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Abstract

During acute HIV-1 infection, a strong cellular antiviral response develops, allowing
a decrease in viral replication and the establishment of a set-point in HIV-1 RNA
levels within a few months. However, HIV-1 persists due to the formation of a pool
of latently infected cells and immune escape mechanisms. Combination
antiretroviral therapy initiated at the time of acute infection has demonstrated the
capacity to block HIV-1 replication < 20 copies/mL in most cases and protect from
immune depletion. Some immune responses can improve, as can responses
against recall antigens and CD4 anti-HIV specific immunity, but cytotoxic T cell
activity generally wanes and plasma HIV-1 RNA rebounds each time therapy is
stopped. The adding of an immune intervention to antiretroviral drugs is the next
step to be studied. Interleukin-2 has demonstrated its potential benefits in chronic
disease and its capacity to decrease the pool of latently infected cells. Specific
vaccination against HIV-1 proteins using canarypox vectors is currently being
tested in combination with HAART and IL-2 during acute infection. Cytotoxic drugs,
like hydroxyurea, which act by antiviral and immunologic mechanisms, could also
be of interest. The next few years will tell us whether these strategies initiated early
in the course of HIV-1 infection are capable of inducing viral remission.
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Introduction

Primary HIV-1 infection (PH) -is-anacuteliness
which is often under-recognized as clinical symp-
toms are not specific and risk factors not always
obvious at the time of the first[donsuitation) Hewevén
physiologically it represents the first contact with a
previously normal immung, system .and. the virus.
Studies of the first virological and immunelogieal
events seen during PHI are consequently extreme-
ly important for understanding the mechanisms,of
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the disease, and therapeutic interventions at this
stage are expected to produce long-term benefits.

Fordhe \gast 4 years Mhighly active antiretroviral
therapy (HAART) initiated during chronic disease
has dedo- significantydecreases in morbidity and
mortality’relatedto'HIW1 but it has also been shown
unable to induce viral eradication or remission®. Re-
gentlyammime-pased, intenentions have been pro-
posed to reach this goal®. In this paper, we shall re-
view currently available data demonstrating that
RHI lis the Ideal stage of the disease to test these
new approaches. As more than 40,000 new cases
of HIV infection occur eachyear in, the, United
States’ /5,0001mjFrangs, and PHI is symptomatic in
40to 90% (1l these cases, extensiveefforts must be
developed in parallel to diagnose this syndrome as
early as possible.
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The acute retroviral syndrome

Within days to weeks following exposure, non-
specific symptoms can appear, including fever,
headaches, rashes, pharyngitis, and oral or genital
ulcers*. The major pitfall for diagnosis is that these
signs will resolve spontaneously within a few days
or weeks and usually in less than 14 days. Conse-
quently, HIV-1 infection is often discovered several
years after, when immune depletion has appeared.

This acute retroviral syndrome reflects early dis-
semination of the virus and intense viremia. In fact,
animal models have shown that following sexual ex-
posure to HIV the first cellular targets for the virus
are Langerhans’ cells; tissue dendritic cells found
in the lamina propria subjacent to the cervicovagi-
nal epithelium. Within 2 days, these cells infect
CD4+ lymphocytes and HIV can be detected in re-
gional lymph nodes. Shortly thereafter, systemic
dissemination occurs and HIV can be recovered
from blood within 5 days following infection. This
early rise in viremia, often to levels of more than 1 mil-
lion RNA copies/mL, explains why HIV dissemina-
tion is always massive, not only in lymphoid organs®
but also in CNS and other organs. HAART initiated
during PHI is consequently unable to prevent this
spread, as at least a few days will always be neces-
sary to confirm diagnosis. Viremia then sponta-
neously declines, reaching a “set-point” within 4-6
months following the acute retroviral syndrome.
Resolution of clinical signs is followed by transition
to chronic disease which can remain asymptomatic
for many years.

