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Inlet and outlet valves are formed early during embryogenesis. Abnormally formed valves are, thus, the 
most common type of congenital heart defects (CHDs). CHDs affect nearly 40,000 babies annually. 
Unfortunately, most congenital valvular diseases may be asymptomatic until adulthood and treatment 
often requires valve replacement surgery. It is therefore necessary to understand the mechanisms 
involved in heart valve development.  
 
The formation of healthy heart valves is dependent on genetic as well as epigenetic factors. 
Hemodynamics is an important epigenetic regulator of valvulogenesis. The effects of altering 
hemodynamic loads through the developing heart on valve development have been well explored using 
advanced imaging techniques such as OCT. However, there are limited studies focussed on 
understanding the molecular effects of altering intracardiac hemodynamics. Deciphering these molecular 
pathways is crucial so as to develop therapeutic targets to treat congenital valve diseases that can 
manifest not only in babies, but adults as well.  
 
The heart is the first organ to form and function in the embryo. The early tubular heart consists of the 
inner endocardium surrounded by myocardium. The cardiac jelly (endocardial cushion), a layer of 
extracellular matrix (ECM), lies between these two layers. This cushion undergoes extensive growth and 
remodelling to form the mature heart valves. Mesenchymal cells, originating from the endocardium, 
populate the cardiac jelly by means of epithelial-mesenchymal-transition (EMT) to produce the required 
ECM components. We have previously utilized a 3D in vitro culture system in our laboratory to show 
that hemodynamic stimuli, such as shear stress, influence the expression/deposition of fibrous ECM 
proteins in both atrioventricular (AV) and outflow tract (OFT) cushions [1,2]. Our research group was 
the first to show that altering hemodynamics (shear stress and blood pressure) through the developing 
chick embryonic heart (in vivo) has direct cellular and genetic consequences [3]. One important finding 
was that OFT banding led to a significant decrease in OFT cushion volume, as can be seen in 3D 
AMIRA reconstructions (figure 1), which could potentially lead to the formation of abnormal OFT 
valves.   
 
The goal of the present study was to further investigate the molecular effects of perturbed intracardiac 
blood flow on OFT valve development. Blood flow through the chicken embryonic heart (Hamilton and 
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Hamburger stage 16/17) was altered by partial constriction (banding) of the OFT at the OFT/ventricle 
junction (OVJ) as described previously [4]. Using OCT, we determined the average constriction to be 
28%. Control embryos were not subjected to banding. Both groups of embryos were allowed to develop 
for another 24 h. We then analysed the expression/deposition of crucial ECM proteins in OFT of banded 
vs. control hearts by performing immunofluorescence (IF) on PFA-fixed, paraffin-embedded sections. 
For each target, IF was carried on 3 embryos from each group, with 3-4 sections per embryo. Images 
were obtained by confocal microscopy under identical settings.  
 
OFT cushion from banded hearts had a decreased collagen type I expression relative to that from the 
controls. Periostin was expressed more in the myocardium of OFT from control hearts while OFT from 
banded hearts had increased periostin localization in the cushion. IST-9 (fibronectin splice variant 
expressed in mesenchyme) expression was higher in the cushion of banded OFT compared to the OFT 
of control hearts. There appears to be increased collagen type I in AV cushions from control hearts 
compared to those from banded hearts. Periostin and IST-9 expression was much higher in the control 
myocardium and endocardium compared to these regions in the AV cushions of the banded heart. 
Furthermore, there seems to be a gap between the AV cushions from the banded heart. We speculate the 
gap between the two AV cushions to be due to changes in pressure in this region due to OFT banding. 
One of the on-going studies in the lab is to obtain real time pressure readings at different sites in the 
developing chick heart.  
 
In conclusion, our study shows that altering hemodynamic conditions through the embryonic chick heart 
not only has consequences at the transcript level, but also leads to differential ECM protein expression 
and deposition, which could lead to abnormal valve development and thus disease conditions. This 
study, thus, reinforces the need to maintain normal hemodynamics during heart valve development [5].  
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Figure 1. AMIRA 3D reconstruction showing cushion from OFT of (a) control and (b) banded hearts. 
OFT cushions from banded hearts exhibit a decrease in volume. Arrow indicates direction of blood flow. 
Yellow dashed line in the banded heart indicates position of suture at the OFT/ventricle junction (OVJ).  
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