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Abstract

CCR5 receptor inhibitors are currently being intro-
duced into clinical practice. In some instances treat-
ment failure is related to the selection of pre-existing
CXCR4-tropic minority virus strains. Up to date it is
unclear whether the outgrowth of a CXCR4 using
reservoir is associated with accelerated HIV-disease.

In any case, treatment with CCR5 inhibitors should
only be initiated in the absence of a relevant CXCR4-
tropic minority. Otherwise treatment failure and the
accumulation of mutations may ensue. Tropism tests,
clinical data and other laboratory parameters help to
determine the risk for an individual patient to harbour
CXCR4 tropic virus strains, although the negative pre-
dictive value of each of these parameters and tests is
quite low.

If treatment fails re-assessment of viral tropism can
help to differentiate between failure due to the devel-
opment of CCRS5 inhibitor resistance or the selection
of CXCR4-tropic virus strains.

This article presents and discusses available data on
viral tropism and tropism testing in the context of
CCR5 inhibitor treatment.

INTRODUCTION

HIV-infection of CD4+ T-lymphocytes typically be-
gins when a virus particle attaches to the cell surface
and fuses its envelope with the cell membrane. This
step in the HIV life cycle is called entry. It involves the
binding of the HIV glycoprotein gp120 to the cellular
CD4-receptor. The resulting conformational changes
in the gpl120 protein uncover additional binding sites
that interact with distinct cellular membrane proteins
known as chemokine receptors [1-3]. The clinical im-
portance of these co-receptors was recognized almost
10 years ago when several groups described cohorts of
long term non-progressors and exposed but uninfect-
ed individuals who lacked the CCR5 chemokine recep-
tor [4-6]. Surprisingly the genetic variant called delta32
was not associated with any obvious clinical disease.
Two chemokine receptors designated CCR5 and
CXCR4 have been identified as the major co-receptors
for viral entry [1-3, 6]. CCR5 is used by the so called
macrophage-tropic HIV-1 strains, which predominate
during the asymptomatic phase of HIV-disease while
CXCR4 is used by the so called T-cell tropic strains,
which are sometime isolated in patients with clinical

AIDS [7-9]. As opposed to macrophage tropic strains,
whose ability to fuse with the cell membrane heavily
depends on the presence of CCR5, T-cell tropic virus
strains are almost always dual- or “multi-tropic”,
which means that they can use various chemokine re-
ceptors with CXCR4 being the most important one
[10].

Formerly, viral isolates were classified according to
their ability to induce syncytia in cultured PBMC or
MT-2 cells. CCR5-tropic strains generally do not in-
duce syncytia while CCR4-tropic strains do [11], which
illustrates the enhanced fusogenicity of the latter. The
degree of fusogenicity, however, has been recognized
as a major determinant for the rate of HIV replication
and T-cell destruction [12], thereby directly linking co-
receptor usage to the speed of disease progression.

Only 10 years after the recognition of the chemo-
kine receptors as co-receptors for HIV-entry CCR5-
inhibitors are in various stages of clinical development
and the FDA and EMEA have approved the first
CCRb5 receptor inhibitor. The drug has proven its high
antiviral potency in clinical trials in both treatment-
naive and treatment-experienced patients. 1 and 2
studies). However, throughout the entire development
process of CCR5 receptor inhibitors concerns about
the inhibition of CCR5 receptor mediated entry, its
implications on viral tropism and its possible clinical
consequences have been mounting up. HIV has been
feared to escape from CCR5 receptor inhibition by
starting the use of CXCR4 and other co-receptors. It
was unclear whether mutations in the envelope gene
could induce a tropism switch transforming a (previ-
ously multiresistant) CCR5 tropic virus into a dual- or
even multi-tropic virus with enhanced fosogenicity.

In this scenario CXCR4 or dual tropic virus popula-
tions, once selected would continue to expand even af-
ter the stop of CCR5 receptor antagonists, leaving the
patients with a super bug that relentlessly drives them
into immunodeficiency at high speed.

