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    Chapter 10   

 Isolation of Cardiomyocytes and Cardiofi broblasts 
for Ex Vivo Analysis                     

     George     Williams     Mbogo    ,     Christina     Nedeva    , and     Hamsa     Puthalakath      

  Abstract 

   Heart failure (HF) is a common clinical endpoint to several underlying causes including aging, hypertension, 
stress, and cardiomyopathy. It is characterized by a signifi cant decline in the cardiac output. Cardiomyocytes 
are terminally differentiated cells and therefore, apoptotic death due to beta adrenergic (β-AR) signaling 
contributes to high attrition rate of these cells. Past treatments of HF offer some survival benefi t to 
patients (e.g., the beta blockers), but at the expense of blocking the compensatory beta- adrenergic 
s ignaling in surviving cells. One prerequisite for developing new therapeutics is to be able to grow 
 cardiomyocytes ex vivo, and test their apoptotic response to drugs. Here we describe methods for isola-
tion and culturing of neonatal and adult calcium tolerant cardiomyocytes. Similarly, cardiofi broblasts 
can also be isolated using the same protocol and subsequently, immortalized with SV40 T-Antigen for 
ex vivo studies.  
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1        Introduction 

  Various   risk  factors   such as aging, hypertension, valvular disease, 
myocardial infarction, cardiomyopathy, myocarditis, among other 
causes, predispose patients to  heart failure (HF)   [ 1 ] .  The disease is 
characterized by a gradual decline in cardiac output, especially in 
response to oscillations in metabolic demands produced by other 
organs of the body. In an acute phase, these effects can be reversed 
by the existing compensatory mechanisms such as neuro-hormonal 
system and physiological  hypertrophy   [ 2 ] .  However, chronic activity 
of these compensatory mechanisms can revert the heart homeo-
static phenotype to that of a pathogenic state, which in turn 
contributes to worsened prognosis in heart failure. Overall pertur-
bations in the functionality of the heart are associated with signifi -
cantly high odds of morbidity and mortality, with damage to the 
myocardium (contractile portion of the heart) a major determinant 
of disease severity and progression. 
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 At the cellular and molecular level, apoptotic damage to the 
myocardium, being a tissue composed of a syncytium of contractile 
cardiomyocytes, is responsible for end stage HF. Apoptotic loss of 
terminally differentiated cardiomyocytes cannot be replenished 
and therefore leads to the loss of contractile function of the organ 
[ 3 ,  4 ] .  Indeed, there are various lines of evidence corroborating 
the contribution of the cardio-damaging effects of the myocar-
dium, as well as successive chronic cardiomyocyte apoptosis lead-
ing to progression of HF [ 5 – 7 ] .  Current treatments are aimed at 
reversing these physiological perturbations to that of a normal 
homeostatic state [ 8 ] .  Almost all the existing HF treatments block 
receptor activity for (Beta-blockers or β-blockers). This has been 
part of the standard care of HF for several decades, however, 
median 5-year survival has not improved beyond 50 %. Additionally, 
the undesirable side effects of this class of drugs warrant investiga-
tion into novel therapeutics to target and treat HF. 

 A thorough understanding of the molecular mechanisms 
underlying disease progression is paramount for the development 
of new therapeutics. Recently, Lee and colleagues [ 9 ] have deci-
phered the molecular mechanisms leading to the apoptosis of car-
diomyocytes. This group provided unequivocal evidence 
implicating the role of pro-apoptotic BH3 only protein BIM- 
mediated apoptosis in several HF disease models. The phenotype 
of the model was associated with progression of HF, while  BIM  
ablation offered protection from the disease. A clear understanding 
of the transcriptional regulation of   BIM     during   beta-Adrenergic 
Receptor (β-AR) activation provides an opportunity for develop-
ing novel therapeutics through high throughput screening strate-
gies. Validation of drug hits through these screens requires reliable 
and amenable tools especially ex vivo cell culture methods. 

