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List of abbrev ia t ions used 

ABC abacavir 
CNS central nervous system 
CSF cerebrospinal fluid 
CTL cytotoxic T lymphocyte 
d4T stavudine 
EFV efavirenz 
IDV indinavir 
IP-10 interferon-y-inducible protein-10 
LLQ lower limit of quantification 
LMNC lymph node mononuclear cells 
MCP-1 monocyte chemoattractant protein-1 
MPA mycophenolic acid 
NFV nelfinavir 
NNRTI non-nucleoside reverse transcriptase inhibitor 
NRTI nucleoside analogue reverse transcriptase inhibitor 
NVP nevirapine 
PBMC peripheral blood mononuclear cells 
PI protease inhibitor 
RTV ritonavir 
STI structured treatment interruption 
sTNFr-II soluble tumor necrosis factor receptor 
SQV saquinavir 
ZDV zidovudine 
3TC lamivudine 
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Summary and Conclusions 

Treatment of HIV-1 infected patients with the currently used highly active 
antiretroviral therapy ("HAART"), consisting of three or more antiretroviral 
drugs, can produce profound suppression of viral replication, with reduction 
of plasma HIV-1 RNA levels to below the limit of detection for at least three 
years.1 3 However, with the available antiretroviral drugs eradication of the 
virus from an infected person is not possible. Despite sustained suppression 
of HIV-1 RNA in plasma several obstacles to such eradication can be identi
fied: (1) the presence of anatomical reservoirs for HIV, (2) the persistence of 
latently infected, resting CD4+ T cells, and (3) ongoing low-level viral replica
tion (Introduction). 

An important obstacle for eradication of HIV from an infected person 
is the presence of ana tomica l r e se rvo i r s for HIV.48 Potential anatomical 
reservoirs are the CNS, the retina and the male genital tract. In these tissues 
a biological barrier (the blood-brain barrier and blood-testis barrier, respec
tively) prevents the free exchange of drugs between blood and tissue.9 Sub-
optimal concentrations of antiretroviral drugs in anatomical reservoirs could 
allow continuing production of HIV-1 and the emergence of drug-resistant 
HIV-1 strains, despite adequate plasma drug concentrations and systemic 
virological efficacy.1017 At the time of the initiation of the studies described in 
this thesis, only limited data on the penetration of antiretroviral drugs into 
the CNS and male genital tract were available.1829 Especially concentrations 
of the Pis in the CSF and seminal plasma appeared to be undetectable or 
lower than desired.2426'28"30 

In Chapter 2, 3, and 4 studies on the penetration of IDV, NVP, and ABC 
into the male genital tract and/or the CNS are described. Chapter 2 de
scribes the serum pharmacokinetic profile and the penetration of IDV into 
the male genital tract and the CNS with or without low-dose RTV. In con
trast to the Pis RTV, NFV and SQV, IDV penetrated well into the male geni
tal tract, and we confirmed the ability of IDV to penetrate into the 
CNS.21-28-29 Furthermore, the addition of low-dose RTV not only increased 
IDV concentrations in serum but also in seminal plasma and CSF, thereby 
probably improving the potency of the regimen in these anatomical HIV res
ervoirs. Higher IDV serum trough levels alone could not sufficiently explain 
the observed increases in seminal plasma and CSF concentrations after the 
addition of RTV. Therefore, RTV appeared to influence the IDV concentra
tions in seminal plasma and CSF independent from its effect on the IDV se
rum concentrations. This suggests that RTV can influence the penetration of 
a drug through the blood-brain barrier or the blood-testis barrier, in which its 
inhibitory effect on the P-glycoprotein mediated drug efflux through these 
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anatomical barriers possibly plays a key role (see Introduction, section 
3.3).31 

