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В настоящее время врожденные сердечнососудистые заболевания (ССС), в том числе 

врожденные пороки сердца, вносят значительный вклад в структуру заболеваемости и 

смертности детей во всем мире. В связи с этим, эксперименты по изучению развития ССС 

на ранних этапах онтогенеза представляются перспективными источниками информации 

для создания теоретической основы знаний о врожденной патологии ССС. Статья посвя-

щена обзору литературных данных по использованию куриных эмбрионов для эксперимен-

тального изучения физиологии и патологии развития ССС. В связи с доступностью, круп-

ными размерами в сравнении с другими представителями Aves, простотой манипуляций и 

культивирования, куриные эмбрионы часто используются как модель для описания разви-

тия сердца и его васкуляризации. Экспериментальные работы с куриными эмбрионами за-

ложили основу знаний о формировании миокарда, эпикарда, эндокарда, коронарного русла, 

камер сердца и магистральных сосудов в процессе эмбриогенеза. При этом, ввиду высокой 

консервативности многих ключевых механизмов раннего онтогенеза полученные на кури-

ном эмбрионе данные возможно экстраполировать на человека. С развитием новых биоме-

дицинских технологий, в первую очередь методик прижизненной визуализации, расширил-

ся круг возможных вмешательств на ССС куриного эмбриона. С учетом указанных пре-

имуществ и совершенствования методик, экспериментальные модели на основе куриных 

эмбрионов не теряют актуальность и по сегодняшний день. 
Ключевые слова: онтогенез сердца, патология развития сердца, куриный эмбрион, 

экспериментальная модель, эксперимент. 
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Currently, congenital diseases of the cardiovascular system (CVS) including congenital 
heart defects, make a considerable contribution to children’s morbidity and mortality worldwide. 
In this regard, experiments that study development of cardiovascular diseases in the early stages 
of the ontogenesis seem to be a promising source of information providing theoretical basis for 
the knowledge of congenital cardiovascular pathology. The article presents review of literature 
data concerning use of chick embryos for experimental study of physiology and pathology of de-
velopment of cardiovascular system. Due to the availability, large size in comparison with other 
representatives of Aves, simplicity of use in manipulations and in culturing, chick embryos are 
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often used as a model for description of development of the heart and of its vascularization. Ex-
perimental works with chick embryos laid the basis for the knowledge of formation of the myo-
cardium, epicardium, endocardium, coronary vasculature, heart chambers and the main vessels in 
the process of embryogenesis. A high conservatism of many key mechanisms of the early onto-
genesis makes it possible to extrapolate the data obtained in such experiments, to humans. Devel-
opment of the novel biomedical technologies, first of all, of intravital imaging, permitted to ex-
pand the range of possible interventions into the CVS of the chick embryo. Taking into account 
the mentioned advantages and improvements of the methods, experimental models based on 
chicken embryos do not lose relevance up to this day. 

Keywords: ontogenesis of the heart, pathology of heart development, chick embryo, experi-
mental model, experiment. 
______________________________________________________________________________ 

 
Use of chick embryos laid the basis for 

experimental study of physiology and pa-
thology of the cardiovascular system (CVS). 
Due to availability, large size, simplicity of 
use in manipulations, chick embryos serve a 
model for studying anlage, development of 
the heart, and of its vascularization. A high 
conservatism of many key mechanisms of the 
early ontogenesis permits to extend the ob-
tained data to humans. This is promoted by 
development of different in ovo, ex ovo, in 
vitro methods for biochemical, genetic, phys-
iological and pathological study of different 
aspects of the morphogenesis of the heart 
[1,2]. It was on chick embryos that the role of 
endocardial cells in the anlage of coronary 
vessels during trabeculation of the myocardi-
um, and the mechanism of formation of the 
aorta, as well as formation of proepicardium 
and epicardium, were studied [3].  

Role of Proepicardium in Formation 
of Coronary Vessels 

Modern knowledge about the role of 
proepicardium (PE) in the formation of cor-
onary vessels is based on the research con-
ducted on chick embryos. Development of 
coronary vessels starts from movement of 
mesothelial cells of PE from the liver bud 
toward the surface of the heart where they 
differentiate into cell lines making different 
parts of the heart. In chicks, PE arises from 
the mesothelial cells located along the cau-
dal border of the pericardial cavity. These 
cells are easily identified in light microsco-
py and are well amenable to experimental 
manipulations [4]. 