 To study cardiac function in healthy and disease conditions, 
viable animal models such as the mouse and rat have been exten-
sively used for the past 50 years [ 10 ] .  The availability of such mod-
els has provided valuable information regarding the pathophysiology 
of  heart failure  , which has led to therapeutic development. Despite 
strength of evidence derived from whole organism studies, it is 
technically challenging to derive information on molecular events 
leading to the disease progression using in vivo models. Besides, 
the expense, large animal numbers and sophisticated technical 
requirements associated with animal experiments limit their use in 
translational science [ 11 ] .  Therefore, ex vivo experiments in pri-
mary and/or cardiomyocyte cell lines can provide reliable and 
reproducible alternatives for in vivo experimental studies. 

 Primary cardiomyocyte isolation has been a fundamental 
procedure vital towards addressing questions in physiology and 
molecular biology concerning the heart. However, the process has 
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endured technical diffi culties, which in turn forced researchers 
toward the use of cell lines [ 12 ,  13 ]. The use of cell lines has its 
own drawbacks as there are a limited number of established cardio-
myocyte cell lines, including atrial tumor derived HL-1 [ 14 ] and 
embryonic rat ventricular myocyte derived H9C2 [ 15 ]. Such lines 
have been used in studying various cardiac functions such as atrial 
fi brillation [ 16 ], heart metabolism [ 13 ] and  hypertrophy   [ 12 ]. Of 
note, the use of H9C2 cells as an ex vivo model of cardiac studies 
has some limitations as they are a proliferating cell line, compared 
to the non-proliferating primary cardiomyocytes [ 12 ]. Therefore, 
their representativeness to an in vivo condition may confound 
results. There is increasing demand to harness, adapt, and stan-
dardize methods for isolation and establishment of primary cardio-
myocytes ex vivo for both short and long term experimentation. In 
doing so, this will provide reliable and reproducible data with a 
high degree of homogeneity which translates to an in vivo animal 
environment during HF modeling. Finally, isolating primary car-
diomyocytes/fi broblasts from mouse strains with specifi c gene(s) 
ablation will greatly help to understand the role of those genes in 
cellular processes. 

 In this chapter, we describe the current methods for isolation 
and establishment of adherent, rod-shaped cardiomyocytes at two 
developmental stages. Particularly, the methods for isolation of 
neonatal and adult calcium tolerant cardiomyocytes from mice (a 
main model for most genetic manipulation studies in the lab) will 
be emphasized here. The rationale for choice of cell type, i.e., neo-
natal or adult cardiomyocytes depends mainly on the experiment 
to be performed. The advantages of harboring neonatal cardio-
myocytes include: simpler isolation procedure and culturing meth-
ods and they are the system of choice for studying myofi brillogenesis 
and myofi brillar functions. On the other hand, adult cardiomyo-
cytes are widely accepted as a good model for cardiac cellular phys-
iology and pathophysiology, as well as for pharmaceutical 
intervention. Genetically modifi ed mice preclude the need for 
complicated cardiomyocyte infection processes to generate the 
desired genotype, which are ineffi cient due to cardiomyocytes’ ter-
minal differentiation. Furthermore, these cells are prone to cal-
cium transients that impair their survival in ex vivo settings; 
therefore, calcium tolerant cardiomyocytes isolation methods have 
to be well optimized. The protocol described here is adapted in 
part from Jacobson and Piper [ 17 ] and O’Connell et al. [ 18 ] with 
minor modifi cations for calcium tolerant adult cardiomyocytes. 
Specifi cally, isolation of neonatal cardiomyocytes, as well as cardio-
fi broblasts for a wide range of ex vivo studies, including cell signaling 
networks and apoptosis regulation.  

Cardiomyocyte Isolation
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2    Materials 

       1.    Sterile  Hanks’ Balanced Salt solution   with calcium (Hanks’ 
medium).   

   2.    Pre-sterilized scalpel for dissection.   
   3.    Sterile trypsin, aliquots stored at 4 °C.   
   4.    Dulbecco’s Modifi ed Eagle’s Medium (complete  DMEM  ) 

1 g/L  D -glucose,  L -glutamine, 110 mg/L sodium pyruvate; 
supplemented with 10 % fetal calf serum (FCS).   

