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Not long ago, the blood vessel’s adventitial layer was considered nondescript connective
tissue comprised of fibroblasts and perivascular nerves. Several observations over the past
twenty years have changed this misconception. The overexpression of endothelial nitric
oxide synthase in adventitial fibroblasts rescued agonist-mediated vasodilation in arteries
without endothelium and reactive oxygen species generated in the adventitial layer
inactivated endothelium-derived nitric oxide.l: 2 These data provided direct evidence that
substances released from the adventitia could modify vascular function. The adventitia is
now recognized as the most complex layer of the vessel wall, comprised not only of
fibroblasts and nerves but of dynamic interactions between inflammatory cells, microvessels,
lymphatics, and distinct subpopulations of progenitor cells.

Fibroblasts are the most abundant cell in the adventitia and operate as early sensors of
environmental stress. Their response to activation is diverse and includes proliferation,
secretion of cytokines and growth factors, modification of the extracellular matrix, and
expansion of the vasa vasorum.3 Through their reciprocal communication with other cells,
adventitial fibroblasts coordinate the blood vessel’s response to injury and stress.
Furthermore, the fibroblast displays extraordinary plasticity and can acquire a smooth
muscle phenotype (myofibroblast) and participate in vessel remodeling or undergo
epigenetic alterations to a proinflammatory phenotype and recruit monocytes and
macrophages.

Nonetheless, the molecular mechanisms responsible for fibroblasts’ signaling in vascular
disease are poorly understood because specific labeling and genetic manipulation of these
cells have been challenging. In this issue of Arteriosclerosis, Thrombosis, and Vascular
Biology, Harrison et al. utilize a novel fibroblast-specific knockout mouse to assess the
fibroblast’s role in angiotensin (Ang) ll-induced hypertension and vascular remodeling.®
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Ang Il infusion in mice is a common model for studying cellular mechanisms of
hypertension and vascular smooth muscle cell growth in cardiovascular disease. Multiple
studies have contributed to our understanding of the complex intracellular signaling of Ang
1.5 Reactive oxygen species derived from activation of nicotinamide adenine dinucleotide
phosphate (NADPH) oxidases function as a second messenger to mediate Ang Il signaling
in vascular cells. Ang Il increases the expression and activation of the Nox1 NADPH
oxidase in smooth muscle cells and Nox2 in fibroblasts, endothelial cells, and myeloid cells.
Harrison et al. employed an inducible Cre recombinase under the control of a fibroblast-
specific regulatory enhancer element of the type I collagen a2 gene (Co/Za2-CreERT) to
generate fibroblast specific deletion of Nox2 in mice. With this model, the authors examined
the role of fibroblast Nox2 in Ang I1’s vascular effects.

The study’s first key finding was that deficiency of fibroblast Nox2 mitigated Ang Il-
induced hypertension without an effect on basal blood pressure. Prior studies have shown
mixed results regarding the role of Nox2 in blood pressure regulation. The global Nox2
knockout mouse demonstrated a lower basal systolic blood pressure and a similar increase in
pressure with Ang Il infusion compared to control mice.” Most comparable to the current
study, the overexpression of a Nox2 inhibitor in adventitial fibroblasts did not affect basal
blood pressure or Ang ll-induced hypertension.8 The research group responsible for the
current study has previously demonstrated that myeloid Nox2 regulated basal blood
pressure, whereas deficiency of endothelial Nox2 reduced Ang Il-induced hypertension.® Of
note, the resting blood pressure in humans with nonfunctional Nox2 was similar to normal
subjects, despite evidence of increased nitric oxide levels.10 The primary mechanism by
which Nox2-derived reactive oxygen species affects Ang Il-mediated effects on blood
pressure remains unclear and likely involves inactivation of nitric oxide, altered calcium
handling, and increased vascular compliance, depending on the cell type examined.