Several factors make the interpretation of drug concentrations in seminal 
plasma difficult. First of all, it is largely unknown whether drug concentra
tions in seminal plasma vary during a dosing interval. Furthermore, human 
ejaculate is composed of secretions from the testis, the prostate, and the 
seminal vesicles, all of which have their own physiological characteristics. 
Therefore, the final concentration of a drug in the ejaculate does not neces
sarily reflect the concentration of the drug in the various compartments of 
the male genital tract. Chapter 3 describes a study evaluating the pharma
cokinetic profile of NVP and IDV in seminal plasma during the dosing inter
val. To determine whether NVP and IDV penetrate all compartments of the 
male genital tract we also investigated, using the split ejaculate technique, 
the penetration of NVP and IDV in fluids originating from the testis/prostate 
and from the seminal vesicles.32 NVP and IDV concentrations in seminal 
plasma were dependent on the time after drug ingestion, and paralleled the 
blood plasma pharmacokinetics during the dosing interval, which is in con
t ras t to previously described relatively stable ZDV and 3TC concentrations in 
seminal plasma.20'33 It is therefore not justified to use drug concentrations of 
NVP and IDV in a random semen sample as a measure of exposure without 
taking into account the time of drug ingestion. Furthermore, our data sug
gested that NVP and IDV achieve therapeutic concentrations in both tes
tis/prostate and seminal vesicles throughout the dosing interval. 
The good penetration of the NRTI ABC into seminal plasma is described in 
Chapter 4. In contrast to the NRTIs ZDV and 3TC, ABC concentrations in 
seminal plasma were not consistently higher than blood plasma concentra
tions throughout the dosing interval,2027'33 suggesting that ABC does not ac
cumulate in the seminal plasma. 

Efficacy of antiretroviral therapy in the CNS is monitored by measuring HIV-
1 RNA levels in the CSF. Markers of local inflammation (chemokines) in the 
CSF might provide additional information on residual HIV-1 replication in 
the brain during antiretroviral therapy. In Chapter 5 we describe concentra
tions of sTNFr-II and the chemokines MCP-1 and IP-10 in the peripheral 
blood and CSF of 26 HIV-1-positive patients using antiretroviral therapy 
regimens with increasing potency: RTV/SQV (n=5), RTV/SQV/d4T (n=8) or 
ZDV/3TC/ABC/NVP/ IDV (n=13). After 8 to 12 weeks of treatment, peripheral 
blood HIV-1 RNA levels were <400 copies/mL in 2 of 5 patients in the 
RTV/SQV group, in 6 of 8 patients in the RTV/SQV/d4T group, and in 10 of 
13 patients in the five-drug group. At weeks 8 to 12, 9 of 10 patients in the 
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five-drug group reached a CSF HIV-RNA <400 copies/mL, compared with 8 of 
8 patients in the RTV/SQV/d4T group and only 1 of 5 patients in the 
RTV/SQV group. RTV and SQV do not penetrate into the CNS, and sub-
optimal antiretroviral drug concentrations in the CNS thus allowed continu
ing HIV-1 replication.26 CSF sTNFr-II and IP-10 levels increased in patients 
with detectable CSF HIV-1 RNA and decreased in most patients who reached 
an undetectable CSF HIV-1 RNA during treatment. However, in some pa
tients with good CSF HIV-1 RNA responses, increases in CSF chemokine and 
sTNFr-II concentrations were observed. Moreover, after an initial decline in 
CSF MCP-1 levels during the first 8 to 12 weeks, a significant increase was 
observed between weeks 8 and 48 in the three groups, which was much less 
pronounced in serum. All these patients had CSF HIV-1 RNA levels lower 
than the LLQ at week 48. Ongoing, residual HIV replication in the CNS, 
which cannot be detected with CSF HIV-1 RNA measurements, may account 
for the observed discordance between HIV-1 RNA and sTNFr-II and chemo
kine concentrations during antiretroviral therapy. 

These and other studies demonstrate that many of the currently available 
drugs penetrate well into the male genital tract and CNS (see Introduction, 
Table 1). The importance of using an antiretroviral regimen consisting of 
drugs with proven therapeutic concentrations in these anatomical reservoirs 
was emphasised in several studies demonstrating the emergence of distinct 
HIV-1 strains in the CNS or male genital tract versus the blood during 
antiretroviral therapy. 10-12,15-17.34 Therefore, when developing new drugs the 
ability of the drug to penetrate into these anatomical reservoirs should be in
vestigated. 

