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ABSTRACT

lnducible LAK cell responses were studied in mY-seropositive individuals lacking

clinical symptoms, and oyen AIDS patients. lnducible LAK cel! responses have been

operationally defined as, non-MHC-restricted and antigen-nonspecific cytotoxic activity

observed following IL-2 stimulation. mY-seropositive asymptomatic individuals exhibited

an enhanced LAK cel! response against HIY-infected targets while Iysis of uninfected

targets remained at control levels. LAK activity of AlOS patients however, was

significantly diminished when compared to healthy controls. lmmunomagnetic negative

selection depletion experiments indicated that LAK cell activity is mediated primarily by

CD56-eltpressing lymphocytes, both at the progenitor and effector cellievel. Of interest, in

mY-seropositive asymptomatic individuals we observed the emergence of a second CDS­

expressing cytotoxic population that mediates IL-2-induced non-MHC-restricted and

antigen-nonspecific cytotoxicity. OveraII we demonstrated that C056-expressing LAK cel!s

of mv-seropositive patients exhibited a decreased ability to mediate cytotoxicity on a per

cell basis against a panel of different targets./n vivo, this inhibition may be amplified by

decreases in absolute numbers of C056-expressing lymphocytes per ml of blood. mY.

infection therefore results in dramatic changes on the number, function and phenotype of

the effector cel!s mediating IL-2 inducible LAK cell responses.
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RESUME

Dans cette étude nous avons examiné les cellules tueuses activées par des

lymphokines (Lymphokine Activated Killer cells), sur des individus séropositifs, par le

virus vrn, sans symptômes cliniques et sur des patients souffrant du SIDA (Syndrome

d'immunodéficience acquise). Les réponses des cellules LAK ont été operationellement

définies comme activité non-MHC-restricted (Complexe Majeur d'Histocompatibilité­

restreint) et antigène non-specifique, observées suivant une stimulation par IL-2

(Interleukine 2). Des individus VIH-séropositifs ont exhibés une activité augmentée des

cellules LAK contre des cibles infectées par le VlH, tandis que la Iysis des cibles non­

infectées a été resté aux niveaux des contôles. Cependant, l'activité LAK des patients

souffrant du SIDA, a diminué d'une manière significative en comparaison avec des

populations contrôles. Les expériences par déplétion négative immunomagnétique ont

indiqué que l'activité de la cellule LAK est liée premièrement au lymphocytes exprimant

CD56, aussi bien au niveau du progel1iteur et de l'effecteur .On a constaté avec intérêt, que

sur des individus séropositifs-vrn sans symptômes, nous avons observé l'émergence

d'une deuxième population cytotoxique exprimant CDS, qui est le médiateur d'activité

cytotoxique non-MHC-restricted (Complexe Majeur d'Histocompatibilité-restreint) et

antigène non-spécifique, induit par incubation avec IL-2. En tout cas, nous avons démontré

que les CD56+ LAK de patients séropositifs-vrn ont exhibé une abilité cytotoxique

diminuée par cellule contre un panel des cibles différentes. Cette inhibition in vivo, peut

être amplifiée par des diminutions en nombre absolut par ml de sang de lymphocytes

exprimant CD56. Par conséquent, l'infection par vrn a comme résultat des changements

importants sur le nombre, la fonction et le phenotype de l'effecteur LAK cellules induit par

IL·2.



To my parents, Constantinos

and the memory of my late cousins Jacob and Jacob.

IV



l
v

ACKNOWLDGEMENTS

1 wish first to acknowledge my idebtedness to Dr. Bluma Brenner, my re~earch

director, for her continued supervision, guidance, and stimulaling crilicism Ihroughoul Ihe

course of the present investigation. 1woul.d also like 10 express my sincere apprecialion to

Dr. Wainberg for his invaluable cdticism.

1 am also gratefullo Dr. M. Gornitsky fo\' providing the patient blood samples, and

for his helpful discussions. In addition, 1 would like 10 thank Zenaida Ahmed for

phlebotomy.

1 would also like to thank Mme Thérèse Davilla for her efficiency and kindness, and

Mme Francine Bousschaen for excellent secreterial assistance.

My sincere thanks 10 Franca Sicilia for her excellent 110w cylometric analysis and

her invaluable patience.

Last but not lea.st 1 would like 10 thank Hugo Soudeyns for his stimulaling

discussions and support throughout the course of my studies.

The candidale was a recipient of a scholarship from the Alexander S. Onassis

Public Benefit Foundation (Vandouse Lichtenstein).



."
i

vi

PREFACE

This thesis is wrillen in accordance to the panicular option 7 described in Guidelines

concemjn~Thesis Prt:paratjon :

"The candidate has the option, subject to the approval of the Depanment, of

including as pan of the thesis the text, or duplicated publisht'd text (see

below), of an original paper, or papers. In this case the thesis must still

confonn to ail other requirements explained in guidelines Conceming Thesis

Preparation. Additional material (procedural and design data as weil as

descriptions of equipment) must be provided in sufficient detail (e.g. in

appendices) to allow a clear and precise judgement to be made of imponance

and originality of the research reponed. The thesis should be more than a

mere collection of manuscripls pubishd or to he published. fi must jnclude a

~eneml abstract. a full introduction and literature revjew and a final overall

conclysion. Connecting texts which provide logical bridges belWeen different

manuscripts are usually desirable in the interests of cohesion.

Il is acceptable for theses to include as chapters authentic copies of papers

already published, provided these are duplicated clearly on regulation thesis

stationary and bound as an integral pan of the thesis. Photographs or other

materials which do not duplicate weU must be included in the original fonn. In
sych instances. connectjni texts are mandator.y and supplementary

explanatory malerial is almost always necessary.

The inclusion of manuscripts co-authored by the candidate and others is

acceptable but the candidate is required to make an explicit statementon who

contributed to such work and to what extellt, and supervisors must allest to

the accumcy of the claims, e.g. before the Oral Commillee. Since the task of

the examiners is made more difficult in these cases, il is in the candidate's

interest to make the responsibilities of the authors perfecùy clear. Candidates

following this option must infonn the Depanment before it submits the thesis

for review".

Publications presented in chapters 2, 3, 4 and 5 are in the same fonn that have been

published or submilled for publication. Connecting texts between chapters have been
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included to insure continuity of the tex!. Chapter 1 incluJes a genera1 introduction and an

extensive literature survey pertinent to our subjec!. A general conclusion is presented in

chapter 6. Bibliography concerning chapters 1 and 6,as weil as connencting texts, is

presented at the end of chapter 6. Manuscripts presented in chapters 2, 3, 4 and 5 have

been published or submitted for publication in the following periodicals:

Chapter 2: Gryllis C., Wainberg M. A., Gornitsky M, and B. Brenner. 1990. Diminution

of inducible Iymphokine-activated killer cell activity in individuals wilh AIDS-relatcd

disorders. AIDS 4: 12û5.

Chapter 3: Brenner B., Gryllis C., Gornitsky M., Cupples W., and M. A. Wainbcrg.

1991. Differential effects ofchemotherapy-induced and HIV-induced immunocompromise

on NK and 1AK activities using breast cancer and HlV-1 seropositive patient populations.

Anticancer Res. 11 :969.

Chapter 4: Gryllis C., Wâinberg M. A., Bentwich Z., Gomi,sky M., and B. G. Brenner.

1992. Increased LAK activity against HIV-infected celilines in HIV 1+ individuals. Clin

Exp. ImmunoI. 89: (in press).

Chapter 5: Gryllis C., Wainberg M. A., and B. G. Brenner. 1992. Novel non-MHC

restricted cytotoxic cells in HIV-l seropositive groups. J. Immunol (submilted for

publication).

The candidate was responsible for all the research described in chapters 2 to 5, with the

exception of experiments concerning NK and LAK activity of cancer patients in chapter 3.

In addition, immunofluoresence analysis and HIV-infection of target cell Iines was

performed by Hugo Soudeyns. Flow cytometry was performed by Franca Sicilia on a

routine basis, while flow cytometric analysis of the depletion experiments was done by the

candidate.
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APPENDIX 1

PRINCIPAL FEATURES OF CD MOLECULES

CD Common Main Cellular Known or Proposed

Designation Synonyms Expression Function(s)

CD2 T11;LFA-2 T cells,NK cells Adhesion molecule

SRBCR T cell activation

CD3 D; Leu-4 Tcells Signal Transduction

after antigen recognition

CD4 T4; Leu-3 Class II MHC Binds Class II MHC

restricted T cells signal transduction

CDS TS; Leu-2 ClassIMHC Binds Class 1MHC

restricted T cells signal transduction

CDlla LFA-I Leukocytes Adhesion

a chain binds ICAM-I

CDllb Mac-I; Granulocytes adhesion;phagocytosis

CR3 a chain Monocytes,NK of iC3b-coated particles

CDllc p150,95; Granulocytes adhesion?phagocytosis

Cr4 a chain Monocytes,NK of iC3b-coated particles

CDI6 FcRIII NK,Macrophages Low affinity

Granulocytes Fr:'( receptor, ADCC

CD25 Tac;p55 Activated T, B ,NK Complex with p70 to

10waffin.IL-ZR and macrophage form high affinity IL-2R

CD56 Leu-19; NK cells Homotypic adhesion

NKHI isoform of N-CAM

<-
CD57 Leu-7; NKcells ??

HNKI ubsets of T cells
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CHAPTER 1

GENERAL INTRODUCTION

SURVEY OF THE LITERATURE

1. HUMAN IMMUNODEFICIENCY VIRUS AND AlOS

1.1 HISTORY

AlOS was flfst recognized as a new disease in the early 80's (COC, 1981), when

severa! doctors noticed an increased frequency of Pneumocystis pneumonia and Kaposi's

sarcoma (KS) cases among previously healthy homosexua1s (COC, 1982). The combined

immunodeficiencies in these patients who suffered from no genetic immune dysfunctions

indicated the emergence of a new syndrome of acquired immunodeliciency (Gottlieb er al.•

1982). Subsequent occurrence of AlOS among hemophiliacs, b100d transfusion recipients,

sex partners of risk-group members, and children born to mothers at risk suggested that

this disease was spread by a transmissible agent through genital secretions and blood.

The similarity of AIDS to the disease caused in cats by feline 1eukemia virus

(Hardy. 1985) as weil as the discovery and isolation of the lirst human T-cell1eukemia

virus (HTLV)-1 from T-cells of patients that suffered from T-cell malignancies (Poiesz er

al.• 1981) 1ed many investigators to the search of a human retrovirus. Indeed a human

retrovirus was isolated as the causative agent of AlOS and named 1ymphadenopathy virus

(LAV) by Montagnier's group (Barre-Sinoussi er al., 1983.) and human T-cell

Iymphotropic virus type III (HTLV-III) by Gallo's group (Gallo er al., 1984.). The

confusion over the nomenclature of the virus was ended when a commission proposed the

tenn Human Immunodeliciency Virus (HIV)-1 to identify the etiologic agent of AIDS

(Coffin er al., 1986).
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1.2 CLASSIFICATION

HIY is a member of the lentivirus family of animal retroviruses based on genomic

sequence homologies, morphology and life cycle (Gonda et al., 1986). Lentiviruses

include visna virils of sheep as weil as the bovine feline and simian macaque

immunodeficiency viruses (Gonda et al., 1986; LelVin, 1990). They ail induce slowly

progressive fatal diseases. These viruses elicit long latency infections as weil as short term

cytopathic effects. A persistent viremia associated with weak neutralizing humoral

responses is observed. High mutational rates, cytolytic effects upon host cells and central

nervous system (CNS) involvement are also shared fearures among lentiviruses (LelVin,

1990). Of interest SIYmac, a virus isolate from a rhesus monkey lymphoma has been

shown to induce an AIOS-like disease on a variety of AsLtn macaque species (Letvin,

1990).

A second human lentivirus, HIV-2 has been isolated from sera of AlOS patients in

West Africa (Clavel et al., 1986). Ali previous isolates of HIY have been consequently

designated HIY-J. dlY-2 is antigenically distinct from the HIY-l that causes AlOS in

Central Africa Europe and Oceania. Antisera from H1Y-2 do not recognize the HIV-l env

antigen (Clavel et al., 1987) and there is no ADCC crossreactivity observed between these

two viruses (Ljunggren et al., 1988). H1Y-2 shows the same tropism as HlV-l for CD4+

cells, and results in a syndrome indistinguishable from HIV-1 (Brun-Yezinet et al., 1987).

Both HIY-1 and HN-2 have similar structures, resembling that of other

retroviruses.' The H1Y virus consists of two identical single strands of RNA and viral

enzymes packaged within a core of viral proteins. These core proteins are surrounded by a

phospholipid bilayer envelope derived from the host cell membrane that includes viral

glycoproteins (Yarmus, 1988). The dense viral core is, as in most other lentiviruses, bar­

shaped. Nucleotide sequence comparisons have indicated that HIV shares more homologies

with ungulated lentiviruses than with any other retroviruses (Varmus, 1988; Gonda et al.,

1986).
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).3 EPIDEMIOLOGY

Most evidence suggests that the HIV virus has evolved in Africa and from there has

been transmitted to the rest of the world (Karpas, 1990). Up to date 450,000 AlOS cases

have been reported worldwide (WHO and COC, 1992). This is an underestimate since

AIDS cases are estimated to exceed one million, and with this number reflecting only one

tenth of the HIV-seropositive population (Anderson and May, 1992).

Of the reported cases, about 200,000 are in USA, 60,000 in Europe and 130,000 in

Africa (WHO and COC, 1992). The majority of AIDS cases in Europe and America fall

within the high risk groups, namely, homosexual or bisexual males and intravenous drug

abusers. In addition, female exposure represents 10% of the reported AlOS cases (WHO

and COC, 1992). Of intere~t, heterosexual exposure in USA although less than 1% before

1985 increased to 4% in 1988 (Peterman et al., 1988) and in 1991 represented 6% of the

reported AIDS cases (WHO and COC, 1992).

k Africa, the HIV spread shows an entirely different pattern more indicative of a

s10wly deve10ping epidemic. HIV virus is spread mainly through heterosex;,:al contact and

consequently, sunHar male and female rates of exposlireare observed (Anderson and May,

1992). The AIDS pandemie has reached alarming proportions in sub-Saharan Africa where

in most afflicted countries (inc1uding Uganda Kenya and Zambia) AlOS is the leading

cause of adult mortality, and 20% to 30% of pregnant women are HIV carriers. Statistical

and epidemiological mode1s predict, that although it may take 30 years for HIV prevalence

to rise from one thousandth of a percent to one percent, it will take only 10 years to reach

20% from 10% (Anderson and May, 1992).

Initial infection is either unnoticed or is accompanied by a f1u-like illness with fever,

muscle pain, sore throat and rash. Ouring this period, the virus is replicating and ean be

detected within the b100d and ceretlrospinal fluid. After this initial phase, virus titers drop .

significantly. The [lfSt HIV specifie antibodies appear 3-20 weeks post infection (lnagawa

et al., 1989). A long asymptomatic latency period from 2 up to at least 10 years follows,
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during which the immune system is functional. The average rime of latent infection was

reported to be less than 2 years in 1984,4.5 years in 1986, about 8 years in 87/88, 10

years in 1989 and almost 12 years in 1990 (Rees, 1991). Children under seven years of

age and adults above 60 years of age have shoner average latency periods ranging from 2.0

105.5 years (Medley et al., 1987). Studies in 1988 estimated that, the probability of an

infected person to develop AIDS within 15 years of HIV exposure ranges from 78 to

100% (Lui, 1988).

AIDS is characterized by an overwhelming depletion of CD4+ cells and AIDS­

associated opportunistic infections including protozoa (Pneumocystis carinif),

mycobacteria, fungi (Candida) and viroses (herpes simplex virus, cytomega10virus and

varicella-zoster). Malignant neop1asms such as B-celllymphomas, frequently deve10p in

AIDS patients. Anywhere from 30-60% of AIDS homosexuals deve10p KS. Up to IWO

thirds of patients may suffer from AIDS-encephalopathy, a form of dementia (Navia et al.,

1986; Rosenberg and Fauci, 1989b).

1.4 GENOMIC STRUCTURE

The length of the HIV genome varies from 9.2 to 9.7 kilobases depending on the

viral isolate (Alizon et al., 1984; Hahn et al., 1984). Three sequences code respectively for

the three structural proteins: a) the gag gene codes for a p55 precursor polyprotein that can

be cleaved into the viral core proteins p24, p17, p9 and p7 (Varmus, 1988), b) the pol

gene, codes for a protease that c1eaves the gag precursor protein (Kohl et al., 1988), a

reverse transcriptase that makes proviral DNA from vira! RNA, and an integrase that is

required for proviral insertion into the host DNA (Hansen et al., 1988; Sherman and Fyfe

1990), and c) the env gene codes for the precursor polyprotein gpl60, that is processed

intracellulary by endoproteolytic c1eavage into the envelope protein gp120 that binds CD4,

the H1V viral receptor and the transmembrane gp41 that is necessary for viral fusion to

target cell (Veronese et al., 1985; Kozarski et al., 1989).
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DNA transcription is regulated by long tenninal repeats (LTR) that flank both sides

of the viral structure. LTRs contain characteristic regulatory elements such as the TATA

promoter, polyadenylation signal sequences, cis-acting elements such as spi binding sites,

as weil as negative regulatory elements (NRE), the NFkB enhancer region and the

transactivating responsive (TAR) sequence (Starcich et al., 1985; Vaishnav and Wong­

Staal, 1991).

Regulatory genes include a) the tilt gene which codes for a 14-15 kDa protein that

binds the TAR region of the LTR (Rosen et al., 1985; Arya et al., 1985); tat gene products

are necessary for viral replication, upregulating HIV expression by directing an increase in

the HIV rnRNA accumuÎation (Rosen et al., 1985; Vaishnav and Wong-Staal, 1991), b) the

rev gene that encodes for a 20 kDa protein that is required for H1V replication and proper

postranscriptiona1 splicing of gag and env proteins (Feinberg et al., 1986; Cochrane et al.,

1990), c) the nefgene which codes for the 27 kDa protein (Arya and Gallo, 1986) that can

downregulate HIV transcription by interacting with the NRE domain (Ahmad and

Vankatesan, 1988). Ne/mutations result in an increased viral RNA accumulation that can

cause cytopathic effects (Luciw et al., 1987). In addition nef downregulates CD4

expression (Garcia and Miller, 1991) and thus may be important in maintaining latent

infection, d) the vif (virion infectivity factor) gene which encodes for a 24 kDa protein

(Lee et al., 1986; Arya and Gallo, 1986) Lltat is not required for replication nor for

cytopathogenesis (Sodroski etaI., 1986). It seems that vifis involved in infection by free

virus, while unnecessary for cell to cell infection (Strebel et al., 1987; Fisher et al., 1987),

e) the vpu gene that codes for a 16 kDa protein which seems to be required for optimal

assembly and packaging of new virions (Strebel et al., 1988), and finally f) the vpr gene,

that codes for a 15kDa protein that accelerates the replication and cytopathic effects of HIV

in CD4+ T-cells, (Wong-Staal et al., 1987) monocytes and macrophages (Cohen et al.,

1990).
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Heterogeneity of HIV isolates from patientto patient (Luciw et al., 1984; Shaw et

al., 1984) as weil as within the same patient (Hahn et al., 1986) has been observed.

Although variat!0ns extend throughout the entire RIV genome, env sequences disp1ay a

tenfold higher rate of divergence than the other sequences (Hahn et al., 1986). The 10w

fidelity of HIV reverse transcriptase, being one third to one tenth that of other retroviruses,

is associated with the high variability seen in HIV isolates (Preston et al., 1988; Roberts et

al., 1988).

HIV-2 shares the same mo1ecular organization and reproductive bio10gy as HIV-1

(Clavel et al., 1987). However HIV-21acks the vpu gene present in HIV-1 (Cohen et al.,

1988), and expresses a nove1 gene vpx that encodes for a 14 kDa immunogenic core

protein absent in HIV-1 (Henderson et al., 1988). Vpx is not required for viral replication,

however, vpx- mutants are less efficient in infecting primary lymphocytes (Guyader et al.,

1989).

1.5 CYCLE OF REPLICATION

The first step in HIV infection is the binding of the extemal glycoprotein gp120 to

CD4 expressed on the surface of CD4+ lymphocytes (McDougal et al., 1986). HIV

infection can occur by direct fusion of the HIV envelope with the host cell membrane

(Hoxie et al., 1988; Bedinger et al., 1988; Maddon et al., 1988). RIV partic1es may also

enter the cell by CD4 receptor-mediated endocytosis. Gther cellular factors may also be

critical for the HIV infection, since murine cells that express human CD4 are resistant to

HIV infection (Maddon et al., 1986).

As saon as an HIV virion enters the cell, the enzymes within the nucleoprotein

complex become activated and initiate the viral reproductive cycle CVarmus, 1988). Viral

reverse transcriptase transcribes viral RNA into double stranded (ds) DNA. Integrase then

catalyzes dsDNA integraâon into genomic host DNA. A1though in most retroviral systems

the unintegnlled viral DNA is short lived (Keshet and Temin, 1979), in sorne other systems
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including RN it can persist for long periods of time contti~uting to cytopathic effects upon

the host cell (Ho et al., 1987).

If the host ccli is in a non-activated state, the provirus remains in a latent

transcriptionally inactive stage for months or years. Upon host cell activation host

transcriptional signals transactivate proviral transcription (Ho et al., 1987). Proviral DNA

is transcribed into genomic RNA and rnRNA. mRNA is in turn spliced and translated into

viral proteins that undergo post-translational modifications, including c1eavage and

glycosylation. Assembly of infectious particles begins by packaging fulliength virion RNA

with core proteins including gag and pol which are required for the next cycle of integration

(Ho et al., 1987; Varrnus, 1988). This nucleoprotein complex is then enclosed with viral

proteins at the host cell membrane and the infectious virus is then released by a process of

budding. Budding of the virus is associated with host celllysis (Leonard et al., 1988).

1.6 REGULATION

The HIV virus is an extremely complex virus that has evolved regulaiury

mechanisms that can altematively facilitate high viral productivity with concomitant cell

death, restrict viral production spa..ri.ng the host cell, or perpetuate latent infection

(Rosenberg and Fauci 1989b). Individuals with HIV infection indeed show an extended

asymptumatic phase where p24 antigenemia is restricted. Late in the course of infection,

concomitant with clinical manifestations, p24 levels rise indicating renewed viral

replication.

Cellular factors play an important role in the activation of viral replication.

Mitogens, such as PHA and PMA, have been shown to induce in vitro viral replication by

inducing T-cell activation factors, such as NFKB that in tum bind enhancer e1ements on the

RN-LTR (Nabel and Baltimore 1987).

Antigenic stimulation also enhances HIV expression. HIV replication is up to

hundred limes higher in peripheral blood monocytes or leukocytes that had been previously

antigenically aetivated (Margolick et al., 1987).
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Viral proteins from other viruses such as CMV, SIV, HSV, and EBV that exhibit

similar cell tropism to HIV have been shown to upregulate HIV expression CVaisnhav and

Wong-Staal, 1991). CMV and HIV coinfection has been observed in vivo in brain cells of

AIDS patients (Nelson et al., 1988). These viral proteins exen their effects not only directly

by binding distinct regions of HIV LTR, but also by stimulating HIV expression indirectly

via induction of stress responses (Valerie et al., 1988). For example, UV light and

mitomycin C cause stress responses that can independently co-stimulate CAT activity in

HIV LTR-CAT-transfected ceiIs, possibly by triggering a cellular "s.o.s" response (Stanley

et al., 1989).

Cytokines also play an impottant role in HIV regulation. GM colony-stimulating

factor (GM-CSF) stimulates HIV expression in infected peripheral blood monocytes (Poli

et al., 1990). TNF-a. and TNF-~ enhance HIV transcription possibly by inducing the

production of cellular factors that bind to the NFlCB enhancer region (Durum et al., 1991;

Rosenberg and Fauci, 1990). Since TNF-a. is secreted by monocytes in response to

opponunistic infections, it can possibly accelerate progression to AIDS in asymptomatic

individuals. Indeed high TNF-a.levels were secreted by the peripheral blood monocytes of

AIDS patients (Wright et al., 1988). Another lymphokine IL-6 has also been shown to

activate postranscriptionally the HIV virus (Poli et al., 1990; Durum et al., 1991;

Rosenberg and Fauci. 1990; Breen et al., 1990).

Inhibitory cytokines have also been identified. IFN-a. can inhibit postranslational

budding, while transforming growth factor ~ has been shown to block the induction of

reverse transcriptase by PMA (Durum et al., 1991; Brinchman et al., 1991).

2. ADAPTIVE IMMUNE RESPONSES AGAINST HIV

2.1 HUMORAL IMMUNE RESPONSES

With the advent of AIDS, antibody responses against RIV molecules were

identified (lmagawa et al., 1989). This constitutes, to date. the basis for HIV detection by
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the RN enzyme-linked immunosorbent assay (ELISA). Seroconversion, in the majority of

cases, occurs three weeks to three months post-RN infection. Most antibodies are directed

against gp120 and gp160 env glycoproteins, and they can be isolated from infected

individuals throughout the course of HIV infection. Almost half of infected individuals

produce non-neutralizing antibodies to a highly conserved 15 amiml acid region (504-518)

of the carboxy terminus of of gp120 (Palker et al., 1987), while, antibodies against a 12

amino acid immunodominant sequence (598-609) in gp41 have been detected in ail HIV­

infected patients examined (Gnann et al., 1987). The titer of p24 antibodies is higher in the

beginning of the RN infection and diminishes as the disease progresses (Pan et al., 1987).

Antibodies against reverse transcriptase (Pan et al., 1987) and against severa1 regu1atory

proteins (Barone et al., 1986) have also been isolated.

Several neutralizing antibodies against gp120 have been isolated both from HIV­

infected hurnans and animais (Lake et al., 1992; Palker et al., 1988). While sorne report no

significant correlation between titers of neutralizing antibodies and disease status (Prince et

al., 1987) others show a negative correlation between antibody titers and disease

progression (Sheppard et al., 1991; Wend1er et al., 1987).

2.2 CELLULAR IMMUNE RESPONSES

2.2.1 T-cell proliferative responses

T-cell proliferation responses directed against p24 and gp120 HIV antigens have

been reported (Wahren et al., 1987;Aheame et al., 1988). However, the percentages of

infected individuals who exhibit these responses vary from 25% (Wahren et al., 1987) to

50% and 70% (Reddy et al., 1987) among different studies. In direct contrast, in one study

no responses against gp120 where observed (Krohn et al., 1987).

On1y the amino terminus of gp120 has been shown to elicit T-cell proliferative

responses, indicating that the antigens stimu1ating neutralizing antibodies are distinct from

the ones eliciting T-cell proliferative responses (Aheame et al., 1988; Walker et al., 1988).
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In one report, one quarter of the HIV seropositive individuals tested exhibited T-cell

proliferation in response to an immunod<munant epitope of gp41 (Schrier et al., 1988).

Efforts for the design of a vaccine that can elicit both humoral and T-cell

proliferative responses, have identified two conserved regions of gp120 (Cease et al.,

1987) that when injected into mice induce gpl20-directed Iymph node proliferation. In

addition 60% of healthy individuals injected with vaccinia-env recombinant virus showed

T-cell proliferative responses to at least one of these gp120 peptides ( Berzofsky et al.,

1988).

2.2.2 Cytotoxic T -lymphocytes

Cytotoxic T-Iymphocyte (CTL) responses have been detected in HIV-infected

individuals. Indeed, the frequency of CTLs among peripheral blood lymphocytes (PBL) is

so high that no prior in vitro antigenic stimulation was required for their detection, as is the

case with most other human retroviruses. HlV-specific CTL clones, have been isolated

from a variety of sources including PBL, alveolar, Iymph node and CNS lymphocytes

(Vanham et al., 1990; Walker and Plata, 1990).

