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Isolation and long-term culture of mesenchymal stem cells.
C57Bl/6 mice

Operation instruments 

IMDM + 10% FCS + 1% Pen/Strep

Seringe. 26 gauge needle

Mesencult Basal medium medium® (StemCell Technologies inc. Catalogue #05502)
Euthanize the mice by cervical dislocation and isolate the femora and tibiae. After dissection of attached muscle and connective tissue from the bones, extrude the marrow by clipping of the diaphysial ends of the bones and flushing using a 26 gauge needle with 3 x 1 ml of IMDM (Gibco, Breda, The Netherlands). Prepare single cells solutions from the marrow plugs by resuspending the cells and passing them through a 100 μm cell strainer (Falcon, Micronic, Lelystad, The Netherlands) 

Stain  the cells with turck and count for viable cells and plated in a concentration of 1*10E6 cells per cm2 in a culture flask using mesencult basal medium.

Crush the bones and threat them with collagenase and incubate for 30’ at 370C in an humidified incubator. Add IMDM suplemented with 10% FCS and 1% Pen/Strep to the suspension to inactivate the collagenase. Centrifuge the cells for 5’ at 1200 rpm and resuspend them in mesencult and plate them in a culture flask; and one flask was placed in an humidified incubator with a 20% oxygen level and one flask in an humidified incubator with a 3% oxygen level.

Cultering mMSCs.

Murine MSCs culture
Humidified incubator (5% CO2, 370 C)
Alcohol 70%
DMEM medium + 20% Fetal Calf Serum (FCS) + 1% Pen/Strep. (DMEM, Gibco, Breda, The Netherlands)
0,25% Trypsin (Lonza, Belgium) + 0,1% EDTA
PBS/EDTA (1000 ml PBS + 4 ml 500 mM EDTA (filterd)
· Turn on the humidified incubator and desinfect hands and flowcabinet with alcohol 70%. Flush the sucktionsystem with alcohol 70%.

· Take the cells out of the humidified incubator and examine under the microscope. Remove medium and wash the cells three times with PBS/EDTA.

· Harvest the cells using 0,25% trypsin and resuspended in medium supplemented with 20% FCS and 1% Pen/Strep to neutralize the trypsin.

· Determine the cell density, and plate the cells in the right desity in a new and sterile cultureflask.

· Put the cells back in to the humidified incubator with the correct information written on it like name, date and content of the flask.

· Sucktion system (using chloride) and the flow kabinet (using alcohol 70%) were washed and the flowcabinet was set on half power.
· Refresh medium every 3-4 days untill 90% confluency.
Refreshing medium.

Murine MSCs in culture
Alcohol 70%
DMEM + 20% FCS + 1% Pen/Strep. (DMEM, Gibco, Breda, The Netherlands)
Humidified incubator (5% CO2, 370 C)
0,25% Trypsin + 0,1% EDTA
PBS/EDTA (1000 ml PBS + 4 ml 500 mM EDTA (filterd)
Take the cells out of the humidified incubator and examine under the microscope.

Depending on the cell density there are two actions :

If the cell density is low:

Remove the medium and replace it with fresh medium.

If the cell density is high:

Remove the medium and wash the cells two-three times with PBS/EDTA then harvest the cells using 0,25% trypsin and plate the cells in a new culture flask in the desired density.

Freezing cells.
Murine MSCs in culture

PBS.
0,25% Trypsin (Lonza, Belgium) + 0,1% EDTA. 

FSC medium


-4 ml FCS


-6 ml IMDM

IMDM + 10% FCS + 1% Pen/Strep. (IMDM, Gibco, Breda, The Netherlands)
DMSO medium (prepare freshly)


-2 ml DMSO


-8 ml IMDM

15 ml tubes
Freezetubes
· Thaw mr. Frosty (one Mr. Frosty can be tawn and refrosted 5  times before the isopropanol must be replaced)

· Put mr. Frosty on ice.

· Remove the medium and wash the cells 3 times with PBS/EDTA.

· Add trypsin to the cells.

· Add IMDM supplemented with 10% FCS and 1% Pen/Strep to the cells in abundance to neutralize the trypsin.

· Place the suspension in a 15 ml tube.

· Count the cells.

· Centrifuge 5 minutes and 1200 rpm.

· Discard the supernatant.

· Resuspend the cells in 0,5 ml FSC medium per 2*106 cells.

· Place 2*106 cells in a freezingtube.

· Add 0,5 ml DMSO medium.

· Put the mr. Frosty for at least 24 hours in -800C.(not much longer to retain viability)
· Transfer the cells to the nitrogen storage.

