
 

 

ResearchSpace@Auckland 

http://researchspace.auckland.ac.nz 

 

Reference 

Protein Expression Analyses in Bone Marrow Stem Cell Mediated Restoration of 

Myocardium After Ischemic Insult.  William Harvey Annual Research Review, 

William Harvey Research Institute, Bart’s and The London Queen Mary University of 

London. London, UK. Nov 2008 

http://hdl.handle.net/2292/10867 

 

Copyright 

Items in ResearchSpace are protected by copyright, with all rights reserved, unless 

otherwise indicated. Previously published items are made available in accordance 

with the copyright policy of the publisher.  
 

https://researchspace.auckland.ac.nz/docs/uoa-docs/rights.htm  

http://researchspace.auckland.ac.nz/�
http://hdl.handle.net/2292/10867�
https://researchspace.auckland.ac.nz/docs/uoa-docs/rights.htm�


Protein Expression Analyses in 
Bone Marrow Stem Cell 
Mediated Restoration of 
Myocardium After Ischemic 
Insult. 
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Introduction 
• Myocardial Infarction (Heart attack). 
 
• Reduced or total failure of blood supply to myocardium. 

 
• 1/3 die before reaching hospital 

 
• 40% mortality including acute and long term outcome 

events (ventricular fibrillation and LV failure). 

Presenter
Presentation Notes
Background.  Current treatments insufficient



Introduction 
• Severity of outcome 

Occlusion. Infarct.

Complete/

long time

Incomplete/

short time

Large area/

full thickness

Small area/

Sub-endocardium
only.

Outcome

Presenter
Presentation Notes
Size of infarct linked to outcome which is in turn linked to length of time and severity of infarct.



Introduction 
• Current intervention options 

Occlusion. Infarct.

Complete/

long time

Incomplete/

short time

Large area/

full thickness

Small area/

Sub-endocardium
only.

Outcome

Reduce period and severity of occlusion through recanalisation: 

 Angioplasty 

 Thrombolysis  

Presenter
Presentation Notes
Current treatments try to reduce time and severity of occlusion.
Antithrombotics attempt to recanalise the artery. It may be better to say angioplasty and thrombolysis attempt to restore flow and decrease infarct size  through recanalisation



Introduction 
• Current intervention options 

Occlusion. Infarct.

Complete/

long time

Incomplete/

short time

Large area/

full thickness

Small area/

Sub-endocardium
only.

Outcome

Reduce period and severity of occlusion through recanalisation: 

 Angioplasty 

 Thrombolysis  

Presenter
Presentation Notes
But these methods need to employed quickly to be effective.



Introduction 
• Other Intervention options 

Occlusion. Infarct.

Complete/

long time

Incomplete/

short time

Large area/

full thickness

Small area/

Sub-endocardium
only.

Outcome

Reduce area/volume of damaged myocardium: 

 Regeneration/rejuvenation of myocardium. 

 Re-vascularisation 

Presenter
Presentation Notes
Possibility to reduce area/volume of infarct after the damage has been done.



Introduction 
• Stem cell therapy. 

• Embryonic and adult stem cell populations. 

• Adult stem cells - convenient and autologous. 

• Bone marrow derived stem cells. 

 

Presenter
Presentation Notes
BMSC - Mesenchymal, hematopoitic, etc.  Sub popn. Defined by expression of cell surface markers.
Animal models show similar improvement in outcome to preconditioning (~40% reduction in infarct)  different models, cell type (characterisation etc)
Human trials - different cell types, and methods of delivery, some with addition of pharmacological additives.  Not showing the magic 40% improvement.  Difficulties in controlling quality of cells, and other variables. In fact only 5% improvement is the best result





Previous Investigation  
• Model: 

 

 

 
 

• Methods: 
 I/R model: left anterior descending coronary artery 

 Bone marrow derived mononuclear cells (MNCs)  

 Ischemia 30 minutes – cells (intravenous) – reperfusion 2 hours 

 Cell migration/homing, apoptosis/necrosis and cardiac function (ECHO) 

3 groups (n=3)     
SHAM                              MI                MNC 

Personal communication, M.Lovell and M.Yasin. 

