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ABSTRACT 

'J'hh ~tudy con~i~t~ of evaluating the effects of zidovudine or 
ribavirin treatment on the humoral response to human 
immunodeficiency ~yndrome (HiV-l) in a rohort of 36 HN-l 
serOp()~itlve patlenl~. Viral neutralization antibodies were 
demon~traled again~t I1TLVIIlb viru~ while titers of circulating 
antibody-dependent cellular cytotoxirity (ADCC) antibodies were 
mea~ured again~t the HIY-] envelopc protein, gp120, using the 
vaccinb viru~ expre~~l()n sy~tem whirh has been successfully usee! 
10 cxpre~~ forcign viral protein~ in target eeIls. Virologie (viral 
i~olat ion) and immunologIc (CD4+ ceIls) parameters were also 
monitored pre and po~t antiviral therapy. 

The f{}sult~ indicate that patients reeeiving zidovudine for 36 
w(>ck~, have a diminished anti-HIV-I-ADCC direeting antibody 
respon~c, while the levels of these antibodies in patients receiving 
ribavirin or phlC(-ho relnain constant. The tHers of neutralizing 
antihodi('s and CD4 counts renlain stable regardless of the treatment 
except for patient~ rerciving ribavirin, where a decline in CD4 eeIls 
is ohs('rved. The decrea~e in the HIY-l specifie ADCe during 
ïidovudil1e ([('atment parallcls with the deerease in the amO\~nt of 
viral burdel1. ThIS sugge~ts that the two effects are somehow 
corrd,ltl'd. The impact of a washout period was also assessed. An 
incre<;l~c in virdl hurdCl1 during cessation of AZT was reported whieh 
ma)' l"cflect the inability of the treatcd host to mount a rapid 
imnlune response. As a consequence, this may lead to the 
detenordtion of the immune status and the progression of the 
discase. The iInplications of these findings will be diseussed in this 
study . 
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RÉSUMÉ 

Cet etude consiste d'éval U('f 1('5 effct s d('~ t L.li Il'll1l'l1 1 ~ ,lU 

zidovudine etau rib,lvlrin sur 1,1 rcpon~l' hUIllor,lll' ,lll \ inl~ d ... , 

l'immunodcftClcncc hum .. ullc (\'111-1) pOUl UI1 groupl' dt.' 3b P,lIll'1l1 \ 

séropositifs au VIII-I. Le~ ,U1tlcorp~ lll'uII,tlh,lIlh \ ILlll\. olll (,'1 ... , 

démontré contre Id souche II rI,\'IlIb l()r~ql1l' k~ 1111(," d',lllt Il ()( P" 

d'ADCC ont cté mC~llrc ~p('ciflqucm('nl cOll1H' Il'\ pl(llt.'il1l'~ dl' 
l'enveloppe. Ceci a éte possIble gr,ln' L1U ~) ~tl'l11l' d \'\.pl ('\\IOIl du 
virus vaccinia. Le profile vlr()logill'~l) (1'1~()1,1I1()!l du \ Iru\) et 
immunologiq ue (cellulc~ p()~il ives pour ll' Ill,lrq Ut.'ll r C D4) LI <.'1(' 

complété pour les periodes d'avLlnt ct ,lpr('~ 1.1 tlH'r,lpll\ ,lllll\'lr,lll'. 

Les résultats indiquent que lc~ patÎ(>nt~ J"CC('Vdnt 1(,lldovudilll' 
pendant 36 semaines ont une rcponsc dimlJ1uc(' d' !\\)CC dingl'l' 
contre VIH-l tandis que le~ niveaux de~ cc~ In('nw~ ,111IlCoqX., dl'\ 
patients traités au ribavirin re~tent const,l11l~. L(\~ t Il n'\ d' ,111 t ÎCorp\ 
neutralisants et Je comptage de CD4 d(,I11('Un.'11 1 Ille h,lIlgl' 
qu'importe le traitement d l'exceptIon d('~ p<ll 1('11 1 \ n'Cl'V ,m t 1(' 

ribavirin où l'on a observé une diminutio1l de c('lIule pO\IIIVl'~ pour 
CD4. La réponse d'ADCe contre VIII-i pendant 1(' t r .. lll('llll'llt .Ill 

zidovudine diminue parallèment avec Id quanlite de vinl~ prc\('nte. 
Ceci suggère que ces deux eff('t~ ~ont en quelqu(' ~ort(' 11('\. 1.'lIl1p,1( t 
de la période d'arrêt Ju traitement a du~\i ('te l'XdmÎIH'. l.,t 

discontinuation du zidovudine entraine un(' quantlte Vlr,t!e accrue, 
à laquelle peut refléter l'incapacité de l'hé>le d'enger ulle n'poll\(, 
immunitaire rapide. Fn con~éq uen t, CP f dit peu t ('II 1 r .. lI ner 1 ... 

détérioration du système immunitaire et I .. t progrC'\\ion de la 
maladie. Les implications de ces ré\ultat\ vont ('tH' analyc"{'('c,, Odll\ 

cette étude . 
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PREFACE 

'1 he a('qUlred immunodeficiency 5yndrome (AIDS) is 
('haraer cr17cd hy severe immunodeficiency, life-threatening 
opport uni\t ie infect ions, neopiasid., and a fatal outcome. Strategies 
fur the treatment have focuscd nn the development of drugs aimed 
at inhihiting th(' repHCtthJn of the rctrovirus and on agents that may 
re~ton.' ImmUnIty. Con~lderation of anti-retroviral therapy for the 
t [ealment of J\IDS h ba~ed on the aS5umption that continued 
r('t roviral rCpliCé.11 ion is 11lvolved in both the pathogenesis and 
pr(}gr(,~~lOn of t he disea~c. 

Zldovudlne or 3'-a7ido-2'-3'-dideoxy-thymidine (AZT) is the 
nla)Or antiviral drug currently used 10 treat HIV-infected persons. 
Other antivirdi agent5 such as dideoxyinosine (ddI) and 
didcoxycytidinc (ddC) have anti-Hry activity and are eurrently 
being eVJluated. The nucleoside analogues functiol1 by inhibiting 
rever~e transcnptJ.~(' (RT) and viral DNA chain elongation. Clinical 
tri<:th of AZT hdVl' \hown that its use is associated with a decrease in 
the r~He of progres~ion lo AlOS and po~sibly an improved survival 
time. Contrary to thcsc rcsults, important toxic side effect~ and drug 
rcsislant illY rnutants have also been reported. 

Although AZT has been shown to be reasonably suecessful, few 
d,lt"l dfL' available concerning the in vivo immunologie effects that 
such fre~llmcnl m"IY have on the host'~ immune response to the 
infecting Vlru~. The ~pecific immunity (humoral or cellular) that is 
induced 111 human~ in response to infection to HIY, is the normal 
1l1C'dns of contdinment (.Uld irradieatiol1 of infectious agents. Other 
antiVlf.l1 <lgent~ such as acyclovir (ACV) and rimantadine (a-methyl 
analogue of anldnladine). whieh are used in the treatment of herpes 
simplex Virus (lISV) and influenza A viruscs respectively, have been 
shown tn diminish the hU1110rai response to HSY and decrease 
l'cllutlf r lYIllphocyle responses in mice lafeeted with influenza A 
virus. Similar concerns regarding the effects of antibioties prompted 
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several studies in the 1950s and I1h)fC [(.)cl'ntl\' in tlll' 1 qqO~. For 
example, patients with group-A strl)ptococc~ll ph.lI') Ilgitl~ who \\'t'n' 

treated with pcnicillin Wl)re sho\\'n tD dl'\ l'lop .1 li 1lllinl\ Ill'd 
antibody response, l'~peCldlly 10 thl' ~ 1 proll'lll, ln .",0111<.' II..'pOII.... no 
adverse eLects due to this tn'atnwnt were docunlt.'l1tl'd. \\'hlll..' 111 

other~, the)' discouraged the imI11edl~ltl' U""l' 01 .llltihiot te ... 111 onll'r 

for the host tn mount a ~ubstdntl~ll .llltibody rl'\pon"'l' 10 th(' 
bacteria. Unhke the~e forn1l'r ('\..Ul1 pl()~. t Ill' l'pH.Îl'll1tolngy of 111\ 

infection is different, dl1d the Inlt'r.lctlOI1 of thl' ho\! 11ll1ll1lIH' 

respc)l1se to infection (.uld Idtency mu,.., t he c()n~idl'rl'd. Nl'\ l'rt IH'I<.'\,.." 
it is important to delermine if anti-I1IV-l drug~ dimll1l~h Lill)' o( th(' 
immune responses to IllY and if so, what ~lre th<.' e()ll~('q lIl'nC<.'~ of 
such effects (bcneficial vs. dclcleriou~). 

In the present study, the lher.lpeutic elf<!cb of /ldovudilll', 
ribavirin and placebo lreatolent on the induet IOll of vinl~

neutralizing serum antibodies and dntibodk~ Illedi.lI ing Al )CC w('r(' 
examined in 36 seropositive pat Îl'n t~. Virologie m(lr"('r~ ~ueh .l~ 

viral isolation and immunologie marker~ ~u('h ~l~ CD4 1 ('('II C()l1nt~ 
were also monitored during Ir <'atment. 

1 would like to acknowledge tho~(' IIldividual ... who h~lV(' 

contributed to this the~is. 1 would like 10 thank Dr. T\()U"(l~ for 
providing the serum samples and his tcchnician Debby for prOV1ÙlIlg 
the CD4 ceU counts for each of the indlvidual patient~. In addItion, 1 
would like to thank Dr. Wainberg and hi~ tcchnician~ for proviùing 
the viral isolation results on the AZT study . 
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1. ACQUIRED IMMUNODEFICIENCY SYNDROME 

1.1. History 

The term Acquired lmmunodeflciency Syndrome (AIDS) 
wa~ coined to define clin.ica!1y the various manifestations of this 
disease. The epidemiological data gathered from the first cases of 
AIDS, reported in 1981 and 1982, indicated that AIDS was a viral 
di~ease which could be transmitted frL-rn one individual to 
another 1). In 1983, Dr. L. Montagnier of thE:. Pasteur Institute in 
Paris isolaled t~le virus believed to cause AIDS from the lymph 
nodes of a patient, calling it LAV for Lymphocytl~ Associated 
Virus or Lymphocyte AIDS Virus (2). In 1984, Dr. R. Gallo of the 
National Institute of Health in Bethesda, Maryl?.nd, isolated a 
virus he called HTLV -III (Human T Lymphotropic Virus Type III) 
from an AlDS patient (3). It bas now been demonstrated that 
these two viruses, LAV and HTLV-III are infact the same virus . 

Following the isolation of HIV-1 in 1983, the isolation of a 
seconcl serotype of HIV (HIV-2) from West Africa was discovered. 
In 1985, a simian lentivirus (SIVmac), closely related to HIV-2 
was recovered from immunosuppressed macaques (4). 

1.2 Epidemiology 

The human immunodeficiency virus is transmitted 
primarily through sexual contact, exposure to blood or blood 
products and from mother to child during the prenatal period (5). 
The most direct means of HIV transmission is by the introduction 
of virus into the blood circulation. It is c1ear that body fluids 
other than blood and semen have viable virus. HIV ha." been 
isol~lted from tears, urine, saliva, ear secretions, vaginal or 
cervical secretions and breast milk . However, transmission of the 
virus in a free state seems just as likely than transmission by 
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infected ceUs but relatively low levels of infect ious IllY p.lft ides 
are present in these body fluids (6). 

Statistics indicate that 70% of individuals with Alns in North 
America and Europe are homosexual men. 1 ()<Va of cdses .ln' drug 
addicts, who have shared needles and syringes. Two percenl of 
cases are patients who have received conldlllin.ltcd blood or blond 
derivatives, such as coagulation farton. Wilh respl'ct 10 the I.ltl('r, 
in North America and in Europe, one is no longer e"po~ed 10 lhis 
type of transmission of AlOS since blood l'rom ('Llch <.Ionor is now 
systematically tested for the presence of the virus using spc..'cific 
markers for it. The remaining 12% are heter()~exual men "lnd 
women (which represent 3 growing segn1enl), and nc..'w born 
infants. 