Of interest, HIV-specific CTLs have also been isolated from seronegative

individuals after in vitro antigenic stimulation. Stimulation with HIV-1 infected autologous

lymphocytes yielded CD3+C08+ CTLs specific for env and nefwhile purified env gpl20

yielded CD4+ CTLs (Plata et al., 1987; Huffenbach et al., 1989; Siliciano et al., 1988).

HLA-class l restricted CTLs specific for the env have been isolated from alveolar

lymphocytes PBL and cerebrospinal fluid. In addition, peripheral blood class 1 restricted

CTLs, specific for gag, pol, vif md nef (Walker and Plata, 1990) have been reported.

Cohort studies demonstrate strong HIV-specifie T-eell cytotoxicity in early asymptomatic

patients that declines with disease progression (Autran et al., 1991). Loss of HlV-specifie

CTLs has also been reported as a resuit of the ability of these cells to expand (pantaleo et

al., 1990). Recent reports have indicated that C08+CD57+ cells can exhibit inhibitory
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effects on CD8 cytolytic activities (Joly et al., 1989), via a lectin binding 20-30 kDa soluble

molecule (Sadat-Sowti et al., 1991).

Class II-resnicted CI1..s specific for the env protein have also been isolated from

PBLs (Whitton et al., 1987), and cerebrospinal fluid (Sethi et al., 1988) of seropositive

people upon in vitro antigenic stimulation. The in vivo role of these class 11 CfLs remains

unclear since up to date no class I1-resnit'ted CTI..s have been isolated from fresh tissues of

seropositive individuals (Walker and Plata, 1990).

Several studies have focused on the epitopes HIV-specific CfLs are directed al.

Elucidation of the precise immunogenic epitopes can prove usefulto the design of vaccines.

Although results from the mouse model suggested that CIL responses were directed at a

single immunogenic epitope (Takahashi et al., 1988), unfonunately studies from humans

indicated that this was not the case. CTL responses in HIV infected people are

heterogenous and multiple epitopes of the same proteins are involved (Walker and Plata,

1990).

The protective role of CTI..s in HIV-seropositive individuals remains a controversy.

Evidence for a beneficial role cornes from experiments where CD8+ T lymphocytes were

able to block the in vitro replication of SIV and HIV in CD4+-infected lymphoblasts

(Walker et al., 1986; Kannagi et al., 1988). Although initially it was believed that this

inhibition was mediated by a soluble factor, it has been later demonstrated that cellto cell

contact was necessary (Tsubota et al 1989).

Altematively HIV-specific CTLs can play a denimental role in the outcome of

disease by Iysing HIV-infected host ceUs (Walker and Plata, 1990). In fact it has been

proposed that AlOS is an autoimmune disease and T-lymphocyte toleralice to HIV might

be the only solution (Walker et al., 1986). CTI..s have been isolated from inflammation

sites (Sethi et al., 1988). The CD8+ Iymphocytic pool is a heterogeneous one; CD8 ceUs

can act as suppressor or cytotoxic ceUs or even exhibit natural killer ceU activity. The
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relationship, therefore between CD8 counts and AIDS progression is a compIicated one,

where different subsets of CD8+ cells can play different roles (Anderson et al., 1991).

3.IMMUNOPATHOGENESIS OF AlOS

3.1 DESTRUCTION OF CD4 CELLS

The hallmark of HIV infection is the severe depletion of CD4-expressing

lymphocytes. CD4 lymphocytes play a central role in immunoregulation and therefore

depletion of this population results in severe immunosuppression with the concomitant

enhanced susceptibility to opportunistic infections (Bowen et al., 1985). CD4+ cell

depletion by HIV has been proposed and/or demonstrated to occur through both direct and

indirect mechanisms.

Direct mechanisms involve a) hole formation in the host cell, created by intense

viral budding (Leonard et al., 1988), b) loss of cell viability by increases in intracellular

calcium levels as a result of changes in cell membrane ion permeability, caused by the

insertion of HlV env proteins (Lynn et al., 1988), c) accumulation in the cell cytoplasm of

unintegrated viral DNA (Shaw et al., 1984), or heterodisperse RNAs with repetitive

sequences that do not contain long open reading frames (Koga et al., 1988) and d) direct

binding of env proteins to intracellular C04 mo1ecules which results in cell death (Hoxie et

al., 1986).

Indirect mechanisms include a) infection of C04 precursor cells or other cells that

secrete factors necessary for the propagation of this 1ymphocytic pool (Fauci, 1988), b)

syncytia formation. These giant multinucleated ceUs result in vitro from the binding of

gp120 expressed on infected cells to the CD4 mo1ecu1e of uninfected CD4 cells. These ceUs

die soon after they are formed (Lifson et al., 1986), c) programmed cell death or apoptosis

caused by signal transduction mediated by the interaction of CD4 with gp120 or anti CD4

antibodies; these signais cause the n:emergence of the deletion program that operates during

thymic education (Terai et al., 1991; Groux et a/., 1992), and d) autoreactive phenomena
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caused by the expression of gp120 on infected ceUs, or the binding of gp120 to uninfected

CD4+ ceUs that renders them susceptible to the host's immune system (Klatzmann and

Gluckman, 1986). ADCC activity (Lyerly et al., 1987), CD4-dependent autocytolytic

mechanisms (Lanzavecchia et al., 1988), autoantibodies (Ziegler and Stites, 1986) CfL­

and NK-cell-mediated cytotoxicity are among the autoreactive mechanisms proposed to be

involved in CD4 clearance (Walker and Plata, 1990; Brenner et al., 1991).

Functional abnormalities of CD4 cells have been reported prior to their severe

depletion, indeed months to years prior to critical CD4+ cell reductions (Shearer and

Clerici, 1991). CD4 cells from seropositive patients have been shown to be defective in

their relative ability to induce B cells to secrete immunoglobulins and respond to

alloantigens (Lane et al., 1983). In addition, selective loss of T-helper function to recall or

autologous antigens but not to T-cell mitogens or HLA alloantigens has been observed

(Shearer and Clerici, 1991). This defect is not due to reduction in CD4-cell numbers, but

rather to functional CD4 cell defects (Fauci et al., 1991). Soluble factors secreted by HIV-l

infected monocytes have been shown te suppress T-lymphoproliferative responses to recall

antigens (Foley et al., 1992). Defective CD4 cell cloning efficiency (Margolick et al.,

1985), decreased IL-2R expression (Winkelstein et al., 1988) and defective antigen and

rnitogen-induced IL-2 production (Antonen and Krohn, 1986; Prince et al., 1988) have

also been demonstrated throughout the course of HIV infection. At later stages these

defects become more prominenl

Functional impairments in CD4 cells may not only be the result of non-cytopathic

HIV infection. HIV or its products may interfere with proper CD4 cell-monocyte

interactions (Fauci, 1987). The binding of gp120 may result in post-receptor signal

transduction defects (Gupta and Vayuvegula, 1987; Linette et al., 1988). In addition, a

region of homology between gp120 and IL-2 has been reported, and binding of gp120 rnay

directly or indirectly affect IL-2 activity (Reiher et al., 1986). HIV and its products may

aIso continually actiYaIe CD4-eell proliferation (Nair et al., 1988) or induce IL-2 production
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(Komfeld el al., 1988).This may suppress immune functions by making the cells less

responsive to other immune signals.

3.2 THE ROLE OF PHAGOCYTES

Monocytes and macrophages are susceptible to HIV infection. HIV has been

harvested from, or detected in monocytes and macrophages from peripheral bl00d (Ho et

al., 1986), lung (Salahuddin et al., 1986) and brain (Ganner et al., 1986) of seropositive

individuals. Monocytes and macrophages can become infected by HIV either via direct

phagocytosis of HIV particles, or through HIV attachment to the CD4 molecule present on

the surface of monocytes and macrophages (Stewan et al., 1986). HIV infection of

monocytes and macrophages does not result in cytopathic effects or syncytia formation

(Crow et al., 1987; Salahuddin et al., 1986).

Infected macrophages remain in tissues for extended periods of time (months),

carrying large numbers of viral particles engulfed in cytoplasmic vacuoles, (Ganner et al.,

1986) sheltered from immune response. Binding of HIV to the CD4 molecule of

monocytes and macrophages results in 1NFa secretion of these cells (MeriU et al., 1989).

In this way further activation of HIV expression may be anained.

Although reductions in monocyte-dependent T-ceU proliferation (Shannon et al.,

1985), monocyte chemotaxis (Smith et al., 1984) and receptor-mediated clearance (Bender

et al., 1987) have been reponed in AlOS patients, most of the functions of macrophages

such as 1NF production, response to y-interferon, superoxide anion release, candidacidal,

antimicrobicidal and tumoricidal activities are nonnaI (Meltzer et al., 1990b).

The most important role of monocytes and macrophages in HIV pathogenesis is to

function as reservoirs for viral infection and to spread the disease to the lung and brain

(Meltzer et al., 1990a).

3.3 HOW DOES HIV ESCAPE IMMUNOSURVEILLANCE?

Although HIV elicits a weil established immune response both at the cellular and

humorallevel, all seropositive patients eventually progress into full blown AlOS and die.
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Several theories have been proposed to explain how HIV evades immunosurveillance

networks.

a) Generation of antigenic variants. The HlV virus has an extremely high mutational

rate with the greatest variation in the most antigenic determinants of HIV, namely the env

protein (Stareich et al., 1986; Hahn et al., 1986), b) Transactivation of HIV expression can

resu1t either from the induction of cellular signais as a response to antigenic stimuli, or

directly, from cotransfection of other viruses that may express regulatory elements that

transactivate HIV LTRs (see section \.6), c) Decreased lymphokine production and

deregulation of immunocompetent cells as a result of continuous antigenic stimulation

(Rosenberg and Fauci, 1989a), and d) high and low virulence HIV variants. An individual

gets infected with both high and low virulent HIV variants. High virulence variants exen

their cytopathic effects immediately and elicit host immune responses, while low virulent

variants persist for long periods of lime in a latent stage, sparing the life of the host cell and

escaping from immune responses. Gradually the low virulent population increases,

generating more virulent variants. In this model, there is no true latent phase but rather a

graduai increase of virulent virus accompanied by the concomitant decreases in CD4+ cells.

Full-blown AIDS results when the high virulent variants can no longer be deait with

because of severe CD4+ cell depletion (Miedema et al., 1990).

4.NATURAL KILLER CELLS

4.1 DEFINITION OF NK CELLS

During the 70's studies done on lymphocytes derived from cancer patients and

healthy donors demonstrated the Iysis of both allogeneic and syngeneic tumor celllines via

a non-MHC-resmcted pathway independent of previous antigenic sensitization (Rosenberg

et al., 1972; Herberman et al., 1975a,b). This non-MHC-restricted cell-mediated

cytotoxicity was designated as natural cytotoxicity and the mediators of this activity NK

cells (Herberman et al., 1985). NK cells were initially defined by their large granular
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lymphocyte morphology, their ability to functionally mediate spontaneous non-MHC­

resoicted cytotoxicity against a variety of tumor celllines and virally infected targets, and

their remarkably efficient in vitro and in vivo response to interferons and ll..-2 (Herbennan

et al., 1985).

A variety of target cell types has been used to measure NK activity. These targets

include solid or hematopoietic tumor-derived celllines and virus infected cells. The most

sensitive and widely used target is K562 (West et al.• 1977), a cellline derived from a

patient with chronic myeloid leukemia in blastic crisis (Lozzio et al., 1976). This is the

prototype NK target since it lacks both class-I and Class-II MHC antigen expression

(Andersson et al., 1979).

NK cell cytolysis is quantitated by 51Cr-release assays in which a flXed number of

51Cr (sodium chromate)-labelled target cells are incubated with NK-containing cell

preparations at a single or multiple effector to target (E:T) ratios for 4 or 18 hours (Pross et

al., 1986). Cell mediated Iysis is monitored by measuring the amount of51er released into

the supematant fluid.

The morphological identification of NK cells as LGLs was based on a) single-ceIl

binding assays that indicated positive correlation between LGLs bound to K562 target cells

and cytolytic ability observed among different nonnal individuals and b) the co-recovery of

NK cell cytolytic activ;ty and LGLs following discontinuous Percoll density gradient

cenoifugation.

It was indicated that at least 70% of peripheral blood LGLs exhibited NK-like

activity (Timonen et al., 1981). NK cel1s have round or intended nuclei, condensed

chromatin and unusually large nucleoli that result in high cytoplasmic to nucleus ratio. The

cytoplasm contains a wel1-developed Golgi apparatus, prominent centrioles with the

associated microtubules, numerous mitochondria and many Iysosomal organelles including

the frequently studied membrane granules (Trinchieri, 1989). Various organelles have been

descrlbed, including granules with paralle1 tubular arrays (Caulfield et al., 1987), myelin
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membranes or crystalline lattices (Kang et al., 1987). Electrolucent pinocytic vesic1es, and

large vacuoles are also observed in the NK cytoplasm. NK cell granules contain typical

Iysozymal proteins inc1uding acid phosphatase, trimetaphosphatase, aryl sulphatase, and )3­

glucoronidase (Trinchieri, 1989). Esterase activity was detected in NK cells, however

staining pattern is different to T-cells, where esterase activity is confined to the Gall body

or to clustered dense bodies (Prasthofer et al., 1988).

NK cells represent a distinct third Iineage of Iymphoid ceUs (Lanier et al., 1986b;

Trinchieri and Perussia, 1984). Unlike T cells, NK cells lack the CD3 antigen associated

with the T cell receptor. NK cells do not express any of the TCR-associated heterodimers

a, 13, y,B, nor do tbey rearrange TCR genes (Ritz et al., 1985). NK ceUs lack antigen

specificity and can effectively bind and kill target cells that lack c1ass 1or Il antigens in a

non-MHC restricted fashion (Ritz et al., 1988; Trinchieri, 1989). It bas been hypothesized

that the sophisticated specific T-cell immunity has evolved from this more "primitive"

natura! immune system. Cytolytic T cells may have arisen from the acquisition by NK ceU

cells ofa clonally distributed T-cell receptor (Janeway, 1989).

4.2 SURFACE PHENOTYPE OF NK CELLS

The use of monoclonal antibodies and molecular probes in conjunction witb the

improvement of various methods of identification and purification of NK ceUs have greatly

aided NK phenotypic analysis. Although no surface markers unique to NK cells have been

found, the characteristic array of NK cell surface antigens has firmly established tbeir

distinct celllineage (Figure 1). These cell markers are not necessarily expressed on aU NK

cells, suggesting heterogeneity within the NK cell population. By and large NK ceUs do

not express B-cell markers nor do they exhibit significant MHC c1ass II expression

(Trinchieri, 1989).

The mest common surface antigens found on NK cells include:

a) CD56 (Leu19.NKH-l). A series of antibodies referred to as NKH-I or Leu19

antigen react with most NK cells and precipitate a 200-220 kDa molecule. NKH-l reacts
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with an immature myeloid cellline KGla and with most cells from patients with acute

myeloid leukemia (Griffin et al., 1983). ln addition, CD56 expression is aIso observed in

neurons, neuroblastoma celllines and human teratocarcinoma cells (McGarry et al., 1988).

Leu19 recognizes the neural adhesion protein N-CAM that mediates homophilic binding

(Lanier et al., 1989). CD56 is the most representative NK marker isolated to date (Ortaldo

and Longo, 1988). Although CD56 is expressed at low levels on all circulating NK cells,

its expression and surface density increases dramaticaIly upon in vitro NK stimulation and

proliferation (Perussia et al., 1987). N-CAM is expressed on 15% of circulating PBLs and

90% of LGLs (Lanier et al., 1986a). ln addition, it is expressed on the minor 5% of T cell

population that mediates non-MHC-restricted cytotoxicity (Perussia et al., 1987; Lanier et

al., 1986a). Experiments with Leul9loss mutants and transfectants have indicated .!,at N­

CAM interactions do not play a major role in non-MHC-restricted Iysis (Lanier et al.,

1991). In contrast, recent studies have suggested that C056 constitutes an aIlorecognition

system with restricted specificity (Suzuki et al., 1991).

b) the FeR (CD16) antigen. Three types of FcR have been identified on

hematopoietic cells. A high affinity FcRI that binds monomeric IgG is expressed on

monocytes macrophages and upon IFN induction on PMNS; l: lov. affinity receptor is

expressed on monocytes, macrophages, and B-cells; and a third type FcyR (CD16) is

present on the majority of NK cells and on macrophages. CD16 FcyR is a low affinity

receptor that binds IgG only in immune complexes with membrane bound or soluble

antigen. CD16 is expressed in peripheraI blood on neutrophils, mature eosinophils but not

basophils. Circulating monocytes do not express CD16 and only cuhured monocytes can

acquire CDI6 expression (Perussia et al., 1984).

CD16 is the receptormediating ADCC and is expressed on 95% ofPBL that exhibit

cytotoxic activity against the NK-sensitive target cellline K562 and the NK-resistant Daudi

target (perussia et al., 1983b). The degrees of CD16 glycosylation are different between

FcyR on PMNs and FcyR on NK cells. On PMNs CD16 is linked to the membrane via the
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FIGURE 1

Surface phenc~pe of human natural !ciller cells
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glycosyl phosphatidylinositol phospholipid (GP-P-L)-linked carboxy terminus of

membrane proteins, while evidence suggests that in NKs CD16 is a transmembrane protein

(Simmons and Seed, 1988; Lanier et al., 1988; Ravetch and Perussia, 1989). These IWO

homologous CD16 molecules are encoded by two separate but closely linked genes on

human chromosome 1 (Ravetch and Perussia, 1989). These structural differencies between

the two Fc"(R on PMNs and NK cens seem to be associated with functional differencies

(Unkeless 1989). In NK cens CD16 FeR can mediate ADCC as a signal-transducing

element (Lanier et al., 1988) while in PMNs only FeR II and ne. CDI6 can induce AOCC

activity (Graziano et al., 1989). In general only CDI6+ NK clones have AOCC activity

(Perussia et al., 1983b).

c) HNK·l (Leu?). HNK-I was the original marker ascribed to NK cens (Abo

and Balch, 1981). Funher evidence now indicates, that this is not the case. Leu? is an IgM

antibody that reacts with 30-70% of PBL NK cens and precipitates a 1l0kOa antigen

(Lanier et al., 1983). However unlike NKH-l and CDI6, Leu7 does not correlate with NK

cen cytotoxicity (Perussia et al., 1983b). HNK-l is present also on a small percentage of

CD3+CD8+ and HLADR+ Tcens (Abo et al.,1982). Whereas in seronegative individuals,

few cens coexpress the CD3 and CD57, in AlOS patients CD3+CD8+CD57+ cens

represent up to 50% of the circulating CD8 population (Landay et al., 1990). In addition

CD57 is expressed on a rare CD4 cen population that has LGL morphology and is

associated with pathological conditions (Velardi et al., 1985). CD4+Leu7+ cens are present

under physiological conditions in germinal centers of Iymphoid tissue and exhibit Il

decreased IL-2 and BSF secretion when compared to Leu7· C04+ helperT-cens (Velardi et

al., 1986). PBLs that react with CD16 and HNK-l are subdivided to four categories where

CD3-CDI6+HNKl- NK cens mediate the highest cytotoxicity, CD3-CDI6+HNK1+

exhibit intermediate cytotoxicity, CD3+CDI6-HNKI + have low or no cytotoxicity and

CD3+COI6-HNK1- cens that do not mediate any NK activity (Lanier et al., 1983; Abo et
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al., 1982). In general Leu? shows variable crossreactivity with T cens and should not he

used as a marker for NK cens.

d) CDllICD18. CDIIICD18 is a farnily of three molecules, CDlia or LFA-I,

CD11b or CR3, and CD llc or p150, that share a common /3 subunit and different n

subunits (Springer et al., 1987), and are all expressed on NK cens (Timonen et al., 1988).

LFA-l is expressed on alllymphocytes while C3 and p150 are preferentiany expressed on

NK cens (Timonen et al., 1988). CDlib is dimly expressed on most NK cens, on sorne T

cens and rapidly disappears from cultured NK cens (Perussia et al., 1987). Recently it was

reponed that /3-g1ucan, a CR3ligand enhances NK activity (Di Renzo et al., 1991).

e) T-cell associated antigens. NK cens can he classiL~d by their lack of expression

of the CD3 antigen. NK cens do not express CD4 (Perussia et al., 1983a) nor CDS

(Perussia et al., 1982,1983b) antigens. However 30-50% of NK cens have been reponed

to dimly express CD8. CD8+ and CD8- NK cens exhibit similar cytotoxic and functional

abilities (Perussia et al., 1983a). 90% of NK cens react with CD2 antibodies that detect

SRBC, however no correlation is found hetween CD2 and NK cytotoxicity (Perussia et al.,

1987). Most resting NK cens but not resting T cens dimly express CD38 (Onaldo et al.,

1981). The same antigen (CD38), is strongly expressed on both in vitro activated NK and

T cells (London et al., 1985). Other markers expressed by both NK and T cens activated

in vitro include HLA-DR, transferrin receptor, 4F2 antigen and IL-2 receptor TAC (CD25)

(London et al., 1985; Anegon et al., 1988). Cytotoxic NK cens do not express the CD3

molecule (Perussia et al., 1983b; Zarling and Kung, 1980). NK cens show no

rearrangements ofTCR n, /3, yor ô genes (Ritz et al., 1985; Leiden et al., 1988; Biondi et

al., 1989) genes.

4.3 ORIGIN DIFFERENTIATION AND TISSUE DISTRIBUTION

OF NK CELLS

Considerable evidence derived from in vitro BM transplantations of laboratory

animais (Migliorati et al., 1989) and patients undergoing anogeneic BM transplantation
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(Hercend et al., 1986) has indicated that NK cdls originate and at least in part differentiate

in the BM. Thymic processing is not required (Pollack and Ross\l, 1987; Migliorati et al.,

1989). Differentiated NK cells circulate in peripheral blood or migr.;;te to the spleen, while

very few are detected in the thymus or Iymph nodes of healthy individuals (Reynolds and

Ward, 1986). The life span of NK cells has not been established with reports ranging from

a few days to several months (Pollack and Rosse, 1987). Murine models suggest that

although mature NK cells are radioresistant with a life span of about two weeks, NK

progenitors are radiosensitive (Hochman et al., 1978). After bone marrow transplantation

NK cells are the fust to reconstitute the patients (Lum, 1987).

4.4 EFFECTOR MECHANISMS

NK cells are capable of dual cytolytic activity. They can mediate antibody-directed

cellular cytotoxicity (ADCC) as well as spontaneous non-MHC restricted and antibody­

independant NK cytotoxicity (Robertson and Ritz, 1990).

4.4.1. ADCC

In ADCC antibody-bound target cells direct Fc receptor bearing cells to lyse

sensitized targets. Monocytes granulocytes and NK cells are capable of mediating ADCC

function. AnCC in NK cells is mediated through the FcyCD16 receptor. ADCC function is

inhibited by monoclonal antibodies directed against CDI6, or by phorbol esters that

downregulate CD16 expression (Perussia et al., 1984; Trinchieri et al., 1984). CD16 binds

aggregated IgGl and IgG3 but not IgG2 or IgG4 (Unkeless, 1989). As previously

mentioned in section 4.2 the CD16 receptor present on NK cells is biochemically and

serologically distinct from the one expressed in granulocytes, while CD16 can mediate

ADCC only on NK cells and not on PMNs.

Although NK cells do not express the TCR, most NK cells express a TCR Ç-chain

associated with CD16 (Anderson et al., 1989). TCR çchain is tyrosine phosphorylated

upon CD16 activation (Vivier et al., 1991b; Stahls et al., 1992).
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Crosslinking of surface CD16 results in a rapid rise of cytosolic free calcium ions

and the production of inositol 1,4,5 triphosphate through the activation of the (OP-P-L)

pathway (Cassatella et al., 1989; Stahls et al., 1992). Both products are imponant in

lymphocyte activation. Ultimately activation antigens are expressed and cytokines are

secreted (Harris et al., 1989)

4.4.2 NK activity

ln contrast to the well characterized ADCC receptor, the receptors mediating NK

cytotoxicity remain unknown. NK cells lyse homologous ~ells more effici~ntly than

heterologous cells, although this phenomenon remains unexplained (Laskay and Kiessling,

1986; Timonen et al., 1982).

Binding, although necessary, is not sufficient to induce target celllysis (Timonen et

al., 1982). Conjugate formation is largely mediated by the binding of surface LFA-l and

CD2 to their respective target cellligands ICAM-l and LFA-3. Binding howevcr of LFA-l

does not play a role in signal transduction and triggering of cytolysis (Robenson et al.,

1990). Glycoproteins from cell membranes of target cells inhibit conjugate fonnation but

not cytolysis in a species restricted manner, indicating that shon range Iytic factors may

play a mie in cytolysis (Henkan et al., 1986).

Susceptibility to lysis has becn shown to be independent of the cell stage of the

target cell (Landay et al., 1987). Expression of class 1 molecules has been inversely

correlated to NK celllysis (Piontek et al., 1985; Stem et al., 1980). Contrasting results

have been reponed by other investigators where MHC class 1expression plays no role in

NK susceptibility (Oopas et al., 1988; Dennen et al., 1988). It is possible that c1ass 1MHC

expression plays a role in sorne cases, while in others, different structures present on target

ceUs may be recognized by NK ceUs.

Laminins and their receptors have also becn implicated both in conjugale fonnation

and activation of cytolysis (Schwartz and lEserodt, 1988). Many molecules have been

irnplicated in the search for the NK receptor, however neither the NK receptor nor the
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structurees) recognized on the target ceUs have been identified. Most "putative" NK

receptors have proved to be adhesion enhancing elements (Trinchieri, 1989). So far only

crosslinking of the CD2 has been implicated in triggering cytolytic mechanisms by inducing

Ca2+ influx, release of cytolytic granules and enhanced cytolysis (Schmidt et al.,1988;

Vivier et al., 1991a).

A new important structure, involved both in recognition and triggering of NK

cytolytic activities has recently been reported (Frey et al., 1991). Antiidiotypic (anti-ID)

antiserum raise<! against a monoclonal antibody that could block CD3- LGL-mediated K562

Iysis, could inhibit LGL-mediated binding and subsequent Iysis of tumor targets. In

addition this anti-ID antiserum could trigger the release of serine esterases and IFN-y from

LGL. A synthetic peptide (pl04) was constructed and plD4 antiserum exnibited similar

patterns to anti-ID antiserum. Although these results are promising, further experimentation

employing transfection of this gene ioto ceUs lacking NK activity are necessary.

It is possible that a single NK receptor may not exist. In contrast multiple

recognitive mechanisms may be operating. It has been hypothesized that NK ceUs belong

to a more primitive immune system where less evolved and specialized ceUs are required to

lyse a variety of foreign invaders and therefore be multispecific (Janeway, 1989).

4.5 CYTOLYTIC MECHANISMS

Although the receptors signaling ADCC, NK and LAK activity as weil as CTL

responses arc distinct, target ceUlysis is accomplished via cytolytic pathways that invoke

the same terminal cytolytic responses (Young et al." 1988; Carpen and Saksela, 1988;

Podack et al., 1991). Phosphorylation of the TCR ç chain following CD16 or CD2

crosslinking has been shown to be important in triggering cytolysis (Moingeon et al.,

1992).

