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 A Miniaturized Multipurpose Platform for Rapid, 
Label-Free, and Simultaneous Separation, Patterning, 
and In Vitro Culture of Primary and Rare Cells  

    Tohid Fatanat     Didar    ,     Kristen     Bowey    ,     Guillermina     Almazan    , and     Maryam     Tabrizian     *  

     Given that current cell isolation techniques are expensive, time consuming, 
yield low isolation purities, and/or alter target cell properties, a versatile, cost 
effective, and easy-to-operate microchip with the capability to simultane-
ously separate, capture, pattern, and culture rare and primary cells in vitro is 
developed. The platform is based on target cell adhesion onto the micro-fab-
ricated interfaces produced by microcontact printing of cell-specifi c antibod-
ies. Results show over 95% separation effi ciency in less than 10 min for the 
separation of oligodendrocyte progenitor cells (OPCs) and cardiomyocytes 
from rat brain and heart mixtures, respectively. Target cell attachment and 
single cell spreading can be precisely controlled on the basis of the designed 
patterns. Both cell types can maintain their biofunctionality. Indeed, isolated 
OPCs can proliferate and differentiate into mature oligodendrocytes, while 
isolated cardiomyocytes retain their contractile properties on the separation 
platform. Successful separation of two dissimilar cell types present in varying 
concentrations in their respective cell mixtures and the demonstration of 
their integrity after separation open new avenues for time and cost-effective 
sorting of various cell types using the developed miniaturized platform.      

as size or density may not be suffi cient 
among cell types to yield effi cient separa-
tion. Cell sorting techniques can further be 
divided into label-free and pre-processed 
techniques. [  1  ]  Fluorescence-activated cell 
sorting (FACS) [  2  ]  and magnetic-activated 
cell sorting (MACS) [  3  ]  are two commer-
cialized examples of pre-processed tech-
niques. Though highly effi cient, these 
methods typically require costly equipment 
and complex procedures that may alter cel-
lular properties, restricting target cell use 
in subsequent applications. In addition, 
these methods require using signifi cant 
amount of cell-specifi c biomarkers, which 
are often, quite expensive. 

 Among label-free techniques, adhesion-
based separation can be used to sort cells 
with similar physical properties, though 
separation effi ciencies may be signifi cantly 
reduced. However, if appropriate methods 
are implemented to produce an adhesion-
based platform, the resultant separation 

method is not only label-free but also highly specifi c to the 
target cell population. Therefore, the key to adhesion-based cell 
separation lies both in the method for producing a platform 
with embedded biofunctional interfaces and in the specifi city 
of the immobilized biomolecule to the target cell population. [  1,4  ]  

 A biofunctional capture interface is fundamental to the suc-
cess of an adhesion-based separation platform. Recently, minia-
turized platforms with embedded biofunctional interfaces have 
opened new avenues for a variety of biological applications such 
as biosensing, microbioreactors, cell detection, sorting, and in 
vitro culture. [  5  ]  Most biofunctional miniaturized interfaces are 
produced by engineering surfaces to immobilize biomarkers or 
multiple stimuli onto substrates. [  6  ]  

 Several approaches have been proposed to pattern bio-
markers onto miniaturized surfaces. [  7  ]  Among them, microcon-
tact printing [  8  ]  is of particular interest since it is rapid and user 
friendly. Although microcontact printing has previously been 
used to pattern extracellular matrix (ECM) biomolecules with 
the aim of guiding cell adhesion and growth, it has thus far not 
been used to separate cells from a heterogeneous mixture. 