   5.    Hanks/ Collagenase II  : 2.5 g collagenase II in 30 ml Hanks’ 
medium.   

   6.    Incubators at 37 °C at either 2 or 10 % CO 2.    
   7.    100 μM 5-bromo-2′-deoxyuridine (BRDU)    (10 mM stocks 

stored −20 °C).   
   8.    0.1 μM  Vitamin C   (100 μM stocks stored at −20 °C).   
   9.    96-well fl at-bottom plates.   
   10.    50 ml conical tubes.   
   11.    10 ml conical tubes.   
   12.    All pipette types ranging 2–1000 μl and sterile tips.      

       1.    Lentiviral constructs expressing pSV40 large T antigen, 
pCMVδ8.2 and pCAG (immortalization, packaging and 
mouse lentiviral receptor constructs, respectively).   

   2.    5 mg/ml  Polybrene   (1000×).   
   3.    0.1 % gelatin coated 6-well tissue culture plates (coating of 

gelatin to be performed by experimenter prior to use of 6-well 
plates) ( see   Note 1 ).   

   4.     Fugene 6   Transfection Reagent.   
   5.    3 μg/ml  puromycin   (3 mg/ml stocks stored at 4 °C).   
   6.    Freeze mix: FCS with 10 % dimethyl sulfoxide (DMSO).   
   7.    Serum free  DMEM   (SFM).      

       1.    10× perfusion buffer: 70.3 g of NaCl, 11 g of KCl, 0.82 g of 
KH 2 PO 4 , 0.85 g of Na 2 HPO 4  3 g of MgSO 4 -7H 2 O, 100 ml of 
1 M Na-HEPES per liter. To make fresh single use 1× perfu-
sion buffer, dilute 10× buffer in water and add 0.39 g of 
NaHCO 3 , 3.75 g of  taurine  , 1 g of  2,3-butanedione monox-
ime (BDM)  , 1 g of glucose per liter ( see   Note 2 ).   

   2.    Digestion buffer: 1× perfusion buffer supplemented with 
2.4 mg/ml  Collagenase II  .   

   3.    Myocyte stopping buffer: 1× perfusion buffer, supplemented 
with 10 % FCS, 12.5 μM CaCl 2  ( see   Note 2 ).   

2.1  Material 
for Isolation 
of Neonatal Mouse 
Cardiomyocytes

2.2  Materials 
for Immortalization 
of Neonatal Mouse 
Cardiofi broblasts

2.3  Material 
for Isolation 
and Culture of Primary 
Adult Mouse 
Cardiomyocytes
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   4.     Myocyte culture medium   (1× fi nal concentration): To make 
50 ml, add 47 ml of Minimum Essential Medium Eagle with 
 Hanks’ Balanced Salt solution  , 0.5 ml Bovine Serum Albumin 
(1 mg/ml), 0.5 ml  Penicillin   (100 IU/ml), 1 ml  BDM   
(10 mM), 0.5 ml of ITS cocktail comprising of: 5 μg/ml 
Insulin, 5 μg/ml Transferrin and 5 ng/ml Selenium/ITS 
(1 g/L  D -glucose,  L -Glutamine, 110 mg/L Sodium pyruvate, 
supplemented with 10 % FCS) ( see   Note 2 ).   

   5.    5 %  isofl urane   anesthetic.   
   6.    100 IU/ml  heparin   in  PBS  .   
   7.    27 gauge needles.   
   8.    0.5 ml insulin needles.   
   9.    Fine tip forceps.   
   10.    Small clamp.   
   11.    5-0 suture nylon thread.   
   12.    Bright fi eld light dissection microscope (minimum magnifi ca-

tion 4×).   
   13.    0.22 μm micrometer fi lters.   
   14.    100 μm strainer.   
   15.    Sterile 1×  phosphate buffered saline   (10× PBS stocks).   
   16.    96-well tissue culture plates.   
   17.    The peristaltic pump with associated tubing immersed in 37 °C 

water bath.   
   18.     Hemocytometer  .   
   19.    100 ml Schott bottle.   
   20.    2 mM  ATP   (200 mM stock).   
   21.    Refrigerated centrifuge 4 °C.       

