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Short Abstract:  
A method for growing mouse embryonic stem cells on non-gelatinized microscope slides using a chemically defined, serum free medium is presented.  This method produces optimal growth and attachment of cell colonies, promotes maintenance of pluripotency, and supports differentiation of mESCs upon induction with appropriate treatments.

Long Abstract: 

Mouse embryonic stem cells (mESC) are pluripotent, self-renewing, primary cells derived from embryonic day 3 blastocysts.  Isolated mESC are routinely grown in medium containing fetal bovine serum (FBS) and Leukemia Inhibitory Factor (LIF) on a mouse embryonic fibroblast (MEF) feeder layer. 
These growth conditions, however, are problematic if the goal is to identify and investigate factors that maintain pluripotency or promote differentiation of mESC.  This is because there are undefined factors in FBS and MEF.  
One way to address this problem is to use a chemically defined serum-free medium and an extracellular matrix protein substrate in place of cell feeder layers (Ying et al, 2003; Ying et al, 2008).  Recent work has shown that LIF, Bone Morphogenetic Factor (BMP4) and Glycogen Synthase Kinase 3β inhibitor (GSK3βi) allow growth of mESC on gelatinized culture dishes.  We confirmed that C57/BL6 mESC do maintain pluripotency under these growth conditions, but found that they detach from some dishes and grow only around the periphery of others, making it difficult to obtain sufficient numbers for downstream analyses or for imaging of histochemical results.  

Our laboratory has developed a procedure that addresses these problems.  This method promotes optimal growth of mESC on EXCELL™ microscope slides using chemically defined serum-free medium.  The slides do not have to be sterilized and do not require pretreatment with extracellular proteins.     An additional advantage of this method is that the microscope slides can be fixed directly on the slides and used for histochemical analyses.  We find that growing cells directly on these microscope slides solves problems with poor growth or handling difficulties that arise when using other slide formats, including chamber slides or glass coverslips.  Further, sufficient numbers of mESC can be grown on the slides for immunoblot and RT-PCR studies.
mESC grown using this described procedure can be induced to differentiate on the microscope slides.  As an example, we demonstrate that mESC grown in medium supplemented with retinoic acid (RA) differentiate into neuron specific β-tubulin III (TUJ-1) positive neurons.

Protocol Text: 
1) Laminar Flow Hood Set-up
1.1) All procedures are carried out under a BioSafety Level II Laminar Flow Hood.  Leave laminar flow hood running 24 hours a day.  
1.2) Spray inside surfaces of hood with 70% ethanol and wipe dry.  Set up all supplies that will be needed and irradiate with ultraviolet light 5-15 minutes.

2) Thawing mouse embryonic stem cells (mESC)
2.1)  
If thawing mESC that were previously grown on mouse embryonic fibroblasts (MEF), grow up once on mitomycin treated or ultraviolet light (UV) irradiated MEF.  These cells will need to be passed to a gelatin plate one time before transferring them to the EXCELL™ slides (step 3, below).  If thawing mESC that were previously grown on gelatin, add 2-3 mL 0.1% gelatin to one 100 x 2 mm cell culture dish and incubate it at 37°C/ 7.5% CO2 for 30 min. 
2.2) 
 
Add 20 mL mESC cell growth medium to the dish with MEF or the gelatin
treated dish (after removing excess gelatin with a sterile pipet).  Incubate 
for at 
least 15 min to pre-heat the medium and adjust the pH.  

2.3)   
Transfer 10 mL mESC growth medium into a 15 mL Falcon centrifuge tube and set aside in the hood.

2.4)  

Add 75 mL warm tap water to a 100 mL beaker and place in the laminar flow 
hood.  Wearing a face mask, remove one vial of mESC from storage under liquid 
nitrogen vapor phase (approximately 2 x 106 cells in 1 mL).  Gently swirl the vial 
in the warm water.  Keep the O-ring and cap out of the water to prevent 
contamination. 

2.5)  

Remove the vial from the water bath when the contents are partially thawed 
(some ice still present).  Spray the vial with 70% ethanol and wipe dry with a 
Kimwipe.

2.6)  

Transfer the cell suspension from the vial to the 15 mL centrifuge tube.  Triturate 
with a 10 mL pipette 25 times to break up cell clumps and resuspend the cells.

2.7)  

Centrifuge at 1000 x g for 3 min. 