RESISTANCE CONFERRED BY SELECTION OF
DUAL-, MIXED-, OR CXCR4-TROPIC
MINORITIES

Ever since the development of CCR5 receptor in-
hibitors began, many have worried that preventing
HIV from entering its target cells via CCR5 would
force it to use other co-receptors such as CXCR4. In-
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deed, the CCR5-inhibitor trials conducted so far have
unanimously shown that some individuals do experi-
ence a tropism switch under CCR5 inhibitor treat-
ment. In the Motivate trials (which included treatment
experienced patients who received maraviroc together
with an optimised background regimen) a large pro-
portion of patients on maraviroc showed the emer-
gence of CXCR4-tropic virus at failure. However, a
closer look reveals the true nature of this phenome-
non. During ten days of maraviroc monotherapy
CXCR4 receptor using virus strains appeared in a
small proportion of patients [13]. The phylogenetic
analysis of envelope clones from pre- and posttreat-
ment time points indicated that in these patients the
CXCR4-tropic strains emerged by outgrowth of a
pretreatment CXCR4-using reservoir, rather than via
mutation of a CCR5-tropic strain [14]. The results
from the Motivate trials corroborate these data: All
patients whose circulating virus turned CXCR4-tropic
during treatment either had mixed tropic or minority
CXCR4-tropic strains at baseline which were only de-
tected by clonal analyses of the baseline bulk virus
population.

The tropism question is not only complicated by
limitations of current assays to detect minority virus
populations but also by naturally occurring changes in
the predominant virus population. A post hoc analysis
of trial A4001029 (whose objective was to study mar-
aviroc for the treatment of patients with non-CCR5-
tropic virus) demonstrated that the TrofileTM assay
used in this trial detected different patterns of tropism
at screening and baseline in 11% of patients. Individ-
ual patients on placebo also experienced tropism
switches from dual/mixed tropic virus to CCR5 ot
CXCR4 receptor using virus populations. Similar re-
sults were reported from the Motivate trials, which
found that 8% of individuals screened as having only
CCR5-tropic virus, experienced the emergence of
CXCR4-tropic virus by the time treatment was started
some weeks later. These findings highlight the impor-
tance of a critical appraisal of tropism test results and
the possibility of spontaneous tropism switches even
in the absence of selective pressure from CCR5 in-
hibitors.

DEVELOPMENT OF RESISTANCE TO CCR5-RE-
CEPTOR INHIBITORS UNDER SELECTION
PRESSURE

The main steps involved in the fusion of HIV with a
target cell are 1) attachment of the viral glycoprotein
gp120 to the CD4 antigen of a target cell, ii) binding
of the gp120 to a co-receptor and iii) fusion of the vi-
ral and cellular membranes. The interaction of the
¢p120 with the CD#4 receptor triggers a conformation-
al change in the gp120, which exposes sites that inter-
act with chemokine receptors [15, 16]. Besides the ma-
jor co-receptors CCR5 and CXCR4, HIV can use a
number of other chemokine receptors, but their role
in vivo has not yet been established. Gp120 binds to
any of these co-receptors through the V3 loop and a
number of other regions but viral tropism appears to
be determined by the amino acid sequence of the V3
loop [17-20].
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Small molecule co-receptor inhibitors mimic the
natural ligands and inhibit the gp120-chemokine-re-
ceptor interaction after binding to the particular co-re-
ceptor.