3    Methods 

       1.    Decapitate 0–2 days old neonatal mice under 10× magnifi ca-
tion on a dissecting microscope.   

   2.    Remove the heart and place it on a 10 cm dish containing 
15–20 ml of Hanks’ medium ( see  Fig.  1  and  Note 3 ).

       3.    Remove surrounding tissues using a scalpel, this includes the 
atria ( see  Fig.  1 ).   

   4.    Transfer the heart onto a 10 cm dish containing 20 ml fresh 
Hanks’ medium.   

   5.    Make minor cuts on the ventricles to increase the surface area 
for enzymatic digestion ( see  Fig.  1 ).   

3.1  Method 
for Isolation 
of Neonatal Mouse 
Cardiomyocytes 
and Cardiofi broblasts

Cardiomyocyte Isolation
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   6.    Transfer the heart tissue for digestion into 50 ml conical tubes 
containing 30 ml of Hanks’ medium with 2.5 % trypsin ( see  
 Note 3 ).   

   7.    Gently shake on an orbital shaker at 4 °C (usually performed in 
the cold room) for overnight tissue digestion.   

   8.    Add equal amounts of  DMEM   supplemented with 10 % FCS 
to stop digestion.   

   9.    Incubate in a water bath at 37 °C with agitation for 10 min.   
   10.    Discard the supernatant after incubation, and add 7.5 ml of 

Hanks’ medium/Collagenase II.   
   11.    Incubate at 37 °C in a water bath with agitation for further 

10 min.   

  Fig. 1    Schematic for isolation of neonatal cardiomyocytes and cardiofi broblasts. ( a ,  b ) Remove the hearts and 
place them on a 10 cm dish containing 15–20 ml of Hanks’ medium twice. ( c ) Slice the ventricles with a scal-
pel to increase the surface area for enzymatic digestion. ( d ) Transfer the heart tissues to a digestion bottle ( blue 
cup bottles ) containing 30 ml of Hanks’ solution with 2.5 % trypsin and shake overnight at 4 °C. ( e ) Cellular 
homogenate treated with equal amounts of  DMEM   supplemented with 10 % FCS. ( f ) Cardiofi broblasts, and ( g ) 
cardiomyocytes fractions. ( h ) Cardiomyocytes appearance under ×4 magnifi cation with light microscope       
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   12.    Harvest the supernatant into a 50 ml conical tube containing 
5 ml pre-warmed complete DMEM.   

   13.    Incubate the tube at 37 °C and 10 % CO 2 .   
   14.    Repeat the  collagenase II   digestion in  step 10 , four times, and 

each time harvest the supernatants in individual tubes as 
described in  step 12  above.   

   15.    Spin all four tubes at 151 ×  g  for 5 min at 4 °C.   
   16.    Discard the supernatants and resuspend the cell pellet in 2 ml 

of complete  DMEM   per tube. At this stage the solution con-
tains both cardiomyocytes and cardiofi broblasts.   

   17.    Transfer the cell suspension from the four tubes into a 10 cm 
culture dish and incubate it at 37 °C and 2 % CO 2  for 60 min.   

   18.    Transfer the cell suspension containing both cardiofi broblasts 
and cardiomyocytes into a fresh 10 cm dish. At this point, all 
the fi broblasts would have adhered to plastic.   