This spontaneous decline in viremia has been at-
tributed to a decrease in the number of target cells®
and specific immune responses. There is a tempo-
ral relationship between the appearance of the cel-
lular immune response against HIV and decreasing
viral load. On the contrary, the humoral neutralizing
immune response is more delayed and is detectable
only weeks or months after the acute syndrome.
Pantaleo et al. have demonstrated that the qualita-
tive nature of the primary cellular immune response
against HIV influences subsequent clinical out-
come’. The authors analysed the VB repertoire of 21
patients diagnosed with PHI longitudinally and
found different patterns of disturbance. In_some
cases, only a single family was expanded, in others
2 VB families were expanded and in others the ac-
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rate of disease progression, measured as the r
of CD4+ T cell depletion, increased when V, ex-
pansion during PHI was ||m|tE@ rO&U ce

In other viral infections, suoh as Iymphocytlc

only when this helper cell response is present. Spe-
cific CD4+ T cells are hence critical for maintaining
an effective CTL response.

However, initially expanded CTL clones have
been shown to disappear with the establishment of
chronic infection®. Furthermore, CTL activity, when
detectable, decreases exponentially when HAART
is initiated during chronic disease'®. Specific CD4+
activity also usually disappears during established
infection and can only be detected in patients with
transient episodes of viremia'"'?. Prolonged sup-
pression of plasma viremia with HAART is unable to
restore this specific response’.

Viral persistence mechanisms

Despite the strong antiviral response observed
during PHI, the persistence of HIV-1 infection rules
the transition to chronic disease. This can be ex-
plained by virological and immunological mecha-
nisms.

Virological mechanisms

Within a few days following contamination by
HIV-1, antigen presenting cells migrate to regional
lymph nodes where immune responses are gene-
rated. There, active recruitment of susceptible tar-
get cells leads to rapid spreading and amplification
of HIV infection?“.

It has also been demonstrated that a pool of la-
tently infected CD4+ T cells is established early
during PHI. Chun et al. have studied 10 patients
with PHI, some of them treated with HAART as early
as 10 days following the onset of symptoms’®. Re-
maining CD4+ T cells could be isolated in each
case and infectious HIV-1 titers were not influenced
by the time HAART was initiated or for the duration
of therapy. This latently infected cell pool is there-
fore probably established before the appearance of
an HIV-specific immune response. Thereafter, this
pool remains stable and sheltered from the effects
of host immune responses.

During the transition from acute to chronic disea-
se, the formation of immune complexes leads to the
concentration of HIV virions at the surface of the fol-
licular dendritic cells in lymph nodes, which infect
cells transmng through the Iymph0|d organs'®. This

rpgt@:[? erv0|r and a continuous
source of in echon new cells.

It is now clearly. demonstrated that HIV-1 replica-

r&@ﬁ@&@ Nﬂa@alte HAART, albeit at low le-

vels. Firstly, using ultra-sensitive techniques, HIV-1
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lymphocytes (CTL). During PHI, it has been est|—
mated that 1 in 17 CD8+ T cells in blaod aré)
targeting the virus. This reflects an attempt by th
host to control viral rep||cat|on but leads only to de-
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show that viremia is brought under control by CTL

condly episomal intermediates’®, HIV-1 RNA and

TRNA'™ 20 have been found in peripheral
oo mononuclear cells of patients under effective
e’:Epy F|na||y viral evolut|on has also been

although Proxmal Actlvat|on and Transm|SS|on re-
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mains the predominant mechanism during the
chronic phase?® 4. Local bursts of infection persist
in lymphoid tissues and antiviral drugs are less ef-
fective in blocking Proximal Activation and Trans-
mission than Long-Range Transmission?.

Immunological mechanisms

The CTL response shows early qualitative and
quantitative changes leading to diminished efficiency.

Although high levels of viral replication take
place in lymphoid organs, higher frequencies of in
vivo-activated HIV-specific CTL are found in pe-
ripheral blood™. In fact, CTL cross rapidly from the
lymph nodes into circulation; a physiological mecha-
nism which serves HIV infection.

CTL also undergo clonal exhaustion after the
massive expansion seen during acute disease®.
This phenomenon is different from escape muta-
tions and could be induced by the persistence of
high antigenic levels.