Harrison et al. ‘s second major finding was that deficiency of fibroblast Nox2 prevented Ang
I1-dependent vascular remodeling. Infusion of Ang Il increased the size of the medial layer
in large (aorta), medium (carotid), and small (myocardial septal) arteries, in part by
increasing smooth muscle cell proliferation. The observation that fibroblast Nox2 is
necessary for Ang ll-mediated medial hyperplasia suggests that fibroblasts activate smooth
muscle cell growth via a paracrine mechanism. In contrast to the disparate reported effects
on blood pressure, published data is consistent with the conclusion that adventitial Nox2
mediates Ang ll-induced hyperplasia.”®

The third major finding of Harrison et al. is the most interesting. The authors performed a
proteomic analysis of conditioned media collected from cells treated with Ang Il and
identified 121 factors secreted by fibroblasts but not smooth muscle cells. Additional
analysis identified growth differentiation factor 6 (GDF6), a member of the transforming
growth factor B superfamily, as a regulator of smooth muscle cell growth. Ang Il infusion
increased GDF6 expression in the aorta of control mice, and this effect was blunted in mice
deficient in fibroblast Nox2. Experiments /n vitro showed that treatment with GDF6
increased smooth muscle cell proliferation, whereas conditioned media from Ang Il treated
fibroblasts after knockdown of GDF6 failed to induce smooth muscle cell growth.
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The report by Harrison et al. is the first to demonstrate a role for GDF6 in mammalian
vascular remodeling and provides a new mechanism of how adventitial fibroblasts regulate
medial hyperplasia. However, the study offers no new information on how fibroblast Nox2
mediates Ang ll-induced hypertension. The authors suggest that since the effect of fibroblast
Nox2 on Ang IlI- hypertension was temporally associated with the thickening of the medial
layer, the two may be related. However, prior data suggested independence between blood
pressure and medial hyperplasia following Ang Il infusion.” There is no direct evidence that
GDF6 signaling contributed to Ang Il hypertension via vascular remodeling or other
mechanisms. Additional studies will be needed to understand the cellular mechanisms by
which GDF6 and other fibroblast-derived factors signal to endothelial and smooth muscle
cells in the vessel wall. For example, the specific receptors transducing GDF6 activity
remain unclear. Of note, it was recently shown in A7VB that GDF6 maintains endothelial
barrier dysfunction by modulating the vascular endothelial growth factor (VEGF) receptor.11
It is also interesting that, like Nox2, the Nox1 NADPH oxidase has been implicated in Ang
l1-induced hypertension and medial hyperplasia.1? These results can be reconciled with the
present study if the signaling of GDF6 to smooth muscle cells involves activation of Nox1,
as reported with other growth factors.13

A fibroblast-specific Nox2 knockout mouse is a valuable tool for exploring the vascular
response to injury. To confirm the specificity of the Co/ZIa2-CreERT model, the authors
showed no overlap between tdTomato labeled fibroblasts and the endothelial cell marker
VE-cadherin. This observation contrasts with a recent report that used the Co/la2-CreERT
model to study the mesenchymal-endothelial transition of cardiac fibroblasts and found that
more than one-third of tdTomato labeled fibroblasts expressed endothelial markers 14 days
after Ang Il infusion.1* Mesenchymal-endothelial transition also altered the expression of
paracrine factors by fibroblasts. Future studies using the Co/Za2-CreERT model to study
fibroblasts will need to consider these findings when interpreting their results. Given the
phenotypic and functional heterogeneity of fibroblasts /n vivo, single-cell transcriptomic
data will complement cell-specific knockout models to strengthen mechanistic insights.

In summary, Harrison et al. identify GDF6 as a Nox2-dependent mitogen secreted by
adventitial fibroblasts in response to Ang Il and essential for medial hyperplasia. It will be
interesting to learn the redox-dependent mechanism for GDF6 expression and whether
fibroblast-derived GDF6 has a role in other vascular diseases.
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Figure. Outside-in-signaling by the adventitia.
Nox2-dependent secretion of GDF6 by adventitial fibroblasts mediate the vascular response
to Ang Il. The activation of smooth muscle cell Nox1 by GDF®6 is speculative.
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