   19.    Add 100 μM  BRDU   and 0.1 μM  vitamin C   to the culture and 
incubate again at 37 °C and 2 % CO 2 .   

   20.    To the 10 cm dish with adhered cardiofi broblasts from  step 
17 , add fresh 10 ml complete  DMEM   and incubate at 37 °C 
and 10 % CO 2    

   21.    Maintain these cells in culture for approximately 72 h before 
proceeding with further experimentation.      

       1.    To generate lentiviral particles; seed 1.5 × 10 6   HEK 293 T 
cells   per 10 cm plate and incubate them for 24 h at 37 °C in 
10 % CO 2 .   

   2.    Transiently co-transfect HEK 293 T cells from  step 1  above 
with pCMVδR.2 (the packaging plasmid), pCAG4 (the mouse 
lentiviral receptor) and pSV40 T antigen (the immortalization 
construct) at a ratio of 5: 2: 3 respectively using Fugene 6 
(ratio of 1: 3 DNA to  Fugene 6   respectively) ( see   Note 4 ).   

   3.    Harvest the lentiviral supernatant from  HEK 293 T cells   48 h 
post-transfection and store it at −80 °C or use immediately.   

   4.    Seed isolated primary cardiofi broblasts at density of 1 × 10 5  
cells/well in a 0.1 % gelatin coated 6-well plate and incubate at 
37 °C and 10 % CO 2  for 24 h.   

   5.    Infect adhered cardiofi broblasts from  step 4 , with 3 ml of 
fi lter- sterilized lentiviral supernatant supplemented with 1× 
 polybrene  .   

   6.    Spin the cells to be infected cells at 37 °C at 808 ×  g  for 45 min.   
   7.    Incubate the infected cells for 48 h in conditions as described 

above in 1.   

3.2  Immortalization 
of Neonatal Mouse 
Cardiofi broblasts 
With SV40 T-Antigen

Cardiomyocyte Isolation
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   8.    To the infected cells from  step 7  above, add fresh  DMEM   
containing 3 μg/ml of  puromycin   to select for stably trans-
fected cells and grow cells to confl uency for approximately 
1–4 days.   

   9.    To maintain immortalized cells, treat cells with 2 ml of trypsin 
and expand plate to a gelatin free 10 cm plate along with fresh 
DMEM and incubate at 37 °C and 10 % CO 2 .   

   10.    Spin the remaining cell suspension from  step 9  at 151 ×  g  at 
4 °C and add freezing mix to the pellet and store them at −80 °C 
for approximately 3 months and long term in liquid nitrogen 
(keep cells on ice for ~30 min before storage at −80 °C).      

         1.    Anesthetize the mouse with 5 %  isofl urane   inhalation and con-
fi rm anesthesia onset using pinch refl exes.   

   2.    Transfer the anesthetized mouse to a surgery area and fi x it on 
a dissecting board ( see  Fig.  2 ).

       3.    Inject it with 0.5 ml  heparin   (100 IU/ ml   PBS) intraperitone-
ally, and allow the heparin to circulate for 2–3 min.   

   4.    Wipe the chest with 70 % ethanol while checking pinch refl exes 
( see   Note 3 ).   

   5.    Make a small incision at the level of the pubis for entrance of 
the scissors and proceed with a median longitudinal cut supe-
riorly to the chin and separate the skin carefully from the 
underlying musculature ( see  Fig.  2b ).   

   6.    Open the thoracic cavity by cutting through the diaphragm 
and the costal cartilages at their point of union on both sides 
until reaching the articulation of the sternum with the ribs. 
Raise the inferior part of the sternum with the clamp to expose 
the heart ( see  Fig.  2c ).   

3.3  Isolation 
and Culture of Primary 
Adult Mouse 
Cardiomyocytes

3.3.1  Harvesting 
of the Mouse Heart

  Fig. 2    Schematic of surgical procedures of mouse heart harvesting. ( a ) Pin mouse on board ( b ) Open the 
mouse starting at the pubis to the chin. ( c ) Open the thoracic cavity by cutting through the diaphragm and the 
costal cartilages at their point of union. ( d ) Harvested heart on 10 cm petri dish ready for perfusion       
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   7.    Once the heart is exposed, lift it gently using fi ne curved head 
forceps. Identify the pulmonary vessels and the aorta, cut the 
transverse aorta between the carotid arteries and immediately 
place the heart in a 10 cm dish containing 10 ml of perfusion 
buffer at room temperature ( see  Fig.  2d ).   

