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Respiratory syncytial virus (RSV) is responsible for lower respiratory tract 
infections and annually results in 200,000 deaths worldwide. Despite the 
burden of RSV-associated disease, treatments and preventative measures are 
limited. In this issue of JCI, Bird and colleagues describe their work using a 
peptide stapling technique that allowed synthesis of a stable peptide mimic 
of a portion of the RSV fusion protein. Pretreatment of cells with the stable 
peptide effectively blocked virus entry. When introduced into mice prior to 
RSV exposure, the peptide produced a substantial prophylactic effect. This 
work provides a new way forward in RSV prevention.

Respiratory syncytial virus 
treatment: what’s left that we  
haven’t tried?
Respiratory syncytial virus (RSV) causes 
nearly 64 million lower respiratory tract 
infections each year, most commonly 
striking the very young and very old and 
resulting in significant mortality in these 
age groups (1). The status of RSV as a 
major public health threat has been a 
primary motivator in the development of 
antiviral treatment and prophylactic strat-
egies; however, progress on this front has 
been modest. The current gold standard 
for at-risk infants is prophylactic admin-
istration of the monoclonal antibody 
palivizumab, but this approach yields 
only modest efficacy (2). Treatment with 
the nucleoside analog ribavirin may have 
utility in certain situations, but its use is 
limited by toxicity and cost (3). Thus far, 
there are no FDA-approved vaccines or 
effective RSV-specific treatments (4).

Recent efforts toward prevention and 
treatment of RSV disease have focused on 
the RSV trimeric fusion protein (RSV-F). 
Structural studies show that RSV-F has 
the classic fusogenic mechanism of two 
3-helix bundles (3-HBs), which undergo 
structural rearrangement and association 
around a hairpin turn to bring the viral 
and cellular membranes in close apposi-
tion to allow membrane fusion (Figure 1A 
and refs. 5, 6). Numerous small-molecule 

and peptide inhibitors have been used to 
impede RSV fusion in cells and thus block 
viral entry (7, 8); however, none of the cur-
rent small-molecule antiviral compounds 
designed to inhibit RSV infection have 
progressed to clinical testing. Perhaps 
more encouragingly, a truncated form of 
RSV-F trapped in the prefusion state and 
conjugated to immunostimulatory pep-
tides or particles elicits potent neutral-
izing antibody responses (9, 10). Despite 
these developments, further avenues for 
RSV prophylaxis and therapy continue to 
be explored. In this issue of JCI, Bird and 
colleagues describe a new take on peptide-
based prophylaxis and inhibition of RSV 
infection (11) that has the potential to 
serve as an effective prophylactic strategy 
for at-risk populations and may be appli-
cable for other viral pathogens.

Stapled peptides: a chemist’s answer 
to a virologist’s question
Small molecules have been useful as anti-
viral agents due to their stability, capacity 
to be synthesized in large amounts, and 
ease of delivery to patients. More recently, 
monoclonal antibodies have been used as 
antivirals and exhibit strong and specific 
antiviral activity with few adverse effects 
and the added benefit of serving as pro-
phylactic agents for at-risk populations. 
Despite their therapeutic potential, the 
identification and preparation of neutral-
izing antibodies for human use is time 
consuming, and production of antibod-
ies in sufficient quantities for treatment 
is expensive. One therapeutic option 
that has lagged behind more traditional 

approaches is the development of antivi-
ral peptides. Long the domain of chemists 
and structural biologists, peptides have 
been underrepresented as anti-infective 
therapeutics due to their instability, sus-
ceptibility to proteases, and challenges 
regarding delivery to the infected site. 
However, a new technique for engineering 
peptide stability may hold the solution 
to the pharmacologic problems that have 
sidelined peptide antivirals.

