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Abstract

Human genetic variation may directly or indirectly influence response to modern antiretroviral therapies for
HIV. It is already known that some immunogenetic and other human genetic variations affect the natural
history of HIV disease progression where individuals are untreated, but less information is available as to
whether these differences are still relevant in the context of HAART. Antiretroviral therapy adds additional
opportunities for human genetic contributions to affect variable prognosis — in particular for those genes
which influence pharmacokinetics and/or adverse events. To date, the majority of studies investigating the
influence of human genetic variation on HIV disease and treatment outcome have focused on single nu-
cleotide polymorphisms or a small number of polymorphisms within a single gene. Reports to date have
generally described small effect sizes, and have often been contradictory. Thus, while simple genetic mar-
kers relevant to HIV disease or treatment response have indeed been identified (e.g. CCR5A32 in the context
of untreated HIV disease, or HLA-B*5701 allele on the abacavir hypersensitivity reaction in the context of
HAART), it is more likely that HIV disease and treatment outcomes are influenced by a multitude of in-
teracting genotypes and phenotypes, a hypothesis that will become increasingly possible to inves-
tigate as improvements in molecular and computational technologies are made. (AIDS Reviews 2006;8:78-87)
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A wide range of inter-individual variability is observed
with respect to susceptibility to HIV-1 infection and
subsequent rates of disease progression'. Although
the median time from infection to AIDS diagnosis in the
absence of antiretroviral treatment ranges from ap-
proximately five to 11 years, depending, in part, on age
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progressors”)®4, and others who remain asymptomatic,
with essentially normal CD4 counts and low plasma
viral loads for 20 years or more (“slow progressors”)>”.
Historically, studies of multiply exposed yet uninfected
individuals helped to identify factors which determine
“natural” protection from HIV infection®'?, while studies
comparing characteristics of fast versus slow progres-
sors led to the identification of factors which influence
b inatural course of HIV disease . It is now known

E G@st@r@hmeat)& %mﬂcantly influence the risk

of infection upon exposure to HIVE™, the rate of dis-
e{)f[r@ﬁ@@)ym infected 21416, and the strength
and diversity of the immune response’®17.18,
mp in the mid-1990s revolu-
tionized reatment of [V/AIDS, at least in areas of
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Despite the successes of HAART, however, many chal-
lenges and outstanding questions remain. For exam-
ple, for reasons that remain incompletely understood,
a small proportion of individuals fail to respond to
HAART, despite apparently good adherence and no
evidence of resistance mutations?. Among those who
initially respond to HAART, subsequent virologic failure
rates approach 20% in previously treatment-naive in-
dividuals®® and 30-50% in previously treated indivi-
duals®24, Even among those who maintain successful
long-term responses, antiretroviral therapy represents
a lifelong commitment. In order to maximize the long-
term benefits of HAART, it is of importance to achieve
a greater understanding of the factors, including ge-
netic factors, which influence response to therapy.

This review will focus on those specific host genetic
factors whose potential contributions to HIV clinical
prognosis have been evaluated in the context of
modern antiretroviral therapies. Human genetic poly-
morphisms will be classified into three broad catego-
ries based on the manner whereby the individual host
factor may directly (or indirectly) influence therapeutic
response. These categories are:

a) Previously-characterized immunogenetic parame-
ters known to affect the natural history of HIV
disease, but for which an effect has not yet been
firmly established in the context of treated infec-
tion;

b) Genes influencing antiretroviral pharmacokinetics
and thus potentially influencing therapy efficacy;

c) Genes implicated as risk factors for antiretrovi-
ral-associated adverse events.

For each of these categories, the evidence to date
supporting (or not supporting) a potential role for these
polymorphisms in the context of HAART will be sum-
marized.

Immunogenetic parameters known
to affect the natural history of HIV

gression. The best-studied example of the contribution
of chemokine receptor variation to HIV disease is
CCR5A32, a naturally-occurring 32 base-pair deletion
in the gene encoding CCR5™. Individuals homozygous
for CCR5A32 do not express CCR5 and are thus natu-
rally “resistant” to HIV infection"3%-33 although excep-
tions have been documented where CCR5A32/A32
individuals have been infected with CXCR4-using HIV
variants®3°, Individuals heterozygous for CCR5A32
express CCR5 at significantly reduced levels on the
cell-surface®. Although these individuals are equally
as susceptible to HIV infection as CCR5 wild-type in-
dividuals, they progress to AIDS at a significantly
slower rate after infection than those lacking this muta-
tion30-82.37-39  Polymorphisms in the promoter region of
CCRY5, presumably affecting expression of the recep-
tor, have also been shown to influence HIV disease
progression®+4, as have variations in genes encoding
the natural chemokine ligands of CCR5446,

Despite these correlations, CCR5 genetics may at
most account for only a small proportion of observed
variation in HIV disease progression on a population
basis. In fact, several naturally-occurring polymor-
phisms in other minor HIV coreceptors have been re-
ported, including a V62| mutation in the CCR2 gene,
which has been shown to confer a protective effect
with respect to progression to AIDS##8, although not
in all studies*®. The fact that the V62l mutation is in
complete linkage disequilibrium with the aforemen-
tioned CCR5 promoter polymorphisms* may explain
this association. More recently, two common, single
nucleotide polymorphisms in the CX3CR1 receptor, a
minor coreceptor for HIV-1%, have been identified®'.
HIV-infected individuals homozygous for the CX3CR1
2491 and 280M amino acid substitutions progressed to
AIDS and death more rapidly than those with other
haplotypes®'?; however, this observation has been
somewhat controversial®®,
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ranged from a protective effect®® to no effect* to a
detrimental effect®® of this mutation on progression to
AIDS.

Chemokine receptor polymorphisms
and their relevance in context of HAART

Because of the significant effect of HAART on the
natural history of HIV disease, human genetic polymor-
phisms influencing untreated HIV clinical outcomes
may, in the context of HAART, exert a proportionally
smaller effect. It is of importance, therefore, to re-evalu-
ate the relative contributions of known genetic deter-
minants of untreated HIV disease in the context of
HAART outcomes, as it is not known what residual ef-
fects, if any, these factors may contribute above and
beyond the effects of treatment®®.

CCR5A32

Studies investigating whether the CCR5A32 mutation
retains any protective effect during treatment with
HAART have reported conflicting results. The hetero-
zygous CCR5wt/A32 genotype has been significantly
associated with an increased likelihood of plasma virus
suppression®’-%, improved short-term CD4 respon-
ses®® as well as improved six- and 12-month viro-
logic responses to HAART in one study of patients with
advanced disease®'. In contrast, other studies have
reported no significant correlation between CCR5A32
and HAART response®%. To date, the majority of
these studies have been limited to the evaluation of the
effect of CCR5A32 on shorter-term (< 2-year) clinical
outcomes.

In a recent large study investigating the effect of
CCR5A32 on short- and long-term treatment responses
in > 1000 HIV-infected individuals initiating HAART,
individuals heterozygous for the CCR5A32 deletion ex-
perienced significantly more rapid initial suppression
of plasma HIV-RNA below 400 copies/ml, serva-
tion which remained signihi@ﬂ@@errﬂ@iﬂt
baseline sociodemographic and clinical parameters®’.
However, there was no observeﬁ@@b@@@]
CCR5A32 and the subsequent duration of viral sup-

pression, or immunologi%?%@ﬂﬁ%h@sgﬁw V\ﬁﬁ‘féw

the time to a decline of count to below pretreat-
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gesting that the observed association was likely due to
a residual “natural history effect” driven by nonadhe-
rent individuals in the cohort.