1.3 Classification 

Retroviruses are defined by their abilily 10 rev('rM' 1 h(' 
normal flow of genetic information from genOlnic DNA 10 mRNA 
(7). Retroviruses, like other viruses, cannol replic"He wilhout 
taking over the biosynthei:ic apparatus of a cclI and exploiling il 
for their own use. The morphology and compo~ition of retrovir"tl 
virions and the possession of a positive-stranded, p()~itiv('-~('n~e 
RNA genome are sorne of their distinguishing charact('n~tic~. 
Retroviruses have customarily bcen ~ubdlvided inlo three 
taxonomie groupings primarily on the ba~;s of Ihe 111 vivo and in 
vitro consequences of infection (8,9). The oncoviru~ \uhgroup 
includes retroviruses that are relatively benign and ret roviru~('\ 
that are able to cause neoplastic disease in the lllfected ho~1 
animal. The lentivirus subgroup frcquently indure cytopathic 
effects in infected ceUs and the disease lhey cau~(' ha~ a long 
incubation period resulting in immunologie di\ordef\ and 
neurologie disease . In particular, lentivirus genome~ are large 
and contain several viral genes. La~tIy, member<; of the 
spumavirus subgroup consist of the "foamy" viruse~ that indure 
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persi~tent infection5 without any clinical disease but cause 
vacuolization of cultured ceUs . 

Il IV -1 is classified as a len ti virus because of its 
characteristic genomie organization, slowly (lenti-) developing 
clinicat ~equelae and nontransforming biologie properties that are 
analogou\ to r)ther lentiviruses such as simian immunodeficiency 
viru~ (SIV), visna virus and eq uine infectious anemia virus 
(I~IJ\V) which infect different animal species (10,11) . 

1.4 Structure and Genome 

The mature virion of HlV forms an icosahedral sphere that 
is roughly 1000 angstrom units across (see figure 1). The particle 
is covered by a membrane, made up of two layers of lipid (fatty) 
material, that is derived from the outer membrane of the host 
eell. Studding the membrane are 72 spikes (glycoproteins). Each 
~lycoprotein has two components: gp41 spans the membrane and 
gp120 extends beyond H. The core protein, p17, is found outside 
the viral nucleoid and forms the matrix of the virion, while p25 
forms the internai core. The viral RNA is carried in the core, along 
wi th several copies of the enzyme reverse transcriptase, which 
eatalyzes the assembly of the viral DNA . 

HIV-l has evolved an extremely economic use of its 9.5 
kilobase (kb) of coding sequence. The HIV provirus con tains IWo 
long terminal repeats (LTRs) flanking sequences coding for viral 
proteins (12, 13 ~ (see figure 2). Retroviral LTRs contain cis-acting 
clements which play a role in viral integration and transcription . 
RNA synthesis initiates in the 5' L TR at the junction between U3 
and R regions, while the 3' LTR specifies the addition of poly-A 
tails 10 virLll RNA molecules at the junction between R and US 

regions. Three transcriptive units code for the common retroviral 
structural proteins. The gag (group specific antigenic 
dcterminants) region encodes the viral core proteins. The core 



FIGURE 1. The structural composition of the human 
immunodeficiency virus. 
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FIGURE 2. Pro teins encoded by the HIV genome. Molecular sil(.'~ 

are in kilodaltons. Gag, pol and env gencs t:l1code prl'cllr~or 

polyproteins which are cleaved during the maturation 01 vlrion~ as 
shown. Tat and revare translated from spliced mRNA~ whirh join 
two coding exons. 
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pro teins consist of the nucleoid she11 (p24) and sever,11 int<.'rn .. ll 
proteins (p9 and p7). The pol region encodes rc\'('r~e trLlnscript,ls<.' 
(or RNA dependent DNA polymerase), proteLlse, .. Ind int(\gr .. ISl'. 
Common to other retroviruses, the polyllll'rLlsl' (phb .. 1nti pS 1 ) 
enables the transcription of the viral RNA genollw into .. 1 DNA 
copy (cDNA) that eventually integrates into thl' h()~t ('l'Il 
chromosomal DNA via the action of intcgr .. 1S(' (p32). 'l'hl' prot<.' .. 1Sl' 
(plO) th en cleaves the polyproteins coded for hy thl' g .. lg ,md pol 
regions into active molecules. The t'11\' region COU('S for t Il<.' t wo 
major envelope glycoproteins, gp 120 and gp41 (14). 

Besides these structural proteins, the IIlV genOl1ll' c()ntain~ 
other genes important in the viral life cycle. The funclion of thesl' 
genes are not fully understood, however, certain of thc~l' gl'nl' 
products have been implicated in the control of IIIV-I gene 
expression. Their presence reveals the "ch('rk~ ,llld h,ll.1nc('~" 
controlling HIV replication. Two major genes, (,II (for 
transactivator of expression) and rcv (for regulator of ('xpn'\sion), 
affect events that enhance virus replication, when.\.1~ the 11<'1 (lOl

negative factor) region down regulates virus replirat ion . In 
addition to ta t, rev and nef, there are three other known gt'nt'S 
encoded in the HIV-l genome that are Iess weIl characterii'C'u. The 
vif (for virion infectivity factor) region appear~ respol1\ihl(' for 
maturation of viral pro teins at the tinle the virus buu from the 
celI . The vpu gene (for virion protein) and the vpr gl'ne (for 
virion protein R) appear to f une t ion in the roIe of virion 
maturation and release (15). Sorne of these regulatory gene\ 

function through an interaction with cellular proteins that bmd to 
the long terminal repeat and thereby influence viral replication 
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1.5. Replication Cycle 

Replication in HIV is a complicated affair involving a large 
number of steps (see figure 3). The viral life cycle begins with a 
specifie interaction between the carboxyl terminal portion of 
gp 120 (16) present on the viral envelope and a specifie cell 
surface receptor known as CD4 (17). HIY is internalized byeither 
gp41 mediated fu~ion or receptor-mediated endocytosis (18). The 
viru~ is then propelled into the cytoplasm where it is uncoated. 
After Il N penetration, the virion-associated reverse transcriptase 
first produces hybrid RNA/DNA molecules and then converts 
these to double-~tranded linear DNA molecules which con tain two 
copies of the long terminal repeat. This linear RIV DNA (proviral 
DNA) is translocated into the nucleus where it is integrated into 
the host cellular DNA by the endonuclease activity of the viral 
integrase (14,19,20). Integrated as a provirus, RIV might remain 
latent for months or years , where very little RNA or protein is 
made and no infectious virions are produced (21). The provirus 
will duplicate together with the cell's own genes every time the 
ccIl divides. Thus, established infection is permanent. Following 
cellular activation and proliferation, the concerted actions of host 
cellular transcription factors and viral trans-activators lead to 
IllY replication and gene expression (22,23). Full length and 
singly spliced, long transcripts direct the synthesis of gag, pol 
and env polyprotein precursors which are assembled into viral 
particles together with two copies of single stranded genomic RIV 
RNA. The mature virion is then released from the cell surface 
where it can now infect other ceUs (14). 

1.6 Cellular Receptors 

When the AIDS virus was first recognized, its preferential 
replication in CD4+ helper T lymphocytes suggested that the CD4 
antigen was the receptor for virai infectivity. The definitive proof 
that the CD4 antigen was the receptor for RN was provided by 

10 



FIGURE 3. Replication cycle of HIV showing a). binding of the viral 
envelope glycoprotein, gp120, to CD4 receptors, b). uncoating of viral 
RNA, and the reverse transcription of viral RNA into viral DNA, c). 

integration of proviral DNA into cellular DNA, d). production of Viral 
mRNA and viral proteins, e). virus particle assembly and budding. 
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Maddon et al., (24) when they showcd th.lt CD4- Cl'Ils (~llch .1S 

Hela), which are ordin.lrily not t.u-gets for Il IV infl'ct ion. l'OU Id lx' 

rendered infertable by tr.ll1sfectiol1 of .1 cIol1ed Cn4 gl'IH' . l'Ill' 

most important region for HIY binding h.l~ h<"'l'l1 I1l.lPPl'd to .l 
portion of the first anlino-termin,ll \,dI-i.lhlc..' dom.lIn (\'1) 01 Ilw 
CD4 receptor (amino arid residuc~ 1 b-S4) US ,2b)' 

The CD4 moleculc ha~ been dl'mol1str.ltl'd 10 hl' IIll' m.lJor 
receptor for HIY-l, howevcr, ccrt,lin ~t udil'~ Il.l\' l' no\\' ~uggl'\ll'd 
that other celI surface molecules 111(1)' be import,lnt for vil'.ll ('ntl'Y. 
For example, expression of the hum,u1 (1)4 1I1 murille cl'll~ W.1~ Ilot 
sufficient to confer infec tivity, SUggl'~t i ng t h .. 1l .1 ~('r()nd 

component present in human relis but not in tnurinl' r<.'ll\ W.l~ 
required for post binding even ,.; in the infl'ct Ion !)r()cl'~\ (24). 

There has also been considerable investigatIOn ,1I1d dl~cu~~I()n on 
the role of antibody mediated enhanccd upt,lk(' of illY Il1to 
monocytes and macrophages dS an .1ddi t iOIl,\! llH't hod of 
attachment (27,28). Ip this model, alltlboJy-dep(,lldent 
enhancement, is 1l1ediated by low levch of immunoglobultl1 which 
augment the uptake of HIY through the '-c or compllllH'nt 
recepte ~. Nevertheless, even whcn antib()ojt'~ ~erYe ,1~ .tn 

attachm 1t system for HIY, the interaction wIth Cl>4 m,lY 1)(' 

required for viral production either al the init ial en t ry or at t Il<.' 
stage of virus spreading in the culture (29,30). 

1. 7 Cells Susceptible To Infection 

CD4+ lymphocytes are the main target of illY Infection and 
the decline in CD4+ cell concentration i\ the be\t prl'dICtIY(' factor 
for progression to AIDS. In addItion to T lymphocyle\ , the Cl>~l 
antigen or rnRNA for CD4 Cdn al\o be founli on (eth of Ihe 
monocyte/macrophage lineage, dno B ('('Il 11l1(,~. Infecllon of 
macrophages by HIV-l is thought to 1:)(' a Y('ry Important 
reservoir for the virus in AlOS patient\. In{ecteo macroph<lg('~ can 
travel throughout the body, even pa~t the blood-bram harn('r into 
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the brain, where it is thought that they could be involved in the 
neuropathological symptoms (31). In addition, infected 
macrophage~ in vitro do not appear to develop cytopathic effects, 
a~ do infected T ceIls. This suggests that the infected macrophage 
in vivo might persist, harboring the virus for long periods 
witl-}out being killed, allowing for a greater chance of virus spread. 
Other targel cells include several cell types from the 
hematopoietic, neurologie and gastrointestinal systems (32-34). 
These C(~l1s do not express detectable CD4 celI surface molecules. 
Of particular interest is the recent demonstration that CD8+ 
lymphocytes may also harbor HIV-1 (35). In conclusion, it is 
apparent that a wide range of ceIls types may be infected with 
HIV than was otherwise thought. 

2. HUMORAL AND CELLULAR IMMUNE RESPONSES 

It has been observed in HIV and other viral infections in 
humans and in non human species that humoral and cellular 
response~ can contribute to antiviral immunity. Putative 
protective mechanisms indude the following; antibodies that are 
neutralizing for virions or cytolytic for infected celIs, natural killer 
(NK) cclI lysis which can elicit a range of cytotoxic responses, 
cytoh.>xic T cells (CTL) that kill HW infeeted eells and activated T 
cells that secrete antiviral cytokines or lyse cells in a major 
histocompatibility complex (MHC)-unrestricted manner. These 
mechanisms may work independently, competitively, or in 
concert with each other. Listed below are sorne of their properties. 

2.1 Neutralizing Antibodies 

The presence of antibody to RIV has been a reliable marker 
for exposure and probable current infection. Seroconversion has 
occurred from eight days to 10 weeks after the onset of acute 
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illness (36-38). On very rare occasions, ccrt~tin individu~tls ma)' 
"serorevert" (lose detectable antibodies while still c.lrrying the 
virus). This makes diagnosis difficult and ilnpli(\s th,tt the .lb~enn\ 
of antibodies does not completely rule out a IIIV infection (Y»), 

Human immunodeficiency virus infection is seroIoglc.llly 
characterized by the development of antibodies a~.linst .l \'.uïety 
of viral proteins: namely gpI60, gp 120 and gp 41 «\ncoded by 

the env gene); p 53, p24, pIS. pIS (encoded hy gag gent') .. lnti 
p64, pSI (encoded by the pol gene). The core protdn p24 ha~ 
been further studied with more quantitative Inethods ~uch ~l~ 

enzyme-linked immunosorbent assay (EUSA). 