 Here, we present a method to develop miniaturized, biofunc-
tional interfaces for highly specifi c detection, separation, and 
guided attachment of target cells from primary mixtures with dif-
fering physical properties and initial concentrations. The proof of 

  1   .  Introduction 

 The separation of a homogeneous population of cells from 
a mixed cell system is critical to the success of many clinical 
diagnostic tests and to a signifi cant fraction of fundamental 
medical research. In cell separation, physical (e.g., density, 
size) or affi nity-based (e.g., electric, magnetic) properties can 
be exploited to separate target cells from mixtures derived from 
primary biological tissues. However, conventional cell separa-
tion techniques, such as fi ltration, centrifugation, and sedi-
mentation can be time-consuming and problematic in terms of 
reproducibility. Equally, differences in physical properties such 
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concept was demonstrated by separating two cell types, namely 
oligodendrocyte progenitor cells (OPCs) with a population of 
5%–10% in rat brain tissues and cardiomyocytes representing 
50%–60% of total cells in rat heart tissues. Both cell types have 
limited proliferative potential in vitro and OPC maturation, in 
particular, is thought to be limited by the inability to obtain pure 
cell populations. OPCs and cardiomyocytes are frequently used 
as cell models for in vitro and preclinical investigations of var-
ious diseases. For instance, OPCs play an important role in both 
initiation and treatment of numerous central nervous system 
(CNS) diseases. They are involved in the myelinating glial cells 
in the CNS, critical to facilitating the rapid conduction of neu-
ronal action potentials, and supporting axonal survival. [  9  ]  Isolated 
OPCs are commonly used as a tool in myelin repair research and 
to study oligodendrocyte development, function, and axon–oligo-
dendroglial interactions. Several methods have been developed 
to separate rat OPCs from the CNS, such as FACS, [  10  ]  MACS, [  11  ]  
and shaking methods based on the differential adherent proper-
ties of glial cells. However, in addition to specialized laboratory 
requirements with high costs, these methods require multiple 
time-consuming steps to reach a degree of OPC purity over 90% 
and often alter target cells properties for subsequent applications. 

 In the same way, in vitro-cultured cardiomyocytes are used 
in many cardiovascular research models to study morpho-
logical, biochemical, and electrophysiological characteristics 
of the myocardium. In particular, cardiomyocyte contraction, 
myocardial ischemia, hypoxia, and drug toxicity can be studied 
with isolated cells. Cardiomyocytes form about 50% of initial 
cell mixtures derived from primary heart tissue. [  12  ]  However, 
achieving high yields of cells capable of contracting at high 
pacing rates and surviving   β  -adrenergic stimulation after sepa-
ration is challenging using current isolation methods. Specifi -
cally, cardiomyocyte isolation techniques based on mechanical 
separation can damage cardiomyocyte membranes and mem-
brane-bound receptors. 

 Simple methods for the isolation and purifi cation of work-
able quantities of OPCs and cardiomyocytes would thus be 
useful in the fi elds of both neural and cardiac research. To 
implement adhesion-based cell sorting, separation, and pat-
terning, A2B5 and PDGF α  progenitor markers expressed at the 
early stage of OPC maturation [  10  ]  and signal-regulatory protein 
alpha (SIRPA) [  13  ]  were used as adhesion molecules to specifi -
cally identify OPC and cardiomyocytes, respectively. The intro-
duced biofunctional interface, based on microcontact printing, 
signifi cantly reduces the use of expensive cell-specifi c bio-
markers compared with FACS and MACS due to the fact that 
only 10  μ L (20  μ g mL −1 ) of cell-specifi c biomolecule solution is 
suffi cient to produce the biofunctional interface by microcon-
tact printing. [  14  ]  In addition to rapid cell separation, the devel-
oped microchip was also used to guide the attachment and 
spreading of single target cells directly within the platform.  

  2   .  Results 

  2.1   .  Design and Fabrication of the Platform 

 Three steps were followed to fabricate the multi-purpose 
adhesion-based separation and patterning platform ( Figure    1  ): 

design and fabrication of the poly(dimethylsiloxane) (PDMS) 
stamps, immobilizing, and patterning of cell-specifi c biomol-
ecules onto capture substrates using microcontact printing, 
and applying proper surface chemistry to avoid nonspecifi c cell 
adhesion.  

