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Editorial on the Research Topic
Model organisms and experimental models: opportunities and challenges
in vascular physiology research

Introduction

Research is, at its core, a “search” that aims to understand “how.” In biomedical research,
models allow access to simpler representations of the complex physiological systems we try
to understand. Despite decades of “search” and significant understanding, cardiovascular
diseases (CVD) continue to be highly prevalent, and better ways to approach complex
physiology are needed. This Research Topic covers some of the complexities in vascular
physiology, from the mechanisms involved in the generation of new vessels, the
identification of biomarkers for CVD and the relationships between intrinsic and
confounding factors in the determination of variables highly relevant for CVD
population studies.

Non-animal models to study angiogenesis

The generation of new blood vessels from pre-existing vessels is a complex process
involving various cell types, coordinated cell-to-cell signaling pathways as well as
mechanical influences, and it is an essential development for diverse areas such as
CVD, oncology, and tissue regeneration. To study this process, several in vivo, ex vivo,
and in vitro bioassays have been developed, each one with its inherent advantages and
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limitations (Nowak-Sliwinska et al., 2018). The review by Laschke
et al. discussed several alternatives to in vivo experimentation that
assess angiogenesis in vitro, such as endothelial cell viability assays
and microfluidics assays that involve the study of cell migration,
proliferation, and tube formation. Laschke et al. also presented a
couple of in vivo models; the chorioallantois (CAM) assay that
allows access to a highly vascularized membrane for the study of
modulators of angiogenesis, and zebrafish embryos, which are not
considered experimental animals before 120 h of development.
This later model is gaining attraction in cardiovascular research in
part because embryos are transparent, which facilitates
observation and the following of angiogenesis. Along these
lines, a recent review (Yuge et al., 2023) discussed the
mechanisms of the

biochemical dynamic

angiogenesis, including the important roles of pericytes as

process  of

regulators of endothelial cell proliferation. Among other
processes, cardiac regeneration has also been studied in this
model (Chowdhury et al, 2022). Zebrafish will certainly
continue providing an efficient avenue for the study of
cardiovascular ~ development and  disease = mechanisms.
Furthermore, as machine learning and artificial intelligence
develop, the applications on modeling of CVD progression will
also grow. The introduction of mathematical modeling of
angiogenesis adds to our understanding of the applicability of
these analyses combined with in vivo studies to better understand
the process of sprouting and branching in angiogenesis (Tonami
et al., 2023). The application of mathematical modeling extends to
all aspects of CVD studies (Celant et al., 2023). Certainly, the
development of novel models to study vascular diseases will
continue to expand, providing avenues for high throughput

analyses of diagnostic and therapeutic tools.

Biomarkers in aneurysms

Perivascular adipose tissue (PVAT) comprises around 3% of
all adipose tissue in the body. Initially thought to have mainly a
mechanical support role, it is becoming clear that the endocrine
nature of PVAT promotes multiple roles in the vasculature. These
include controlling vascular tone and function through the release
of a myriad of vasoactive substances (Nosalski and Guzik, 2017) to
the modulation of the sympathetic-sensory interactions in
perivascular nerves (Pulgar, 2020). PVAT functional and
linked  to
vasculopathies, in addition to being a risk factor for the

structural  alterations have been several

development of hypertension, atherosclerosis, diabetic vascular
alterations, (Nosalski and Guzik, 2017).
Abdominal aortic aneurisms (AAA) involve extensive aortic

and aneurysms

dilation with potentially fatal rupture, and it usually coexists
Alterations observed in AAA include

extracellular

with atherosclerosis.