Antibodies can destroy infected l'cIls via sevl'ral 
mechanisms. First, antibodies in combination with cOInpleml'nt 
may react with virus infected celh, resulting in cither reductlon in 
virus production or destruction of ceUs. This activlty, tl'nned 
antibody-mediated complement dependent cytotoxicity (.I\CC) 

(40). Although ACe appears to be important for long-t('rnl 
protection from disease against murinc and feline n'tr()viruse~ 
(41,42), this activity is absent in HIV-infectcd human~ (43). 
Secondly, antibodies can aiso media te Iysis of infected cell~ by 
antibody dependent cellular cytotoxicity (ADCC), which is 
discussed later in this introduction. La~tly, antibodi<..·\ din'ct('d 
against the major envelope glycoprotcin are re\pon\ible for 
eliciting neutralization in most infectcd individual~ (44-4(») or 
immunized animais (47-50). These antibodic\ can neutrali/t' fn'l' 
virions or membrane bound parlic1e~ by altering or ma\king 
critical sites on the virion membrane and impeding viral enlry. 
Neutralizing antibodies do not, however, have a(,(,l'~~ to 
intracellular virus which appears to be an important factor in cell
to-cell transmission and pathogcne~i~ of IIIV infection. IIIY
neutralizing antibodies may devclop a\ lale a\ 1 year aft('r 
primary HIV infection (51) or within a few weck\ (SL). 
Observations were made in a laboratory worker accidenially 
infected with the human T lymphotropic virus (IITLV-IIIb) have 
indicated that isolate-specific neutralizing antihodie~ developed 
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within months after infection (53). Similar results were observed 
in chimpanzees experimentally infected with HIV-l (54). The 
principal neutralizing epitope has been determined and is located 
\vithin the third variable region (V3) of the envelope glycoprotein 
gp120 (amino acid 307-330) (55-61). gp41 also appears to be a 
target for neutralizing antibodies (62). 

The role of neutralizing antibodies in effective host immune 
~urveillance is not yet clear. Correlations of antibody titer with 
disease progression have been identified by sorne groups 
(44-46,63-68) yet not confirmed by others (69,70). In general, 
neutralizing titers of HIV-l and HIV-2 infected individuals are 
much lower than in other viral or retroviral infections. Antigenic 
variation might explain the apparently low level of neutralization 
of IITLV-IIIb by human sera. Evolution of antigenic variants 
which allow the virus to temporarily elude established host 
immune defenses is not particular to HW infection. A mutation 
can affect a neutralization site in two ways: either by abolishing 
ilS function in virus neutralization or by modifying its antigenic 
conformation. 

Infection with HIV-l not only induces a humoral immune 
response that protects the host but one that also facilitates 
infection or promotes the virus pathogenicity. The presence of 
neutralizing antibodies might play a role in selecting env variants 
that exist in populations of virus within infected individuals, 
resulting in the propagation of variants that are resistant to 
neutralizing antibodies (71-73). This can explain disease 
progression in the presence of neutralizing antibodies. 

Another phenomenon which could contribute to the 
pathogenesis of HIV is antibody enhancement of viral infectivity. 
It is a phenomenon that has been recorded for alphaviruses, 
poxviruses, banyaviruses, rhabdoviruses, coronoviruses, herpes 
virus and reoviruses. It has also been shown to occur in the serum 
or plasma of HIV infected individuals (27,28) and infected or 
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immunized animaIs (74), These cultibodies cou Id pOlenlially 
increase the spread of HIV in the infected individuals and 
contribute to pathogenicity by expanding the host r .. lnl-W. 
Although, enhancing antibodies are distinct fr~)nl the neutr,llillng 
antibodies that block virus infection, they are also directed 
toward the HIV-l envelope proteins. Antisera to sever,ll peptides 
from HIV-l gpl20/41 enhance HIV-l infection (7S). Ali ~l'r.i 

may have an enhancing ability but it can also be Ina~k('d by 
strong neutralizing activity. In essence, thes(' an t ibodie~ may 
contribute to the pathogenesis of the infection ,ind they ,ir(' .. 1 

concern in regard to the development of I1IV v .. lCrinl's be'C.lUM.' 
vaccination may induce such enhancing antihodies. 

In addition, the increase in inlrnunoglohulin product ion 
(hypergammaglobulinemia) in sorne individulas, may kad to an 
autoimmune syndrome. A widely accepled rnechanisnl for viral
induced autoimmunity is molecular rnimicry. Il is thought that 
damage could result from an immune response 10 ~imilar regions 
shared between virus and hurnan cellular prot(·in~. Specifie 
antigens have ben identified as targets. Hoffmann et al. (7b), 
believes that gp120/gp41 envelope giycoprotein mimirs a 
conserved domain of MHC class II and class 1. Ant i-gp 120 
antibodies can block the interaction of CD4 with c1a~~ Il Mlle:. In 
addition a potential contributing factor to the loss of <:D4-/ ('e}1\ is 
the presence of antilymphocyte autoantibodics found in th(' 
serum of HIV-infected individuals (77). 

Sequence homology has also been oh~erved bctw('en IllY 
p17 and the thymosine alphal protein (78). Thi~ protein is 

produced by the thymus ans stimulates the production 01 11.-2 
and interferon Y from T4 lymphocytes. Antibodie~ directed again~t 
thymosine-alphal may prevent the activation of T ('('lb. In 
addition, several HIY-seropositive pat ien t s have an t i hodje~ 
against IL-2. The presence of ~uch antibodie~ may be due to the 
homology between env protein gp41 and 11.-2 (79). Thi~ may 
explain the immunosuppression observed in individuah infccted 
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with Brv. Lastly, patients suffering from AIDS dementia complex 
werc found to produce antibodies to gp41. This protein cross 
reacts with a 43-kDa CNS protein (80). In conclusion, if the self 
cpitope has an important cellular function, an immune response 
generated to it would rpsult in dysfunction and disease. 

2.2 Natural Killer Cells 

NK cell~ are a subclass of large granular lymphocytes (LGL) 
that comprise about 10-15% of peripheral blood lymphocytes 
(PBL) and 1 to 3% of total mononuclear ceUs (81). These effector 
relIs can spontaneously lyse, on contact, é'. limited variety of 
target cells such as tumors and viraIly infected targets \ 82). The 
observed cytotoxicity does not show restriction related to the 
major histocompatibility complex (83,84). Single NK ceIls can 
participate in NK, lympocyte activated killer (LAK) and ADCC 
cytoloxic responses. Each response represents independent 
functions in which the recognitive structures and cytolytic 
mechanisms are distinct (84-86). NK ceIls bind without apparent 
specificity to target ceUs via iU-defined receptors. 

Functionally active NK ceUs are heterogeneous and display 
a variable serologie phenotype (81,87). G-reater than 90% of LGLs 
express the NKHI (Leu 19+) surface antigen. A significant 
proportion of total NK activity is mediated by NK ceUs which 
express CD16 (Leu 11+) and comph~ment receptor CD11b (Leu 
15+) surface antigens . Many NK ceUs (30-80%) aIso express HNKI 
(Leu 7+) , however, the majority of NK cytotoxic function has been 
attributed to HNKI- CDI6+ ceUs (88,89). They aIso contain ceU
surface reeeptors for the Fc portion of immunoglobulin IgG 1 and 
IgG3 (90). This latter quality aIlows them to bind antibody-coated 
target celIs and media te ADCC . 

NK activity can be greatly augmented by interferon (lFN) , 
interleukin-2 (lL-2) and a variety of other agents, leading tü 

18 



• 

• 

• 

faster kinetics of lysis, an ability to kilt a second or thifl1 linw 
(recycling), and a greatly expanded target range (82). 

Evidence suggests that NK l'eUs offer potential rt'sist,lnCl' to 
viral opportunistic infections mediated by Ep~tein-ltlIT virus 
(EBV), cytomegalovirus (CMV), herpes silnplcx virus (lISV) ,lnd 
HIV-1 associated disorders and other opportunistic infections 
(82,84,86,91). A number of studics have monitort'd NK functlOn in 
patients with HIV. The results have shawn that the NK function is 
frequently reduced in individuals al high risk (or AIDS relatl'li 
disorders (92,93). This impairment of in \'jtro funcliol1 h 
associated with defects in the ability of NK l'cils tn rl'àrr,lngl' t h('Ïr 
cytoplasmic organelles following fonnation of el fc('lor cell 
conjugates (94). This is associated with a concomitant l()s~ o( their 
ability to release substances that mediate Iysis. In .. lddition, ther(' 
also appears to be a lymphokine imbalanC(' in AIDS-related 
diseases which may contribute to this impairnlent but thdr 
partial restoration in vitro appears to be possible ()S,<)(»). Lltdy, 
evidence suggests that NK ceIls are also su~cep!ibll' 10 illY 
infection in vitro (97). Therefore, it appcars that NK ('elh in !\IDS 
patients are adversely affected in many diffcrcnt Wdy~. 

2.3 Lymphokine Activated Killer Cells 

Lymphokine activated killer (LAK) cells are the in vitro 
generated counterparts of NK ceUs. LAK cells and NK cells an' 
functionally and phenotypically distinct with different target ('('11 
reactivities. These ceUs l'an effectively mediate non-Mlle 

restricted lysis of both NK-sensitive and NK-re~Ï\tan t tJrget ~ 
without MHC restriction. They al~o di~play cytotoxic activity 
against a variety of autologous, allogenic, and xenogenIC t umor~. 
These cells lack markers typical of fresh NK relis ( Le., they have 
been reported to be OKMl-, OKTIO-, OKll-) and appear devoid o( 
cytolytic activity before culture. Il appcar~ that hoth the 
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progenitor~ and effectors of LAK function are contained within the 
tGL NK pool (98,99). 

Studic~ in animal models have demonstrated that cytotoxic 
LAK relIs can elicit both tumor resistance and regression (83,84). 

The role of LAK cell therapy in AIDS patients has yet to be 
as~c~~ed, and few st udies have documented in vitro LAK cell 
n.'~pon~e~ in seropo~itive individuals. One study demonstrated 
that the ahility 10 recover IAK l.,:l1s, following a 6 day exposure of 
PBU, to 11.-2, wa~ reduced by 20-25% in both HIV-l infeeted 
asymptomatic and AIDS population, relative to healthy controls. 
Al~o, the ovcrall ly~is of targets by LAK eelIs from seropositive 
~ubjert~ can rcach the same levels observed for controls but the 
relative Iytic efficiency of individual LAK eeUs is redueed in 
seropositive individuals (100,101). 

2.4 Antibody Dependent Cellular Cytotoxicity 

Antibody-dependent cellular eytotoxieity involves the 
tripartite interactions between eytophilic antibodies (Abs), Fe 
expressing effeetor eeIls (NK) and sensitized targets. ADCC evokes 
a non-Mlle cytolytlC response to HIV-l infeeted targets. Most 
ADce killing in normal blood is mediated by Fe reeeptor 
positive.l1on-T, non-B cells with CD16+ markers 

Two different but related forms of ADCC have been 
identified in infected patients. The first is termed direct ADCC or 
cell-mediated c)'lotoxicity (CMC). This assay measures the ability 
of cytolytic effeclor cells from HIV-seropositive individuals, 
bearing cytophilic antibodies to specifieally lyse HN-l infected 
targel~. The cylophilic antibodies present on these patient NK/K 
(killer) relIs ~lre solely those molecules that bind effeetors in situ 
and .Ire not derived from in vitro arming (87,102). Here, the 
cellular hasis of HIV specifie responses are monitored. A number 
of lahoratorics have monitored the ability of leukoeytes derived 

20 



• 

• 

• 

from HIV-l seropositive individuals ta Inount AnCe-specific 
responses ta HIV-expressing targets . Its .. lCti\'ity .. IS refll'cted in 
CMC assays has been found to declilw m .. lrkedly with dhl'.IM1 

progression (102.103). The nature of the Cl'llutlr dl'il'ct l~ llls~ 

clearly defined but sccnlS to bl' rcldted to .. 1 g(lnl'r.ll dt'.lCll\'.uion 
of NK/K ceUs that affects not only h:-medi .. ltl1d t\nec but .. lho 
spontaneous natural killer activity. 

The second form of ADCC is ternled indirect AnCe whlch i~ 
the classical serological form of ADce. Thi~ COI1\,('llllOI1 .. ll A1)CC 

approach monitors the ability of sera frOIn IIIV - l-~('r()p()~it i\,(l 
individuals to arm lymphocytes from lwalthy Il IV-M'rOll(lg .. llIVl' 
con troIs and thereby ni~diate lysis of 1I1V-infcctpd t .. lrg(lt~. llnlikl' 
direct ADCC, indirect ADCC de~crib('s only the ~('r()l()gic .. ll or 
humoral component of t!IV-directed re~p()n~l'S ( 104,1 OS). 