Taken together, these results suggest that any protec-
tive effect conferred by CCR5A32 in the context of HAART
may not be clinically significant on an individual patient
management basis. These results also emphasize the
need to include data on therapy adherence in studies
evaluating the effects of potential prognostic markers on
treatment response, and may partially explain the con-
trasting reports on the relevance of CCR5A32 to treat-
ment outcomes thus far. Currently available data, there-
fore, do not support the utility of the CCR5A32 genotype
as an independent clinical prognostic marker for HAART
response; however the potential clinical utility of CCR5
genotypes evaluated in context with other host factors*6:68
remains to be determined.

CX3CR1

There have been a relatively small number of studies
investigating the relevance of other chemokine recep-
tor and/or ligand polymorphisms in the context of
HAART. A study of 461 antiretroviral-naive individuals
initiating HAART reported a statistically significant
trend to earlier immunologic failure in individuals with
the CX3CR1 1249 polymorphism®. Similarly, HIV-in-
fected children participating in randomized clinical trials
of mono and dual therapy also showed a significant
independent association of CX3CR1 1249 with more
rapid virologic and immunologic disease progression,
even after adjustment for baseline CD4 count and viral
load’™. Somewhat in contrast, a study of 169 indivi-
duals reported improved CD4 responses after one year
of HAART among individuals with the homozygous
CX3CR1 280M genotype, although no association was
reported with variation at codon 249%. Although available
data suggest that polymorphisms in CX3CR1 may be
useful prognostic indicators of HIV clinical status, further
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favorable viral-load response in individuals carrying
CCR2-641%. Similarly, some evidence suggests that
polymorphisms in the CCR5 promoter region do not
significantly influence response to HAART®366 although
one study reported that CCR5 promoter genotype,
evaluated in combination with both CCR5A32 and
CCR2 genotypes, were predictive of short-term viral-
load response to antiretroviral therapy’'. An earlier
study reported an association between the homozy-
gous SDF-1 3o variant and more rapid disease pro-
gression while undergoing nucleoside therapy”. More
recently, however, this SDF-1 3o allele has been linked
to increased likelihood of plasma viral suppression to
undetectable levels after initiation of HAART®S, although
in one study this did not achieve statistical signifi-
cance®. Similarly, significant associations between
SDF1-3'ac and improved CD4 responses following
HAART initiation have also been reported®®68,
Overall, studies to date appear to indicate that host
chemokine genetic factors may contribute to disease
progression and treatment response in the context of
HAART, although in most cases this contribution is
likely to be small and potentially confounded by a
“natural history” effect in those with partial or complete
nonadherence. Further research will be needed in or-
der to determine the potential clinical utility of host
chemokine receptor genotyping in the HAART era.

Genes that affect pharmacokinetics
of antiretroviral agents

The second broad category of human genes that may
affect HAART response includes those genetic para-
meters which are likely of little relevance in context of
untreated HIV infection, but likely are of direct relevance
in the context of antiretroviral treatment. These include
polymorphisms in genes which regulate drug absorp-
tion, distribution, metabolism and excretion. A wide
range of variability in the pharmacokinetics of antiretro-
viral agents is observed between individuals, and this
variability may be attributedli @arp@cﬁ&e@ oﬂ]
genetics™. Although clinical treatment outcomes are

undeniably influenced by variatipepra@t@‘emc@@d
tabolism, an in-depth summary of all human genetic
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MDR-1

The human multidrug resistance (MDR)-1 gene is
implicated in the development of resistance to a variety
of chemotherapeutic agents’75. MDR-1 encodes the
P-glycoprotein (P-gp) membrane efflux transporter,
which is expressed on a variety of cell types including
CD4+ lymphocytes™. P-gp possesses a broad subs-
trate specificity’”®! that includes HIV protease inhibi-
tors (P1)88, A single, synonymous C3435T polymor-
phism in exon 26 of MDR-1 affects membrane
expression and activity of P-gp8, an observation which
may have consequences for the bioavailability of Pl in
different body compartments’8® and thus potential
consequences for treatment response. However, re-
ports to date regarding the effect of MDR-1 C3435T on
antiretroviral pharmacokinetics have yielded conflicting
results. Indeed, in some studies, the homozygous
MDR-1 C3435T polymorphism has been associated
with significantly reduced P-gp expression and activity
in the gastrointestinal tract®*, reduced P-gp function
and expression in immune cells®87 significantly re-
duced plasma levels®” and significantly increased intra-
cellular concentrations®#° of the Pl nelfinavir. However,
other studies report no association between MDR-1
C3435T and P-gp mRNA expression in peripheral
blood lymphocytes (PBL)%®. Yet others report no as-
sociation between the MDR-1 C3435T and pharmaco-
kinetics of various compounds®'-%3,

Based on the conflicting data surrounding the effect
of the MDR-1 C3435T polymorphism on antiretroviral
pharmacokinetics, it is not surprising that no clear con-
sensus has yet emerged regarding associations of
MDR-1 C3435T to treatment response. Since Fellay,
et al. reported a significant association between the
homozygous 3435T/T genotype and improved CD4
response to Pl-containing regimens®’, there has been
a number of studies attempting to address this issue,
the majority of which have failed to support this ob-

rvation. A recent stydy of 384 antiretroviral-naive
Bllﬁ@agr&ngaraiye © receive two nucleoside
analogs plus efavirenz and/or nevirapine reported a
virologic failure as well as a de-
creased emergence of efavirenz-resistant virus in indi-
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pharmacokinetic variation to date Is beyon scope

efavirenz>*. a previous study of 461 antiretrovi-
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the MDR-1 3435C/C genotype®®, although no correla-
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subset®. Other smaller studies have reported no cor-
relation between MDR-1 C3435T polymorphism and
initial virologic and/or immunologic response to com-
bination therapy among previously antiretroviral-naive
individuals®%.9% as well as individuals with previous
antiretroviral exposure®, Recently, HIV-1 infected
children with the heterozygous MDR-1 3435C/T geno-
type had higher plasma nelfinavir levels and improved
virologic responses to HAART when compared to those
with the 3435C/C genotype?’.

The cytochrome P450 system

The cytochromes-P450 (CYP) are a superfamily of
heme-containing enzymes present in the liver and gut
wall which are involved in the metabolism of a diverse
range of compounds, which include all presently avail-
able Pl as well as nonnucleoside reverse transcriptase
inhibitors (NNRTI)®. The CYP3A isoenzyme of the CYP
system (comprising major isoforms CYP3A4 and CYP3A5)
is the chief metabolizer of all currently available Pl and
NNRTI%.1%_ |n addition, the NNRTI nevirapine and efavi-
renz are metabolized by the CYP2B6 isoenzyme®, while
other PI, including nelfinavir, are metabolized by
CYP2C19'%, Other CYP isoenzymes also likely play a
role in antiretroviral metabolism'™'. The genes encoding
the individual CYP isoenzymes exhibit a relatively high
level of polymorphism, and the elucidation of the effects
of CYP polymorphism on antiretroviral pharmacokinetics
is currently an intense area of focus”.

