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Abstract 

Prolonged prenatal hypoxia has shown to cause fetal growth restriction in 

chickens due to restricted oxygen to the somatic tissue. The body goes 

through a critical period of development. Insults during this critical period 

may have lifelong effects on the individual. Currently heart failure is 

treated either with symptomatic therapy using diuretics or by targeting the 

renin-angiotensin-aldosterone system. Developing new successful 

treatments is important with the aging population and the increased rate of 

heart failure. Previous studies have shown systolic contractile dysfunction 

in 5 week old broiler chicken hearts when the eggs have been incubated in 

hypoxia until hatching. S100A1 in cardiomyocytes regulates the calcium-

controlled network which plays a big role in cardiac contractility and in this 

study, using qPCR on S100A1 (GOI), GADPH and β-actin to try and 

determine if the changes made to the heart in chickens treated in hypoxia is 

due to a lack of S100A1 expression resulting in a decreased handling of 

Ca
2+

 uptake which causes contractile dysfunction. Roche Lightcycler 480 

was used together with the Roche template running triplets of each sample 

at 15-15-15 seconds for 45 cycles. No statistical significance was observed 

between the control group and the experimental group. However in this 

study only S100A1 gene is being considered but a better understanding of 

the whole s100 family might give a better understanding of mechanisms 

causing the progressive deterioration of cardiac function 
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Introduction 

 

A variety of cardiac diseases often ends in heart failure (Pledger et al 

2011). Heart failure is a major cause of morbidity and mortality worldwide 

(Pledger et al 2011). Heart failure is caused by a loss of myocardial tissue 

that triggers a sequence of physiological, molecular and cellular responses 

leading to ventricular remodeling and the inability of the left ventricle to 

maintain a sufficient output of blood for the metabolic requirements of the 

body (Pledger et al 2011). Heart failure often shows maladaptive 

neurohumoral response (Pledger et al, 2011). This includes an activation of 

the renin-angiotensin-aldosterone system and increased concentration of 

catecholamine in the blood (Pledger et al 2011). Both these effects cause a 

temporary increase in cardiac output but have harmful long-term effects 

such as water and sodium retention (Pledger et al 2011). It also causes 

adverse remodeling of cardiac tissue (Pledger et al 2011). 

 Current drug treatment for heart failure targets systemic and cardiac effects 

both of the sympathetic and renin-angiotensin-aldosterone system 

(Ritterhoff & Most 2012). β-adrenergic receptor (β-AR) blockers, 

angiotensin-converting enzyme inhibitors (ACE), aldosterone antagonists 

and diuretics are all used to treat heart failure (Pledger et al 2011). These 

drugs both have dose-dependent and dose-independent side effects that 

limit their use in patients with heart failure. Treatment with these drugs is 

often accompanied by complementary use of implantable cardioverter 

defibrillator capable of preventing ventricular tachyarrhythmia (Ritterhoff 

& Most 2012). Pharmacological and device therapies are therefore not ideal 

for treating heart failure because they fail to correct underlying molecular 

abnormalities involved in systolic and diastolic dysfunction as well as 

adverse structural and electrical remodeling (Ritterhoff & Most 2012).  

Prenatal hypoxia is a common complication. If the hypoxia is prolonged it 

causes fetal growth restriction because the amount of oxygen to the somatic 

tissues is restricted (Lindgren I 2009).  In fetal life the tissues of the body 

go through a critical period of development (Barker D.J.P 2000). Stimulus 

or insults during a critical period of development have lasting or lifelong 

effects on the individual (Barker D.J.P 2000).  The risk of developing 

cardiovascular disease is strongly correlated with low birth rate because 

newborns are more prone to develop such pathologies as adults (Lindgren I 

2009). This leads to the conclusion that chronic developmental hypoxia 

could have permanent changes affecting the embryo and are retained in the 

adult life, or it has no effect on the adult life (Lindgren I 2009).    
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A study done on 5 weeks old chickens treated with hypoxia concluded that 

