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2. Brief summary
In New Zealand, Cardiovascular disease continues to be the leading cause of death, therefore there
is still a need for the discovery of new biological markers that will aid in earlier diagnosis, treatment
or prognosis. The objective of this research is to explore whether a recently discovered peptide
myoregulin can be used as a biomarker in acute coronary syndrome (ACS), i.e. myocardial infarction
or unstable angina. This will be assessed by measuring levels of myoregulin in the circulation of both
healthy participants and acute cardiac patients to see whether it is altered. Currently there are no
methods available for measuring myoregulin, therefore I have begun to establish two methods
concurrently; one using ELISA and the other mass spectrometry. I have developed a competitive and
two-site ELISA to myoregulin, however after extensive optimisation, I have concluded that the
polyclonal antibodies I raised for this method (one in rabbit and the other in sheep) are not sensitive
or specific enough to establish a two-site ELISA to detect endogenous myoregulin in the plasma. The
mass spectrometry method although established still requires further optimisation of the sample
preparation to detect the endogenous full length myoregulin peptide in the plasma. Further to
exploring myoregulin’s biomarker properties, I have also begun the investigation into the bioactivity
of myoregulin to determine whether it has a direct effect on the heart. This work has been done
using an isolated rat heart model with both healthy hearts and those undergoing myocardial
infarction (heart attack). Preliminary data suggests that myoregulin may reduce heart function,
although this requires follow up with a larger sample size.

3. Photographs
View an attachment by double clicking the icon to the left of the file name. Icons are not displayed and attachments are not
accessible when this PDF is viewed in a web browser; you must open it in PDF reader software.

Printed at 8:10pm on Tuesday 13 August 2019                                                 Page 1 of 3

https://get.adobe.com/reader/



Sarah Appleby final report 
 
 
Research question: Are plasma levels of a novel long non-coding RNA and its peptide 
myoregulin altered in patients with acute cardiovascular disease, and can it be used as a marker for 
diagnosis or prognosis? 
 
 
Aim: To determine whether myoregulin and its lncRNA can be used as a biomarker for patients with acute 
cardiovascular disease. 
 
1. To document circulating and cardiac forms of myoregulin and its lncRNA 
2. To define the normal range for myoregulin and its lncRNA 
3. To determine whether myoregulin and its lncRNA can be used as a biomarker for patients with 
ischaemic heart disease; (i) To assess the diagnostic accuracy for MI (myocardial infarction) or 
acute coronary syndrome (ACS) in patients presenting with chest pain, (ii) To assess the 
prognostic value for prediction of recurrent ACS, mortality and all cause admission for myoregulin 
and its lncRNA in patients with ACS. 
 


Hypothesis: Myoregulin and its lncRNA can be used as a biomarker for patients with 
cardiovascular disease. 


 
 
Modifications: There are currently no methods available for measuring the myoregulin peptide 
nor are there any commercial antibodies sensitive and specific enough that will enable the 
establishment of an ELISA. Consequently, I raised my own polyclonal antibodies in both rabbits 
and sheep, but this proved problematic. Therefore the first modification I made to the original 
application involved the concurrent establishment of a second method involving mass 
spectrometry as this method does not involve the use of an antibody.  
 
The mass spectrometry method encountered its own set of problems, and in correspondence with 
an American based company that are also trying to establish a method (ELISA and mass 
spectrometry) for myoregulin measurement, they have found similar issues. Therefore the second 
modification involves going beyond myoregulin’s biomarker capabilities and exploring whether it 
has a direct effect on heart function.  
 
 
  
Results: 
 
LncRNA: Although I found myoregulin lncRNA to be expressed in heart tissue of patients with 
impaired cardiac function, I was unable to detect it using an established Taqman gene expression 
assay (ThermoFisher, Hs01381971_m1) in the circulation of these patients and of healthy 
individuals.  