Presenter
Presentation Notes
Method and timing of delivery, and functional effects already answered by previous investigations.
Paracrine - Volume 20, Issue 2, Pages 87-93 (Summer 2008) Paul W.M. Fedak, MD, PhD, FRCSC. Paracrine Effects of Cell Transplantation: Modifying Ventricular Remodeling in the Failing Heart 
true myocardial regeneration has been limited. However, cell transplantation can predictably limit maladaptive ventricular remodeling through multiple synergistic paracrine mechanisms. 
Some of the paracrine factors released by transplanted cells have been defined. These paracrine signals may provide beneficial effects by stimulating angiogenesis, limiting matrix disruption, and preventing apoptosis. In addition, cell transplantation may induce mobilization and homing of endogenous repair cells to injured myocardium through paracrine signals. 
Circ res, 2008Penn and Mangi.
Stem cell homing: growth factors (HGF, FGF2, VEGF etc).  Engineering MSCs to overexpress SDF-1 (stromal cell derived)
Stem cell migration and grafting




Previous Investigation  
•Findings: 
 BMCs home-in on infarct zone.  

 Reduction in apoptosis and necrosis. 

40% reduction in infarct size. 

 Improved myocardial functioning. 

 

 However, mechanism is as yet unknown…. 

Personal communication, M.Lovell and M.Yasin. 

Presenter
Presentation Notes
Method and timing of delivery, and functional effects already answered by previous investigations.
Paracrine - Volume 20, Issue 2, Pages 87-93 (Summer 2008) Paul W.M. Fedak, MD, PhD, FRCSC. Paracrine Effects of Cell Transplantation: Modifying Ventricular Remodeling in the Failing Heart 
true myocardial regeneration has been limited. However, cell transplantation can predictably limit maladaptive ventricular remodeling through multiple synergistic paracrine mechanisms. 
Some of the paracrine factors released by transplanted cells have been defined. These paracrine signals may provide beneficial effects by stimulating angiogenesis, limiting matrix disruption, and preventing apoptosis. In addition, cell transplantation may induce mobilization and homing of endogenous repair cells to injured myocardium through paracrine signals. 
Circ res, 2008Penn and Mangi.
Stem cell homing: growth factors (HGF, FGF2, VEGF etc).  Engineering MSCs to overexpress SDF-1 (stromal cell derived)
Stem cell migration and grafting




Current Study 
•Our aims: 
 

 Use gene expression profiling to look for differentially 
expressed genes. 

 

 Use comparative 2D-Gel electrophoresis (2DGE) 
methods to identify differentially expressed proteins. 

 

Hypothesis is that differentially expressed genes and 
proteins will indicate a mechanism. 

Presenter
Presentation Notes
Method and timing of delivery, and functional effects already answered by previous investigations.
Paracrine - Volume 20, Issue 2, Pages 87-93 (Summer 2008) Paul W.M. Fedak, MD, PhD, FRCSC. Paracrine Effects of Cell Transplantation: Modifying Ventricular Remodeling in the Failing Heart 
true myocardial regeneration has been limited. However, cell transplantation can predictably limit maladaptive ventricular remodeling through multiple synergistic paracrine mechanisms. 
Some of the paracrine factors released by transplanted cells have been defined. These paracrine signals may provide beneficial effects by stimulating angiogenesis, limiting matrix disruption, and preventing apoptosis. In addition, cell transplantation may induce mobilization and homing of endogenous repair cells to injured myocardium through paracrine signals. 
Circ res, 2008Penn and Mangi.
Stem cell homing: growth factors (HGF, FGF2, VEGF etc).  Engineering MSCs to overexpress SDF-1 (stromal cell derived)
Stem cell migration and grafting




Transcriptomics 
• Illumina (Genome Centre) 

 
• RatRef12 beadchips (~22,000 genes) 

 
• Linear modelling (Limma, Bioconductor) 

 



Transcriptomics 
• Illumina (Genome Centre) 

 
• RatRef12 beadchips (~22,000 genes) 

 
• Linear modelling (Limma, Bioconductor) 

 
No significant differences 



Methods - Proteomics 

? 

Protein extraction 

Tissue 
sample 

? 