Cells of PE associated with the initia-
tion of trabeculation, migrate toward the heart 
and form its outer envelope – epicardium 
which integrates into the myocardial wall thus 
giving rise to formation of the coronary ves-
sels and to increase in the amount of fibro-
blasts in the myocardial wall [5]. Unfavorable 
fusion of PE with the heart results in defects 
of the coronary circulation and in thinning of 
the myocardium [6].  

Experiments with labeling of PE cells 
with fluorescent proteins and β-galactosidase 
identify specially stained smooth myocytes 
and endotheliocytes of coronary arteries in 
mature embryos which confirms the hypothe-
sis of formation of the coronary arteries di-
rectly from PE [3]. Prevention of fixation of 
PE cells to the heart in chicks prevents devel-
opment of the coronary vessels. This also 
shows the necessity of PE cells for formation 
of the coronary vessels [7]. Progress in under-
standing of the mechanisms of development 
of the coronary vessels, of the origin of endo-
thelial cells of the heart, and also unique 
properties of chick embryos make the latter a 
useful experimental model. Labeled quail’s 

PE cells transferred to a developing chick 
embryo lead to development of smooth mus-
cle cells and fibroblasts in the heart of a recip-
ient chick, with this, in the coronary arteries 
and in endocardium endothelial cells are ab-
sent. For development of endotheliocytes, be-
sides PE cells, transplantation of quail’s liver 

into the recipient embryo is also required [8].  
In examination of cultures of PE cells 

obtained from chick embryos, a number of 
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regulatory mechanisms were identified that 
lead epicardial epithelium to epithelial 
mesenchymal transition (EMT) and to cell 
differentiation required for development of 
coronary vessels [9]. In the process of deve-
lopment cells undergo EMT which results in 
alteration of the morphology, polarity and 
motility of cells. Experiments on chick em-
bryos helped determine the function of 
chemokines during EMT in the heart [10]. 

Experiments on embryos facilitated 
understanding the key mechanisms of devel-
opment of cardiac valves in the early stages 
of morphogenesis and identified heterogenei-
ty of endocardial cells in the embryonic 
heart. Structural analysis of the embryonic 
heart identified transformation of endo-
cardial cells in matrix-rich valve-forming 
regions of the heart – endocardial pads [11]. 
Development of the culturing system in vitro 
for evaluation of the embryonic valve-
forming tissue [12] permitted to clearly de-
scribe the process of transformation of 
endocardial cells which served the basis for 
elaboration of the system of screening and 
identification of the morphogens which con-
trol cell transformation. In the course of cul-
turing on the collagen gel with use of certain 
areas of the cardiac tube it was possible to 
isolate cell types of interest and to study 
their mechanisms of transformation in de-
velopment of cardiac valves. Most research 
works use an area of the cardiac tube lying 
between the common atrium and ventricle, 
the so called atrioventricular pad (AVP) 
where the inlet valves are formed. Transfor-
mation of the implanted AVP was extensive-
ly studied in the experiments on birds’ em-
bryos [13,14]. These experiments showed 
that the endocardium of pads considerably 
differs from the endocardium spanning the 
ventricle [14]. Description of the heterogene-
ity of endocardial cells with use of embryos 
has a decisive significance for understanding 
of the early stages of development of valves 
and for elaboration of similar experimental 
methods to be used with other organisms.  