The persistence of a cellular reservoir consisting of resting 
memory CD4+ T lymphocytes harbouring replication-competent virus, despite 
prolonged potent antiretroviral therapy, represents a major barrier for eradi
cation of HIV. In treated patients with undetectable plasma virus levels the 
mean half-life of the pool of latently infected memory CD4+ T lymphocytes 
was calculated to be 6 to 43.9 months, leading to a theoretical time for eradi
cation of HIV by antiretrovirals alone of 10-60 years.35-36 One strategy to in
crease the turnover rate of this reservoir might be the activation of these 
cells, in the continued presence of antiretrovirals to prevent re-infection of 
activated cells. Activation may lead to apoptosis,37'38 or to virus replication 
within these cells resulting in cell lysis either by a direct cytopathic effect or 
through immune mediated killing. Activation might be accomplished by the 
use of OKT3, which also activates resting T cells by binding the TCR com
plex. Chap te r 6 and 7 describe a pilot study in which three HIV-1 positive 
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patients on potent antiretroviral therapy, in whom plasma HIV-1 RNA levels 
had been suppressed to below 5 copies/mL for at least 26 weeks, were treated 
with a combination of OKT3 (days 1-5 and 15-19) and recombinant human 
IL-2 (days 2-6, 16-20). The side effects during the first cycle of OKT3/IL-2 
consisted of fever, headache, nausea, diarrhoea, and in one of the patients 
transient renal failure and seizures. Because of the severe side effects two 
patients refused a second OKT3/IL-2 cycle. 

The regimen indeed resulted in profound T cell activation and proliferation, 
as evidenced by a strong but transient release of plasma cytokines and che-
mokines, an increase to almost 100% of the percentage CD4+ and CD8+ T 
cells in the blood expressing the activation marker CD38, and in lymph nodes 
a ten-fold increase in the number of dividing (Ki-67+) cells and increased 
numbers of apoptotic cells. The goal of this T cell activation was to induce 
HIV-1 replication in latently infected cells, thereby 'flushing out' the latent 
cellular reservoir. In one patient plasma HIV-1 RNA transiently increased, 
with a peak of 1500 copies/mL at day 5 of the OKT3/IL-2 protocol. In the 
other two patients plasma HIV-1 RNA levels remained below the detection 
limit, but HIV-1 RNA levels in the lymph nodes increased two- to threefold. 
However, one or two cycles of OKT3/IL-2 failed to result in measurable 
purging of the cellular reservoir. Moreover, all patients rapidly developed an
tibodies against the mouse monoclonal OKT3, which significantly reduced its 
immunostimulatory effects during the subsequent cycle. 

During the OKT3/IL-2 treatment, a depletion of CD4+ T cells in peripheral 
blood and lymph nodes occurred, which was followed by a long lasting deple
tion of CD4+ T cells in peripheral blood, suggesting a physical deletion of 
these cells. Increases in CD4^ T cell numbers during the two years of follow-
up were mainly due to increased memory T cell numbers. CD8+ T cells were 
also depleted in the blood, but less severely in lymph nodes, and returned to 
baseline levels within several weeks. This long-lasting depletion of CD4+ T 
cells may be considered a contraindication for future exploration of this 
therapeutic approach in a disease in which CD4+ T cell depletion is an impor
tant feature. 

At the time of this pilot study, the possibility of re-feeding of the cellular res
ervoir due to ongoing "low-level" replication during potent antiretroviral 
therapy was not considered. Unfortunately, during the past years several 
studies have provided evidence that there is residual viral replication during 
potent antiretroviral therapy (see below),36-39-62 and the decay of the latent 
reservoir is inversely correlated with the extent of residual replication.43 

Consequently, the use of immune activation protocols to purge the cellular 
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reservoir should only take place during 100% suppression of viral replica
tion.63 

An important question is thus whether the suppression of viral rep
lication during standard potent antiretroviral therapy can be improved 
upon. In many patients with undetectable plasma HIV-1 RNA levels using 
standard assays, a low level of HIV-1 RNA in plasma (1 - 20 copies/mL), ex
pression of viral RNA in lymphoid tissue, and unintegrated circular forms of 
viral DNA or HIV-1 mRNA in peripheral blood mononuclear cells (PBMC) 
could still be detected (see Introduction, section 5).36,39-62 jf ^ e measured 
HIV-1 RNA, mRNA or unintegrated DNA represent truly ongoing viral repli
cation, this would be worrisome, as it may allow for the selection of resis
tance mutations, with the fear of subsequent therapeutic failure.36,42,57,59 j n _ 
deed, during potent antiretroviral therapy successfully suppressing plasma 
HIV-1 RNA to below 50 copies/mL, new drug resistance mutations were dem
onstrated in minority populations of viruses cultured from blood cells.58 The 
question is whether more potent antiretroviral therapy might reduce this re
sidual replication. 