Data on the effects of CYP polymorphisms on clinical
HAART responses is also emerging. The CYP2B6 G516T
polymorphism has been associated with increased
plasma® 1% and intracellular'® concentrations of efavi-
renz, as well as increased plasma concentrations of
nevirapine'®, although this mutation did not influence
treatment outcomes in 384 previously antiretroviral-naive
individuals initiating nevirapine-containing therapy%. In
the same study group, the CYP2C19 G681A polymor-
phism was associated with increased plas [finavir
levels as well as a trend rqoﬁgéééngﬁ
failure in individuals receiving nelfinavir®.

Currently available evidence i§
firm conclusions regarding the effects of MDR-1 and/or

asaidertedayr pia

sponses. This is especially true in the case of a poly-
morphism such as MDR-1 C3435T, a synonymous
substitution that does not affect the amino acid se-
guence of the protein and thus most likely confers a
protective effect indirectly, possibly through linkage
with polymorphisms at other sites. In fact, the MDR-1
C3435T polymorphism is known to be in linkage dis-
equilibrium with the MDR-1 G2677T substitution in
exon 2119 among others'%41% and thus it has been
suggested that MDR-1 haplotype analysis may be su-
perior to analysis of single nucleotide polymorphisms
(SNP) in predicting pharmacokinetics'% and treatment
response. However, a recent study taking into con-
sideration both the MDR-1 G2677T and C3435T re-
ported no association between combined MDR-1
genotype and virologic or immunologic response to
therapy in the first 48 weeks of treatment®, while an-
other independent study reported no improvement
over single-SNP predictive values when haplotypic
analysis of MDR-1 was used®. It remains to be deter-
mined whether comprehensive CYP polymorphism
analysis will be superior to evaluation of SNP in predict-
ing pharmacokinetic profiles. Realistically, as the contri-
bution of individual SNP to antiretroviral pharmacokine-
tics is likely to be minor, definitive conclusions regarding
the influence of genetic variability on HAART clinical
outcomes will therefore require larger studies with
greater power to detect significant associations'”.

Emerging toxicities of HAART:
human genes as risk factors for
antiretroviral-associated adverse events

Despite the unprecedented benefits associated with
HAART, emerging toxicities associated with long-term
antiretroviral therapy represent major challenges to
treatment success, due in large part to their implica-
tions for medication adherence. Adverse effects in-
clude, but are not limited to, lipid abnormalities and

ther metabolic effects]%13 as well as side effects

d;lggpu é@&l@dﬂomaly“, rdiovascular™®'®, renal'’®,

hepatic'”1"® and other''®120 toxicities. As the nature
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of HIV. Genetic variation within the HLA region influences
the natural course of HIV disease progression through
allele frequency mediated effects’®125 as well as
through allele-specific effects’-132, At present, it is not
known whether HLA alleles associated with differential
prognosis during untreated infection are also associa-
ted with clinical treatment outcomes. One recent report
suggests that specific HLA polymorphisms may influence
CD4 response following initiation of HAART'33, although
others have observed no correlation between specific
HLA class | alletes and HAART outcome 4,

The HLA region is known to contain specific genetic
risk factors for HAART-associated adverse events.
Specifically, the HLA-B*5701 allele (and its associated
ancestral haplotype) is associated with an up to tenfold
increased risk of a dramatic and potentially life-threate-
ning hypersensitivity reaction to the nucleoside analog
reverse transcriptase inhibitor (NRTI) abacavir's136,
However, the strength of this association may vary
based on ethnicity'™, and variation at other loci may
also contribute to the hypersensitive phenotype 8. Due
to the clinical implications of this reaction, studies have
begun to evaluate the clinical utility of skin “patch-test-
ing” for abacavir hypersensitivity'3®140 and it is likely
that genetic screening programs for HLA-B*5701 will
be useful in the clinical setting40-143,

The HLA region has also been implicated in a hyper-
sensitivity reaction to the NNRTI nevirapine, which is
characterized by hepatic toxicity as well as fever and
rash''®, This reaction occurs in approximately 5% of
exposed individuals, although it has been observed
more frequently and severely in individuals with higher
CD4 counts™4+145_ A recent analysis of 235 individuals
in the Western Australian HIV cohort identified the HLA
class Il allele DRB1*0101 as a genetic risk factor for
hepatic/systemic nevirapine-associated hypersensi-
tivity reactions, although this association was only
significant in individuals with a higher CD4+ T-cell
percentage (> 25%)'#6. Of note, absolute CD4 count
was not a significant ris
combination with DRB1*
tions were detected for isolated rash in the absence
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Lipid-associated adverse events

Naturally-occurring genetic variants have been impli-
cated as potential risk factors for a variety of lipid-as-
sociated toxicities. Single-nucleotide polymorphisms at
positions —308 and —238 within the promoter region of
tumor necrosis factor-alpha (TNF-ot), a cytokine in-
volved in adipocyte lipid metabolism and other func-
tions™¥, have been linked to differential TNF-a, produc-
tion™® and have been hypothesized to play a role in
treatment-related lipid abnormalities. Some studies
support an association between the TNF-o. -G238A al-
lele (but not differences at position -308) and an in-
creased risk of lipodystrophy'1% although this asso-
ciation was not confirmed in a larger study'®'. Variant
alleles in other genes involved in adipocyte metabolism,
namely apolipoprotein C-lll (ApoC3) and apolipoprotein
E (ApoE), have been shown to contribute to an unfavor-
able lipid profile in HIV-infected patients receiving rito-
navir’s11%2 -although a recent study reports that differ-
ences in the influence of ApoC3 on the development of
Pl-related hypertriglyceridemia may be heavily influ-
enced by ethnicity'®3. In addition, the MDR-1 3435C
allele has been associated with significant elevations of
HDL-cholesterol in patients receiving efavirenz'4.

Protease inhibitor-induced unconjugated
hyperbilirubinemia and associated jaundice

The HIV Pl atazanavir and indinavir have been associa-
ted with asymptomatic unconjugated hyperbilirubinemia
in up to > 40% of individuals receiving these agents'5%1%7,
an adverse event associated with the development of
clinical jaundice in some individuals'®. A polymorphism
in the promoter region of the gene encoding the bilirubin-
specific isoform of the enzyme UDP-glucuronosyltransfer-
ase (UGT-1A1), the enzyme responsible for conjugating
and clearing bilirubin from plasma, has recently been
implicated as a risk factor for Pl-associated hyperbiliru-
arlwemiaﬁ? In this stug}/, E}Z% of individuals homozygous

le [

l@ﬁﬂ%ﬁ@ gll ving atazanavir or indinavir

had > 2 episodes, of hyperbilirubinemia in the jaundice

of hepatic toxicity'#6. Taken fdg ﬁ@dtfj{s@dia@r @h@,’[c@rﬁ@@(}llcﬂ@ of individuals lacking this geno-
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manifestation of NRTl-associated mitochondrial toxici-
ty'"4. Hulgan, et al. reported that among 137 Cauca-
sian individuals randomized to receive d4T and ddl,
21% of those who developed peripheral neuropathy
exhibited a specific mitochondrial genotype (haplotype
“T"), compared to 4.5% of control subjects, an obser-
vation which remained statistically significant after ad-
justing for demographic, clinical, and treatment parame-
ters', indicating that naturally occurring genetic
variation within the human mitochondrial genome may
also contribute to HAART-associated adverse events.