Transduction of mMSCs.
mMSCs in culture (40% confluent)

0,25% Trypsin (Lonza, Belgium) + 0,1% EDTA
4 ml Virussup LV-Luc2-GFP

144 μl Polybreen 1 μg/ml

500 ml DMEM + 20% FCS + 1% Pen/Strep (DMEM, Gibco, Breda, The Netherlands)
Day 1:

· Plated the cells in the right density in a culture flask.

Day 2:

· Let the cells grow until the plate is 40% confluent.

· Thaw the virus LV-Luc2 and the polybreen in the C1 lab.

· Make medium containing the virus and polybreen.

· Remove the medium from the cells.

· Add the medium containing the virus and polybreen.

· Spread the virus by shaking the flask.

Day 3:

· Remove the medium.

· Add 5 ml fresh medium.

Day 5:

· Remove the medium.

· Wash the cells 3 times with PBS/EDTA.

· Add Trypsin and let the cells detach from the plastic.

· Count the viable cells using trypane blue.

· Transfer 100.000 cells into a FACS tube.

· Plate the remaining cells 1:3.

· Determine the transduction efficienty

Day 9:

· Plate the cells in 6 T75 flasks.

Day 12:

· Sort the cells.

Keep the cells in culture to:
· Determine the fenotype.

· Let them differentiate.
· Determine the colony forming capacity with a CFU-F assay.

· Freeze cells for in vivo experiments. 
Differentiation of mMSCs.

Adipocytes:

Differentiation medium (75 ml).

67.5 ml DMEM (DMEM, Gibco, Breda, The Netherlands)
 7.5 ml FCS

750 μl Pen/Strep

750 μl L-glutamine

 75 μl Dexamethason 1mM

453 μl IBMX 0.083 M

93.5 μl indomethacin 0.04 M

 75 μl insulin

· Culture the cells near confluency in FALCON flitercap flasks.

· Trypsinize and count the single cell suspension

· Seed the cells in the right density in a 24-wells plate (1 ml per well, duplo and 2 plates: 1 control and 1 differentiation)

· At day 1 wash the control plate with PBS and fixate with 10% PFA for 10 minutes at room temperature and store at 4 0C.

· Replace at day 1 the basic medium with differentiation medium.

· Medium changing 2 times per week for 2-3 weeks (1 ml/well).

Staining with Oil Red O (lipids droplets are stained bright red).

· Wash the cells with PBS.

· Fix cells in 10% neutral bufferd formalin for 10 minutes at room temperature.

· Wash cells twice with dH2O.

· Wash with 60% isopropanol.

· Stain cells with Oil Red O for 10-20 minutes at room temperature.

· Wash the cells with dH2O to remove excess stain.

· If desired the cells can be counterstained with Harris’ hematoxylin.

· Air dry

Stock solution of Oil Red O: saturated solution of Oil Red O in isopropanol (500 mg in 100 ml isopropanol)

Working solution is made by diluting 24 ml of stock solution with 16 ml of dH2O. Let stand for 10 min and filter (whatman paper) before use. Working solution is stable for ~3 hours.

Characterization of mMSC’s.
mMSCs in culture.

PBS/EDTA.

IMDM + 10 % FCS + 1% Pen/Strep. (IMDM, Gibco, Breda, The Netherlands)
0,25% Trypsin (Lonza, Belgium) + 0,1% EDTA.
PSA (10% v/v)

1st antibody

1. Unlabeled

2. CD45percp 1:5

3. CD90-PE 1:200

4. SCA1-PE 1:100

5. CD11b-Fitc undiluted

6. TER119-PE 1:10

7. CD29-Fitc 1:50

8. CD44-PE 1:5

9. CD34-PE 1:5

10. MHCI 1:5

11. MHCII 1:10

12. CD106-Fitc undiluted
· Wash the cells 2 times with PBS/EDTA.

· Trypsinize the cells.
· Add IMDM ++ to neutralize the trypsin.
· Count the single cell solution.
· Seed the cells in a pointy well plate in the right density.
· Centrifuge 1200 rpm for 5 minutes.
· Wash the pellet with PSA.
· Centrifuge 1200 rpm for 5 minutes and discard the supernatant.
· Add first antibody (1 μl) to the pellet.
· Incubate for 30 minutes at 4 0C.
· Wash the cells 2 times with PSA.
· Discard the supernatant and add 5 μl of diluted 2nd antibody to the pellet.
· Incubate for 30 minutes at 4 0C.
· Wash the cells 2 times with PSA.
· Suspend the cells in 250 μl of PSA in a FACS tube.
· FACS analysis or store overnight at 4 0C.
Labelling of mMSCs using PKH26
MSCs in culture

PBS/EDTA

PKH26 kit (Sigma-Aldrich catalogue nr: PKH26-PCL)

PBS-5% Hyclone (FCS)
0,5 ml diluent C + 1 μl  PKH26 dye
DMEM (low-glucose) + 20% FCS + 1% Pen/Strep (DMEM, Gibco, Breda, The Netherlands)

Trypsin (Lonza, Belgium)

· Wash the cells with PBS/EDTA.