Several in vitro experiments were conducted to in-
vestigate the mechanism of resistance to chemokine-
receptor inhibitors. Virus isolates were passaged in
CD4 positive U87 cells, which either carried CCR5 or
CXCR4. In the presence of increasing concentrations
of the CCR5 inhibitor TAK-652 the escape variants
evolving from CCR5-tropic virus did not show any in-
creased ability to infect CXCR4 positive cells. These
escape variants were resistant to TAK-652 and partial-
ly cross-resistant to the related TAK-779. In contrast
the structurally different CCR5 inhibitor TAK-220 re-
tained its activity [21]. Amino acid changes in the V3
loop of the exterior glycoprotein gp120 play a key role
in the emergence of resistance to CCR5 inhibitors
[22], but substitutions in the other variable regions V1,
V2, V4 and V5, as well as in the conserved regions C1-
C4 also seem to contribute [23]. Mutations in these at-
eas seem to be specific for each of the different drugs
in development as viral isolates that emerged during
maraviroc treatment of infected cell cultures have
demonstrated that maraviroc resistant strains continue
susceptible to other CCR5 inhibitors [24]. Phenotypic
susceptibility assays suggest that maraviroc resistant
virus is characterised by its ability to utilise maraviroc-
bound CCR5 for entry [25]. A tropism switch, howev-
er, induced by mutations in the envelope gene has
rarely been observed in vitro [23, 20] and remains to
be demonstrated 7z vivo. Why does HIV retain its
original tropism under selective pressure? The reason
may be the complex sequence of amino acid changes
in the V3 loop paralleled or even preceded by changes
in other regions necessary for changing co-receptor
tropism [27-29].

The analysis of virus from maraviroc-treated indi-
viduals from the Motivate and Merit trials further con-
firms these findings: All maraviroc-resistant virus iso-
lates from patients who entered the study with purely
CCR5-tropic virus showed unchanged CCR5-tropism
[30, 31]. Most individuals whose virus turned to dual-
or CXCR4-receptor usage had harboured CXCR4-
tropic viral minorities at baseline, which was demon-
strated retrospectively by sub species analyses of the
baseline bulk virus populations.

Despite the growing evidence that tropism switch
via mutation of CCR5-tropic strains is not a major
pathway of resistance the consequences of long-term
treatment with CCR5 inhibitors remain to be estab-
lished in clinical practice and monitoring of patients
receiving CCR5-inhibitors should be very close.

CLINICAL IMPLICATIONS OF THE TROPISM ISSUE

CCR5-tropic virus is the predominant virus during the
carly stages of HIV infection. In a number of cohorts
and trial populations studied in regions with clade B
subtypes, the vast majority (>80%) of treatment naive
patients carry CCR5-receptor-using virus strains.

The patients most likely to have CXCR4-tropic
virus strains are those individuals with advanced HIV-
disease [32]. This includes patients with a history of
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opportunistic infections whose CD4 cell counts have
recovered following successful antiretroviral treatment
[33]. Although virus strains capable of using CXCR4
are found more often in treatment experienced pa-
tients, most of these strains are dual or mixed tropic
and even in the most advanced patients pure CXCR4
tropism is rather an exception [32, 34, 35]. During the
natural course of HIV infection a switch from a CCR5
co-receptor using virus population to a CXCR4 co-re-
ceptor using virus population coincides with an accel-
eration of CD4 T-cell depletion and progression of
HIV-disease [8, 36]. However, the switch from CCR5-
to CXCR4- or dual-tropic virus does not seem to be a
prerequisite for the development of severe immunod-
eficiency or clinical disease as CCR5-tropic virus pre-
dominates in as many as 50% of patients with severe
immunodeficiency including those with opportunistic
infections [37]. Interestingly, a tropism switch from
CCR5 to CXCR4 also seems to occur in cellular reser-
voirs in patients with fully suppressive antiretroviral
therapy even in the absence of CCR5-inhibitors [33].
Pooled data from CCRS5 inhibitor trials show that in
some patients virologic failure was associated with the
selection of CXCR4 tropic virus populations. In most
of these cases minority CXCR4-tropic strains could be
detected by clonal analysis of the baseline bulk virus
population. Once the CCR5 receptor was stopped the
CXCR4 tropic virus strains were rapidly outperformed
and replaced by CCR5-tropic virus populations. The
selection of the CXCR4-tropic strains did not lead to
an unusually dramatic acceleration of disease as
demonstrated by the patterns of virus load rebound
and CD4 cell decline which were comparable to those
secen with the failure of other drugs like nucleoside
and non-nucleoside reverse transcriptase inhibitors or
protease inhibitors. No unexpected clinical events or
opportunistic diseases were reported (lit).

Considering these findings it is still unclear whether
the emergence of dual or CXCR4-tropic strains is a
marker for disease progression or its cause.