Concluding remarks

Evidence from clinical trials and observational, popu-
lation-based studies conducted since the introduction
of combination antiretroviral therapy indicate that ge-
netic variation likely remains a relevant parameter in
today’s era of HAART, although in general, the contri-
bution of individual genetic polymorphisms to treat-
ment outcome is likely to be small and thus difficult to
consistently detect. Available evidence suggests that
immunogenetic parameters previously associated with
untreated HIV/AIDS outcomes may still exert a small
but measurable residual effect on HIV clinical progno-
sis in the context of antiretroviral treatment, and that
variation in genes involved in antiretroviral metabolism
and transport also likely contribute to treatment out-
come. In neither case, however, is the strength of the
association large enough (or evidence conclusive
enough) to justify the incorporation of chemokine re-
ceptor, MDR-1 or CYP genotypes into HIV clinical prac-
tice at the present time. The most compelling evidence
supporting the potential incorporation of human ge-
netic screening as a clinical management tool lies in
the area of genetic risk factors for HAART-associated
adverse events — namely, the recommendation and
initiation of HLA-B*5701 screening procedures prior to
the administration of abacavir-containing regimens in

order to reduce the incider;l%t of assoofte%hi ersen-
sitivity reactions'#0-143, Furt Qn@&@ig i g I b&epu

vational cohort studies will increase our power to de-

tect significant genetic associatiﬁ@@r@@*u\@@d tiel p

prevalence of polymorphisms is low and the magnitude

polymorphisms within a single gene, and thus it is
perhaps not surprising that reports to date have been
somewhat controversial. Although simple genetic mar-
kers relevant to HIV disease and treatment response
have indeed been identified (as evidenced by the ef-
fect of CCR5A32 on untreated HIV disease progression
and the HLA-B*5701 allele on abacavir hypersensi-
tivity reaction), it is more likely that HIV disease and
treatment outcome are influenced by a multitude of
interacting genotypes and phenotypes'®. Improve-
ments in DNA sequencing technologies'®!, computer
processing and bioinformatics will result in increas-
ing potential to generate, store and manipulate large
sets of sequence data, while an improved under-
standing of the results of the human genome'®? and
HapMap'®® projects will facilitate the analysis of
complex genotypic profiles on disease outcome. In
fact, an increasing number of studies indicate that
analysis of combined host genetic profiles (when
compared to single markers alone) may be superior
in predicting HIV clinical outcome in the context of
untreated infection3.46:68.164-166 ' Thys it remains to
be determined whether host genetic profiling may be
of relevance in predicting response to HAART on a
population basis, and more importantly, whether
there will ever be enough evidence to justify the in-
corporation of comprehensive host-genetic profiling
into individual HIV clinical practice. The future of HIV
research will therefore undoubtedly include a focus
on the role of human immunogenetic and pharmaco-
genetic variation on HIV disease progression in the
context of modern and future combination antiretro-
viral therapies.

References

1. Hogan C, Hammer S. Host determinants in HIV infection and dis-
ease. Part 1: cellular and humoral immune responses. Ann Intern
Med 2001;134:761-76.

2. Time from HIV-1 seroconversion to AIDS and death before wide-
spread use of HAART: a collaborative re-analysis. Collaborative
| @reup ( S ion IV Survival including the CASCADE
b | | é&gfm tiok/ onﬁég Action on SeroConversion to AIDS

and Death in Europe. Lancet 2000;355:1131-7.
?] Phair J, Jacobson,L, Detels R, et al. AIDS occurring within 5 years

Qmﬁm%ﬂ @;g/ﬁgi&%ﬁter AIDS Cohort Study. J Acquir

4. Markowitz M, Mohri H, Mehandru S, et al. Infection with multidrug

of individual effects is SrWIQEh O Ut r:[pﬂ%ppl’égg_ erﬁgﬁﬁﬁ%&ﬁ&ﬁ&%&zﬁ%ﬁapld progression to AIDS: a case

The impact of human genetic variatio

5. Cao Y, QIn L, Zhang L, Safrit J, Ho D. Virologic and immunologic
characterization of long-term survivors of HIV-1 infection. N Engl J

genesis and treatment response is a com Iti- Ub|t§ﬁ§ 332:201-8.
factorial phenomenon. To date, the majorit f 'ep . taleo'G, Menzo S, Vaccarezza M, et al. Studies in subjects

investigating the influence of human genetic variation

- RaraTYe R

with long-term nonprogressive HIV infection. N Engl J Med
995;332:209-16.

7. SHeppard H,iLdhg W, Ascher M, ¥ittingPoff &, elstein W. The
harécter n pro@ressorsylang-ter infection with
tab - Isf| ATBS 1993;1:1159-66.



20.
21.

22.

23.
24.
25.
26.

27.

28.
29.
30.
31.
32.

33.

34.

35. Biti

Zabrina L. Brumme and P. Richard Harrigan: Human Genetic HAART

. Mazzoli S, Trabattoni D, Lo Caputo S, et al. HIV-specific mucosal 36. Benkirane M, Jin D, Chun R, Koup R, Jeang K. Mechanism of
and cellular immunity in HIV-seronegative partners of HIV-sero- transdominant inhibition of CCR5-mediated HIV-1 infection by
positive individuals. Nat Med 1997;3:1250-7. CCR5A32. J Biol Chem 1997;272:30603-6.

. Bernard N, Yannakis C, Lee J, Tsoukas C. HIV-specific cytotoxic T 37. Mulherin S, O'Brien T, loannidis J, et al. Effects of CCR5-A32 and
lymphocyte activity in HIV-exposed seronegative persons. J Infect CCR2-64l alleles on HIV-1 disease progression: the protection var-
Dis 1999;179:538-47. ies with duration of infection. AIDS 2003;17:377-87.

. Fowke K, Nagelkerke N, Kimani J, et al. Resistance to HIV-1infec-  38. loannidis J, Rosenberg P, Goedert J, et al. Effects of CCR5-A32,
tion among persistently seronegative prostitutes in Nairobi, Kenya. CCR2-64l, and SDF-1 3'a. alleles on HIV-1 disease progression: An
Lancet 1996;348:1347-51. international meta-analysis of individual-patient data. Ann Intern

. Liu R, Paxton W, Choe S, et al. Homozygous defect in HIV-1 core- Med 2001;135:782-95.
ceptor accounts for resistance of some multiple-exposed individu- 39. Stewart G, Ashton L, Biti R, et al. Increased frequency of CCR-5A32
als to HIV-1 infection. Cell 1996;86:367-77. heterozygotes among long-term nonprogressors with HIV-1 infec-

. Kaslow R, Dorak T, Tang J. Influence of host genetic variation on tion. AIDS 1997;11:1833-8.
susceptibility to HIV-1 infection. J Infect Dis 2005;191 Suppl 1: 40. Martin M, Dean M, Smith M, et al. Genetic acceleration of AIDS
S68-77. progression by a promoter variant of CCR5. Science 1988;

. O'Brien S, Nelson G. Human genes that limit AIDS. Nat Genet 282:1907-11.
2004;36:565-74. 41. McDermott D, Zimmerman P, Guignard F, et al. CCR5 promoter

. Hogan C, Hammer S. Host determinants in HIV infection and dis- polymorphism and HIV-1 disease progression. Lancet
ease. Part 2: genetic factors and implications for antiretroviral 1998;352:866-70.
therapeutics. Ann Intern Med 2001;134:978-96. 42. Clegg A, Ashton L, Biti R, et al. CCR5 promoter polymorphisms,

. Nolan D, Gaudieri S, John M, Mallal S. Impact of host genetics on CCR5 59029A and CCR5 59353C, are underrepresented in HIV-1-
HIV disease progression and treatment: new conflicts on an ancient infected long-term nonprogressors. AIDS 2000;14:103-8.
battleground. AIDS 2004;18:1231-40. 43. Knudsen T, Kristiansen T, Katzenstein T, Eugen-Olsen J. Adverse

. Rowland-Jones S, Pinheiro S, Kaul R. New insights into host factors effect of the CCR5 promoter -2459A allele on HIV-1 disease pro-
in HIV-1 pathogenesis. Cell 2001;104:473-6. gression. J Med Virol 2001;65:441-4.