prenatal hypoxia effects the cardiac β-adrenergic response (Lindgren I, 

2009, Lindgren I, 2013) The study’s aim was to determine if the decreased 

sensitivity in prenatally hypoxic 5 week old chicken hearts was linked to 

changes in β1AR/ β2AR ratio, Gai expression and cAMP accumulation 

(Lindgren I, 2013). The study suggest that changes in the proximal part of 

βAR system does not cause decreased cardiac contractility, but instead Ca
2+

 

handling mechanisms downstream in the βAR signaling cascade is the 

cause (Lindgren I, 2013). 

S100A1 in cardiomyocytes regulates the calcium-controlled network of 

sarcoplasmic reticulum, sarcomeric and mitochondrial function through 

regulation of the ryanodine receptor (RyR2), cardiac sarcoplasmic 

reticulum Ca
2+

 - ATPase (SERCA2a), mitochondrial F1 – ATPase activity 

and titin (Pledger et al 2011). The coordinated regulation of Ca
2+ 

in 

cardiomyocytes is required during each cycle of cardiac relaxation and 

contraction (Pledger et al 2011). It has been shown that overexpression of 

the Ca
2+

 - binding protein S100A1 leads to an increased myocardial 

contractile performance in vitro and in vivo (Most P et al, 2004). Using an 

Adenoviral S100A1 gene delivery reversed the contractile dysfunction in 

rats (Most P et al, 2004) and by delivering AAV serotype 9 (AAV9) - 

S100A1 to the left ventricle of an pig heart, which in turn prevented and 

reversed functional and structural changes caused by heart failure by 

restoring cardiac S100A1 protein levels (Pledger et al 2011).  

The aim of this study was to determine if a lower expression of S100A1 is 

the reason behind the observed changes in the heart of five week old 

broilers that has been treated in a hypoxic environment during incubation. 

Materials and Methods 
 

Origin of the animal samples  

The Total-RNA from the left ventricle taken from 20, five week old broiler 

chickens (Gallus Gallus) was used in this study. The Chickens are divided 

in two groups, a treatment group (incubated in hypoxia) which is compared 

to a control group (incubated in normal oxygen conditions. The gene of 

interest is S100A1 and two reference genes were also used, β-actin and 

GADPH. 

Primers were designed using the tool primer-blast on NCBI (National 

center for biotechnology information).  The primers were designed for the 
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S100A1 gene and primer effectiveness was tested using a standard curve 

before moving on to using them in a qPCR. 

Sample quality control 

Because the RNA used was collected from tissue and might therefore not 

be optimal for further use. A quality control of the RNA using an Agilent 

2100 bioanalyser (http://www.genomics.agilent.com/en/Bioanalyzer-

System/2100-Bioanalyzer-Instruments/?cid=AG-PT-106) were done. 

cDNA was synthesized and later used in a qPCR 

 

The RNA samples were first tested using a nanodrop ND-100 

spectrophotometer to determine RNA concentration.  2 µl of the RNA 

samples were then diluted in 3 µl of water and denaturized at 72 °C in 

preparation for the bioanalysis.  Preparation of the Agilent RNA 6000 nano 

chip was made according to Agilent RNA 6000 Nano kit quick start guide 

found at www.chem.agilent.com. 1 µl of the prepared samples was loaded 

on the chip. 

 

 

cDNA synthesis 

20 µl of cDNA was made using 1 µg of total RNA. Three master mixes 

were made; One for DNA removal, one for Primer annealing and one for 

the final synthesis of cDNA.  For the DNA removal the master mix is made 

up of 1 µl 10x reaction buffer with MgCl2 and 1 µl DNase I RNase-free for 

each sample. To correct for pipetting errors 23 µl of reaction buffer and 23 

µl of DNase I was pipetted. 2 µl of the master mix was combined with the 

proper amount of diluted sample to 1 µg RNA and DEPC-treated water was 

added to a final volume of 10 µl. The amount pipetted from the RNA 

samples can be seen in Table 2. The reactions were incubated in 37°C for 

30 minutes and then 1 µl EDTA was added. The samples were again 

incubated, this time at 65 °C for ten minutes.   