Presenter
Presentation Notes
First dimension separation of reduced, denatured proteins according to pI.
Second dimension separation according to Mw.
Comparison of 2D gel images from different groups.
Proteins identified from differentially expressed spots using LC-MS/MS (QTof)
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Methods - Proteomics 
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Methods - Proteomics 

? 

Protein extraction 

1st dimension separation. 

2nd dimension 
separation. 

Image analysis 

Tissue 
sample 
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Second dimension separation according to Mw.
Comparison of 2D gel images from different groups.
Proteins identified from differentially expressed spots using LC-MS/MS (QTof)





Methods - Proteomics 
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Protein extraction 
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2nd dimension 
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First dimension separation of reduced, denatured proteins according to pI.
Second dimension separation according to Mw.
Comparison of 2D gel images from different groups.
Proteins identified from differentially expressed spots using LC-MS/MS (QTof)





Results – Proteomics 
• Differentially expressed proteins: 

SHAM vs. MI 

5 Up 

4 Down 

BOTH 

3 Up/Down 

7 Down/Up 

MI vs. MNC 

4 Up 

2 Down 

 ‘SHAM vs. MI’ and ‘MI vs. MNC’. 

 >2.5 fold and p≤0.05* 

 25 different proteins   

* in either Student’s T-test or Wilcoxon Rank sum test. 



Results – Proteomics 
Thioredoxin-

dependant peroxide 
reductase Sham vs. MI 

Direction of expression change: 

Inhibition of electron transport chain 

NADH-
ubiquinone 

oxidoreductase 

Succinate 
dehydrogenase 

Complex I Complex II Complex III Complex IV Complex V 

Cytochrome 
b-c1 

ATP synthase 

Ischemic insult 

Anaerobic 
glycolysis 

↑ lactic acid 
↓ pH 

+ve 

-ve 

Mitochondrial 
dysfunction 

↑ [Ca2+] 

Electron 
leakage! 

ROS 
(protection against 
oxidative stress) 

PTP opening 

L-lactate 
dehydrogenase 

Pyruvate 
dehydrogenase 

Aldehyde 
dehydrogenase 

Apoptosis 

Enoyl-CoA 
hydratase 

Electron 
leakage! 

Presenter
Presentation Notes
fatty acid metabolism in healthy myocardium, switches to anaerobic metabolism of glucose also of lactate, keytone bodies, amino acids and even acetate. 
Fatty acid beta oxidation is inhibited by Ischemia, 
Glycolysis leads to increased lactic acid and reduced pH, (reduced pH in turn inhibits glycolysis and reduces ATP synthesis).  These things lead to inhibition of Na/K ATPase and increased NHE-1 activity leading to increased sodium conc. which can inhibit or reverse NCX leading to increased Ca conc.  Srarcoplasmic reticulum Ca ATPase is also inhibited adding to the increase in Calcium ion conc   Calcium overload leads to PTP opening.

PTP (permeability transition pore) opening, release cytochrome c and apoptosis-inducing factors into cytoplasm.





Results – Proteomics 
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Stem Cells ? 

Sham vs. MI 
Direction of expression change: 

MI vs. MNC 

Restoration of electron transport chain 

Presenter
Presentation Notes
fatty acid metabolism in healthy myocardium, switches to anaerobic metabolism of glucose also of lactate, keytone bodies, amino acids and even acetate. 
Fatty acid beta oxidation is inhibited by Ischemia, 
Glycolysis leads to increased lactic acid and reduced pH, (reduced pH in turn inhibits glycolysis and reduces ATP synthesis).  These things lead to inhibition of Na/K ATPase and increased NHE-1 activity leading to increased sodium conc. which can inhibit or reverse NCX leading to increased Ca conc.  Srarcoplasmic reticulum Ca ATPase is also inhibited adding to the increase in Calcium ion conc   Calcium overload leads to PTP opening.

PTP (permeability transition pore) opening, release cytochrome c and apoptosis-inducing factors into cytoplasm.