The frequent occurrence of CTL escape mutants
during HIV infection has been extensively docu-
mented. CTL kill infected cells via recognition of vi-
ral peptides (epitopes) derived from proteolytically
processed viral proteins present at the cell surface
within the HLA class | binding cleft?®. This then trig-
gers CTL to kill the infected cell via direct recogni-
tion mediated by the T-cell receptor on the CTL.
CTL are able to recognize infected cells before
progeny virus have been produced. The precise vi-
ral proteins targeted by CTL differ among indivi-
duals, depending on the particular class | molecules
expressed on the surface of cells in a given person.
Each HLA class | allele is slightly different; the viral
peptides that can bind in the peptide binding
groove are therefore different. Over 50 class | alle-
les have now been defined, and there are at least
as many different viral peptides that bind to them.
The measurement of specific CTL has been facili-
tated in the past few years by new sensitive tech-
nologies like Tetramer staining. Tetramers consist of
4 molecules of synthetic peptide-class | bound to a
fluorescently labelled streptavidin, which allows di-
rect binding to CTL through the T-cell receptor and
direct visualization by flow cytometry. This tech-
nigue has permitted the correlation of CTL and viral
load in several cohorts. It has also been demons-
trated that CTL responses exert selective pressure
leading to epitope sestﬁf c aﬁ &fﬁ
that exerted by antiretroviral therapy for the selec-
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cells. These cells recognize viral peptides asso-
ciated with class Il molecules via antigen-associa-
ted cells; they are then activated and interact with
other immune cells directly and through the release
of cytokines. It has been clearly demonstrated that
this T-helper cell response is necessary for main-
taining an effective CTL response®. However, these
cells are soon qualitatively and quantitatively im-
paired during the acute retroviral syndrome. This
deficit exists not only in blood, but also in lymphoid
tissue and persists with transition to chronic infec-
tion?”. This defect can be explained by direct virus-
induced pathology and indirect mechanisms such
as increased apoptosis. The measurement of spe-
cific T-helper cells’ activity is generally performed
using lymphoproliferative assays against HIV-1 anti-
gens. However, other recent techniques used to
measure the intracellular induction of cytokines ex-
pression by specific antigens have found HIV-1
specific CD4+ T cells in most individuals with active
infection®. This discrepancy underlines the fact that
functional defects in these cells are probably as im-
portant as their previously-found reduced frequency.

In addition to these cellular immune responses,
the humoral immune response may also contribute
to viremia control. Neutralizing antibodies directly
neutralize free virus and are targeted at epitopes in
the envelope glycoprotein in highly-variable re-
gions. However, the appearance of neutralizing an-
tibodies is delayed during HIV infection and the ma-
turing of the humoral response is slow'.

Special situations

Further evidence supporting the effects of the im-
mune system in controlling HIV-1 viremia comes
from studies on long-term non-progressors and ex-
posed but uninfected individuals.

Long-term non-progressors are characterized by
HIV-1 RNA levels 4-10 fold lower in lymph nodes,
and 20 fold lower in plasma than patients with pro-
gressive infection®. HIV-1 proviral load is also lower
and lymph node architecture is preserved®. These
patients demonstrate strong CTL activity and T-helper
cell activity'" 28,29,

Strong CTL and non-cytotoxic CD8+ specific res-
ponses have also been detected in heavily expo-
sed but uninfected persons like commercial sex
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Fig. 1. Early virological and immunological events involved in HIV-1

persistence during acute infection.

tected initially in 15 patients. In 6 cases, CTL disa-
ppeared rapidly and persistently after initiation of
HAART. In 3 cases, CTL disappeared transiently
and in the last 6 cases CTL activity remained de-
tectable and a clear correlation was demonstrated,
with less efficient control of HIV-1 replication. In ano-
ther study, the same antiretroviral combination was
given to 12 patients diagnosed with PHI**. Patients
adherence and tolerance was poor, mainly due to
Ritonavir side effects. Plasma viremia persistently
remained below 50 copies/mL in compliant sub-
jects. HIV-1 RNA was detected in PBMC of some
subjects and HIV-1 DNA remained consistently de-
tectable. Expression of HIV-1 messenger RNA, ei-
ther multiple-spliced, thereby indicating ongoing vi-
ral replication, or unspliced, indicating the pre-
sence of virions regardless of infectivity, was stu-

have recently demonstrated that even using triple
therapy with protease inhibitors, plasma HIV-1 RNA
levels drop < 5 copies/mL in only 22% of cases
after a mean period of 18 months®.

