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Drug-resistant viruses may repair
impaired fitness by mutations
outside the drug farget site
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Evaluation of: Ray N, Blackburn LA, Doms RW: HR-2 mutations in human
immunodeficiency virus type 1 gp4l restore fusion kinetics delayed by HR-1
mutations that cause clinical resistance to enfuvirtide. J. Virol. 83(7), 2989-2995
(2009). During the treatment of HIV infection with viral fusion inhibitors derived
from HIV-1 gp4l heptad repeat (HR)-2 regions, drug-induced mutations have
been observed not only in the HR-1 region that contains the target sites for the
inhibitors, but also the HR-2 region, which is outside the inhibitor target site. Using
a kinefic cell-cell fusion assay, Ray et al. have demonstrated that the HR-1
mutation, which helps viruses to escape from treatment challenge, significantly
delays fusion kinetics, leaving viruses more vulnerable to the host immune defense
system, thus reducing the fitness of the virus. However, the mutations in the HR-2
region restore the delayed fusion kinetics close to ifs original level, partially
repairing the impaired fitness caused by the mutations in the drug target site.
The work sheds new light on the mechanism of HIV-1 drug resistance, which may
be used for the development of new HIV fusion inhibitors with improved efficacy

and drug resistance profiles.

In this article we will review the recent publica-
tion by Ray, Blackburn and Doms [1]. Mutation
is a common strategy used by microbes to escape
from treatment challenge, and the most distin-
guished among them is HIV-1. The super-p-
lasticity of its genome enables HIV-1 to develop
resistance against almost all current antiretro-
viral therapies. Unlike other medications that
target a distinct motif, the peptidic HIV-1 fusion
inhibitors, derived from the HIV-1 gp41 hep-
tad repeat (HR)-2 region, such as C34 and T20
(enfuvirtide), target multiple sites in the HR-1
domain and even beyond it [2]. They can induce
multiple resistance mutations in HR-1 or other
regions [3.4]. It is easy to interpret the resistance
mechanism of viruses with mutations in the gp41
HR-1 as this region contains the drug target sites.
However it is relatively difficult to explain the
role of resistance-associated mutations located
outside the drug target site since these muta-
tions may have no direct effect on binding of
the inhibitors to their targets. For example, some
mutations in T20-resistant viruses are located in
the HR-2 region [1.4]. Strikingly, Baldwin et al.
have demonstrated that one HIV-1 HR-1-HR-2
double mutant is not only highly resistant to T20
but also dependent on the T20 peptide for its
replication [s].

Ray et al. identified a panel of T20-resistant
HIV-1 strains from five patients who had failed
to respond to treatment with T20. All the resistant
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virus strains had mutations in the HR-1 region
that contains the T20 binding site and resistance
could be attributed to the mutation-caused reduc-
tion of binding affinity between T20 and the
HR-1 region. They also identified a number of
mutations in the HR-2 region. Since the mutations
in the HR-2 are outside the drug target site, the
mechanism could not be explained as a disruption
of drug—target interaction because these mutations
should have no direct effect on drug-target bind-
ing affinity. In order to understand the mechanism
of resistance due to these mutations, the authors
used a kinetic cell—cell fusion assay to quantita-
tively measure the fusion process 77 situ1. They gen-
erated effector cells expressing the HIV-1 envelope
glycoprotein (Env) bearing HR-1 mutations with
or without HR-2 mutations and compared their
fusion kinetics with target cells that express CD4
and co-receptors. The authors demonstrated that
the introduction of a resistance mutation in the
HR-1 region alone, which reduced the interaction
between T20 and HR-1 and helped the viruses
escape from treatment challenge, prolonged the
fusion processes by up to 19 min when compared
with those without such mutations. When the
HR-2 mutations were introduced into the same
Env with HR-1 mutations, the delayed fusion
kinetics was restored to the original level.

