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Abstract: The human immunodeficiency virus type 1 (HIV) eradication will require elimination of HIV infected cells. No 
antiretroviral treatments (ART) or vaccine approaches have been able to reduce significantly the level of HIV infected 
cells in peripheral blood. This inefficacy is generally explained by the presence of a major reservoir of latent HIV infected 
cells in the central nervous system (CNS) that would be a sanctuary where Cytotoxic T Lymphocytes (CTL) have no 
access and would refresh peripheral blood with activated HIV infected cells. In this review, the presence of a major 
reservoir in the CNS appears to be inconsistent with recent clinical studies measuring HIV DNA. The major reservoirs are 
gut tissue, rectal tissue and the peripheral blood where HIV infected cells survive in an environment containing CTL. 
Extracellular Tat might protect HIV infected cells from CTL due to its capacity to cross CTL membranes and trigger 
apoptosis. Evidences of Tat secretion from HIV infected cells are shown with the detection of Tat antibodies in different 
clinical studies. Presence of neutralizing Tat antibodies in cohorts of patients who were exposed to HIV but who are now 
seronegative is described. The conclusion of this review is that a vaccine eliciting neutralizing antibodies against Tat 
might significantly reduce the level of HIV infected cells, what ART or other vaccine approaches have been unable to 
achieve now. It could be a first step towards HIV eradication. 
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INTRODUCTION 

 A major obstacle in HIV eradication is the ability of the 
virus to remain in a subpopulation of cells it infects [1]. ART 
in blocking the HIV cycle at different levels quickly 
suppress HIV replication in patients and the viral particles 
load (viraemia) become no longer detectable in the 
peripheral blood [2]. ART (or cART) are different 
combinations of three to four antiviral molecules (from a 
pool of more than twenty molecules available now) that 
block HIV cycle at different levels and these combinations 
are also named HAART in the literature (Highly Active 
Anti-Retroviral Treatments) to recall that preliminary 
antiviral treatments before 1996 were unable to reduce 
viraemia to a long term non detectable level. However, even 
after years of ART, the treatment interruption results in the 
recurrence of viraemia in three weeks [3]. HIV infects 
mainly CD4+ T lymphocytes (CD4) and the reservoirs of 
HIV infected cells are made of latent CD4 cells [4]. The 
immune system needs to have latent CD4 cells with a long 
life to keep memory of former infections (latent memory 
CD4 cells are essential in the immune protection provided by 
a vaccine that can stand for the life of a human being) but 
activated CD4 cells have life expectancy of 24 h [2]. The 
latent HIV infected CD4 cells reservoir in peripheral blood is 
extremely stable and even in treated patients who have no 
detectable viraemia for seven years, the reservoir decays so 
slowly (50 % in 44 months) that eradication would require 
more than 70 years [5]. Although patients can stay for years 
with an undetectable viraemia in routine assays (less than  
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HIV RNA 40 copies per ml), ultrasensitive assays show that 
viraemia persists between 1 to 5 HIV RNA copies per ml [6]. 
Patients under ART remain seropositive to HIV GP 120 
envelop protein due to these few viral particles still present 
in the peripheral blood. 
 The quest for a vaccine against AIDS has been a major 
issue for the scientific community since the cloning and the 
identification of HIV as the causative agent of AIDS [7-8]. 
Classical vaccination approaches were successful in the 
control of various viral diseases by priming or boosting 
the immune system to recognise viral envelope proteins 
and eradication of small pox in the world showed the 
efficacy of vaccination at a world scale [9]. However, 
vaccination fails when the antibody targets (epitopes) on 
viral envelop proteins change every year, such as 
influenza virus or even more rapidly for HIV [10]. 
Another difficulty, rarely evocated is that antibodies 
against HIV envelop proteins could participate to the 
progression to AIDS [11]. HIV envelop proteins in a 
complex with the CD4 membrane receptor might lead in a 
long term to an auto-immune response against CD4 cells 
and explain the decrease of CD4 cells, not related to HIV 
infection [12]. Consequently, vaccine trials targeting 
envelope proteins were stopped by the French AIDS 
Research National Agency (ANRS) that made the choice 
since 15 years to develop only vaccines eliciting a cellular 
response against HIV infected cells [13]. Cytotoxic T 
Lymphocytes (CTL) are certainly the immune cells most 
susceptible to eradicate HIV infected cells due to their 
immune specificity and ANRS has promoted four vaccine 
trials on HIV infected volunteers with multi-epitope vaccines 
called “lipopeptide” consisting of known CTL epitopes 
conserved across HIV subtypes, but these vaccines have so 
far fallen short of inducing robust and consistent anti-HIV 
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CTL responses [14]. A new protocol with a mix of different 
lipopeptide vaccines is planned by ANRS on non HIV 
infected volunteers [15]. 
 The inefficacy of ART or vaccines to decrease the level 
of HIV infected cells at least in the peripheral blood has been 
explained by the presence of a sanctuary for HIV infected 
cells, where CTL have no access [1]. Before 1996, the major 
reservoir of HIV infected cells was considered to be mainly 
the peripheral blood and the inefficacy of CTL to eliminate 
HIV cells was associated with the constant variability of 
HIV [2]. ART block the variability of HIV and HIV infected 
cells should have decreased or disappeared due to CTL but 
such was not the case [5]. Therefore, the hypothesis that the 
major reservoir of latently HIV infected cells could be in a 
sanctuary where CTL have no access became very attractive. 
This sanctuary, composed of latently HIV infected cells, 
would refresh permanently the peripheral blood with 
migration of activated HIV infected cells producing a basal 
level of viral particles. This sanctuary exists and it is the 
Central Nervous System (CNS) with its blood-brain barrier 
blocking CTL [1]. The problem is that CD4 cells, HIV 
infected or not, cannot cross the blood-brain barrier either. It 
was proposed that hematopoietic stem cells produced by 
bone marrow could be infected by HIV before migrating to 
CNS and differentiate in macrophages in a hypothesis 
referred to the “Trojan Horse” mechanism [1]. 