· Centrifuge 1800 rpm for 5 minutes.

· Resuspend the cells in 0,5 ml Diluent C.

· Add 1 μl PKH26 to the solution.

· Incubate for 2-5 minutes at room temperature.

· Add 1 ml Hyclone to the solution, stops the reaction.

· Centrifuge 1800 rpm for 10 minutes.

· Wash 3 times with PBS-5% Hyclone.

· Suspend the cells either in medium or PBS-5% Hyclone.
Labelling MSCs using Cell Tracker©
MSCs in culture (~3000 cells/cm2)
Dye: Green CMFDA (chloromethylfluorescein diacetate) (diluted 1/20000) (Invitrogen catalogue nr: SKU# C2925)
DMEM (low-glucose) + 20% FCS + 1% Pen/Strep (DMEM, Gibco, Breda, The Netherlands)
DMEM (low-glucose) - - (DMEM, Gibco, Breda, The Netherlands)
0,25% Trypsin (Lonza, Belgium) + 0,1% EDTA

PBS

· Plate the cells in the desired.

· Wash the cells with DMEM - - to remove all of the FCS.

· Add DMEM - - containing the dye (diluted 1/20000) and incubate 30’ at 370C in a humidified incubator
· Wash the cells with DEM ++ (containing FCS)
· Pipet DMEM ++ onto the cells and incubate for 60´ at 370C in a humidified incubator.
· Wash the cells with PBS.

· Count the cells and prepare for systematic injection.

· Determine the colouring efficiency on the FACSCalibur (BD biosciences, San Jose, CA USA).

Injection of MSCs in mice

Transduced/labelled MSCs in culture 

PBS + 0,2% BSA + 10% Heparin

Operation instruments

Trypsin (Lonza, Belgium)

· Stain the cells using Cell Tracker©.

· Concentrate the cells until the desired concentration is reached (3*10E6/200μl), always make more than needed because during concentration cells loose viability and cells are lost during injection.

· Head to the animal housing facility

· Inject the MSCs in the mice.

· After 4 hours, harvest biomaterial (lung, liver, spleen, blood, bone marrow and brain) from half of the sample size (n=4).

· After 24 hours, harvest the biomaterial from the other half of the sample size. (the other 2 mice)

· Make single cell suspensions, in PSA, of the biomaterial collected from the mice using a cell strainer (BD Falcon, Cell strainer 70 μm Nylon, 352340)
· Analyse the single cell suspension with the FACSCalibur, or sort the cells using the FACSAria.
Intravenous injection (15x106 cells/ ml)
Place the mice under a heat lamp or place the tail in warm water until the tail vein is clearly visible.

Place the mouse in the cage and keep holding on to its tail. Inject 200 μl via the tail vein.

Intrahepatic injection (15x106 cells/ ml)
Anesthetize the mice with Nembutal (30 mg/kg CEVA Santé Animale, Naaldwijk, Netherlands). Inject the labelled MSCs by partial hepatectomy and inject 200 μl into a liver lobe.
Intraspleen injection (15x106 cells/ ml)
Anesthetize the mice with Nembutal (30 mg/kg CEVA Santé Animale, Naaldwijk, Netherlands). Inject the labelled cells by partial spleenectomy and inject 50 μl into the spleen.

Intracardial injection (15x106 cells/ ml)
Anesthetize the mice with Nembutal (30 mg/kg CEVA Santé Animale, Naaldwijk, Netherlands). Lay the mouse on a tube so that its sternum is pointing outwards. Drive a needle into the cardiac cavity and inject 100 μl of the cell suspension into the left ventricle.

Intrafemural injection (15x106 cells/ ml)
Anesthetize the mice with Nembutal (30 mg/kg CEVA Santé Animale, Naaldwijk, Netherlands) and bend a hind leg. Try to find the kneecap by feeling and push a needle through it to enter the femur (try moving the needle, it will bend if it is in the femur) and inject 50 μl of the cell suspension into the femur.
Analysis of labelled cells using a FACSCalibur

Labelled MSCs in suspension

FACSCalibur (BD biosciences, San Jose, CA USA) 

CellQuest (computer program, BD biosciences, San Jose, CA USA) 

DMEM + 20% FCS + 1% Pen/Strep (DMEM, Gibco, Breda, The Netherlands)

· Collect the cells using 0,25% trypsin.