Bird et al. adapted the technique of 
hydrocarbon “stapling” to their choice 
of antiviral peptide to generate stabilized 
α-helices of RSV-F (termed SAH-RSVF; 
ref. 11). The peptide in question is a short 
α-helical mimic of one of the helices 
involved in formation of the RSV-F fuso-
genic 6-HB. By binding to the prefusogenic 
3-HB form of RSV-F, the peptide blocks 
formation of the fusogenic state and thus 
inhibits fusion and viral entry (Figure 1B). 
The peptide-based, HIV-1–specific antivi-
ral enfuvirtide potently blocks viral entry 
via the same mechanism (12). There have 
been attempts to recapitulate this success 
with RSV, but the RSV-specific peptides 
tend to form random coils in solution, 
which decreases peptide stability and activ-
ity (13). Bird and colleagues adapted a bio-
chemical technique to avoid these pitfalls 
and introduced atypical amino acids with 
olefin tethers at positions in the engi-
neered peptides exposed to the outer face 
of the peptide helix (11). These hydrocar-
bon tethers were chemically cross-linked, 
which effectively staples the turns of the 
helix together and clamps them into an 
α-helical structure (Figure 1B, inset, and 
ref. 14). This modification increases the 
stability of SAH-RSVF by locking it into a 
constrained α-helix, mimicking the bioac-
tive conformation and reducing suscepti-
bility of the peptide to proteolytic attack. 
Thus, the use of a chemical trick to induce 
and stabilize the α-helical structure of a 
short peptide has overcome a longstanding 
obstacle in the development of peptides for 
biological applications.
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Viral infection prophylaxis: are 
peptides back on the table?
The question of efficacy for antiviral pep-
tides often comes down to the issues of sta-
bility and delivery. Will the peptide assume 
the required conformation and resist deg-
radation once introduced into an infected 
host, and will it reach the site of infection? 
In answer to these pharmacological ques-
tions, Bird et al. showed that their stapled 
peptides display a marked antiviral effect 
when administered to mice prior to RSV 
infection (11). By instilling SAH-RSVF 
intranasally, a peptide barrier is effectively 
created at the RSV entry point. Infection 
in the nares was markedly reduced by pre-
treatment with SAH-RSVF, which indicates 
that the peptides are stable and functional-
ly active. Perhaps more impressive was the 
observation that peptide activity was not 
limited to the site of administration. RSV 
spread to the lower respiratory tract and 
caused substantial lower respiratory dis-

ease, but during the course of their experi-
ments, the authors found that the intrana-
sally administered peptide also markedly 
decreased pulmonary RSV infection (11). 
Incorporation of the hydrocarbon staples 
appears to have stabilized SAH-RSVF to 
the point that it can travel to a distant site 
of infection without compromising its bio-
logical potency.

The initial route of administration, 
however, sidesteps the question of how to 
effectively deliver a peptide to a systemic 
site of infection. RSV has the “advantage” 
of being a respiratory tract virus for which 
the route of entry is a convenient site for 
peptide administration. For viruses with 
alternative routes of entry or for persons 
already infected, administration at the 
entry site may not be effective. To cir-
cumvent this problem, Bird et al. turned 
to nanotechnology to further augment 
their antiviral treatment, generating a 
chitosan-based nanoparticle to encapsu-

late SAH-RSVF with the goal of improving 
efficacy and delivery (11). This technique 
has been shown to be effective with both 
small-molecule and nucleic acid–based 
treatments (15, 16). The nanoparticle-
encased peptides were administered intra-
tracheally, delivering the SAH-RSVF pep-
tides directly to the site of pulmonary RSV 
infection, rather than just at the point 
of entry. Peptide incorporation into the 
nanoparticle increased the extent and uni-
formity of delivery, which led to a strik-
ing improvement in viral prophylaxis over 
peptide alone (11).