CLINICAL STUDIES WITH HIV DNA 
MEASUREMENTS SHOW THAT THE CENTRAL 
NERVOUS SYSTEM (CNS) IS NOT THE MAJOR 
RESERVOIR OF HIV INFECTED CELLS 

 The latently infected CD4 cell populations within a 
patient are low and location of the major reservoir of HIV 
infected cells in the CNS relies mainly on in vitro and in vivo 
experiments [4]. The development of HIV DNA 
measurement in the last ten years made it possible to locate 
and to quantify more precisely the different reservoirs since 
HIV infected cells contain a DNA form of HIV and virus 
particles contain an RNA form of HIV. Data are expressed 
differently with HIV RNA copies/ml of blood for viral 
particles and HIV DNA copies/million of Peripheral Blood 
Mononuclear Cells (PBMC) for HIV infected cells (HIV 
DNA is also expressed in log). PBMC are hematopoietic 
stem cells that begin to differentiate in the bone morrow to 
become precursor of CD4 cells. PBMC can be infected by 
HIV before their differentiation in CD4 cell. Compared to 
the CNS, a tremendous higher level of HIV DNA was found 
in the Gut Associated Lymphoid Tissue (GALT) and the 
Rectal Associated Lymphoid Tissue (RALT) [16]. A high 
degree of sequence similarity between HIV in peripheral 
blood and HIV in GALT and RALT is compatible with a 
role of refreshment of HIV infected cells in peripheral blood 
[16]. Even with undetectable viraemia, patients have 
ongoing replication in these tissue reservoirs and there is an 
equilibrium with the peripheral blood compartment [17]. 
Other minor reservoirs of HIV infected cells were found in 
mesenteric lymph nodes, genital tract and intestinal 
macrophages [18]. 
 HIV DNA is detected in patients only in the bone 
marrow cells containing PBMC and CD4 cells but HIV 
DNA cannot be found in purified CD34+ hematopoietic stem 