More recently, published trials using HAART in
PHI have better analysed the evolution of functional
immune responses with therapy. The extra CD4
cells appearing with a quadruple HAART regime
have been demonstrated to bear similar phenotypic
properties to cells existing at baseline, but a higher
proportion are capable of synthesizing IL-2%. In 13
patients receiving triple therapy for 1 year following
PHI, average CD4+ cell counts were comparable to
HIV-uninfected controls, with naive CD4+ T cells,
memory CD4+ T cells and T cell receptor VB sub-
sets all within normal ranges®. On the contrary,
CD8+ T cell counts remained high and activated

died in gastro-intestinalm@%fgws%m@%\? U Q—‘%Qﬁ quﬂdaryj @@+ cells remained higher

in some cases. Provira W

an in uninfecte bjects, although rapid de-

tected at this level, as was unspliced RalA, aléhﬁggh crﬁas s were found with therapy. This was corre-
bI& EFreshl| [aled)

multiple-spliced RNA was [andstés
unstimulated CTL anti-HIV activity was very low,
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in others where viral replication was demonstrated

{th(the[persisence of HIV-1 in all cases, as
demonstrated by a similar PBMC proviral burden in
patients at week 52.
intained with therapy,
and memory CD8+ T cells decreased; a different

in some compartments. The humoral |m?h @sp Lﬁ@ﬁzyﬁgﬁq drom that observed when HAART is initia-
ioody ted du

ponse remained lower than anti-HIV an iter
generally found in chronically infected persons. Of

note, si res a n ined, i u
triple t rFpoe elﬁi ibiter, |e.qg. i-u
dovudin Didanosine '+' L ine, ‘with better

tolerance and acceptability®®. However, Miro et al.

ring established infection. The evolution of
T cell proliferative responses in patients receiving

Zidovudine, Lamivudine and Indinavir. Initial lym-

AIDSREVIEWS

o
~



AIDS Rev 2000, 2

Table 1. Evolution of phenotype and function of immune cells in HIV-1 infection.

PHI without therapy  PHI on HAART Chronic infection without therapy

AIDSREVIEWS

(o=}
(==}

Chronic infection on HAART

CD4 count Decrease increase decrease increase
CD4+CD45RO+ Decrease increase decrease increase
CD4+CD45RA+ Decrease increase decrease delayed increase
CD8 count Increase decrease increase decrease
Lympho-proliferation Decrease + +/- ++/-

to recall antigens

Lympho-proliferation Decrease +

to HIV antigens

Anti-HIV + ++

CD4 activity

Anti-HIV + ++ +/-

CTL activity according to

viral load

phoproliferative responses to recall antigens, Can-
dida and tetanus, were absent in most of them.
These responses increased 14-23 fold with therapy,
although they increased less in untreated patients.
Lymphoproliferative responses at baseline were ob-
served against p24 in 7% of cases and envelope in
10%. The induction of lymphoproliferative respons-
es was demonstrated in 60% of patients after 100
days of HAART against p24 and was less marked
against gp-160. Untreated PHI patients rarely deve-
loped p24 specific lymphoproliferative responses.
HIV-1-specific pCTL frequencies were variable in
time but sustained in the majority of treated pa-
tients.

The fact that HAART initiated during PHI was
capable of preserving anti-HIV CD4 specific ac-
tivity was first pinpointed in 1997 by Rosenberg et
al. in 3 cases''. This observation has recently
been reinforced by analysing 8 additional pa-
tients*®, Although patients who initiated HAART
more than 6 months after seroconversion had no
detectable HIV-1 specific CD4+ T cell responses,
these responses were oonS|stent|y found |n early

treated patients. HIV.sEﬁ cpg?rﬁ}@’ |\ge;pu

also preserved physic functionally, oo
trary to the decline in tetramer-staina 6ﬁvle HIV-
cific CD8+ T cell populatiérs|Foun

with delayed initiation of HAART. Of note even a
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CD8+ specific responses.