 First, desired stamp patterns were printed on a chrome 
mask followed by fabrication of a silicon-based mold with SU-8 
photoresist patterns through standard photolithography in a 
clean room. Soft lithography was then implemented to pro-
duce PDMS stamps using the fabricated mold. The fabricated 
stamps were used to microcontact print target cell-specifi c 
antibodies onto a glass substrate. Finally, patterned surfaces 
were coated with a 2% PLL(20 kDa)-PEG(2 kDa) solution to 
avoid nonspecifi c cell attachment. Primary cell mixtures were 
placed in contact with the patterned substrate. Target cells were 
allowed to attach to antibodies patterned on the surface over a 
brief incubation period (10 min), after which the surface was 
washed with cell media to remove unbound cells.  

  2.2   .  Assessment of Surface Biofunctionality 

 To investigate the biofunctionality of the developed interfaces, 
immunoassays were performed on the platforms patterned 
with target cell-specifi c antibodies. The patterned target cell-
specifi c primary antibodies were detected by applying fl uo-
rescently labeled secondary antibodies, Cy5-anti-rabbit and 
FITC-anti-mouse, specifi c to each primary antibody ( Figure    2  ). 
Results indicated successful microcontact printing of the anti-
bodies and demonstrated functionality after patterning and 
applying the appropriate surface chemistry. To determine 
biofunctionality of the patterned surfaces for long-term cell 
culture, platforms patterned with A2B5 and PDGF α  primary 
antibodies specifi c to OPCs were maintained in a cell culture 
incubator (37 ºC, 5% CO 2 ). After 2 weeks, the samples were 
stained with fl uorescently labeled secondary antibodies specifi c 
to A2B5 and PDGF α . Results indicated that the biofunctionality 
of the patterned antibodies was preserved.   

  2.3   .  Evaluation of Target Cell Initial Concentration 

 Primary culture fl asks of mixed cells were trypsinized 
(0.25% trypsin for 10 min) and diluted to a concentration of 
4 × 10 5  cells mL −1 . Cells were then cultured on tissue cul-
ture treated Petri dishes and incubated for 24 h. To identify 
the OPCs population, immunocytochemsitry was performed 
(Figure S1, Supporting Information). Results showed that 
OPCs comprised 7 ± 1% ( n  = 4) of the initial primary cell cul-
tures’ concentration. This corresponds to previously reported 
OPC populations in initial mixtures (5%–10%). [  10,11  ]  Cardio-
myocytes also form 50%–60% of the initial cell mixture, as 
detailed in the literature. [  12  ]   

  2.4   .  Primary Cell Separation 

 Target cell separation was fi rst performed using a fl at PDMS 
stamp to microcontact print cell-specifi c antibodies. Anti-A2B5 
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and anti-PDGF α  primary antibodies were used to separate 
OPCs and an anti-SIRPA primary antibody was used for separa-
tion of cardiomyocytes. Primary cell mixtures with a concentra-
tion of 5 × 10 7  cells mL −1  were introduced to the micropatterned 
platform. A 10-min incubation time was suffi cient to capture 
cells on the patterned interfaces (data not shown). 

 For OPC separation, 6.5 ± 2% of the initial cells were cap-
tured on the patterned surfaces, while no cells attached to the 
control platform ( Figure    3  a–d). Figure  3 m depicts the initial 
concentration of glial mixed cells introduced onto the platform 
and the number of captured cells on the patterned interfaces. 
Captured cells on the patterned surfaces were cultured in vitro 
to investigate their viability, as well as their ability to proliferate 
and differentiate. To determine the purity of OPCs after separa-
tion, they were cultured for 48 h on the separation platform and 
immunocytochemistry was performed to determine the OPC 
population (Figure  3 e–h). As shown in Figure  3 e–k, captured 
cells displayed typical bipolar or tri-polar OPC morphology. 
Using PDGF α  patterned interfaces; a 95% OPC enriched popu-
lation was obtained (Figure  3 n).  

 To demonstrate the universality of the developed interface for 
various cell types and concentration ranges, the same technique 
was applied for adhesion-based separation of cardiomyocytes 
from rat heart tissue. The primary cell mixture included cardiac 
fi broblasts, vascular smooth muscle cells, red blood cells, and 
cardiomyocytes. The initial cell mixture, control platform, and 
separated cells after 2 d in culture are shown in Figure  3 p–s. 
Immunocytochemistry results using a cadiomyocyte specifi c 
marker (Cardiac Troponin I), showed greater than 99% cardio-
myocyte population on the capture interface (Figure  3 o).  

