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Abstract

The interest on the role of angiogenesis in the pathogenesis and progression of human interstitial lung diseases is growing,
with conventional sprouting (SA) and non-sprouting intussusceptive angiogenesis (IA) being differently represented in spe-
cific pulmonary injury patterns. The role of viruses as key regulators of angiogenesis is known for several years. A signifi-
cantly enhanced amount of new vessel growth, through a mechanism of IA, has been reported in lungs of patients who died
from Covid-19; among the angiogenesis-related genes, fibroblast growth factor 2 (FGF2) was found to be upregulated. These
findings are intriguing. FGF2 plays a role in some viral infections: the upregulation is involved in the MERS-CoV-induced
strong apoptotic response crucial for its highly lytic replication cycle in lung cells, whereas FGF2 is protective against the
acute lung injury induced by HIN1 influenza virus, improving the lung wet-to-dry weight ratio. FGF2 plays a role also in
regulating IA, acting on pericytes (crucial for the formation of intraluminal pillars), and endothelium, and FGF2-induced
angiogenesis may be promoted by inflammation and hypoxia. IA is a faster and probably more efficient process than SA,
able to modulate vascular remodeling through pruning of redundant or inefficient blood vessels. We can speculate that TA
might have the function of restoring a functional vascular plexus consequently to extensive endothelialitis and alveolar capil-
lary micro-thrombosis observed in Covid-19. Anti-Vascular endothelial growth factor (anti-VEGF) strategies are currently
investigated for treatment of severe and critically ill Covid-19 patients, but also FGF2, and its expression and/or signaling,
might represent a promising target.

Keywords Angiogenesis - Intussusceptive - FGF2 - VEGF - Covid-19 - Virus

Introduction represented in specific pulmonary injury patterns [1]. It has

been hypothesized that microvascular alterations represent

The interest on the role of angiogenesis in the pathogen-
esis and progression of human interstitial lung diseases is
growing, with conventional sprouting (SA) and non-sprout-
ing intussusceptive angiogenesis (IA) being differently
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one of the first steps in the pathogenesis of idiopathic pulmo-
nary fibrosis [1, 2], and morphogenetic phenomena of plexi-
form vasculopathy with pronounced IA have been described
also in chronic thromboembolic pulmonary hypertension
[3]. The interest on this argument, largely still to be deci-
phered, recently went to Covid-19, a respiratory illness often
characterized by a picture of interstitial pneumonia able to
progress towards a life-threatening acute respiratory distress
syndrome and to further evolve in pulmonary fibrosis.

In this short paper we address the role of angiogenesis in
the pathogenesis of Covid-19, briefly reviewing what is to
date known on the interplay between viruses and angiogenic
processes and speculating on the mediators involved.
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Angiogenesis and viral infections

Angiogenesis is the physiological process through which
new blood vessels form from pre-existing vessels; in
adults, neovascularization occurs during wound heal-
ing and female reproductive cycle, thus representing a
well-regulated process. Unregulated angiogenesis can be
observed in pathological situations, and the role of viruses
as key regulators of angiogenesis is known for several
years. Viruses may regulate this process either directly or
indirectly, by the activation of vessels through endothelial
cell tropism and by the production of chemokines and/or
growth factors, inducing an inflammatory response and
creating a pro-angiogenic microenvironment [4].
Cytomegalovirus (CMV) infection may have detrimen-
tal consequences dysregulating the normal angiogenic
process, being able to promote and enhance all stages of
angiogenesis, inducing the activation and proliferation of
endothelial cells; moreover, infected cells produce vas-
cular-endothelial growth factor (VEGF) and other angi-
ogenic factors, such as angiopoietins, fibroblast-growth
factor (FGF) and platelet-derived growth factor (PDGF)
[5, 6]. Emerging evidence from human and mouse mod-
els indicates that CMV can promote tumor angiogenesis
and proliferation [6], and also Epstein-Barr virus (EBV)
and Kaposi’s sarcoma-associated human herpes virus 8
(HHV8) can critically contribute to carcinogenesis induc-
ing both angiogenesis and lymphangiogenesis [7]. Hepa-
titis C virus (HCV) proved to play a crucial role in the
regulation of angiogenesis in hepatocellular carcinoma
progression, inducing the production of VEGF; however,
little is known about the molecular mechanisms which are
responsible for the modulation of HCV-promoted hepatic
angiogenesis, and also angiopoietin-2 is thought to play
an important role [8]. The Orf virus, a zoonotic parapox-
virus that may be transmitted to humans, rarely provokes
an extensive vasculo-endothelial proliferation through
the early expression of a VEGF-like viral gene product
[9]. Moreover, despite the infection of fibroblasts by par-
vovirus B19 has been suggested to have anti-angiogenic
effects in vitro [10], it has been recently reported [11] that
parvovirus B19-related induction of myocarditis caused a
distinct formation of new blood vessels around inflamma-
tory sites both by SA and IA. An anti-angiogenic effect
has been instead observed in other viral models: Zika virus
(ZIKV), besides neurogenesis, also seems impair angio-
genesis during murine embryonic development [12], and
Dengue virus infection proved to inhibit SA in vitro [13].
Very recently, Ackermann et al. [14] reported a sig-
nificantly enhanced new vessel growth, predominantly
through a mechanism of IA, in lungs of patients who died
from Covid-19 rather than influenza A(HIN1), and the
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degree of IA in Covid-19 was found to increase signifi-
cantly and progressively over time during hospitalization.
These findings were unexpected, but it is known that TA is
a faster and probably more efficient process than SA, able
to modulate the vascular remodeling through pruning of
redundant or inefficient blood-vessels [15]. IA could there-
fore represent an attempt to restore a functional vascular
plexus consequently to the extensive endothelialitis and
alveolar capillary microthrombosis observed in Covid-
19: alveolar capillary microthrombi are indeed 9 times
as prevalent in patients with Covid-19 as in patients with
influenza [14].