 
ELISA development: The competitive ELISA established in our laboratory was not sensitive 
enough to detect endogenous myoregulin in plasma or heart tissue, therefore to improve sensitivity 
and specificity I initiated the development into a two-site ELISA. After extensive optimisation, I 
have concluded that the polyclonal antibodies raised to the amino and carboxyl termini in both 
sheep and rabbits were not adequate to establish a specific and sensitive two-site ELISA.  







 


 


Mass Spectrometry: Thus far, I have established a method that can detect a synthetic 11 amino 
acid fragment of myoregulin in both buffer and plasma, this will be used as a positive control in 
the final method. I am however having difficulty detecting the synthetic full length myoregulin in 
both buffer and plasma as well as the endogenous form. I am currently troubleshooting the sample 
preparation step for this method.  


 


Bioactivity: Using an ex vivo isolated rat heart model; a method already established in the 
Christchurch Heart Institute, synthetic myoregulin was administered directly into rat hearts to 
investigate the role of myoregulin on heart function. Measures of cardiac function included 
contractility, left ventricular pressures and coronary flow. These experiments were performed in 
both ‘heathy’ and ‘damaged’ hearts that have undergone ischaemia/reperfusion. Dose/response 
experiments were conducted on ‘healthy’ hearts with incrementing doses of myoregulin (0.3nM to 
10nM), with an n=4 for each dose. From these experiments a dose of 3nM was chosen for the 
subsequent ischaemia/reperfusion experiments where myoregulin was perfused for 30mins prior 
to or following a 35min period of ischaemia. Preliminary data suggests that myoregulin reduces 
heart function when it is used for pre-conditioning the heart prior to ischaemia. No difference was 
observed when myoregulin was administered at the time of reperfusion. This work requires follow-
up in a larger sample size. Additionally, heart tissue and perfusate samples have been collected 
from these experiments and will be used to correlate cardiac levels of myoregulin with heart 
function, as well as determining the amount of myoregulin released from the heart.  


 


 


Presentations arising from this project: The myoregulin bioactivity work using the isolated rat 
heart model was presented at the Australian New Zealand Laboratory Animal Association 
conference held in Christchurch 20th-22nd June 2018. Title: Role and therapeutic potential of myoregulin 
in cardiovascular disease using an isolated rat heart model. 
 
 
Publications: The results from this research will form two separate publications. The first will be 
centered around the discovery of the lncRNA in the human heart tissue, whether the peptide is 
present in the tissue and circulation, and if it is, its biomarker capabilities. The second publication 
will be on the bioactivity of myoregulin in the isolated rat heart model.  
 





PDF file



Canterbury Medical Research Foundation
Final report for Project Grant 2017PROSarahAppleby

CHI.jpg
109.7 KiB

Printed at 8:10pm on Tuesday 13 August 2019                                                 Page 2 of 3


JPG file



Canterbury Medical Research Foundation
Final report for Project Grant 2017PROSarahAppleby

Sarah Appleby.jpg
1.0 MiB

4. Feedback

Powered by TCPDF (www.tcpdf.org)

Printed at 8:10pm on Tuesday 13 August 2019                                                 Page 3 of 3


JPG file

http://www.tcpdf.org






Sarah Appleby final report 
 
 
Research question: Are plasma levels of a novel long non-coding RNA and its peptide 
myoregulin altered in patients with acute cardiovascular disease, and can it be used as a marker for 
diagnosis or prognosis? 
 
 
Aim: To determine whether myoregulin and its lncRNA can be used as a biomarker for patients with acute 
cardiovascular disease. 
 
1. To document circulating and cardiac forms of myoregulin and its lncRNA 
2. To define the normal range for myoregulin and its lncRNA 
3. To determine whether myoregulin and its lncRNA can be used as a biomarker for patients with 
ischaemic heart disease; (i) To assess the diagnostic accuracy for MI (myocardial infarction) or 
acute coronary syndrome (ACS) in patients presenting with chest pain, (ii) To assess the 
prognostic value for prediction of recurrent ACS, mortality and all cause admission for myoregulin 
and its lncRNA in patients with ACS. 
 


