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Recognition of and response to pathogens and tissue injury is driven by the innate immune
system via activation of pattern recognition receptors. One of the many patterns recognized is
RNA and, while several receptors bind RNA, Toll-like receptor 3 (TLR3) is well placed for initial
recognition of RNA molecules due to its localization within the endosome. There is a growing body
of work describing a role for TLR3 in maintenance of vascular homeostasis. For example, TLR3
deﬁciency has been shown to play repair and remodeling roles in the systemic vasculature and in
lung parenchyma. A hallmark of pulmonary arterial hypertension (PAH) is pulmonary vascular
remodeling, yet drivers and triggers of this remodeling remain incompletely understood. Based on
its role in the systemic vasculature, our group discovered reduced endothelial TLR3 expression in
PAH and revealed a protective role for a TLR3 agonist in rodent models of pulmonary
hypertension.
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1. Background
Tremendous eﬀort has been put forward into understanding dysregulated pathways in pulmonary
arterial hypertension (PAH) and these investigations span numerous topics including genetics,
growth factors, metabolism and inﬂammation[1]. Links between inﬂammation and PAH are strong,
although the role of the innate immune system in the initiation or propagation of vascular
remodeling remains incompletely deﬁned.
Over the past two decades, we have come to understand that innate immunity is of fundamental
importance as not only the ﬁrst line of defense from external pathogens, but in protection from
cellular injury and maintenance of tissue homeostasis. Stemming from Janewayâs concept of
âpattern recognition receptorsâ (PRRs) that bind âpathogen-associated molecular patternsâ
(PAMPs), ongoing research has found that PRRs also recognize internal âdamage-associated
molecular patternsâ (DAMPs)

[2].

Whereas PAMPs were bits and pieces that came from processing

of pathogens by the immune system, DAMPs are frequently part of the structural and functional
components of our own cells and tissues, which are released during tissue injury. RNA has
emerged as an important intracellular DAMP

[3].

2. Toll-like Receptor 3 (TLR3)
In recent years, Toll-like receptor 3 (TLR3) has been established as a central PRR for all sorts of
RNA molecules. Principally recognized as a viral double-stranded RNA (dsRNA) sensor, TLR3 also
responds to synthetic dsRNA such as polyinosinic:polycytidylic acid [poly(I:C)] and to endogenous
mRNA and has been implicated in tissue repair and remodeling in a number of experimental
settings

[4][5].

TLR3 signaling in pulmonary arterial hypertension
We revealed evidence of loss of TLR3 expression in pulmonary artery endothelial cells (PAECs)
from patients with PAH and in animal models. of pulmonary hypertension

[6]

. TLR3 knockout mice

developed more severe disease, with higher right ventricular systolic pressure (RVSP) and
evidence of greater small pulmonary artery muscularization. CRISPR/cas9-mediated reduction in
TLR3 protein level was associated with increased endothelial cell apoptosis, mirroring evidence of
apoptosis susceptibility in PAECs from patients with PAH. Interestingly, the TLR3 agonist, poly(I:C),
increased TLR3 expression in rat lung ECs in an IL-10 dependent manner. Prophylactic high-dose
poly(I:C) treatment in the hypoxia and SU5416 PH rat model reduced RVSP and the number of
vascular occlusions, but had no signiﬁcant eﬀect on medial wall thickness or cardiac output.
Therapeutic poly(I:C) attenuated established PH when administered 3 weeks after initiation of the
disease with hypoxia and SU5416. With both prophylactic and therapeutic poly(I:C) treatment, the
number of apoptotic and proliferative cells in the pulmonary arteries were signiﬁcantly
reduced. These data suggest that the TLR3-agonist, poly(I:C), can restore TLR3 levels in TLR3
deﬁcient endothelial cells, thus restoring protective anti-remodeling signals mediated via this
pathway.However, there are potentially detrimental consequences associated with activating
double-stranded RNA signaling and these are highlighted in our review article

[7]

. For example,

overactivity of this pathway or excessive production of downstream eﬀectors such as interferons
(IFN), endothelin-1, and pro-inﬂammatory cytokines may result in endothelial cell dysfunction and
could thus contribute to pulmonary hypertension pathogenesis.

3. Conclusions
Gaps in our knowledge of dsRNA signaling need to be ﬁlled before exploring poly(I:C) as a therapy
in PAH. It is not known whether the protective eﬀects of synthetic dsRNA in the rodent models
were mediated via TLR3 signaling in the pulmonary vascular tissue or whether other TLR3expressing perivascular or circulating leukocytes are important. Furthermore, activation of TLR3
signaling has been associated with upregulation of other dsRNA sensors. Yet how these contribute
to protective vascular phenotypes in PAH has not been investigated.
There appears to be a ﬁnely tuned balance between protective innate immune responses to
dsRNA and potentially detrimental pro-inﬂammatory signals from receptors activated by the same
stimulus. The complexity of the relationship between vascular protection mediated by dsRNA and
adverse associations between pulmonary vascular disease and interferon treatment casts doubt
on whether targeting this pathway will translate as a treatment for PAH. However, strategies to
enhance TLR3 signaling could be developed with synergistic targeting of excessive IFN activity.
Now that dsRNA receptor agonists, such as rintatolimod (Ampligen), are emerging in other
contexts as safe adjuvants for cancer therapies and for other conditions such as chronic fatigue
syndrome, we believe that exploration of dsRNA as a therapy merits further evaluation in cellular
and animal models of PAH.
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