The selection of appropriate I1IV-l infl'Clt'd ta""g(lts 
represents the most critical aspect of the~e Ance d\Say\. Iligh 
background levels of NK cell-Inedi .. lled cytotoxiClty of m .. lny 
targets can mask their suseeptibility to ADCe n~~p()n\(·\. ReL11I, N K 
ceUs can simultaneously participate in !\nCC ,1nd N K n'~p()n\('\. 
Optimally, targets are selected for NK-rt~\i~tance dlld ADce 

sensitivity in arder 10 corrcctly determinp IIIV-dirl'cted ADCC. 
One of the methods used to charactenze virU~-\peClftc c('I1ular and 
humoral inunune responses such as ADCC i~ by U\l11g n'('oolhin,ml 
vaccinia virus expression systems which l'xpre~~ forl'ign vIrai 
gene products such as the HIV-l envelope protein. VacClnia vlru~ 
(W) vectors have becn in\trumental in ddine .. tt ing target 
antigens of virus-specifie CTL in IlIV (l()(» and ot 11er viru~ 

infections (107). Infection of ~ll~ceptlhle ccIh \uch a\ B
lymphoblastoid eelIs (BLeL) with the I1IV-] env ('xpr('\<,ing 
recombinants result in normal ~ynthc~i\, glyco\ylation, prOCC'\\tng 
and membrane transport of the env polypeptide, which can then 
be recognized by serum antibodie~ [rom patienl<, wllh IIIV (IOR). 
BLCL represent ideal targets ~Ince they are NK-re\htant and A1)Ce 

sensitive. 
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Rook et al., wa~ the first to describe in vitro ADCC activity 
again~t JfIV infected cells using sera from RIV antibody positive 
individual~ (109). A number of important conclusions have 
emcrged from these ~tudics regarding the circulation, the titers 
and the ~pecificity of ADCC Abs. ADCC-directing Abs are among 
the fir~t an tiviral immune responses to become detectable in sera 
l'rom high ri~k don ors before full seroconversion can be 
demonstrated in conventional enzyme-linked immuno-sorbent 
assays ( I~LISA) or radioimmunoprecipitation assays (104). In 
addi tion, ADCe Abs have been detected prior to the appearance of 
other functionally active antibodies, including those that 
neutralil:e , inhibit fusion and block gp120-CD4 interactions 
(83,104,110-112). The .ters of circulating ADCC Abs against 
1I1V-1 proteins are in general higher than the corresponding 
neutralizing Ab titers in the same sera (83,103,110,111). 
Titers of ADce Ab~ generally remain high throughout the 
course of disease . In most studies there does not appear to be a 
strong association between clinical status and ADCC levels 
(83,113,114). Other studies looking at smaller populations of 
patients have demonstrated that a slight decline in anti-HIV-1 
ADCC may occur with disease progression (109,115-117) 
suggesting a protective role for this type of non-MHC-restricted 
cytolysis in ~eropositive individuals (118). Examination of a large 
cohort of patient~ infected with HIV-1 has revealed that between 
40 and 80<Y<> have significant levels of Abs that direct broadly 
reactive anti-HIV-l ADCC (109,113,115,116,119-122). HIV-1 
ADCC Ab show broad reactivity against a variety of HIV-l strains, 
including IIIV-lIIIb, HIV-lIIIMN, and HIV-1IIIRF; however, 
there appears to be no detectable ADCC corresponding to HIV-2 
(104, 115). Thus, although sorne ADCC target epitopes have been 
shown to be conserved among HIV-1 isolates, cross reactive ADCC 
target epitopes between major HIV classes have yet to be 
iden tified. 

A numbc>r of studies have attemptf j to address the epitope 
specificity of antibodies that mediate anti-HIV-l ADCC . 
Cornparative analysis of the neutralizing and ADCC-mediating 

22 



• 

• 

• 

ability of patient sera in large groups of individuals r<.'\'c'.lled no 
correlation between these two reactivities sugg<..'sting th~lt 

epitopes serving as targets for ADce m~ly hl' dIS' Illct from 
neutralizing epitopes. ADCC Abs are directed prim~lrily If not 
exc1usively against the HIV-1 envelope dl'termin,lnt~ gp 120 LUlli 

gp41 (102,113,116,118-121,123). Recent studil'~ h.l\'(' rn,lpp<..'d 
the fine specificity of ADCC-spentic epit()pe~ on gp 1 ()O hy 

analyzing the ability of synthctic polypcptl<..ks to din'ct ADce 
reactions. At least one epitope has been m~lpped tn .1 rt'gl<Hl 
representing the carboxyl end (4Cl ammo al'kh) of gp 120 .md the 
proximal amino terminus of gp41 (124). Peptides correspollding 
to determinants within the (gp41) portion of the IIIV ellvdope 
glycoprotein may also be important . Although non-en V <..'lop<..' 
structural antigens of I-IIY-1 have been shown to s<..'rve .. IS t.lrg<..'l~ 

for CTL in humans , there is Hule direct evidenc<..' to ~llgg('~t t h~lt 
core proteins can also serve as ADCe targets. The rl' .. lson for lhi~ i~ 
that the gag antigens on the surface of BLcts may repre~ent I)lnall 
amphipathic peptides presented in the l'ontext of MIIC rllolecuk's 
which are recognized by T cell receplor~ and not by Ab~ ( ] 21). 

The potential role for ADce in the control of illY infecIion 
has received an increasing amount of attention, primarily h<..'cau~(' 
this is one antibody-directed effector mechani~m that ha~ proven 
ability to attack HIV-infected relIs (10<J,110,116,12S).In Vlew of 

the potentially protective role of ADCe, interleukll1-2 and olher 
NK/K cell modulators are currently und<..'r InV('~t igat 1011 lo 
determine whether the cellular dy\f unel ion in i nf ('cl (.'d 

individuals can be reversed or partially compen~.lted for hy in 
vivo activation (126). Similarly, the pa~\ive infu~ion of an li-II JY-
1 antibodies is being considered a~ a po~\ible lh('rapy lo correcl 
the defect occurring in individual~ with low tiler~ of !\DCC

directing antibodies. Therapies designed to augmenl ADCe ~hould 
proceed with caution. The phenomenon of ADCC:, however, could 
conceivably accelerate disease progres~i()n Via a proce\\ lermed 
noninfectious lympholysls (102,113). Thi~ proce\\ may be a 

contributing factor to lymphopenia seen with IfIV-l infection, 
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which occurs when free gp 120 binds to CD4 molecules on 
uninfected lymphocytes, rendering these coated cells susceptible 
to de~truction by mechanisrns of ADCC. Nevertheless, Abs that 
mediate ADCC may help remove from the circulation heterologous 
ceUs infected with a wide variety of viral isolates, providing to be 
a valuable adjunct to neutralizing antibodies. 

2.5 Cytotoxic T Lymphocyte 

The contribution of cell-mediated immunity to protection 
against virus infections appears to be sustained with respect to 
numerous viruses in both human and animal hosts, ranging from 
the relatively benign influenza viruses to oncogenic DNA viruses 
and retroviruses. It has been suggested that the occurrence of a 
measurable lymphocyte response can be a prognostic indication of 
the ability oi the immunocompetent patients to overcome viral 
disease. CTL has been demonstrated to be one of the early host 
defenses generated in response to a variety of viral infections 
(127). For example, in murine infections with influenza A virus, 
virus-specifie CfL are generated before the production of 
significant levels of antibody, and adoptive transfer of these ceUs 
to histocompatible mice challenged subsequently with influenza A 
virus, results in decreased viral titers and decreased mortality 
( 128). In humans, effective virus-specifie cytotoxic responses 
correlate with recovery from infection with both cytomegalovirus 
(CMV) ( 129) and influenza virus (130). 

It appeared logicaJ to search for the presence of HIV
specifie CTL in HIV-l sercpositive patients based on the results 
obtained in murine experimental models concerning CTL
nlediated protection against oncogenic retroviruses. Foremost 
al110ng these reasons is the demonstration that the majority of 
HIV infected adults remain asymptomatic for years after 
infection. Unlike NK ceUs, cytotoxic T ceUs are antigen-specific . 
CharacteristkaJly, they are CD8+ and are HLA-restricted in that 
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they can kill only infected ceUs with which they share at least one 
HLA class 1 antigen (131). 

Two parallel studies, published by Plata ( 132) .. lnd Walker 
(133) provided the first indications as to the reality of circulat ing 
HIV-specific CTL in seropositive patients. The vigorous CIl. 

activity seen in the early stages of infection declincd with discasl' 
progression suggesting that there was cl correlation belwcel1 the 
progression towards AIDS with the disappcarance of circul .. uing 
HN-specific CTL (134,135). Subsequent studies (134,13h,137), 
confirmed and extended these results. A striking fcat ure of CrI. 
ceUs is that they appear in many BIV Infectcd persol1s in sueh 
high frequencies that their activity can be measured directly in 
fresh peripheral blood mononuclear cells ( PBMC) (134,13R.139). 
This situation contrasts sharply with that observed for othcr 
human viruses, where specifie antigenic stiInulation must first he 
provided in vitro to ensure expansion of thc C'n. popul .. ltiol1 prior 
to detection. HW-specifie CTL has also bcen detected in the llings 
of seropositive patients (132,140) and in ('ercbro~pinal fluid of 

patients with neurological disorders ( 141). 

Initial reports demonstrated that CTL aet ivity in IIIV 
seropositive patients was mediated by CD8+ relIs that wcre Mlle 
restricted, recently, conflicting reports exi~t as lo the nat ure of 
the effector lymphocytes in peripheral blood-mediat ing envl')ope
specifie cytotoxicity. Koenig et al., (138) reported that hoth 111.1\
lnatched and mismatched target eeUs eOlild he ly~ed by CDS + cell~. 

Sethi et al., (141) using stimulated CSF T celIs, oblained gp120 
specifie CTL clones that were both CD8+ I1LA c1a~~ 1 f( .. ~trict(>d and 
CD4+ -HLA class II restricted. In a study by Riviere et al., (142) 
using fresh blood from seropositive subjects, they oh\('rved that 
lysis of target cells expre~sing recombinant IIIV-1 env('lope 
glycoprotein was not MHC-restricted, leading lhem to condude 
that the lytic activity was not mediated by T Iymphocyte\ at ail. 
The cell phenotype mediating lysi~ wa\ t hought to h(' N K cell~ 
which were "armed" in vivo with envelope-~pecific antlhodic~. 
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Non T cell-mediated cellular cytotoxicity has also been reported 
by Weinhold and eolleagues (102,143). Lastly, Mc Chesney et al., 
(144) has recently demonstrated that both T-eell-mediated HLA 
restricted respon~es, as weIl as non T-eell-mediated cellular 
eytotoxicityare detectable with PBMC from seropositive patients. 

Multiple HIV-l proteins have been identified as target 
antigens. The first published studies regarding epitopes 
recognized by HIV-1 reactive CTL were performed in mice. 
Takaha~hi (145) found that H2d mice generated HLA class 1 
restricted CTL whieh respond predominantly to a single 
immunodominant site represented by a 15aa synthe tic peptide 
(aa308-322) from a highly variable segment of the env proteine 
A different envelope epitope was reported, contained within a 
12 aa pep tide (aa3 81-392) from the C terminal portion of gp 12 0 
I1IV-l (135). Recognition of this epitope is highly eonserved 
among sequenced isolates. In addition Clerici et al., (146) 
identified 4 new epitopes: two of gp120 (428-443 and 112-124) 
and two from gp160 (834-848 and 325-329). The CTL activity 
was mediated by T celIs, predominantly MHC class 1 restricted 
and HLA-A2 was identified as a restricting element for ail four 
peptides. 

ln addition to env-specifie CTL, HIV-l gag - and RT
specifie CTL have also been deteeted in fresh peripheral blood 
from infected individuals (137,147). Again, this response has been 
found to be mediated by class 1 restricted CTLs which are of the 
C03+ CD8 + phenotype, the predominant phenotype that mediates 
CTL aetivity in most other viral systems (148). With respect to gag 
epitopes, several CTL epitopes were defined. In one case (149) an 
llLA B2 ï restricted CTL epitope was found in the peptide 
composed of a,l 265-280 of the HIV-l p24 proteine Studies by 
Claverie et aL, (150) revealed (\.\/0 epitopes within the pIS protein 
(aa418-413 and 446-460) and two within the p24 protein 
(aaI93-203: 219-233). AlI were HLA-A2 restricted. Recently, a 
unique epitope on the gag protein located at amino acid 145-150 
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has been mapped using CD8+ CTL clones. The L'pitop(\ is on 4\ 
highly conserved region and it overl.lps with .1 lll • .ljor B-c(>ll 
epitope of gag. This has not been pr(>\'iously Hj(\l1tlfied 41S .\ 
restricting element for hunlan CTL respol1sL'S ( 1 SI). 

