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1.0  Introduction
Isolation and characterization of mouse mesenchymal stem cells

The bone marrow stroma was or�g�nally thought to funct�on ma�nly as a structural framework for hematopo�et�c stem 
and progen�tor cells �n the bone marrow. It has now been establ�shed that the stroma cons�sts of a heterogeneous 
populat�on of cells �nclud�ng endothel�al cells, fibroblasts, ad�pocytes, and osteogen�c cells, a subset of wh�ch exerts 
both pos�t�ve and negat�ve regulatory effects on the prol�ferat�on and d�fferent�at�on of hematopo�et�c cells.1,2 The adherent 
stromal cell populat�on �s also bel�eved to conta�n other non-hematopo�et�c cells that are capable of both self-renewal 
and d�fferent�at�on �nto bone, cart�lage, muscle, tendon, and fat.3-5 These pr�m�t�ve progen�tor cells are often referred to 
as mesenchymal stem cells (MSCs) and are d�st�nct from hematopo�et�c stem cells. Character�zat�on of mesenchymal 
stem cells has �ncluded morpholog�cal as well as cytochem�cal character�zat�on of the cultured cells.

The colony-form�ng un�t - fibroblast (CFU-F) assay �s used by many �nvest�gators as a funct�onal method to quant�fy 
mesenchymal stem and progen�tor cells. Enr�chment of mouse CFU-F has been best descr�bed by Short and S�mmons 
who �dent�fied the compact bone (femur and t�b�a) �tself as a r�cher source of these progen�tor cells than the marrow 
plug w�th�n �t.6 Us�ng a number of phys�cal and enzymat�c treatments of the bone to generate a s�ngle cell suspens�on, 
followed by deplet�on of cells express�ng the follow�ng l�neage (L�n) ant�gens: CD3, CD4, CD5, CD8, CD11b, and GR1, 
Short et al. s�gn�ficantly enr�ched for CFU-F. Further cell sort�ng exper�ments us�ng flow cytometry �dent�fied the stromal 
(mesenchymal) mouse precursor as L�n-CD45-CD31-SCA1+.7

Mouse mesenchymal progen�tor cells are more d�fficult to �solate and culture from bone marrow (BM) than the�r human 
equ�valents. One factor contr�but�ng to the d�fficult�es �n �solat�ng relat�vely homogenous mesenchymal progen�tor cells 
�s the�r extremely low frequency. The progen�tor cell frequency �n mouse BM (as quant�fied by the CFU-F assay) has 
been est�mated to be only 0.001 - 0.0001% (1 �n 100,000 - 1 �n 1,000,000).8 The extreme rar�ty of the mesenchymal 
progen�tor cells �n mouse bone marrow �s further compl�cated by frequent contam�nat�on w�th hematopo�et�c cells wh�ch 
pers�st �n culture after several passages.8,9 Furthermore, lack of spec�fic markers un�que to mouse mesenchymal stem 
cells has made �t d�fficult to e�ther character�ze or pos�t�vely select spec�fic funct�onal cell populat�ons. Many stud�es 
have focused on descr�b�ng the character�st�cs of culture-expanded mesenchymal cells.10-12

The effect of oxygen concentration on MSC culture

Mouse mesenchymal stem cells have been shown to be h�ghly sens�t�ve to atmospher�c oxygen tens�on as cultur�ng 
cells under hypox�c cond�t�ons fac�l�tates opt�mal clonogen�c�ty and cell prol�ferat�on (Brenton Short, unpubl�shed data).  
Many other cell types have also been shown to have enhanced prol�ferat�on when cultured w�th lowered atmospher�c 
oxygen tens�on, �nclud�ng rat central nervous system (CNS) stem cells, adult mouse skeletal muscle satell�te cells, 
human CD34+ bone marrow progen�tor stem cells and rat mesenchymal progen�tor cells.13-17 It has been suggested 
that the �ncreased prol�ferat�on of rat bone marrow-der�ved mesenchymal progen�tor cells that occurs at 5% oxygen �s 
due to �ncreased express�on of hypox�a �nduc�ble factor (HIF), wh�ch �n turn upregulates genes �nvolved �n metabol�sm, 
cell prol�ferat�on and surv�val.18 Low oxygen cond�t�ons appears to be a cr�t�cal factor �n the expans�on of mouse 
mesenchymal cells �n culture.
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2.0 Materials