Results - Proteomics 
• Other proteins of interest: 

Protein ID Symbol FC p-value t p-value w FC p-value t p-value w

HEAT SHOCK

Stress-70 protein HSPA9 -3.30 0.011 0.026 2.71 0.006 0.009

Heat shock cognate 71Da HSPA8 - - - 2.92 0.048 0.082

STRUCTURAL

Desmin DES - - - 2.64 0.003 0.004

OTHER

Alpha-crystallin B chain CRYAB 16.25 0.013 0.010

Adenylyl cyclase-
associated protein 1 CAP1 -4.11 0.010 0.030 6.21 0.002 0.004

14-3-3 protein epsilon YWHAQ -9.11 0.027 0.126 12.51 0.007 0.004

SHAM vs. MI MI vs. MNC

FC= Fold change; T= Students t-test, W= Wilcoxon’s test 

Presenter
Presentation Notes
Heat shock proteins are all upregulated by treatment especially 14-3-3epsilon which is ….
SOD1 known to reduce apoptosis after ischemia, possibly through inhibition of Bad apoptotic pathway through dimerisation of Bad to 14-3-3. (Saito)  PKA acts as wll?

Structural proteins Desmin upregulated in the treatment group – 
Desmin thought to have have some capacity to protect mt from calcium exposure and  prevent apoptosis (Weisleder)

CAP_1 -  implicated in regulation of apoptosis by translocating to the mt during induction of apoptosis (independent of caspase).
Alpha b crystallin – highly expressed in the heart and is a cardio-protective heat shock protein.  Blocks activation of RAS to inhibit ERK1/2 activation and reduce calcimycin-induced apoptosis (eye) Li.

Galectin-5 

-Does this indicate mechanism, several possibilities,  or is perhaps just illuminating events that are downstream from the initial messages of the MNCs.




Mt. PTP 
opening Apoptosis 

14-3-3 [↓↑] 

Bax Bad 

ERK1/2 

PI3K/Akt 

JNK1/2 

+ve +ve 

+ve ? 

-ve 

+ve 

Bad/Bcl-xL Bcl-2/Bax 

-ve 

Presenter
Presentation Notes
14-3-3  acts as chaperone and binds and sequesters pro-apoptotic members of the B cell leukemia family preventing them from binding with Bcl-2 or Bcl-xL and inducing mitocondrial apoptosis.  Many kinases have been shown to phosphorylate 14-3-3 and trigger it’s protective effects. Including the PI3k/Akt signalling cascade  which is known to be activated in ischmia pre-conditioning, which has similar effects as bmsc treatment [Wang 2007].  Also ErK1/2 phosphorylation has been found to be correlated with 14-3-3 phosphorylation in anoxia preconditioned rat neonatal cardiomyocytes [Chen 2007]. 

The antiapoptotic pathway involving 14-3-3 and Bad has been studied in great detail in stroke as well. Linking PI3K/Akt and JNK1/2 to 14-3-3 regulation [Zhang 2006]. Also SOD1 [Saito 2003]


Alpha b crystallin is also a known to give resistance to apoptosis.  This specifically binds to desmin during ischemia preventing denaturation and retardation of cytoskeletal structures which can lead to mitochondrial function.  Also has been found to Blocks activation of RAS to inhibit ERK1/2 activation and reduce calcimycin-induced apoptosis (eye) Li.
Has also been speciulated that CAP-1 is involved in apoptotic signalling via mitochondria.  Possibly via cofilin. [Wang 2008]

B cell leukemia-2 gene – Bcl-2
Family includes 
antiapoptotic Bcl-2 and Bcl-x
Proapoptotic Bax Bad and Bak

Bad is BH3-only proapoptotic Bcl-2 family protein



Results – Western Blot 
• Western blot confirmation of 2DGE 14-3-3 epsilon results    
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Extra slide 2



Discussion 
• Lack of significant gene expression changes. 

 
• Proteomics approach obtained differentially 

expressed proteins. 
 

• Molecular reflection on cellular and myocardial 
scale restoration. 
 

• Potential clues to mechanism (14-3-3).  
 

• Naturally occurring cardioprotective mechanisms .  

Presenter
Presentation Notes
Need to further refine knowledge of 14-3-3 and desmin pathways.





What next 

• Validation. 
 

• Targeted gene expression. 
 

• Investigate phosphorylation patterns. 
 

• Narrow range 2D gel analysis. 
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