The second master mix contained 1 µl Oligo(dT)18 and 1.5 µl DEPC 

treated water per reaction. 23 reactions were pipetted for a final volume of 

23 µl Oligo(dT)18 and 34.5 µl DEPC-treated water. 2.5 µl of master mix 

was added to every reaction and centrifuged briefly before put on ice. The 

reactions were then incubated at 65 °C for five minutes, chilled on ice for 

30 seconds and briefly centrifuged before being placed back on ice.  

The third master mix contained 4 µl 5x reaction buffer, 0.5 µl RiboLock 

RNase inhibitor and 2 µl dNTP mix, 10 mM for each reaction. A final 
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volume of 92 µl 5x reaction buffer, 11.5 µl RiboLock RNase inhibitor and 

46 µl dNTP mix. 6.5 µl per reaction was added to the samples and 

incubated at 37 °C for 5 minutes. After incubation 1 µl of RevertAid RT 

was added to each reaction, mixed gently and centrifuged briefly before 

being incubated at 42 °C for 60 minutes. The reaction was then terminated 

by incubating at 70 °C for ten minutes.   

Primer efficiency 

A primer working solution was prepared using 20 µl forward strand primer 

(100 uM stock solution) and 20 µl reverse strand primer (100uM stock 

solution) together with 160 µl Millipore water. This puts the concentration 

at 10 µM per primer. When not in use the primers are stored in -20 °C 

The efficiency of the primers was determined using a standard curve. 2 µl 

of the synthesized cDNA from each sample was pooled together and then 

serially diluted 1:2 creating the following dilution series 1- ½ - ¼ - 1/8 – 

1/16 – 1/32 – 1/64. qPCR was then run on the dilution series and Roche 

Lightcycler software was used to calculate the efficiency of the the 

different reactions. The efficiency should be 1.0 – 2.05. 5 °C below the 

primer Tm was used as a starting point for optimizing. S100A1-2 primer 

had the needed efficiency at an annealing temperature of 53 °C and was 

therefore used for quantification. The sequence of the primers used can be 

seen in table 1. 

Table 1. Sequence of primers 

Primer Forward sequence Reverse sequence 

GADPH GTCAAGGCTGAGAACGGGAA GCCCATTTGATGTTGCTGGG 

Β-actin CACAGATCATGTTTGAGACCTT CATCACAATACCAGTGGTACG 

S100A1-1 CGTATTCTGCCCATCGCTGA GACGTTGATGAGCGTCTCCA 

S100A1-2 GTCTTCCACCACTACTCGGG CCCTGTGTCCTTCTGGGTCT 

qPCR 

qPCR were run on three different genes. The target gene S100A1 and the 

two reference genes β-actin and GADPH. All 20 samples were run in 

triplets of a total of 60 samples per gene. Each reaction contained 5 µl 

SYBR green Master Mix, 0.5 µl Primer working solution, 3.5 µl Nuclease 

free H2O and 1 µl cDNA sample of appropriate working dilution judging 

from the standard curve made earlier. In this case the cDNA was diluted 
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1:20. The qPCR was run according to the Roche template at 15-15-15 

seconds for 45 cycles.  

Results 

 

Bioanalysis was made on all samples and the RIN value was above nine in 

all cases, which indicates that the RNA integrity is good for further studies.  

A value of ten is optimal. 

 

Table 2. RNA content, RIN (RNA integrity number) values and dilution values 
for use in qPCR reaction.  