Binding of NK cells to targets can occur both at 40 and 370 requiring Mg2+ but not

Ca2+. After binding activation is optimal at 370 and Ca2+ dependent (Quan et al., 1982).
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Following the induction of the phosphoinoside pathway, acùvation of protein kinase C

appears to play a role in inducùon of cYloljsis (Chow et al., 1988). At this stage broad cell

to cell interacùons between NK and target cells occur. The following steps are Ca2+ and

Mg2+ independent, relatively sensitive to reduced temperature, prostaglandin E2,

heterologous anù-LGL anùbodies, and proteolyùc enzymes (Hiserodt et al., 1982). Lysis

is mediated by a vesicular secretory mechanism, where granules polarize towards the part

of the NK membrane that binds the target cell, and then get secreted (Carpen and Saksela,

1988). Granule exocytosis involves perforins, serine esterases, and chondroitin sulfate

proteoglycans. Perforin or pore-forming protein (PFP) is insened into the target cell as a

monomer where in the presence of Ca2+ polymerizes and forms cylindrical transmembrane

pores on the target cell membrane, where rapid osmotic Iysis is conferred. A regulatory

mechanism where by PFP gets inactivated by another yet unknown soluble protein has

been suggested. PFP exhibits high homology with the C9 protein of the complement

system. NK cells are the only resùng lymphocytes expressing constitutively detectable

amounts ofPFP (Young et al., 1988; Podack et al., 1991).

NK cells also secrete cytotoxins called NK cytotoxic factors (NKCF). TNFIX

appears to be one (lf the principle mediators of NKCF but other proteins seem to be

involved as well (Wright and Bonnavida, 1987).

Apoptosis or programmed cell death provides an altemaùve cytolytic pathway. TNF

can irreversibly acùvate target cell Ca ++-dependent endonuclease that cleaves genomic

DNA into 180-200 base pair fragments (Duke et al., 1986; McConkey et al., 1990).

Apoptosis occurs in the absence of bystander cell destruction and requires cell activation,

and protein synthesis (McConkey et al., 1990). In vitro experiments have demonstrated

that DNA fragmentaùon requires at least 24 hours to occur (Groux et al., 1992)

4.6 REGULATION OF NK FUNCTIONS

Many cytokines appear to be implicated in NK regulation. Of them, IFN and 11-2

ap~ar to be the most imponant ones. Ali of the interferons including IX, ~, and ., have been
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shown to enhance NK cytotoxicity. Virus or mycoplasma infected ceUs greatly enhance

NK cytotoxicity by secreting interferons. IFN enhancement of NK ceUs is rapid, transient

and requires prolein synthesis but not NK ceU proliferation (Ortaldo and Herberman, 1986;

Ellis et al., 1989). IFN-treated NK ceUs can efficiently lyse target ceUs that are not very

sensitive to NK Iysis (Ellis et al., 1989), but not NK-resistant targets (Brunda et al.,

1986). IFNs induce NK cytotoxicity by increasing both the number of NK ceUs able to

bind to targets, and the proportion of cytotoxic ceUs among the NK ceU pool, by

accelerating the kinetics of Iysis, and by increasing the recycling ability of NK ceUs

(Brunda et al., 1986; Ellis et al., 1989; Ortaldo and Herberman, 1986). NK exposure to·

IFN results in disappearance of cytoplasmic granules that contain PTA or electron dense

matrices, and their replacement by vesicular structures that possess residual electron-dense

matrices surrounded by round vesicles or membrane myelin figures (Zarcone et al., 1987).

IFN treatment in patients results in transient enhancement of NK cell activity (Lotzova et

al., 1982).

ll..-2 greatly enhances NK activity both in vivo and in vitro (Smith, 1988). The ll..-2

receptor consists of at least two subunits lX and ~ (Siegel et al., 1987; Smith, 1988): the

low affinity receptor or C025 (Tac antigen ll..-2 Rp55lX) that binds ll..-2 with a KO of 10-8

and has a dissociation rime of seconds, and an intermediate affinity receptor (ll..-2 Rp75~)

that has a KO of 10-9 and a dissociation time of 45 minutes. CD25 can not transmit any

function signais while ll..-2 Rp75 cano When both receptors lX and ~ are expressed on the

ceU membrane they can form a high affinity heterodimer that binds IL-2 with a KO of

10-11 and a dissociation time of 50 min (Siegel et al., 1987; Smith, 1988). Only the

intermediate affinity receptor is constitutively expressed on circulating CD16+CD56+ NK

ceUs and therefore concentrations of ll..-2 - 1-5nmol/L or approximately l00-500U/ml are

required for NK stimulation (Kerlh et al., 1988). However, the high affinity receptor is

constitutively expressed on the COI6-C056+bright subset, and renders these cells
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responsive to 100 fold lower IL-2 concentrations (Caliguiri et al., 1990; l''~gler et al.,

1990).

Enhancement of NK cytotoxicity is mediated through the intermediate affinity

receptor Rp75 and requires 4-6 hours of IL-2 exposure. Optimal stimulation requires at

least 18 to 24 hours of incubation. Induction of NK proliferation requires continuous IL-2

exposure for 3-4 days and expression of the high affinity IL-2 receptor. Since the high

affinity IL-2 receptor is not constitutively expressed on NK celis, it has been hypothesized

that IL-2 induces IL-2Rp 55 synthesis and expression. IL-2Rp55 in turn associates with

the constitutively expressed IL-2 Rp75 in order to form the high affinity IL-2 receptor

(Siegler et al., 1987; Kerlh et al., 1988).

With regards to NK morphology IL-2 induces the expansion of the Golgi

apparatus, and increases the number of electron-dense granules and vesicles, however

unlike IFN-induced activation, no deaggregation of the electron-dense matrix is observed

(Zarcone et al., 1987). The biochemical events induced by IL-2 as well as the effects that

result in increased cytolytic activity are not well understood. IL-2 induced synthesis of

c-myb mRNA appears to play a role in cellular proliferation (Kerlh et al., 1988; Kombluth

and Hoover, 1988). IL-2 induces increased expression of adhesion molecules which may

augment NK binding to NK resistant targets (Robenson et al., 1990). In addition IL-2

induces expression ofproteases (Zarcone et al., 1987). However these IL-2 effects require

time and can not account for the early activation mechanisms.

IL-2 culture of PBL for few days results in the induction of non-MHC-restricted

cytotoxic cells that can lyse a panel of NK-sensitive and NK-resistant targets. These cells

are called lymphokine activated killer (LAK) cells (see section 5).

The recently discovered NKSF (Natural IGller Cell Stimulatory Factor) or IL-12 is

a heterodimer produced by B cells that has been shown to exen multiple effects on NK

cells (Chan et al., 1992; Kobayashi et al., 1989). These include augmentation of NK cell

cytotoxicity, induction of NK and T cell proliferation, and induction of IFN-y production
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from both NK and T cells. In addition NKSF synergizes with ll..-2 in stimulating IFN-y

induction by NK cells as weil as generating LAK cells (Chan et al., 1992).

Phorbol esters enhance NK cytotoxicity (Ramos et al., 1983). Platelet derived

growth factor (PDGF) inhibits cytolysis in resting NK cells (Gersuk et al., 1988).

Granulocytes and peripheral blood monocytes (Santoli et al., 1978) suppress NK activity.

Tumor-associated lymphocytes and macrophages from cancer patients also inhibit NK

cytotoxicity (Uchida and Micksche, 1981).

Many products are preformed in NK granules and are released during cytolytic

responses. These factors as previously mentioned in section 4.5 include NKCF, PFP,

esterases proteoglycans and various enzymes. NK cells also, secrete TNF and IFN y in

response to ll..-2 or CD16 crosslinking. In addition activated NK cells produce ll..-3, GM­

CSF, M-CSF, TNF Il and TNF p(Cuturi et al., 1989; Cassatella, et al., 1989; Paya et al.,

1988).

4.7 NK CELLS IN TUMOR·SURVEILLANCE

Considerable evidence from experiments with mice indicates a direct relationship

with NK cell activity and resistance to transplanted syngeneic tumors (Haller et al., 1977).

Reconstitution experiments in NK cell deficient or immunosuppressed mice showed that

tumor metastasis was prevented by the adoptive transfer of purified NK cells (Hanna and

Barton, 1981; Barlozzari et al., 1985) or NK celllines but not of polyclonal T cells or CTL

clones (Barlozzari et al., 1985; Wamer and Dennen, 1982).

The high variability of NK cell number and activity among healthy individuals, the

difficulty of quantifying the results, and the need for large number of patients have been

major obstacles for the establishment of the prognostic relevance of NK cells. Cumulative

findings have indicated depressed NK cell cytolytic activity in cancer patients, with highest

NK suppression seen with advanced disease. It still remains unclear however whether

depressed NK activity can predispose individuals to develop cancers or it is secondary to

the malignant state (Trinchieri, 1989). Presence of glycoproteins and glycolipids as well as
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prostaglandins released by monocytes and macrophages in cancer patients have been

reponed to inhibit NK cell activity (Pross and Baines, 1986). Patients suffering from

Chediak-Higashi or X-linked Iymphoproliferative syndromes have been shown to exhibit

decreased NK activity but relatively normal Band T-cell function. In these patients the

probability of developing a Iymphoproliferative cancer has been shown to be increased

(Pross, 1986).

Depressed NK activity has also been demonstrated in high-risk individuals with a

genetic predisposition to melanoma and other cancers (Pross, 1986). Patients with high

NK activity exhibited lower recurrence rate of melanoma (Pross, 1986) and head and neck

(Schantz et al., 1987) metastases.

4.8 ANTIMICROBIAL ACTIVITY OF NK CELLS

NK cells represent the flfst line of defense of the immune system against viral

infections. NK cell responses are immediate and peak 3 days post viral infection. On the

other hand, onset of CfL responses requires at least 4 days and peaks 7-9 days after viral

invasion (Janeway, 1989). Many studies have indicated that NK cells can lyse a panel of

virally-infected cells while at the same time spare uninfected cells (Welsh, 1986).

Individuals with NK cell deficiencies have been shown to exhibit repeated ilnd life

threatening viral infections inc1uding varicella zoster, primary cytomegalovirus pneullionia,

severe primary cutaneous herpes simplex infection and EBV infections (Fleischer f't al.,

1982; Biron et al., 1988,1989). In one well-characterized patient with severe viremia,

complete absence of NK cells was demonstrated without any other lymphocyte deficiency.

No NK cell-responses could be elicited in this individual, even after IL-2 and IFNa

stimulation (Biron et al., 1988, 1989).

Most evidence for the antiviral activity of NK cells cornes from experiments on

CMV and HSV-1 infections in murine mode1 systems. Mke strains that are deficient in NK

activity are more susceptible to CMV and HSV-l infections. in addition while bone

marrow transplants can confer resistance to these infections, inhibition e.f the NK cell
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activity abrogates the conferred resistance (Welsh, 1986). Experiments with mice have also

indicated a protective role of NK cells against murine hepatitis virus infection (Bukowski et

al., 1983) and influenza pneumonia (Fitzeraid and Lapez, 1986). NK cells can lyse in vitro

mammalian cells infected with herpes, vaccinia, measles, mumps and influenza viruses

(Fitzeraid and Lapez, 1986).

IFNo., secreted either by m..ADR+ cells or by NK cells, is believed to play a

participatory role in NK-mediated viral immunosurveillance. IFNo. treatment has been

shown to protect uninfected cells while at the same time leave virally-infected cells

susceptible to NK celllysis (Trinchieri et al., 1981). RNA and protein synthesis is required

for this protection, since infected cells with LCMV (a virus that does not inhibit RNA and

protein synthesis) can be rendered resistant to NK celllysis (Welsh, 1986).

An IFN-independent mechanism has also been proposed for the NK Iysis of

paramyxovirus infected cells. This mechanism is defined as virus-dependent cellular

cytotoxicity (VOCC). Viral glycoproteins evoke cytotoxicity 3-4 hours post PBL exposure.

This Iysis can be blocked by antibodies to viral glycoproteins, only prior to glycoprotein

activation of effector cells (Alsheikhly et al., 1985). Interestingly NK Iysis of measle­

infected targets occurs in two phases. An early phase occurs within 4 hours and can be

blocked by antibodies to hemaglutinin but not to IFN-o.. A second phase occurs 8-16 hours

post infection and can be inhibited only by antibodies to IFN a. (Casali and Oldstone,

1982).

NK cells are also involved in surveillance of bacterial and parasitic infections as

indicated by the decreased NK activity of germ-free animais (Bartizal et al., 1984).

Increased NK activity is observed in mice infected with various bacterial strains (Wil1iams

et al., 1987). NK-secreted soluble factors are implicated in bactericidal activity (Trinchieri,

1989). NK cells have been shown to lyse bath extracellular as well as intracellular gram·

positive and grarn-negative bacteria, the fungi Cryptococcus neoformans and the protozoa

Toxoplasma gondii and Trypanosoma cruzi (Fitzerald and Lapez, 1986; Trinchieri, 1989).
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Depletion of NK cells has been shown to result in increased fungal clearance, but does not

affect the long term survival of the animal. NK cells most Iikely play a role in the defense

against microbial and fungal infections by secreting lymphokines and macrophage

chemotactic factors and activaring other effector cells of the immune system (frinchieri,

1989).

4.9 NK ACTIVITY IN AlOS

There have been many reports of changes in NK responses in AIDS. However,

these studies have not been comprehensive due to a limited number of available patients and

limited blood volumes obtained from leukopenic AIDS patients.

Studies employing single or multiple E:T ratios, have indicated a reduced peripheral

blood NK activity in POL and AIDS patients when compared to asymptomatic HIV­

seropositive individuals and healthy controls (Brenner et al., 1989).Of interest, a number

of reports, have indicated that asymptomatic seropositive homosexuals exhibited increased

NK activity compared to healthy contrais, while homosexuals with POL and AlOS showed

decreased NK activity. Others have demonstrated NK reductions throughout the course of

mv infection including the asymptomatic phase. Similar reductions of NK function are

also observed among drug abusers with PGL and AIDS (Brenner et al., 1989). In

seronegative hemophiliacs, NK function has been shown to be normal or somewhat

reduced. In HIV seropositive hemophiliacs NK function progressiv'lly decreases with

Ildvancing disease (Brenner et al., 1989; Landay et al., 1983).

Similarly, decreased NK activity in POL and AlOS patients has been demonstrated

against virally-infected targets including HSV-infected fibroblasts, HSV-infected RAJI

cells, and HIV-infected and uninfected CD4+ H9-cells (Brenner et al., 1989).

Ofinterest CD16+ NIC cells derived from mY-seropositive homosexuaIs exhibited

an increased cytotoxicity against HIV-infected U-937 targets, when compared to U-937

uninfected counterparts (Rappocciolo et al., 1989). In addition CDI6+ NK cells

demonstrated an elevated capacity to lyse HN-infected HUT celllines comperatively ta
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uninfec'ed HUTceUs (Banciyopadhyay etai., 1990). Lysis ofceUs infected with the ffiV­

IIIB or the WMJI sttains of HIV-1 has been shown to be mediated by CD 16+ ceUs. Lysis

ofcells infected with the A1.25 HlV-l sttain however, re(juired the presence ofHLA-DR+

and CD16+ ceUs (Bandyopadhyay et al., 1990). NK cytolytic activities against HIV­

infected and uninfected U-937 targets have been reported to decline with disease

progression (Rappocciolo et al., 1989).

With regards to the NK cell population sizes, J:ercentages of CD56+ ceUs have been

reponed to be normal in asymptomatic seropositive individuals. Absolute numbers of

CD56-expressing lymphocytes per ml of blood howev(;l', ",ere reduced (Vuillier et al.,

1988). In another study, percentages of CD56-expressing peripheral blood mononuclear

cells were found to be reduced in seropositive and ARC patients, but normal in AIDS

patients. However, overall CD56 numbers (per ml of blood) were reduced throughout the

course of HIV infection including AIDS (Landay et al., 1990).

Levels of CD57-expressing ceUs have been shown to be normal (Landay et al.,

1983) or elevated (Lewis et al., 1985; Gupta, 1986; Voth et al., 1988) in homosexual drug

abusers and hemophiliacs, and elevated in PGL patients (Gupta, 1986; Landay et al.,

1983). The absolute per ml of blood CD57 numbers are elevated in POL and seropositive

subjects, and significantly redueed in AIDS patients (Lewis et al., 1985; Gupta, 1986;

Landay et al., 1983). This increase in CD57 (Leu-7)-expressing eeUs, is due to an increase

in these ceUs that coexpress CD3 and CD8 but not CD16 (Gupta, 1986; Landay et al.,

1990). CD57+ cells have becn implicated in suppressor activity in AIDS patients (Joly et

al., 1989; Sadat-Sowti et al., 1991).

Percentages of CD16+ eeUs are reponed to be normal in seropositive homosex.....: ,;

and patients with POL and AIDS (Creemers et al., 1985; Lewis et al., 1985; Vuillier et al.,

1988), however abso1ute numbers are decreased (Creemers et al..; 1985; Lewis et al.,

1985; Voth et al., 1988). This decrease is due to a dep1etion of the CDI6+CD56+ subset,

the subset that mediates the highest le',:ls of NK cyto1ytic activity (Voth et al., 1988).
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Since these decreases in NK numbers are not incorporated into the cytolytic assays

where fixed E:T ratio~ are used, single-cell-binding assays have been employed in order to

assess number of effector-target conjugates and their relative Iytic capacity (Pross et al.,

1986). NK activity was decreased in HlV-seropositive individuals and AlOS patients

(Katzman and Lederman, 1986; Bonavida et al., 1986). Nevertheless, the percentages of

effector cells binding to U937 (Katz et al., 1987) and K562 (Katzman and Lederman,

1986) target cells were comparable in healthy controIs and seropositive populalions.

Cytolysis ofthese targets subsequent to cell binding was observed to be reduced (Katzman

and Lederman, 1986; Katz et al., 1987). Experiments ....ilh double targets have indicated

that the same effector cell that can effectively lyse an ADCC target can not effectively lyse

an NK tai"get (Katz et al., 1987). Recycling times of NK cells were comparable between

seropositive individuaIs and control subjects (KalZman and Lederman, 1986). Cytolytic

NK ceils from AlOS patients exhibited a defect in the characteristic internai tubulin

rearrangement and po1arization of activated lymphocytes (Sirianni et al., 1988).

Attempts to HlV-infect fresh NK cells have failed (Ruscelti et al., 1986). IL-2 or

PHA activated LGL (Ruscetti et al., 1986; Robinson et al., 1988) and NK cell Iines

(Chehimi et al., 1991) have been infected in vit;-o with the H1V virus. Immunofluorescent

assays have revealed the coe.~ilression ofC016 and ffiV antigens (Robinson etai., 1988).

Viral r-:plication was a1so detected by p24 antigen intracellularly, and in culture

supematants, and by the presence of proviral HlV ONA within infected cells (Chehimi et

al., 1991). In addition supernatants of ffiV-infected KK cell lines were able to infect

PBLs, mononuc1ear cells and CD4+ celllines. A great number of NK cells died in HIV­

infected cultures. However, both RN-infected and uninfected NK cells exhibited similar

cytotoxicities (Chehimi et al., 1991). Todate, isolation of NK cells from AlOS patients

harbouring the RN virus has not been reponed.

NK dysfunction may be the indirect effect of HlV infection. Virally encoded

proteins and/or lymphocyte secreted proteins, may inhibit NK activity. A synthetic peptide
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corresponding to 735-752 and 846-860 of the HIV gp41 was able to inhibit NK activity,

by blocking Iysis of the conjugated target at a post binding level (Cauda et al., 1988).

The vasoactive intestinal peptide VIP shares a homology with the CD4 binding site

of gp120. VIP receptors are found on NK cells and binding of VIP to its receptor has been

shown 10 increase cAMP levels and decrease lytic NK aClivity. HIV binding to the VIP

receplor may Iherefore elicit similar responses (Sirianni et al., 1990).

In addition NK activity was inhibited by autologous serum derived from

asymptomatic homosexuals and patients with POL and AIDS but not from healthy controls

(Creemers et al., 1985).

4.10 ADCC RESPONSES IN AlOS

Sera from HIV-1 seropositive individuals have been used to ann PBL from healthy

donors, with cytophilic antibody. This approach has been used to monitor the humoral

component of HIV-directed ADCC. Depending on the target cellline and assay system, 40­

100% of sera from seropositive donors could direct ADCC, primarily against the env

proteins gp120 and gp41 (Brenner et al., 1991). This method is very sensitive for the

detection of circulating antibodies to gp120 and gp41. ADCC antibody titers were higher

than neutralizing antibody titers (Bottinger et al., 1988). In addition, foIIowing HIV

infection, ADCC antibodies appeared eariier than neutralizing antibodies. No correlation

between antibody titers and disease progression was observed, since ADCC antibody titers

remain high throughout the course of IllV infection (Bottinger et al., 1988; Lyerly et al.,

1988).

ADCC antibodies recognize epitopes common among many HIV strains that include

potential antigenic sites of gpl20. ADCC antibodies were directecl against the carboxy end

of gp120 and the transmembrane portion of gp41, including aminoacids 557-677 and 728­

752 (Evans et al.• 1989). These epitopes appear to be quite different from corresponding

epitopes, that evoke CTL responses that are directed against the arninoacid sequence 308­

322,381-392 and 410-429 of gpl60 (Walker and Plata, 1990).
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Studies comparing the relative efficacy of PBLs isolated from HIV seropositives

and healthy controls, to lyse antibody-coated targets in the presence of sera, have given

conflicting results. In many studies, decreased efficacie~ of PBLs derived from HIV

seropositives and AlOS patients to elicit ADCC against a pane! of different targets, have

been observed compared to healthy individuals. In direct contrast, others have reponed

increased abilities of HIV infected individuals to evoke HlV-specific and non-specific

ADCC responses (Brenner et al., 1991).

NK cellular post-binding dysfunctions have been observed in AlOS patients

(Sirianni et al., 1988), that may account for the observed ADCC dysfunctions. However,

single-cell binding assays with two different targets, one NK-resistant and one NK­

sensitive, have indicated that although the NK target is not Iysed the AOCC target bound to

the same effector cell, is successfully killed (Katz el al., 1987).

S. LYMPHOKINE ACTIVATED KILLER CELLS

5.1 DEFINITION

ln 1976 Morgan and Rusceui achieved selective growth of functional T­

lymphocytes by culturing them with conditioned medium from phytohemagglutinin­

stimulated lymphocytes (Morgan and Rusceui, 1976). IL-2, contained within the T-cell

growth factor (TCGF), has been identified as the lymphokine providing the obligatory

second signal for clonai expansion of antigen-primed lymphocytes (Grimm et al., 1982a).

In 1981, Rosenberg's group, reported that normal splenocytes cultured ex-vivo in TCGF

for 2-3 days could lyse NK·resistant cells isolated from fresh autologous tumors (Lotze el

al., 1981). No corresponding lysis of a panel of normal cells was observed. Cells

mediating lysis of tumor cells were named LAK cells (Grimm et al., 1982b) and their

identity and function has been and still is the subject of intense slUdy and debate.

IL-2 alone is sufficient and necessary for the generation of LAK cells. Antibodies

against TAC (IL-2 receptor) block the gelleïlition of LAK cells (Grimm et al., 1983).
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Interferon ycan augment this IL-2 activatio:: (Findiey et al., 1990). Optimal concentrations

of IL-2 were reported to be IOOU/ml or equivalent to 6.7 nM (Grimm and Wilson, 1985).

Howevcr, it was later shown that incubation of lymphocytes with concentrations as low as

20U/ml (equivalent to 1-2nM) of IL-2 for at least 2-3, days could result in LAK precursor

activation and the subsequent induction of LAK cells (Grimm, 1986). This lL-2

concentration is similar to the in vivo lL-2 circulating concentrations (l5U/ml) (Lotze et al.,

1985) .

Inhibition of LAK cell induction by mitomycin pretreatment and irradiation of

effector cells, has indicated that both differentiation and proliferation are required for LAK

cell generaticn (Grimm and Wilson, 1985; Grimm, 1986; Ramsdell et al., 1988).

LAK cells are highly cytotoxic against a variety of !Umor and virally-infected cells,

yet they are distinct from NK and CILs with regards to kinetics of activation, recognition

stimuli and targ'~t cell specificities (Ortaldo and Longo, 1988). NK-resistant targets

including fresh solid tumors are susceptible to LAK cells (Grimm, 1986; Ortaldo and

Longo, 1988; Grimm et al., 1983). LAK-sensitive targets include autologous and

allogeneic fresh melanoma, sarcoma, carcinoma glioma, benign schwanoma, as weil as

cuitured tumor cells, placenta fetaI tissue EBV-transfonned B-celllines and TNP-modified

PBLs (Grimm, 1986; Grimm et al., 1982b). Cells resistant to LAK-celllysis include fresh

normal bowel, colon, kidney, Iiver, and pancreas cells as weIl as conA-stimulated

Iymphoblasts (Grimm, 1986).

LAK cells can elicit cytolytic responses without antigenic specificity or MHC-

restriction, thereby indicating their disparity with CTLs.

5.2 PRECURSOR AND EFFF.~CTOR CELL PHENOTYPE OF LAK

ACTIVITY

LAK cell activity has been induced from every lymphoid tissue ilvailable, including

intestinal mucosa, spleen, thoracic duct fluid and PBLs (Skibber et al., 1987; Grimm,

1986). Both CIL and NK cells have been shown to exhibit LAK cel1 activity upon IL-2
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activation (Grimm, 1986;Skibber et al., 1987; Geller et al., 1991; Smyth et al., 1991; Nina

et al., 1991; Sawada et al., 1986; Phillips et al., 1986; Omldo et al., 1986; London et al.,

1986). The relative contribution however of NK cells and CTI..s depends on the source of

lymphocytes and conditions of activation (Hercend and Schmidt, 1988). Lymphocytes

from peripheral blood and spleen will produce LAK cells mainly from NK cell precursors

(Skibber et al., 1987; Phillips et al., 1986; Ortaldo et al., 1986; London et al., 1986;

Ibayashi et al., 1990).

A third precursor cell population that expresses neither NK nor T cell markers has

also been proposed. This precursor cell population might be identicalto, or include the NK

precursor cell (Morris and Pross 1989)

LAK cell generation requires expression of the high-affinity heterodimers (Siegel et

al., 1987). As previously mentioned only NK cells constitutively express the intermediate

affinity IL-2 receptor ~ (kD 10-9,dissociation time of 45 minutes) and therefore low IL-2

concentrations of l00pM or 10-15TJ/ml are sufficient for LAK cell generation. In direct

contrast, resting T -c~lls express only the low affinity IL-2 recepor lX (kD 10-8,

dissociation time of seconds) and require in addition to antigenic stimulation, high IL-2

concentrations (5000pM or approximately 500U/ml (Siegel et al., 1987; Caliguiri et al.,

lé"90). Therefore, incubation with low IL-2 concentrations (l5U/ml similar to the

physiologicailevels) has been shown to preferentially activate NK cells (Siegel et al., 1987;

Caliguiri et al., 1990; Robertson and Ritz, 1990). Addition ofC03 antibodies can augment

non-MHC restricted LAK activity of CD3-expressing lymphocytes ( Tovar et al., 1988;

Stohl et al., 1990).

LAK cell activity was funcûonally defined as non-MHC-restricted Iysis of NK­

sensitive and NK-resistant target cells. It describes an activation phenomenon rather than a

unique homogenous cell population; i.e. the ability of IL-2 to enhance NK cell cytolysis

and endow other lymphocytes including sorne T·cells with non-MHC-restricted cytolytic

capabmties (Trlnchieri, 1989).
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5.3 LAK CELLS IN TUMOR IMMUNOSURVEILLANCE

The ability of LAK ceUs to elicit cytotoxicity against fresh tumor targets has

rendered them as a unique antilUmor effector mechanism that could be employed for cancer

immunotherapy. Initially numerous experiments were done in murine systems using

infusions of IL-2 and LAK celis or IL-2 alone (Lafreniere and Rosenberg, 1985). With the

advent of molecular biology, large amounts of recombinant IL-2 have become available

(Rosenberg et al., 1984). Results from experiments with mice have indicated that

micrometastases in the liver and lung from immunogenic and non-immunogenic sarcomas, .

melanomas and adenocarcinomas could be inhibited with the administration of high doses

of IL-2 or IL-2 combined with LAK cells (Rosenberg et al., 1985b). A direct relationship

between the increased number of LAK ceUs administered, and the therapeutic effect has

been observed. In addition, host-proliferating lymphocytes, have been shown to be

necessary for tumor regression (Lafreniere and Rosenberg, 1985). In murine systems,

LAK cells were shown to be derived from an asialo-GM-l (mouse NK marker)-expressing

precursor population (Mule et al., 1986).