. Klein J, Sato A. The HLA system. First of two parts. N Engl J Med 44. Nguyen L, Li M, Chaowanachan T, et al. CCR5 promoter human
2000;343:702-9. haplogroups associated with HIV-1 disease progression in Thai

. Klein J, Sato A. The HLA system. Second of two parts. N Engl J injection drug users. AIDS 2004;18:1327-33.

Med 2000;343:782-6. 45. McDermott D, Beecroft M, Kleeberger C, et al. Chemokine RANTES

. Palella F, Delaney K, Moorman A, et al. Declining morbidity and promoter polymorphism affects risk of both HIV infection and dis-
mortality among patients with advanced HIV infection. N Engl J Med ease progression in the Multicenter AIDS Cohort Study. AIDS
1998;338:853-60. 2000;14:2671-8.

Hogg R, Yip B, Kully C, et al. Improved survival among HIV-in- 46. Gonzalez E, Kulkarni H, Bolivar H, et al. The influence of CCL3L1
fected patients after initiation of triple-drug antiretroviral regimens. gene-containing segmental duplications on HIV-1/AIDS susceptibil-
Can Med Assoc J 1999;160:659-65. ity. Science 2005;307:1434-40.

Mocroft A, Vella S, Benfield T, et al. Changing patterns of mortality 47. Meyer L, Magierowska M, Hubert J, et al. CCR variants, SDF-1
across Europe in patients infected with HIV-1. EuroSIDA Study polymorphism, and disease progression in 720 HIV-infected pa-
Group. Lancet 1998;352:1725-30. tients. SEROCO Cohort. Amsterdam Cohort Studies on AIDS. AIDS
Detels R, Munoz A, McFarlane G, et al. Effectiveness of potent 1999;13:624-6.

antiretroviral therapy on time to AIDS and death in men with known 48. Kostrikis L, Huang Y, Moore J, et al. A chemokine receptor CCR2
HIV infection duration. Multicenter AIDS Cohort Study Investigators. allele delays HIV-1 disease progression and is associated with a
JAMA 1998;280:1497-503. CCR5 promoter mutation. Nat Med 1998;4:350-3.

Ledergerber B, Egger M, Opravil M, et al. Clinical progression and 49. Michael N, Louie L, Rohrbaugh A, et al. The role of CCR5 and CCR2
virologic failure on HAART in HIV-1 patients: a prospective cohort polymorphisms in HIV-1 transmission and disease progression. Nat
study. Swiss HIV Cohort Study. Lancet 1999;353:863-8. Med 1997;3:1160-2.

Deeks S, Hecht F, Swanson M, et al. HIV-RNA and CD4 cell-count ~ 50. Combadiere C, Salzwedel K, Smith E, Tiffany H, Berger E, Murphy
response to protease inhibitor therapy in an urban AIDS clinic: re- P. Identification of CX3CR1. A chemotactic receptor for the human
sponse to both initial and salvage therapy. AIDS 1999;13:F35-43. CX3C chemokine fractalkine and a fusion coreceptor for HIV-1. J
Feng Y, Broder C, Kennedy P, Berger E. HIV-1 entry cofactor: Biol Chem 1998;273:23799-804.

functional cDNA cloning of a seven-transmembrane, G protein- 51. Faure S, Meyer L, Costagliola D, et al. Rapid progression to AIDS
coupled receptor. Science 1996;272:872-7. in HIV+ individuals with a structural variant of the chemokine recep-
Samson M, Labbe O, Mollereau C, Vassart G, Parmentier M. Mo- tor CX3CR1. Science 2000;287:2274-7.

lecular cloning and functional expression of a new human CC-che- 52. Faure S, Meyer L, Genin E, et al. Deleterious genetic influence of
mokine receptor gene. Biochemistry 1996;35:3362-7. CX3CR1 genotypes on HIV-1 disease progression. J Acquir Im-
Deng H, Liu R, Ellmeier W, et al. Identification of a major corecep- mune Defic Syndr 2003;32:335-7.

tor for primary isolates of HIV-1. Nature 1996;381:661-6. 53. McDermott D, Colla J, Kleeberger C, et al. Genetic polymorphisms
Dragic T, Litwin V, Allaway G, et al. HIV-1 entry into CD4+ cells is in CX3CR1 and risk of HIV disease. Science 2000;290:2031a.
mediated by the chemokine receptor CC-CKR5. Nature 54. Winkler C, Modi W, Smith M, et al. Genetic restriction of AIDS
1996;381:667-73. pathogenesis by an SDF-1 chemokine gene variant. Science
Alkhatib G, Combadiere C, Broder C, et al. CC CKR5: a RANTES, 1998;279:389-93.

MIP=1e, MIP-1B receptor as a fusion cofactor for macrophage- 55. Van Ri] R, Broersen S, Goudsmit J, Coutinho R, Schuitemaker H.
tropic HIV-1. Science 1996;272:1955-8. The role of a stromal cell-derived factor-1 chemokine gene variant
Dean M, Carrington M, Winkler C, et al. Genetic restriction of HIV-1 in the clinical course of HIV-1 infection. AIDS 1998;12:F85-90.
infection and progression to A i ﬁaﬁ |141 5 6K 61 ﬁmw ~The,i ;ﬁ f host genetics on HIV infection and
structural gene. Science 1996[&%@%?&?? qf eig T.EJU IML rem th éof HAART. AIDS. 2003;17 Suppl 4:
Samson M, Libert F, Doranz, B, et al. Resistance to HIV-1 infection S51-60.

in Caucasian individuals bearing mutant alleles of, the CCR5, che- 57. Bogner J, Lutz B, Klein H, Pollerer C, Troendle U, Goebel F. As-
mokine receptor gene. Nature 1996; g Q § ailure with CCR5 wild-type. HIV Med
Huang Y, Paxton W, Wolinsky S, et jﬁem aungtg C%r p % @g@wfmg

allele in HIV-1 transmission and disease progression. Nat Med 58. Valdez H, Purvis S, Lederman M, Filingame M, Zimmerman P. As-

0208 RO 1 DN, W TR e 18 s oo

deletion within the CCR5 locus protects against transmission of 59. Kasten S Goldwich A, Schmitt M, et al. Positive influence of the
parenterally acquired HIV but does not affect progression to AIDS- CCR5A32 allele on response to HAART in HIV-1 infected patients.

defining illness. J Infect Dis 1998;178:1163-6. t Im Ub | Eghﬁg Res 2000;5:323-8.
Balotta C, Bagnarelli P, Violin M, et al. Homozygo@ 3 @iorp . ita T, Phair J, Munoz A, et al. Immunologic and virologic
of the CCR-5 chemokine receptor gene in an HIV-1-infected patient. response to HAART in the Multicenter AIDS Cohort Study. AIDS

AIDS 1997;11:F67-71. 001;15:735-46.