Rapid rebound of plasma HIV-1
served following discontinuation of HAA
since PHI, even after more than 3 years ot thera

py*. 'ﬁ"‘ cdo
bound éfFIT nS|
studied “ea Ber n |en "42

who rece|ved a combination of Hydroxyurea, D|—

danosine and Indinavir since PHI but stopped
therapy at day 15 due to epididymitis. Plasma HIV-1
increased and HAART was resumed at day 22. A
second therapeutic interruption occurred between
days 128 and 137 due to acute hepatitis A, without
plasma HIV-1 RNA rebound. Therapy was finally
discontinued permanently at day 175 and plasma
HIV-1 RNA remained undetectable during the fol-
lowing 551 days of the observation period. This pa-
tient was found to have a normal CD4/CD8 ratio,
detectable CD4+ T cell specific activity, detectable
CTL activity, but potentially infectious HIV-1 re-
mained recoverable from cultured CD4+ T cells,
although at very low levels. In another study, 6
patients receiving HAART for more than 3 years, in-
cluding 5 treated since PHI, were followed up after
therapy was discontinued®. In 3 cases, all treated
since PHI, the rebound in plasma viremia was de-
layed for 4-24 months after discontinuation of
HAART. These patients presented broad and
strong HIV-1 specific CTL responses.
Overall, therapeutic interventions performed
ourrently in PHI have demonstrated that long-term
essionof \a& efgl@atlon can be obtained,
ocyte 4+ normalized, abnormal lym-
ke@a@otwanon greatly reduced and specific

[jé}X e responses preserved, but

that proviral persists systematically and HIV-1
every time HAART s
ne intervention could

be a necessary adjuvant to HAART to obtain similar

mma%(p | reslitts|tpcthe “Berlin patient”.

Rufsieatons, 21710,

PHI and lessons on immunotherapy in HIV 1 infec-
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tion have been learned from established disease.
The main potential candidates are soluble cytoki-
nes and therapeutic vaccination.

Cytokines

IL-2 has been used for many years in HIV-1 in-
fection but the most interesting results come from
studies using IL-2 in conjunction with HAART. This
cytokine undoubtedly increases CD4+ T cell
counts, including CD4+ cells with a memory and
also a naive phenotype*4. Of note, IL-2 also has an
impact on CD8+ subsets by increasing CD8
+CD28+ cells; this is not observed with HAART
alone®. However, little is known of its effects on lym-
phocyte functions. In some studies*“6, no increase
in CTL activity was found, although an increase in
perforine and granzyme expression in CD8+ T cells
was demonstrated in others*”. Concerning lympho-
proliferative responses to recall antigens, some au-
thors have found an increase with HAART + IL-2
compared to HAART alone® although others have
not*. More recently, IL-2 therapy has been used in
association with HAART to attempt to decrease the
pool of latently-infected CD4+ T cells. It is well
known that administration of IL-2 can induce tran-
sient increases in viral replication, and in vitro stu-
dies have shown that combining IL-2 with TNF-a
and IL-6 is able to purge this cellular pool*. An ave-
rage number of 10 cycles of IL-2 was administered
by Chun et al. to 14 patients on HAART and com-
pared with 12 receiving HAART alone®. In the
HAART + IL-2 group, a significant reduction in the
pool size was obtained, with 6 patients reaching un-
detectable levels of potentially infectious virus in
the remaining blood CD4+ T cells and 2 also having
undetectable infectious virus in lymph node cells.
However, when HAART was discontinued in these
2 patients, plasma HIV-1 RNA rebounded within a
few weeks®. This therapeutic strategy was hence
able to target the remaining pool but unable to de-
crease it below a theoretical threshold controllable
by the immune system alone?. More aggressive ap-
proaches have been attempted for immuno-activa-
tion in 3 patients using IL-2 and anti-OKT3 antibo-
dies, but tolerance was poor and HIV-1 DNA per-
sistence was demonstrated in each case®".