Treatment Sample ID RNA ng/µl  RIN 1:5 dilution 
(ng/µl) 

Volume 1:5 
dilution for 
RT (µl) 

Normoxic 1464 3877 9,6 775,4 1,3 
Normoxic 1466 735 9,1 147,0 6,8 
Normoxic 1467 4353 9,5 870,6 1,1 
Normoxic 1469 1994 8,9 398,8 2,5 
Normoxic 1473 4296 9,3 859,2 1,2 
Normoxic 1475 3949 9,3 789,8 1,3 
Normoxic 1476 4156 9,5 831,2 1,2 
Normoxic 1477 4310 9,7 862,0 1,2 
Normoxic 1479 3420 9,4 684,0 1,5 
Normoxic 1481 4312 9,6 862,4 1,2 
Hypoxic 1484 2199 9,5 439,8 2,3 
Hypoxic 1486 2182 9,4 436,4 2,3 
Hypoxic 1487 3095 10,0 619,0 1,6 
Hypoxic 1488 2637 9,9 527,4 1,9 
Hypoxic 1489 4132 10,0 826,4 1,2 
Hypoxic 1490 2846 9,8 569,2 1,8 
Hypoxic 1492 3598 10,0 719,6 1,4 
Hypoxic 1495 1776 9,9 355,2 2,8 
Hypoxic 1496 4359 10,0 871,8 1,1 
Hypoxic 3110 1251 9,6 250,2 4,0 

 

Primer efficiency   

Two Primers had their effectiveness tested by calculating a standard curve.  

Using the Roche template and starting at an annealing temperature of 55 °C 

(5°C below the primers Tm) resulted in an effectiveness lower than 1.9 for 

both primers. A decrease of 2°C (annealing temperature of 53°C) resulted 

in an effectiveness of 1.902 for primer pair S100A1-2. This primer is then 

used in the qPCR reaction for quantification of S100A1 gene of interest.  

The β-actin primer had the right effectiveness at 57°C and GADPH primer 

at 55°C.  
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 Gene expression 

The different gene was run through the qPCR in triplets and Table 3 shows 

the geometric mean of these triplets for all samples and genes used in this 

study together with their standard deviation.  Data was recorded for seven 

normoxic and six hypoxic samples. 3 hypoxic and 4 normoxic samples had 

their RNA contaminated during the cDNA synthesis and was therefore not 

used in the analysis. 

Table 3. CT (cycle threshold) values + standard deviation for all genes analyzed 

Sample 
ID 

β-actin geomean GADPH geomean  S100A1 geomean of  

1464 27,30 ± 0,484  32,37 ± 0,447 
 

28,45 ± 0,117 
 

1466 19,93 ± 0,358 19,48 ± 0,205 
 

24,28 ± 0,133 
 

1467 19,77 ± 0,216 19,71 ± 0,653 
 

23,46 ± 0,119 
 

1473 21,72 ± 0,248 21,88 ± 0,529 
 

24,30 ± 0,111 
 

1475 21,00 ± 0,150 19,75 ± 0,303 
 

23,22 ± 0,031 
 

1477 33,47 ± 0,464 35,19 ± 0,391 
 

35,55 ± 0,453 
 

1479 19,85 ± 0,528 
 

20,53 ± 0,296 
 

23,05 ± 0,025 
 

1481 19,85 ± 0,380 
 

20,06 ± 0,488 
 

23,85 ± 0,185 
 

1484 21,04 ± 0,434 
 

22,84 ± 0,165 
 

25,61 ± 0,179 
 

1486 22,69 ± 0,180 
 

24,32 ± 0,271 
 

27,56 ± 0,377 
 

1487 21,15 ± 0,279 
 

21,67 ± 0,135 
 

24,57 ± 0,117 
 

1488 19,84 ± 0,259 
 

19,87 ± 0,263 
 

22,33 ± 0,155 
 

1492 19,42 ± 0,567 
 

19,92 ± 0,116 
 

23,07 ± 0,075 
 

1495 33,29 ± 0,263 
 

35,17 ± 0,398 
 

37,35 ± 0,530 
 

 