Y J, Bennetts B, Stewart G, Liang T. 1 1. Gderin S, Mayef L, Theodorou |, | 32"eletion and re-
divi ot on ponSe to A infecte ntsf SEROCO/HEMOCO
:252-3. il G. Al 0:14:2788-90.

85



86

AIDS Reviews 2006;8

62. Bratt G, Karlsson A, Leandersson A, Albert J, Wahren B, Sandstrom
E. Treatment history and baseline viral load, but not viral tropism or
CCR5 genotype, influence prolonged antiviral efficacy of HAART.
AIDS 1998;12:2193-202.

63. Brumme Z, Chan K, Dong W, et al. CCR5A32 and promoter poly-
morphisms are not correlated with initial virologic or immunologic
treatment response. AIDS 2001;15:2259-66.

64. Wit F, van Rij R, Weverling G, Lange J, Schuitemaker H. CCR5A32
and CCR2 64 polymorphisms do not influence the virologic and
immunologic response to antiretroviral combination therapy in HIV-
1-infected patients. J Infect Dis 2002;186:1726-32.

65. Puissant B, Roubinet F, Massip P, et al. Analysis of CCR5, CCR2,
CXBCRT1, and SDF1 polymorphisms in HIV-positive treated patients:
impact on response to HAART and on peripheral T-lymphocyte
counts. AIDS Res Hum Retroviruses 2006;22:153-62.

66. Passam A, Zafiropoulos A, Miyakis S et al. CCR2-641 and CXCL12
3'a alleles confer a favorable prognosis to AIDS patients undergo-
ing HAART therapy. J Clin Virol 2005;34:302-9.

67. Brumme Z, Henrick B, Brumme C, et al. Short communication.
Association of the CCR5A32 mutation with clinical response and
> 5-year survival following initiation of first triple antiretroviral regi-
men. Antivir Ther 2005;10:849-53.

68. Tang J, Wilson C, Meleth S, et al. Host genetic profiles predict vi-
rologic and immunologic control of HIV-1 infection in adolescents.
AIDS 2002;16:2275-84.

69. Brumme Z, Dong W, Chan K, et al. Influence of polymorphisms
within the CX3CR1 and MDR-1 genes on initial antiretroviral therapy
response. AIDS 2003;17:201-8.

70. Singh K, Hughes M, Chen J, Spector S. Genetic polymorphisms in
CX3CRT1 predict HIV-1 disease progression in children indepen-
dently of CD4+ lymphocyte count and HIV-1 RNA load. J Infect Dis
2005;191:1971-80.

71. O'Brien T, McDermott D, loannidis J, et al. Effect of chemokine
receptor gene polymorphisms on the response to potent antiretro-
viral therapy. AIDS 2000;14:821-6.

72. Lathey J, Tierney C, Chang S, et al. Associations of CCR5, CCR2,
and SDF1 genotypes with HIV disease progression in patients re-
ceiving nucleoside therapy. J Infect Dis 2001;184:1402-11.

73. Rodriguez-Novoa S, Barreiro P, Jimenez-Nacher I, Soriano V. Over-
view of the pharmacogenetics of HIV therapy. Pharmacogenomics
J 2006 Feb 7 [Epub ahead of print].

74. Gottesman M, Pastan |, Ambudkar V. P-gp and multidrug resis-
tance. Curr Opin Genet Dev 1996;6:610-7.

75. Ambudkar S, Dey S, Hrycyna C, Ramachandra M, Pastan |, Got-
tesman M. Biochemical, cellular, and pharmacological aspects of
the multidrug transporter. Annu Rev Pharmacol Toxicol 1999;
39:361-98.

76. Huisman M, Smit J, Schinkel A. Significance of P-gp for the phar-
macology and clinical use of HIV protease inhibitors. AIDS
2000;14:237-42.

77. Gottesman M, Pastan |. Biochemistry of multidrug resistance mediated
by the multidrug transporter. Annu Rev Biochem 1993,;62:385-427.

78. Levéque D, Jehl F. P-gp and pharmacokinetics. Anticancer Res
1995;15:331-6.

79. Sarkadi B, Muller M, Homolya L, et al. Interaction of bioactive hy-
drophobic peptides with the human multidrug transporter. FASEB
J 1994;8:766-70.

80. Sharom F, Yu X, DiDiodato G, Chu J. Synthetic hydrophobic pep-
tides are substrates for P-gp and stimulate drug transport. Biochem
J 1996;320:421-8.

81. Eichelbaum M, Fromm M, Schwab M. Clinical aspects of the MDR1
(ABCB1) gene polymorphism. Ther Drug Monit 2004;26:180-5.

82. Kim A, Dintaman J, Waddell D, Silverman J. Saquinavir, an HIV

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

Zhu D, Taguchi-Nakamura H, Goto M, et al. Influence of single-
nucleotide polymorphisms in the MDR1 gene on the cellular export
of nelfinavir and its clinical implication for HAART. Antivir Ther
2004;9:929-35.

Colombo S, Soranzo N, Rotger M, et al. Influence of ABCB1,
ABCC1, ABCC2, and ABCG2 haplotypes on the cellular exposure
of nelfinavir in vivo. Pharmacogenet Genomics 2005;15:599-608.
Oselin K, Nowakowski-Gashaw |, Mrozikiewicz P, Wolbergs D, Pah-
kla R, Roots |. Quantitative determination of MDR1 mRNA expression
in peripheral blood lymphocytes: a possible role of genetic polymor-
phisms in the MDR1 gene. Eur J Clin Invest 2003;33:261-7.

Oselin K, Gerloff T, Mrozikiewicz P, Pahkla R, Roots . MDR1 poly-
morphisms G2677T in exon 21 and C3435T in exon 26 fail to affect
rhodamine 123 efflux in peripheral blood lymphocytes. Fundam Clin
Pharmacol 2003;17:463-9.

Haas D, Wu H, Li H, et al. MDR1 gene polymorphisms and phase
1 viral decay during HIV-1 infection: an adult AIDS Clinical Trials
Group study. J Acquir Immune Defic Syndr 2003;34:295-8.
Winzer R, Langmann P, Zilly M, et al. No influence of the P-gp
genotype (MDR1 C3435T) on plasma levels of lopinavir and efavi-
renz during antiretroviral treatment. Eur J Med Res 2003;8:531-4.
Haas D, Smeaton L, Shafer R, et al. Pharmacogenetics of long-term
responses to antiretroviral regimens containing efavirenz and/or
nelfinavir: an Adult Aids Clinical Trials Group Study. J Infect Dis
2005;192:1931-42.

Nasi M, Borghi V, Pinti M, et al. MDR1 C3435T genetic polymor-
phism does not influence the response to antiretroviral therapy in
drug-naive HIV-positive patients. AIDS 2003;17:1696-8.

Winzer R, Langmann P, Zilly M, et al. No influence of the P-gp
polymorphisms MDR1 G2677T/A and C3435T on the virologic and
immunologic response in treatment-naive HIV-positive patients. Ann
Clin Microbiol Antimicrob 2005;4:3.