These authors have previously demonstrated
that the introduction of T20-resistant mutations
into the gp4l HR-1 region of HIV-1 LAI and
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Objectives of this study

YU-2 strains results in a prolonged fusion process
and increases sensitivity to neutralizing mono-
clonal antibodies targeting gp41 [6], presumably
because the prolonged fusion process may over
expose the HIV-1 gp41 prefusion state and make
the virus be more vulnerable to the host immune
defense system, thus resulting in a reduced fit-
ness of the virus. In the present study, the authors
generated a panel of pseudotype viruses bearing
HR-1 mutations with or without HR-2 mutations
in the Env of viruses from the same patient or
another patient (i.e., 2 homologous or hetero-
logous Env background) and tested their suscep-
tibility to neutralizing monoclonal antibodies
targeting adjuvant gp41. They found that the
viruses exhibited increased sensitivity to neutral-
izing antibodies if the HR-1 and HR-2 mutations
were introduced into gp4l with a heterologous
Env background, consistent with their previous
observation [6]. However, no significant difference
in antibody susceptibility was observed when the
HR-1 and HR-2 mutations were introduced into
gp41 with a homologous Env background. This
suggests that iz vivo evolution of viral resistance
and fitness are genetic context dependent. When
viruses evolve to adapt resistance, the mutations
are selected to balance between drug resistance
and virus fitness in a given viral genome context.

Conclusion & future perspective

Studying the roles of mutations inside and out-
side the drug target site provides additional infor-
mation to understand the mechanism of drug
action, which can be used for the development of
new generation drugs. The peptidic HIV fusion
inhibitors, such as T20 and C34, target multiple
sites in the HIV-1 gp41 HR-1 domain and may
be even beyond it, in contrast to most other anti-
HIV drugs, which have a target located in a dis-
tinct motif [2.7]. HIV-1 Env-mediated membrane
fusion is a kinetically limited process and muta-
tions associated with T20 resistance can delay

the fusion kinetics, thus enhancing sensitivity to
neutralizing antibodies targeting gp41 [¢]. Using
a kinetic cell—cell fusion assay, Ray ez a/. have
demonstrated that the mutations in the HIV-1
gp4l HR-2 domain, which is outside the drug
target site, serve to restore the delayed fusion
kinetics caused by resistance mutations in the
drug target, thus repairing the impaired fitness
of viruses in the adapted environment. The work
shed new light on the mechanism of viral resis-
tance to HIV fusion inhibitors.

The mechanism elucidated here may be used for
designing novel HIV-1 fusion inhibitors against
T20-resistant strains. Recently, [zumi ez a/. have
demonstrated that the same S138A mutation in
the HR-2 region, which acts to restore the delayed
viral fusion kinetics caused by the HR-1 muta-
tions observed in this paper, could be introduced
into T20 to fight against T20 resistant HIV-1
viruses [8]. Most T20-resistant HIV-1 variants
carry mutations in residues 33—45 of the HR-1
domain, the primary binding site for T20 [9].
However, this region is not the primary binding
site for many of the next generation HIV fusion
inhibitors, such as sifuvirtide, which contains a
pocket-binding domain that can interact with
the hydrophobic pocket in the HR-1 domain.
We found that sifuvirtide is more effective than
T20 against T20-resistant strains [10]. We also
found that a combination of sifuvirtide with T20
resulted in potent synergism impacting on inhibi-
tion of infection by T20-sensitive and resistant
HIV-1 strains [11]. We have recently designed a
peptide that contains the pocket-binding domain
and lacks the sequence that binds to residues
33-45 of the HR-1 region and demonstrated that
this peptide exhibits exceptional potency against
T20-resistant variants [12]. All of these findings
suggest that the study of the mechanism of resis-
tance to HIV fusion inhibitors is very useful for
the development of novel anti-HIV drugs with
improved potency and resistance profile.

To explore the mechanistic basis for T20 resistance and the role of mutations in the HIV-1 gp41 heptad repeat (HR)-2 region that is

outside the drug target site.
Methods

A cell-cell fusion assay using QT6 cells that express HIV-1 Env and B-lactamase as effector cells and Hela/CD4/CCR5 (JC53) cells loaded
with the fluorescent dye CCF2-AM as target cells to monitor Env-mediated cell fusion kinetics.

A temperature-arrested state assay to dissect the steps of Env-mediated cell fusion that are delayed in HR-1 mutants.

A luciferase-based virus infection assay using pseudoviruses bearing various Env mutations to test their sensitivity to T20 and various
neutralizing monoclonal antibodies.

Conclusion

Mutations in HIV-1 gp41 HR-2, which is outside the drug target site, serve to restore the delayed fusion kinetics caused by resistance
mutations in the drug target site, thus repairing the impaired fitness of viruses adapted to their environment.
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