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TBX20 and the PROK2-PROKR1 pathway—new kid on the block in
angiogenesis research
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Introduction
The term angiogenesis stems from the Greek expression for
“angeīon” (vessel) and “genesis” (formation, development)
and describes the formation of new blood vessels.
Technically speaking, angiogenesis means the formation
and sprouting of blood vessels from pre-existing vascular
structures. By comparison, vasculogenesis is the de novo
development of blood vessels from angioblasts (1). During
embryogenesis, initial vascular structures are formed
through vasculogenesis, which is followed by angiogenesis
for further organ development and also blood vessel
formation under physiological and pathophysiological
conditions (such as tissue growth, wound healing, the
female reproductive cycle, but also in cancer and ischemia).
Angiogenesis is considered a pivotal process in almost all
tissues in health and disease (2). The first step to induce
angiogenesis is associated in most cases with pathological
events and/or activating stimuli. Angiogenesis is a dynamic
process that requires endothelial cells to transition from a
resting to an activated state. This step involves the formation
of a new vascular sprout and, once this is accomplished,
the newly formed vascular structure is elongating. The
subsequent process of further sprouting is a tightly
regulated action of proliferation (3), cell migration (4),
degradation of basement membranes to facilitate further
expansiveness, vessel lumen formation, and last but not
least also tissue stabilization (5). However, endothelial
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cells are just a part of the whole picture, as angiogenesis
is further regulated by growth factors (e.g., vascular
endothelial growth factor, VEGF), cytokines, chemokines,
metalloproteinases, and on an intracellular level by
activation of signaling kinases and gene transcription (6).
Here in this editorial, we want to focus on the TBX20Prokineticin 2 (PROK2)-prokineticin receptor (PROKR1)
signaling pathway.
The study by Meng et al.
In the recently published study by Meng et al., the authors
sought to analyse the function of the key transcription
factor T-box 20 (TBX20) and the signaling pathway which
is activated during angiogenesis (7). TBX20 is considered
a pivotal transcription factor during embryogenesis.
Furthermore, it has been shown that its deficiency is
associated with congenital heart disease. However, very
little is yet known about its role in angiogenesis and vessel
formation. Meng et al. determined the role of TBX20
in angiogenesis in a very elaborate approach using lossand gain-of-function assays by use of in vitro and in vivo
experiments. TBX20 was shown to be an important
regulator in cardiac development and knockout of Tbx20
in mice resulted in cardiac defects and embryonic lethality,
whereas in human, mutations in the TBX20 gene are
associated with different cardiac abnormalities (septation
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Figure 1 Illustrative model of the VEGF-TBX20-PROK2-PROKR1 signalling axis. Based on the data shown by Meng et al., VEGF and its
binding to the VEGF receptor (VEGFR) triggers TBX20 activation and PROK2 transcription. PROK2 that acts on its receptor PROKR1
in an autocrine fashion. The authors presume that this mechanism might help to further sustain the pro-angiogenic signalling [adapted from
Meng et al. (7)].

defects, altered chamber formation and cardiomyopathy) (8).
A gene array was used to find key downstream targets of
TBX20, which identified TBX20 as a novel transcription
factor for signaling through the PROK2-PROKR1
pathway in the regulation of angiogenesis. Furthermore,
the consequences of TBX20 activation or blocking were
analysed in three different in vivo models. By application
of a murine model of angiogenesis using subcutaneously
implanted matrigel plugs saturated with VEGF, the authors
observed that TBX20 deficiency led to reduced expression
of PROK2 and also hindered angiogenesis. Additionally, a
murine model of hind limb ischemia (induced by ligation
of the femoral artery) was utilized to assess the effects of
recombinant PROK2 administration. Here, enhanced
angiogenesis and increased blood flow was documented in
ischemic legs using Laser Doppler perfusion measurements.
In a zebrafish model, the transient knockdown of TBX20
also resulted in impairment of angiogenesis.
In these experimental settings, the authors determined
new and yet unknown functions of TBX20 and PROK2.
PROK2, a secreted protein has been shown to influence
angiogenesis, circadian rhythm, reproductive function
and neurogenesis (9-11). Here in this study, the authors
analyzed the whole TBX20-PROK2-PROKR1 axis and
gained broad knowledge on its function and regulation
in angiogenesis. Furthermore, they showed that TBX20
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controls endothelial cell migration but not their
proliferation. VEGF and its receptor VEGFR2 are known
to be important regulators in angiogenesis. VEGFR2
activation by VEGF triggers downstream signaling cascades
such as PI3K-Akt, PLC-γ-ERK1/2, SRC-Small GTPase
and p38 (12,13). In this concise experimental setup by Meng
et al. the TBX20-PROK2-PROKR1 axis, which can be
activated by VEGF, joined these aforementioned pathways,
as relevant alternative mediators in angiogenesis and can
help to further sustain the pro-angiogenic effects of VEGF
(see Figure 1).
Future implications
Angiogenesis is a fundamental process in both health and
disease (14). Whereas considered beneficial as in wound
healing and in ischemic diseases, overshooting angiogenesis
can lead to cancer progression. Therefore, as angiogenesis
itself is such a double-edged sword, a thorough knowledge
of how it is regulated, initiated and deactivated is of
paramount importance in order to better understand
(patho-)physiological processes in many diseases.
Apart from angiogenesis, the understanding of
intracellular signaling and its consequences are of utmost
importance. As for angiogenesis, the same cellular signaling
pathways (e.g., PI3K-Akt) are involved in cell activation
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and proliferation, which are beneficial effects in ischemia
and tissue damage, and laterally reversed, of detrimental
effects in oncogenesis. Yellon, Hausenloy and others have
determined that activation of the ERK, Akt and PI3K
kinases are involved in conditioning mechanisms in ischemia
and can reduce the extent of tissue damage in myocardial
infarction (15-18). On the other hand, the activation of the
same signaling axes can lead to tumor progression in cancer
(19,20). Targeting single signaling factors of these pathways
is thought to be an attractive strategy for the development
of new drug compounds and novel therapeutic strategies to
treat different forms of cancer. A fundamental knowledge
of all these cross-linked signaling axes is of importance as
intra- and inter-pathway compensatory loops exist in these
pathways that can lead to the reactivation of trigger factors
in the same cascade (upstream or downstream of the point
of blockade). Moreover, as also underpinned by the data
by Meng et al., activation of alternate signaling pathways
can occur, which can hinder the effectiveness of cancer
therapies.
Over recent years, our knowledge of molecular
mechanisms in signaling axes has shown advances with a
rapid increasing speed. Still, our understanding of how
signaling factors interact and different pathways are
interlocked with each other requires further research
in order to provide the scientific background for the
development of new drug agonist or antagonists to be
applied in different disease conditions.
The data provided in this current experimental study
provides a new jigsaw piece in the whole complex picture
of intracellular signaling in angiogenesis. The TBX20PROK2-PROKR1 pathway described by Meng et al. could
also be a therapeutic target to treat disease conditions that
are associated with dysregulated angiogenesis. It could
provide therapeutic angiogenesis in patients with ischemic
heart failure, stroke or peripheral occlusive artery disease
as PROK2 has been shown to improve blood perfusion and
functional recovery.
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