   8.    Remove the extraneous tissues (thymus and lungs) and transfer 
the heart into a second 10 cm dish with perfusion buffer at 
room temperature.      

       1.    Place the 10 cm dish with the heart under a dissecting micro-
scope ( see   Note 3 ).   

   2.    Slide the aorta onto a 27 gauge needle cannula with the help 
of fi ne tip forceps, insert the tip of the cannula just above the 
aortic valve as fast as possible (less than 60 s) ( see  Fig.  3 ).

       3.    Attach a small clamp to the end of the aorta on the cannula to 
keep the heart in place and tighten the junction with 5-0 suture 
nylon thread tied to the cannula ( see  Fig.  3 ).   

   4.    Set up the perfusion apparatus assembling the perfusion sys-
tem with two pre-warmed buffer reservoirs at 37 °C in a water 
bath; one with the perfusion buffer and the other with the 
digestion buffer in 50 ml conical tubes ( see  Fig.  3  and  Note 2 ).   

   5.    Keep all the tubings at 37 °C in water bath before pumping 
perfusion fl uids through the peristaltic pump ( see  Fig.  3  and 
 Note 5 ).   

   6.    Connect the outlet of the pump to a cannula open end directly 
above the aorta.   

   7.    Turn on the peristaltic pump and perfuse the heart with 1× 
perfusion buffer for 4 min at the rate of 4 ml/min to fl ush 
blood away from the vasculature, and to remove extracellular 
calcium so as to stop contractions ( see  Fig.  4 , and  Note 2 ).

3.3.2  Heart Cannulation, 
Perfusion and Enzymatic 
Digestion

  Fig. 3    Schematic for cannulation and perfusion setup. The heart is cannulated with a syringe a 27 gauge 
needle through the aorta and the well perfused becomes swollen and turns slightly pale, and fl accid       
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       8.    Switch the perfusion buffer with myocyte digestion buffer and 
perfuse the heart for another for 3 min at the same fl ow rate as 
in  step 7  above ( see   Notes 2, 5  and  6 ).   

   9.    Add 15 μl of 100 mM CaCl 2  to the myocyte digestion buffer 
reservoir and continue with the perfusion for another 8 min at 
4 ml/min.   

   10.    Perfuse the heart until it appeared swollen with slight color 
change from red to pale ( see  Fig.  3 ).   

   11.    Stop digestion if the heart feels spongy upon pinching.   
   12.     Critical step : Turn off the peristaltic pump during the fl uid 

swap to avoid bubble   
   13.    Cut the perfused heart just below the atria to release it from 

the cannula.   
   14.    Place the ventricles in a 10 cm sterile dish containing 5 ml 

CaCl 2  and topped up with myocyte digestion buffer.   
   15.    To isolate cardiomyocytes from the ventricles, place them in a 

10 cm dish containing 5 ml CaCl 2  topped up with digestion 
buffer and cut them into small pieces.   

   16.    Transfer the cut tissues together with the enzyme buffer to a 
sterile digestion bottle (100 ml Schott bottle containing a 
1 cm magnetic stir bar) and stir using a magnetic stirrer gently 

  Fig. 4    Schematic for heart perfusion. Retrograde introduction of perfusion and digestion buffers to shut the 
aortic valve and to allow complete ventricular perfusion       
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for 15 min, while keeping the bottle immersed in a 37 °C water 
bath to ensure further tissue digestion ( see   Note 3 ).   

   17.    Pass the cell suspension through a 100 μm strainer to fi lter out 
tissue debris and retain single cell suspension of cardiomyo-
cytes ( see   Note 7 ).   

   18.    Transfer the suspension from  step 17  above to a 10 ml yellow 
cap tube, and aliquot 10 μl for cell counting in a 
hemocytometer.   