Saitoh A, Singh K, Powell C, et al. An MDR1-3435 variant is associ-
ated with higher plasma nelfinavir levels and more rapid virologic
response in HIV-1 infected children. AIDS 2005;19:371-80.

Zhou S, Chan E, Lim L, et al. Therapeutic drugs that behave as
mechanism-based inhibitors of cytochrome P450 3A4. Curr Drug
Metab 2004;5:415-42.

Ward B, Gorski J, Jones D, et al. The cytochrome P450 2B6
(CYP2B6) is the main catalyst of efavirenz primary and secondary
metabolism: implication for HIV/AIDS therapy and utility of efavirenz
as a substrate marker of CYP2B6 catalytic activity. J Pharmacol Exp
Ther 2003;306:287-300.

Zhang K, Wu E, Patick A, et al. Circulating metabolites of the HIV
protease inhibitor nelfinavir in humans: structural identification, lev-
els in plasma, and antiviral activities. Antimicrob Agents Chemoth-
er 2001;45:1086-93.

Fellay J, Marzolini C, Decosterd L, et al. Variations of CYP3A activ-
ity induced by antiretroviral treatment in HIV-1 infected patients. Eur
J Clin Pharmacol 2005;60:865-73.

Rotger M, Colombo S, Furrer H, et al. Influence of CYP2B6 poly-
morphism on plasma and intracellular concentrations and toxicity
of efavirenz and nevirapine in HIV-infected patients. Pharmaco-
genet Genomics 2005;15:1-5.

Horinouchi M, Sakaeda T, Nakamura T, et al. Significant genetic
linkage of MDR1 polymorphisms at positions 3435 and 2677: func-
tional relevance to pharmacokinetics of digoxin. Pharm Res
2002;19:1581-5.

Kim R. MDR1 single nucleotide polymorphisms: multiplicity of hap-
lotypes and functional consequences. Pharmacogenetics
2002;12:425-7.

Marzolini C, Paus E, Buclin T, Kim R. Polymorphisms in human
MDR1 (P-gp): recent advances and clinical relevance. Clin Phar-

i ° R By TR U mﬂ@k‘ioﬁ‘é%yhe dentfioaton of functionaly vriant
u

83. Lee C, Gottesman M, Cardarelli C, et al. HIV-1 protease inhibitors
are substrates for the MDR1 multidrug transpoar Blochdmstry

4. Hofmeyer S, Burk 0, von Ficrter OCW MG

phisms of the human MDR gene: Multiple sequence variations and
correlation of one allele with
PNAS 2000;97:3473-8.

85. Kim R.
2003;11:136-9.

Drug transporters in HIV Therapy. Top'HIV Med

substrate rhodamine 123 from CD56+ natural killer cells. Pharma-
cogenetics 2001 11:293-8.

87. eaden ER et al.

Molglulviciseiuiiiy o

MDR1 alleles among European Americans and African Americans.

CI|n Pharmacol Ther 2001;70:189-99.

aulauskls J, Cook J. So many studies, too
functional relevance of genetic palymor-

phisms on pharmacokmetlcs J Clin Pharmacol. 2006;46:258-64.

AL tHEDNOT WL ETRhE e in couene n ciems oo

ing HIV protease inhibitors. AIDS 1998;12:F51-8.

109. Carr A, Samaras K, Chisholm D, Cooper D. Pathogenesis of HIV-1-
86. HitzI M, Drescher S, van der Kuip H, et al. The CSA@TTI@@ ublgs)bag inhibitor-associated peripheral lipodystrophy, hyperlipid-
the human MDR1 gene is associated with altered g insulin resistance. Lancet 1998;351:1881-3.

110.

Response to antiretr 1 1.
the
S|st :30-6.

Grinspoon S, Carr A. Cardiovascular risk and body-fat abnormalities
in HIV-infected adults. N Engl J Med 2005 352 48 62.

rAvcik S. HI l od stro| hy a re 2000;1{37-50.
0 J | eI Buffalo hump”
19 351186




113.

114.

115.

116.

117.

118.

119.
120.

121,

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

Zabrina L. Brumme and P. Richard Harrigan: Human Genetic HAART

Carr A, Samaras K, Thorisdottir A, Kaufmann G, Chisholm D, Coo-  139. Phillips E, Sullivan J, Knowles S, Shear N. Utility of patch testing in

per D. Diagnosis, prediction, and natural course of HIV-1 protease- patients with hypersensitivity syndromes associated with abacavir.
inhibitor-associated lipodystrophy, hyperlipidemia, and diabetes AIDS 2002;16:2223-5.

mellitus: a cohort study. Lancet 1999;353:2093-9. 140. Phillips E, Wong G, Kaul R, et al. Clinical and immunogenetic cor-
Montaner J, Cote H, Harris M, et al. Mitochondrial toxicity in the era relates of abacavir hypersensitivity. AIDS 2005;19:979-81.

of HAART: evaluating venous lactate and peripheral blood mtDNA  141. Hughes D, Vilar F, Ward C, Alfirevic A, Park B, Pirmohamed M.
in HIV-infected patients taking antiretroviral therapy. J Acquir Im- Cost-effectiveness analysis of HLA B*5701 genotyping in prevent-
mune Defic Syndr 2003;34 Suppl 1:585-90. ing abacavir hypersensitivity. Pharmacogenetics 2004;14:335-42.
Bozkurt B. Cardiovascular toxicity with HAART: review of clinical ~ 142. Nolan D, Gaudieri S, Mallal S. Pharmacogenetics: a practical role
studies. Cardiovasc Toxicol. 2004;4:243-60. in predicting antiretroviral drug toxicity? J HIV Ther 2003;8:36-41.
Peyriere H, Reynes J, Rouanet |, et al. Renal tubular dysfunction ~ 143. Martin A, Nolan D, Aimeida C, Rauch A, Mallal S. Predicting and
associated with tenofovir therapy: report of 7 cases. J Acquir Im- diagnosing abacavir and nevirapine drug hypersensitivity: from bed-
mune Defic Syndr 2004;35:269-73. side to bench and back again. Pharmacogenomics 2006;7:15-23.
Kontorinis N, Dieterich D. Hepatotoxicity of antiretroviral therapy. ~ 144. Stern J, Robinson P, Love J, Lanes S, Imperiale M, Mayers D. A
AIDS Rev 2003;5:36-43. comprehensive hepatic safety analysis of nevirapine in different
Dieterich D, Robinson P, Love J, Stern J. Drug-induced liver injury populations of HIV infected patients. J Acquir Immune Defic Syndr
associated with the use of NNRTI. Clin Infect Dis. 2004;38 Suppl 2: 2003;34 (Suppl 1):521-33.

S80-9. 145. Patel S, Johnson S, Belknap S, Chan J, Sha B, Bennett C. Serious
Volberding P. HIV therapy in 2003: consensus and controversy. adverse cutaneous and hepatic toxicities associated with nevirap-
AIDS 2003;17 Suppl 1:54-11. ine use by non-HIV-infected individuals. J Acquir Immune Defic
Shibuyama S, Gevorkyan A, Yoo U, et al. Understanding and avoid- Syndr 2004;35:120-5.

ing antiretroviral adverse events. Curr Pharm Des 2006;12:1075-  146. Martin A, Nolan D, James |, et al. Predisposition to nevirapine hy-
90. persensitivity associated with HLA-DRB1*0101 and abrogated by
Quirk E, McLeod H, Powderly W. The pharmacogenetics of antiret- low CD4 T-cell counts. AIDS 2005;19:97-9.

roviral therapy: a review of studies to date. Clin Infect Dis 2004;39:98-  147. Sethi J, Hotamisligil G. The role of TNF-o. in adipocyte metabolism.
106. Semin Cell Dev Biol 1999;10:19-29.