Although it has been demonstrated that a shift to-
wards CXCR4 tropism usually does not occur via mu-
tation in the envelope gene and the overgrowth of a
CCRS5 tropic strain under selective pressure is not as-
sociated with an exceptionally rapid progression of
disease it is a general belief that a tropism shift during
CCRS5 inhibitor treatment should prompt the discon-
tinuation of the CCR5 inhibitor and its replacement
by an other active drug. It is also clear that the pres-
ence of CXCR4-tropic minorities must be ruled out
before the start of CCR5 inhibitor containing regi-
mens. Although the selection of pre-existing CXCR4
minority populations per se may not lead to an accel-
eration of disease, treatment options may be lost as re-
sistance to other components of the treatment regi-
men may develop. Unfortunately, the currently avail-
able phenotypic assays are too insensitive to detect
CXCR4-tropic minorities as long as they don’t account
for more than five percent of the total virus popula-
tion. Consequently a considerable proportion of pa-
tients tested to have pure CCR5-tropic virus will re-
ceive partly inactive treatment, which puts them at risk
of treatment failure and evolution of resistance. Great
efforts are being made to establish genotypic tropism
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assays but like their phenotypic counterparts these
tests will face similar difficulties in detecting co-exist-
ing minority populations.

In the face of limitations of cutrrent assays to detect
minority virus populations other parameters must also
be considered when screening patients for CCR5 in-
hibitor treatment.

There are a number of factors associated with the
absence of CXCR4-tropic virus populations. i) Early
stage of HIV infection, ii) high CD4 cell count (>300
ul) iii) low viral load (< 5000c/ml) [35, 38]. Further-
more a recent study found a significant association of
higher numbers of natural killer cells (INK) and CCR5-
receptor usage [34]. These parameters should be used
to establish the pre-test probability for the existance of
a CXCR4-tropic minority in each patient. Pre-test
probability and tropism test taken together should
help minimise the number of patients treated with an
inactive drug. Repetition of the tropism assay on the
day treatment is initiated probably identifies another
10% of patients with CXCR4 tropic minorities at
baseline. Even though the results of the second test
will only be available some time after the start of treat-
ment, patients with XCXR4-tropic virus detected by
the second test might benefit from the rapid replace-
ment of the CCR5 receptor inhibitor.

For practical reasons, the monitoring of patients
that have initiated treatment with CCR5 receptor in-
hibitors should follow, with some modifications, the
recommendations that apply for the treatment with
any other drug combination: During the initial treat-
ment phase viral load and CD4 cell count should be
determined monthly to rapidly detect early treatment
failure. In treatment experienced patients with multire-
sistant HIV virologic failure caused by the outgrowth
of a pre-existing CXCR4-tropic minority will probably
take less time than in treatment naive patients whose
background regimen is still fully active but data to
guide the clinician as when to assume the patient to be
virologically stable are lacking.

Unfortunatley, tests to positively prove and analyse
the resistance to CCR5 inhibitors are currently un-
available. Therefore, re-asessment of viral tropism will
help to determine whether virologic failure is the re-
sult of the development of resistance or the selection
of a previously undetectable CXCR4-tropic minority.
In the absence of a CXCR4 tropic virus and mutations
conferring resistance to the other components of the
treatment regimen resistance to the CCR5 inhibitor
must be assumed and the drug should be stopped. In
the future when further CCR5 inhibitors become
available maraviroc may be replaced by another com-
pound. If virologic failure results from the selection of
a CXCR4-tropic virus the CCR5 inhibitor should be
stopped and the patient should never receive any other
drug from this class as there is no evidence for resid-
ual activity or immunological benefit when the drug is
maintained.