inflammation, matrix  degradation, vascular
smooth muscle cell phenotypic modulation, and oxidative
stress (Ye et al., 2021). Evidence linking PVAT with alterations

in AAA shows increasing adipocytes in ruptured aortic walls in a
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mouse AAA model and a correlation between adventitial
triglyceride levels and aorta diameter in human AAA (Kugo
et al, 2016; Liu et al, 2023). In this Research Topic, Wang
et al. aimed to identify biomarkers in PVAT that may predict
AAA. Following a genetic analysis, several differentially expressed
genes (DEGs) were identified in PVAT from AAA, mostly genes
involved in neutrophil chemotaxis and IL-17 signaling pathways.
The use of Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) analyses to explore the physiological
pathways associated with the identified DEGs allowed the
authors to identify five hub genes: FOS, FOSB, EGR1, DUSP,
and JUN. Further analyses identified FOS as the most
important characteristic gene in PVAT of AAA. These genetic
findings were further explored in vivo using the AAA model of 4-
weeks angiotensin 1I infusion in the ApoE™~ mouse. Ang II
treatment in this model produced increased aortic diameter
and complete rupture of the aortic elastic fiber layer. Analyses
in AAA tissue and non-dilated controls showed increased
expression of FOS in AAA supporting its designation as an
AAA biomarker. Since AAA at risk patients are mainly
followed by imaging tools the search for biomarkers is of vital
relevance, the article by Wang et al. adds to the attempts to have
reliable AAA biomarkers, as has been recently described for some
circulating biomarkers (Bouwens et al., 2023).

Pulse Wave Velocity (PWV) and blood
ressure: The case of reduced
lood flow

Initial observations centuries ago suggested a relationship
between the rate of cardiac beating (measured as pulse) and
risk of diseases (Bedford, 1951). The transit of blood from the
beating heart in systole to the tissues is greatly assisted by the
elastic properties of the large vessels, such as the aorta, linking the
heart and vessels, and conceptually making blood flow to tissues a
continuous process. It has been known that this elastic role of large
arteries deteriorates as we age and in several diseases in a process
known as arterial stiffness (AS) (Townsend et al., 2015; Chirinos
et al, 2019). PWV is the standard for measuring AS, and
cumulative evidence shows the association between AS and
hypertension development (Kaess et al, 2012). However,
characteristics of the relationship between AS and blood
pressure (BP) are still a matter of debate, and this is the focus
of two articles in this Research Topic. Obied et al. used a
previously validated in silico, one-dimensional model of the
cardiovascular system to simulate hemodynamic effects and
estimate the influence of staged kidney removal on AS
measured as PWV. The authors used different configurations
to determine PWV measured between different points in the
vascular network: Carotid-femoral PWV (cfPWV), carotid-
radial PWV (crPWV) and radial-digital PWV (rdPWV)].
Configurations used included the control two kidneys (2KDN),
one single kidney (1KDN), no kidneys (OKDN), and a
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transplanted kidney (TX) attached to the external iliac artery. An
increase in PWV and SBP in all configurations versus the 2KDN
was determined. Since the kidneys are in a high-flow low pressure
setting, the absence of functional renal circulation may affect
arterial stiffness (AS) and BP, which is certainly observed in
clinical studies where reduced renal function is present such as
in chronic kidney disease (CKD). Reducing renal mass certainly
will affect hemodynamic parameters, and Obied et al. suggest that
increases in BP and AS are both a consequence at least at some
extent of the necessary blood redistribution taking place during
staged reduction in renal blood flow. Obied et al. highlighted the
relationships between increased AS and the vascular adaptations
in cases of reduced renal blood flow which is relevant given the
importance of AS as a risk biomarker for CKD.

Pulse wave velocity (PWV) and blood
pressure in the db/db mouse

PWYV measures the velocity of pulse transit between two points
in a vessel, and it is consequently influenced by several mechanical
and functional characteristics of the arteries, including passive
mechanical properties, the role of endothelial-derived relaxing
factors, and the structure of the extracellular matrix (Townsend
et al., 2015). Overall, it has been shown that BP is the most relevant
physiological parameter influencing PWYV, however the
contribution of vessels’ intrinsic and confounding factors to
PWYV remains to be fully understood. The study by McCallinhart
et al. analyzed the relationship between PWV and blood pressure in
the db/db mouse, a diabetic animal model displaying hyperglycemia,
insulin resistance, mild elevations in BP, hypercholesterolemia, and
inflammation. Compared to control, these animals showed
increased PWYV, whereas no differences were observed in aortic
intrinsic factors such as diameter, compliance, incremental elastic
modulus, stretch ratio, and elastin expression. Interestingly, when
the measures of PWV were repeated at equivalent BP levels, the
observed differences in PWV disappeared, suggesting that the
increased BP might explain the increased PWV and consequently
AS. These data are especially pertinent when considering the
growing number of studies using PWV in populations with
different BP levels or in studies designed to test the effectiveness
of antihypertensive drugs (Boutouyrie et al., 2021).