A possible approach to address this question is measuring viral replication 
using ultrasensitive HIV-1 RNA assays in patients who have been success
fully treated with antiretroviral regimens with different potencies. We there
fore compared 30 patients successfully treated with a standard of care regi
men consisting of two different classes of antiretroviral drugs with 7 patients 
treated for 3 years with a multidrug regimen consisting of three different 
classes (Chapter 8). We have demonstrated earlier that the alternative mul
tidrug regimen resulted in a more rapid initial plasma HIV-1 RNA decline 
than a standard of care regimen, which suggested that viral suppression by a 
standard triple-drug therapy can be improved upon.64 The 30 controls were 
chronically HIV-1 infected patients, who were antiretroviral naive at the 
time they initiated a standard potent antiretroviral regimen consisting of 2 
NRTIs plus 1 or 2 Pis, or 1 NRTI plus 2 Pis. They were on such regimen for 
at least 3 years, and were not allowed to have experienced virological failure 
during the 144 weeks of follow-up. To detect low-level plasma viremia, 
plasma samples obtained at week 48 and at three different time points after 
three years of therapy were re-tested with a modified ultrasensitive HIV-1 
RNA assay with an LLQ of 5 copies/mL.64 Baseline CD4+ T cell count and 
plasma HIV-1 RNA level were not statistically significant different for the 
multidrug regimen group and the control group. At week 48, plasma HIV-1 
RNA could be quantified (range: 25 to 550 copies/mL) in 10 of 24 control pa
tients (41.7%), whereas in all ten patients treated with the alternative multi
drug regimen plasma HIV-1 RNA was below 5 copies/mL (Fisher's Exact test, 
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P=0.017). After three years of therapy, plasma HIV-1 RNA could be quanti
fied (range: 13-453 copies/mL) at 0 of 3 time points in 12 control patients, at 1 
of 3 time points in 14 control patients, and at 2 of 3 time points in 4 control 
patients. In 6 of 7 patients of the alternative multidrug regimen plasma HIV-
1 RNA was below 5 copies/mL at all 3 time points around week 144, and in 
one patient plasma HIV-1 RNA was quantifiable at 1 of 3 time points (21 
copies/mL). The number of time points with quantifiable plasma HIV-1 RNA 
per patient differed statistically significant for the two groups (P=0.036, 
Cochran-Armitage Trend Test). Furthermore, as has been described earlier, a 
low baseline CD4+ T cell count was predictive of quantifiable low-level viral 
replication in the control patients, but not in the multidrug patients.39-46 The 
main conclusion of this study is that viral suppression can be improved upon. 
A possible mechanism for the improved suppression of viral replication using 
the alternative multidrug regimen might be that the presence of more re
verse transcriptase inhibitors results in stronger inhibition of the reverse 
transcription of HIV-1 RNA. Furthermore, suboptimal penetration of antiret-
roviral drugs into anatomical (e.g. the brain and male genital tract) and cel
lular sites might result in only partial suppression of viral replication in 
these sites in the case of standard of care therapy. In the multidrug regimen, 
the drugs were selected because of their known good penetration into these 
anatomical sites. 18.22.23.33,65-69 

Intensification of therapy with drugs with other mechanisms of action might 
result in further improved or even complete suppression of viral replication. 
HIV-1 entry consists of 3 steps that provide promising targets for antiretrovi-
ral therapy: the attachment of the HIV-1 surface glycoprotein gpl20 to CD4 
cells, the interaction of the gpl20-CD4 complex with the coreceptor CCR5 or 
CXCR4, and membrane fusion mediated by the HIV-1 transmembrane glyco
protein gp41. Inhibitors of attachment, fusion, and coreceptor binding are re
ferred to as entry inhibitors. Currently, inhibitors of viral attachment or viral 
fusion (gpl20-CD4 attachment inhibitors (PRO 542) and gp41 fusion inhibi
tors (T-20), respectively), and virion-coreceptor binding antagonists 
(CCR5/CXCR4-inhibitors) are being developed.7073 Another target for the de
sign of antiretroviral drugs is the inhibition of HIV-1 integrase.7477 

The question is whether intensification of therapy would affect the decay rate 
of the latent cellular reservoir. Intensification with ABC + EFV in five pa
tients resulted in a more rapid decay of the cellular reservoir compared to 
five other patients whose therapy was not intensified.78 