In 1984, Rosenberg's group transfused human IL-2-activated lymphocytes along

with IL-:;: 'Il mice and observed a reduction in the number of pulmonary metastic lesions

(Mule et al., 1984). Phase 1 trial studies established hall' life, immunological effects and

toxicity of IL-2 plus LAK cell infusions (Rosenberg et al., 1985a). Phase II and III trials in

humans have demonstrated partial responses with significant tumor reductions that

persisted for prolonged periods of time (Rosenberg et al., 1987). Toxicity was severe

mainly due to capillary permeability and subsequent tumo', relention, however, with

termination of therapy most cytotoxic effects ceased, and they all seemed 10 be a direct IL-2

effect (Rosenberg et al., 1985a,1987).

Responsive tumors included renal cancers and melanomas. These are bard to treat

cancers that do not respond to chemo-or radiotherapy (Rosenberg, 1989; Borden and

Sondel 1990). LAK ceUs infused via tumor-feeding arteries have been shown to be
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selectively localized in the tumor tissue, mainly in the kidney, spleen and liver bm not in the

lung (Morita et al., 1987).

Severa! investigators have reported that administration of high dose IL-2 to cancer

patients results in the induction of LAK cell activity mediated by Leu19 (CD56)-expressing

PBLs as demonstrated by Iysis of the NK-resistant but LAK-sensitive DAUm target cell

line (McMannis et al., 1988; Weil-Hillman et al., 1990).

5.4 IL-2 AND LAK CELLS IN AIDS

NK cells are highly susceptible to IL-2 immunomodulation. Decreases in IL-2

levels of HIV-seropositives and AlOS patients have been reported (Ernst et al., 1986) .

Limiting dilution analysis indicated a decrease in the number and proliferative capacity of

IL-2 responding PBLs in seropositive individuals (Doimenberg et al., 1989). In addition

PHA-induced IL-2 production and PHA-induced IL-2 receplor (p55, Tac+) generation is

decreased in HIV seropositive individuals (Hofmann et al., 1989 ). These IL-2 deficiencies

have been shown to occur concurrently with a profound non-specific activation of the

immune system (Schwartz and Merigan, 1990). Immune activation has been indicated by

increases in HLADR+ cells and elevated levels of (3-microglobulin, neopterin and soluble

lL-2 receptors (Schwartz and Merigan, 1990; Brenner et al., 1991; Scott-Algara et al.,

1991). Increased levels of soluble IL-2 receptors have been associated with a number of

immunopathologies, including hematologic malignancies, and viral and autoimmune

diseases (Rubin and Nelson, 1990). The raie and significance ofIL-2 receptor increases in

immunopathogenesis remains unclear.

It is suggested that the down-regulation of IL-2 responsiveness has resulted from

continuous non-specific activation in HIV seropositive patients, that results in the

subsequent inhibition of specifie antigenic responses. High concentrations of IL-2

(>500U/ml) can partially restore in vitro NK cytotoxicity in patients with POL and AlOS,

induce release ofNKCF and partially overcome NK suppression mediated by the 735-752

and 846-860 gp41 HIV synthetic peptides (Cauda et al., 1988).
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Trials using systemic ll.-2 administration in ARC and AIDS patients have resulted

in transient Iymphocytosis ofT cells, eosinophilia and ll.-2 related toxicity without clinical

improvement (Schwartz and Merigan, 1990). Other studies exhibited increased lectin PBL

responsiveness partial restoration of NK cell levels, transient increases in CD4+ cell

numbers and decreases in CD57 subsets (Ernst et al., 1986). In addition ll.-2

administration has reversed the AZT induced NK activity reductions observed in patients

receiving AZT therapy (Schwartz and Merigan, 1990). Of interest, in another study, in

vitro addition of AZT resulted in inhibition of LAK cell activity derived from HIV infected

individuals (Stine et al., 1991).

Ex vivo incubation of PBL results in the induction of LAK-cell activity. LAK cell

activity in IUV infection is not well characterized. In one study with a small subject group

LAK cell activity of IUV seropositive and AIDS patients was comparable to healthy

controls (Chin et al., 1989). Contrasting results were obtained by another group where

decreases in LAK cell activity were observed throughout the course of HIV infection

(Cauda et al., 1990). In addition, the same gp41 synthetic peptide that inhibited NK cell

function was also found to inhibit LAK cell cylolysis (Cauda et al., 1990).
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6. HYPOTHESIS AND RATIONALE

When we hegan this study the vast majority of research was focusing on HIV

detection, prevention and control (i.e. antiviral therapy). Very few studies. monitored

changes on the immune system ofmV-seropositive individuals that could ultimately lead to

the immunopathogenesis of AlOS. We therefore decided to study the effects of HIV

infection upon natural immunity. We focused our studies spedfically on LAK cell

responses, since up to that date there were no reports on LAK cell activity of HIV­

seropositive individuals and AlOS patients, and we believed that NI( ceUs and their ex-vivo

induced counterparts LAK cells can play a significant role in HIV-infection and the

development of AlOS.

Infection with the mv virus causes a progressive loss of CD4+ lymphocytes that

eventually leads to AlOS. AlOS is preceded by a long asymptomatic phase during which

the immune system can successfully cope with foreign invaders despite the loss of up to

70% of CD4+ ceUs. NK ceUs and their IL·2 inducible ex-vivo counterparts LAK cells have

been shown to he mediators of antiviral and antitumor immunity. As such they may play a

significant role in the host defense against the characteristic AIOS-associated ooportunistic

infections and neoplasias.

In addition NK cells are by and large the progenitors of LAK cells. Adoptive

transfer of LAK cells has been shown to he an important immunotherapeutic avenue against

solid tumors, and may therefore also be useful in the development of immunotherapeutic

treatments against AlOS.

In direct contrast NK and LAK cells may contribute to the A·IDS

immunopathogenesis by Iysing HIV-infected or gpl20 coated uninfected CD4+ ceUs.

NI( ceUs do not express the CD4 antigen. Delineation therefore of the mechanisms

that lead to NI( dysfunctions may provide useful insight on the immunoregulatory circuits

and the role of NK and LAK ceUs in viral immunosurvei11ance.
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CHAPTER 2

In the beginning of our study we monitored the effects of1UV-1 infection upon LAK

cell activity. HIV-seropositive patients were subclassified into two groups. The

asymptomatic population included patients with no evidence of disease (CDC II or III),

while patients with two or more AIDS-associated infections and/or cancers (CDC-IVC or

IVD) constituted the overt AlOS population. Control groups consisted of age-matched

hea1thy HIV-seronegative individuals.

PBL and LAK cell recoveries of1UV-seropositive and AlOS patients were contrasted

to healthy controls. LAK cell cytolysis was monitored using Chromium release assays.

Effector cells were derived from patient and control PBLs, incubated with IL-2 for 4-6

days, and assayed against a panel of chromium labelled targets. Cytolytic values were

calculated using the following equation:

% cytotoxicity = ( test sample release - spontaneous release)/(maximum release ­

spontaneous release)x100%, where spontaneous release is determined from control wells

containing target cells only, and maximum release by the addition of a deterg;nt to the

appropriate wells.

Targets employed included the NK-prototype K562 cellline that lacks class 1 or II

antigen expression and therefore can be Iysed only in a non-MHC restricted fashion, the

NK-resistant but LAK-sensitive RAIl cellline, and the U937 promonocytic cellline that

can be chronically infected with the 1UV virus.

Results indicated an impairment in inducible LAK responses in HIV-seropositive

populations. Of interest, enhanced cytolysis of lUV-infected U-937 targets was observed

in HIV-seropositive groups, but not in healthy controls.
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DIMINUTION OF INDUCIBLE LYMPHOKINE·ACTIVATED KILLER

CELL ACTIVITY

IN INDIVIDUALS WITH AIDS·RELATED DISORDERS
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ABSTRACT

We have compared the relative ability of Iymphokine-activated killer (LAK) cells

delived from peripheral blood of HIV-seropositive individuals. AlDS subjects. and healthy

contrais. to lyse a panel of natural killer (NK)-sensitive and NK-resistant tumor and

virally-infecled targels. We have found thal LAK cells derived from HIV-seropositive

populations show a significanl albeit reduced. capacity to lyse U937. K562. and RAIl target

cell lines. in comparison to similarly derived ceIls from healthy con trois. The

diminishments of LAK activity in both HIV-seropositive asymptomatic and AIDS

populations renect a significant reduction in cytotoxic potential of individual LAK cells.

The maximal LAK cytotoxic potentials of control. asymptomatic seropositive. and AIDS

populations are comparable. LAK cells derived from HIV-seropositive populations show

an enhanced capacity to lyse HIV-infected U937 targets relative to their uninfected

counlerparLS. These enhancements in HIV-infected U937 vs U937 cytolysis arise from

increases in the maximal cell-mediated cytolytic plateau. Depletion of NK (CD56+)

lymphocytes from peripheral blood prior to LAK cell generation markedly diminishes

subsequent specific and total inducible LAK activity. In sorne subjecLS, peripheral blood T

cell depletion prior to LAK cell generation results in LAK cells that are subsequently

enriched for cytolytic activity; whereas in other subjects. similar T cell depletion impairs

illducible LAK ccli responses.
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INTRODUCTION

Natural killer (NK) cel1s, as wel1 as their in virro induced counterparts,

lymphokine-activated kil1er (LAK) cells constitute a distinct lymphocyte pool that provides

natural resistance to both viral infection and neoplastic disease (1-4). These cel1s, closely

associated with large granular lymphocytes (LGL), elicit a broad range of non-major

histocompatibility complex (MHC)-restricted cytotoxic responses, including NK activity,

antibody-dependent cel1ular cytotoxicity (ADCC), and LAK activity (1-3, 5-9). While NK

cel1s express a characteristic array of surface markers (CD56+, CDI6+, HNKl±, CD3-),

they lack the HlV-l viral receptor, CD4 (6-12). As Such,lhey may be clinical1y relevant in

AlOS, providing an alternative cytolytic pathway fN immune depletion of both HIV-1­

infected cel1s and HIV-l-induced secondary opportunistic infections.

Clear patterns of decreased peripheral blood NK function against the prototype NK

target K562, U937, and H9 target cel1s have been observed in HIV-1 seropositive

individuais with persistent generalized lymphadenopathy (PGL) and AIDS as compared to

healthy controls and asymptomatic HIV-seropositive individuals (4,13-23). There appears

to be a dysfunction in the lytic machinery of NK cel1s l'rom PGL and AlOS populations

with a l'ailure to polarize tubulin and to release NKCF (natural killer cytotoxic factor) (16­

20). In addition, progressive HIV-l-associated diseases appear to cause a diminution of

bath CDI6+ (Leu 11+) and CD 56+ (Leu 7+) subsets that are active in NK cel1-mediated

Iysis (4,24,25). At the same time, there is an increase in a non-cytotoxic NK pool that

coexpresses HNK (Leu 7+) and CD8 but lacks CD3 (4,14,16,25-27).

NK cel1s are particularly amenable to modulation by biological response modiliers

(11). Their proliferation and differentiation of NK cel1s can be upregulated by inlerleukin-2

(IL-2) (1,4). In addition, NK cel1s cao be activated in virro by IL-2 to generale a novel

cytotoxic lymphocyte population. i .... LAK cel1s (2,28,29). LAK cel1s are highly cytolytic

both in virro and in vivo LO a broad spectrum of tumor and viral1y-infected targets . Yet,

they are distinct from NK cel1s with regard to their targel cel1 specilicity, recognizing and
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killing bath NK-resistant and NK-sensitive targets (2,6-9,28,29). There has been sorne

debate as to the ccli phenotype of the prcgenitors and effectors li,;:., ;;1I::diate LAK cylolytic

activity, panicularly conceming the relative contribution of NK vs cylotoxic T cells (1,6,9).

However, recenl studies conclude lhat by and large the activated LAK cytoloxic

phenomenon is derived l'rom large granular lymphocyte (NK) prccursors and is medialed

hy cells expressing the NK marker, CD56 (Leu 19+) (1,6-9).

Whercas NK ccli function in patienL~ with AlDS has been extensively sludied, LAK

œil function remains poorly characterized. In a recent study, LAK activity in patients with

AlOS has becn rcported to be equivalent 10 that of normal contraIs using K562 and RAJI

targets (30). The rcsults rcponed herein indicale that HIV-seropositive individuals have an

ahility albeit impaired to generate cytotoxic LAK cells. The phenotypes and largel

rcactivitics ofLAK cells l'rom HIV-serapositive, AlOS, and control populations have been

dctailcd.
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MATERIALS AND METHODS

Subjects

HIV-I seropositive individuals were subclassified into :wo populations.The overt

AIDS population. CDC group IVC and IVD. included subjects th;).! h:lv:: bad two or more

AIDS-assocîated secondary opportunislic infections and/or cancers. including

Pnellnlocysric carinii pneumonia and/or Kaposi's sareoma. with disseminated herpes. oral

candidiasis. and/or oral hairy leukoplakia. The asymptomatie HIV-seropositive population

included cnc group II and III subjects. Age-matched healthy HIV-seronegative

individuals constituted the normal control population.

Effector LAK cells

Peripheral blood. obtained with informed consent. was eolleeted in heparinized

tubes and lymphocytes (PBLs) were isolated by Ficoll·Hypaque (Pharmacia. Piscataway.

NJ) density gradient centrifugation (31). Cultured LAK cells were generated hy ex-vivo

incubation ofPBLs (106 cells/ml) in RPMI-1640 medium containing (Wh, dewmplemented

FCS and 15 Ulml recombinant IL-2 (Boehringer-Mannheim Canada Ltee) for 4-6 days at

37°C in a humidified aU .r jlhere of 5% C02 in air (31). LAK cell recovery was determined

relative to the original ..umber of PBL lymphocytes seeded. This recovery was similar

using concentrations ranging l'rom 10-100 Ulml IL-2 (unpublishcd resu!ts).

Depletion of lymphocyte subsets from peripheral blood lymphocytes

Prior 10 LAK celI generation. PBLs were selectively depleted of NK and T eell

subsets using mouse monoclonal antibodies and magnetic goat anti-mouse immunoglohulin

beads. Briefly. PBLs (l2-l8 x 106) were divided into three equal aliquoL~. To deplete NK

and T celI subsets. PBLs (2 x 106 cells:ml) wcre incubated with 20 III Leu 19 and 20 III

Leu 4. respeclively (Becton Dickinson. Mountain View. CA). Following washing a 15­

fold excess of magnetic goat anti-mouse IgG (Fc specific) (Advanced Magnetics inc.•

Cambridge. Mass.) particles were added. Follo\',i~g a 30 min incubation on ice. cells

binding to magnetic beads were removed by a magnetic separator (Advanced Magnetics
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Inc., Camhridge, MA) and ail three aliquots were incubated in IL-2 containing media to

generate LAK ccli. as prcviously described.

Target cells

Human tumor ccli lines, obtained from the American Type Culture Collection

(Rockville, MD), included the NK-scnsitive target K562 (derived from a patient with

chronic myelogenous leukemia in hlast crisis); U937 (a promonocytic ceIlline) (32); and

the NK-resistant target RNI (a Burkitts' Iymphoma cellline containing the EBV genome

(33). Celllines were maintained in complete RPMI-1640 containing 10% FCS, 2 mM

gluthamim:, 100 Ulml penicillin, 100 Ilg/ml streptomycin, and 10 mM HEPES. CeIls were

passaged twice weekly.

HIV infection of U937 target cells

HIV-1 was harvested l'rom cultures of H-9 ceIls infected with the HIV-III B strain

(kindly supplied by Dr. R.C. Gallo, NIH, Bethesda, MD). As previously described, U937

targel ccIls were infected with HIV-III B al a TCID50 of 105.5 (34). The HIV infection

status of the U937 cells was determined by indirect immunol1uoresœnce, as previously

descrihed (35). Murine monoclonal antibodies to HIV-I viral pro teins pl7 and p24

(sllpplied by Dr. R.C. Gallo) and l1uorescein-labeIled goat anti-mouse jUimtŒaglobulin

(Miles Laboratories, Ekhart, IN) were used to quantify the percentage of HIV-I-infected

cells.

Cytotoxidt~.. assays

LAK aCI; vi!;' was raonitored using 18 hr chmmillm release assays with LAK cells

as elTectors (E) and 5 !Cr-labeIled tumor cell lines as targets (n. Target ceIls were labeIled

\Vith 150 IlCi of sodium 51Cr chromate (ICN Biomedicals Ltd, Montreal, Canada). LAK

œlls were adjusted to give appropriate E:T ratios in triplicate weIls of U-bottom 96-well

microdilution plates. SpG:ttaneous isotope release was determined from control weIls

containing only target ceIls, and maximum release was determined by the addition of 2%

Trilon-XIOO to appropriate wells. This spontaneous release represented approximately
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20% total release for K562 and RAJI targets and 25% for U937 targets. The percent

cytotoxicity was calculated according to the following formula: % cytotoxicity = (lesl

sample release - spontaneous release)/maximum rdease - spontaneous n:kas:

Where indicated. exponential regression analysis of suhject's cytolylic aClivilies

monitored at 4-6 E:T cclI ratios was performed m;in,!; computer software kindly prnvidcd

by Dr. H.F. Pross (36,37). Lytic units are detïned as the number of ctTcclors rcqllircd for

20% lysis of 1.000 target celIs (20%/1 ( 6) calculatcd according to thc cquation of y =A (l­

e-kx) where y = fractional chromium releasc. x = E:1 ratio. k = ncgativc slopc dcrived

l'mm plotting ln (A-y) (i.e. target survival) vs x, and A =asymptote of the cllrve. A amI k

are independent parameters. A representing the maximal amount of cclI-medialed Iysis and

k representing the relative lyûc potential of lymphocytes.

Statistical analysis

LAK acûvities. measured over a range of E:T cclI ralios. were statistically cornpareù

in central and HIV-1 seroposiûve populations using 2-way :,,;. :OVAS. Wherc signitïcant

differences were observed. the sources of variations between pairs of averages wcre

determined using the Newman-Keuls Test. Simil;>dy: individual cylolytic pararnclers of

LAK acûvity in subject populations, i.e. LU20. A and k. werestatisticalIy contrasleù using

l-way ANcVAS, and Newman-Keuls. or paired t-test where indicaled. Statislicai tests

were calculated using software obtained l'rom Lionheart Press (Alburg. Vermont. USA).
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RESULTS

LA K cel! generation

PBL numbers were signifieantly reduced in the HIV-seropositive and AlOS

population when comparcd to heallhy controls (p<O.Ol l-way ANOVA). Healthy contraIs

had an awrage of 2.1 ± 0.1 X 106 PBLs per ml of bload (mean ± sem. n=47), while for

asymptomatie HIV-l seropositive and AIDS subjeeL~ the average PBL count was 1.6 ±O.I

x 106 and 1.2 ± 0.1 X 106 cells per ml of blood (mean ± sem. n=34 and 28, p<0.05

Newman Keuls test. The lymphocyte count of AIDS subjects was also significantly less

than asymptomatic HIV-seroposiûve indiviuuals (p<0.025. unpaired t-test).

The ability of PBLs to serve as progenitors for LAK cells was determined for the

heallhy control and HIV-seropositive populations by monitoring ccli counts at day 6

rdative li) the original ccli eounL~ on day O. LAK ccli recovery for the healthy control

population was 56.8 ±2.5%. signilïcantly greater than the 45.8 ±2.7% and 41.1 ± 2.9%

rccovcrics ohserved for the HIV-l seropositive asymptomatic and AIDS populations.

respectively 1 way ANOVA. p<0.05. Newman-Keuls test. The relative LAK cells

recovcries of HIV-scropositiw asymptomatic versus AlOS popularions were not

signilicantly different.

LAK ccll-mediated acûvity was monitored at E:T ratios ranging l'rom 20: 1 to 0.25: 1

using four to six serially halved dilutions. Data was then subjected to exponential

regression analysis (36.37). If experimentally observed data points agreed with

extrapolated data poinL~. Iytic units anj lytic parameters k and A were determined. LAK

cells from healthy control and HIV-I seropositive populations had the ability to

demonstrate cytolytic function against ulltested targels. including RAJI ceUs which are

NK-resislant. These cytolytic activities represenled by delillilion LAK cell-mediated

cytolytic phenomena. In the absence of IL-2. lymphocytes as early as day 1 and always al

days 4-6 lackcd any cytolyûc activily against ail tested targets.
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FIGURE 1

Lymphokine-activated killer (LAK) activity of HIV-seropositive and control populations

against K562 targets. LAK cells derived from healthy controls (•.n=16). asymptomatic

HIV-I seropositive subjects (-n=8). and AlOS subjects (O. n=6) wcre assaycd for lheir

cytotoxicity against K562 targets. E: T •effector: target ccli ratio.
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FIGURE 2

Lymphokine-activated killer (LAK) activity of HIV-seropositive and control populations

against RAJI targets. LAK ceUs derived from healthy controIs (-.n= 15). asymptomatic

HIV-l seropositive subjects (••n=?). and AIDS subjecl~ (O.n=6) were assayed for their

cytotoxicity against RAIl targets.
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LAK activity against NK-sensitive and NK·resistant prototype targets

LAK ceUs derived from healthy control and HIV-seropositive populaùons showed

significant differences in their ability to lyse the NK prototype target, K562 (Figure \,

p<O.OOI, 2 way anova). LAK cens derived from both asymptomaùc and AlOS populations

showed a reduced ability to lyse K562 targets when compareà to similariy derived LAK

ceUs from healthy individuals (p<O.05, Newman-Keuls Test). Moreover, the capacity nf

LAK cens from asymptomatic seropositive individuals tolyse K562 ceUs was signilicantly

greater than corresponding LAK cens from individuais with oven AlOS, (p<O.05.

Newman-Keuls Test).

Unlike resling PBLs. LAK ceUs, derived by in vitro incubation or PBLs in IL-2­

containing media, acquire the ability to lyse NK-resistant RAJI ceUs. However. decreased

levels of such killing were observed when LAK ceUs or HIV-seropositive populations were

used (Figure 2, p<O.O 1 2-way ANDVA). However, with RAJI ceUs, both heallhy control

and asymptomûtic seropositive populations showed enhanced cylolytic activity when

compared with individuals having overt AlDS (p<O.05, Newman-Keuls Test).

LAK activity using U937 targets and their HlV·infected eounterparts

With regard to the U937 promonocytic target ceU Hne, LAK ceUs derived from bGlh

HIV-seropositive populations showed a reduced capacity to lyse targeL~ whcn compared lO

similarly derived LAK cens from healthy controis (Figure 3 p<O,Ol, 2-way ANDVA). The

cytotoxic potential of LAK ecUs derived from both asymptomalic seropositivc and AlOS

subjects was significantly lower than that observed for the conlrol population P<O.05,

Newman Keuls test.

U937 ceUs were infected with f-!IV -1 as described in Materials and Methods. By

indirect immunol1uorescence using monoclonal antibodies against p17 and p24 viral

proteins. 71-97% of these U937 ceUs were infected with mv. In contrast to rcsults

obtained using non-infected U937 targets. the ability of LAK œUs l'rom asymptomatic

seropositive. AlDS. and control groups to lyse HIV-infected U937 cens was stalisticany
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FIGURE 3

Lymphokinc-aclivalcd kiUcr (LAK) aclivily of HIV-seroposiùve and control populaùons

againsl HIV-infecled and uninfeCled U937 lumor t:lrgeL~. LAK ceUs derived from healthy

controls (., n=13), asymplomalic HIV-l seroposilive subjecls (., n=7), and AlDS

suhjecL~ (O. n=13) were assayed simullaneously for lheir cytoloxicity againsl uninfected

and HIV-infeclCd U937 targel ceUs.
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comparable (Figure 3. 2way-ANOVA). This, cytolysis of U937 cells and their

corresponding HIV-infected counlerpans was significantly different for both HIV­

seropositive population relative to healthy controls. LAK cells from both HIV­

asymptamatic and AIDS groups showed a significant enhancement in their ability ta kill

HIV-infected U937 targets relative to U937 targets (p<O.OOI and 0.001 respectively,2­

way ANOVA). In contrasl, LAK cells from healthy controls showed comparable cytotoxic

potentials against HIV-infected and non-infected U937 targets.

Characterization of LAK cytolytic parameters

To characterize the diminishment of LA K activity in HIV-I seropositive subjects

relative to healthy controis. the Iytie parameters k and A were compared (Table 1). The k

value is an index of the relative Iytic capacity of individual LAK cells while the A value

represents the maximal amounts of LAK cell-mediated cytotoxicity (see Materials and

Methods). Regardless of the target cell lîne. the diminishment of LAK activity in

seropositive individuals relative to healthy controls was due to a significant reduction in the

Iytic potential of LAK cells. Le. the k values (Table 1). The maximal cytotoxic potential A

was similar for ail populations in using both U937 targets and their HIV-I infected

counterparts. The A value was actually increo~e':! in bom seropositive populations relative

to healthy controls using K526 targets.

The enhanced ability of HIV-seropositive population to lyse FiN-1 infected U937

target~ vs their uninfected counterpans was due to significant enhancements in me maximal

cytotoxic platcaus rcprescnted by the A values (Table 1). Data for RAn was not detailed

since. in the ra.lge of E: T ratios used. many HN-1 seropositive ir.dividuals had cytolytic

activities that did not converge.

Characterization of the lymphocyte population that mediates LAK activity

Peripheral blood lymphocytes from healthy controIs and HN-seropositive subjects

were deplcted of NK ceIls or T ceIls with Leu 19 (anti-CD56) and Leu 4 (anti-CD3)

antibodies prior to LAK cell generation to determine me phenotype of me progenitors of



Table 1. Parameters of Iymphokine-activated killer ccli (LAK) cytolytic activity in

HIV-seropositive and healthy control populations.

56

0.39±0.07* 54.3:t6.9

0.34±0.06 52.6±9.0

O.31±O.05 77.3±7.(J:j:

0.39±0.09* 65.7±4.6:j:

O.13±O.05* 86.5±3.5t

O.06±O.02* 84.I±I.7t

Cell source

Control

HIV+

AIDS

Control

HIV+

AIDS

Control

HJV+

AIDS

Target

U937

U937HIV

K562

LUZO

160±19

66±14*

70±18*

159±30

104±14

114±29

75±1O

52±21

23±6*

k

0.59±0.07

O.72±O.14

O.28±O.04

A

65.±3.9

6:!.7±5.0

67.3±4.3

n

13

6

13

13

(,

13

15

8

6

Individual LAK data obtained for control, HIV-I-seropositivc and AIDS subjecls werc

subjected to exponential regression analysis (see Materials anù mcthods). LAK cytolytic

activity (LUzo) and Iytic parameters k and A represent the mean ± s.c.m.; n= num ber of

subjecls. *Observed data for HIV-1· seropositive populations are signilïcantly less than

those for corresponding heallhy comrols, p < 0.05, Newman-Keuls test tObserved data

for HIV-I-seropositive populations are signilïcantly greater than those for corresponding

healthy controls, p< 0.05, Newman-Keuls test:j:Observed data for thc HIV-infected U937

targets are significanlly greater than corresponding values of uninfected U937 cells by two­

way analyses of variance and paired t-tests.
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FIGURE 4

Lymphokine-aclivaled killer (LAK) aclivily of IWO subjecls using peripheral blood

Iymphocyles (PBLs) and natural killer (NK)-cell (CD56) and T-cell (CD3) depleted PBLs

to generale LAK eclls. PBLs were deplclcd of CD56+ and CD3+ lymphocytes prior to

LAK ccII generalion. The cylOloxicily of LAK ecIls derived From control (0), CD3 (Cl),

and CD56 (e) dcpleted PBLs was delermined. Values in parenlheses represenl LAK cell

recovery of depleted PBLs relalive lo control PBLs.
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cytolyùc LAK activity. Representative LAK activities against K562 targeLS by lymphocyte

suhpopulations from two subjecLS is depicLCd in Figure 4. The specific LAK activity of ail

subjecLS is significantly reduced when CD56+ NK cells are depleted priOT to LAK cell

gcncration. Morcovcr, the overail recovery of LAK cells is n:duced relative ta the

undeplctcd control (Figure 4). Thus, tolal LAK activity is markedly reduced upon CD56+

ccII dcplclion in both suhjcCLS.