In the case of RT, a total of five dilfel-ent ('pitopes wen' 
identified by Walker (14ï). The results indic .. lted th.lt multiple 
epitopes of a given viral gene product wen' recogni/l'd in 
conjunction with different host IlIA clL1S~ 1 .. ll1tigL'l1s .. lnd th.lt .1 
single HLA antigen eould serve as the restncting l'll'll1ent for more 
than one of these epitopes. In addition, Il.1SI11.111ll et .. IL, ( 1 S 2) 
identified an IIIV-l RT epitopc distinct l'rom Walker. The l'pit ope 
203-219 is in a region highly conscrved in l'volution .1mong RT 
genes of other viruses. RegulLnory protelns .ll~o serve .l~ Cil. 

targets in infected people including \'if Llnd 11('[( 142,1 ,)3,IS4). In 
the case of the nef protein , a highly .. \ntigenlc peptid(1 
corresponding to the central rcgion of the 11('/ .141 ~l'qu('nr(' 

(aa113-128) was observed . I\n imnlune re~pon~e dlf(>Ct<.'d .1g .. lin~t 
early expressed regulatory vir,ll pr()tein~ ~uch Ll~ nef: m.ly .. lllow 
elimination of infected cells before rekLl~e oJ new vir.ll p.lrt icle\ 
would even occur. The 11ef-specifie CTL h.1VP lX'en dl'l11()n~t rated 
to be CD8+ and HLA class 1 restricted. 

ln addition to the HIY-I specifie cytolytir activity ;_~llrihut('d 
to CD8+ ceUs, these eells from HIY-seropositive donor~ have aho 
been shown to inhibit IllY replicatlOn in vitro (1 SS, 1 S(l). In one 
study, bulk CD8+ eeIls appearcd to inhibit viral replic.uion in an 
MHC-unrestricted manner, sugge~ting t hLlt more than one CI)R t 
subpopula tion may part iripa te 111 the regula t Ion of IllY 
replication. This inhibitIon may occur by productIOn of antiviral 
lymphokines whose structure is ~tlll unknown. The amoun t of 
cytokine produced varie~ among HIY-infecteo Indivlduals with 
the highest amount~ pre~ent during the carly ~tag('~ of mfection. 

Based on this fart and the ana}ogy wi th animal model 
systems ot virus infection, il is reasonable to po~t ulate that IfIV-1 

, -. 
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5pecific CTL serve a protective role as a host defense . 
Identification of the target antigens recognized by these CTL are 
central to the design of vaccine strategies, and may provide 
in~ight in the immunopathogenesis of HN-1 infection 

2.6 Endogenous Cytokines 

HIV has been shown to have remarkably intercalated itself 
into the normal immunoregulatory network of the human 
immune system. It uses for its self-propagation the very cellular 
and molecular mechanisms that the immune system uses for its 
homostatic regulation. Of particular interest is that HIV can 
utilize an elaborate network of cell-derived soluble factors or 
cytokines for its own replication advantage (157). 

For instance, tumor necrosis factor-a induces HIV expression 
in chronicaIly infected T-celllines, by transcriptional mechanisms 
involving activation of NF-kb which is a pleotropic mediator of 
inducible and tissue-specifie gene control (158,159). In 
accordance, plasma levels of tumor necrosis factor-alpha have 
been shown to be elevated in HIV-infected persons (160). 
Granulocyte/Monocyte-Colony Stimulation Factor and Interleukin 
( IL)-6 either alone or in combination aIso indu ce HIV expression 
by post-transcription mechanisms (161). Furthermore, increased 
levels of Interleukin-6 have been reported both in the serum and 
the cerebrOspinal fluid of HIV-infected persons (162,163). 

White certain factors enhance infection, certain cytokines 
can actually down regulate the expression of HIV, and this, has 
potentially important therapeutic implications. One cytokine, 
interferon a, has already been shawn in clinical trials to be an 
effective antiviral agent (164,165) by either decreasing virus 
expression in vi tro or by blocking the budding of HIV from 
chronically infected celllines (166) . 
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3. ANTIVIRAL THERAPY 

3.1 HIV Attachment and Entry 

The first stage at which anti-HIV agents migh t intervene is 
during the binding of the viral envelope with CD4 receptors. Since 
all RIV isolates are tropic for CD4+ C(~lls, peptides derived from 
recombinant CD4 cou Id be used to block viral infectivity ,lnd IIIV 

induced cel! fusion. This has been demonstrated in \'ÏtfO using 
celI free virions (167). The results of early clinicat inve~tigation~ 
using soluble CD4 and truncated portions of CD4 have not h('<.'n 
successful because of it's short half-life . In order to correct this 
problem, hybrid proteins between recombinant soluble rsCD4 and 
immunoglobulin Fc domains (immunoadhesins) w('n~ developed 
that had a prolonged serum half-life. Clinical improvemeIlt has 
not been associated with this treatment (168). Some of the 
limitations to soluble CD4 is that CD4 cannot prevent infect('d cclls 
from generating viral progeny or eliminating such cells from th(' 
body. Secondly, it is also unlikely that rsCD4 preparations will he 
sufficient, as single agents, for virus control bascd on the st udies 
that certain cells may become infected through other mechanisms. 
Lastly, theoretical concerns about the ability of rsCD4 to interfere 
with normal immune functions, to cross the blood-brain harrier or 
to induce an antibody response have been raised. 

3.2 Reverse Transcriptase 

The target that has received perhaps more attention than 
any other, is the next stage of viral rcplication which i~ the 
synthesis of viral DNA by the enzyme rl'vene t ran~cri pt ase. 
Dideoxynucleoside analogués are molecules that clo\ely re~emhle 
the nucleotides thGit serve as building block~ in DNA and RNA. ft 
inhibits RT and causes premature chain termination. One ~uch 
compound is AZT. It was originally formulated as an antÏcancer 
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drug (169), but now is the first effective anti-AIDS agent. A 
number of ~tudies have shown that patients treated with AZT live 
longer than con troIs (170). Beneficial effects include a transient 
increase in C04+ ecUs, and a significant reduction in p24 
antigenemia (171). Considerable AZT toxicity is also associated 
with such trcalment (172). Other dideoxynucleosides that are 
active against HIV also appear to work by this mechanism. They 
include dideoxyinosine (ddl) and dideoxycytidine (ddC". 
Prcliminary studies have ~hown similar results with less severe 
hematopoielic suppression (173). 

3.3 Synthe sis of Viral RNA and Pro teins 

The next target for therapy presents itself sorne time later 
in the cycle of HN, when the cell begins to produce new proteins. 
Ribavirin, is drug currently used to treat respiratory syncytial 
virus-induced illness in children (174). Tris drug was first shown 
to have in vitro activity against HIV in 1984 (1 75), and clinical 
trials were initiated in 1985 in various infected subgroups. 
Ribavirin is thought to prevent the guanylation of newly made 
viral rnRNA, and hence interfere with viral protein synthesis. 
Clinical trials have demonstrated that no clinical or laboratory 
benefits were detected (176) Ribavirin also appears to antagonize 
the activity of AZT in vitro (177). 

Another approach to HN-1 therapy is the use of synthetic 
oligonucleotides. The idea is to create short nucleotide sequences, 
that are conlplementary to a part of the viral mRNA. These 
antisense constructs probably function by obstructing the celI's 
ribosomes from moving along the RNA and thereby halting 
tran~lation of RNA into viral protein (178). One disadvantage with 
oligonuc1eotides is that rnany of thern can be degraded by 
enzymes in host celIs. 

Other strategies consist of inhibiting the activity of HN
encoded proteases (179), which are essential for core protein 
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processing and viral infectivity, and inhibiting retroviral 
integrases which are necessary for integratioll of proviral DNA 
into cellular DNA. Another approach is to interfere with the 
addition of sugar residues to viral proteins(i.c. gp120) (180). If 
glycosylation does not occur, the proteins IllLly 11e unable to 
function biologically. 

3.4 Later Events in HIV Replication 

Finally, the assernbly and release of virus at the plaslllcl 
membrane represents another stage at which effect ive 
intervention strategies rnay be useful. For instance, the hudding 
may be stopped by interferon (lFN) an antiviral sl1b~tance th .. lt is 
produced naturally in ceUs. Interferon alpha has shown to inhibit 
RIV replication in vitro (181) and render previol1~ly uninlectl'd 
ceUs less susceptible to HIV. Clinical trials using interfl'ron h..lv(' 
shown to be beneficial in patients in ear!ier stages of infection. ft 

also helps to suppress Kaposi's sarcoma . IFN might b(>l1efit 
certain AIDS patients by acting as both an antiretroviral and 
antitumor agent. 

3.5 Combination Therapy 

Combination antiviral chemotherapy rnay bc required for 
prolonged control of HIV-l infection because of the short-liv('d 
clinical benefits of AZT and the ernergencc of AZT r('~i~tanr(' 

during chronic treatment (182). Many anti-I1IV drug 
cornbinations have shown promi5e in vitro (] 83,184), that i~ 

synergistic virus inhibitory activity without enhanccd toxicity. 
Sorne of these are now in clinical trials . 
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MATERIALS AND METHODS 

1. Patient population: zidovudine study. S0r,l WdS obtained 
from a Canadian Multicentre AZT study of pdtients (n~-d4) with 
HIV -1 associated discase. Subjects rec<?iv('d ()OOmg/ d of AZT for 
18 weeks, 900nlg/d for the subsequent () Wl'(lks ... uld 1200mg li 
for a further nine-week pcriod. f\fter 3() weeks on th(lr.\py. 
subjects did not receive AZT for a six-weck w.l~h()llt pl'rioli 
designed to establish the reversibility of the hem,lto]oglC.tl et feet ~ 
of the drug. AZT was then reinitiated at .1 m.lxinllll11 d()~l' of 

1200mg/d for the following 42 weeks. This tri .. tl was pl.mIH_'d .li .. 1 

time wh en the first results of AZT therapy whl'rc bccol1ling 
known from the American Trial, which h .. ld indicdtcd tlut in ARC 
and AIDS patients, zidovudine compared 10 placebo rl'sulted 111 

fewer deaths. It was considered uHacceptable by the comp.ll1y to 
undertake a placebo~controlled trial. Thercfore no placl'bo group 
is evaluated in this study, however, we werc able 10 obtain ~I 'r .. \ 
from four HIV-1 patients that did Hot rcceive AZT for the ~dm(' 
time frame. 

2. Patient population: ribavirin study. Serum sample~ were 
obtained from a double-blind, placebo-controlled randOJl1i/ed 
Canadian multicentre trial with ribavirin. Patients received 1 S-) () 

mg/kg/d of ribavirin. Samples were obtained l'very 2 to 4 we('k~ 
for a period of 24 weeks. The patient~ werc all antlbody po<,itive . 

3. Recombinant vaCClllla viruses: The VlrU\e\ u~ed for 
infecting target ceUs include the following: i). the negatlve control 
vSC-8 (NIH) which expresses the I:'scherichia coli lac Z gen<' 
product and ii). the vPE-16 (NIlO which expn'\~e~ the ent ire 
env gene of HIV-1 (isolate HTLVIIIb, clone BIIS). It i~ reguldted 
by the vaccinia virus p7.5 promoter. The env ~ene ha<, been 
modified to eliminate cryptic vaccinia viru~ early tran~('riptional 
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stop ~igna]\ without altering coding sequences. It expresses gp160 
which i~ glycosylated , processed into gp120 and gp41, and then 
in~ertcd into the plasma membrane. 

4. Target ceUs: B-lymphoblastoid ceIl lines (BLCLs) from HIV
~('roncgativc patients were obtained by infecting peripheral blood 
mononucIear ccIl~ (PBMC) with the Epstein-Barr virus (EEV). Log 
pha~e lymphobldst~ (3 xl 06) were mock-infected and infected 
with vaccinia virus recombinants at a multiplirity of infection 
(moi) of 5, dnd incubated al 37·C for 1.5 hrs. The cells were then 
washed and re~uspcnded at a final concentration ofl06 cells/ml 
in RPMI 1 ()40 (G IBCO, Lab. Grand Island N.Y.) containing 20% fetal 
calf serum (lCN, Flow), 2mM glutamine, 200 units/ml penicillin, 
and 200ug/ml streptomycin and 100mM Hepes for 14 hrs at 37°C. 
Fourteen hours later, the cells were washed and incubated with 
100uCi of Na2( 51Cr04) (ICN) at 37"C for 60 min. After incubation, 
the cells werc washed three times in RPMI 1640 at 4° C and 
suspcndcd after viability determination by trypan blue exclusion, 
lo an appropriate concentration in RPMlcomplete. An NK sensitive 
cclI line K-562 (tumor ceIl line originally derived from a patient 
with chronic myeloid leukemia in blast crisis) was labeled with 
CrS 1 and run in parallel as~ays. 

