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1 Review

Importance of human umbilical vein endothelial cells in experimental
cardiovascular studies

Deneysel kardiyovasktiler calismalarda insan umblikal ven endotel
hiicrelerinin 6nemi

Esin AKBAY* &

Hacettepe University, Faculty of Science, Department of Biology, Ankara/TURKEY

Abstract

Nowadays, cardiovascular system disorders caused by narrowing or obstruction of the vascular system lead to the most
important diseases that have a negative effect on the quality of life and have fatal consequences. It is known that many
diseases are accompanied by cardiovascular system disorders. For these reasons, studies on the existence of different
pathways activated in cardiovascular pathology and the investigation of these pathways have come intoquestion, and
in vitro methods have been needed to be developed. in vitro cell culture models are the preferred models to enable
understanding the mechanisms that regulate the process of angiogenesis. Human umbilical vein endothelial cells (HUVEC)
are one of the most common in vitrocell models used in vascular studies within the scope of cardiovascular pathology.
This review focuses on the use of HUVECs as an in vitro model to evaluate different therapeutic approaches.
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GlUnuUmuzde damarlarda daralma veya tikanma sonucunda ortaya ¢ikan kardiyovaskiler system bozukluklari, insanlarin
yasam kalitesini olumsuz yonde etkileyen ve 6lim ile sonuclanabilen 6nemli hastaliklarin basinda gelmektedir. Bilinen
bircok hastaliga kardiyovaskdler system bozukluklar eslik etmektedir. Bu nedenlerle kardiyovaskiler patolojide active
olan farkli yolaklarin varligi ve bu yolaklarin incelenmesine yonelik ¢alismalar glindeme gelmis, in vitro metodlarin
gelistirilmesine ihtiya¢ duyulmustur. In vitro hiicre kiiltiiri modelleri, anjiyogenez sirecini diizenleyen mekanizmalari
anlamamizi saglamak icin tercih edilen 6nemli modellerdir. insan gébek ven endotel hiicreleri (HUVEC), kardiyovaskiiler
system patolojileri ile ilgili calismalarda kullanilan en yaygin in vitro hiicre modellerinden biridir. Bu derlemede, farkl
terapi yaklagimlarinin degerlendirilmesi icin HUVEC'lerin in vitrobir model olarak kullanim alanlan tGzerinde durulmustur.
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Introduction

The lumen in human blood vessels is covered with a very thin
endothelial cell (EC) layer.HUVECs become one of the mostcommon
types of vascular ECs for angiogenesis studies. These cellsplay a
crucial role as a modelplatform for the study of the organization of
ECs function and the investigation of atherosclerotic plaques and
angiogenesis as a result of the reaction of the blood vessel wall of
the endothelium to shear stress [1].

Angiogenesis; play a role in the pathophysiology of many
different diseases like atherosclerosis, rheumatoid arthritis,
tumor growth, anddiabetic retinopathy. It also plays a
therapeutic role in the response to hypoxia in vascular
structural disorders. Angiogenesis consists of three stages,
which involve the proliferation, migration and remodeling of
endothelial cells in the process of etiology.

HUVECs obtained by primary isolation are the most popular
ECs used in cardiovascular research because human umbilical
vessels are more common than other blood vessels. HUVECs
can be isolated and protected by the standard protocol with
a relatively minimal requirement [2,3] orpurchased from
commercial resources (e.g. American Type Culture Collection
-ATCC).The perfusion method of the human umbilical cord
vein with collagenase is used to obtain asingle-layer of
endothelial cells that line this vessel[4].At the early stages
of passages of these cells, which are grown in the presence
of heparin, maintain almost all of the properties of native
vascular endothelial cells.Briefly these features are growth
factors, cytokines, vasoactive ligands, vascular endothelial
growth factor (VEGF), and fibroblast growth factor (FGF).
In addition to these features, they may also express the
endothelial cell-specific markers such as von Willebrand factor
and an endothelial specific adhesion molecule (CD31), tumor
necrosis factor (TNF-a) and angiotensin II[5].HUVECs also
express many crucial endothelial markers, e.g. intercellular
adhesion molecule 1 (ICAM-1), adhesion
molecule 1 (VCAM-1) and selectins,as well as signaling
molecules associated with vascular physiologysuch as NO
[6].Under specific conditions, HUVECs could be used as an
improved model by differentiating to 3D spheroid cultures [7]
or 3D co-cultures [8]to better understand the in vivo behavior
of ECs.There are also studies showing that HUVECs respond to
physiological and/or pathological stimuli such as high glucose,
lipopolysaccharide (LPS) and shear stress[9-11].HUVECs have
therefore been accepted as a general model for ECs in both
normal and diseased conditions, although human umbilical
vessels are only at certain stages of human life. Therefore, in
addition to cells obtained with primary isolation, immortalized
endothelial cell lines have been developed. For this purpose,
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the permanent cell lines and HUVECs are combined by fusion
to obtain infinite proliferation properties.