2.8)  

Remove the supernate.  Resuspend the cell pellet in 5 mL pre-warmed growth 
medium transferred from the pre-incubated cell culture dish.  Triturate the cell 
suspension 25 times, and transfer back into the dish.
2.9)  

Swirl the dish in a circular motion gently 3 times to disperse the cells and let the 
cells settle for 5 min in the laminar flow hood.  Check under an inverted 
microscope to ensure even dispersal of single cells.  Incubate at 37°C/ 7.5% CO2.   
3) Setting up the EXCELL™  microscope slide cultures

3.1)
There is no need to treat or sterilize EXCELL™  microscope slides for use in culturing mESC.  They can be used directly out of the box as long as they are kept sterile.  Remove cellophane from the box while in the laminar flow hood and place in a sealed Ziploc storage bag to prevent contamination after opening the box.  
3.2)
Place one sleeve of  4-well cell culture dishes (12.78 x 8.5 cm) in the laminar flow hood along with the EXCELL™ slides.  
3.3)
Remove cover-plate lid from a 4-well dish, and with the use of sterile forceps, transfer one slide to each partition in the dish.  Be certain that the treated side of the slide is facing up.  Use the logo on the bottom of the slide to orient (Figure 1).  
3.4)
Transfer 5 mL growth media into each well containing a slide, replace the cover-plate, and then place the dish in the incubator to pre-heat the medium and adjust the pH.     
4)
Passage of mESC from dish of thawed cells grown overnight to the EXCELL™ slides
4.1)
Remove mESC culture from the incubator and discard media. Wash the adherent cells in the dish with 10mL of Dulbecco’s Phosphate Buffered Saline without calcium or magnesium (DPBS ) two times.
4.2)
Add 3mL enzyme dissociation solution (in our experience, Trypsin is too harsh and removes essential cell surface proteins), and incubate for ~2 min. Check for detached cells.

4.3)
Add 12mL mESC growth medium to the detached cells and transfer cell 
suspension to 15mL centrifuge tube. Gently triturate 25 times.

4.4)
Centrifuge at 3000 RPM (1000 x g) for 3min.

4.5)
Aspirate supernate and add 5mL pre-incubated mESC growth media to the pellet, and gently resuspend (triturate 25 times). Count mESC. 
4.6)
Transfer 0.5 x 105 mESC onto each EXCEL slide in the 4-well dish. Examine

 under inverted microscope for even dispersal and then incubate at 37°C/7.5% CO2. 

5)
Fixing mESC on slides for immunocytochemistry (ICC)
5.1)
Remove 4-well culture dish with EXCELL™ slides from incubator and put on bed of ice.  

5.2)       Remove medium and wash slides in wells with 10 mL ice cold phosphate buffered saline (ICC PBS, 0.02 M KPO4 / 0.15 M NaCl).
5.3)
Incubate slides with 5 mL freshly prepared 4% Paraformaldehyde / ICC PBS for 20 minutes at 4°C.

5.4)
Discard fixative and wash slides once with ICC PBS on ice.  
5.5)
Put 1-2 mL ICC PBS in wells, wrap with Parafilm®, and store at 4°C until use.  
6) 
Using the Sequenza system for ICC

6.1)
Place a Sequenza®  system coverplate over each slide with fixed mESC.  Once coverplate is in place, place the coverplate and slide into an empty compartment in the Sequenza® box until they snap into proper position (Figure 2). 
6.2)
Hydrate mESC with 1 mL ICC PBS.  Gravitational flow moves the liquid down over the slide.  Excess fluid drains through and 80 uL liquid remains in the gap between the coverplate and the slide, thus, exposing the cells to the reagent during the incubation time. 
6.3)
Follow preferred protocol for ICC adding a minimum of 0.2 mL reagent per step in the protocol.  We have found that this amount of primary or secondary antibody works better than the 0.1 mL suggested by the manufacturer.  
Results And Discussion
Four well dishes allowed for the growth of cells on four separate slides.  They also provided the opportunity to either place the same media type in each of the four wells or to grow cells on the slides with ESGRO complete plus media (control), or media supplemented with different concentrations of RA and ROL in the same dish. EXCELL™ slides (Figure 1) provided the necessary substrate for cell attachment.   EXCELL™ slides gave us the ability to use cells for multiple downstream applications, including harvesting enough cells for SDS PAGE and immunoblot analyses, RNA isolation and PCR analyses, and direct ICC analysis using the slides in a Sequenza® apparatus (Figure 2).  Coverplates (Figure 2) were securely fitted to slides for use in the Sequenza apparatus where the small gap between the slide and coverplate allowed for the application of minimal volumes of reagents. Flow through liquid was collected at the bottom of the apparatus during the ICC experiment for discard at the end of the experiment.  Besides being efficient and cost-effective in terms of being able to use small amounts of expensive antibodies (as compared with ICC conducted in multi-well dishes), being able to carry out ICC directly on slides provided a way to image mESC through a suitable glass coverslip that is applied to the slide at the end of the procedure.  This is a distinct advantage for confocal imaging where plastic substrates are not recommended.