cells that can migrate to the CNS [19-20] and this is not in 
agreement with the “Trojan Horse” mechanism. CNS is 
certainly a minor reservoir of HIV infected cells, however, 
the cloning of HIV infected cells in the CNS revealed only 
non-viable HIV sequences and this is also not compatible 
with a reservoir supposed to continuously refresh the stock 
with viable activated HIV infected cells in the peripheral 
blood [21]. RALT and GALT that are obviously the major 
tissue reservoirs of HIV infected cells, have a fundamental 
difference with CNS they have a CD4/CD8 ratio equivalent 
to peripheral blood and therefore, cannot be considered as 
sanctuaries for HIV infected cells. Clinical studies also 
revealed that the level of HIV infected cells is higher than 
expected in the peripheral blood with HIV DNA ranging 
from 100000 copies/million PBMC in primo infection to 100 
copies/million PBMC for patients under ART and less than 
40 copies of HIV RNA per ml [22]. Although, the 
concentration of HIV DNA is twice higher in GALT and 
RALT, the main reservoir of HIV infected cells might be the 
peripheral blood due to its volume. Most importantly, the 
overwhelming majority of latent HIV infected CD4 cells in 
the peripheral blood, GALT or RALT survives in an 
environment with CTL and not in a sanctuary without CTL 
such as CNS. 

ROLE OF EXTRACELLULAR TAT 

 How latently HIV infected cells can survive to CTL is 
not consensual and amazingly, the role that the extracellular 
HIV Tat protein might play to protect HIV infected cells 
from CTL is usually not mentioned [23-24]. Different lead 
compounds binding on Tat or blocking Tat were discovered 
but no one was developed to be tested in clinical trials [25-
27]. Tat was first described as a Trans Activator of 
Transcription of HIV genes [28]. Tat is a short protein from 
86 to 101 amino acid residues that is rapidly produced 
following HIV infection [29]. HIV mRNAs have difficulties 
to elongate because a RNA hairpin called TAR, present at 
the beginning of all mRNA transcripts, makes a complex 
with cell proteins that blocks the RNA polymerase [29]. 
RNA polymerase can continue the mRNA elongation after 
binding of Tat on TAR [30]. The result of this binding is a 
different activation of HIV genes transcription compared to a 
classical activator that binds on non-coding DNA sequences. 
Tat has another peculiarity that no other HIV proteins have, 
that is to be secreted by HIV infected CD4 cells [31, 32]. 
ART do not block the secretion of Tat even for HIV-1 
infected patients with an undetectable viraemia [33]. 
Evidences of Tat secretion from HIV infected cells are 
shown with the detection of Tat antibodies in clinical studies 
in China [34], France [35], Italy [36], in Netherland [37], 
Uganda [38] and USA [39]. A serological survey for one 
year showed that Tat antibodies can disappear and/or appear 
with blood samplings carried out every three months in the 
same patient [35]. This is amazing compared to the stable 
presence of antibodies against GP 120. Fig. (1) shows 
sequences of Tat variants representative of the five main 
HIV subtype that have the same trans-activation activity 
in spite of mutations up to 40%. Human Tat antibodies 
recognised mainly variable regions and do not have a cross 
clades capacity [38]. 
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 How the secretion of extracellular Tat might protect HIV 
infected cells from CTL is related to the amazing capacity of 
Tat to cross membranes [29]. Fig. (1) shows that there is a 
basic region made of Lys and Arg that is rather well 
conserved among Tat variants corresponding to residues 
(47)YGRKKRRQRR(57)R. This sequence is a “cargo” and 
can be attached to different proteins, DNA, RNA, or drugs to 
transport them across the cell membrane in an apparently 
energy-independent manner. How this highly hydrophilic 
peptide is able to cross the hydrophobic barrier imposed by 
the cell membrane is under investigation [40]. Apoptosis of 
CTL is observed in the presence of extracellular Tat in vitro 
[41]. The extracellular Tat crosses the membrane of Jurkaat 
cells (CTL cancer strain) to bind to the cytoskeleton proteins 
called tubulins, triggering what is called the “mitochondrial 
apoptosis” [29]. Nef is a HIV protein expressed at the same 
time with Tat and Nef blocks the mitochondrial apoptosis to 
prevent Tat mediated mitochondrial apoptosis in HIV 
infected CD4 cells [29]. A problem is that these in vitro 
experiments require µmolar concentrations of Tat that might 
be difficult to reach in vivo. Such a high concentration of 