In summary, this Research Topic garnered four compelling
research articles related to models in vascular physiology research
that highlight their continued ability to disentangle questions
related to biomarkers in PVAT, angiogenesis, and vascular
stiffness. Without models like the ones included in this

References

Bedford, D. E. (1951). The ancient art of feeling the pulse. Br. Heart J. 13 (4), 423-437.
doi:10.1136/hrt.13.4.423

Boutouyrie, P., Chowienczyk, P., Humphrey, J. D., and Mitchell, G. F. (2021). Arterial
stiffness and cardiovascular risk in hypertension. Circ. Res. 128 (7), 864-886. doi:10.
1161/CIRCRESAHA.121.318061

Bouwens, E., Vanmaele, A., Hoeks, S. E., Verhagen, H. J., Fioole, B., Moelker, A., et al.
(2023). Circulating biomarkers of cardiovascular disease are related to aneurysm
volume in abdominal aortic aneurysm. Vasc. Med., 1358863X231181159. doi:10.
1177/1358863X231181159

Frontiers in Physiology

10.3389/fphys.2023.1271220

Research Topic, answers to challenging research questions
would not be possible.

Author contributions

VP: Conceptualization, Formal Analysis, Investigation,
Methodology, Project administration, Resources, Supervision,
Visualization, Writing—original draft, Writing-review and editing.
CG: Conceptualization, Validation, Writing-review and editing.
A-SF: Conceptualization, Validation, Writing-review and editing.
AT: Conceptualization, Investigation, Methodology, Validation,

Writing-review and editing.

Funding

This work was supported in part by the National Institutes of
Health (R0O1 HL165124 to AJT), Nationwide Children’s Hospital (to
AJT), and the Department of Pharmaceutical & Clinical Sciences at
Campbell University (to VMP).

Acknowledgments

The authors thank the Frontiers team for their professional help
with this Research Topic.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The authors declared that they were an editorial board member
of Frontiers, at the time of submission. This had no impact on the
peer review process and the final decision.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Celant, M., Toro, E. F,, Bertaglia, G., Cozzio, S., Caleffi, V., Valiani, A., et al. (2023).
Modeling essential hypertension with a closed-loop mathematical model for the entire
human circulation. Int. J. Numer. Method Biomed. Eng., ¢3748. doi:10.1002/cnm.3748

Chirinos, J. A., Segers, P., Hughes, T., and Townsend, R. (2019). Large-artery stiffness
in Health and disease: JACC state-of-the-art review. J. Am. Coll. Cardiol. 74 (9),
1237-1263. doi:10.1016/j.jacc.2019.07.012

Chowdhury, K., Lai, S. L., and Marin-Juez, R. (2022). Modulation of VEGFA signaling
during heart regeneration in zebrafish. Methods Mol. Biol. 2475, 297-312. doi:10.1007/
978-1-0716-2217-9_22

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fphys.2022.832858/full
https://www.frontiersin.org/articles/10.3389/fphys.2022.832858/full
https://www.frontiersin.org/articles/10.3389/fphys.2023.1154454/full
https://www.frontiersin.org/articles/10.3389/fphys.2023.1154454/full
https://doi.org/10.1136/hrt.13.4.423
https://doi.org/10.1161/CIRCRESAHA.121.318061
https://doi.org/10.1161/CIRCRESAHA.121.318061
https://doi.org/10.1177/1358863X231181159
https://doi.org/10.1177/1358863X231181159
https://doi.org/10.1002/cnm.3748
https://doi.org/10.1016/j.jacc.2019.07.012
https://doi.org/10.1007/978-1-0716-2217-9_22
https://doi.org/10.1007/978-1-0716-2217-9_22
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2023.1271220

Pulgar et al.

