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13 Mechanisms and inhibition of HIV integration
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21 Overcoming HIV-1 resistance to protease inhibitors

Drug Discovery Today: Disease Mechanisms, Volume 3, Issue 2, Summer
2006, Pages 281-286
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27 Mechanisms of bacterial protein toxin entry into the target

cell cytosol

Drug Discovery Today: Disease Mechanisms, Volume 3, Issue 2, , Summer
2006, Pages 267-272

John R. Murphy and Robert J. Harrison
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33 Is the mycobacterial cell wall a hopeless drug target for

latent tuberculosis?

Drug Discovery Today: Disease Mechanisms, Volume 3, Issue 2, Summer
2006, Pages 237-245

Helena 1. Boshoff and Clifton E. Barry III
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42 Tumor necrosis factor- a inhibitors and granulomatous
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53 Mechanisms of inflammatory response syndrome in sepsis
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59 Models of cryptococcal meningitis

Drug Discovery Today: Disease Models, Volume 3, Issue 1, Spring 2006,
Pages 55-61

Robert A.

Larsen, Madeline Bauer, Ann M. Thomas and Alejandro Sanchez
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66 Models for the study of respiratory syncytial virus

infection and disease

Drug Discovery Today: Disease Models, Volume 3, Issue 1, Spring 2006,
Pages 63-68

James M. Stark
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72 Can animal models predict protection provided by men-

ingococcal vaccines?
Drug Discovery Today: Disease Models, Volume 3, Issue 1, Spring 2006,

Pages 77-81
Michelle Finney, Denise Halliwell and Andrew R. Gorringe
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77 Mpdels of CMV infection

Drug Discovery Today: Disease Models, Volume 3, Issue 1, Spring 2006,
Pages 91-96

Katherine K. Wynn and Rajiv Khanna
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models of latent Mycobacterium tuberculosis infection
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111 Experimental disease models of influenza virus infections:
recent developments
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124 Techniques used for the discovery of therapeutic

compounds: the case of SARS
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141 Meningococcal diseases: From genomes to vaccines
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149 Overcoming the problem of chronic hepatitis B
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HIV integrase (IN) is required for viral replication and a
rationale target for antiretroviral therapies. Integrase
inhibitors are potentially complementary to current
treatments. This review focuses on the mechanisms of
HIV integration. The roles of viral and cellular co-
factors during preintegration complex (PIC) formation
and integration are reviewed. The biochemical
mechanisms of integration, integrase structures and

approaches to inhibit integration are also described.

Introduction

Acquired immunodeficiency syndrome (AIDS) represents one
of the most important modern epidemics with over 40 mil-
lion people infected worldwide. In 2005, 3 million people
died from AIDS-related diseases and S5 million new HIV
infections occurred (http://www.unaids.org/). Recent pro-
gress has increased the efficacy of the standard HAART
(Highly Active Anti-Retroviral Therapy) treatment, which
contains a cocktail of reverse transcriptase (RT) and protease
inhibitors (for review, see [1]). But this treatment remains
expensive, generates resistance and is often not well-tolerated
by patients [2]. Therefore, new therapeutic approaches are
warranted. One such approach consists of targeting the third
viral enzyme integrase (IN), for which there is currently no
inhibitor approved for treatment (for review, see [3]).
Recently two pharmaceutical companies, Merck Research
Laboratories and Gilead Sciences Inc. announced progression
to phase III and phase I/1I trials for their respective integrase

inhibitors [4,5]. These major breakthroughs provide proof of
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principle for targeting retroviral integration and promises for
a new component in the HIV/AIDS treatment.

HIV life cycle

The primary function of HIV-1 integrase is to catalyze the
insertion of the viral cDNA into host chromosomes. Integra-
tion is absolutely required for viral replication. In vivo, inte-
gration occurs within a large nucleoprotein complex referred
to as the preintegration complex (PIC) (for feview, see [6])
(Fig. 1). Following reverse transcription in the cytoplasm, the
viral cDNA is associated with IN into the PIC until nuclear
translocation and integration into a host chromosome.
Translocation of the PIC toward the nucleus is probably
achieved through interactions with the microtubule net-
work. The nuclear import mechanism of the PIC has not
been completely elucidated [6].

In the PIC, a tetramer of IN binds the two viral DNA long
terminal repeats (LTR) and is associated with viral and cellular
co-factors (for a recent review, see [7]) (Fig. 1). The barrier-to-
autointegration factor (BAF) is a host cellular protein prob-
ably involved in chromatin organization, which prevents
autointegration and stimulates chromosomal integration.
BAF bridges and compacts viral cDNA inside the PIC
(Fig. 1). In the Moloney Murine Leukemia Virus, BAF interacts
with the lamina-associated polypeptide (LAP2«), a LEM (for
LAP2, Emerin and MAN1) nuclear domain protein associated
with the nuclear lamina that could play a role in the nucleo-
protein organization of the PIC (Table 1).
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Figure |. Schematic diagram of the HIV-1 life cycle. After HIV-I viral particle binding to CD-4 receptor and CCR5 co-receptor, the viral core is released
into the cytoplasm. Viral RNA is processed by HIV-| reverse transcriptase. Reverse transcription starts within 1-2 h after viral entry and leads to the
production of proviral cDNA. Integration is achieved in several steps: (1) 3'-processing which consists in an endonucleolytic cleavage at the 3'-end of the
proviral DNA by integrase, (2) formation of the preintegration complex (PIC) containing viral and cellular co-factors, (3) translocation of the PIC into the
nucleus, (4) insertion of processed proviral DNA ends into the host DNA during the strand transfer reaction catalyzed by integrase, (5) reparation of gaps

between viral and chromosomal DNA leading to the provirus (proviral DNA integrated). The provirus is silent until triggering of DNA transcription
followed by viral RNA translation, maturation, packaging and formation of new viral particles.

The high mobility group protein A1 (HMGA1), a host DNA-
binding protein involved in the chromosomal architecture, is
another component of the PIC that stimulates concerted inte-
gration by bridging and compacting the viral cDNA (Table 1).

The integrase interactor 1 protein (INI1/hSNFS) is a human
homologue of yeast SNFS, a transcriptional activator and
component of the chromatin remodeling SWI/SNF complex.
INI1/hSNFS interacts with IN within the PIC and has been
shown to interact with other cellular proteins such as pS3 in
the cell (Table 1). Following viral entry, INI1/hSNEFS is incor-
porated into the PIC after (1) being imported into the cell by
the viral particle and/or (2) being exported out of the nucleus
17].

LEDGF/p75, a member of the hepatoma-derived growth
factor family, also interacts with IN (Table 1). This nuclear
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protein seems involved in nuclear import and chromosome
tethering of the PIC but its exact role during lentiviral inte-
gration remains under investigation [7]. The crystal structure
of the integrase-binding domain of LEDGF/p7S bound to the
catalytic core domain of an IN dimer was recently reported (8]
and will be discussed later (Fig. 2).

Four other proteins have recently been added to the list of
potential cellular co-factors of retroviral integration and
could be part of the PIC [7]. The Polycomb group embryonic
ectoderm development (EED) protein, HRP2, the heat-shock
protein 60 (HSP60) and the p300 acetyltransferase all interact
with IN (Table 1).

Several viral proteins are also part of the PIC (for review, see
16]). Matrix (MA) interacts with IN and BAF, and is implicated
in the nuclear import of the PIC (Table 1). The viral protein R