Use of method of explants in vitro 
permitted to identify the key regulators of 

transformation of endocardial cells. A clas-
sic example is identification of the role of 
the transforming growth factor β (TGFβ) in 
development of the heart. Addition of lig-
ands, neutralizing antisera or antisense oli-
gonucleotides to the explant culture permit-
ted to identify specific TGFβ-ligands and 
receptors that regulate transformation of the 
endocardial cells [15]. A significant im-
provement of the method of explantshas 
been achieved due to technology of use of 
viral vectors for introduction of genes into 
AVP or endocardial cells of the ventricle. In 
the first experiments genes were introduced 
into the endocardial cells by incubation of 
explants with cultural fluid containing a vi-
ral vector that often resulted in ineffective 
contamination of the endocardial cells. At 
first this approach was used for identifica-
tion of the role of atypical III type TGFβ 
receptor (TGFβR3) in transformation of the 
endocardial cells. Later ex ovo modifica-
tions of this method with use of new meth-
ods of culturing [16] permitted manipula-
tions on the embryo outside the egg, with 
the introduction of the virus-containing so-
lution directly into the lumen of the cardiac 
tube in the stage of its development before 
its connection to the vascular network [17]. 
Injection of solution containing adenovirus, 
results in a highly effective contamination 
of the endocardial cells along the whole 
length of the cardiac tube. After that, the 
quantity of the contaminated endocardial 
cells that underwent transformation was 
counted in the AVP or explants of ventri-
cles. In the experiments, transfer of adeno-
virus gene was used to study the function of 
TGFβR3 in the endocardial cells. Over ex-
pression of this receptor in the ventricular 
endocardial cells which usually do not have 
TGFβR3, leads to their transformation after 
addition of TGFβ-ligand. These studies on 
chick embryo identified the key signal mol-
ecules that regulated transformation of the 
endocardial cells, and permitted to elaborate 
a similar system for in vitro study in mice 
that added new data to those obtained on 
chick embryos [18]. A permanent interest in 
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transformation of the endocardial and endo-
thelial cells both in development of valves 
and in the mechanisms underlying trans-
formation of the endocardial cells, keeps 
research works on chick embryos relevant.  

Cardiac Neural Crest 
Cardiac neural crest is necessary for 

normal development and further functioning 
of the CVS. Cells of the neural crest may be 
obtained from neural folds located between 
the centers of otic placodes and the caudal 
part of the 3d somite. A peculiarity of this 
kind of cells is a possibility of differentiation 
to different types of mesenchymal cells 
which, together with neurogenic cells, also 
participate in development of the CVS.  

Elimination of the primary cardiac neu-
ral crest leads to some cardiovascular anoma-
lies: a common arterial trunk, double-outlet 
right ventricle, double-inlet left ventricle [19]. 
Non-cardiac anomalies may result in aplasia 
or hypoplasia of the thymus, thyroid and 
parathyroid glands [20].  

Experiments with use of birds’ embry-
os, especially of chick chimeras, enabled 
analysis of migration and of differentiation 
of cells of the neural crest [21]. This ap-
proach showed an important role of the neu-
ral crest cells in development of the heart. In 
particular, these cells make a contribution to 
development of the aortopulmonary and 
conotrunkal septum.  

It was also found in the experiments on 
chick embryos that chemokine stromal cell 
factor (SDF1) and its related receptor Cxcr4 
are important for migration of neuronal crest 
cells into the heart. It was shown that SDF1 
acts as a chemoattractant. Disorders in signal-
ization of SDF1 caused cardiac anomalies, 
including in complete septation of the aorta, 
of the pulmonary trunk and defects of the 
interventricular septum [22]. 

Heart Chambers 
During completion of the process of 

formation of the cardiac loop, parts of the 
heart begin to differentiate into two atria and 
two ventricles. Appearance of atria starts with 
formation of the septum from the dorsocranial 
wall of the atrium in stage 14 by Hamburger-

Hamilton. In the experiments on chick em-
bryos it was found that formation of the 
valves is coordinated by myocardial-
endocardial interactions which regulate blood 
flow in the heart [23]. Besides, polymerase 
chain reaction of micro-RNA identified pro-
files of their expression in the atrial, ventricu-
lar and atrioventricular areas of the develop-
ing chick’s heart. In particular, miR-23b, 
miR-199a and miR-15a showed enhanced ex-
pression in the early development of the 
atrioventricular canal, and analysis of target 
genes evidenced their participation in regula-
tion of the ways of transmission of the elec-
tro-muscular potential [24]. 

Walls of the heart chambers also un-
dergo morphological changes. At first the 
myocardial layer of ventricles forms protru-
sions, called trabeculae, which protrude into 
the lumen of the chamber and get covered 
with a layer of endocardium. The process of 
formation of trabeculae starts in stage 16 by 
Hamburger-Hamilton. Throughout all stages 
of embryonic development, the enlarged 
surface area of the heart created by 
trabeculae, plays an important role in vascu-
larization and in the process of delivery of 
oxygen to the heart.  

Hemodynamics and Angiogenesis 
Being available for observation and for 

different manipulations, chick embryo 
played an important role in early descrip-
tions of the vascular systems of vertebrates 
by William Harvey and Marcello Malpighi. 
With the modern non-invasive visualization 
systems, chick embryo is a reliable model for 
in vivo monitoring of the vascular network. 
When the developing chick embryo is liber-
ated from the egg and is cultured ex ovo, 
chorioallantoic membrane expands in a natu-
ral way and exposes its vascular network 
providing a convenient access to it for long-
term visualization in experiments. 