R1 mESC (University of Toronto), P19 embryonal carcinoma cells (ATCC), and MCF7 breast carcinoma cells (ATCC) all grew well using these conditions in media supplemented with fetal bovine serum as recommended for their growth.  
ESGRO Complete C57/BL6 mESC are cells that have been adapted to grow in a chemically defined medium (ESGRO Complete PLUS media).  Using appropriate cell densities that prevented colony overgrowth, changing the media daily to maintain nutrients and proper pH, and growing these cells on the EXCELL™ slides in the chemically defined medium, produced mESC that could be grown optimally for ten passages and that remained in a pluripotent state. Cells used for these experiments were previously adapted to growth in the defined cell culture conditions (Ying et al, 2003).  Cell colonies (Figures 3) had a morphology consisting of tight, compact, well-defined borders. mESC colonies retained stem cell identity based on alkaline phosphatase staining (Figure 4).   Dark red expression of alkaline phosphatase, even distribution of colonies, and typical stem cell colony morphology was revealed (Figure 4).  Another marker of mESC is expression of the transcription factor, OCT 3/4.  As shown in Figure 5, OCT 3/4 expression was present in cells throughout mESC colonies in passage one and was still present in mESC colonies at passage 10.  
mESC are known to differentiate into neurons when grown in the presence of all-trans-retinoic acid (at-RA) (Bain et al, 1995, Osakada and Takahashi, 2011).  mESC grown using the method described here were incubated with 0.5 uM  at-RA for 72 h.  Figure 6 shows cells reacted with a neuron marker, neuron specific β-tubulin III (TUJ-1).  Note the red stained fibers in the cells, indicating the expression of TUJ-1 protein, a positive indication that cells are able to differentiate using this protocol 
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Table I.  Specific reagents and equipment.
	Name of Reagent
	Company
	Catalog number

	ESGRO Complete C57/BL6 mouse ES cell line
	Millipore
	SF-CMTI-2

	ESGRO Complete Accutase
	Millipore
	14190-136

	Ultra Pure 0.1% Gelatin
	Millipore
	ES-006-B

	ESGRO Complete PLUS Clonal Grade Medium
	Millipore
	SF001-500P

	ESGRO Complete Serum Free Basal Medium
	Millipore
	SF002-500

	Dulbecco’s Phosphate Buffered Saline minus calcium and magnesium
	Gibco
	14190-136

	SUPERFROST® EXCELL™  slides
	Thermo Scientific
	4941EXC-001

	Nunclon™∆ 4-well dishes
	Thermo Scientific
	167063

	Sequenza® Tray
	Thermo Scientific
	733100015

	Sequenza® Coverplate
	Thermo Scientific
	72110017

	Neuronal Class III β-Tubulin (TUJ1) Monoclonal IgG2a Antibody 
	Covance
	MMS-435P

	Oct-3 Mouse IgG1 Antibody
	BD Sciences
	611202


 

Figure Legends
Figure 1.  SUPERFROST® EXCELL™ microscope slides and 4-well culture dishes.  Mouse embryonic stem cells were seeded directly onto the slides.  

Figure 2.  Sequenza® Apparatus for Immunocytochemistry.  Adherent cells on microscope slides were fixed with 4% paraformaldehyde.  A coverplate (shown) was fitted over the microscope slide and inserted into the Sequenza® slide tray. 
Figure 3.  Image of mESC colonies showing morphology that is characteristic of pluripotent stem cells. Scale bar represents 200 µm.
Figure 4.   Image of mESC colonies after passage 2 displaying presence of alkaline phosphatase, another marker for pluripotency.   Arrows indicate individual cells within the colonies. Scale bar represents 100µm.
Figure 5.  mESC colonies remain pluripotent after ten passages.  A.  Images of fixed individual cells within cell colonies after passage 1 show staining with Oct 3/4 antibody, a pluripotent stem cell marker.  B.  Live mESC colonies maintained stem morphology after 10 passages.  As shown in inset b, Oct 3/4 staining is still evident after ten passages.  Cells grown on slides were processed for immunocytochemistry and imaged with a confocal laser scanning microscope (A and inset b).  Scale bars in A, B, and inset b represent 20µm, 200µm, and 20µm respectively.       
Figure 6.  mESC grown in chemically defined media supplemented with at-RA differentiate on EXCELL™ slides.  Shown are differentiated cells stained with an antibody directed against Tuj-1.  Note labeled TUJ-1 positive cell bodies and processes within and migrating away from the cell colony. Nuclei were labeled with H-34580 and detected with a 405 nm laser (blue); antibody staining was detected with a 543 nm laser (Cyanine-3 fluorescent label, red).  Shown is a maximum projection merged image of scans through the z plane.  The scale bar represents 50µm.