DISCUSSION
The safety and efficacy of maraviroc has been investi-

gated in both treatment experienced and naive patients
with CCR5-tropic HIV 1. In patients with dual or



400

mixed tropic viruses maraviroc is virologically inactive.
Treatment failure of maraviroc and other CCRS5 in-
hibitors is associated with the emergence of CXCR4-
tropic virus. However neither 7# vitro not in vivo data
suggest that CCR5 receptor inhibition induces a tro-
pism switch from CCR5 to CXCR4 by mutations in
the envelope gene. The emergence of the CXCR4-
tropic virus rather results from the outgrowth of pre-
existing reservoirs. Therefore the detection of pre-ex-
isting dual-, mixed- or CXCR4-tropic minorities is cru-
cial. The identification of patients with dual-, mixed-
or CXCR4-tropic minorities is hampered by the lack
of sensitivity of current test systems to detect viral
reservoirs. Clinical parameters and additional laborato-
ry tests can help to increase the likelihood of spotting
these patients. Repeating the test on the day treatment
is started probably identifies another 10% of patients
with CXCR4-tropic HIV. A more sensitive assay, pre-
ferably a genotypic one is urgently needed.

If virologic failure occurs, resistance due to the se-
lection of CXCR4-tropic virus must be discriminated
from resistance due to decreased activity of maraviroc
against virus that continues CCR5-tropic. Currently,
there are no tools to screen for the latter situation,
therefore the detection of CCR5-tropic virus in the
absence of genotypic resistance against the other
components of the regimen suggest that HIV has ac-
quired the ability to enter its target cells via inhibitor-
bound CCRS.

The pace of clinical deterioration during maraviroc
failure with CXCR4-tropic virus and failure with other
antiretroviral regimens seems to be comparable. As ev-
idence for residual activity is lacking and to avoid a
possible acceleration of the HIV disease, the authors
recommend stopping the CCR5 inhibitor in the setting
of CXCR4-tropic virus outgrowth.

REFERENCES

1. Feng Y, Broder CC, Kennedy PE, Berger EA. Hiv-1 en-
try cofactor: Functional cdna cloning of a seven-trans-
membrane, g protein-coupled receptor. Science 1996;
272(5263):872-7.

2. Deng H, Liu R, Ellmeier W, Choe S, Unutmaz D,
Burkhart M, et al. Identification of a major co-receptor
for primary isolates of hiv-1. Nature 1996;381(6584):
661-6.

3. Dragic T, Litwin V, Allaway GP, Martin SR, Huang Y,
Nagashima KA, et al. Hiv-1 entry into cd4+ cells is medi-
ated by the chemokine receptor cc-ckr-5. Nature 1996;
381(6584):667-73.

4. Dean M, Carrington M, Winkler C, Huttley GA,
Smith MW, Allikmets R, et al. Genetic restriction of
hiv-1 infection and progression to aids by a deletion
allele of the ckr5 structural gene. Hemophilia growth
and development study, multicenter aids cohort study,
multicenter hemophilia cohort study, san francisco
city cohort, alive study. Science 1996;273(5283):1856-
62.

5. Huang Y, Paxton WA, Wolinsky SM, Neumann AU,
Zhang L, He T, et al. The role of a mutant ccr5 allele in
hiv-1 transmission and disease progression. Nat Med
1996;2(11):1240-3.

6. Liu R, Paxton WA, Choe S, Ceradini D, Martin SR, Ho-
ruk R, et al. Homozygous defect in hiv-1 coreceptor ac-
counts for resistance of some multiply-exposed individu-

als to hiv-1 infection. Cell 1996;86(3):367-77.

EUROPEAN JOURNAL OF MEDICAL RESEARCH

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

October 15, 2007

Fenyo EM, Albert J, Asjo B. Replicative capacity, cyto-
pathic effect and cell tropism of hiv. Aids 1989;3 Suppl
1:85-12.

Schuitemaker H, Koot M, Kootstra NA, Dercksen MW,
de Goede RE, van Steenwijk RP, et al. Biological pheno-
type of human immunodeficiency virus type 1 clones at
different stages of infection: Progression of disease is as-
sociated with a shift from monocytotropic to t-cell-tropic
virus population. ] Virol 1992;66(3):1354-60.
Schuitemaker H, Kootstra NA, Groenink M, De Goede
RE, Miedema F, Tersmette M. Differential tropism of
clinical hiv-1 isolates for primary monocytes and
promonocytic cell lines. AIDS Res Hum Retroviruses
1992; 8(9):1679-82.