Conclusions and future directions
In today’s multidisciplinary research envi-
ronment, the traditional divisions among 
the basic sciences have become blurred, 
providing exciting opportunities to com-
bine different approaches, improving old 
techniques for disease therapeutics and 
developing new ones. The study by Bird 

Figure 1
Inhibition of RSV fusion with stapled peptides. (A) RSV fusion. Prefusion RSV-F, consisting of two 3-HBs (red and pink cylinders), inserts into the 
cell membrane (i). Structural rearrangement of RSV-F (ii) results in formation of a 6-HB that brings the two membranes together (iii) for fusion via 
a hemifusion intermediate (iv). (B) Inhibition by stapled peptides. The antiviral peptide SAH-RSVF (yellow cylinder) is an α-helical peptide (gray, 
inset) stapled with cross-links that span two helical turns (green, inset). The peptide mimics one of the fusion helices (i) and binds to RSV-F in 
the prefusion state (ii), blocking formation of the fusogenic 6-HB and preventing membrane fusion (iii).
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et al. (11) is an excellent example of scien-
tists pushing past the traditional limits of 
their discipline to take advantage of biol-
ogy, chemistry, and nanotechnology and 
overcome the shortcomings of clinical 
applications of antiviral peptides. While 
the authors focused on the use of stabi-
lized peptides and nanoparticle delivery 
as prophylactic measures, their cell-based 
work demonstrating robust inhibition of 
RSV fusion and entry (11) suggests that the 
peptides could be adapted as antiviral ther-
apeutics for persons with RSV infection. 
Moreover, the formation of hairpin-linked 
6-HBs is a classic hallmark of many fuso-
genic enveloped viruses, including Ebola 
virus, HIV, and SARS coronavirus, which 
all bring viral and cellular membranes 
together via formation of a 6-HB in the 
same fashion as RSV (17). It is possible that 
the present findings made with RSV could 
be adapted to combat a host of pathogenic 
human viruses, both as prophylactic agents 
and as antiviral treatments.
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Three years ago, two research groups independently identified a previous-
ly undescribed T cell cosignaling molecule; one referred to it as V-domain 
Ig suppressor of T cell activation (VISTA), and the other used the term 
programmed death-1 homolog (PD-1H). Recombinant and ectopically 
expressed PD-1H functions as a coinhibitory ligand for T cell responses. 
However, the function of endogenous PD-1H is not clear. In this issue of 
the JCI, Flies and colleagues demonstrate that endogenous PD-1H on both 
T cells and APCs serves as a coinhibitory molecule for T cell activation and 
provide further support for targeting PD-1H as a therapeutic strategy for 
transplantation and cancers.

Life is never dull, especially if you are inter-
ested in T cell cosignaling molecules. The 
identification of new members of this fam-
ily can lead not only to new paradigms in 
immune recognition, but can also affect 
the treatment of cancer and autoimmune 

diseases (1–4). Among the newest addi-
tions to the T cell cosignaling family is 
an immunoglobulin superfamily member 
that bears two different names due to its 
independent discoveries three years ago: 
V-domain Ig suppressor of T cell activa-
tion (VISTA) and programmed death-1 
homolog (PD-1H).

Wang et al. named this molecule VISTA 
(5), based on significant sequence homol-
ogy with B7 homologue 1 (B7H1) and the 

ability of recombinant VISTA-Fc protein 
and ectopic expression of VISTA on APCs 
or tumor cells to inhibit T cell prolifera-
tion. In an independent study, Flies and 
colleagues identified the same molecule 
and named it PD-1H due to greater over-
all sequence and gene structure similarities 
with programmed death-1 (PD-1) (6).

Same target, different results
Remarkably, the antibodies produced 
against the molecule by Wang and col-
leagues and Flies et al. had starkly differ-
ent effects. Whereas Wang et al. found that 
their anti-VISTA antibody exacerbated 
EAE, Flies et al. found that their anti–
PD-1H antibody suppressed graft-versus-
host diseases (GVDH) to such an extent 
that fully allogeneic bone marrow chi-
mera mice (BALB/c to lethally irradiated 
C57BL/6 mice) could be obtained follow-
ing a single dose of anti–PD-1H antibody 
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