Using this data ΔCt was calculated 

 

Ct (target) – geometric mean Ct (reference genes) (1) 

 

The amplification efficiency is set to two according to delta Ct method and 

2
-ΔCt  

was calculated and then normalized to the control group (normoxic 

samples). there was no significant difference between gene expression in 

the normoxic and hypoxic groups (p=0.37)  
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Figure 1A. Gene expression data shown as 2-ΔCt normalized to the normoxic group, GADPH and 

β-actin samples. Data shown as mean and standard deviation..  

Discussion 
 

The standard deviation observed in the control group was rather large 

originating from an uncertainty  in the Ct values obtained for the qPCR. 

Some Ct values as shown in Table 3 are larger than 30 indicating a smaller 

amount of cDNA Data was obtained from 7 control samples and 6 

experimental samples. There was no significant difference between 

normoxic and hypoxic treatments and with that follows the conclusion that 

the S100A1 gene is not expressed less in chickens that has been treated in 

hypoxia during incubation. S100A1 can therefore not be the reason behind 

the observed systolic contractile dysfunction.  

The S100A1 gene is only one of many genes in the same family of EF-

hand calcium-binding proteins (Schäfer & Heizmann 1996). Many 

biological activities, e.g. regulation of myocardial and skeletal muscle 

contractility, hypertrophy, apoptosis and regulation of metabolic enzymes 

are affected by S100 proteins (Pleger et al 2007). Several in vitro and in 

vivo studies have shown that expression levels of these s100 proteins are 

different in damaged myocardium (Pleger et al 2007).  S100B modulates 

left ventricular remodeling after myocardium infraction causes increased 

apoptosis and progressive deterioration of cardiac function (Pleger et al 

2007).  Other proteins in the S100 family such as S100A6 have an 
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increased expression that has displayed anti-hypertrophic properties (Pleger 

et al 2007). Long-term effects on cardiac remodeling and functional 

consequences remain largely unknown (Pleger et al 2007).  Differential 

regulation of S100 proteins is part of the compensatory or maladaptive 

process in damaged myocardium and altered expression of these S100 

proteins during heart failure effects myocardial remodeling and function 

via modulation of processes such as hyperthrophy, apoptosis and 

intracellular Ca
2+

 cycling (Pleger et al 2007). In this study only the S100A1 

gene is being taken under consideration and that showed no significance 

but it may still play an important role in the observed changes made to the 

heart during heart failure. A better understanding of the whole S100 protein 

family during heart failure might give a better understanding of 

mechanisms causing the progressive deterioration of cardiac function 

(Pleger et al 2007). 

Social and Ethical aspects 

All animal procedures and experiments are approved by the Ethical 

committee DnR. 9-13 (Linköping, Sweden). As mentioned earlier the 

standard care today for Heart failure is either symptomatic therapy using 

diuretics or treatment targeting the renin-angiotensin-aldosterone system 

(Pledger et al, 2011, Ritterhoff & Most 2012). The knowledge that the 

S100A1 protein reduces diastolic SR Ca
2+

 leak and contributes to an 

increased systolic contractility, together with new safe ways of gene 

transfer technologies gives a very strong argument for the use of gene 

therapy to treat Heart failure (Pledger et al, 2011).  A better understanding 

of the effects of developmental programming on cardiac dysfunction later 

in life will help with getting a better understanding of heart failure and the 

discovery of new treatments such as gene therapy for heart failure and can 

help reduce the number of deaths associated with it. An aging population 

and the number of patients with heart failure are expected to increase 

substantially and new procedures not revolving around the use of drugs 

might lighten the economic burden of treatments (Zouein & Booz 2013). A 

better understanding of the developmental programming and its effect on 

the cardiovascular system will also help us treat heart failure.  
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