2.1 Product Description

MesenCult® products for mouse mesenchymal stem cell research �nclude:

ProduCt deSCriPtion Volume Catalog #

MesenCult® MSC Basal Med�um (Mouse) 400 mL 05501

Mesenchymal Stem Cell St�mulatory Supplements (Mouse) 100 mL 05502

MesenCult® Prol�ferat�on K�t (Mouse), conta�n�ng Catalog #05501 and 05502 500 mL 05511

2.2 Storage Conditions 
MesenCult® MSC Basal Med�um (Mouse) should be stored at 2 - 8°C and �s stable unt�l exp�ry date as �nd�cated on 
the label. 

Mesenchymal Stem Cell St�mulatory Supplements (Mouse) should be stored at -20°C and are stable unt�l exp�ry date as 
�nd�cated on the label. Storage at 2 - 8°C �s not recommended.  Mesenchymal Stem Cell St�mulatory Supplements (Mouse) 
can be thawed, al�quoted �nto smaller volumes and refrozen to fac�l�tate the preparat�on of small volumes of Complete 
MesenCult® Med�um (Mouse). Do not freeze-thaw more than tw�ce. Do not thaw at a temperature greater than 37°C; thaw�ng at  
2 - 8°C �s recommended.

Once the Mesenchymal Stem Cell St�mulatory Supplements (Mouse) have been added to the MesenCult® MSC Basal 
Med�um (Mouse), store at 2 - 8°C for up to 1 month. Long-term storage at 2 - 8°C �s not recommended. Refer to 
Sect�on 3.0 for preparat�on of Complete MesenCult® Med�um (Mouse).

2.3 Equipment and Supplies Required
• B�ohazard safety cab�net cert�fied for level II handl�ng of b�olog�cal mater�als (e.g. Canad�an Cab�nets)

• 37°C �ncubator w�th hum�d�ty and gas control to ma�nta�n >95% hum�d�ty and an atmosphere of 5% CO2 �n 
 a�r (e.g. Forma 3326)

• Inverted m�croscope

• Rout�ne l�ght m�croscope for hemacytometer cell counts

• Hemacytometer 

• 6-well t�ssue culture-treated plates (Falcon Catalog #353502 or Corn�ng Catalog #3506) 
Cells can also be grown in tissue culture-treated 35 mm dishes (Corning Catalog #430165) or T-25 cm2 flasks 
(Falcon Catalog #353109). Always use tissue culture-treated plates, dishes or flasks for mesenchymal cell 
culture.

• 1 mL and 10 mL ster�le p�pettes 

• P�pette-a�d (e.g. Drummond Sc�ent�fic)

• 21g or 23g needles (BD Catalog #305167 and #305145)

• 3 mL syr�nges 

• 70 µm cell stra�ner (Falcon Catalog #352350)

• 50 mL con�cal polypropylene tubes (F�sher Catalog #05-539-8)

• 14 mL con�cal polypropylene tubes (Falcon Catalog #352001)

• Ster�le sc�ssors and forceps

• Scalpel

• Mortar and pestle and 100 mm petr� d�sh (�f us�ng Bone Crush�ng procedure)

• Hypox�a Chamber (Catalog #27310)
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2.4 Additional Reagents Required
• Alcohol w�pes 

• 70% Isopropanol 

• PBS w�th 2% Fetal Bov�ne Serum (Catalog #07905) 

• IMDM w�th 2% Fetal Bov�ne Serum (Catalog #07700)

• Tryps�n-EDTA (Catalog #07901)  

• 3% Acet�c Ac�d w�th Methylene Blue (Catalog #07060) 

• Trypan Blue (Catalog #07050) 

• 0.25% Type I Collagenase �n PBS w�th 20% FBS (Catalog #07902)

• D�spase (5mg/mL; Catalog #07913)

• FBS (Catalog #06902 or qual�ty cell culture-tested equ�valent)

The follow�ng mater�als are requ�red to sta�n CFU-F colon�es:

• PBS (Catalog #37350) 

• Methanol ACS (BDH Catalog #ACS531) 

• G�emsa Sta�n�ng Solut�on (EMD Chem�cals Catalog #R03055) 

• D�st�lled water

3.0 Preparation of Complete MesenCult® Medium (Mouse)
Mesenchymal Stem Cell St�mulatory Supplements (Mouse) should be thawed overn�ght under refr�gerat�on (at 2 - 8°C) 
or for several hours at room temperature (15 - 25°C) pr�or to usage.