Other potentially interesting cytokines are Inter-

in Zaire and contains a clade A envelope and clade
D gag. It has been shown to be capable of inducing
gag-specific T-helper cell responses in HIV-in-
fected patients®. Furthermore, the production of
B-chemokines (RANTES, MIP-1a, MIP-1B) is also
increased after administration of this immunogens.

Recombinant viral proteins have been studied in
several trials but the results were disappointing. Some
envelope protein vaccines have induced HIV-spe-
cific T-helper cells and neutralizing antibodies, but
these responses are not broadly cross-reactive.
Randomized clinical trials using recombinant gp-160
in several hundred HIV-infected patients over 2-5
years have been unable to demonstrate any benefit
in terms of viral RNA, CD4+ cell counts or clinical
outcome® %5, However, the possibility that these
vaccines could be improved using a lipopeptide
version is under investigation. Another approach in-
volves the use of CTL peptide epitopes identified
within the viral proteins; a strategy capable of pro-
viding protection against bovine leukaemia virus in
animal models®. Canarypox vectors, similar to vac-
cina virus but with limited ability to replicate in hu-
man cells, are also used to express HIV-1 proteins
and have demonstrated their ability to induce CTL
responses and neutralizing antibodies®”-%°. New re-
combinant canarypox viruses expressing HIV pro-
teins and regulatory genes of cytokine expression
will be available soon. Preliminary data have shown
that delayed rebounds in plasma HIV-1 RNA can be
observed after stopping HAART in patients having
received antiretrovirals plus this vaccine after PHI®C.
Finally, the use of DNA vaccines is currently being
studied in phase | trials and has so far been shown
to stimulate multiple immune responses, including
Th1 type cellular responses®’63,

Structured therapeutic interruptions

This method for stimulating anti-HIV immune res-
ponses involves using the patient’s own viral strain.
However, it can currently only be envisaged in the
framework of clinical trials as no definite answers
are available on its potency and lack of adverse ef-
fects®. Although stimulation of cellular immune res-
ponses against HIV has been demonstrated in anec-
dotal cases, it is possible that they wane with re-
peated therapeutic interruption and the question of

Groase 0D unctions ANMSG redbratogen) U BEI BRI raates i vrermia st romire

IL-12 is of high theoretical interest for potentiating

but its use has been limited

open.

the generation of new specggmgﬁjﬁ@@eéfr phOtOCOpymg

Other approaches
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Therapeutic vaccination

for converting cells into anti-HIV CTL®. Lymphocytes

The use of specific HIV antigens is it f tients are transducted with a vector resul-
of attempting to obtain immune control of@r I lg@p Utm’g”iﬁmgﬁxpression of the external portion of the

tion. Several vaccine candidates are already

CD4 molecule linked to the intracellular portion

availablezand rs will reach clinical trials in (zeta thain the T-cell recepio sergells are
near fue EeE a n@ﬁ eecre Virds 'av l@ il@ m\geLpIiC tlon in| vitro as effi-
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protein. It is derived from a virus originally obtained

persons®,
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CYTOTOXIC
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Fig. 2. Potential strategies for therapeutic interventions in acute HIV-1 infection.

Although hydroxyurea is mainly a cytotoxic
agent, its immune modulatory effects have recently
been underlined®”. Associated with a possible ac-
tion on the pool of latently infected CD4+ T cells,
these immune modulatory effects could be of im-
portance in the context of PHI.

Conclusions

Combined therapeutic interventions during acute
HIV-1 infection (Fig. 2) may achieve the goal of
long-term viral control. However, these strategies
have to deal with ongoing viral replication and viral
persistence enabled by immune exhaustion and
escape. Intensification of therapy is probably ne-
cessary to obtain an optimal control of HIV-1 repli-
cation in all body compartments, but adjuvant the-
rapies-aimed-at increasing anti-HIV-immunity-have
to be combined in order to allow HAART interrup-
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