HUVECs provide animportantin vitro model environment to obtain
evidence of cellular and molecular events in the pathophysiology
of atherosclerosis and plaque formation. It has also been used as a
model to describe angiogenesis or neovascularization in response
to hypoxia or ischemic tissues [12].

HUVECsarealsoused asasingle-layer cell platform to assess the
association of white blood cells (eg, leukocytes, macrophages)
with the endothelial cell layer in vascular tissues to investigate
the potential behavior of kinases, chemokines, andadhesion
molecules [13].HUVECs are designed as monolayers on
amorphous surfaces or sections to monitor the effects of blood
flow on endothelial cell function in vivo.These monolayer
cells have been used to identify transcription factors such as
KLF2, which regulate the expression of adhesion molecules
such as vascular cell adhesion molecule-1 and endothelial
adhesion molecule E-selectin in response to pro-inflammatory
cytokines such as cell adhesion TNF-a which plays a role in the
early stages of atherosclerosis [14,15].

In the light of this information’s, it is necessary to identify cell
culture systems that simulate the damaged tissue physiology
in vivo.This review aims to highlight the status of the use
of HUVECs as an in vitro model for the evaluation of many
different therapy approaches.

In vitro usage of HUVECs

In a recentresearch report, HUVECs have been proposed
as amainin vitro model for all angiogenesis-forming steps.
In this study, HUVEC culture in Matrigel, a basement
membrane matrix, has been shown toinduce the formation of
honeycomb structures that simulatingin vivotube formation
process of endothelial cells[16]. By investigating the effects
of transforming growth factor-B, VEGF, hypoxia, FGF, and
angiogenesis inhibitors on the composition and organization
of honeycombs produced by HUVECs has been revealed these
factors role in both pathological and therapeutic angiogenesis.

In another study,in vitrouses of HUVECs have been described
as a major role in angiogenic activityof notoginsenoside R1
(R1), a mainsaponin found in Panaxnotoginseng. In this study,
they showedthat R1 stimulates and markedly enhanced
proliferation oftube formation ability of HUVECs [17].

Another area forusing the in vitro model of HUVECs is the field of
cardiovascular tissue engineering. In a study conducted, HUVECs
defined as a promising source of cells because of their excellent
growth characteristics for cardiovascular tissue engineering and
their phenotypes similar to those in the native tissue [18].

Endothelial cells are known to have an important role in many



physiological and pathological processes of the cardiovascular
system. Especially from the surface proteoglycans of these
cells; syndecan-4 plays an important role in such processes.
Thus, syndecan-4 is known to play a role in controlling the
release of different factors from endothelial cells and the
presence of these factors near endothelial cells and their
environment. In light of this information, significant changes
in CXCL8 secretion observed after Syndecan-4 knockout have
been shown to affect the autocrine regulation of angiogenesis.
In addition, Syndecan-4 silencing has been reported to cause
changes in cellular morphology and to cause delayed capacity
of HUVEC wound closure and tube formation [19].

Conclusion

It has been emphasized that the widespread use of HUVECs
can be considered as a relatively reliable and simple in vitro
model for ECs and that more studies should be done by
focusing on this subject. At the same time, it has been shown
that future studies on angiogenesis are expected to be used to
predict and understand the biological responses of ECs with in
vitro models of HUVECs.

Declaration of conflict of interest

The authors received no financial support for the research
and/or authorship of this article. There is no conflict of interest.

References

1. .Park H, Zhang Y, Georgescu SP, Johnson KL,Kong D, Galper JB.
Human umbilical vein endothelial cells and human dermal
microvascular endothelial cells offer new insights into the
relationship between lipid metabolism and angiogenesis. Stem
Cell Reviews 2006; 2: 93-101.

2. MarinV, Kaplanski G, Gres S, Farnarier C, Bongrand P. Endothelial cell
culture: protocol to obtain and cultivate human umbilical endothelial
cells. Journal of Immunological Methods 2001; 254: 183-90.