In hoth control and HIV-seropositive populations, two pallems of changes in LAK

activity wcrc ohscrvcd upon dcplction of CD3+ T cells as rcpresented in Figure 4. In

suhjcct 1 (an asymptomatic seropositive individual), depletion of CD3+ T cells on day 0

rcsultcd in a markcd activation of suhsequent LAK activity (Figure 4). The total LAK

activity, howevcr, would have LO takc into account the marked reduction in recovery of

LAK cells following T cell depletion relative to the undepleted control. In contrast, similar

dcpletion of CD3+ T cells plior to LAK ccli generation in suhject 2 (a hcalthy individual)

rcsultcd in a marked dcpletion of both specific and total LAK activity. Similar pallerns to

thut sccn in Figure 4 havc also becn observed in healthy and seropositive subjects when

cytotoxicities wcrc monilored aguinst U937 targeLS and their HIV-infected counterparLS

(unpublishcd duta).



59

DISCUSSION

The ability of natural killer (NK) cells and their ex vivo induced counterpans,

Iymphokine-activated killer (LAK) cells, to elicit potent anti-viral and anli-tumor immune

responses has generated considerahle intercst as to their prognostic rdevance anù thdr

potcntial usefulness in immunothcrapy. A numher of studies have ôemonstraleù that

patients with AIDS havc diminished peripheral hlood NK aetivily (4), howc\'cr,

comparable studies of IL-2 induccd LAK aelivity have not been reporteù.

PBLs from both healthy controls and the HIV-seropositivc individuals were

contrasted with regard to theil' respective capacity to generale cytotoxic LAK eclls artel' a 6

day incubation in media containing 15 Ulml IL-2. This IL-2 concentration corresponds 10

IL-2 concentration contained in T-cell growth factor, uscd to OIiginally generate LAK cells

(unpublished resulL~, 28). Secondl}, this concentration corresponds to the in l'i\'(} sleady­

state IL-2 concentrations contained in the serum of paticnL~ n:eciving IL-2 therapy (38).

This in vitro IL-2 concentration generates LAK cells with cytolytic propenies that are

similar to those induced in vivo following IL-2 therapy (39). Moreover, preliminary studies

indicate thatlow IL-2 concentrations atleast in vitro selectively enhanec NK ecll responses

in the AlDS and healthy control population with 110 concurrent cnhancement of T edl

responses (40,41).

In our study, not only werc PBL levcls reduced in HIV-seropositive individuals,

but norrnalized numbers of lymphocytes generatcd fewer activated lymphocytes upon in

vitro incubation with IL-2. These LAK cells from the AIDS population also show an

impaired ability to lyse the prototype NK-sensitive target K562, the EBV-infected NK­

resistant target, RAJI, and the promonocytic target U937. In comparison to AIDS subjects,

LAK cells l'rom asymptomatic HIV- seropositive individuals showed a similarly rcduccd

capacity to lyse U937, and an enhanced capacity 10 lyse K562 targets and RAJI cells.

Whether these differences in target cell susceptibility reflect distinct LAK effectors involved

in their kill or differences in the size of asymptomatic celi pool awaits furlher investigation.
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reduction in cytotoxic LAK cell responses. Depletion of T cells on day 0 resulted in two

distinct patterns ofresponse. In many seropositive and healthy suhjecl~. depI.:tioa ofT cell

progenitors resulted in enhancement of LAK activity. This would he expccted if T cells

were not participating in the Iytic process. whereupon T cell depletion would enrich for

cytotoxic LAK cells derived l'rom NK precursors. The second response pattern of

diminished LAK activity upon T cell depletion indiealcs that T cells play a roI.: in LAK ccll

generation. This may be due to a direct involvcrnent of T cells in generating non-MHC

restricted Cn..s or in an immunoregulatory role ofT cells on NK cell activation (44).

Cytotoxic T cells (CTLs) can be activat,~d in culture with interlellkin-2 (45-47)

However. it is lInlikcly that the cytolysis monitored in this study is mediated hy MHC­

restricted CTLs. K562 lacks hoth class 1 and 2 MHC delerminants reqllired for CTL

recognition (1). HIY-1 infection of U937 down-regulate;; class 2 HLA expression which

would diminish rather than enhance Cn.. recognition and suhsequentlysis of HlY-infeclcd

U937 targets relative to their unint~cled counterparts (48). As fllrther support 10 a

physiologie raie of natural immunity in HIY-seropositive individuals NK cells (Leu7+ or

CDI6+) rather than T cells (CD3+. CD4+. or CD8+) have been recently ohserved lo

mediate cytolytic rcsponses to autologous HIY-l. gp 120 envelope protcin-coated CD4+

ceUs (49).

To summarize. LAK cell-mediatcd cytolysis of both NK-sensitivc (K562. U937.

U-937HIY) and NK-resistant (RAJI) targclS is inducible in asymptomatic HIY-seropositive

and AlDS subjeclS albeit less so than heallhy individuals. Thcsc findings arc consistent

with comparable studies on NK ccli funclion. The de1ineation of the rcgulatory role of both

NK and LAK ccli responses in prevention of HIY-induced disease progression awaiL~

further study.
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CHAPTER 3

Since we established that HIV-seropositive and AlDS patienL~ exhibit a decreased

LAK activity compared to healthy subjecLS. exponential regression analysis was employed

to compare the different cytolytic parameters A and k as well as LUzO values between the

different populations. LU (lytic unit) is delïned as the number of cells required 10 lyse a

given proportion of cells (oplimally 50% bul usually 20%) in the assay period. LU are

usuaIly calculated by the exponential fit equation y=A (l-e-kx ). where y=fraclional

chromium release. x=E:T ratio. k:=a constant which. for curves h'lving the same asymptote.

is directly proportional to NK lysis. and A = the asymplole of lhe curve (Fig.I). A and k

are independent parameters representing the maximal amounl of cell-mediated lysis and the

relative Iytic pOlential of the effector ceIls respectively. LUzO is a number derivcd hy

solving the equation for 20% cytolysis of 10,000 targets using A and kvalues. inverting.

and then multiplying by 100. The use of regression analysis is useful for accurate

comparisons of NK activity between individuaIs. since a series of dose-response data are

reduced to single number that is directly proportional to NK cclllytic aClivity. namely the

LU (Trinchieri 1989).

Concurrent studies in Dr. Brenner's laboratory detailed regression analysis values

in cancer patients receiving and cancer patients not receiving chemotherapy. In this sludy

viral-induced (HIV) and chemotherapy-induced immunocompromise was contrasted vis a

vis NK and LAK cytotoxicity. PBL numbers and LAK cell recoveries werc monitored in

cancer and mY-seropositive patienL~.

Since cytotoxic assays are always performed at constant E:T ratios. dccrcases

observed in PBL numbers and LAK cell recoveries are therefore not incorporaled in the

LUzO. To correct for this, we incorporated PBL numbers and relative LAK cell recoveries

in order to calculate absolute ALUZO values.
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These studies demonstrated that in cancer patienL~ recciving chemothempy, NK. and

LAK progenitor cell pool sizcs wcre decreased, while cytolytic ability of cffector cells was

net affected. In direct contras!, in HIV-seropositive individuals diminution of NK and LAK

ceU function was associated with reductions in both ccli pool sizes and cytolytic functions.
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FIGURE 1. Analysis of the cytotoxic activity of PBLs l'rom donors A (e), B (0), and C

(Â) using the exponential fit equation. NK ccli mediated cytotoxicity was quantitated by

51Cr-release assays using a constant number (1()4) of 51Cr-labeUed target cells and a

variable number of human PBLs as effector cells. The left panel depicts the best-lit

sigmoidal curve for three donors using the exponential fit equation (broken lines). The right

panel represenlS curves calculated according to the exponential lit equation and cxprcssed

as In(A-y) versus x.
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DIFFERENTIAL EFFECTS OF CHEMOTHERAPY·INDUCED AND HIV·}·

INDUCED IMMUNOCOMPROMISE ON NK AND LAK ACTIVITIES

USING BREAST CANCER AND HIV·} SEROPOSITIVE PATIENT

POPULA TIONS.
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ABSTRACT

This study contrasts the effect of chemotherapy-induced and viml-induced (HIV-1)

immunocompromise on natural killer (NK) and Iymphokine-activated killer (LAK) cell

function. The ability of NK and LAK cells isolated from the peripheml hlond of healthy

controls, breast canœf patients rcceiving or not receiving adjuvant chemothempy. and HIV-

1 seropositive individuals to lyse K562 and U937 targets was determined. Expom:ntial

regression analysis of the cytolytic data was used to derive the cytolytic variables A

(;ndicative of the maximal cytolytic kil! of a larget) and k (indicative of the Iytic efliciency

of individual effector cells). Overall LU20 values were ascertained and adjllsted to

incorporate absolu te lymphocyte numbers. Slich analysis indicates that the cytolytic NK

and progenitor LAK cell pools are diminished in breast cancer patients receiving

chemotherapy. However, the ability of individual NK and LAK cells from trcated patients

to lyse targets remain unchanged. In contrast, the diminution of NK and LAK ccli function

in HIV-1 seropositive individuais is associated with reductions in both NK and LAK cell

pool sizes as weil as their cytolytic functions.
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INTRODUCTION

Natural killer (NK) ceUs have been distlnguished by their characteristic expression

of phenotypic markers (CD56+, CDI6+, CD57±, and CD3-), as weU as their functional

inv<11vement in non-major histocompatibility complex (MHC)- restricted cytolytic activities

against virally-infected and tumor targets in vitro and in vivo (1-6). NK cell-mediated

cytoLOxic responses include NK activity, antibody-dependent ceUular cytotoxicity (AOCC),

and inducihle NK and Iymphokine-activated killer (LAK) cell activities (1-6).

IL has becn diflicultto establish direct correlates between NK and LAK activities

and rcsistance to tumor progression or opporlUnistic diseases. One major obstacle has been

the high l1uctuations and variabi:ities in NK ceU numbers and activities within and between

healthy donor and patient populations (1,7). NK cells are contained within the large

granular lymphocyte (LGL) pool and as such represent less than 10% of circulating

peripheral blood lymphocytes (PBLs). In addition, NK ceUs and their functions are

exquisitely sensitive to endogenous and exogenous cytokine modulations (1-3). NK and

LAK cells rcprescnt mixed ceU populations that are both phenotypically and functionally

hClerogencous (1-3,8). Furthermore, LAK ceIls are functionally dissimilar to NK ceUs,

vis-a-vis target cell speciticities, with LAK cells acquiring the capacities to lyse NK­

resistant and NK-sensitive targets (1,2,8). The relative contributions of small proportions

of T ccUs that cocxprcss NK dclerminants and lyse without MHC restriction remain unclear

( \'3,8).

NK and LAK cell dysfunctions may occur secondary to cytotoxic drug therapies,

viral infections, and overall anergy in patient populations (6,9-12). In contrast, other

studies indicate that NK and LAK activities can he indirectly primed in patient populations

by ehemotherapy-induced or viral-induced inhibition of suppressor cell function (9,10,13).

Overall, the effects of cytotoxic drug therapy on natural immune responses have not been

detailed.
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Studies in our laboratory have been independently evaluating the effect of

chemotherapy-induced and HIV-I-induced immunocompromise on NK and LAK activities

using breastcancer and HIV-I seropositive patient populations, respectively (15-18). We

have monitored lymphocyte numbers and recoveries as well as NK and LAK cytolytic

activities. Exponential regression analysis of NK and LAK cytolytic data analyzes for

changes in values of the independent parameters A and k. as well as LU20 values (18).

Careful evaluation of these experimentally-derived values. incorporating lymphocyte

numbers in the calculations, provides novel and useful infonnation tll compare and conlrasl

healthy control and patient populations. Our studies indicate lhat cytotoxic drug therapy

results in selective depletions of the basal and inducible NK pools. HIV-seropositive

populations also show reductions in NK and LAK cell pools: however. overall cytolytic

activities of individual NK and LAK ceUs arc also impaircd.
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MATERIALS AND METHODS

Patient and Control Subjects.

With regard to studies involving breast cancer patient populations. healthy controls

included rcsearch and hospital personnel and healthy female volunteers who have had no

history of hreast cancer. The chemotherapy-negative breast cancer patient population

included both Stage 1 patients who have never received chemotherapy or received placebo

in protocols evaluating tamoxifen therapy and Stage Il patient< who were two years post­

adjuvant chemotherapy and disease-free. The breast cancer population who were receiving

chemotherapy included individuals on a number of adjuvant chéïuot.herapy protocois

including CMF. CMFVP/VATH. CA. PF. PFAT. low dose adriamycin. or combined

milomycin-mitoxantrone (15). Blood samples l'rom treated patients were obtained prior 10

administration of new cycles of chemotherapy.

With regard to studies involving HIV-seropositive subjects. healthy age-matched

males constituted the normal control population. HIV-seropositive individuals were

suhclassilied into two populations. The overt AlOS population. COC group IV C and O.

included subjects that have had two or more AIDS-associated secondary opportunistic

infections and/or cancers. including Pneumocystic carinii pneumonia. and/or oral hairy

leukoplakia. Tne asymptomatic HIV-seropositive population included CDC group II and III

subjects free of opportunistic infections. The mean. C04:C08 ratios of the HIV-1+

asymptomatic and AlOS populations were l.l and 0.2. respectively. significantly less than

the corresponding value of 1.7 for healthy controls (p<.OS. Ix ANOVA).

Cytotoxic effector and target c~lIs.

Peripheral blood. samples obtained with informed consent. were collected in

EOTA-containing (breast cancer patients) or heparinized (HIV-seropositive subjects) tubes

and lymphocytes (PBLs) were isolated by Ficoll-Hypaque (Pharrnacia. Piscataway. Al)

density gradient centrifugation (16.18). PBLs were the effeetor cell populations for assays
,

of NK cell-mediated cytotoxicity.
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Cultured LAK cells were generated by ex vivo incubation of PBL~ (106 cells/ml) in

RPMI-1640 medium containing 10% decomplemented FCS and 15 Ulml recomhinantlL-2

(Boehringer-Mannheim. GmbH, West Germany) for 5-6 days at 37" in a humiditicd

atmosphere of 5% C02 in air (16,18). LAK ccli reeoveries were determined relative to the

original numbers of PBLs seeded. On the day of assay. LAK cells were washed twice in

media containing RPMI-I MO and 10% FCS to remove IL-2 and constituted the cens used

for assays of LAK cell-mediated cytolysis.

The urget cell Hnes included the NK-sensitivc K562 ccllline (derived from a patient

with chronic myelogenous leukemia in blast crisis) and the U937 celllinc (a promonocytic

ccllline). B:)th celllines, obtained from the American Type Culture Collection (Rockville.

MD) were maintained in complete RPM1-1640 containing 10% FCS, 2mM glutamine, 100

Ulml penicillin, 100 ~g1ml streptomycin, and 10 mM HEPES. Cens were passaged twice

weekly.

Cytotoxicity assays.

NK and LAK activities were monitored using 18h chromium reiease assays with

PBLs and LAK cells as r,~spective effectors (E) and 51 [Cr)-Iahelled tumm cell lines as

targets (T) (16-18). Target cells were labelled with 150 ~Ci of sodium [5ICr] chromate

(ICN Biomedicals Ltd. Montreal, Canada). LAK cells were adjusted to give appropriate

E:T ratios in triplicate wells of U-bottom 96-well microdilution plates. Spontaneous isotope

release was determined from control wells containing only target cens, and maximum

release was determined by the addition of 2% Triton-X 100 to appropriate wells. This

spontaneous release represented approximately 20% and 25% total release for K562 and

U937 targets respectively. The percent cytotoxicity was calculated according to the

following formula: % cytotoxicity = (test sampie release - spontaneous release) / maximum

release - spontaneous release

Exponential regression analysis of subject's cytolytic activities monitored at 3-6 E:T

cell ratios was performed using computer software kindly provided by Dr. H.F. Pross

l
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(! 9). Cytolysis was calculated according to the equation of y '" A (1 _e_kx) where y '"

fr.lctional chromium release, x '" E:T ratio, k '" negative slope derived from plotting ln (A­

Y, (Le. target survival) vs =-. and A", asymptote of the curve. A and k are independent

parameters, A representing the maximal amount of cell-mediated Iysis and k representing

the relative lytie potential of lymphocytes. Using A and k, the equations were solved for

ZO% cytolysis of 10,000 targeL~, inverted and multiplied by 100 to yield LUZO values.

Wherc indicated lymphocyte counts were incorporated into LUZO values. Since healthy

controls showed on average 1.75 x 106 cells/ml; individual LUZO were standardized as

follows:

Absolute LUZO '" lymphocyte count (cells/mll test sampie x observed LUZO

(ALUZO) 1.75 x 106

Flow eytometric analysis.

Distribution of CD4, CDS, and CD56 antigens on PBLs and LAK ceUs was

ascertained by cytofluorometric analysis using an EPICs analyzer (Coulter). Cells were

stained with (FITC) fluorescein isothiocyanate conjugated and( PE) phycoerythrin­

conjugated monoclonal antibodies. (Coulter Electronics, Burlington. Ontario, Canada).

Statistical analysis.

Levels of NK and LAK activities and lymphocyte counts in patient and control

populations were statistically compared using unpaired I-way (Ix) ANOVAs. Where

ANOVA signiticance was observed. sources of variations between pairs of averages were

determined using Newman-Keuls tests. Similarly, the individual parameters of NK and

LAK activities in subject populations, Le. A, k, and LUZO were statistically contrasted.

Statistical tests were calculated using software obtained from Lionheart Press (Alburg,

VT).
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RESULTS

NK cell·mediated cytolysis by breast cancer and healthy control PBLs.

PBL numbers were detennined for healthy femaie controls and breast cancer

patients. Patients who had mastectomies and were undergoing no subsequent treatment or

patients who were greater than two years post-adjuvant chemotherapy comprised the no

evidence of disease (ned)- no treatment population. Blood samples from patients receiving

adjuvant chemotherapy were obtained prior to administration of new cycles of

chemotherapy, thereby, eliminating acute or immediate toxic drug effects. Our results

indicate that patients on chemotherapy show significant drops in their lymphocyte counts

relative to both healthy controls and untreated patients (Table 1. p<.05. ANOVA and

Newman-Keuls tests). There were no significant differences in lymphocyte numbers

between the ned patient population and healthy controls (Table 1).

NK activities were monitored in ail groups using 18h chromium release assays

adjusting PBL numbers to givc effector: target (E:T) ratio ranging from 40: 1 to 2.5: 1 using

K562 cells as targets. Exponential regression analysis (see Materials and Methods) of

cytolytic data yielded values for the independent cytolytic parameters A and k. The value A

represents the maximal achievable plateau level of K562lysis. The k value slope of target

cell survival vs E:T ratio is indicative of the relative lytic effectiveness of PBLs. LU20

values, often quoted in the literature, were experimentally derived solving for 20% lysis of

10,000 target cells.

Results from data analysis indicates that patients with lied show significantly greater

NK cytolysis of K562 targets than either healthy controis or patients receiving cytotoxic

drug therapy (Table J, lx-ANOVA, p<.05. Newman-Keuls tests). This elevated NK cell

response in ned patients reflects a significant increase in the A value. Le. the maximal

attainable level of K562 kill (Table J. p<.05, Newman-Keuls tests).

The overalileveis of NK cell-mediated cytolysis were adjustcd to correct for levels

of circulating lymphocytes. Jndividual LU20 values ,",ere normalized for PBL counts as
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Table 1. The effects of chemotherapeutic intervention on lymphocyte counts and parameters

of NK cell-mediated ~'Ytolysis using healthy control and breast cancer patient populations.

Parameters of NK activityPopulation PBLNumbers

(ceIls x1O-6/ml) A k

Female controis J.80±O.1O 1l±2 (17) 37±3 O.lO±O.Ol 9±1

Patients with ned 1.74±O.O8 20±2 (59)b 43±3b O.11±O.Ol 17±2b

Patients receiving J.44±O.08a 11±1 (74) 35±2 O.14±O.Ol 5±la

chemotherapy

NK activities of PBLs against K652 targets were monitored in 18h chromium

release assays at multiple E:T ratios. Exponential regression analysis of data as described in

Materials and Methods yielded values for the independent cytolytic parameters A and k

used to detennine LU20 values. The absoluœ values for LU20. ALU20. incorporated

lymphocyte counts into LU20 values. The values represent the mean ± SE for the

designated number of subjects indicated in parenthesis. Following ANOVA analysis.

Newman-Keuls tests indicated significant decreases relative to healthy controlsa or

significant enhancements in patients with ned relative to both controls and treated cancer

patientsb.
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described in Materials and Methods. Statistical analysis of such detenninations indicate that

patients receiving chemotherapy show ~:gnificantly less absolute NK activity than healthy

controls which in tum is significantly less than the ned cancer population (Table 1. Ix­

ANOVA. p<.05. Newman-Keuls tests). Thus. NK cell function is primed in breast cancer

patients. Cytotoxic drug therapy markedly compromises such NK cell responses.

LAK cell·mediated cytolysis of breast cancer and heallhy control

populations.

The ability of PBLs to serve as progenitors of LAK cells was contrasted in control

and breast cancer patients. The recoveries of LAK cells on Day 6 relative to the original

number of PBLs incubated with IL-2 was significantly less in both treated and untreated

patients (Table II, p<.05, 1 x ANOVA. and Newman-Keuls tests).

The cytolytic activities of the generated LAK ceUs were monitored against K562

targets using E:T ratios ranging from 10:1 to 0.3: 1. Reduction of cytolytic data by

exponential regression analysis showed no significant difference in the ability of healthy

control and cancer patient populations to lyse K562 targets (Table II, 1x ANOVA). As

expected. the cytolytic ability of LAK cells was significantly greater than corresponding

NK ceUs. vis-a-vis, LU20, A and k values (Table 1and II).

NK cell·mediated CYlOlysis by HIV·I seropositive and healthy male control

PBLs.

The ability of PBLs from HIV-1 seropositive individuals with overt AlOS to lyse

either K562 or U937 targets was monitored at E:T ratios ranging from 40: 1 to 2.5: 1. AlOS

subjects showed an impaired ability to lyse both K562 and U937 targets (Table III). The

reduced cytolytic potential of PBLs from HIV-seropositive individuals with AlOS is

represented by significant declines in the experimentally-derived values A. k and LU20.

(Table III, p<.05. unpaired t-tests). Incorporation of lymphocyte levels into LU20 values

shows a further marked reduction in absolute LU20 values for Ams subjects when

compared to healthy controls (Table III. p<.05 unpaired t-tests). Thus, the immune
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Table II. The effects of chernotherapeutic intervention on LA'< cell recoveries and C'ytolytic

(Jararneters of LAK activity using healthy control and breast cancer patient populations.

Population LAK cell recoveries Pararneters of LAK activity

(% cells on Day 6 LU20 A k

relative to Day 1)

Female controis

Patients with ned

Patients receiving

chemotherapy

4916 155±43 (10) 82±3 0.431.0.11

134±17 (44) 77±2 0.36±O/l6

100±18 (36) 73±4 0.36±O.06

LAK cells gt:neral~d by lL·2 incubation were counted and assayed for cytolytic activities

against K562 targets using multiple E:T ratios. Exponc'1tial regression analysis of data as

described in Materials and Methods yielded values for the independent cytolytic pararneters

A and k used to determine LU20 values. The values represent the mean ± SE for the

designated numbers of subjects indicated in parentheses. Following ANOVA analysis,

observed values show significant decreases relative to healthy contraIs a as determined

using Newman-Keuls tes\s.
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Table III. NK activities of HIV-seropositive individuals with AlOS relative to healthy

c0ntrols.

Population Targets Parameters of NK activity

Healthy males

AlOS subjects

K562

UCl37

K562

U937

A

18±3 59±3

40±8 42±3

9±4a 36±4a

12±2a 28±la

k

.08±.OI

.28±.06

.04±.Ola

.15±.02a

14±3 (6)

42±8 (12)

6±2a (6)

9±1a (12)

NK activities of PBLs against K562 or U937 targets were monitored in 18h chromium

release assays usir.g multiple E:T ratios. Exponential regression analysis of data as

described in Materials and Methods yielded values for the independent cytolytic pammeters

A and k used to determine LU20 values. The absolute values for LU20. ALU20,

incorporated PBL counts into LU20 values. The values represent the mean ± SE with H1V

s~ropositive subjects showing significant decreasesa in values relative to healthy contrOIS

by t-tests.
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compromise of NK cell responses in AIDS subjects reprcsent both a selective depletion in

the NK pool as weil as impaired ability of N""J( cells to kill targets.

LA K cell-mediated cytolysis in "IV-seropositive and control populations.

The overallieveis of circulating lymphocytes is significantly reduced in HIV-I

seropositive populations (Table IV, p<.O l,Ix ANOVA). The PBL numbers of AlOS

subjecL~ were signilïcantly less than HIV-seropositive subjects who were as yet free of

overt opportunistic infections who in turn were significantly less than healthy controls

(Table IV, p<.û5 Newman· Keuls tests). The ability of a normalized numbers of PBLs to

serve as progenitors of LAK cells was significantly impaired in both HIV-seropositive

populations relative ta healthy controls (p<.05, I-way ANOVA, Newrnan-Keuls tests).

The ability of the LAK cells to lyse K562 or U93? targets was monitared at E:T

ratios ranging l'rom 10: 1 to 0.3: 1. Exponential regression analysis of cytolytic data

indicated that both HIV-seropositive populations show a significantly reduced abilities ta

lyse K562 or U93? targets (Table IV, p<.05, 1 way ANOVAs and Ne.wman-Keuls tests).

Furthermore, these impairments are reflected by overall reductions in the cy:olytic

paramelers A and k (Table IV, P<.05, Newman-Keuls tests). Nonetheless, levels of LAK

cell-mediated cytolysis against K562 and U93? targets is significantly greater than

corresponding levels of NK cell-mediated eytolysis in all groups (Table IJ! and IV). Thus,

HIV-1 seropositive individuals can generate LAK cells albeit that their numbers and

functions are reduced when compared to healthy controls.

Flow cytometric analysis of circulating PBLs and LAK cells.

We have delermined the proportion of ceIls expressing NK (C056+), helper T (C04+) and

suppressor T (COS+) cytotoxic cells in control and "IV-seropositive individuals with

AlOS (Table V). Individuals with AlOS show a signiticant reduction in circulating C056+

and C04+ ccIls relative to healthy controis. In contras!, LAK cells l'rom AIDS subjects

show no significant differences l'rom healthy controis with regard to C056+ cells. Thus,

we have further evidence supporting a signilïcant reduction of the NK cell pool in "IV-
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Table IY. PBL numbers, LAK cell recoveries. and LAK activilies in healthy contrai and

HIV-seropositive populations.