5. Sera: Plasma from heparinized venous blood was obtained 
from IIIV-l seropositive patients before AZT, ribavirin, and 
placeho treatment and at various time intervals thereafter. AlI 
serum salnplcs were heat inactivated for 30 min. at 56

0 

C and 
slored al -70·c' 

6. Effector ceUs: PBMCs from a healthy HIV-seronegative 
donor werc isolaled from freshly drawn heparinized venous blood 
by centrifugation on Ficoll-Hypaque (Pharmacia, Uppsula, 
Sweùen). They were then washed once and resuspended in 
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RPMlcomplete. PBMCs were obtained repe,ltedly frOIn t he s~unt' 
donor for each of the assays. 

7. ADCC S1er release assay: SOut of t"lrget c<.'ll su~p('nsi()n 
containing 104 target cells wcre disp(\rSL\d in qb wL'l1 round 
bottom microdilution plates cont"lining SOul ot ~L'nllll 

appropriately diluted in RPMIc (10- 1,10-2 , 10-4 , l()-~). Alter 30 
min. at 37 C, lOOul of effector cell su~pension cont.üning 2~ lOS 
ceUs were added to the test wells (effeclor ln tdrgL't {'dl L.IlIO 

20:1). Control wells with RPMIc in place of l'flector cdh, M'rum, 

or both were included in all dssays. Maxin1<.11 r('k,lM.' W,l~ obt.lilwd 
from targets incubated with 1% Triton X ,1no ~p()nt"UH.'()ll~ rek'dSl\ 
was obtained from targets inCllbateo in medium ,1IoIlC. The t('~t 

plates were incubated for 4 hrs dt 37 C in a humtdllïet! S(]tÙ COl 
environment. The supernatant Wd~ harv('~led aftel" --1- hn, l1~ing ,1 

Skatron harvesting frame (7072 ses Skatron:OSI). The amount of 
radioactivity was counted in a LKB gamn1a counter. Ali tl'~l~ wen' 
performed in triplicate. Percent cytoly~Ï\ wa~ (',dcul .. l tet! by llw 
foUowing formula: 100 x [( test ('pm - \ponl,lI1eou\ cpn1) / 
(maximal cpm - spontaneous cpm) 1. The pere< nt A()Ce W<l~ 

deteïrnÎned with the following formul .. l: 9'{) ADce == «)t6 dnlihody
dependent lysis of vPE-16 lnfected BI.CL~ - (M) Llllilhody
independent lysis of vPE-16 infected BI.CL~) - ( % ..ln t 1 hody
dependent lysis of vSC-8 infected BLCL~ - % antthody
independent lysis of vSC-8 infectcd BLCL~). Sp()lll"ln('()U~ c:; 1 Cr 
release values from uninfected or vacciniél viru\-Jnf('cted celh 
varied from 10 ta 35% of totallncorporated label lor a 4 hr a~\ .. ly. 
Experiments in which the mean spontaneou~ relea~(> l'xn.'eded 
35% were discarded. 

8. Expression analysis: Vaccinia-virus infection of BI.CL~ were 
assessed by FACS analysis using a polyclonal rahbit anti-vacCÏnia 
virus (Lee * Biomolecular) and FITC conjugale HahJL goal anli
rabbit IgG (Cappel, Oragon, Teknika Corporation). In addition, 
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~urface exprc\sion of BIY envelope glycoprotein was assessed by 
the ability of vaccinia virus-veetor infected eells to form syncytia 
with MT-4 ccll~ in a 24 hr co-incubation (ratio 1:3 ). Only celIs 
cxpre\~ing the cnvelüpe protein induee such effects. 

9. Microneutralization ass.ay: Leveis of neutralizing anti-HIV-
1 an t i bodic~ werc determined via a microneutralization test 
(MNT). Serum sample~ wcre heat inaetivated and two foid serially 
diluted when mlxed with equal volume of HTLYIIIb virus stock 
(100-200 TCI1)50) in 9G-well, flat-bottomed microtiter plates. The 
test wa~ perfOfJ11ed in duplicate. Virus-serum mixtures were then 
incubated for 1 hr at 4 C and seeded with lx104 MT-4 ceIls 
(IOOul) per weil. Titers were expressed as the reeiprocal of the 
highesl dilution found to inhibit BIV infection. 

10. Statistical analysis: Results have been statistically 
analY7cd for the various time intervals. The t-test for paired data 
was used tü test the significance between a series of two 
measuremcnts on the same individuals . 
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RESULTS 

Expression analysis of yaccinia virus recombinan ts 

We developed a B lymphoblastoid cellline (BLCL) by infecting 
peripheral blood mononuclear celIs (PBMCs) with Epstein-Barr virus 
(EBV), as previously described. The production and processing of 
I1IV protein~ in BLCLs infected with recolnbinant vaccinia virus 
veetors was assessed by FACS analysis and syncytium formation. 

The envelope glycoprotein of HIV, as expressed in recombinant 
vaecinia virus vectors is known to be processed and glycosylated 
normally and the end products become situated in the outer cell 
membrane in a manner which al!ows for spontaneous syncytia 
formation in the presence of CD4 bearing cells. Figure 4 
demonstrates the ability of each target cell to form syncytia with 
MT-4 eeUs ( celIs expressing the CD4 celI surface receptor) during a 
24 hour cocultivation. Only celIs infected with vPE-16 were capable 
of inducing cytopathic effects such as balIooning or giant cell 
formation (figure 4d). No cytopathic effects were observed with celIs 
which were either mock-infected or infected with the vaccinia 
control vSC-8 ( figure 4b and 4c). 

The percentage of ceUs infected with vaccinia were determined 
by FACS analysis (Figure S). Figure Sa, represents the celI surface 
expression of vaccinia virus antigens on mock infected BLCLs 
(control). Only 1.8 % of celIs fluoresced which represents non
speciflc binding. Figure Sb and Sc represents the percentage of celIs 
expressing vaccinia antigens from vSC-8 and vPE-16 infected 
targels. Greater than 90% of these target cells were positive at a 
nlultiplicity of infection (moi) of S. Infectivity was comparable over 
a wide range of moi's except that at higher moi's, spontaneous 
release values rose because of increasing vaccinia virus induced 
lysis of targets . 
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FIGURE 4. Expression analysis of vaccinia virus using a syncytilun 
formation assay. Figure 4a represents MT-4 celIs, b) nl0ck infcctcd 
BLCLs co-cultured with MT-4, c) vSC-8 infected BLeLs co-cultLred 
with MT-4 and d) vPE-16 infected BLeLs co-cultured with MT-4 for 
24 hours. 
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FIGURE S. Expression analysis of vaccinia virus ant ig(ll1S using a 
fluorescent activated ceU sorter (FACS) . Fluorescence W,l~ 

demonstrated using anti-vaccinia virus and FITe-goal ant i-rabbll 
IgG F(ab)2. The figure represents a) fluorescence> of mock Infect(ltJ 
BLCLs b) fluorescence of vSC-8 infected BLeLs and c) f1uof(lscel1ce 
of vPE-16 infected BLCLs at a moi of S. 
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Cytopathic effects of yaccinia virus 

One of the drawbacks of this systenl is the lytic acti\'ity of 
vaccinia virus itself. Most targets have to he used within 24 hours of 
infection before overt cytopathology is obs('rvl'd. Figure h 
demonstrates celI viability post infection. Vi.lhilHy (kCre~lM.'~ 

markedly after 20-24 hours post infection. 

Preferentiallysis of HIV-l envelope infected tar&et cells 

Sera from 36 HIV-seropositive donors werc tl'sled over a rang(' 
of dilutions for their ability to mediate dircct lysis of inh'ct(\d 
targets. Since HIV-l infected patients may be infect(ld wlth l:BV Of 

previously vaccinated with vaccinia virus, il is p()s~ihle Ihat Ihey 
possess antibodies to EBY, vaccinia virus or both. Wh('lh('r MlCh 
antibodies obscure the serum HIV-specific ADce aClivily Wd\ 

determined. Results from a representative experimenl an' ~h()wn in 
figure 7. In our screening, we found that illY -sçecif ic ADce W~,~ 
always present at higher titers than ADce aClivily againsl 
uninfected or vaccinia virus-infected BLet largel~. Mo~t of 111(' 

seropo~itive patients tested, had an envelope specif ie cyloloxic 
response that was 5 to 20 times that observed for vaccinia viru~ 
vSC-8 infected ceUs. This allowed a clear delineation hetween Ih('~(' 
two activities. In only a few circumstancc~ were the antihody tit(ln 
to vaccinia per se elevated. Background cytOloxic f('~p()n~('~ 10 1 he 
EBV target ceUs were low in aIl serum samples l(l~led. Il Î\ known 
that EBV-transformed BLeLs are latently inreetL'd wilh I:BV and do 
not have surface expression of membrane antig(ln~ n'\p<H1\lhk' for 
EBV specifie ADCC (185). Direct NK activi ty, ly~i~ in the ah\enC(' of 
sera, was minimal against any of the targel~. Thi~ al t('\1 ~ 1 heir 
resistance to NK lysis. In addition, the graph abo demon\trat('\ thal 
the optimum serum dilution is 1/100. Lysis of IIIV-] infertcd relh 
could also be demonstrated at dilution'~ exceeding 11] 000 000 . 
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FIGURE 6. Viability (%) of vaccinia infected BLeLs post infection 
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FIGURE 7. env-specifie antibody-dependent cellular cytotoxicity 
(ADCe) patterns of lysis for two representative serum samples fronl 
HIV-1 seropositive patients assayed at various serum dilutions. The 
larget lo cHector ccli ratio is 20: 1. The targets are indicated in the 
legend. ((] moek infeeted BLCLs, (] vaccinia virus control, (] env 
infected BLeLs) 
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LODiitudinal follow-up of HIV -specifie ADCC in patients 
receiying AZT, ribavirin or placebo treatment 

Having demon~trated appropriate I1IV protein expression in 
vaecinia virus-vector mfected BILL and IIIV-1 specifie ADCC lysis, 
we then proceeded to assay serum samples collected just before 
initiating AZT trealment an regularly thereafter for their ability to 
mediate IIIV-l specifie ADCC in this longitudinal study. Each serum 
~ample wa~ tested on l'NO separate occasions ulilizing the same set 
of normal l'Hector eelIs and targets in order to minimize variability. 
In e~~ence, the nlajor test variable was the test serunl. Figure 8 
repre~ent~ a summdry of the effects of AZT (A) and lack of 
treatnH~nt (B) on the levels of ADCC activity. The percent ADCC 
tabulated for each serum sam pIe represents the mean value of two 
a~says. A signifieant differenee in the levels of ADCC activity was 
ob~erved ln patients prior and after initiating AZT therapy. A 
decreaM' in the levels of AOCC activity (p<.OS) was observed in most 
patk'nt~ and thi~ decrease occured as early as 18 weeks of therapy 
(sec figur(l <) and 10). In addition this deerease was dose-dependent. 
When eomparisons among a11 patients were made, this decrease 
became more l'vident at 36 weeks of therapy. Patients receiving 
placebo or ribavirin treatment demonstrated constant or increasing 
lev('ls of HIV-l specifie ADce throughout the study trial (see figure 
1 1). In essence, no definite pattern or fluctuations in the levels of 
ADce werc ohserved in the ribavirin study . 

When AZT therapy was interrupted for a 6 week washout 
period (\ee figure 8), the level of HIV-1 specifie ADCC, represented 
by the gCOIllctric mean, remained constant in the patients tested. 
lIowev('r, If wc look at each patient individually (see figure 9), w€' 
find thdt some patients demonstrated an increase in the ADCC 
activity during the washout period and even after AZT was 
reinlll .. lIcd. Thosl~ thal dld show an increase, did not increase to 
lC'vcls compar.lblc to the values obtained prior to the start of 
ther .. lpy. The rib..lvÎrin study did not include a washout period and 
comp.lrisons could not be nlade between both studies. 
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FIGURE 8. Longitudinal follow-up of HIV-1 specifie ADCe in 
patients treated with AZT (A) and patients not lrl'all'd (B) for a 
period of 84 weeks . Each data point represents the mc~U1 valul' 01 

two assays expressed as % ADCC. The geometrk 111ean is indic,lll'd by 
the horizontalline. 
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FIGURE 9. An individual profile of the HW-specifie ADCC activity 
from patients randomized to AZT . The number in each grc.lph 
represents one patient in which the env -specifie ADCC activity was 
evaluated at each of the time intervals. 
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FIGURE 10. Monitoring relative HIV-specific ADCC lysis 1'fOln 
patients treated with AZT. (n=6) 
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FIGURE 11. Longitudinal follow-up of HIV-I specifie ADCe in 

patients randomized to ribavirin (A) or placebo (B) trcatnll'tlt for <.l 

period of 24 weeks. Each data point represents the mean value of 

two assays expressed as % ADCC. The geometric ITIean is indicLHeu by 
the horizontalline. 
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Neutralizin& antibodies 

Neutralizing antibody lHers were evaluLll<.'d for t'.lch of llll' 
study trials (see table 1). No stalistical v.lriation WLlS obS<"\l\'l'd in tlll' 
geometric mean for each individual rdndomi/l'd ln rib.l\'lrin or 
placebo. Only in patients receiving AZT JId 'Nt' Li obsl'n'l' LI sllghl 
increase in the titers (p<.OS). Howc\'er, this inrrCLlSl' WLiS ~h()rt li\'cd. 
In general, neutralizing antibody titers Wl're con~idl'I·.lhly low('r 
than HIV-l specifie ADce antibody titers. The neulf,lliling LlIltihody 
titers ranged from 16 to 512. 