Yi Y, Isaacs SN, Williams DA, Frank I, Schols D, De
Clercq E, et al. Role of cxcr4 in cell-cell fusion and infec-
tion of monocyte-derived macrophages by primary hu-
man immunodeficiency virus type 1 (hiv-1) strains: Two
distinct mechanisms of hiv-1 dual tropism. ] Virol
1999;73(9):7117-25.

Bjorndal A, Deng H, Jansson M, Fiore JR, Colognesi C,
Karlsson A, et al. Coreceptor usage of primary human
immunodeficiency virus type 1 isolates varies according
to biological phenotype. ] Virol 1997;71(10):7478-87.
Etemad-Moghadam B, Sun Y, Nicholson EK, Fernandes
M, Liou K, Gomila R, et al. Envelope glycoprotein deter-
minants of increased fusogenicity in a pathogenic simian-
human immunodeficiency virus (shiv-kb9) passaged in
vivo. J Virol 2000;74(9):4433-40.

Fatkenheuer G, Pozniak AL, Johnson MA, Plettenberg A,
Staszewski S, Hoepelman Al, et al. Efficacy of short-term
monotherapy with maraviroc, a new ccr5 antagonist, in
patients infected with hiv-1. Nat Med 2005;11(11):1170-2.
Westby M, Lewis M, Whitcomb J, Youle M, Pozniak AL,
James IT, et al. Emergence of cxcr4-using human immun-
odeficiency virus type 1 (hiv-1) variants in a minority of
hiv-1-infected patients following treatment with the ccr5
antagonist maraviroc is from a pretreatment cxcr4-using
virus reservoir. ] Virol 2006;80(10):4909-20.

Trkola A, Dragic T, Arthos J, Binley JM, Olson WC, All-
away GP, et al. Cd4-dependent, antibody-sensitive inter-
actions between hiv-1 and its co-receptor ccr-5. Nature
1996;384(6605):184-7.

Wu L, Gerard NP, Wyatt R, Choe H, Parolin C, Ruffing
N, et al. Cd4-induced interaction of primary hiv-1 gp120
glycoproteins with the chemokine receptor ccr-5. Nature
1996;384(6605):179-83.

Choe H, Farzan M, Sun Y, Sullivan N, Rollins B, Ponath
PD, et al. The beta-chemokine receptors ccr3 and cct5 fa-
cilitate infection by primary hiv-1 isolates. Cell
1996;85(7):1135-48.

De Jong J, Simon F, Van der Groen G, Baan E, Saragosti
S, Brun-Vezinet F, et al. V3 loop sequence analysis of
seven hiv type 1 group o isolates phenotyped in peripher-
al blood mononuclear cells and mt-2 cells. AIDS Res
Hum Retroviruses 1996;12(16):1503-7.

De Jong JJ, De Ronde A, Keulen W, Tersmette M,
Goudsmit J. Minimal requitements for the human im-
munodeficiency virus type 1 v3 domain to support the
syncytium-inducing phenotype: Analysis by single amino
acid substitution. J Virol 1992;66(11):6777-80.

de Jong JJ, Goudsmit J, Keulen W, Klaver B, Krone W,
Tersmette M, et al. Human immunodeficiency virus type
1 clones chimeric for the envelope v3 domain differ in
syncytium formation and replication capacity. ] Virol
1992;66(2):757-65.

Baba M, Miyake H, Wang X, Okamoto M, Takashima K.
Isolation and characterization of human immunodeficien-
cy virus type 1 resistant to the small-molecule ccr5 antag-
onist tak-652. Antimicrob Agents Chemother 2007,
51(2):707-15.



October 15, 2007

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Kuhmann SE, Pugach P, Kunstman KJ, Taylor J, Stanfield
RL, Snyder A, et al. Genetic and phenotypic analyses of hu-
man immunodeficiency virus type 1 escape from a small-
molecule ccr5 inhibitor. J Virol 2004;78(6):2790-807.
Marozsan AJ, Kuhmann SE, Morgan T, Herrera C,
Rivera-Troche E, Xu S, et al. Generation and properties
of a human immunodeficiency virus type 1 isolate resis-
tant to the small molecule cct5 inhibitor, sch-417690
(sch-d). Virology 2005;338(1):182-99.