Parameters of LAK activityPopulation PBL Numbers LAK cell

(ceUs x106/ml) recovcries

(% ceUs on

Day 6 relative

to Day 1)

Target

A k

Healthy contrais 1.78±.09 58±3 (50) K562 77±7 (29) 72±3 .2S±.m

U937 187±23 (27) 70±3 .59±.O7

Asymptomatic 1.50±.l2a 46±3a (33) K562 46±9a (14) S0±4 .13±.ma

HIY"-(0I-CD2) U937 90±19a (16) 57±5 .34±.04a

AlDS subjects 1.22±.osa 43±2a (50) K562 40±7a (20) 79±2 .13±.U3a

(HlY+0I-CD4) U937 60±Sa (31) 61±4.31±.04a

PBLs were used to generate LAK ceUs and assayed for cytolytic activities against K562 or

U937 targets using multiple E:T ratios. Exponential regression analysis of data as described

in Materials and Methods yielded values for the independent cytolytic parametcrs A and k

used to determine LU20 values. The values represent the mean ± SE for the designated

number of subjects indicated in parentheses. FoUowing ANOYA analysis, obscrved values

show significant decreases relative to healthy controlsa as detcrmined using Newman-

Keuls tests.
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Table V. Flow cytometric analysis of circulating PBLs and LAI< cells fram healthy contraIs

and HIV-I seropositive populations.

Population Effector Proportion (%) of ceUs expressing surface marker

cells C056 C04 C08

Healthy Controis PBLs 9.9±1.5(13) 47.5±2.6(13) 27A±2.0(l4)

LAKs 7.9±1.3(9) 52.5±3.2(lO) 32.2±2.1(1l)

AIDS SubjecLS PBLs 5.I±O.9(20)a lI.4±2.0a(l9) 58.8±2.5b(20)

LAKs 11.9±1.2(13) 9.0±2.6(I5)a 60.5±6.0b(l6)

PBLs and LAK ceUs were evaluated for the expression of markers using an EPICs f10w

cytometer. Values represent the mean ± SE for the number of subjects indicated in

parenthesis. Values for AIDS subjecLS are significantly lessa or greaterb than contraIs in

unpaired t-tests, respectively.
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seropositive populations. In addition. the diminution of LAK cell-mediatcd cytolysis hy

AlDS subjecls occurs in the presence of a similar pool sire. suggestivc of a defective lytic

machinery.
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Discussion

NK cells and their in vitro induced counterparts LAK cells may be particularly

important in the control of tumor progression and opportunistic infections. Any

dysfunctions in natural immunity may contribute to disease pathogenesis. Immune

compromise may arise via three distinct sources; cytotoxic effector pool size may be

reduccd, effector ccli function may he impaired, or accessory immune cells may adversely

regulate effector cell function. In this study, we have cllntrasted the effects of

chemotherapy-induced and HIV-l-induced immt:nocompromise on NK and LAK cell

functions.

Whereas adjuvant chemotherapy reduces tumor burden, such treatments destroy

rapidly prolifcrating cells, including lymphocytes. The immunopathogenesis of AlOS has

been primarily associated with a selective depletion of CD4+ helper T cell population,

which is essential to the propcr orchestration of immunoregulatory responses (6,18,18).

The causative agent of AIDS in the virus HIV-l, which infect lymphocytes by binding to

CD4. While NK cells lack the surface receptor CD4. their functions can be indirectly

impaired (6. 18,20-22). Thus adjuvant chemotherapy and HIV-infection represent drug-

induced vs viral-induced sources of immunocompromise.

ln this study, NK and LAK activities were monitored against K562 and U937

targets. Cytolytic data was subjected to exponential regression analysis. incorporating

lymphocyte numbers into the calculations. Studies in the literature have focussed on

evaluating NK cytotoxicity by measuring LU20 which essentially represents the inverse of

the E:T ratio required to lyse 20% of a given proportion of targets using experimentally

derivcd A and k values (1,7.19). We have found thatevaluating the k and A values directly

l'rom the exponential lit equation provides the most useful information with regard to

descriptions of natuml immune processes. The maximallevel of cytotoxicity is reflected by

the asymptote A values. Enhancements in A represent increases in the cytolytic pool sizes.
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The k value which takes into account the slope of the curve, provides an index of the

relative cytolytic potentials of individuais NK or LAK cens.

Our data indicate that the effect of chemotherapy on NK and LAK-cen mediated

cytolysis results in a diminished NK cytolytic pool size. In treated cancer patients, the

lymphocyte numbers are diminished, A values representative of NK cytolytic plateaus are

diminished, and the number of recovered LAK cens are diminished. However, k values,

Le. the Iytic activities of individual NK and LAK cens, remain unchanged.

Of interest, NK cell responses in patients with no evidence of disease receiving no

cytotoxic drug therapy are elevated relative to healthy contrais. This primed response is

associated with an increase in A. This increase in NK activity in breast cancer patients has

been previously observed in other laboratories including our own (15,17,23,24). In

addition, there is a significant increase in NK activity in male relative to female controis.

The numbers of large granular lymphocytes, Le. NK cens and their activities have been

previously reported to be increased in males (25, 26).

Individuals who are HIV-seropositive show diminished NK and LAK cytolytic

pool sizes as weil as defective functions of individual NK and LAK cens. The lymphocyte

numbers, LAK cell recoveries, the k values for LAK cens, and the k and the A values for

NK cells are significantly reduced in HIV-seropositive populations.

Single cell binding studies in the literature confirm our observations of diminished

NK activity in HIV-seropositive individuals, vis-a-vis, an impaired ability of individual

NK cells to lyse NK targets (22,27,30). However, these single cell binding assays suggest

that there is no defect in the binding of NK cells to their targets in HIV-1 seropositive

individuals (22,27-29). In these studies, the number of PBLs forming conjugants with

their targets in AIDS and healthy controls represent 15-20% PBLs (22,27-29). We have

observed that CD56+ NK cells represent 5% and 10% of circulating PBLs in AIDS

subjects and healthy contraIs, respectively (Table V). Other investigators have also

indicated that single cell binding studies are inaccurate grossly overestimating conjugate-
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fonning cells (1,7). Thus experimental regression analysis with regard to A values may be

more relevant in detennining overall cytolytic pool size !han single cell binding assays.

LAK cell-mediated responses against tl1rgets have not been detailed in AIDS

populations. In one report LAK cell-mediated responses in AIDS subjects were shown to

be unimpaired (31). This expanded study confirms our previous findings of diminished

LAK activity in HIV-seropositive individuals (18).

Thus, exponential regression analysis yields values for the independent cytolytic

parameters A and k. These values, particularly when combined w:th lymphocyte counts,

yield useful criteria to evaluate cytolytic pool size and Iytic potential of NK and LAK cells.

Whereas, chemotherapy diminishes NK and LAK cytolytic pools, HIV-l induced

immunocompromise reduces both the NK and LAK cytolytic pool sizes as weil as NK and

LAK cytolytic machineries.
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CHAPTER 4

One of the most interesting aspects that emerged from our first study (chapter 2)

was that HIV-seropositive individuais exhibited enhanced LAK cytolysis against HIV·

infected U-937 targets when compared to their U-937 uninfected counterparts. In direct

contrast this pattern of reactivity was absent from healthy control groups where LAK cells

exhibited similar cytolytic capacities against both the HIV-infected and uninfected targets.

In order to further investigate this issue, we employed a nurnber of U-937 subclones and

tested the capacity of LAK cells derived from HIV-seropositive groups and healthy

individuals to lyse these subclcnes and their infected counterparts.

Our HIV-patient groups were subdivided according to the presence or absence of

AIDS-associated opportunistic infections. In addition we incorporated the C04+ PBL

percentages into the classification as follows; COCO: HIV-seronegative healthy controls,

COC2: patients asymptornatic with C04+ PHLs higher than 20%, COC4CO: patients with

Kaposi's Sarcoma but no other evidence of disease, and finally C04CO: patients with two

or more AIDS-associated opportunistic infections and or cancers with C04+ PBLs less

than 10%.

This study indicated the emergence of an enhanced HIV-directed LAK cel! response

present only in HIV-seropositive individuais. In addition C056-expressing PBLs, derived

from healthy controis and all HIV-seropositive groups, were shown to be progenitors of

LAKcells.
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SUMMARY

The role of natural killer (NK) cells and their inducible counterparts. Iymphokine­

activated killer (LAK) cells in AlDS with regard to HIV-1 viral immunosurveillance and the

control of sccondary opportunistic discase has yet to be established. In this study. we have

demonstrated that LAK cells derived from ail HIV-1 seropositive groups showed striking

incrcascs in thcir capacity to lyse HIV-1 infected U-~)37 cells relative to their uninfected U­

937 counterparL~. Surprisingly. similarly derived LAK celis from healthy seronegative

controIs showcd no differences in their Iysis of HIV-1 infected vs uninfected U-937 cells.

The differcntial ability of LAK effectors from seropositive donors to lyse HIV-1 infected

targeL~ was demonstrablc u.~ing a number of U-937 subclones and their HIV-I infected

countcrparls. Again. no differences in LAK cell-mediated Iysis of HIV-1 infected and

uninfcctcd U-937 subclones were observed in seronegative individuals. Our tindings that

HIV-1 seropositive individuals show selective expansion of non-major histocompatibility

complex (MHC) restricted. HIV-1 directed cytotoxic LAK celis indicate that natural

immunity may indeed play a role in HIV-1 viral irnmunosurveillance.
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INTRODUCTION

The immunopathogenesis of AIDS has been primarily associated with a selective

depletion of CD4-expressing T cells due to their susceptibility to human immunodeliciency

virus type 1 (HIV-I) [1]. The clinical course of AIDS following HIV-I infection has hcen

shown ta include a long asymptomatic period (typically 3 to 5 years). Cellular and humoral

immune mechanisms may play a role in limiting viral replication and opportunistic diseascs.

Elucidation of HIV-specific immune responses in early phases of AlOS and their associalcd

changes with progressive immunocompromise is crucial.

Natural killer (NK) ceIls and their inducible counterparts, lymphokine-activalcd

killer (LAK) cells have been shown to elicit a number of broadly reactive and non-major

histocompatibility complex (non-MHC) restrieted cytolytic rcsponses ta virally-infecled and

tumor targets [2-4]. These responses include NK activity, antibody-dependent cellular

cytotoxicity (ADCC), and LAK activity. Phenotypically, NK cells express an array of NK­

associated surface rnarkers (CD56+, CDI6+, CD57-) while lacking T-associated rnarkers,

including CD3, the T-cell receptor, and CD4, the HIV-l viral receptor [2-4].

Patterns of decreased peripheral blood NK activity, ADCC responses and

circulating CDI6+ and CD56+ NK subsets have been observed in HIV-l seropositive

individuals with AIDS and persistent generalized Iymphadenopathy (PGL) when compared

to healthy seronegative and asyrnptomatic HIV-I seropositive populations [5-121. The

effects of changes in natural immunity on disease course have yet lo be established.

Observed decreases may render seropositive individuals more susceptible to opportunistic

diseases. Conversely, NK cell responses may be detrirnental to seropositive populations.

NK ceUs rnay potentially recognize and deslroy virally-infected CD4 ceUs or virally-coated

bystander uninfected eeUs [13-15].

IL-2 has been shown to play a central role in stimulating NK cell proliferation,

differentiation and cytolyt.ie activities. IL-2 in HIV-I seropositive individuals has heen

observed to partially restore in vitro NK and ADCC functions [5,6,16). A novel class of
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effectors. LAK cells. have been generated via ex vivo incubation of peripheral blood

lymphocytes (PBL) with IL-2 [17.18]. These LAK œlls have been shown to mediate

unique cytolytic activities killing both NK-scnsitive and NK-resistant targets. NK cells

have been demonstrated to be the primary progenitors and effectors of inducible LAK cell

responses [19-21]. LAK cells. expressing NK antigenic phenotype. have also been

induced in vivo following IL-2 therapy [22-25].

The relative abilities of inducible LAK cells to evoke anti-tumor and anti-viral

cytolytic respons'~s in seropositive populations have not been identified to date. Recent

investigations in our laboratory have shown a diminished efficacy of PBL derived from

HIV-I seropositive individuals to generate cytotoxic LAK cells against K562. RAH, and

U-937 targets [13,26]. In this study. we have contrasted the ability of HIV-1 seropositive

and seronegative individuals to generate LAK cell effectors cytotoxic to the U-937 celi line.

isolated U-937 subclones, and their HIV-I infected counterparts. LAK cells derived l'rom

ail HIV-1 seropositive subgroups showed significantly increased cytolysis of HIV-I

infected U-937 targets relative to their uninfected counterparts. It should he emphasized that

these enhanced non MHC-restricted. HIV-directed Iytic responses were restricted to

seropositive individuals.
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PATIENTS AND METHODS

Study subjects

Blood samples were obtained upon informed written consent t'rom HIV-I

seropositive individuals reeeiving treatment at our dental clinic. Our study group consisted

primarily of seropositive homosexuals. Clinical status of these individuals was estahlished

according to standardized guidelines established by the Centers for Oisease Control (Coq

[27]. The COC2 subgroup included HIV-I seropositive individuals with no signs or

symptoms of AlOS. The COC40 subgroup consisted of seropositive individuals with

Kaposi's sarcoma who were otherwise asymptomatic. The COC4CO subgroup included

overt AIDS patients with two or more AIDS-associatcd secondary opportunistic infections

(01+, COCCI and C2) and/or cancers (COC40) (e.g. Kaposi's sarcoma. PneulIlocystis

carinii pneumonia, oral candidiasis, oral hairy leukoplakia, and/or disseminated herpes).

The COCO subgroup was comprised of age-matched healthy. HIV-1 seronegative

individuals recruited t'rom hospital personnel.

Effector cells

Venous blood was collected in heparinized tubes and PBL were isolated by Ficoll

Hypaque (Pharmacia, Piscataway, New Jersey, USA) density gradient centrifugation [211].

LAK cells were generated by ex vivo incubation of PBL (106 cells/ml) in RPMI-1640

(Gibco, Grand Island, NY) complete medium containing 10% decomplemented FCS, 15 .

Ulm' IL-2 (Boehringer-Mannheim, GmbH, West Germany), 2 mM glutamine, 100 Ulml

penicillin, 100 Ilg/ml streptomycin, and 10 mM Hepes for 5-6 days at 37°C. On the day of

assay, LAK cells were washed twice in complete media.

Target cells

The U·937 ccli line was obtained t'rom the American Type Culture Collection

(ATCC, Rockville, MO). UC subclones were derived by a two lime limiting seriai dilution,

seeding 0.15-.5 cells per weil in 96-well microtiter plates [29]. The IIIB strain of HIV-I

(kindly supplied by R.C. Gallo, NIH, Bethesda, MO) was used to infect the parental U-
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937 and UC subclones as previously described using a multiplicity of infection of three

EDsoicell [29,30]. Murine monoclonal antibodies to HIV-l viral proteins p17 and p24

(supplied by R.C. Gallo) and fluorescein-Iabelled goat anti-mouse immunoglobulin (Miles

Laboratories, Ekhart, IN) were used to quantify the percentage of HIV-l-infected cells

[30]. Vinually aIl chronically infected cells expressed HIV-1. AIl celllines were passaged

twice weekly.

Cytotoxicity assays

LAK activity was monitored using 18 h chromium release assays with LAK cells as

effectors (E) and SICr-labelled tumor celllines as targets (T). Target cells were labelled

with ISO IlC sodium SICr-chromate (ICN Biochemicals Ltd, Montreal, Canada). LAK

cells were adjusted to give appropriate E:T ratios in oiplicate wells of U-bottom 96-well

microdilution plates. Spontaneous isotope release was determined from control wells

containing only target cells. and maximum release was determined by the addition of 2%

Triton-X-I00 to appropriate cells. This spontaneous release represented approximately

20% total release. The percentage of cytotoxicity was calculated according to the formula:

% cytotoxicity = (test sample release - spontaneous release)/(maximum release ­

spontaneous release) x 100%.

Exponential regression analysis of subjects' cytolytic activities monitored at S to 6

E:T cell ratios was performed using computer software kindly provided by Dr. H.F. Press

[31]. Cytolysis was calculated according to equation y = A (l-e-kx) where y = fractional

chromium release, x =E:T ratio. k =negative slope constant derived from plotting ln (A-y)

(i.e. target survival) vs x, and A = asymptote of the curve. A and k are independent

parameters with A representing the maximal amount of ceIJ-mediated lysis and k

representing the relative Iytic potential of lymphocytes. Using A and k, the equations were

solved for 20% cytolysis of 10.000 targets. invened. and multiplied by 100 to yield LUZO

values.
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When indicated, lymphocyte counL~ and LAK cell recovcries were incorporated

with LU20 values to yield absolute LU20 values, that represented the ovemll LAK celllytic

potential per ml of blood. Absolute LU20 = [lymphocyte count (cells/ml blood) x

lymphocyte recovery (mtio oflymphocytes day 6/day 0) x observed LU::!O]/IOO [26].

Depletion of NK ceUs frorn PBL

Prior to LAK cell generation, PBL were depleted of CD56+ NK cell subsets using

Leu 19 (Becton Dickinson, Mountain Yiew, CA) and goat anli-mouse immunoglohulin.

Briefly, PBL (S-lOxlO6 cells/ml) were incuhated in RPMl-I640 media containing 1% FCS

and Leul9 (20 ~1/106 cells) for 30 min at 4°C. After washing twice in HBSS (Gibco,

Grand Island, NY), an excess (40 beads/cell) of magnetic goat anti-mollse-coaled IgG

beads (Fe specifie, Advanced Magnelics Inc., Cambridge, MA) was added. Following a 30

min incubation on ice, those cells bound to magnetic beads were removed using a magm:lic

sepamtor (Advanced Magnetics lnc.). This depletion was then serially repeated using 20

beads/cell. Depleted PBL were then used to generate LAK cells as previously described.

Flow cytometric analysis

Distributions of CD4, CDS, CD57 and CD56 antigens on PBL and LAK cells wcre

ascertained by cytofluorometric analysis using an EPICs analyzer (Coulter Elcctronics,

Burlington, Ontario). Cells were stained with relevant FITC or phycoerythrin-conjugatcd

monoclonal antibodies (Coulter Electronics, Burlington, Ontario and Becton Dickinson,

Mountain Yiew, CA).

Statistical analysis

Cytolytic parameters, lymphocyte subset distributions, and lymphocyte counL~ wcrc

monitored in individual subjects with a single determination for any individual in any given

population. Throughout the text and tables, data are represented as mean values ± SEM.

Levels of activities and subset distributions were compared using one way ANOYA. Wherc

a significant overall F value was obtained, post hoc comparisons were donc using Tukey

and Newman-Keuls tests. Comparisons of cytolytic parameters (LU20 values) of U-937
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targets vs their HIV-infeeted eounterparts were monitored using paired t-tests. LAK

aetivities measured over a range of E:T ratios were eompared in control and HIV-I

seropositive populations using two way ANGVA. Similarly. LAK activities monitored in

parallel against HIV-1 infeeted and uninfeeted targets were eontrasted using two way

ANGVA. Statistical eomparisons were caleulated using software obtained from Systat me.

(Evanston. IL) and Lionheart Press (Alburg. VT).
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RESULTS

Cytotoxic lymphocyte distribution in AIDS

The relative numbers and subset distributions of PBL and LAK ceIls l'rom HIV-I

seronegative (CDCO) and seropositive CDC2 (asymptomatic). CDC4D (KS). and

CDC4CD (AIDS, 01+) subgroups are shown in Tahle I. PBL numbers dcclincd wilh

increasing duration of HIV- 1 infection (F=7.1. df=80. p<.OOI). LAK cell recoverics on a

pel' cell basis. however. were similar in ail SUbgîOupS (F=!.7. df=80). Flow cytometric

analysis indicated that the proportion of CD4-expressing cells progrcssively dcclined with

advancing disease for PBL (F=66.7, df=41. p<.OOI) and LAK ceIls (F=33.8, df=41.

p<.OOI). Conversely. significant increases in the proportions of CD8+ PBL (F=23.0.

df=4l, p<.OOI). CD8+ LAK cells (F=3.6. df=41. p<.OS), CDS7+ PBL (F=12.S. df=41.

p<.OOI). and CDS7+ LAK cells (F=6.3. df=41. p<.OOI) were observed in seropositive

subgroups. CDS7 was not representative of NK cells since only II±1% of CDS7+ LAK

cells co-expressed CDS6 whereas 42±3% of CDS7+ LAK cells co-exprcsscd CD8. Il

should be emphasized that corresponding proportions of CDS6-expressing PBL (F=.93.

df=41) and CDS6-expressing LAK cells (F=.63, df=41) l'rom seronegative and

seropositive subgroups showed no significant differcnces.

LAK cell·mediated cytolysis of parental U·937 targets

As depicted in Figure l, LAK cell-mediated cytotoxicity of uninfected U-937

targets progressively declined with disease progression (F=4.7, df=84. p<.OI). Cytolysis

of U-937 targets was significantly reduced in seropositive individuals with overt AIDS

(CDC4CD) when compared to asymptomatic seropositive (CDC2) and seronegative

(CDCO) controls (p=.OOS and .037, respectively. Tukey tests). As shown in Figure 1. the

ability of seropositive individuals to lyse HIV-1 infected U-937 cells was significantly

enhanced relative to uninfeeted U->'37 cells (p = .001•.038, and .001 for CDC2. CDC4D.

and CDC4CD groups, respectively, paired t-tests). In direct contrast, there was no

differential susceptibility of HIV-1 infected and uninfected U-937 targel~ to Iysis by LAK
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TABLE 1

Lymphocyte counts, Iymphokine-activated kil1er (LAK) cell recoveries, times fol1owing

HIV-1 seroconversion, and subset distributions in HIV-1+ and HIV-1- populations

CDC classification groups

HIV+

PBL count

LAK recovery

Time HIV+(yr)

HIV'

CDCO

(19)

17 ± 1

65±4

NA

CDC2

(25)

15 ± 1

52±5

2.6 ± 0.34

CDC4D

(7)

14± 3

48 ±8

3.0 ± 0.9

CDC4CD

(33)

IO± 11,2

51 ± 5

3.9 ± 0.4

(

Subsets (%) (10) (11) (5) (19)

CD4PBL 45±2 24±21 12±41,2 9 ± 21,2

CD56PBL 6±1 5±2 7±3 8±2

CD56LAK 9±1 7±2 Il ±4 10 ± 1

CD8LAK 28 ±23 40±3 51 ± 8 36±4

CD57LAK 4± 13,4 15±24 24±7 28±4

PBL count (cel1s/ml blood x 10-5), LAK cell recovery (% day 6/day 1), and selected

lymphocyte subset distributions (%) in PBL or LAK cells are given. Number of subjects

are indicated in parentheses.

1,2,3,4 Values are significantly less than healthy controls l (CDCO), HIV-l+ CDC22,

CDC4D3, or CDC4CD4

NA, not applicable; PBL, peripheral blood lymphocytes.
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FIGURE 1

Lymphokine-activated killer (LAK) activity (LU20 values) against the uninfccted (.) and

HIV-1 infected (CI) U-937 ceillines using LAK cells from healthy control (COCO) and

HIV-1+ individuals (COC2, COC40 and CDC4CO).

j

.,



~ ,'if::."-\.

4cd4d2o
o

• U937
350,

Il HIVU937
111

300

(J)
250-(J)

>-
...J
(J) 200...J
...J
UJ
0

1501-
UJ
CJ
0:

100oc(
1-

50

HIV- HIV +

CCC CLASSIFICATION



107

FIGURE 2

Absolute largel celllysis of uninfecled (.) and HIV-l infecled (0) U-937 largel~ in HIV­

1- (CDCO) and HIV-l+ individuals (CDC2. CDC4D. and CDC4(:D). Absolute lysis

incorporates peripheral blood lymphocyte (PBL) counts. lymphokinc-uctivuted ki!lcr

(LAI<) cell recoveries. and LU20 values as described in Patients and Mcthods.
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effectors isolated from healthy seronegative controls. There were signilïcant differences in

the overall ability to lyse HIV-\ infected targets among groups (F=4.9. df=84. pdll).

Post hoc Tukey tests (p<.05) yielded significant differences between COC2

(asymptomatic) and CDC4CO (AlOS. 01+) groups.

The absolute Iytic potentials of LAK ceIls from seropositive and seronegative

individuals were estimated by incorporating PBL lymphocyte counts and LAK ccII

recoveries into the calculated LU20 cytolytic values (Figure 2). Absolute lysis of uninfected

U-937 ceUs declined progressive!y wilh increasing duralion of infection (F=6.7. df=84.

p<.OOI). The COC4CO (AlOS) group showed signilïcanlly less absolute U-937 lysis than

COC2 (asymptomatic) and seronegative (COCO) groups (p=.043 and .001. respectively.

Tukey tests). The overall susceptibility of HIV-1 infected relative to uninfected U-937

targets was signilïcantly increased in ail seropositive individuals (paired !-tests). There

were signilïcant differences in absolute lysis of HIV-1 infected U-937 largets among

groups (F=3.6, df=84. p<.O 1). Absolute lysis of HlV-1 infecled largels in lhe COC4CO

(QI+) group was significantly less than the COC2 (asymptomatic) group (p=.OI4. Tukey

test).

CD56+ ceUs are the progenitors of cytotoxic LAK ceUs against U·937 and

U-937 HIV targets

As depicted in Figure 3, C056 cell depletion diminished LAK cell function directed

against both U-937 uninfected and HIV-1 infected U-937 targets in ail subgroups. The

relative proportion of C056-expressing cells in residual LAK cells from CD56-depleted

PBL still represented -50% of the corresponding proportions of C056-expressing LAK

cells from undepleted PBL (unpublished results). This may explain lhe failure lo obtain

complete abrogation of LAK cell function upon C056 cell depletion.

LAK celI·mediated cytolysis of U·937 subclones

LAK cells from eight healthy seronegative and ten seropositive individuals were

simultaneously assayed for their ability to lyse uninfected and HIV-1 infected UC II.
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FIGURE 3

Lymphokine-activated killer (LAK) cell aClÎvity (LU20 values) against uninfected and HIV­

1mB infected U-937 targets by LAK cells derived fraffi peripheral blood lymphocyte

(PBL) or PBL depleted of C056-expressing cells. Values represent the mean values for

lïvc COCO, threc COC2, and live COC4CO subjects.O, LAK;_, C056-depleted LAK.
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FIGURE 4.

Average target cclI lysis (LU20 values) of uninfeeted (Ü) and HIV-I infeeted. U-937

subelones, UC Il, UC 12, UC 18, using Iympbokine-activated killer (LAK) eeUs derived

from 10 HIV-I+ seropositive individuals.
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UCI2, and UCI8 subclones (Figure 4). Cytolysis of HIV-I infected UCI8 subclones was

significantly greater than corresponding Iysis of uninfected UC 18 cells using LAK

effectors l'rom seropositive individuals (F=6.18, df=I,36, p<.05 for the CDC2 subgroup

and F=6.68, df=I,48, p<.05 for the CDC4 subgroup). Cytolysis of HIV-I infected UCI2

subclones relative to their uninfected counterparts was higher in asymptomatie

seropositives (F=3.26, df=I,24, p=.08). No signifieant differences, however, were

observed in the corrcsponding Iysis of uninfeeted and HIV-1 infected UC II cel1s in these

same seropositive groups (F=.IO ..nd .43 for CDC2 and CDC4CD subgroups,

respectively). There were no signifieant differences in the ability of seronegative eontrols

(CDCO) to lyse HIV-I infeeted UCII, UCI:', and UCI8 targets relative to their uninfeeted

eounterparts (F=l.OO, 0.40. 0.65, HIV-I infected vs uninfeeted UCII, UCI2, and UCI8

targcts, respectively).