To prepare Complete MesenCult® Med�um (Mouse), thaw one bottle of Mesenchymal Stem Cell St�mulatory Supplements 
(Mouse) as descr�bed. Once thawed, m�x well and add the ent�re volume to one bottle of MesenCult® MSC Basal 
Med�um (Mouse) (1/5 d�lut�on). Thoroughly m�x Complete MesenCult® Med�um (Mouse).

Complete MesenCult® Med�um (Mouse) should be prepared �n volumes that can be used w�th�n 1 month (refer to Sect�on 
2.2 for storage �nformat�on). If less than 500 mL w�ll be requ�red, smaller volumes can be prepared. Prepare Complete 
MesenCult® Med�um (Mouse) by d�lut�ng Mesenchymal Stem Cell St�mulatory Supplements (Mouse) 1/5 w�th MesenCult® 
MSC Basal Med�um (Mouse). For example, prepare 100 mL of Complete MesenCult® Med�um (Mouse) by add�ng  
20 mL of Mesenchymal Stem Cell St�mulatory Supplements (Mouse) to 80 mL of MesenCult® MSC Basal Med�um 
(Mouse).
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4.0 Mouse Colony-Forming Unit - Fibroblast (CFU-F) Assay

4.1 Isolation of Cells for CFU-F Assay

4.1.1 Isolation of Cells from Marrow Plug: Marrow Flushing
Note: Mice should be sacrificed using procedures approved by your institution. 

1. After sacr�fic�ng the mouse, wet the pelt thoroughly w�th 70% �sopropanol, then cl�p and peel �t back to expose the 
h�nd l�mbs. Us�ng ster�le sharp sc�ssors (to avo�d spl�tt�ng the bone), cut the knee jo�nt �n the center and remove 
l�gaments and excess t�ssue. 

2. Remove the femur and t�b�a by sever�ng them from the mouse at the h�p and ankle, respect�vely. Remove muscle, 
l�gaments and excess t�ssue from bone.

3. Tr�m the ends of the bones to expose the �nter�or of the marrow shaft. 

4. Collect the marrow cells �n 1 - 2 mL of IMDM w�th 2% FBS (Catalog #07700). Flush the marrow from the femoral 
shaft us�ng a 21g needle attached to a 3 mL syr�nge. A smaller needle (23g) may be requ�red to flush marrow from 
the t�b�a. Use the same med�um to flush bones from 1 - 3 an�mals. 

5. Make a s�ngle cell suspens�on by gently draw�ng med�um and cells up and down several t�mes us�ng the same 
needle and syr�nge. 

6. Keep the cells on �ce. For most appl�cat�ons, �t �s not necessary to pur�fy or wash the cells. 

7. Remove a small al�quot of cells and d�lute 1/50 to 1/100 �n 3% Acet�c Ac�d w�th Methylene Blue (Catalog #07060). 
Count nucleated cells us�ng a hemacytometer.

Expected cell recovery: 1.0 - 2.0 x 107 cells per femur
    6.0 x 106 cells per t�b�a
    3.0 - 5.0 x 107 cells per mouse (2 femurs and 2 t�b�as)

4.1.2 Isolation of Cells From Compact Bones
A cell populat�on der�ved from compact bone t�ssue �n the adult mouse has been reported to be h�ghly enr�ched for 
CFU-F. In the adult mouse, the CFU-F frequency �n the compact bone �s s�gn�ficantly h�gher than the marrow plug,6 
�nd�cat�ng the s�te of the major reservo�r of CFU-F �s the surround�ng bone t�ssue rather than the marrow �tself. To �solate 
cells by crush�ng compact bones (femur and t�b�a), the follow�ng procedure �s recommended:

1. Clean a mortar and pestle w�th 70% �sopropanol. Remove the �sopropanol from the mortar and pestle, and allow to 
a�r dry �n a ster�le b�ohazard safety cab�net for 30 m�nutes. R�nse mortar and pestle w�th ster�le phosphate buffered 
sal�ne (PBS) just pr�or to use.