  2.5   .  Simultaneous Separation and Patterning of Target 
Primary Cells 

 Next, the possibility of simultaneous separation and patterning 
of target cells was investigated. PDMS stamps with varying 
patterns were used to produce surfaces with OPC- and car-
diomyocyte-specifi c antibodies. Both cell types responded to 
antibody patterns on the surface ( Figure    4  , Movie S1 for OPC 

      Figure 1.   Scheme of the fabrication process to produce the cell separation platform. a) Represents photolithography and soft lithography steps to 
fabricate the PDMS stamps. First, a silicon wafer was coated with SU8 photoresist and was patterned according to the desired design in a clean room 
using a chrome mask. After fabricating the SU-8-based mold, soft lithography was implemented to produce PDMS stamps using the fabricated mold. 
b) Shows the microcontact printing procedure where the target cell’s specifi c antibodies were incubated with the PDMS stamp and printed onto a glass 
substrate. c) Represents the target cell’s separation using the produced platform. Primary cell mixtures from isolated rat brain or heart were placed 
in contact with the patterned substrate. Target cells were allowed to attach to the antibodies patterned on the surface over a brief incubation period, 
after which the surface was washed with media to remove unbound cells. d) Represents applied surface chemistry to avoid nonspecifi c cell adhesion. 
2% PLL-g-PEG solution was used for this purpose. 
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separation, and Movie S2 for cardiomyocyte separation, Sup-
porting Information).  

 Single target primary cell spreading could also be controlled 
based on the geometry of the patterned cell-specifi c antibody. 
As shown in Figure  4 d, OPCs spread along the length of the 
patterned antibodies printed with the stamp seen in Figure  4 b. 
It was therefore possible to isolate cells that comprised roughly 
7% and 50% of the total cell population in a mixture, as well 
as control individual cell morphology and spreading. Time laps 
imaging of patterned cells confi rmed their attachment and 
spreading on the patterned surface over the course of several 
hours (Movie S1 ,  Supporting Information).  

  2.6   .  In Vitro Culture, Viability, and Differentiation of Separated 
Primary Cells within the Platform 

 OPCs have limited proliferative potential in vitro, requiring 
strict conditions for growth. [  15  ]  To demonstrate the capability of 
the developed biointerface for OPC proliferation and differen-
tiation, fl uorescence imaging was performed over several days 
with appropriate markers (A2B5 for OPCs and GalC for mature 
oligodendrocytes). Results showed that separated OPCs can 
proliferate on the platform (Movie 3, Supporting Information) 
and fl uorescence images demonstrated that patterned cells 
were viable and differentiated in vitro ( Figure    5  ).  

      Figure 2.   Investigation of biofunctionality of produced capture interfaces. a) Cy5-anti-rabbit and b) FITC-anti-mouse secondary antibodies were used 
to visualize patterned primary antibodies. Patterned interfaces remained biofunctional after 2 weeks in cell culture conditions. Scale bars represent 
50  μ m. c,d) 3D graphs showing quantitative analysis of fl uorescence intensities obtained from (a,b). e,f) represent 2D fl uorescence intensities of the 
biofunctional interfaces. 3D and 2D fl uorescence intensities were obtained using Image J software.  
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 Separated cells were cultured for up to 10 d and then stained 
with A2B5 and GalC to investigate in situ OPC population 
and differentiation to mature oligodendrocytes. After 5 d, cells 
expressed GalC, mature oligodendrocyte marker, as shown in 
Figure  5 a–e. After 10 d in culture, only the mature oligodendro-
cyte marker was expressed, which was consistent with mature 
oligodendrocytes morphology presented in Figure  5 f–n.   