Lcvels of cytolysis of uninfected UC 12 eel1s was significantly less than

eorresponding levels of UCII and UCI8 cytolysis (p<.OI, paired t-tests). In this regard,

UC 12 are considerably larger and show a significantly slower doubling time than parental

U-937, UC Il, and UC 18 cel1lines [29].
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DISCUSSION

The ability of ex vivo-induced LAK cells to elicit potcnt antiviral and antitumor

immune responses has generated interest as to their prognostic relcvancc in vivo and their

potential usefulness in immunotherapy. In this study. cytotoxic LAK cclls from healthy

control and HIV-I seropositive populations were generated using 15 U/ml IL-2. This IL-2

concentration corresponds to in vivo steady state concentrations contained in the serum of

patients receiving IL-2 therapy [22]. Low IL-2 concentrations. both in vitro and in vi\'O.

have been shown to selectively augment NK cell responses in AIDS and healthy control

populations with no concurrent enhancement of T cell responses [23.32-34].

Confirming our initial observations [13.261. we have found that inducihle LAK ccli

function against both uninfected and HIV-infected U-937 tm'gets was severcly impain:d in

HIV-I seropositive individuals with overt AIDS (COC4CO) when compared to healthy

seronegative controls. In contrast to our earlier studies [10.261. the cytolytic potential of

LAK cells derived from the asymptomatic (COC2) seropositive individuals generally fell

within the range of healthy controls. Since LU20 values from both the healthy seronegative

and overt AlOS group have not significantly changed from our previously obtained values.

our larger asymptomatic population may now have included individuals wiLh improvcd

clinical status by way of earlier detection and improved treatments. This is the first

comprehensive study of inducible LAK cell function in seropositive individuals. We are

currently aware of only one other study of LAK cell function in AIDS where no signilicant

differences in LAK activity against K562 and RAJI targets were observed in nine patients

with AlOS as compared to seronegative controls [35].

We have observed a differential enhancement of LAK ccll-mediated Iysis of HIV-l

infected targets relative to their uninfected counterparts in seropositive populations.

Corresponding increases in Iysis of HlV-1 infected cells were absent in healthy

seronegative individuais. Other studies have demonstrated that NK cells from scronel'ative

heterosexuals, seronegative and seropositive homosexuals lyse HIV-1 infected largcts more
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effectively than corresponding uninfected targets [2,36-41]. The observation of elevated

NK cell-mediated, HIV-1 directed lysis was dependent upon the target cellline and the

HIV-I strain [36,40,41). Enhanced susceptibility ofHIV-l infected targets involved NK

cells with or without accessory HLA-DR-expressing cells [36]. These observations

combined with our present findings strongly suggest that multiple cytolytic effector subsets

and pathways mediate NK and LAK cell-mediated cytolysis of HIV-1 infected targets.

Furtherrnore, this study has shown that HIV-I-directed LAK effectors were preferentially

activated in HIV-I seropositive individuals.

It should be emphasized that the absence of HLA-matched targets strongly negates

the involvement of classic viral specilic cytotoxic T lymphocytes (CTL) in the HIV-I

directed lysis observed in this study. In~reased Iysis of HIV-1 IIIB infected relative to

uninfected targel~ was demonstrable in 79 HLA-unmatched seropositive individuals. Lysis

of uninfected and HIV-1 infected targets were diminished in CDC2 and CDC4CD

subgroups upon depletion of CD56-expressing NK cells. Recent studies ):1 our laboratory

have identilied the emergence of novel CD8-expressing LAK cytotoxic ceUs in

asymptomntic (CDC2) seropositive individuals (manuscript submitted for publication).

These CD8 subsets did not, howcver, elicit conventional MHC-restricted CTL responses.

Lysis of K562, a target lacking both class 1 and 2 MHC deterrninants was reduced upon

CD8 cell depletion (unpublished results). Thus both CD56 and CD8 non-MHC responses

contributed to elevated LAK cell-mediated responses to HIV-1 infected targets in

asymptomatic seropositives. Only CD56 responses mediated elevated HIV-1 directed

responses in overt AIDS patients.

Our lindings have shown that the enhanced susceptibility of HIV-1 infected U-937

targets was not universaI. The same individuals that showed elevated Iysis of HIV-1­

infected UC 12 and UC 18 clones relative to their uninfected counterparts, showed no

corresponding enhanced Iysis of HIV-infected UCII subclones. In this regard, UCII is an

interesting variant showing less accumulated viral DNA, long latency to HIV-1 infection,
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and reduced levels of Sendai virus-inducible TNFlX mRNA [29]. This target may be

particularly useful in defining the target structures that mediate HIV-1 directcd LAK cell­

mediated cytolysis.

Reascns for the impairmenL~ of NK and inducihle LAK activitics in H1V-I

seropositive individuals remam unclear. It has hecn suggested that dcfcctive NK cytolytic

machineries contribute to diminished NK cell function in A1DS subjects [11.12]. Other

groups have reported that NK cells can be susceptible to in vitro HIV-1 infection despite

their failure to express CD4 mRNA or surface CD4 [5,40,411. Our tindings confirm other

studies that have indicated overall reductions in circulating CD56-expressing subsets in

PBL of seropositive individuals [5.14.15]. We have. however. found no significant

differences in the relative proportion of inducible CD56-expressing LAK cells in

seropositive populations that could account for observed rcductions in thdr LAK cell

function.

A number of distinct cellular mechanisms have been implicated in HlV-I

immunosurveillanee. These include eytotoxic function mediated by CTL [11,43,44].

ADCC [6-8,45] and NK activity [5.22-24]. Our tindings [6.13.211 indicate that inducible

non-MHC restricled LAK activity derived from NK cell progenitors can also elicit anti-HIV

responses. The emergence of novel HIV-I directed immune responses in seropositive

individuais indicates that they can contribule to the disease process. Whether these HIV-I

directed responses are belleticial or detrimental to AIDS progression awaits further study.

Using our U-937 subclones and their HIV-I-infected counterparts. we have demonstrated

that the differentiaI cytotoxicity of HIV-I infected targets relative to their uninfected

counterparts is dictated both by the particular HIV-I-infected target and the source and

inducibility of the effector cell population. These subclones will be particularly useful in the

further identification, characlerization. and expansion of HIV-I-directed cytolytic effectors.
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CHAPTER 5

Since LAK cell responses are diminished in HIV-seropositive individuals with

advanced disease, studies were initiated to determim: whether these effects were secondary

to increases in the number of CD8-exF::ssing lymphocytes.

Negative cell sorting employing immunomagnetic beads was performed either on

PBLs prior to LAK cell generation (LAK cell progenitor depletions), or on LAK cells

(cytotoxic effector-cell depletions).

Series of CD8 depletion slUdies both at the progenitor and effector cellievei were

performed. Funhermore we have depleted healthy control-derived PBLs of CD4+ cells in

order to study the effects of an anificially introduced CD4+ cell depletion and the

concomitant enrichment of CD8+ cells in generating LAK cell activity.

Results have indicated the emergence of a non-MHC-restricted CD8-expressing

population in HIV-seropositive asymptomatic patients. This CD8-expressing cytotoxic

population was absent in healthy controls and AIDS patients. In contrast CD8 depletions in

healthy controls and AlOS patients resulted in enhanced LAK ce!! cytolysis. In addition

CD56-expressing cells were shown to mediate cytotoxic LAK cell responses in HIV­

seropositive individuals.
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ABSTRACT

This study has contrasted the antigenic phenotype and cytotoxic properties oflymphokine­

activated kiUer (LAK) ceUs isolated from PBL of HIV-1 seropositive and seronegative

subgroups. LAK ceUs derived from HIV-I seropositive individuals lacking secondary

AIDS-associated opportunistic infections (Center for Disease Control suhgrollp 2, CDC2)

showed levels of target cell Iysis in the range of heall:hy seronegative controis.

Corresponding LAK ceUs from individuais with overt AIDS (CDC4C or D) demonstrated

significantly impaired target ceU Iysis. Both seropositive groups showed signiticantly

enhanced capacities to lyse HIV-I infected targets relative to their uninfectcd counlcrparts.

The progenitors of these responses were established by depleting designated suhsets from

PBL. The effectors of LAK activity were determined by depleting select subseL~ just prior

to assay. Cytolysis of K562, U-937, and HIV-l infected U-937 targets was significantly

redllced in ail seronegative and HIV-l seropositive subgroups upon depletion of CD56­

expressing NK effectors. The primary effectors and progenitors of LAK ccU function

against K562 and U-937 targeL~ in HIV-1 asymptomatic CDC2 seropositives were CD8­

expressing subsets. CD8 progenitors and effectors did not, however, elicit cytotoxic

responses in healthy seronegative controls and overt AIDS subjects. Cytolysis of largeL~ in

fact, increased upon CD8 progenitor depletion in the overt AIDS subgroup, concomitanl

with increased proportions of CD56-expressing subsets. Increasing thc proportion of CDB·

expressing subsets in heaithy seronegative controls by deplcting PBL of CD4-cxpressing

subsets resulted in no significant changes in LAK ceU rcsponses. Takcn together, these

results indicate that dynamic changes in cytotoxic Iympbocyte subsct distributions u(;cur

upon HIV-I associated immunocompromisc. Novel cytotoxic subscts dcmonstraling

enhanced non-MHC restrictcd cytolysis of HIV-l infected targets emerge in carly disease.
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INTRODUCTION

Natural killer (NK) cells and their inducible counterparts, Iymphokine-activated

killer (LAK) cells comprise a distinct branch of the immune network that elicit broadly

reactivc and non-MHC restricted cytolytic responses to virally-infected and tumor cells (1­

3). These large granular lymphocytes represent a heterogeneous population phenotypically

defined by their expression of a characteristic array of NK-associated markers (CD56+,

CDI6+, CD57-) (1-3). NK cells are distinct from Tcells, lacking CD3, the T-cell receptor,

and CD4, the HIV-1 viral receptor. NK can express CD8 on their surface, albeit at low

density (1-3).

Resting and inducible NK responses may he relevant in AIDS, providing alternative

cytotoxic mechanisms that can etTectively limit HIV-1 viral spread and AIDS-associated

opportunistic diseases (4-6). Cumulative information has indicated that NK cell responses

arc normal or elevated in HIV-I seropositive individuais in early phases of AIDS (4-6).

Progressive declincs in NK cell responses and NK subsets are, however, observed in

seropositive individuals with increasing duration of HIV-1 infection (4-6).

Interleukin-2 (IL-2) plays a vital role in stimulating NK cell proliferation,

differentiation, and cytolytic functions (1,2,5,6,12). Moreover, incubation ofPBL cultures

ex vivo with IL-2 have revealed the inducibility of novel cytolytic effectors, LAK cells

(13,14). These LAK cells elicit unique non-MHC restricted responses killing both NK­

sensitive and NK-resistant targets (13,14). Delineation of the relative contribution of NK

and T cells as progenitors and mediators of inducible LAK cell responses remain

controvcrsial (13-18). By and large, NK cells appear to be the primary source of inducible

LAK activity (15-17). These LAK cells have been induced in vivo following IL-2 therapy

with cells of NK antigenic phenotype eliciûng LAK responses (19-22).

IL-2 has been shown to boost in vitro NK and ADCC responses in HIV-I

seropositive individl1als (5,6,12). The corresponding potential ofIL-2 to elicit inducible

LAK cytolytic responses in seropositive individuals has not been established. Recent

...
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investigations in our laboratory have demonstrated a diminished effectiveness of PBL from

seropositive donors to develop cytotoxic LAK ceUs against K562, RNI, and U-937 targeL~

(9,23). In direct contrast, LAK ceUs derived from ail HIV-l seropositive subgroups

showed significantly elevated cytotoxic responses to HIV-1 infected targets relative to

uninfected counterparts (50). This preferential HIV-1 directed target cell resp.mse was

absent in healthy seronegative contrais (50).

This report has contrasted the functional and antigenic phenotype of lymphocytes

mediating inducible LAK ceU responses in HIV-l seropositive and serom:gativc groups.

Our results indicate the emergence of novel non-MHC restricted cytotoxic T ccli

populations inducible in seropositive individuals at early stages of AlOS. This cytotoxic

population was absent in healthy controis and overt AlOS patients, where LAK responses

were elicited by CD56-expressing lymphocytes.
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SUBJECTS AND METHODS

Stndy snbjects

Blood samples were obtained upon informed written consent from HIV-l

seropositive individuals reeeiving treatrnent at our dental clinic. Our study group consisted

primarily of seropositive homosexuals. Clinical status of these individuals was established

according to standardized guidelines established by the Centers for Disease Control (24).

The CDC2 subgroup included HIV-l seropositive individuals with no signs or symptoms

of AIDS. The COC40 population consisted of HIV-l seropositive individuals with

Kaposi's sarcoma who were otherwise asymptomatic. COC4CO overt AlOS populations

included individuals with two or more AIDS-associated secondary opportunistic infections

(QI +, COC2C 1 and C2) and cancers (COC40), including Kaposi 's sarcoma,

Pnellmocystis carinii pneumonia. oral candidiasis, oral hairy leukoplakia. and/or

disseminaled herpes. Patients were classified according to the percentage of C04­

expressing ceUs in their PBL and LAK ceUs, where indicated. Age-rriatched healthy. HIV-l

seronegative individuals were recruited from hospital personnel and comprised the COCO

population.

Effector cells

Venous blood was collected in heparinized tubes and PBL were isolated by Ficoll

Hypaque (Pharmacia. Piscataway. New Jersey. USA) density gradient centrifugation (25).

LAK cells were generated by ex vivo incubation of PBL (106 cells/ml) in RPMI-1640

(Œbco, Grand Island. NY) complete medium containing 10% decomplemented FCS. 15

Ulml IL-2 (Boehringer-Mannheim. GmbH, West Germany), 2 mM glutamine. 100 Ulml

peniciUin, 100 Ilg/ml streptomycin, and 10 mM Hepes for 6-8 days at 37°C. On the day of

assay, LAK cells were washed twice in complete media.

Target cells

The U-937 ccli line was obtained from the American Type Culture Collection

(ATCC. Rockville, MO). The CEM.NKR cell line was obtained through the AIDS
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Research and Reagent Program. Division AlOS, NIAlD, NIH: CEM.NKR from Dr. Peter

Cresswell (26). The IIIB strain of HIV-1 (kindly supplied by R.C. Gallo, NIH, Bcthcsda.

MD) was used to chronically infect U-937 and acutely infect CEM.NKR as prcviously

described using multiplicities of infection of three EDsotcell (26,27). Murine monoclonal

antibodies to HIV-I viral proteins pl7 and p24 (supplied by R.C. Gallo) and l1uoresccin­

labelled goat anti-mouse immunoglobulin (Miles Laboratories, Ekhart. IN) wcrc uscd to

quantify the percentage (-97%) of HIV-l-infccted U-937 cells (27). Thesc cclllincs wcrc

passaged twice weekly.

Cytotoxici ty assays

LAK activity was monitor~d using 18 h chromium release assays with LAK cells as

effectors (E) and SICr-labelleJ tumor celllines as targets (T). Target cells were labellcd

with 150 IlC sodium 5 1Cr-chromate (lCN Biochemicals Ltd, Montreal, Canada). LAK

ce!1s were adjusted to give appropriate E:T ratios in triplicate wells of U-bollom 96-wcll

microdilution plates. Spontaneous isotope release was determined l'rom control wells

containing only target cells. Maximum release was determined by the addition of 2%

Triton-X-lOO to appropriate wells. This spontaneous relt:ase represented approximalely

20% of total release. The percentages of cytotoxicity were calculated according to the

formula: % cytotoxicity = (test sampie release - spontaneous release)/(maximum release ­

spontaneous release).

Exponential regression analysis of subjects' cytolytic activities monitored at 5 to 6

E:T cell ratios was performed using computer software kindly provided by Dr. H.F. Pross

(28). Cytolysis was calculated according to the equation y = A (l-e-kx) where y =

fractional chromium release. x =E:T ratio, k =negative slope constant derived from

plotting ln (A-y) (Le. target survival) vs x. and A = asymptole of the curve. A and k are

independent parameters with A representing the maximal amount of cell-mediated lysis and

k representing the relative lytic potential of lymphocytes. Using A and k. the equations
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werc solved for 20% eylOlysis of 10,000 targets, inverted, and multiplied by 100 to yield

LU20 values.

Serologie depletion of T and NK subsets

To determine the progenitors of inducible LAK ccII responses, PBL were depleted

of their designated subset and then incubated for 6-S days as described above to obtain

LAK ceIls. To determine me effectors of LAK activity, LAK cells isolated on the 6th-Sth

day were depleted of their designated subsets. prior to assay. Undepleted LAK cells were

isolate:l under standard condilions and assayed in para1lel. In ail cases, lymphocyte counts

wcre determined following subsel depletion and cell dilutions were readjusted to obtain

idenlical E:T ralios. Flow cylomelric analysis of lymphocyte subsets was performed to

evaluale subset distribulional profiles.

Cells were negatively selecled using mouse monoclonals to the designated subset

followed by magnetic goat anli-mouse coated IgG beads (Fc specific, Advanced Magnetics

Inc., Cambridge, MA or Dynal, Great Neck, N.Y.). CD56, CDS, and CD4 subsets were

depleled using Leul9, OKTS, and Leu3a monoclonal antibodies, respectively. Leu19 and

Leu3 werc obtained commercially (Becton Dickinson, Mountain View, CA). The OKTS

cellline was obtained from me American Type Culture Collection (ATCC, Rockville, MD).

OKTS antibodies were purified by ammonium sulphate precipitation of culture supematants

performed as previously described (29).

Briefly, PBL or LAK cells were depleted of CD56, CDS, and CD4 using 20 )lI,

loo)ll and 200 )lI, respectively, of antibody per 106 subset positive cells with incubations

for 30 min at 4°C. After washing lwice in HBSS (Gibco, Grand Island, N.Y.), an excess

(50 beads/cell) of magnetic goat anti-mouse IgG beads was added. Following a 30 min

incubation on ice, lhose cells bound 10 magnetic bends were removed using a magnetic

separator (Advanced Magnetics, Inc.. Cambridge, MA). This depletion was serially

rcpeated using 20 magnetic beads/cell.
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PBL and LAK cells were depleted of CD57 subsets using Leu7 purilied l'rom the

HNK cellline obtained l'rom the ATCC (Rockville, MD), as previously described (30).

Briefly, cells were incubated with Leu7 for 45 min, washed twice, and resuspended in

rabbit low-tox H complement (1:5 v/v, Cedarlane, Hornby, Ontario). Following incubation

for 1 hr at 37°C, cells were washed twice.

Flow cytometric analysis

Distributions of CD4, CDS, CD3, CD57, and CD56 antigens on PBL and LAK

cells were ascertained by cytofluorometric analysis using an EPies analyzer (Couller

Electronics, Burlington, Ontario). Cells were stained with relevant FITC or phycoerythrin­

conjugated monoclonal antibodies obtained l'rom Becton Dickinson (Mountain View, CA)

for CD56 and CD57 subsets and Coulter Electronics (Burlington, Ontario) for all other

subsets. Since cytolysis of targets were determined at lïxed cell numbers, subsel~ were

represented throughout the text as their proportion of total PBL or LAK cells.

Statistical anaiysis

Throughout the text and tables, data was represcnted as mean values ± SEM.

Levels of activities and subset distributions were compared between groups using one-way

ANOVA. Where a significant overall F value was obtained, post-hoc comparisons were

done using Tukey and Neuman Keuls tests. Cytolysis (LU20 values) of U-937 and

CEM.NKR targets vs their HIV-infected counterparts were comparcd using paired t-tests.

Statistical comparisl',ns were calculated using software obtained l'rom Systat lnc.

(Evanston, IL).



<.
131

RESULTS

LAK cell-mediated cytolysis in seropositive subgroups

LAK cell-mediated cytolysis ofU-937 targets was monitored in RN-1 seronegative

and seropositive subgroups. A trend of elevated cytolysis of U-937 targets was found in

the asymptomatic HIV-l seropositive subgroup (CDC2, CD4+PBL>20%). Box plots

showed a higher median value with a wider range of cytolysis in asymptomatic

seropositives relative to healthy controls (Figure 1) A progressive decline of LAK cell­

mediated Iysis occurred with advancing disease (F=4.46, df=122, p=.OO5 one way

ANOVA). Cytolysis of U-937 targets by the overt AIDS group (CDC4CD,

CD4+PBL<1O%) was significantly less than the corresponding Iysis of the asymptomatic

seropositive subgroup (CDC2, CD4+PBL>20%) (p=.OO2 post-hoc Tukey tests).

LAK cell recoveries and PBL numbers were incorporated into calculations of U-937 Iysis

to estimate the absolute levels of LAK activity per unit blood volume. Absolute LAK

activity varied in our groups (F=?.82, df=122, p<.OOI). Individuals with overt AIDS

(40±16) showed significantly less absolute target celllysis than asymptornatic seropositives

(133±27) and seronegative controls (l4l±25, p<.OOI, post-hoc Tukey tests). CDC2

seropositive individuals showed significantly increased cytolysis of CEM.NKR targets

acutely infected with HIV-1 relative to uninfected CEM.NKR (Figure 2, p=.OO8, paired t­

test).

CD8+ subset depletion of LAK progenitors

PBL were depleted of CD8-expressing subsets prior to subsequent generation of

LAK cells. LAK cells from CD8-depleted PBL were tben compared to undepleted LAK

cells, vis-à-vis LAK activity and T and NK antigenic distribution. Flow cytometric analysis

revealed tbat CD8+-subset depletion of PBL resulted in a complete loss of CD8-expressing

cells in subsequently isolated LAK cells from both seropositive and seronegative groups

(Figure 3). Cytometric analysis indicated that recoveries of CD56+ LAK cells from CD8­

depleted PBL differed signiticantly in RN-1 seronegative and seropositive subgroups
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FIGURE 1

Cytolysis of U-937 targets by LAK cells isolated from PBL of HIV-I seropositive and

seronegative subgroups. Target cell Iysis (LU20 values) of LAK cells from healthy

controls (n =26), COC2 (C04>20%, n =31), HIV-I+ subgroup 20%<C04>IO% (n =
21), and overt AlOS COC4 (C04<1O%, n = 51) seropositives are represented by box plots

showing 25th. 50th (median), and 75th percentiles.
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FIGURE 2

Cell-mediated cytolysis of HIV-l infected U-937 and CEM.NKR targcts and thcir

uninfected counterparts by LAK cells isolated l'rom PBL of 5 asymptomatic (COC2)

individuais.
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FIGURE 3

LAK cells derived [rom PBL of seronegative (n = 7), HIV-l seroposilivc subgroup CDC2

(n = 5) and HIV-1 seropositive subgroup CDC4 (n = 5) were depleted of CD8 progcnilors

prior to LAK cell generalion. Flow cytometric analysis of CD4. CDS. CD3, CD56. and

CD57 lymphocyte subsels were monitored on LAK ceUs isolalcd from dcplclcd and

undepleted PBL.
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(F=8.44, df=13, p=.004). In both healthy controls and HIV-I seropositive COC2

asymptomatics. depletion of C08 progenitor ceUs resulted in no signitïcant enrichment of

COS6+ ceUs. In AlOS patienl~ (subgroup CDC4CO), howev'~r. a signiticant enrichment of

COS6+ cells in LAK ceUs derived l'rom C08-depleted PBL was observed (p=.004 and .OS

post-hoc Tukey test. CDC4CO vs COCO and COC2, respectively).

Interestingly. C057-expressing cells were not representative of COS6+ NK (;Clis.

Two colour flow cytometric analysis indicated that 15±3%, 7±6%. and 6±!% ofCOS7+

PBL co-expressed CDS6 in COCO. COC2. and COC4CO subgroups respectively (F=S.3S.

df=.007. COCO>COC2 and COC4CO groups. p<.OS. post-hoc Tukey tcsIS).

Corresponding proportions of C057+ PBL co-expressing C08 were 37±8%. 62±S%. und

58±7%. in COCO. COC2. and COC4CO groups. respectively. No signilïcant changes

were noted in the proportions of residual COS7+ ceUs in LAK cells dcrived ",'am

undepleted vs CD8-depleted PBL in each group (Figure 3).

LAK cells isolated l'rom these undepleted and C08-depleted PBL were contrasted

with regard to their efficacies in eliciting cytolysis of U-937 targets. Lysis of U-937

targets. when using undepleted LAK ceUs. was elevatcd in the COC2 seropositive

subgroup when compared ta healthy controis and overt AlOS patients (Figure 4. F=5.14.

df=I4. p=.02 1. one-way ANüVA. p=.028 and .045 post-hoc Tukey comparisons of

COC2 with COCO and COC4 groups, respectivcly). LAK cells dc.ived from C08-depletcd

progenitors showed marked declines in their relative effectiveness in e1iciting U-937 larget

ceIllysis in asymptomatic seropositives when compared ta thcir undepleted counterparts

(p=.029. paired t-test). Conversely. both seronegative controls and overt AlOS patienl~

showed si!;nitïcant increases in the relative susceptibility of U-937 Hl Iysis by LAK cells

derived l'rom C08-depleted progenitars (Figure 4. p=.046 and p=.008. paired t-tes~

undepleted vs C08 progenitor-depleted LAK activities for COCO and COC4CO subgroups.

respectively). Susceptibility of U-937 targets to Iysis by LAK ceIls l'rom C08-depleted

PBL was signitïcantly greater in overt AlOS patients than corresponding C08-depleled
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FIGURE 4

LAK activity of seronegative (n = 7), COC2 (n = 5) and COC4 (n = 5) individuals against

U-937 and K562 targcL~ using LAK ceUs or LAK ceUs dt::rived from C08-depleted PBL.

.,-.
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FIGURE 5

Flow cylOmelric profile of LAK ceUs from heallhy conlrol (n=3) HIV-l CDC2 seropositive

(n=7) and HIV-1 CDC4CD (n=6) seropositives before and after deplclion of CD8­

expressing effeclors.
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LAK ceUs from HIV-1 + CDC2 asymplOmatics (Figure 4, F=4.SI, p=.026, one-way

ANOVA, p = .022, Tukey tests). This elevated cytolysis of U-937 targets in AIDS patients

occurred concomitant with a three-fold enrichment of CD56-expressing lymphocytes.

It is important to note that similar patterns of cytolysis of K562 targets by

undepleted vs CDS progenitor-depleted LAK ceUs were observed. (Figure 4). Thus, CDS

progenitors were required to generate non-MHC rcstric'ed cytotoxic LAK ceUs in

asymptomatic CDC2 seropositives. LAK cytotoxic function in seronegative controls was

increased subsequent to CDS+ progenilOr ceU depletion. In the absence of an inducible

CD4 cell population, CDS progenitor depletion of AIDS patient PBL selectively expanded

CD56+ cytotoxic LAK cells.

CD8+ subset depletion of LAK effectors

LAK ceUs were depleted of CDS subsets on the day of the cytolytic assay to

monitor which subsets mediate LAK activity. Subset depletions resulted in variab1-: non­

specific losses of ceUs. Following depletion, cell counts were readjusted to identical E:T

ratios and flow cytometric analysis was performed to evaluate subset distribution.

CDS depletion of LAK ceUs totally depleted CDS LAK effectcrs (Figure 5). In

healthy controls and asymptomatic CDC2 seropositives, this resulted in a selectIve

enrichment of the proportion of CD4 effectors (p=.OOS and .001, paired t-test depleted vs

undt'pleted CD4+ LAK ceUs for CDCO and CDC2 groups, respectively). In overt AIDS

patients, the primary enriched population of effectors were apparently derived from CD3­

expressing lymphocytes lacking both CD4 and CDS. No significant differences in the

proportions of CD56-expressing effectors between groups were observed (Figure 5).

