
A Novel Peptide for Immunomodulation in Pulmonary
Arterial Hypertension

Pulmonary arterial hypertension (PAH) is a progressive,
incurable disease of the pulmonary vasculature (1).
Morphological manifestations of the disease within the
pulmonary vasculature include the distal extension of
muscularization, concentric lesions, multicellular plexiform
lesions, and infiltration with immune cells. Inflammation has
been on the radar for nearly 40 years as a causal mechanism in
PAH (2), but no immunomodulatory therapies are in clinical
use for PAH. Growing evidence further supports a role for
immune cells in PAH pathogenesis, including macrophages, mast
cells, and T and B lymphocytes (1). Proinflammatory mediators
also contribute to PAH pathogenesis, including IL-6 and
leukotriene B4 (1). In the wake of this expanding knowledge, there
are multiple clinical investigations underway that target key
inflammatory pathways and immune cells in PAH (3). Such
immunomodulatory therapies are much needed, as PAH remains a
fatal condition.

In this issue of the Journal, Goldenberg and colleagues
(pp. 1566–1569) present preclinical evidence in support of a new,
more specific approach to target HMGB1 (high-mobility group
box 1) in PAH (4). HMGB1 is a ubiquitous nuclear protein
found in all human tissues (5). It serves as a DNA-binding
protein, facilitates gene transcription, and stabilizes
nucleosomes under physiological conditions (5). Yet
extracellular HMGB1 occurs as a consequence of cellular injury
under various pathophysiological conditions, and extracellular
HMGB1 promotes inflammation, tumor growth, and, as
recently shown, pulmonary hypertension induced by
chronic hypoxia (5–7). HMGB1 is a ligand for TLR4 (toll-like
receptor 4), and TLR4 signaling mediates some of the potent
proinflammatory effects of HMGB1, such as activation
of macrophages and lymphocytes and induction of
proinflammatory cytokines, but also direct effects on
pulmonary vascular cells (6, 7). In their study, Goldenberg and
colleagues show upregulation of HMGB1 and TLR4 in the lungs
from patients with PAH and localize their expression to the
perivascular adventitia and to the vascular tunica intima (4). In
preclinical experiments, Goldenberg and coworkers first show
that an anti-HMGB1 antibody attenuates severe pulmonary
hypertension induced by monocrotaline or chronic hypoxia
combined with SU5416 in rats (4). The use of these two rat
models further represents an advancement toward models of
severe pulmonary hypertension and, in the case of chronic
hypoxia/SU5416 rats, toward a model of occlusive pulmonary
arteriopathy. Yet the authors also recognize that inhibition of
HMGB1 needs to occur in an appropriate cellular context. The

different potential HMGB1 activation states lead to context-
dependent variations of HMGB1 function, and hence targeting
of HMGB1 could result in significant off-target effects (8). This
is well illustrated by the fact that HMGB1 knockout mice fall
prey to deadly hypoglycemia during the perinatal period (9). To
overcome the issue of off-target effects, the authors used P5779,
a new peptide that specifically binds to the TLR4 adaptor
protein MD-2 (10). By binding to MD-2, P5779 prevents the
interaction between MD-2 and the cytokine-inducing, disulfide-
bond form of extracellular HMGB1, thus blocking HMGB1-
induced TLR4 signaling. In this way, it adds significant
specificity to the therapeutic approach, leaving many of the
physiological functions of both intracellular HMGB1 and
non–HMGB1-dependent TLR4 signaling unaffected (10). The
encouraging results in the study by Goldenberg and colleagues
show that P5779 attenuates the development and progression of
pulmonary hypertension in the two rat models, chronic hypoxia
combined with SU5416 and monocrotaline (4). A summary
of the mechanism and effects of P5779 in the context of
pulmonary hypertension models is provided in Figure 1.
Goldenberg and colleagues further describe that no adverse
effects were noted on cardiac function in these rat models (4).
Moreover, in vitro, P5779 attenuates the effects of HMGB1 on
migration of pulmonary artery smooth muscle cells and
pulmonary artery endothelial cells, two important structural
cell types with pathophysiological relevance in
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Figure 1. Summary of the inhibitory action of P5779. P5779 inhibits the
TLR4 (toll-like receptor 4)-adapter molecule MD-2 and hence blocks the
interaction between extracellular HMGB1 (high-mobility group box 1) in its
disulfide form and MD-2. In consequence, P5779 specifically inhibits the
signaling induced by extracellular HMGB1 via TLR4. P5779 does not
impact intracellular HMGB1 or TLR4 signaling that is independent of
HMGB1. The in vivo experiments by Goldenberg and colleagues (4) show
that P5779 reduces vascular remodeling and pulmonary hypertension
during development and progression of pulmonary hypertension in two
disease models.
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PAH. Goldenberg and colleagues not only further our
understanding of the role of HMGB1/TLR4-associated
inflammation in PAH but also provide a more specific way to
target this pathway (4).

Although the study by Goldenberg and colleagues is an
important and interesting step toward disease-specific
immunomodulation, some limitations are present (4). The
authors do not investigate the effect of P5779 on immune cells,
and their study does not contribute to a better understanding
of whether P5779 modulates other essential pathways in
pulmonary vascular cells. This is of particular interest, as impaired
bone morphogenic protein signaling is a hallmark of endothelial
PAH pathobiology, and HMGB1/TLR4 signaling can suppress
bone morphogenic protein signaling (11, 12). Furthermore, as with
any promising preclinical study, the path forward to clinical drug
development may be difficult. The safety of P5779 in humans is
unknown, and therefore it is unclear if its specificity will translate
to acceptable side effects in human patients. The short half-life of
P5779 could further complicate future use in clinical studies.
Goldenberg and colleagues discuss that this short half-life of
P5779 may be an advantage, as it will make it easier to limit
treatment duration (4). However, the short half-life also raises
the possibility of complicated drug delivery in humans, which
could lead to an expensive therapy in a disease that needs more-
affordable and less-cumbersome treatments.

We commend Goldenberg and colleagues for their
findings, which contribute new information to the field of pulmonary
vascular disease and offer a promising avenue for immunomodulatory
therapy in patients with PAH (4). n
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