   19.    Allow the remaining myocytes to sediment by gravity for 
1–2 min at room temperature in the 10 ml tube.   

   20.    Spin the cell suspension at 151 ×  g  for 5 min.   
   21.    Discard the supernatant and resuspend the cell pellet in 10 ml 

myocyte stopping buffer and add 100 μl of 200 mM  ATP   to 
the tube, up to the fi nal concentration of 2 mM ( see   Note 3 ).   

   22.    Up-titrate the calcium concentration from 12.5 μM to 
1.2 mM in a 3-step procedure at room temperature as 
described in  step 23 .   

   23.    Label three 10 ml tubes and with increasing calcium concen-
trations as follows: Tube 1: 100 μM calcium, 10 μl of 100 mM 
CaCl 2  in 10 ml myocyte stopping buffer; Tube 2: 400 μM 
 calcium, 40 μl of 100 mM CaCl 2  in 10 ml myocyte stopping 
buffer; Tube 3: 900 μM calcium, 90 μl of 100 mM CaCl 2  in 
10 ml myocyte stopping buffer.   

   24.    Spin the myocytes at 151 ×  g  for 5 min at 4 °C.   
   25.    Collect the cardiofi broblasts contained in the supernatant and 

keep it on ice and resuspend the pellet containing cardiomyo-
cytes in each tube gently using a 1.5 mm plastic pipette ( see  
 Note 3 ).   

   26.    Allow the myocytes to stand for 2 min and spin as described in 
 step 24 .   

   27.    Repeat  steps 24 – 26  for all the three tubes.   
   28.    Resuspend the fi nal cell pellet in 1 ml of myocyte culturing 

medium and seed the cells on a laminin coated (10 μg/ml in 
 PBS  ) plate ( see   Note 8 ).        

4    Notes 

     1.    To make 0.1 % Gelatin, add 100 mg of gelatin powder to 
100 mL of 1× PBS. Dissolve the gelatin with gentle heating, 
and fi lter the solution with a 0.2 μM fi lter. To coat plates, add 
suffi cient volume to cover plate surface, and incubate at 
37 °C for 1 h or overnight at 4 °C. Aspirate off the gelatin 
before use.   

Cardiomyocyte Isolation
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   2.    Adjust the pH of 1× perfusion buffer with sterile HCl. 
Equilibrate the perfusion buffer, the myocyte stopping buffer, 
the digestion buffer and the culture medium at 37 °C before 
starting heart perfusion. Filter-sterilize all the reagents with 
0.22- μm fi lter before use.   

   3.    Strict aseptic techniques must be adhered to throughout all 
processes and all centrifugation fractions must be kept on ice at 
all times.   

   4.    For transient transfection, make a total DNA mix of 4 μg and 
12 μl of  Fugene 6   Transfection Reagent in a ratio of 1:3 respec-
tively, in 100 μl of serum free media (SFM). Add Fugene to 
SFM but not vice versa for effi cient transfection.   

   5.    Wash the perfusion set up with 40 ml of 1 M HCl, followed by 
50 ml of distilled water and 40 ml of 70 % ethanol, followed by 
50 ml of distilled water at a fl ow rate of 4 ml/min before 
perfusion.   

   6.    Introduce perfusion and digestion buffers in retrograde to 
force the aortic valve to shut and to allow the perfusion fl uid to 
enter the coronary artery via the coronary ostia, thus resulting 
into complete ventricular perfusion ( see  Fig.  4 ). Turn off the 
peristaltic pump during the fl uid swap to avoid bubble forma-
tion. The myocyte digestion buffer can be collected and reused 
the process is complete.   

   7.    To enhance cardiomyocytes isolation from the ventricles, mix 
the digestion mixture by pipetting up and down with a plastic 
transfer pipette.   

   8.    To make laminin at 10 μg/ml laminin, adjust concentration 
from 2 mg/ml stock frozen aliquot and make it up with 1×  PBS   
for all the wells to be seeded. For coating plates ( see   Note 1 )  .         
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