In CDC2 seropositive individuals, CDS depletions significantly decreased LAK

activity against both uninfected and HIV-1 infected U-937 targets (Figure 6, p=.02 and

.009, paired t-tests using U-937 and HIV-I infected U-937 targets, respectively). CDS

depletions resulted in no changes in LAK activity against both uninfected and HIV-I
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FIGURE 6

Cell-mediated cytolysis of HIV-1 infected and uninfected U-937 targets by undepleted and

C08+ effector-depleted LAK cells derived from seronegative controls (n=3), COC2 (n=7)

and COC4CO seropositives (n=6).
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FIGURE 7

CD56 expression and LAK activity against HIV-l infected and uninfected U-937 and K562

targets before and after CD56 depletion of LAK cens isolated from 10 seropositive

individuais.
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infected U-937 targets in seronegative controIs and overt AIDS CDC4 patients (Figure 6).

Despite total depletion of CDS ceUs in aU groups, significant lysis of all targel~ pcrsisted.

CD56+ and CD57+ subset depletion of LAK cells

Previous studies in our laboratory indicated that CD56 depletion of PBL could

effectively deplete out a significant proportion of cytotoxic LAK ceUs (50). Ta continn that

CD56 ceUs elicited cytotoxic LAK responses, LAK ceUs were deplcted of CD56­

expressing subsets prior to assay. As shown (Figure 7), fiow cytometric analysis indicated

that CD56 cells could be signiticantly decreased but not completely rcmovcd by our

negative selection techniques (p=.05, paired t-tests). Using LAK ccUs from HlV-1

. seropositive donors, the observed decreases in the propùrtion of NK subsets rcsulted in

eorresponding significant decreases in lysis of K562. uninfected and HlV-1 infectcd U-937

targets (p<.OS paired t-tests).

In two HIV-I asympto;natic subjects, complemcilt-mediated depletion of CDS7

snbsets at the progenitor and effector levels resulted in no change in cytolysis of uninfeetcd

and HIV-1 infected U-937 targets. Flow cytometric analysi~ showed complete depletion of

CDS7 subsets, no changes in CD56 and CDS subsets, and increased proportions of CD4

subsets (unpublished results).

CD4+ substt depletion of healthy control PBL

Sin(;~ HIV-l seropositive individuais show marked declines in CD4 suhsets and

corresponding increases in CDS subsets, healthy control PBL were depleted of CD4

subsets to see whether such depletion could mimic the phenotypic and functional

aberrations observed in individuais with AIDS. As observed in Table l, CD4 depletions

markedly enriched for CDS subsets with modest but significant increascs in CD56 suhsets.

No significant changes in LAK cell-mediated lysis of any of the tested targets were

obr.~rved upon CD4 depletions.
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TABLE 1. Lymphocyte distribution and LAK cell function of healthy control LAK

cells and corresponding LAK cells from CD4 depleted PEL

Tar~et celllysis (LU2fÙ

(

U-937

U-937H1V

K562

+p<.05. paired t-test

133 ± 17

145 ± 34

46± 10

198 ± 48

186 ± Il

74:r: 37
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DISCUSSION

The ab~ity of IL-2 to induce LAK cells that elicit potent anti-viral and anti-tumor

responses generates interest as to their specitic prognostic role in \'ivo and thdr potential

usefulness in adopùve immunotherapy. In this study. induced LAK cells l'rom seronegative

and seropositive individuals were contrasted with regard to their elTectiveness in eliciting

cytotoxic responses to a panel of targeL~. Moreover. the progenitors and elTectors of these

responses were established. Our findings have indicated that novel LAK effectors mediale

cytolysis in HlV-1 asymptomatic s~.ropositive individuais. Asymptomatic COC2

seropositives have LAK progenitors and effectors that are depleted suhsequent lO C08

subset removal. Secondly. asymptomatics showed marked incn:ases in LAK activily

against HlV-1 infected targeL~ relative to their uninfected counterparL~ (50). The l'ail lire 10

observe HIV-1 directed LAK responses or C08-medialed cytotoxicily in healthy conlrols.

suggests that primed immune responses in seropositive and seronegative individllals are

quite distincL

The inability to elicit COS-mediated cytotoxic responses and limiled enhanced

responses to HIV-I infected targets in seropositive individuals with overt AlOS is

intriguing. Studies reported herein and elsewhere (9.2:3.50) indicate an overall anergy with

regard to both NK and LAK cell-mediated immune responses in oyen AlOS subjects. We

have, however, observed an interesting pattern in overt AIDS patients following C08

subset depletion at the progenitor and effector cell level. Oepletion of COS progenitors

could effectively increase the proportion of C056+ LAK cells and their funcùon. Depletion

of CDS effectors, however, resulted in no corresponding enrichment in LAK activity.

Removal of CD8+ effectors resulted in an enrichment of CD3+CD4-CD8- cell subsets.

Recent studies indicate that CD3+C04-COS- cells represent small proportions of circulating

lymphocytes in healthy controls and bear either Cl.13 or 'l'ô T-cell receptors (31-36). Il is

important to note that such subsets have becn expanded in disease states and have been

characterized by their l'ailure or reduced ability to elicit cytolytic responses (33,34,36).
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Such a novel T lymphocyte population has been observed in a HIV-1 seroposilive

individual (32). Our findings, in agreement with other sludies (1,5,37), indicale lhal

expanded CD57+CD8+, CD57+CD8-, CD57+CD56- subsets in seropositive individuals

are nol effective killers.

Other sludies have indicated that defective NK cytolytic machineries POSl-largel ccli

conjugation were observed in seropositive individuals (7,S). Olhers have reported lhal NK

cells can be susceptible lo HIV-I infection despite lheir failure lo express CD4 mRNA and

surface CD4 proteins (3S-40). Our findings confirm olher studies lhal indicate overan

reductions in absolule levels of circulating CD56-expressing subsets in PBL of HIV-I

seropositive individuals (5,10,11). This sludy indicales lhal NK cells mediale a significanl

proportion of LAK aClivity in asymptomalic seropositive individuals and lhe majorily of

LAK aClivity in overt AlOS patienls. We have found no significant differences in the

proportion of inducible CD56-expressing LAK cells from undepleled PBL in seronegative

and seropositive populations lhal could accounl for alllhe reduction in LAK aClivily in

overt AlOS patienL~ (9,50).

CDS-mediated and HIV-I enhanced cylolylic responses were non-MHC reslricled.

CD8 depletion of cylolytic responses was obscrved in alllesled asymplomalic individuals

with simullaneous depletion in the cytolysis of K562, a largel cellline thallacks c\ass 1 and

class 2 MHC (1,2). Moreover, elevated Iysis of HIV-I infected CEM.NKR vs CEM.NKR

was observed in asymplomalic seropositive individuals. CEM.NKR is a largellhal is NK­

insensitive, alluding lo an induced non-MHC restricled LAK cylolytic response.

Olher laboralories have demonSlrated lhal NK cens from heallhy seronegalive

individuals, seronegative homosexuals, and seropositive in:!ividuals canlyse HIV-I

infected targels more effectively than corresponding uninfected largels (40-46). Whelher

elevated non-MHC reslricted, HIV-I directed Iysis was observed depended on lhe largel

cell Hne, the HIV-1 cell slrain, and the presence of NK wilh or withoul accessory HLA­

DR+ cens (38,41,50). Our sludy, however, confirming our previous findings would
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indicate that only LAK ceIls l'rom seropositive individuals show pnmed responses to HIV­

1 directed targets (9,23.50). These combined observations strongly suggest that multiple

cytolytic effector mechanisms and pathways mediate NK and LAK cell-medialCd cytolysis

of HIV-1 infected targets. ln HlV-1 seropositive individuals. concomitant with CD4 subset

depletion, dynamic changes in cytotoxic lymphocyte proliles and their funclions occur as

disease progresses.

A number of dislinct cell-mediated cyloloxic mechanisms have been implicated in

HlV-1 viral immunosurveillance. These include MHC restricted cytoloxic function

mediated by cytoloxic CD8+ T cells (10,47,48) as weil as non-MHC reslricled ADCC

(6,45,46) and NK aclivily (5) mediated by NK cells. Findings reported herein and

elsewhere indicate that inducible non-MHC reslncted LAK activily denved l'rom NK and T

cell progenitors can elicil anti-HlV responses (9,23,49,50). The dcmonslralion lhat novel

LAK effectors can be induced in asymplomalic individuals bUI nol controls or AlOS

patients suggests lhat non-MHC reslricled responses may be primcd in seroposilive

individuals and may r-1ay an important role bolh in HIV-1 viral immunosurvcillancc and lhe

control of opportunistic infection.
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DISCUSSION

The ability of IL-2 to induce cytoLOxic LAK cells !hat elicit potent anti-viral and anti­

tumor responses, generates interest as to their participatory role in vivo and their usefulness

in immunotherapy. C);Jr study has focused on detailing LAK cell responses in H1V­

seropositive individuals and heal!hy controls. LAK cells have been operationally defined as

IL-2 induced lymphocytes mediating non-MHC-restrïcted and antigen-nonspecific cytolysis

against a panel of virally-infected and neciplastic heterologous target cells tTrinchieri, 1989;

Ortaldo and Longo, 1988). Due to the absence of MHC restriction, LAK cell responses

represent an ideal system for in vitro analysis of inducible immune responses.

Seropositive subjects were stratified into two major groups: the CDC2 group,

included individuals in the earlier phases of HIV-infection, with no clinically apparent

opportunistic diseases; and the CDC4 group that consisted of the overt AIDS patients that

suffered l'rom at least two AIDS-associated opportunistic infections and/or cancers. Overall

lymphocytic numbers, relative LAK cell recoveries and LAK cell cytotoxicities were

monitored in both groups and contrasted to seronegative (CDCO) individuals. The

contribution of regulatory and cytotoxic lymphocyte subpopulations in evoking LAK cell

responses was subsequently detailed.

Our results confirmed the selective depletion of CD4+ PBLs with advancing

disease, and the concomitant diminution of the total circulating lymphocytic cell numbers.

We observed that the relative ability of PBLs to generate LAK cells became impaired at

early stages of HIV-infection, prior to the onset of clinicd symptoms. To our surprise the

relative proportion of CD56+ cells remained unchanged in both CDC2 and CDC4

seropositive groups relative to seronegative controls. This confmns other studies (Vuillier

et al., 1988; Landay et al., 1990) that indicate an overall reduction in NK cell numbers

(absolutc: CD56+ cell numbers per ml of blood) with disease onse!. Of importance. our
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studies have demonstrated mat CD57+ subsets in seropositive individuals represent a non­

NK cell population where more than 50% of CD57 subsets coexpress CD8 cell and less

man 10% express CD56. Studies in the literature (Lewis et al., 1985; Gupta, 1986; Vom er

al., 1988,) that have indicated unchanged or augmented NK cell numbers upon HIV-

infection, have monitored CD57 cell numbers. Nevertheless, the constant proportion of

CD56+ cell numbers in all groups allowed us to evaluate the relative functional changes in

NK and LAK cell responses in AlOS.

Since we started our study mere were two other reports on LAK cell activity in HIV

infected patients. In one study, LAK cell activity appeared. to be at controllevels for both

ARC and AlOS patients (Chin er al., 1990) however, the sample size was small for both

groups (n=9). In the other study, NK and LAK activity was decreased in AlOS (n=9),

ARC (n=10) and HIV-seropositive asymptomatic (n=12) patients in comparison to health:.'

individuals (Cauda er al., 1990). Up to date, to our knowledge we are the only group that

has extensively studied inducible LAK cell responses in HIV-1 seropositive individuals,

employing large numbers of patients and simultaneously assaying them against series of

different targets. Our studies indicated that inducible LAK cell function remained effective

on early disease and became compromised only at late stages of HIV infection.

Much to our surprise, we have demonstrated an enhanced ability of HIV-I

seropositive individuals to lyse HIV-1 infected targets. This was shown to occur against

targets such as U-937 that maintain chronic HIV-I infection, as well as acutely HIV-l

infected CEM.NKR. The observation of enhanced cytolysis of the HIV-infected U-937

subclones strongly indicated that this was an HIV-1 directed response rather than a non­

specific target cell activation.

Our studies then focus.:d on establishing the cellular basis of the observed changes

in LAK cytolytic responses in seropositive individuals. As illustrated in Figure. l, cytotoxic
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FIGURE 1

The immun:: system and the central role of IL-2
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effectors include CD8+ CILs, activated CD8+ CTLs, NK cells and activated CD56+ LAK

ceUs. In fact there is sorne evidence that CD4+ ceUs may evoke cytotoxicity (Yasukawa et

al., 1991). CD4+ ceUs are involved in antigen presentation and lL-2 inducibility (Bierer et

al., 1989; Parnes, 1989).

Targe: ceU recognition in CTLs, NK and LAK ceUs is differen!. T-cells are bc:h

antigen specific and MHC-restricted. They recognize antigen cnly within the context of

class 1 or class II MHC molecules (Schwartz, 1985; Rothban and Gefler, 1991). ln direct

contrast, NK and LAK ceUs are not restricted by the MHC, nor are they antigen specific

Cùinchieri, 1989; Onaldo and Longo, 1990). In fact NK and LAK cel1s show broad target

reactivity. In addition ADCC l'esponses can be mediated by NK ceUs. ADCC responses by

LAK ceUs have not been established to date, and in general while LAK ceUs express CD56,

they often don't express CD16, the Fc receptor for antibody (Lanier et al., 1986b). Thus,

ail aspects of the immune network may be fundamental1y involved in our observed LAK

ceU responses.

In order to identify the phenotype of the effector ceUs mediating our observed LAK

activity, we perfonned series of depletion studies that involved negative immunomagnetic

selection systems. We have observed that negative selection systems are more efficient and

reproducible than positive selection apprcaches. PBLs were depleted prior to LAK ceU

generation, to study the raie of distinct subsets in generating LAK ceUs. Alternatively,

LAK ceUs were depleted just prior to the assay, in order to detennine the phenotype of

cylotoxic LAK ceUs.

CD56-expressing lymphocytes participated as progenitors as weU as effectors of

LAK ceU activity in healthy individuals and aU HIV-seropositive groups. Depletion of

CD56+ PBLs as weU as CD56+ LAK ceUs resulted in marked reductions of LAK activity.

Total abrogation of LAK activity was never achieved. CD56 is a dim marker, weakly

expressed on the majority of NK ceUs (Lanier et al., 1986b) and therefore total CD56+ ceU

depletion was not possible. Of great importance. we established, that CD56-expressing
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LAK cells mediated non-MHC-restricted cytolysis of HIV-infected targets in seropositive

individuals. In addition, in as yet unpublished results, we have demonstrated marked

enrichment in LAK cell responses by adherent LAK cells, that show a 5-10 iold enrichment

of CD56-expressing cells.

The role of NK and inducible LAK cells in the immunopathogenesis of AIDS is not

clear. Several investigators have suggested that NK ce!ls may lyse HIV-infected CD4 cells

or gp 120 bound bystandcr CD4 cells and by this wa)' contributing to the depletion of CD4+

cells (Rosenberg and Fauci, 1989). In vitro studies indicated that NK cells (CD5+ CD57+)

could lyse gp120 coated CD4+cells (Tyler et al., 1989; Weinhold et al., 1989). This is a

very interesting issue that merits further investigation.

CD8+ cclls mediate both cytotoxic and suppressor cell functions (Asherson et al.,

1986; Sercarch and Krzych 1991). CD8+ lymphocytes are well established as cells capable

of suppressor activity. In addition novel CD8+CD57+ T cells, expanded in AIDS patients,

have been shown to suppress NK and LAK cell activity via a lectin-binding soluble factor

(Sadat-Sowti et al., 1991). To assess the role of CD8+ lymphocytes in our observed LAK

cell responses we performed series of depletions both at the progenitor and effector cell

level. In healthy controls, depletion of CD8-expressing PBLs enhanced the generation of

cytotoxic LAK cells. Depletion of CD8+ PBLs resulted in an enriched LAK cyto1ysis of

K562 and U-937 targets, with no concomitant CD56+ LAK cell enrichment. In contrast,

depletion of CD8+ cells following LAK cell generation did not affect cytotoxic LAK cell

responses. This suggests that CD8 lymphocytes suppress the proliferation of cytotoxic

LAK cells but not their cytolytic capacity.

In overt CDC4 AIDS patients, similar to healthy controls, CD8 depletion of PBLs

markedly increased cytotoxicity against K562 and U-937 targets. However since in AlOS

patients overall CD8-expressing lymphocytes represent 60-70% of PBLs, depletion of CDB

cells enriched the relative proponion of CD56+ cells by approximately 3-fo1d. We cannot

exclude therefore, that the enhanced cytolysis observed upon COB effector cell dep1etion
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was due to an increase in the proportion of c)'tolytic CD56-ex!,ressing LAK ceIls. This

observation. mises intriguing possibilities. in that, depletion of CD8 cells ma)' in fact allow

for the selective proliferation of CD56-expressing ceUs. The consequences cf this

observation with adoptive immunotherapeutic strmegies are important.

Depletion of CD8 ceUs foUowing the generalion of LAK ccUs in own AlOS

patients. generated another important Iinding. Unlike progenitor CDll depletions. there was

no selective enrichment of CD56-exprcssing cells nor enhanccment of LAK ccli rcsponses.

However. there was marked selective enrichment of CD3+ CD4- CDll- ce lis ralher than

CD56-expressing LAK cells. Such cells have been described in healthy controls as a minor

proportion of circulating lymphocytes thal may express a/3 or yli receplors. Expansion of

these ceUs has been associated wilh other immunodelicient disease states (Carhonari et al.•

1990). These ceUs have been reponed lo lack cytolytic activity (Haas et al.. 1990). Others

have also observed these cells in HIV-seropositive populations (De Paoli et al.. 1991). We

have shown that these ceUs do not contribute to our LAK cell responses. A seleclive

enrichment of CD3+CD4-CD8- cells as a result of CD8+ elTector ceU depletion did nol

correlate with an increase in LAK cytolysis. Taken together. CD8 dcpletions in AlOS

patients. have indicated that CD8+ cells may inhibit proliferation of LAK cells. howcvcr

they do not appear to mediate cytotoxic LAK cell responscs.

In contrast. to our great surprise. CD8 depletions in asymptomatic HIV­

seropositive individuals resulted in signilicant decreases of LAK ccli mediated cytotoxicily.

These decreases were observed against both K562 and U937 targeL~. as a result of bOlh

progenitor and effector CD8+ cell depletions. In addition since CD56+ PBL and LAK ccli

percentages did not change. we could not directly attribute this decrease to a depletion of

the NK ceU pool. Cytotoxic T-cell responses to HIV-1 targets have been observed in HIV­

seropositive patients and tend to diminish along with disease progression (Walker and

Plata. 1990; Pantaleo et al.. 1990). These responses however were directed against distinct

HIV viral epitopes and were recognized only within the context of self MHC (Walkcr and
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Plata, 1990). The CD8 ceIls mediating LAK activity in our system do not represent

classical CTLs. CD8-mediated cytolysis was not MHC-restricted since reduction of

cytotoxicity upor: CD8 depletion was observed against targets including K562 that lack

class 1 or II antigen expression. In addition, it was not HIV-directed because, both K562

and U937 were not infected by HlV and therefore, these CD8-expressing IL-2 indueed

ceUs could not have rccogniscd an HIV-associated viral antigen expressc'-j on the surface of

the target cells. Moreover, reductions in cytolysis were observed as a result of bath

progenitor and effector CD8+ ccII depletions, employing nine different patients that were

not HLA matched.

Administration of IL-2 in vivo, has been shown to activate a high!y cytotoxic

expressing population called tumor infiltrating lymphocytes (TILs). These CD8+ or CD4+

TILs have been shown to be MHC-restricted and tumor specific (Melief et al., 1992). In

general, acquisition of non-MHC-restricted LAK activity by activated CTL~ is associated

with loss of antigen specificity and novel expression of the CD56 antigen on T ceUs.

CD8+dimCD56+ mediating eytotoxic activity have been reported (Perussia et al., 1983a:

Robertson and Ritz 1990). We therefore do not know whether the cytotoxic CD8 ceUs

induced in HIV-seropositive asymptomatic individuaIs, coexpressed the CD56 antigen. In

our cytometric analysis, using an EPICs II analyzer we were unable to detect dim CD8+

CD56+ ceUs and therefore evaluate for their specific depletion. The failure to observe

similar responses in healthy individuals and oven AIDS patients suggests that this CD8+

ceU population represenL~ a novel expanded cytotoxic subset, present only in HIV­

seropositive asymptomatic individuals.

Preferentiallysis of HIV-infected U-937 and CEM.NKR targets in eomparison to

uninfected U-937 and CEM.NKR eeUs can be related with the HIV-specifie CTL

responses. One hypothesis might be that highly activated HIV-specific T-LAK ceUs, may

recognize HIV antigen expression on the surface of infected targt:ts within the context of

forcign MHC, either by mistaken the foreign class 1 antigen as self or, just by binding to



161

lhe HIV-associaled anligen wilh lower aflïnily and lriggering eylolysis via a non-MHC

reslricled fashion. Similar mechanism have heen proposed 10 explain alloreaclive CTLs

present in grafl rejeclion (Lech1er et a/.•1990). Crossreaclivily among differenl MilC

molecules and recognition of peplide alone can he sufticient for lriggering CTL-medialed

cylolysis.ln addition alloreactive T-cell clones have been shown 10 also mediate self-MHC­

reslricled and antigen specific cylolysis (Lechler et a/.• (990).

CD56+ NK cells do nol express lhe CD4 antigen assoeialed wilh HIV-viral cnlry

and infeclion. Allhough several invesligalors have in vitro infeeled cullured NK cell \ines.

in vivo infeclion of NK celis has never been observed. Il was possible lherefore. lhal lhe

reduclions observed in LAK aClivily of AlOS palienls were duc lo severe redllclions of

CD4+ T-helper cells or the concomilanl proporlional increases of CD8-expressing

lymphocytes. Our experimen!s however. albeil in heallhy individuals. gave no evidence to

support lhis theory. since in vitro deplelion of CD4+ PBLs in healthy controis had no cffecl

upon the subsequenl generalion of cyloloxic LAK cells.

We were lhen lefl with an intriguing problem. On an equal or somewhat devaled

relalive number of CD56+ cells in overt AlOS patients. lhere was signitïcanl redllction in

cylolysis relative to asymplomalie seropositives and healthy conlrols. Even in CDC2

asymplomalic group. if one considers lhe participalion of CD8+ cells in LAK ccli

responses. lhen we have a markedly diminished LAK acti vity per unit CD56+ cciI.

Therefore CD56+ cells in seropositive individuals are defeclive in their Iylic capacity.

We have shown thalthis is nolthe indirect resull of CD4 ccli pool depletion; nor

does il seem lo be lhe resull of direcl in-vivo HIV infection of NK celis. Single ccll-binding

assays have indicaled thal although in lymphocytes derived from AlOS palienL~ effeclor ­

largel cell conjugalion is normal. subsequenllargel cell cylolysis is impaired (Katzman and

Lederman, 1986; Kalz et al., 1987). In a more mechanistic approach. defcclive tubulin

polarization of NK cells al a pOSl binding level, has a1so been observed in LGLs of AlOS

patients (Sirianni et al., 1988). Allemalively HIV-1 may inhibil LAK cell responses. A
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synlhelie gp41 peplide has been shown lo in vitro inhibit NK and LAK cell activity

(Cauda et al., 1988,1990). Suppression of NK and LAK cell responses mediated by

soluhle factors secreted by C08+C057+ lymphocytes in AlOS patients has also been

reported (Sadat-Sowti et al., 1991). Oecreased NK activity as a result of gp120 binding to

the VIP receptor present on the surface of NK cells, has also been a postulated 'l1echanism

for decrea~:ed NK responses (Sirianni et al., 1990).

Although NK cell suppression may not he the direct resu1t of NK HIV-infection,

infection of accessory cells may inhibit NK and LAK ccli function. Indeed dendritic cells

are susceptihle to HIV-infection, and their function has been shown to be suppressed in

HIV-seropositive individuals (Macatonia et al., 1989). HLA-OR cells have bcen shown by

several investigators to mediate ncccssary acccssory functions for induction of NK activity

(Bandyopadhyay et al., 1990). Such cells may also bc required for inducible LAK cell

responscs.

Altcrnatively, chronic HIV-infection and subsequent changes in immune cell

hùmcostasis, may rcsult in the propagation of immature NK ccli populations in seropositive

individuals with defective cytoloxic abilities. In our 1aboratory, we are studying HIV­

associated delïciencies in the il1d~ction of adhesion molecules of NK cells during IL-2

activation (unpublished data). We are currently working with adherent LAK cells from

HIV-seropositive patients and we have observed marked reductions in the number of

adhcrent LAK cells, as weil as their individual cytotoxic capacity. In addition the ability of

LAK ceIls to secrete lymphokines and cytotoxic factors awaits l'urther investigation. Such

decreases have becn obscrved in NK cells of HIV-1 seropositive individuais (Bonavida et

(Il., 1986).

The continuous non-spccilïc stimulation of the immune system in AlOS patients

may a1so result in overstimulation of NK or LAK cells and their subsequent inactivation or

ancrgy. This has also bccn a proposed mechanism for B-cell and T-cell deficiencies
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observed in AIDS patients (Rosenberg and Fauci 1989, Amadori and Chicco-Bianchi

1990).

The mechanism by which HIV-infection suppresses NK and LAK activities is not

clear up to date. However, our results have established that HlV-infection results in

decreased LAK cell activity, and have provided useful iiiSight into possible scenarios that

merlt further investigation.

HIV infection results directly or indirectly in profound changes upon ail ceUs of the

immune system. It is intriguing that despite massive losses of 60-70% of circulating CD4+

ceUs, individuals can remain symptom-free. Clearly establishing which cytotoxic responses

maintain immunocompetence is crucial.

In our study we have provided a thorough analysis of the effects of HIV-infeclion

upon Il,e natural immune system and more specifically the IL-2 inducible LAK ceU

responses. We have shown evidence that this distinct arm of the immune nelwork becomes

severely compromised only at late stages of AIDS. However, NK and inducible LAK ceUs

are perhaps the most readily amenable ceUs for immunomodulation. Inducible LAK cells of

NI( phenotype do not express HIV, are readily grown in the laboratory and have been

aIready exploited in cancer immunotherapy. Il will be challenging therefore, to investigate

their potential use in AlOS management.
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CONTRIBUTION TO KNOWLEDGEI

Our study represems 10 date the only thorough investigation on lL-2 inducible LAK

cell responses in HIV-I seropositive individuals. We have established that HlV-infection

reslJlts in dramatic ch30ges upon LAK cell number, cytotoxic function, effector cell

phenotype and targel cell repertoire of LAK activity.

We have shown that lymphocytes of HIV-seropositive individuais exhibit a

decreased ability to generate LAK cel!s. In addition, LAK cell cytolysis in oven AIDS

, patients was demonstrated tO be decreased relative to HIV-seropositive asymptomatics and

healthy control subjects. Of interest we have also exhibited HlV-directed LAK cell

responses in HlV-seropositive asymptomatic patients.

Employing exponential regression as well as flow cytometric analysis we have

pointed out that CD56-expressing cells in CDC2 and CDC4 seropositive individuals,

exhibit a decreased cytolytic ability on a per celllevei.

The phenotype of the progenitors as well as effectors of LAK activity have been the

object of intense studies as well as debates. We have shown that under our experlmental

conditions, CD56-expressing cells are by and large the progenitors as well as the mediators

of LAK cel! activity in al! seropositive and seronegative groups. CD8-expressing

lymphocytes play an inhibitory role on the generation ofLAK cens in both healthy controls

and oven AIDS patients. To our surprise, we have brought into light the recruitrnent of a

novel CD8-expressing cel! population in HIV-seropositive asymptomatics, that mediates

non-MHC-restricted and antigen non-specifie cytolysis

This study has descrlbed distinct differencies in overall cytotoxic function anè the

cellular basis of these responses between asymptomatic and oven AIDS groups. In addition

inleresting avenues that merlt funher investigation have been proposed.

'This section is a mandatory requirement of Ph. D. thesis submitted to the Faculty
ofGraduate Studies and Rese:w!l, McGill University Montreal.
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