti-gp 120 antibodies has been shown to anergize T
cells while inducing the expression of a number of activation antigens and activating
regulitory protein kinases (65, 66). Thirdly HIV may activate T cells through molecular
mimicry of HLA antigens themselves (68) or mimicry of T cell receptors with a high
level of connectivity to the receptors on CD4* lymphocytes (69). Scquence homology
and immunological cross reactivity have been demonstrated between HIV and HLA
antigens (27-29) and between HIV and TCR V region genes (70). The third possibility
offers the most complete explanation for the immunological effects of HIV infection. In
this scenario, the immune response against HIV might cross-react with the receptors
activated by HIV in'a non-HLA-restricted fashion. Two opposed responses would result

which would select against activated CD4* lymphocytes and select for particular clones
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of T cells reacting against the CD4* fymphocytes. The longer the activation occurred, the
more stringent the selection process would become. Eventually, the result would be the
elimination of ncarly all CD4+ T cells and selection of dominant clones of CD8* T cells
anti-idiotypic to the remaining antigenic CD4* T cells. This would explain the
progressive skewing we observed in the CD8* CTL repertoire in association with CD4
depleiion and the V region selective diminuition of the CD4* T cell repertoire (47).

The results of this thesis provide three picees of evidence supporting the
hypothesis that immunc activation is involved in the pathogenesis of AIDS. The anti-
HIV CTL response which appears to limit viral replication does not seem to protect
against CD4+ lympliocyte depletion. This suggests there is no direet association between
viral replication and CD4* lymphocyte depletion. Autoimmune CTL, which specifically
lyse activated uninfected CD4* lymphocytes were demonstravted in HIV infection, The
characteristics of these cells reflect a specific immune response against CD4*
lymphocytes and natural history studies suggest this response plays a rofe in the in vive
depletion of CD4*+ lymphocytes. The characteristics of the autoimmune CTL are
consistent with recognition of polymorphic determinants of TCR idiotypes specific o
CD4+ lymphocytes. However, even if the autoimmune CTL recognize activation
molecules distinct from the TCR, the same sort of repertoire skewing would oceur us long
as the activation of the CD4* lymphocytes was V region dependent.  Finally, the
observed skewing of the CTL repertoire in parallel with CD4* depletion is consistent
with the interdependence of these two processes.

Over the ten years since the recognition of AIDS tremendous amounts of research
and resources have been directed at better understanding this syndrome.  Despite the
knowledge obtained about HIV, AIDS remains an untreatable infection. At a scientific
level, the impact of billions of dollars into antiviral rescarch has been negligible. Ata

medical level, progress has offered HIV-infected individuals an extra year or $0 of higher

quality life. Ongoing clinical trials with ncw antivirals are designed to establish whether
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these drugs have any cffect at all, not whether they offer something more than palliative
effects. The only real breakthroughs have come in the prophylaxis and treatment of
secondary infections associuted with AIDS,

The most important contemporary question facing everyone involved in AIDS
research is whether this failure can be overcome by the current approach or whether new
areas of rescarch must be championed. The results obtained in this thesis suggest that
autoimmunity and specifically amtoimmune CTL against CD4* lymphocytes may be

promising targets for future therapeutic strategies in HIV infection.
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