extracellular Tat might be reached at proximity of CD4 
infected cells due to the high level of Tat secretion [42]. 
Another explanation would be the occurrence of Tat non 
specific binding in vitro due to the basic region. The Tat 
basic region has similarities with a human protein called 
Protamine (24RSCRRRKRRSCR) that appears with sexual 
maturation. When Protamine is added to extracellular Tat 
in vitro, it significantly reduces the Tat concentration to 
induce Trans activation in Hela P4 cells or apoptosis in 
Jurkaat cells [29]. Therefore, extracellular Tat appears to be 
the best candidate to explain how latent HIV infected cells 
can survive in an environment containing CTL. 

CURATIVE TREATMENT AGAINST HIV AND 
NATURAL ACQUIRED RESISTANCE TO HIV 

 The only case of HIV eradication is a patient (called the 
Berlin patient) infected with HIV for more than 10 years, 
who had been diagnosed with acute myeloid leukemia. He 
received hematopoietic stem cells (HSC) transplantation 
from a donor who was homozygous, but had a specific 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (1). There are five main HIV-1 subtypes in the world and Tat variability follows this geographical diversity of HIV with mutations up to 
40 % observed among Tat variants. These mutations do not modify Tat activity but affect Tat immune properties [29]. Tat Ug 11 RP, Tat 
HXB2, Tat 96BW, Tat Eli and Tat CM240 represent respectively HIV-1 subtypes A, B, C, D and E and are currently used to study the 
immune response against Tat in HIV infected patients [33] or in the Tat Oyi vaccine clinical trial (data not shown). 

EXON I

EXON II

    
1        10        20        30        40        50        60        70 

TatOyi   MEPVDPRLEPWKHPGSQPKTASNNCYCKRCCLHCQVCFTKKGLGISYGRKKRRQRRRAPQDSKTHQVSLSKQ 

TatHXB2   .....................CT.....K..F......IT.A................H.N.Q...A.....   
Tat96BW     ......N...........R..CTK....Y..Y..L...QT................ST.PS.ES..NLI.E. 

  
    

TatEli   .D....N....N......R.PC.K.H..K..Y..P...LN................GP..GGQA...PIP.. 
TatCM240   ..L...N....N......T..CSK....K..W...L..L..............H..GT..S..D..NPIP.. 

TatUg11RP   .D....NI...N......T.P..K....V..Y..L...QS............K...GPTQSN.Q..NPIP.. 

           80        90        100 
TatOyi   PASQPRGD-PTGPKESKKKVERETETDPED   101 

TatHXB2   .T......-......-............F.   100 
Tat96BW     .LPRTQ.N-...SE.......SK..A..FA   101 
TatEli   .S......-......Q.....S.A....      99 
TatCM240   .LPII.RN-..D......E.ASKA...QC.   101 