Also, strategies that interfere with lymphocyte activation are currently in
vestigated. For example, MPA, a selective inhibitor of the de novo synthesis 
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of guanosine nucleotides in T and B lymphocytes, in vivo and in vitro inhibits 
proliferation and induces apoptosis and cell death in a large proportion of ac
tivated CD4+ T lymphocytes. In addition, MPA in vitro inhibits viral replica
tion by depleting the substrate (guanosine nucleotides) for reverse transcrip
tase, thereby potentiating the antiretroviral activity of guanosine analogues 
such as ABC. 7 9 8 1 In conclusion, in vitro MPA inhibits HIV infection by sev
eral mechanisms.80 In vivo, MPA reduced in treated HIV-1 infected patients 
with undetectable plasma HIV-1 RNA levels the pool of HIV-1 infected CD4+ 

T cells including the pool of latently infected, resting CD4+ T cells.80 The in
hibition of T cell activation could be the main mechanism for the accelerated 
decay of the cellular reservoir, by interfering with re-feeding of the cellular 
reservoir. 

The size of the pool of resting CD4+ T cells containing replication competent 
HIV-1 in the blood of patients receiving intermittent IL-2 plus potent antiret
roviral therapy was significantly lower than that of patients receiving potent 
antiretroviral therapy alone.82 Moreover, in 3 of 14 patients receiving IL-2 
plus potent antiretroviral therapy, replication-competent virus could not be 
isolated from resting CD4+ PBMC even when large numbers of cells were cul
tured. In 2 of these 3 patients, replication competent virus was also not de
tectable in LMNC, despite culture of large numbers of LMNC. However, de
spite the absence of detectable replication-competent HIV rapid emergence of 
plasma HIV-1 RNA was observed in both patients when antiretroviral ther
apy was discontinued, clearly demonstrating that eradication of HIV was not 
achieved.8384 In addition, a lack of correlation between the kinetics of viral 
rebound in plasma after discontinuation of therapy and the size of the pool of 
latently infected CD4+ T lymphocytes before discontinuation of therapy in 
HIV-1 infected patients with a history of sustained viral suppression has 
been demonstrated.84 Furthermore, the genotypes of virus cultured from 
latently infected, resting CD4+ T cells of 6 patients, whose viral replication 
had been successfully suppressed for prolonged periods of time, were com
pared with the genotypes of rebounding plasma virus after discontinuation of 
treatment. In 4 of these patients, the replication competent HIV derived from 
the pool of latently infected, resting CD4+ T lymphocytes was genetically dif
ferent from the initial rebounding plasma virus.85 This indicates that, al
though the cellular reservoir is a potentially important source of rebounding 
plasma HIV, it is not the sole source of viral rebound after discontinuation of 
therapy in the majority of patients, indicating that other viral reservoirs, e.g. 
anatomical reservoirs, are contributing to the initial re-emergence of plasma 
viremia after cessation of antiretroviral therapy. 
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Issues of adherence, and short-term and long-term toxicity compromise the 
possibilities for further intensification of antiretroviral therapy. Another 
strategy to increase suppression of viral replication might be the enhance
ment of HIV-specific cellular and humoral immunity, either by therapeutic 
vaccination or STI. The current challenge for HIV vaccine design is the de
velopment of vaccines able to elicit both stronger cellular immune responses 
(CD4+ T-helper cell responses and CTL activity), and broader neutralising 
antibody responses against genetically diverse viral species. Several vaccine 
studies are being undertaken in humans and macaques, but to date vaccines 
in humans have not resulted in a significant clinical benefit or immunological 
control of HIV replication.8688 The best studied vaccine thus far is Remune, 
chemically and physically inactivated HIV-1 depleted of gpl20 and gpl60, 
that resulted in marked CTL responses when administered to humans.8 9 9 2 

DNA vaccination yielded encouraging data in monkeys, but this has not yet 
been repeated in humans.93-94 

STI with the objective of boosting HIV specific immunity has been attempted 
in both acute and chronic HIV-1 infected patients. Initiation of antiretroviral 
therapy during primary infection resulted in improved HIV-1 specific T 
helper-cell responses and HIV-1-specific CTL responses.95 STI in these pa
tients further increased these immune responses and a proportion of these 
patients was subsequently able to control plasma viremia without further 
antiretroviral therapy.9698 However, the durability of this control is not yet 
known. The results of STI in patients who initiated antiretroviral therapy 
during chronic infection have been less consistent and less promising.8499102 

160 