Westby M, Moti J, Smith-Burchnell C, Lewis M, Mosley
M, Perruccio F, et al. Maraviroc (uk-427,857)-resistant
hiv-1 variants, selected by serial passage, are sensitive to
ccr5 antagonists and t-20. 14th International HIV Drug
Resistance Workshop; 2005 7-11 June 2005; Québec City,
Canada.

Westby M, Smith-Burchnell C, Mori J, Lewis M, Mosley
M, Stockdale M, et al. Reduced maximal inhibition in phe-
notypic susceptibility assays indicates that viral strains re-
sistant to the ccrb antagonist maraviroc utilize inhibitor-
bound receptor for entry. ] Virol 2007;81(5):2359-71.
Trkola A, Kuhmann SE, Strizki JM, Maxwell E, Ketas T,
Morgan T, et al. Hiv-1 escape from a small molecule,
cer5-specific entry inhibitor does not involve cxcr4 use.
Proc Natl Acad Sci U S A 2002;99(1):395-400.

Pastore C, Ramos A, Mosier DE. Intrinsic obstacles to
human immunodeficiency virus type 1 coreceptor switch-
ing. J Virol 2004;78(14):7565-74.

Pastore C, Nedellec R, Ramos A, Hartley O, Miamidian
JL, Reeves D, et al. Conserved changes in envelope func-
tion during human immunodeficiency virus type 1 core-
ceptor switching. | Virol 2007;81(15):8165-79.

Pastore C, Nedellec R, Ramos A, Pontow S, Ratner L,
Mosier DE. Human immunodeficiency vitus type 1 core-
ceptor switching: V1/v2 gain-of-fitness mutations com-
pensate for v3 loss-of-fitness mutations. ] Virol 2000;
80(2):750-8.

Lalezari J, Goodrich J, DeJesus E, Lampiris H, Gulick R,
Saag M, et al. Efficacy and safety of maraviroc plus opti-
mized background therapy in viremic art-experienced pa-
tients infected with ccr5-tropic hiv-1: 24-week results of a
phase 2b/3 study in the us and canada. 14th Conference
on retroviruses and opportunistic infections; 2007; Los
Angeles, CA, USA.

Saag M, Ive P, Heera ], Tawadrous M, DeJesus E,
Clumeck N, et al. A multicenter, randomized, double-
blind, comparative trial of a novel ccr5 antagonist, mar-
aviroc versus efavirenz, both in combination with com-
bivit (zidovudine [zdv]/lamivudine [3tc]), for the treat-
ment of antiretroviral naive subjects infected with 5 hiv-

EUROPEAN JOURNAL OF MEDICAL RESEARCH

32.

33.

34.

35.

36.

37.

38.

401

1: Week 48 results of the merit study. 4th IAS conference
on HIV pathogenesis treatment and prevention; 2007,
Sidney, Australia.

Melby T, Despitito M, Demasi R, Heilek-Snyder G,
Greenberg ML, Graham N. Hiv-1 coreceptor use in
triple-class  treatment-experienced patients: Baseline
prevalence, correlates, and relationship to enfuvirtide re-
sponse. ] Infect Dis 2006;194(2):238-46.

Delobel P, Sandres-Saune K, Cazabat M, Pasquier C,
Marchou B, Massip P, et al. R5 to x4 switch of the pre-
dominant hiv-1 population in cellular reservoirs during
effective highly active antiretroviral therapy. ] Acquir Im-
mune Defic Syndr 2005;38(4):382-92.

Moyle GJ, Wildfire A, Mandalia S, Mayer H, Goodrich J,
Whitcomb J, et al. Epidemiology and predictive factors
for chemokine receptor use in hiv-1 infection. ] Infect
Dis 2005;191(6):866-72.