TatUg11RP   .IPRTQ.I-S...E.S.....DK....RR.   101 

World: 
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mutation on a chemokine membrane receptor called delta 32 
[43]. So far, the “Berlin patient” was the only successful case 
of HSC transplantation to eradicate HIV and other attempts 
failed. However, it shows that the first step of a curative 
treatment is a significant decrease of HIV infected CD4 cells 
in the peripheral blood and the second step is that the patient 
becomes seronegative [43]. It means that this patient has lost 
the capacity to produce antibodies against the HIV GP120 
envelop protein because he has no more viral particles in his 
peripheral blood contrary to HIV infected patients under 
ART and an undetectable viraemia. Before the “Berlin 
patient” it was considered as impossible to be seropositive to 
GP 120 due to HIV infection and then to become 
seronegative. 
 The “Berlin patient” leads to reconsider patients Exposed 
and Persistently Seronegatives (EPS) to HIV. These patients 
have been neglected because they were considered as 
exposed, but were not HIV infected due to mutations, such 
as the delta 32 mutation. These patients are different from 
seropositive patients called Long Term Non Progressors 
(LTNP) who have a detectable viraemia, but succeed to 
maintain the level of their CD4 cells. The only well studied 
EPS cohort are Kenyan sex workers at Nairobi and they were 
considered as mutants for many years [44]. A major outbreak 
occurred 12 years ago in this cohort when one of these 
women became seropositive, while she was exposed to HIV 
for a decade. Ultrasensitive assays in the EPS Kenyan sex 
workers revealed the presence of HIV viral particles in 
tissues and now their resistance to HIV-1 appears to be 
related to their capacity to develop an efficient CTL response 
against HIV. However, CTL response in EPS Kenyan sex 
workers is five times lower in magnitude as compared to 
seropositive Kenyan sex workers who develop AIDS [45]. 
The former EPS Kenyan woman had probably lost naturally 
acquired immunity against HIV infection that she had for a 
decade. 
 Another example much less known is a study of a cohort 
of 25 seropositive women in Gabon in 1986 who became 
seronegatives (n=23) after a survey of two years [46]. A HIV 
strain called HIV-1 Oyi was isolated from one of these 
women when she was still seropositive [46]. Contrary to the 
Kenyan sex workers who hade an activity that could induce a 
concentration of mutations protecting from HIV infection, 
the Gabonese women were identified from a pool of 750 
seronegative pregnant women followed in the Franceville 
(Gabon) hospital in 1986 [46]. The high frequency of retro 
seroconversion in the Gabonese cohort suggested that a 
phenomenon of natural acquired immunity to HIV infection 
appeared in this cohort [29]. Focus was made on Tat Oyi that 
had mutations never observed in other Tat variants and Tat 
Oyi turned out to also have immune properties never 
observed in other Tat variants [29]. A Tat Oyi vaccine was 
tested on macaques with a heterologous mucosal SHIV 
challenge. SHIV infected CD4 cells were no longer 
detectable in the peripheral blood two months after SHIV 
challenge and one macaque became seronegative [29]. It was 
therefore possible to reproduce in vivo on the macaque 
model the same phenomenon of retro seroconversion 
observed in the Gabonese cohort. However, no study was 
made on the Gabonese cohort to know if they had antibodies 
against Tat and that cohort no longer exists since 1989. The 
only information obtained in 1999 was that the HIV 