Hypothesis: Myoregulin and its lncRNA can be used as a biomarker for patients with 
cardiovascular disease. 


 
 
Modifications: There are currently no methods available for measuring the myoregulin peptide 
nor are there any commercial antibodies sensitive and specific enough that will enable the 
establishment of an ELISA. Consequently, I raised my own polyclonal antibodies in both rabbits 
and sheep, but this proved problematic. Therefore the first modification I made to the original 
application involved the concurrent establishment of a second method involving mass 
spectrometry as this method does not involve the use of an antibody.  
 
The mass spectrometry method encountered its own set of problems, and in correspondence with 
an American based company that are also trying to establish a method (ELISA and mass 
spectrometry) for myoregulin measurement, they have found similar issues. Therefore the second 
modification involves going beyond myoregulin’s biomarker capabilities and exploring whether it 
has a direct effect on heart function.  
 
 
  
Results: 
 
LncRNA: Although I found myoregulin lncRNA to be expressed in heart tissue of patients with 
impaired cardiac function, I was unable to detect it using an established Taqman gene expression 
assay (ThermoFisher, Hs01381971_m1) in the circulation of these patients and of healthy 
individuals.  


 
ELISA development: The competitive ELISA established in our laboratory was not sensitive 
enough to detect endogenous myoregulin in plasma or heart tissue, therefore to improve sensitivity 
and specificity I initiated the development into a two-site ELISA. After extensive optimisation, I 
have concluded that the polyclonal antibodies raised to the amino and carboxyl termini in both 
sheep and rabbits were not adequate to establish a specific and sensitive two-site ELISA.  







 


 


Mass Spectrometry: Thus far, I have established a method that can detect a synthetic 11 amino 
acid fragment of myoregulin in both buffer and plasma, this will be used as a positive control in 
the final method. I am however having difficulty detecting the synthetic full length myoregulin in 
both buffer and plasma as well as the endogenous form. I am currently troubleshooting the sample 
preparation step for this method.  


 


Bioactivity: Using an ex vivo isolated rat heart model; a method already established in the 
Christchurch Heart Institute, synthetic myoregulin was administered directly into rat hearts to 
investigate the role of myoregulin on heart function. Measures of cardiac function included 
contractility, left ventricular pressures and coronary flow. These experiments were performed in 
both ‘heathy’ and ‘damaged’ hearts that have undergone ischaemia/reperfusion. Dose/response 
experiments were conducted on ‘healthy’ hearts with incrementing doses of myoregulin (0.3nM to 
10nM), with an n=4 for each dose. From these experiments a dose of 3nM was chosen for the 
subsequent ischaemia/reperfusion experiments where myoregulin was perfused for 30mins prior 
to or following a 35min period of ischaemia. Preliminary data suggests that myoregulin reduces 
heart function when it is used for pre-conditioning the heart prior to ischaemia. No difference was 
observed when myoregulin was administered at the time of reperfusion. This work requires follow-
up in a larger sample size. Additionally, heart tissue and perfusate samples have been collected 
from these experiments and will be used to correlate cardiac levels of myoregulin with heart 
function, as well as determining the amount of myoregulin released from the heart.  


 


 


Presentations arising from this project: The myoregulin bioactivity work using the isolated rat 
heart model was presented at the Australian New Zealand Laboratory Animal Association 
conference held in Christchurch 20th-22nd June 2018. Title: Role and therapeutic potential of myoregulin 
in cardiovascular disease using an isolated rat heart model. 
 
 
Publications: The results from this research will form two separate publications. The first will be 
centered around the discovery of the lncRNA in the human heart tissue, whether the peptide is 
present in the tissue and circulation, and if it is, its biomarker capabilities. The second publication 
will be on the bioactivity of myoregulin in the isolated rat heart model.  
 