ImmunoloKic data 

CD4 ceU counts were also evaluated pre and post t herapy . No 

statistical difference was observcd in the levels of CD4 cell~ l'rom 
patients randomized to AZT (sec table 2). Data could not he obt .. lilwd 
from patients not treated with AZT becausc blond ~ampll'~ weI'{' nol 
available. A progressive reduction in the numb('r of CD4 + rdl\ f rom 
baseline was reported in patient~ receiving ribavlnn (~l'(' IL1hl(' 1). 

The reduction in CD4 celIs from bd~elinc occurrl'd by w('ek 4 ,1I1d 
continued throughou t the rest of the ~t udy. The red UCIIOI1 Wd.., 

significant at cach week (p<.OS). The mpdIaIl changl' of CD4 ('('11\ 
from baseline at week 4 is -<)8, at wcpk 8 i~ -} <) l, <lt w('('k 1 () i~ 

-187 and at week 24 is -212. Patient~ in the pl~c('ho gnnlp <Jid llol 
display any significant difference~ in CD4 ('ount \ nl<'a~ur('d during 
the same time intervals as the ribavirin trealed pat Î('nt \. 

Virolo2ic data 

Viral isolation provides information a bou t t }1(' prc\('n('(' ()I IIIV-

1 in PBMCs, regardless whether ~uch ('elh are latcntly infl'cted or 
actively engaged in the production of progeny VI ru \. !{('v('r\(' 
transcriptase assays were perforrned on cocul t url'd pal i('11 t and 
phytohemmagglutinin-stim ulated target co rd hlood PBMC a t t hl' 
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Table 1 . Neutralizing antibody titers expressed as the 
reciprocal serum dilution required to inhibit HIV-l 
cytopathie effeets from patients randomized to AZT, 
ribavirin or placebo. (n=number of samples) 

Patient Week 
Geometrie mean of the 

n neutralizing antibody titer + s.e. m 

Z 
1 4 0 70.7 + 9.5 D 
0 

] 1 18 107.3 + 8.9 
10 36 

U 108.1 ± 13.0 
10 42 80.0 + 8.9 D 1 1 84 98.5 ± 14.3 1 

N 
E 

R 
1 9 0 70.6 ± 17.2 

B 6 2 40.3 ± 3.9 

A 8 4 45.2 ± 9.6 

V 5 6 32.0 + 7.7 

1 9 8 90.5 ± 11.3 

R 9 16 40.3 + 10.4 

1 10 24 33.6 ± 11.2 

N 

p 9 0 69.7 + 9.1 
L 4 2 45.3 ± 11.2 
A 8 4 64.0 ± 6.7 
C 5 6 32.0 ± 8.4 
E 9 8 34.6 ± 12.6 
B 9 16 40.3 ± 2.8 
0 10 24 42.2 ± 5.1 
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. _o. - .... _ .. __ ... ____________ _ 

Table 2. CD4 cell counts (cells/mm3) from patients 
randomized to AZT 

Week of AZT Treatment 

Patient No. 0 18 36 42 

A-l 1230 870 980 1010 
A-2 610 280 550 650 
A-3 500 640 435 410 
A-4 500 560 530 340 
A-5 1580 870 NID 825 
A-6 920 NID 690 670 
A-7 380 280 345 240 
A-8 1270 1130 870 2045 
A-9 520 690 425 620 
A-l0 410 320 170 320 
A-l1 1320 850 NID 1130 
A-12 440 490 520 590 

84 

1080 
370 
360 
500 
950 
785 
260 
890 
360 
20 
970 
550 
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Table 3. CD4 cell counts (cells/mm3) trom patients 
randomized to ribavirin or placebo treatment 

Week of Ribavirin Treatment 

Patient No. 0 4 8 16 

R-1 551 437 360 368 
R-2 340 342 297 320 
R-3 399 357 150 255 
R-4 825 667 198 528 
R-5 559 378 180 272 
R-6 680 650 735 468 
R-7 546 448 391 437 
R-8 420 ~ 434 525 322 

i 

Week of Placebo Treatment 

Patient No. 0 4 8 16 

P-' 703 595 NID 550 
P·2 504 416 432 520 
P-3 322 320 288 391 
P-4 798 832 756 609 
P-5 224 525 391 357 
P-6 567 557 NID 551 
P-7 663 594 540 676 
P-8 520 408 345 336 
P-9 NID 792 660 546 
P-l0 510 570 450 567 

24 

315 
360 
234 
336 
NID 
425 
357 
340 

24 

648 
408 
304 
572 
231 
432 
630 
390 
600 
550 
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Table 4. HIV detection from PBMC co-cultures. Recovery of HIV-1 was assessed by 

reverse transcriptase assays on material pelleted from phytohemagglutinin
stimulated co-cultures of patient PBMCs and cord blood lymphocytes. 
The time to HIV -1 recovery (days) is indicated in the bracket. 

Patient No. 

A-l 
A·2 
A-3 
A-4 
A-S 
A-6 
A-7 
A-B 
A-9 
A-l0 
A-l1 
A-12 

Weeks on AZT Treatment 

0 18 

+(3) i 
. (12) . (13) 
+(7) +(9) 
+(1 ) +(2) 
+(8) - (9) 
+(3) +(6) 
+(6) i 
+(6) - (10) 
+(3) i 
- (14) i 
i +(1 ) 
i +(5) 

(+) HIV-' Positive 
(-) HIV-l Negative 
(i) Indeterminate 

36 42 

+(7) +(6) 
. (8) i 
+(6) +(6) 
+(2) .. (1 ) 
- (7) +(6) 
- (8) +(4) 
- (8) +(7) 
- (9) .. (8) 
.. (9) +(3) 
- (8) +(5) 
+(4) +(3) 
+(7) +(2) 

72 

+ (3) 
+ (3) 
+ (3) 
+ (1) 
+ (3) 
+ (6) 
+ (7) 
+ (4) 
+ (3) 
+ (4) 
+ (3) 
- (8) 

84 

+(11) 
+(4) 
+(1 ) 
+(2) 
+(4) 
- (6) 
+(4) 
i 
+(3) 
- (7) 
+(7) 

1 
+(3) 

• 
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variou~ lIme intcrvals. An anti-HIV effect was defined as two 
con~ecutive negallve cultures, or sustained prolongation in days to 
po~itive culture. By these critena, an anti-HIV effect was observed 
in patÎ('nt~ treated with AZT (sec tahle 4). HIV-l was isolated at 
entry in 8 of the] L patIcnt~ (66%) receiving AZT with a median 
time of IIIV recovery of 4.5 days. Only two patients had negative 
cultures at time O. During J\ZT therapy, the abihty to isolate virus 
derrea~('d to approximately 409'6 with a median lime of recovery of 
5.5 days. The tvvo patIents th,.ll were negative prior to the start of 
therapy rl'm,linl'tÏ negativ('. No patient that was initially negative 
hccarne posItive whiIe rcceiving AZT. Once AZT therapy was 
interrupted, the ahility t r

) isolate virus increased by 35% with a 
mcdian tlme to recov<.'ry of 3 to 5 days (p<.OS). Thc two patients 
that rema1l1ed negative during AZT therapy, now became positive. 
The cult ures rem<1ined posi tive even after AZT was reinitiated at a 
high dose of 1200 Ing/d for an addition al 42 weeks . 
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DISCUSSION 

The mec hani\ill\ involved in the immune response to HlV-l 
infeclion are largcly undefined. However, evidence suggests that 
d· If iCiell 1 humoral or cellular immunIty has been associated with an 
in( rea\(' in 1 he \everIty of infection and dis~pmination of the virus. 
Sorne fàClor<., ll1fluencing the development of humoral and cell
medialed Immunlly lo IIJV-1 infection are host specifie and 
gen('IILtlly dctermined (186,187). Other factors that modulate 
ImnlU IH' r(')pon~(' rl'l,lIe to the le\'el and type of antigenic 
<)\ i nml,ll Ion ,111d 1 hef<.lpeu 1 ic in t('fVen \ ion). 

Bec<lu~e of the long tltent penod between infection with HlY 
<.lnd the devdopn1el1' of AIDS, it is important that predictive 
mark('r~, elt}w[ Vif dl or Immunologie, be develaped as too1s in the 
man,lgen1l'Ill of IIIV infected ~ubjects. The most cammonly used 
m,lrkef) of dl~('a~e progfes~ion today are; the absolute T4 counts, 
th<: p2...J. anligen kvcl), and the Het.1-2 microglobulin concentrations 
( 188-1 <)0). The nl'cd for lhe~e markers in st udies of ElY are of 
part icul,lr imporl.tnce b('cau~l' ail c ,u1didate drugs to date suppress 
but do Ilot ef,H.llc,ltl' Infection. Although the~e markers are used to 
a~M'~) Ihe l'flecl~ of study dfUgS ag,linst IllY, little is knovvn about 
th(' pO))lble effecb and consequences that antIviral therapy may 
h..tve on t hl' ho~t'~ imn1 une re~p()nse. Some prelinlinary studies of 
imn1U!1e funcli()n~ hàve hren reported for patients on therapy with 
AZT ~llrh ~l~ Il11prOve1lH .. 'I1IS in; Sklll hypersen~Itivity (191), T helper 
cl'll flllHliOIl (1<)2) ~U1d IllY-speCifie CTLactivity (193). 

OUf rctrospect Ive ~t udy of hmnoral imrnunity and its response 
tn anti\'ll-~ll ther .. lPY in .. 1 population of HIV-l seropositive patients 
pro\'ldeLÎ the fIr~t ll1~Ight into the interpretation of the serologie al 
re~ponM' ,t~ <l~~e~~('d by indirect ADCe ,u1d neutr,ùizing antibodies to 
Ill\'. 'J'wo tlwr.lpeutlc nlodàlitie~, IHlovudine (targeted at retroviral 
n'pl ÎC,tl Ion) ~ll1d nb.l\'Irin (which interfere~ with viral protein 
~yn t hl'SI~) \\,('re e\\llu~tted 111 this ~tudy. Recombinant vaccinia 
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virus-vectors expressing foreign \'ir~11 gelll'S h,1\'(' b<"'('11 ,~tlll.lbll' in 
defining imn1une responses in IIIV anù otller \ lr.1l Int(lctIOl1\ .1l1d 
were chosen in this stndy for thrc<..' fl'.l\Ons. };lr\t. 1I1\ l~ kl10Wll to 
infect BLCLs and B eells, ailowing the .l\~.l) n'\lllt~ 10 h.1' l' \0111(' 

reliance to in \"Î\'O infectIon. Second. thl' USl' ot Il'combin.ll1t 
vaccinia virus expre~sing !II\' gene" .111o\\,(llÎ 11\ 10 pn'~(,l1t 1I1\' ('11\ 

in infected cell~. rhirdly, BI CI ~ Inft'C('d vdlh \'.lCnnl.l 'Inl\ \ l'ClOI ~ 
expressing forelgn ViI .. d pr()t(,ll1~ .lre kno"'ll ln bl' rl'l.ul\'e!y 
resistant to NK cellly~l~ 111 the .1b~enc(' ot .llltibodll'\. '1'11(',,(' t.lrgeh 
along with patient sera Lll1l! norm~ll cffcctor n'Ih werl' l1\l'd III tlll' 
c1assical chromiUlTI re!ease aS~~ly~. 

