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A major breakthrough from the HIV-
vaccine research community in recent 
years was the isolation and characteri-

zation of novel antibodies from HIV-infected 
people that have the remarkable ability to 
efficiently neutralize most circulating HIV 
strains1,2. The antibodies’ mechanism of action 
involves the recognition and blockade of evo-
lutionarily conserved, functionally crucial 
structures of the HIV viral envelope. These 
unusual antibodies have reinvigorated the 
effort to develop an antibody-based prophy-
lactic HIV vaccine by defining effective human 
antibody responses to the virus and providing 
a ‘map’ for reverse engineering of vaccines that 
recapitulate these responses. Because these 
antibodies develop infrequently, emerge only 
after many years of HIV infection and are char-
acterized by a high degree of mutation1,2, this 
task is not likely to be quickly accomplished. 
But that does not necessarily mean that the 
clinical benefit of these antibodies is relegated 
to the distant future. On the contrary, two 
reports published on Nature’s website today, by 
Barouch et al.3 and Shingai et al.4, demonstrate 
that combinations of such antibodies drasti-
cally reduce virus levels in chronically infected 
rhesus macaques, bolstering the hope that such 
therapies might be effective in humans.

The two groups of investigators exam-
ined the ability of several of these potent and 
broadly HIV-neutralizing human monoclonal 
antibodies (mAbs) to suppress viraemia — the 
presence of the virus in the bloodstream — in 
rhesus macaques chronically infected with 
pathogenic (AIDS-causing) simian–human 
immunodeficiency virus (SHIV) hybrids 
that use the HIV envelope for cell entry. Their 
findings were remarkably consistent: admin-
istration of cocktails of two or more mAbs 
(directed at two different structural regions, 
the CD4-binding site and V3-loop/N332  
glycans) profoundly suppressed viraemia, often 
to below the level of detection. This suppres-
sion persisted for weeks, as long as mAb levels  
were maintained. Furthermore, mutations 

associated with resistance to the neutraliza-
tion activity of the administered mAbs were not 
generally observed in the virus that rebounded 
after mAb levels waned. Remarkably, Barouch 
and colleagues show that one antibody, the 
extraordinarily potent N332-glycan-dependent 
PGT121 mAb5, was able to provide prolonged 
viral suppression when used alone. 

Given that current antiretroviral therapy 
(ART), which is based on small molecules that 
target different phases of the HIV life cycle, 
are effective and can be given orally, whereas 
mAbs need to be delivered by injection, why is 
this approach of interest? The answer lies in the 

different mechanisms of viral suppression by 
conventional ART versus neutralizing mAbs. 
Current ART drugs prevent the virus from 
spreading from an infected cell to the next 
round of target cells, but they do not directly 
kill infected cells nor inhibit the cells’ produc-
tion of virus particles6 (Fig. 1a). In the absence 
of viral spread, virus production declines as 
infected cells die by virus- or immune-medi-
ated killing or by programmed cell death. But 
some infected cells persist and produce virus 
particles indefinitely. This rare but enduring 
reservoir of virus-producing cells is the source 
of viral rebound when people stop ART, and 
probably contributes to persistent inflamma-
tion and immune dysfunction (and associated 
morbidities) in individuals on ART7,8.

Treatment with neutralizing mAbs would, 
like conventional ART, prevent viral spread, 
and this undoubtedly accounts for much of 
the antibodies’ observed activity in these two 
studies. However, mAbs have intrinsic effec-
tor functions that would not only facilitate 
rapid clearance of virus particles produced by 
residually infected cells, but might also accel-
erate the destruction of virus-producing cells 
by antibody-dependent cell-mediated cyto-
toxicity, complement lysis or phagocytosis 
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Antibodies advance  
the search for a cure 
Efforts to make a prophylactic HIV vaccine have identified monoclonal antibodies 
that potently suppress viral replication. Studies in monkeys show that these 
reagents effectively treat HIV infection. 
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Figure 1 | Differences between conventional ART and mAb therapy. a, Conventional antiretroviral 
therapy (ART) involves combinations of small-molecule drugs that act at various cellular sites, 
protecting uninfected target CD4+ T cells from HIV infection by inhibiting viral entry or post-entry 
viral function. But this treatment does not affect the production of virus by infected cells, nor facilitate 
the clearance of virus particles. Persistent virus-producing cells and circulating virus can reignite 
progressive infection if ART is discontinued. Free virus can also activate cells, contributing to a chronic 
inflammatory environment. b, Monoclonal antibodies (mAbs) that bind to and inactivate viral envelope 
proteins effectively neutralize the virus and therefore also prevent the spread of infection. These may 
have the added advantage of facilitating the clearance of virus particles and killing virus-producing 
cells by antibody-dependent mechanisms, in particular antibody-dependent cell-mediated cytotoxicity 
(ADCC), thereby potentially diminishing the viral reservoir and preventing local immune activation. 
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(Fig. 1b). Although these processes were not 
directly demonstrated in either of the new 
studies, Barouch et al. show accelerated viral 
clearance in mAb-treated macaques compared 
with that seen in humans given conventional 
ART. They also provide evidence for declin-
ing levels of cell-associated HIV DNA (a meas-
urement of the number of infected cells) and 
improved function of SHIV-specific CD8+ 
T cells (antiviral immune cells) in mAb-treated 
animals. Perhaps more interestingly, Barouch 
and colleagues report that the viral-load set 
points — the stable level of viraemia reached 
once a balance is established between viral 
replication and the immune system — of the 
animals after therapy cessation were consist-
ently lower than before treatment, suggesting 
that mAb treatment enhanced the antiviral 
immune response.  

There are several caveats to this exciting  
work that deserve mention. One is the substan-
tial animal-to-animal variability in pharmaco-
kinetic outcomes, which would have to be 
addressed if long-term administration of these 
antibodies were pursued in people. Another is 
the fact that the high mutability of HIV means 
that slightly different envelope proteins will 
be expressed by virus strains both within an 

individual and across populations, making it 
likely that some people will harbour viruses 
that are resistant to one or more of the thera-
peutic mAbs. In addition, whether the mAbs 
can cross the blood–brain barrier and suppress 
viral replication in the central nervous system 
remains an open question. Finally, the extent to 
which viral envelope protein is exposed on the 
surface of long-lived infected cells is unknown. 
Additional treatment with virus-activating 
agents will probably be needed for antibody-
mediated destruction to have a meaningful 
impact on this reservoir.

Despite these limitations, the findings of 
these two papers could revolutionize efforts 
to cure HIV. The combination of conven-
tional ART and neutralizing mAb therapy 
might reduce viral replication more effec-
tively than conventional ART alone, mediate 
destruction of virus-producing cells arising 
from latent infection, diminish deleterious, 
generalized immune activation, and facilitate 
the efficacy of T-cell-targeted therapeutic 
vaccines intended to destroy latent cells8. At 
the very least, these results will catalyse col-
laborations between the massive teams of 
experts who have for decades worked on HIV 
prevention and treatment in separate venues. 

As previously emphasized9,10, true multi-
disciplinary science will be needed if we are 
to generate a cure for HIV. ■
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