  3   .  Discussion 

 Given that conventional cell isolation techniques can be expen-
sive, time-consuming, nonspecifi c, yield low isolation purities, 
and/or damage cells, we propose an alternative adhesion-based 
multi-purpose micro-fabricated platform that can rapidly sepa-
rate target cell populations with proven functionality at high 
effi ciencies. To demonstrate the versatility of this platform, 
separation was performed with two cell types, OPCs and car-
diomyocytes. These cells were selected on the basis of their 
dissimilar physical properties and concentration scenarios, 
where OPCs make up less than 7% of the total cell population 
in extracted rat tissues and cardiomyocytes make up more than 

50% in rat heart tissues. The separation time was as rapid as 
10 min, with a reproducible degree of purity greater than 95% 
for both cell types. The platform was shown to be suitable for 
in vitro proliferation and differentiation of primary cell types 
over 10 d. The ability to culture cells directly on the platform 
confers signifi cant advantages compared with FACS and MACS 
techniques since cells can be utilized directly for further inves-
tigation, improving practicality, and decreasing costs. In addi-
tion, the introduced microchip signifi cantly reduces the use of 
expensive primary antibodies compared with FACs and MACs 
due to implementing microcontact printing where only 10  μ L 
(20  μ g mL −1 ) of cell-specifi c biomolecule solution is suffi cient 
to produce the biofunctional interface. Overall, we have shown 
that we can simultaneously separate target cells from a mixed 
population, localize the cells to a site of interest, enable long-
term culture, and control single cell morphology on the pat-
terned surface using our unique and straightforward approach. 

 Notably, the ability to control single cell spreading on the 
interface could be benefi cial for studies that involve crosstalk 
between cells. For instance, the set-up can be used to investi-
gate the interactions and myeliniating properties of OPCs in a 
co-culture with neurons, where a single neuron and OPC can 

      Figure 3.   Separation of OPCs and cardiomyocytes. Optical images of a platform patterned with PDGF α  primary antibodies showing a) the initial cell 
mixture, b) 10 min after washing, d) 1 d after in vitro culture. c) The control devoid of antibodies shows no cell adhesion after washing. e–h) Immunocyto-
chemistry analysis of OPCs separation using PDGF α  antibody and dapi staining. i–k) Optical microscope and immunocytochemistry results of separated 
OPCs after 3 d of in vitro culture inside the platform. l) Optical microscope image of OPCs after 4 d in vitro culture inside the platform showing that 
cells spread and grow extensions. m) Initial number of glial cells introduced into the platform and captured cells after incubation and washing. n) Purity 
of OPC population after separation using A2B5 and PDGF α  antibodies determined by imuunocytochemistry. Error bars represent standard deviations of 
fi ve separate experiments. o) Purity of cardiomyocyte populations after separation using SIRPA antibody determined by immunocytochemistry. p) Initial 
mixture of cells extracted from heart tissue incubated on the platform. q–z) Images demonstrating results for cardiomyocyte separation stained with 
SIRPA, anti-cardiac troponin and dapi. Immunocytochemistry results showed greater than 99% cardiomyocyte purity ( n  = 3).  
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      Figure 5.   Immunocytochemistry showing differentiation of separated OPCs. a–d) Fluorescence images of patterned cells after 5 d in culture. 
e) Fluorescence images of captured cells on virtual micro-channels after 5 d in culture, stained against A2B5 (oligodendrocyte progenitor marker) and 
GalC (mature oligodendrocyte marker). f–j) Differentiated mature oligodendrocytes after 7 d in culture. k–o) Fluorescence and phase contrast images 
showing that OPCs differentiated into mature oligodendrocytes after 10 d, as evidenced by the expression of GalC only. Scale bars represent 100  μ m.  

      Figure 4.   a,b) Optical microscope images of two stamps used to microcontact print OPC-specifi c antibodies. c,d) Separated OPCs captured on the 
interfaces produced using stamps shown in (a,b), respectively. d) Single OPC spreading was controlled by the length of the linear antibody pattern 
embedded in the design of the stamp seen in (b). e,f) OPC patterns produced using alternative stamp designs. g) Optical image of a stamp used to 
microcontact print cardiomyocyte-specifi c antibodies. h) Separated cardiomyocytes captured on the interface produced using the stamp shown in (g). 
i) Patterned cardiomyocytes after 2 d in culture within the platform. Scale bars represent 50  μ m.  
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be brought into contact with each other. This is a desirable area 
of research due to the complexity involved in the myelination 
and re-myelination processes after spinal cord injuries. In the 
same way, control over single-cell morphology may be relevant 
to the study of myocardial cell morphology and contractile 
properties in specifi c conditions and well-controlled patterns.  