· Neutralize the trypsin with DMEM ++

· Count the cells in suspension.

· Put 100.000 cells in a FACS tube.

· Turn the computer on.

· Open the CellQuest program.

· Connect computer to the FACscan.

· Open document with previous instrument settings.

· Analyse the control sample first and make adjustments to the instrument settings if necessary.

· Analyse the coloured cell samples.

· Analyse the data on the workstation.
Sorting of stained cells using a FACSAria

Stained MSCs in suspension

FACSAria (BD biosciences, San Jose, CA USA)

CellQuest (computer program, BD biosciences, San Jose, CA USA)

DMEM + 20% FCS + 1% Pen/Strep

· Harvest the cells using 0,25% trypsin.

· Neutralize the trypsin with DMEM ++.

· Count the cells in suspension.

· Place 100.00 cells in a FACS tube.

· Turn the computer on and open the CellQuest program.

· Connect computer with FACSort.

· Open document with previous instrument settings.

· Analyse the control sample first and make adjustments to the instrument setting if necessary.

· Sort the coloured cell samples.

· Collect the sorted fraction in a tube.

· Plate the collected fraction in a culture flask for about one week.

· Freeze the cells.

Isolation of DNA from tail and/or ear samples
Prot K buffer:


-
solution of 50 mM Tris pH 8.0


-
12,5 mM EDTA


-
0,5% SDS

Proteinase K: merck art: 24568 (10 mg/ml).

Isopropanol: Riedel de Haen.

Protein precipitation solution: Purgene art: D-5003.

Tris-EDTA:


-
10 mM Tris


-
0,1 mM EDTA
· Add 570 μl Prot K lysis buffer to the tail and/or ear samples.

· Add 30 μl of proteinase K.

· Incubate on a heated shaker at 56 0C for at least 3 hours or overnight.

· Add 200 μl precipitation solution and vortex.

· Centrifuge for 15 minutes at full speed.

· Place 600 μl of the supernatant in a clean fresh Eppendorf cup.

· Add 600 μl of isopropanol and shake by hand.

· Centrifuge for 5 minutes at full speed.

· Discard the supernatant.

· Wash the pellet with 70% ethanol and shake by hand.

· Centrifuge for 5 minutes at full speed.

· Discard the supernatant completely

· Let the pellet air dry for 3-5 minutes.

· Suspend in 50 μl of TE buffer.

· Store at 4 0C for further analysis, or incubate for 30’ at 560C for direct analysis.

PCR genotyping Hurler mice

Primers:

IDUA-Ex6F1:
TGCCAAGGTCACCAATGTGCTG

IDUA-Ex6R1:
CAGGGAGATGTAATCCAGACG

IDUA-NeoF1:
GGAGAGGCTATTCGGCTATGACTG

IDUA-NeoR1:
GGACAGGTCGGTCTTGACAAAAAG

OTX1:


GTGACTGAGAAACTGCTCCC

OTX2:


GTGTCTACATCTGCCCTACC

Mastermix (for 1 PCR).

H2O






10,15 μl

10 x PCR buffer




3 μl


Mg2Cl






1 μl


Reverse primer




3 μl


Forward primer




3 μl


OTX1






3 μl

OTX2






3 μl

dNTP’s





0,6 μl

Taq






0,25 μl

Total:






27 μl

· Make the mastermix (in the PCR cabinet). Always make 2 reactions more than you need. (primer need to be diluted 10 times).

· Vortex the mastermix and fill 27 μl out per reaction.

· Add, on the bench, 3 μl of DNA to the mastermix.

PCR program:

96 0C

3 minutes

95 0C

45 seconds

56 0C

45 seconds

70 0C

1 minute

goto 2
35 cycli

72 0C

5 minutes

 4 0C

for ever
 End 



PCR product on gel:
· Make a 2% Agarose gel containing 3 μl Ethidiumbromide.

· Fill the tray with TAE

· Add 3 μl of loading dye to the DNA samples.

· Load 5 μl of 100 bp marker into the gel.

· Run the gel at 100 V for 50 minutes.
Fig. 18: Graphs of all conditioned injections and groups, with the retrieved percentage of transplanted cells depicted by the bars and the absolute number of recovered cells in/or above the bars
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