Our results have shown th .. lt ~era from pati(lllt~ lIlt('ct(ld with 
HIV are active in ADCC and in the killing of illY infected cl'Ib. l'vI 0\ 1 
interesting of all, our report indIcatl'~ thLlt AZT dII1lIJll ... lw~ IIH' 1('\'('''' 
of antibadies mediating ADCC. Not~', Ihe ('tll'et 1\ on!y IIIV-"pl'C1flC 
and does not imply a general dl'cn'.l~e III dIl 1 1 bodH \ 1 () ollH'f 
antigens (i.e. recall antigL'l1s, inflllCll/d VIrus, ['('mu." [(J\0It!. ('t(. ) . 
Unfortunately, we were un,lhle lo ev,t1uLll(' other anllbody 
responses. In the ea~e of HIV, other dntigen~ do nol v'rvp d\ I.lrg('t\ 
for ADCC. This decrease wa~ pdrtlClllarly eVldelll ,II ~() w('('k\ of 
therapy when a maximum d()~e of 1 LOO mg/d Wd\ givl'Il oLllly to 
these patients. The placebo or ribavinn tr(' .. tl('eI group (tId nol 
exhibit simiL.1r patterns. Thb decrea\c in IIIV-1 \)('( Ill( 1\1><:<: 

antibodies parallels clo~ely with the deCn'.lv' ( by 2c.;(]1J) III the 
ability ta culture viru~ during AIT lreatment. The f('OucllOIl III Ih<.' 
ability to culture viru~ dunng prolonged I\ZT t!1er.lPY (-H) w('('k'l) 1\ 

indicative of its antiviral activlty. Vir .. l1 l\oL.lll()n [,(''lUII \ f rom 
patient~ not receiving AIT or from 1 he nb..tvlrin \1 udy w('re Ilot 
available. Nevcrthele~s, if wc look at ~imi!dr \1 udl('\, we 1 llleI t ktt IlO 

decrease in IlIV isolation II., r('ported 111 p .. lIWIlI'l who W('J(' nut 
treated with AZT (194 ). They report th .. lt thelr raIe ln Vlnl\ y)('ld 1\ 

40% at each of the lime intervdh. In ..tUdItlOIl, dlloth('f \ludy hd\ 
observed no difference in IlIV holdtlon f rom pa t 1('t} h rluH.lom 1/('d 

to ribavirin or to placebo during ~imilar lime 1Illervdh ()C)1). '1 hey 
report that prior to the ~tart of therapy 7,)-K3 rYrJ of pdtWl1l\ h..td 
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positive culture~ and remained so thereafter. These observations 
indicate that rih;wirin had no demonstrable beneficial effect on 
virologlC Il IV ~urr()gate markers. 

ft i~ unhkely that these observations exhibited during AZT 
therapyare due to the natural progression of the disease because 
the ~ignificant decline in the levels of antibodies mediating HIV
~pecif ie ;\DCC in patients treated with zidovudine contrasts with the 
faiIure to ()b,~erve ~uch a ditference in patients receiving placebo or 
rihavirin t re...ltn1<.'n t. In addition, the decrease observed can not be 
attributed to the lymphopenic effect of AZT or HIV because, 
according to flow cytometric analysis, quantitative alterations in the 
Ieveh of CD4 cells were not detectable among circulating PBLs ceIls 
from patient~ receiving AZT. GeneraIly, other reports (196) have 
shown tran~i('nt il1crea~es in the level of CD4 cells during AZT 
trealnlenl. The increa~e occurs as early as 4 weeks and persists 
through lü-Ln weeks of therapy. Since the absolute numbers of CD4 
cells gl'I1(>rally inerease within the first few months in many 
suhjects, it is possible that the beneficial effeet was overlooked 
ha~ed on the lime intervals chosen for this protocol. In addition, no 
correlatIon could be oh~erved between the proportion of CD4 ceUs 
and the lcvel of fIIV-} specifie ADCC at anytime. We observed that 
even pàtÏ(>nts with ~evere T heiper eeIl depletions maintained high
liter serum. Other~ have aiso reported that the level of HIV 
envl'lope-speofic Ance noted in HIV-seropositive sera did not differ 
signific .. \nt ly hetwe~>n individuals with near nonnaI (>400ul/ul) 
numbers of T heiper eells and those WIth severely decreased 
«200,'ul) nUlnber of T helper cells (121). In contrast, a progressive 
rcduction in tlll' nUl11bt:>r of CD4 celIs from baseline was reported in 
lMtÏl>nts rCC< .. 'lVl11g rih.lvirin and not placebo. The per-patient change 
(rom basQlme was slgnificant (p<.OS) . These results are in accord 
with t ho se of l..lrger Illulticenlre trials (197) . 

Bdsed on our results and those reported by others, we can 
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speculate that the decrease obseryed in the lt.'ycls of antibodi('~ 
mediating HIV-specific /\Dce is sOl11ehow corrd.lted \Vit h t IH' 
decrease observed in the virus load. AZT HM)' din'ctly or llllhn'ctl)' 

decrease this aspect of the humoral re~poHs(, 10 IIIV-l inkCllon by 
decreasing the quantity of viral antigen. \IV l' fl>d t h.lI t Ill' .lllt ivir.tl 
effect of AZT is a more likely expl.ln.ltlOl1 01 our n'~l1lt~ t h.Ul 1~ .1 

direct immunosuppressive effect of the .1nli\'1rdl drug. Onl' W.1)' 10 

exclude the latter is by infecting an idcal .lnimlll with l1l1 l\/.'\'

resistant mutant strain and observing thl' l'tfecI~ of AZT t lll'r.lpy. 11 
AZT were to decrease the hUI110rdl response lo AIT n'~i\t.lI1t ~tr.l1ns, 
then we would assume that the depres~i()n, .1S nl{.' .. l~url'd by lIldin'ct 
ADCC, is not dependent on inhibition of the virus but ÙUL' 10 dln.'cl 
immunosuppression. Due to the lack of an optim.tl illY .lnim.ll 
model, it is difficult to draw such c()ndusion~. 

Neutralizing HIV antibody titers did nol dilll'r signif ic.ln Ily 
between each time interval regardless of the Irp.lll11ent. Thus, it i~ 

most likely that viral replication modulate~ .. lI1tihody production 10 

sorne HW glycoproteins without necessarily affecting ll('utr.lli,ing 
antibody tHers. 

The impact of a washout period W .. 1S also ... lllaly/ed. 'l'h(' 
ribavirin study did not have a wa~houl penod, Ihl'refof(' 
comparisons could not be made. Analysls of ~('rUJn sampk~ oht.liIWd 
6 weeks after treatment had becn discontinued ~h()wed th(lI m()~1 

but not aIl the AZT treated pat1ent~ dpp('c.1r<'u 10 have dev<'loped d 

full compliment of ADce antibodi(-'~. Only 7 ou 1 of l--l IMtl('nt \ 
showed a significant increase. Thi~ increa\e Wd~ not COIllp,lrLlhJe 10 

values prior ta the start of 1 herapy. ror t h()~(' 1 h,ll llId not 
demonstrate a ~ignificanl increa<;e, it i~ PO\~I hIe 1 h...t! If el10ugh IlIn(' 

elapsed between ce~~dtion and reinIllallon t hat d 1Il( r{'t\\(' ('oulu 
have been ob~erved. Ce\~ation of J\ZT therapy h...td no el /(oc 1 on the 
levels of eD4 celIs and neulrahZlng antlh()ule\. An oh\ervdhk 
difference was noted in the abilily 10 I\olale VlrU\ from p.lIl('nl\ 
receiving AZT. Our result~ and. tho\c hy Wal11herg et cll ( 1 ()4), in 
which a larger population of patient~ were \1 udied , hot h repor((>d 
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that ce~~ation of chronic administration of AZT therapy, for reasons 
of drug toxicity or patient noncompliance , was followed in most 
instancc\ by an inrrea~e in viral isolation and a de crea se in time to 
culture po\itlvily . The rate of viral isolation during the washout 
period, ~igJ1l ncantly excecdcd the rate during the initial 36 weeks 
of trcatment and that prior to the start of therapy. Although the 
ou tcome of the~e re~ults are statistically significant, it is important 
that the,\(' n~~uJt~ are aho of clinical significance . The long-term 
clinical implicatlOn~ of these findings are as yet undefined however, 
t his incfease in viral burden observed during the interruption of 
!\ZT trl'atment may rcflect the inability of the treated host to 
1110unt a significant immune response needed to control HIV 
replication. As a consequence, this may result in an increase in the 
rate of rcpIication which may lcad to an increase in the generation 
of IIIV-l resistant mutants over a long period of time. This may 
cxplam why the rate of HIV isolation and ADCC antibody levels are 
ju~t as high or higher in most individuals even weeks after AZT is 
rcinili~lted. Finally, the generation of these mutant viruses will 
ultimately evade the inlmune response and create a viscious cycle 
which culminales in the rapid detenoration of a patient. 

Besides the risks ll1volved, one advantage of a diminished 
humor,ù response may be by limWng the amount of auto-antibodies 
WhlCh have been attributed to the depletion of CD4 cells and other 
disorders. M,lny rcvl('WS hdve shown evidence that HW may trigger 
d self destrllct Ive II1Unllne response, for which appropriate models 
I1l,ty be round in graft-versus-host disease, certain autoimmune 
disorders, .md some anm1al viral infections. If this hypothesis gains 
support, there are profound implications for prevention and 
tre .. ltmenl. 

The lack of a consistent increase in antibodies mediating ADCC 
associ.ltcd with a decrease in virus load (p24) argues against the 
concept of drug -induced inlIDunologic restoration. The findings also 
.. trglH.' .. lg .. tinst recent reports of improved T helper celI function and 
enlunCl?d IIIV-specifie cytotoxic T lymphocytes during AZT 
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treatment. However , these henefits are short li\'l'd .md ocrur onl)' 
in the first weeks of therapy. On thl' oth('r h.\n<.1, the <.'tf('ct~ 

observed with AZT arc sinlilar to those etlccts ohsl'rn.'d \VIth othe .. 
antiviral agents such as acyclovir ( 1')8) or nm.llltldllll' ( 1 qq). .\~ 

mentioned earlier, acyclovlr and rimantLldilH' .ln' Ll~~()ci.lt l'd \\1 t Il .1 
decrease in the humordl response tü IISV Llnd .1 lkCH\lM' 111 cellul.lr 
T lymphocyte responses in mire infectl'd \Vith lllllul'Il/.1 :\ nrus 
respectively. 

The knowledge galned by these rl'sult s pro\·Î(.le~ III 1 orm.lt ion 
essential to make rational thera.peutic d(,Clslon~ in indlvidu.ll 
patients. It is known that the nature of eLlCh pLllicllt mLl)' dIlll'r lor.1 
variety of reasons including the stage of the l'pidemic. Thel t'fore 
each patient responds differcntly to <l givell reglll1ell. ,\\ .. 1 e~lllt, 

the precise tailoring of dosage ln thl' l1eed\ of .1 p.lrllnd .. lr p.U I('nl 

would be required. These results suggest t h .. lI lower do\l'\ 01 J\ZT 
(300-600 mg/d), unlike tho~e utililed in thi\ \tudy, would 1)(' 111\t .1\ 

effective at preventing clinical dcterioratÎol1 whtle lwlIlg k\\ tO'dC or 

suppres~ive. The degree of inhibition or ~upprV~\I()1l m.1.')' n.'ILlte to 
the rate at which patients progrcs~ to I1IV dl~(,d~e. If th(' dvgre(' 01 
inhibition is limited, this would allow a n.'~tor"lli()n 01 d "Ilorm.tl" 

immune if cessation of AZT should occur. ïl1<.'~(' n'\ltll~ \ugg(·\t th,tI 
the evolution of ADCe [unclÏon may be u~L'd "l\ <.ln indicdlor 01 
progression towards JIIV-induccd tlI~ea~(·. /\lthough ;\ZT Illlght not 
be able to cure HIV, its the only drug ~h()wn to 1)(' n'<l\()Il<lhly 
effective. This study does not in any way di~f<.lvor t 11<' ll\(' of ;\Zï. 
Nevertheless, it does suggest that i t\ adminÏ\t ra t Ion or «'\\a t Ion 

should proceed with caution . Mo~t of the J11 .. ljor pr()hl(,lll~ an \(' a~ .. l 
consequence of either terminating or interrupting J\ZT Ih('rdpy. Il 
would be of intere~t to study the effecl\ of other- antivIral dgent \ 
such as ddI or ddC to determine if lhey follow a \lmtldT p .. lt t('nl. 

In concl u~ion, whether a decrca\c in the ;\1)(,(, an t i hody 
response to HIV is beneficial or dctrimental h deod.tahle. One hd.\ l{) 
question the role of ADCC in HIV infectiOn. If ADce play\ à major 
role in the defense against HIV, then ~uppre\\lOn of thl\ re\pol1\(' 
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may ('nntribute tn the progre~sion of the infection. On the other 
hand, if J\IDS i~ an autoimmune disease directed at the immune 
~y~tem and triggered by HIV, then the effects of AZT may prove 
beneficial hy limiting the amount of autoantibodies . 
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