Hunt PW, Harrigan PR, Huang W, Bates M, Williamson
DW, McCune JM, et al. Prevalence of cxcr4 tropism
among antiretroviral-treated hiv-1-infected patients with
detectable viremia. ] Infect Dis 2006;194(7):926-30.
Richman DD, Bozzette SA. The impact of the syncytium-
inducing phenotype of human immunodeficiency virus
on disease progression. | Infect Dis 1994;169(5):968-74.
Wilkin TJ, Su Z, Kuritzkes DR, Hughes M, Flexner C,
Gross R, et al. Hiv type 1 chemokine coreceptor use
among antiretroviral-experienced patients screened for a
clinical trial of a ccr5 inhibitor: Aids clinical trial group
a5211. Clin Infect Dis 2007;44(4):591-5.

Brumme ZL, Goodrich J, Mayer HB, Brumme CJ, Hen-
rick BM, Wynhoven B, et al. Molecular and clinical epi-
demiology of cxcr4-using hiv-1 in a large population of
antiretroviral-naive individuals. J Infect Dis 2005;192(3):
466-74.

Received: August 27, 2007 | Accepted: Angust 28, 2007

Address for correspondence:

Priv. Doz. Dr. Keikawus Arastéh
Vivantes Auguste-Viktoria-Klinikum
Direktor der Klinik fiir Innere Medizin
Infektiologie / Gastroenterologie
Rubensstr. 125

12157 Betlin

Germany

Tel.: +49 (0)30 7903 - 3939

Fax: +49 (0)30 7903 - 3938

Email:  keikawus.arasteh@vivantes.de



402 EUROPEAN JOURNAL OF MEDICAL RESEARCH October 15, 2007

CURRICULUM VITAE
Priv. Doz. Dr. Keikawus Arastéh

Current Position:

Director, Department of Internal Medicine - Infectious Dis-
eases/Gastroenterology

Vivantes Auguste-Viktoria-Klinikum,

Rubensstrasse 125,

Berlin, Germany.

Personal Details:

Date of birth  January 29th 1955
Place of birth  Chemiran, Iran
Nationality German

Professional Details /Degtees:

2001 Director, Department of Internal Medicine-Infectious
Diseases/ Gastroenterology

2001 Grand application for “ Cellular Resistence in HIV”
Ministry of Science and Education (KompNet HIV)

2000 Head of the Department of Infectious Diseases

2000 University teacher in Internal Medicine

2000 Habilitation / Privat Dozent, FU Betlin

1998 CEO, EPIMED GmbH (SMO for clinical trials)

1992 Head of the HIV day clinic, focus on opportunistic
infections

1992 Senior Consultant, department of Internal Medicine,

Auguste-Viktoria Klinikum

CURRICULUM VITAE

Hartmut Stocker

Personal data:

Date of birth: 10.01.1972

Place of birth: Munich, Germany

Education:
03/1993: Medical School, University of Wiirzburg, Germany
05/2000: Final exam

Internships: (1999-2000)

1. Tertial: Hospital das Clinicas, Sao Paulo: Infectious Diseases

2. Tertial: Hospital das Clinicas, Sio Paulo: Traumatology and Emer-
gency Medicine

3. Tertial: University of Wiitzburg, General Neurology and Stroke Unit

Professional Experience:

08/2000 Junior house officer: Cardiology; Unfallkrankenhaus Berlin,
Germany

11/2000 Junior house officer: Infectious Diseases, Gastroenterology,
Auguste-Viktoria-Klinikum Berlin; Germany

02/2002 Senior house officer, Auguste-Viktoria-Klinikum, Berlin;

02/2002 Research project: Quantification of intracellular Nucleoside
triphosphates in human PBMC with tandem mass spectrome-
try, pharmacology of antiretroviral drugs.

10/2004 Assessment visits for the Regional Knowledge Hub for the
Care and Treatment of HIV/AIDS in Eurasia (HIV centres in
Odessa, Nikolaev, Simferopol, Ukraine)

02/2005 Trainer for capacity building in antiretroviral therapy and op-
portunistic infections at the Knowledge Hub centre in Kiev

04/2005 Trainer for capacity building for antiretroviral therapy and op-
portunistic infections at the Knowledge Hub training in Kiev,
Ukraine

04/2006 Consultant for the WHO at the National Workshop on the
Adaption of National HIV Care Protocols held in Kiev,
Ukraine