Carrington M, Nelson G, Martin M, et al. HLA and HIV-1: heterozy- ~ 148. Hajeer A, Hutchinson I. Influence of TNF-o. gene polymorphisms on
gote advantage and B*35-Cw*04 disadvantage. Science TNF-o production and disease. Hum Immunol 2001;62:1191-9.
1999;283:1748-52. 149. Maher B, Alfirevic A, Vilar F, Wilkins E, Park B, Pirmohamed M.
Tang J, Costello C, Keet |, et al. AIDS HLA class | homozygosity TNF-o. promoter region gene polymorphisms in HIV-positive pa-
accelerates disease progression in HIV-1 infection. AIDS Res Hum tients with lipodystrophy. AIDS 2002;16:2013-8.

Retroviruses 1999;15:317-24. 150. Nolan D, Moore C, Castley A, et al. TNF-o. gene -238G/A promoter
Trachtenberg E, Korber B, Sollars C, et al. Advantage of rare HLA polymorphism associated with a more rapid onset of lipodystrophy.
supertype in HIV disease progression. Nat Med 2003;9:928-35. AIDS 2003;17:121-3.

Nguyen L, Chaowanachan T, Vanichseni S, et al. Frequent human  151. Tarr P, Taffe P, Bleiber G, et al. Modeling the influence of APOC3,
leukocyte antigen class | alleles are associated with higher viral APOE, and TNF polymorphisms on the risk of antiretroviral therapy-
load among HIV-1 seroconverters in Thailand. J Acquir Immune associated lipid disorders. J Infect Dis 2005;191:1419-26.

Defic Syndr 2004;37:1318-23. 152. Fauvel J, Bonnet E, Ruidavets J, et al. An interaction between ApoC-
Altfeld M, Addo M, Rosenberg E, et al. Influence of HLA-B57 on [l variants and protease inhibitors contributes to high triglyceride/low
clinical presentation and viral control during acute HIV-1 infection. HDL levels in treated HIV patients. AIDS 2001;15:2397-406.

AIDS 2003;17:2581-91. 153. Foulkes A, Wohl D, Frank |, et al. Associations among race/ethnicity,
Kaslow R, Carrington M, Apple R, et al. Influence of combinations ApoC-Ill genotypes, and lipids in HIV-1-infected individuals on anti-
of human MHC genes on the course of HIV-1 infection. Nat Med retroviral therapy. PLoS Med 2006;3:€52 [Epub ahead of print].
1996;2:405-11. 154. Alonso-Villaverde C, Coll B, Gomez F, et al. The efavirenz-induced
Dorak M, Tang J, Tang S, et al. Influence of HLA-B22 alleles on the increase in HDL-cholesterol is influenced by the MDR gene 1
course of HIV-1 infection in 3 cohorts of white men. J Infect Dis C3435T polymorphism. AIDS 2005;19:341-2.

2003;188:856-63. 155. Boffito M, Kurowski M, Kruse G, et al. Atazanavir enhances sa-
Hendel H, Caillat-Zucman S, Lebuanec H, et al. New class | and || quinavir hard-gel concentrations in a ritonavir-boosted once-daily
HLA alleles strongly associated with opposite patterns of progres- regimen. AIDS 2004;18:1291-7.

sion to AIDS. J Immunol 1999;162:6942-6. 156. Busti A, Hall R, Margolis D. Atazanavir for the treatment of HIV infec-
MacDonald K, Fowke K, Kimani J, et al. Influence of HLA super- tion. Pharmacotherapy 2004;24:1732-47.

types on susceptibility and resistance to HIV-1 infection. J Infect ~ 157. Rotger M, Taffe P, Bleiber G, et al. Gilbert syndrome and the de-
Dis 2000;181:1581-9. velopment of antiretroviral therapy-associated hyperbilirubinemia. J
Carrington M, O'Brien S. The influence of HLA genotype on AIDS. Infect Dis 2005;192:1381-6.

Annu Rev Med 2003;54:535-51. 158. Stebbing J, Bower M. Comparative pharmacogenomics of antiret-
Keet |, Tang J, Klein M, et al. Consistent associations of HLA class roviral and cytotoxic treatments. Lancet Oncol 2006;7:61-8.

I 'and Il and transporter gene products with progression of HIV-1  159. Hulgan T, Haas D, Haines J, et al. Mitochondrial haplogroups and
infection in homosexual men. J Infect Dis 1999;180:299-309. peripheral neuropathy during antiretroviral therapy: an adult AIDS
Fernandez S, Rosenow A, James |, et al. Recovery of CD4+ T-Cells clinical trials group study. AIDS 2005;19:1341-9.

in HIV patients with a stable virologic response to antiretroviral ~ 160. O'Brien S. AIDS restriction genes: discovery, assessment and im-
therapy is associated with polymorphisms of interleukin-6 and cen- plications. Abstract 71.-13""CROI. February 5-8 2006, Denver,
tral MHC genes. J Acquir Immune Defic Syndr 2006;41:1-5. Colorado.

Brumme C, Chui C, Woods, C, et al. Specific HLA-B alleles known ~ 161. Kling, J. Ultrafast DNA sequencing. Nature Biotechnology 2003;

;c;flergzqu325;0g2ériztegAT¥T1 i tp@%mndi ih);ngad P U b |€gfﬁdﬁnawm@\yerb£et al. The sequence of the human
n

Conference on HIV/AIDS Research, Quebec City, May 25-28, 2006 genome. Science 2001;291:1304-51.
Hetherlngton S, Hughes A, Mosteller M, et al. Ge nF“C var\at ns in ﬁAltshuler D, Brooks L, Chakravarti A, et al. A haplotype map of the

HLA-B region and hypersensitivity t n iﬂ 2005 437:1299-320.
rF@ ®F® @tr F% g?a qgﬂmm!g S, et al. Association of HLA profiles with

2002;359:1121-2.
Mallal S, Nolan D, Witt C, et al. Association between presence of early plasma viral load, CD4+ cell count and rate of progression to

:'E'ATIBangg;th'Ll_Aar?cg Z%now,gﬁéﬁ Typfﬁ ésm yrtral\lp erﬁﬁ”ﬂ@@ﬁ% 5}%\,‘@ Hection. Multicenter AIDS ' Cohort

Hughes A, Mosteller M, Bansal A, et al. Association 'of genetic ~ 165. Kaslow R; Carrington M, Apple R, et al. Influence of combinations
variations in HLA-B region with hypersensitivity to abacavir in some, of human MHC genes on the course of HIV-1 infection. Nat Med
but not all, populations. Pharmacogenomics 2004; ? taha Q l)gih

Martin A, Nolan D, Gaudieri S, et al. Predisposit eaw u\ ?ng Nelson G, O'Brien S. Con3|der|ng genetic profiles in
hypersensitivity conferred by HLA-B*5701 and a haplotypic Hsp?O» functional studies of immune responsiveness to HIV-1. Immunol Lett

Hom variant. Proc Natl Acad Sci USA. 2004;101:4180-5.

© Permanyer Publications 201

001;79:131-40.

87