3. CaiW, Liang L, Ji P et al. Experimental study on culture method
of human umbilical vein endothelial cells. Chinese Journal of
Reparative and Reconstructive Surgery 2011; 25: 139-43.

4. Nozawa F, Hirota M, Okabe A, Shibata M, lwamura T. Tumor necrosis
factor a acts on cultured human vascular endothelial cells to increase
the adhesion of pancreatic cancer cells. Pancreas 2000; 4: 392-98.

5. Baudin B, Bruneel A, Bosselut N, Vaubourdolle M. A protocol for
isolation and culture of human umbilical vein endothelial cells.
Nature Protocols 2007; 2: 481-85.

6. Caniuguir A, Krause BJ, Hernandez C, Uauy R, Casanello P.
Markers of early endothelial dysfunction in intrauterine growth
restriction-derived human umbilical vein endothelial cells
revealed by 2D-DIGE and mass spectrometry analyses. Placenta
2016; 41: 14-26.

0)

AN
>

AKBAY
I In vitro models for cardiovascular diseases

Heiss M, Hellstrom M, Kalen M, May T, Weber H, Hecker M,
Augustin HG, Korff T. Endothelial cell spheroids as a versatile tool
to study angiogenesis in vitro. Federation of American Societies
for Experimental Biology 2015; 29: 3076-84.

Andrejecsk JW, Cui J, Chang WG, Devalliere J, Pober JS, Saltzman
WM.Paracrine exchanges of molecular signals between alginateen
capsulated pericytes and freely suspended endothelial cells
withina 3D protein gel. Biomaterials 2013; 34: 8899-908.

Walshe TE, dela Paz NG, D’Amore PA. The role of shear-induced
transforming growth factor-beta signaling in the endothelium.
Arteriosclerosis, Thrombosis, and Vascular Biology 2013; 33: 2608-17.

Patel H, Chen J, Das KC, Kavdia M. Hyperglycemia induces
differential change in oxidative stress at gene expression
and functional levels in HUVEC and HMVEC. Cardiovascular
Diabetology 2013; 12: 142.

. Jang J, Jung Y, KimY, Jho EH, Yoon Y. LPS-induced inflammatory

response is suppressed by Wnt inhibitors, Dickkopf-1 and
LGK974. Scientific Reports 2017; 7: 41612.

CaoY, GongY, LiuL, Zhou Y, Fang X, Zhang C, Li Y, Li J. The use of
human umbilical vein endothelial cells (HUVECs) as an in vitro
model to assess the toxicity of nanoparticles to endothelium: a
review. Journal of Applied Toxicology 2017; 12: 1359-69.

Breymann C, Schmidt D, Hoerstrup SP. Umbilical cord cells as a
source of cardiovascular tissue engineering. Stem Cell Reviews
2006; 2: 87-92.

Sakamoto N, Ueki Y, Oi M, Kiuchi T, Sato M. Fluid shear stress
suppresses ICAM-1-mediated transendothelial migration of
leukocytes in coculture model. Biochemical and Biophysical
Research Communications 2018; 3: 403-408.

Bevilacqua MP, Stengelin S, Gimbrone MA, Seed B. Endothelial
leukocyte adhesion molecule 1: an inducible receptor for
neutrophils related to complement regulatory proteins and
lectins. Science 1989; 243: 1160-65.

Nagata D, Mogi M, Walsh K. AMP-activated protein kinase (AMPK)
signaling in endothelial cells is essential for angiogenesis in response
to hypoxic stress. Journal of Biological Chemistry 2003; 33: 31000-6.

Yang BR, Hong SJ, Lee SM et al. Pro-angiogenic activity of
notoginsenoside R1 inhuman umbilical vein endothelialcells in
vitro and in a chemical-induced blood vessel loss model of zebrafish
in vivo. Chinese Journal of Integrative Medicine 2016; 22: 420-29.

Asakawa N, Shimizu T, Tsuda Y, Sekiya S, Sasagawa T, Yamato M, Fukai
F, Okano T. Pre-vascularization of in vitro three-dimensional tissues
created by cell sheet engineering. Biomaterials 2010; 14: 3903-9.
Gasowska K, Naumnik B, Klejna K, Myoeliwiec M. The influence
of unfractionated and low-molecular weight heparins on the
properties of human umbilical vein endothelial cells (HUVEC).
Folia Histochemicaet Cytobiologica 2009; 1: 17-23.

261