Kaess, B. M., Rong, J., Larson, M. G., Hamburg, N. M,, Vita, J. A, Levy, D,, et al.
(2012). Aortic stiffness, blood pressure progression, and incident hypertension. JAMA
308 (9), 875-881. doi:10.1001/2012.jama.10503

Kugo, H., Zaima, N., Tanaka, H., Mouri, Y., Yanagimoto, K., Hayamizu, K., et al.
(2016). Adipocyte in vascular wall can induce the rupture of abdominal aortic
aneurysm. Sci. Rep. 6, 31268. doi:10.1038/srep31268

Liu, X. Y., Wen, T., Wu, Z. F,, Deng, N. H,, Liu, H. T., Ren, Z., et al. (2023).
Understanding the potential function of perivascular adipose tissue in abdominal
aortic aneurysms: current research status and future expectation. Curr. Med. Chem.
30 (40), 4554-4568. doi:10.2174/0929867330666221202142234

Nosalski, R., and Guzik, T.J. (2017). Perivascular adipose tissue inflammation
in vascular disease. Br. J. Pharmacol. 174 (20), 3496-3513. doi:10.1111/bph.
13705

Nowak-Sliwinska, P., Alitalo, K., Allen, E., Anisimov, A., Aplin, A. C., Auerbach,
R., et al. (2018). Consensus guidelines for the use and interpretation of
angiogenesis assays. Angiogenesis 21 (3), 425-532. doi:10.1007/s10456-018-
9613-x

Frontiers in Physiology

04

10.3389/fphys.2023.1271220

Pulgar, V. M. (2020). Neurovascular effects of perivascular adipose tissue: regulation
of sympathetic-sensory communication. J. Cardiovasc Pharmacol. 75 (1), 18-20. doi:10.
1097/FJC.0000000000000776

Tonami, K., Hayashi, T., Uchijima, Y., Kanai, M., Yura, F., Mada, J., et al. (2023).
Coordinated linear and rotational movements of endothelial cells compartmentalized
by VE-cadherin drive angiogenic sprouting. iScience 26 (7), 107051. doi:10.1016/j.isci.
2023.107051

Townsend, R. R., Wilkinson, I. B., Schiffrin, E. L., Avolio, A. P., Chirinos, J. A.,
Cockcroft, J. R., et al. (2015). Recommendations for improving and standardizing
vascular research on arterial stiffness: A scientific statement from the American heart
association. Hypertension 66 (3), 698-722. doi:10.1161/HYP.0000000000000033

Ye, T., Zhang, G., Liu, H,, Shi, J., Qiu, H,, Liu, Y., et al. (2021). Relationships between
perivascular adipose tissue and abdominal aortic aneurysms. Front. Endocrinol.
(Lausanne) 12, 704845. doi:10.3389/fend0.2021.704845

Yuge, S., Ishii, T., Noishiki, C., and Fukuhara, S. (2023). Novel regulatory mechanisms
underlying angiogenesis during wound healing revealed by fluorescence-based live-
imaging in zebrafish. J. Biochem. 174 (1), 5-12. doi:10.1093/jb/mvad024

frontiersin.org


https://doi.org/10.1001/2012.jama.10503
https://doi.org/10.1038/srep31268
https://doi.org/10.2174/0929867330666221202142234
https://doi.org/10.1111/bph.13705
https://doi.org/10.1111/bph.13705
https://doi.org/10.1007/s10456-018-9613-x
https://doi.org/10.1007/s10456-018-9613-x
https://doi.org/10.1097/FJC.0000000000000776
https://doi.org/10.1097/FJC.0000000000000776
https://doi.org/10.1016/j.isci.2023.107051
https://doi.org/10.1016/j.isci.2023.107051
https://doi.org/10.1161/HYP.0000000000000033
https://doi.org/10.3389/fendo.2021.704845
https://doi.org/10.1093/jb/mvad024
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2023.1271220

	Editorial: Model organisms and experimental models: opportunities and challenges in vascular physiology research
	Introduction
	Non-animal models to study angiogenesis
	Biomarkers in aneurysms
	Pulse Wave Velocity (PWV) and blood pressure: The case of reduced blood flow
	Pulse wave velocity (PWV) and blood pressure in the db/db mouse
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