Molecular control of intussusceptive angiogenesis
and the interplay with viral infections

To date, scarce data are available on the molecular con-
trol of IA [15], but, from a pathogenetic point of view, the
occurrence of phenomena of IA more pronounced in lungs
of patients with severe Covid-19 rather than with influenza
leads us to hypothesize in the two viral models a different
regulation of the mediators involved.

Apart from VEGF and angiopoietins, it is known that
(basic) fibroblast growth factor 2 (FGF2) plays a role in reg-
ulating IA, acting on endothelium and on pericytes, which
are crucial for the formation of intraluminal pillars [15, 16].
FGF2 exerts its pro-angiogenic activity interacting with
various cell surface receptors, including the tyrosine kinase
receptors, heparan-sulfate proteoglycans and integrins [16].
FGF2-dependent angiogenesis may be promoted by hypoxia
and inflammation (neoangiogenesis and inflammation are
closely related processes), FGF2 induces vascular perme-
ability and vasodilation [16], and the production of this fac-
tor from endothelium can be triggered by nitric oxide [16]:
the formation of intussusceptive pillars is indeed preceded
by vasodilation [1]. FGF2 has been implicated in the patho-
genesis of Kaposi’s sarcoma, an angioproliferative disorder
that requires infection with the HHV 8 [17]; moreover, FGF2
represents a pro-angiogenic host factor during infections due
to human papilloma virus (HPV) and human T-cell lympho-
tropic virus type 1 (HTLV-1) [4].

Among angiogenesis-related genes, that one encoding
FGF2 was found to be upregulated in lungs from patients
who died from Covid-19, but not in those with influenza
A(HIN1) [14]. These findings are intriguing, because FGF2
has shown to play a role in several viral models. Middle East
respiratory syndrome coronavirus (MERS-CoV) induces a
strong apoptotic response in lung cells through upregulation
of the FGF2 expression, and apoptosis seems crucial for
completion of the highly lytic MERS-CoV replication cycle
[18]. In influenza A(HINT1) infection, FGF2 resulted instead
protective against acute lung injury, and FGF2 depletion or
knockout-mice showed significantly decreased survival rates
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and significantly increased wet-to-dry ratios of the lung tis-
sue [19]. Massive interstitial edema and much higher weight
were indeed reported in lungs from patients who died from
influenza (where the FGF2-upregulation was not detected)
rather than from Covid-19 [14].

In addition, Ackermann et al. [14] reported the upregula-
tion of gene encoding VEGF-A in lungs from patients who
died both from Covid-19 and influenza A(H1N1), while the
upregulation of VEGF-C (the major effector of lymphangi-
ogenesis) was observed only in Covid-19. It is known that
VEGF plays a relevant role in IA. Gianni-Barrera et al. [20]
observed that VEGF over-expression, at the doses required
to induce therapeutic benefit, induces vascular growth in
skeletal muscle by IA rather than SA, and it has been sug-
gested [21] that the transition between normal and aberrant
angiogenesis depends on the balance of the relative stimula-
tion of VEGF and PDGF-BB signaling: pericytes, recruited
by PDGF-BB, play complex regulatory functions, promoting
vascular stabilization and preventing aberrant angiogenesis
by excessive VEGF.

Interestingly, the reduction of VEGF-A levels led to vas-
cular tree regression by intussusceptive vascular pruning
(an important facet of IA) [22]: this observation seems sug-
gest that VEGF inhibition might be associated with vessel
normalization by modulating IA. The role of Bevacizumab
(an anti-VEGF monoclonal antibody) in severe or critically
severe patients with Covid-19 pneumonia is currently inves-
tigated in a randomized clinical trial (RCT) (ClinicalTrials.
gov Identifier NCT04305106).

Could the FGF2 be a target
against SARS-CoV-2 infection?

The hyper-expression of FGF2 could be implicated in the
pathogenesis of coronavirus infections [18], as well as in
the prominent morphogenetic phenomena of IA reported in
Covid-19 [14], but we don’t know whether these phenomena
should be considered adaptive and beneficial for the host,
and we should modulate them in a positive way, or not.

Chloroquine, a drug that has been widely used in Covid-
19 patients with controversial results, showed to potentiate
the FGF2-induced production of tissue-plasminogen activa-
tor (t-PA) by endothelial cells, and to modulate their activity
in a complex fashion, inhibiting the FGF2-induced mito-
genic activity in a dose-dependent manner [23].

A potent mitogenic signaling resulted instead from
heparin-mediated trans-dimerization of FGF2 [24]: both
unfractionated and low-molecular-weight heparins are cur-
rently investigated in several RCTs as therapeutic options
for Covid-19.

The full significance of findings on the FGF2-related
pathway in Covid-19 still remains to be understood.

Conclusions

Prominent morphogenetic phenomena of IA have been
observed in lungs from patients who died from Covid-19,
and a distinct pattern of angiogenesis-associated genes
expression has been described [14]. The clinical implica-
tions of these findings require further research, and our con-
siderations are meant solely as a stimulus for the generation
of novel hypotheses about the pathogenetic mechanisms
underlying SARS-CoV-2 infection. A thorough compre-
hension of Covid-19 pathogenesis is crucial to individuate
effective therapeutic approaches. Anti-VEGF strategies are
currently investigated for the treatment of severe and criti-
cally ill Covid-19 patients, but also FGF2, and its expression
and/or signaling, might represent a promising target.
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