infection markers no longer existed on these Gabonese 
women who were seropositive and had detectable viral 
particles in their peripheral blood in 1986 (Bernard Laporte, 
personal communication). 
 In collaboration with Gianfranco Pancino and Françoise 
Barre-Sinoussi 10 years ago, we had the opportunity to study 
the presence of Tat antibodies in sera of an EPS cohort of 
Vietnamese intravenous drug users (unpublished data). 
Patients in this cohort remained seronegative in spite of 15 
years of drug use and sharing of HIV infected syringes but 
they were infected with other blood-borne viral infection 
[47]. We did an ELISA experiment with six Tat variants 
showed in Fig. (1), which is now a standard operating 
procedure in the lab. Currently, there are five main HIV-1 
subtypes in the world: subtype A (22%) is mainly in the East 
Africa; subtype B (10 %) is mainly in Europe and North-
America; Subtype C (50 %) is predominant now in the world 
and is mainly in South Africa and India; subtype D (less than 
5 %) is found mainly in Central Africa and subtype E (less 
than 5 %, now described as the recombinant form 
CRF_01AE) is found mainly in South East Asia [49]. Tat 
variability follows this geographical diversity of HIV with 
mutations up to 40 % observed among Tat variants from A, 
B, C, D and E HIV-1 subtypes, that do not modify Tat 
activity but affect Tat immune properties [29]. This is why 
we used Tat Ug 11 RP, Tat HXB2, Tat 96BW, Tat Eli and 
Tat CM240 to represent HIV-1 subtypes A, B, C, D and E 
(Fig. 1). These five synthetic proteins have a similar trans 
activation activity on HeLa P4 cells and a size going from 99 
to 101 residues, which is now the dominant form of Tat in 
the field [29]. The Tat Oyi variant was added. We detected 
Tat antibodies in 66 % of the sera from EPS patients (n=25). 
No Tat antibodies were detected in sera from a cohort of 
HIV seronegative patients in France (n=20). Tat antibodies 
were detected in 56 % of the sera from a cohort of HIV 
seropositive patients in France (n=27). The main difference 
between EPS Vietnamese and French HIV seropositive 
patients was the capacity for an EPS serum to have 
antibodies recognising different Tat variants, while French 
HIV seropositive patients were able to recognise mainly Tat 
HXB2. This result was obtained before the publication 
regarding the “Berlin Patient” and EPS Vietnamese were 
considered as exposed but non infected patients [48]. The 
presence of Tat antibodies revealed that at least two third of 
these EPS Vietnamese were HIV infected. The hypothesis is 
that EPS patients have neutralising antibodies against Tat 
variants that recognise a functional region highly conserved 
in all Tat variants. This is the rational of the Tat Oyi 
vaccination now in phase IIa at Marseille [50]. Other 
mechanisms of resistance to HIV infection were described 
for EPS Vietnamese who had no detectable antibodies 
against Tat [48]. 
 Perhaps, the major EPS group who naturally resisted 
to HIV infection is new born babies from HIV infected 
mothers who escape from HIV infection without ART [51]. 
They have antibodies against GP120 until 12-14 months and 
then become seronegatives [52]. In the absence of ART, this 
retro seroconversion occurs for two thirds, born from HIV 
infected mothers. This high proportion excludes genetic 
factors that could provide an innate resistance against HIV. 
The prevalent hypothesis in the scientific community is 
that viral particles cannot cross the placenta barrier and 
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the infection occurs for delivery, but it is also accepted 
that contamination can occur through breast feeding. 
However, a naturally acquired immunity was reported for a 
US baby girl called the ‘Mississippi Baby’ who had 
detectable HIV DNA in peripheral blood and got ART until 
she was 18 months old [53]. Then she became seronegative 
after HIV DNA was no longer detectable in her peripheral 
blood. She was declared cured from AIDS when she was 30 
months old. She is four years old now, but unfortunately, 
HIV DNA was recently detected in her peripheral blood and 
she is no longer considered as cured. The “Mississipi baby” 
has certainly developed a natural immunity allowing 
eradication of HIV infected cells in her peripheral blood. The 
absence of viral particles in peripheral blood made her 
seronegative but, HIV infected cells were not eradicated 
from her tissue reservoirs. Probably, her natural immunity 
was an acquired phenomenon, which she lost resulting in the 
return of HIV infected cells in her peripheral blood. 

CONCLUSION 

 Extracellular Tat might be the key target for a curative 
treatment against AIDS but an immune response against Tat 
appears not to stand for a long time contrary to the immune 
response against GP 120. Sequence analogy with human 
proteins such as Protamine may induce a repression of the 
immune system to recognize Tat particularly in adults. 
Eradication of HIV infected cells might be a long process in 
tissue reservoirs. A significant decrease of HIV DNA in the 
peripheral blood appears to be the first step for a curative 
treatment that ART or other vaccine approaches have been 
unable to achieve till now. Two phase II clinical trials are 
ongoing with Tat Oyi in France [50] and with a Tat variant 
closely related to Tat Oyi in South Africa [36]. If a 
significant decrease of HIV DNA in peripheral blood is 
observed in one or in these two trials, it will be a major 
advancement in HIV treatment comparable to ART in 1996. 
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