The pattern of the blood flow in the 
developing heart plays a significant role in 
the morphogenesis of the heart. In response 
to the force of the blood flow, the cultured 
cardiac endothelial cells restructure their 
cytoskeleton and change expression of 
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genes [25]. To establish connections be-
tween such data obtained in in vitro condi-
tions and an intact heart of embryo, a num-
ber of quantitative methods of in vivo anal-
ysis of the intracardiac flows were applied. 
Using in vivo visualization, it was shown 
that high-frequency shear turbulent fluctua-
tions in the developing heart produce more 
significant influences that could be ex-
pected in that small structures with low val-
ues of Raynolds number. To verify signifi-
cance of these shear forces in vivo, experi-
ments were conducted with block of the 
blood flow which resulted in formation of 
hearts with an abnormal third chamber, dis-
orders in formation of the cardiac loop and 
of the valves. Similarity between these and 
some congenital heart defects shows the 
importance of the intracardiac hemodynam-
ics as the key epigenetic factor in the em-
bryonic cardiogenesis [25].  

Role of Epigenomic Regulation in 
Formation of CVS of Chick Embryo 

MicroRNA participate in regulation of 
such biological processes as proliferation, dif-
ferentiation, apoptosis and maintenance of the 
normal physiology of cells. Aberrant expres-
sion or deletion of microRNA is associated 
with abnormal differentiation of a cardio-
myocyte, derangement of development of the 
heart and with cardiac dysfunction. Several 
micro DNA were found in the cardiac muscle 
and in cells of myotomes of skeletal muscles 
of chick embryos. 

The sequence of miR-1 plays an im-
portant role since it regulates cardiogenesis 
and myogenesis: miR-1 is transcribed by 
miR-1-1 and miR-1-2 genes [26]. Transcripts 
of miR-1 were found in the forming cardiac 
tube starting from differentiation of cardio-
myocytes from stage 9-10 up to stage 22 by 
Hamburger-Hamilton [26]. Excessive ex-
pression of miR-1 leads to stoppage of for-
mation of the heart, to development of thin-
walled ventricles and to cardiac failure in 
result of premature dif-ferentiation and pro-
liferation of defective cardiomyocytes [27]. 

Differentiation of cells in the heart is 
regulated by different transcription factors: 

bHLH, hand1andhand2, whose expression 
regulates development of the left and right 
ventricles, respectively. Expression of tran-
scription factor hand2 depends on isl-1, and 
of hand1 – on nkx2-5 [28]. Factor nkx2-5 
interacts with the family of transcription 
factors t-box and is one of elements of the 
activation or suppression of expression of 
genes responsible for differentiation of the 
heart structures. The intensity of expression 
of nkx2-5 factor is of no significant im-
portance for formation of the sinus node 
[29]. However, interaction of nkx2-5 with 
tbx2 or tbx3 leads to repression of the gene 
regulating atrial natriuretic peptide, and of 
connexin-40, during differentiation of the 
conducting system of the heart including 
sinoatrial node [30,31]. 

Conclusion 
Thus, experiments that study devel-

opment of the cardiovascular system in 
early stages of the ontogenesis, are a rather 
promising source of information for crea-
tion of the theoretical basis of knowledge 
of the circulatory system congenital pa-
thology.  

Use of chick embryo laid the basis for 
experimental study of physiology and pa-
thology of the cardiovascular system. Ac-
cumulated theoretical and experimental ma-
terial on the regularities of development of 
the embryo and of its organs made it possi-
ble to study etiology and pathogenesis of 
many cardiovascular diseases. Work with 
chick embryos laid the basis for gaining 
knowledge of embryogenesis of the cardio-
vascular system – formation of the myocar-
dium, epicardium, endocardium, coronary 
vascular bed, heart chambers and major 
vessels.  

The advance of the novel biomedical 
technologies, first of all, of methods of the 
intravital visualization, extended the range 
of interventions into the cardiovascular sys-
tem of chick embryo. Taking into account 
the mentioned advantages and improve-
ments of experimental methods, models 
based on chick embryos remain relevant up 
to the present moment. 
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