  4   .  Conclusion 

 The need for a marketable device that is cost-effective, fabri-
cated with a small footprint, and capable of separating dif-
ferent cell types at a high effi ciency in a short period of time 
is increasingly becoming apparent in the context of fi rst prin-
ciples and diagnostic research. The fabrication method detailed 
herein produces a device that satisfi es all of these require-
ments. We have demonstrated that our platform can separate 
two dissimilar primary cells from a mixture in 10 min by pat-
terning cell-specifi c biomarkers on the platform and simultane-
ously position the cells for in vitro co-culture and subsequent 
studies.  

  5   .  Experimental Section 
  Materials : The negative photoresist SU8–2025, Sylgard 184 

elastomer kit composed of pre-polymer and curing agent of PDMS 
were purchased from Microchem Corp (Boston, MA, USA) and Essex 
Chemical (Boston, MA), respectively. A2B5 mouse, PDGF α  rabbit, GalC 
rat primary antibodies, FITC-conjugated IgG mouse, and Cy3-conjugated 
IgG1 secondary antibodies were obtained from Invitrogen. SIRPA was 
purchased from Santa Cruz biotechnology, Inc. 

  Fabrication of PDMS Stamps : PDMS stamp designs for microcontact 
printing were generated using AutoCAD software (Autodesk Inc., CA, 
USA) and printed on a chrome mask. A 5-in. silicon wafer was used 
to fabricate the mold for soft lithography. After cleaning with 10% 
hydrofl uoric acid for 10 s, the SU-8 2015 negative photoresist was spin-
coated at 1500 rpm for 30 s onto the wafer. Soft bake was performed on 
the SU-8-coated wafer at 95 °C for 5 min. Photolithography was carried 
out on the wafer using the printed mask. After UV exposure through 
the mask, post baking was achieved at 65 °C for 3 min and at 95 °C for 
6 min. The features were then developed in SU-8-developer for 5–10 min. 
The mold was rinsed with isopropyl alcohol, and hard baked at 150 °C 
for 30 min followed by silanization. To prevent undesired PDMS residue 
adhesion after curing, a drop of trichloro(1,1,2,2-perfl uorooctyl) silane 
was placed in a glass vial and incubated for 2 h with the mold in a 
desiccator under vacuum. 

 Soft lithography was used to produce PDMS platforms (Figure  1 ). 
PDMS base and curing agents were mixed in a 10 to 1 weight ratio, and 
poured onto the fabricated mold. After degassing under vacuum, it was 
placed at 80 °C for 4 h. Cured PDMS containing the desired patterns was 
then peeled off and cut for microcontact printing. 

  Microcontact Printing : Different PDMS stamp designs were used 
to microcontact print target cell-specifi c biomolecules onto glass 
substrates. Glass substrates (biofunctional interface substrates) were 
placed in piranha (H 2 O 2 :H 2 SO 4 , 1:3, v/v) solution for 10 min, rinsed 
extensively with DI water, and dried under nitrogen. The PDMS stamps 
were exposed to UV light for 20 min and rinsed with 70% ethanol. Each 
PDMS stamp was covered with 10  μ L of target cell-specifi c antibodies 
(20  μ g mL −1 ) at room temperature. A plasma-treated cover slip (60 s, 
200 W, 200 mTorr O 2 ) was placed on the stamp for 10 min, to help 
spread the antibody solution and prevent evaporation. After rinsing with 
PBS and distilled water and drying under nitrogen, the stamp was gently 
brought into contact with the glass substrate for 60 s. The microcontact-
printed surfaces can be stored at 4 °C for up to 4 weeks. 

  Surface Modifi cation to Avoid Nonspecifi c Adhesion : After patterning the 
interface surface with the cell-specifi c antibody, surface modifi cation was 
performed to avoid nonspecifi c binding. For this purpose, microcontact 
printed glass substrates were covered with 2% PLL(20 kDa)-PEG(2 kDa) 
solution for 30 min. The surfaces were then washed twice with sterile PBS. 

  Brain Tissue Extraction and Culture : Using a protocol approved by 
McGill University Animal Care Ethic Committee, OPC mixed primary 
cultures were prepared from brains of newborn Sprague-Dawley rats. 
The meninges and blood vessels were removed from the cerebral 
hemispheres in Ham’s F-12 medium. The tissues were gently forced 
through a 230- μ m nylon mesh. Dissociated cells were then gravity-fi ltered 
through a 100- μ m nylon mesh. This second fi ltrate was centrifuged 
for 7 min at 1000 rpm, and the pellet was re-suspended in DMEM 
supplemented with 12.5% fetal calf serum, 50 units mL −1  penicillin, and 
50  μ g mL −1  streptomycin. Cells were plated on poly- l -ornithine precoated 
80-cm 2  fl asks and incubated at 37 °C with 5% CO 2 . The mixed cell fl asks 
were then used for subsequent separation experiments. 

  Heart Tissue Extraction and Culture : Mixed heart cultures were 
obtained from newborn Sprague-Dawley rats using a protocol approved 
by McGill University Animal Care Ethic Committee. To release the cells, 
hearts were minced into small fragments and placed in a 50  μ g mL −1  
trypsin solution in calcium- and magnesium-free Hank’s Balanced 
Salt Solution. After overnight incubation at 4 °C, trypsin inhibitor was 
added to tissue fragments, which were subsequently warmed to 37 °C. 
Collagenase was added to the mixture and incubated at 37 °C for 45 min, 
under gentle rotation. Finally, to release the cells tissue fragments were 
triturated. Large fragments were allowed to settle and all experiments 
were performed using the mixed culture using the supernatant. Cells 
were cultured in DMEM containing 4.5 g L −1  glucose supplemented with 
10% fetal bovine serum and 100 units mL −1  pen-strep. 

  Immunocytochemistry : To identify OPCs, cells were live stained by 
incubating with media containing A2B5 (50  μ g mL −1 ) for 30 min at 37 °C. 
To identify differentiated OPCs, GalC (50  μ g mL −1 ) was also added to the 
cell media. Next, the cells were washed with media and fi xed using 4% 
paraformaldehyde in PBS for 30 min at room temperature, then incubated 
with 10% goat serum for 20 min. After washing with sterile PBS, secondary 
antibodies (anti-mouse FITC-IgG1, anti-rabbit Cy3-IgG3) at a concentration 
of 100  μ g mL −1 , were incubated with the fi xed cells for 45 min. The cells 
were then washed twice with PBS. Next, nucleus stain (DAPI 1:1000) in 
PBS was applied for 15 min. The cells were then rinsed 3X with sterile 
PBS and observed using fl uorescence microscopy. Separated cells were 
incubated with the secondary antibody only as a control. A negative control 
was also performed by similarly staining NIH 3T3 fi broblasts. 

 The same method was used to stain separated cardiomyocytes 
against SIRPA mouse and Troponin I rabbit primary antibody 
(20  μ g mL −1 ) followed by surface blocking and staining with Cy3 
conjugated anti-mouse and FITC conjugated anti-rabbit IgG secondary 
antibody (100  μ g mL −1 ). 

 An inverted fl uorescence microscope (Nikon TE 2000-E) was used to 
monitor surface functionalization and immunocytochemistry. Antibodies 
conjugated with three different fl uorescent dyes (Cy3, FITC and DAPI) 
were used in the experiments and observed through appropriate fi lters. 
All images were captured using a CCD camera (Photometrics CoolSNAP 
HQ2) and analyzed by MBF_ImageJ (MacBiophotonics, McMaster 
University).  

  Supporting Information 
 Supporting Information is available from the Wiley Online Library or 
from the author.  
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