2. W�pe the �nstruments (sc�ssors and forceps) w�th an alcohol w�pe and a�r dry. Ensure �nstruments are completely 
dry as res�dual alcohol may reduce marrow cell v�ab�l�ty.

3. After sacr�fic�ng the mouse, wet the pelt thoroughly w�th 70% �sopropanol, then cl�p and peel �t back to expose the 
h�nd l�mbs. Us�ng ster�le sharp sc�ssors (to avo�d spl�tt�ng of the bone), cut the knee jo�nt �n the center and remove 
l�gaments and excess t�ssue.

4. Remove the femur and t�b�a by sever�ng them from the mouse at the h�p and ankle, respect�vely.

5. Us�ng a scalpel, scrape bones thoroughly to remove muscle, and cut to remove ep�physes. Ensure that the bones 
are cleaned thoroughly, w�th no rema�n�ng muscle t�ssue attached.

6. Place clean bones �n the mortar conta�n�ng 10 mL PBS w�th 2% FBS (Catalog #07905) and 1 mM EDTA. The solut�on 
of PBS w�th 2% FBS and 1 mM EDTA �s now referred to as ‘Buffer’.
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7. Crush bones w�th pestle, us�ng only enough force to crack open the bones. Ag�tate gently to free bone marrow 
(BM) from bone fragments and p�pette Buffer off. Buffer conta�n�ng BM can be filtered through a 70 µm cell stra�ner 
(Falcon Catalog #352350) and used for other appl�cat�ons (for example, perform the CFU-F assay as recommended 
�n po�nt 7 of Sect�on 4.1.1 or for expans�on as recommended �n Sect�on 4.2.1).

8. Add 10 mL fresh Buffer and repeat ag�tat�on and removal of BM. Repeat wash step an add�t�onal 4 t�mes (for a total 
of 6 washes) or unt�l the major�ty of the BM has been removed (bone fragments w�ll turn wh�te �n color).

A loss of cell viability and excess debris will be generated when bones are harshly ground. It is important to only 
use gentle pressure to crack open the bones. Bone fragments must only be crushed to the point of removal of bone 
marrow. Once bone marrow is removed, fragments will be white in color.

9. Transfer the bone fragments to a 100 mm d�sh. Add 2 mL of 0.25% Collagenase Type 1 �n PBS conta�n�ng 20% 
FBS (Catalog #07902). Ensure bones are completely covered �n solut�on. Let s�t for 3 - 5 m�nutes.

This step softens the bone allowing it to be chopped more easily.

10. Us�ng a scalpel, chop the rema�n�ng bone fragments �nto fine p�eces (1 - 2 mm fragments).

Proper bone fragmentation is required to release a sufficient number of cells for cell separation.

11. Transfer the bone fragments and collagenase solut�on to a 50 mL polypropylene tube and add further  
0.25% Collagenase Type I w�th 20% FBS (Catalog #07902) to a final volume of 2 mL per mouse used, or a m�n�mum of 
10 mL.

12. Seal l�d w�th Parafilm® and place tube �n a shak�ng 37°C waterbath at max�mum speed for 45 m�nutes. If us�ng a 
bacter�al culture shaker, set speed to ~200 rpm.
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13. After 45 m�nutes, remove the tube from the shaker and add Buffer (refer to Step 6) to a final volume of 30 mL. Collect 
supernatant and filter through a 70 µm cell stra�ner (Falcon Catalog #352350). Wash bone fragments by m�x�ng w�th 
an add�t�onal 10 mL of Buffer and allow�ng fragments to settle for 3 - 4 m�nutes. F�lter the wash through the 70 µm 
stra�ner, comb�n�ng w�th the prev�ously collected cells (for a final volume of 40 mL).

14. Centr�fuge at 300 x g (~1200 rpm) for 10 m�nutes at room temperature (15 - 25°C) w�th the brake on. Remove 
supernatant and resuspend cell pellet �n ~100 - 250 µL med�um (note: small part�cles and debr�s may be v�s�ble �n 
the cell suspens�on):

a. For cell culture, resuspend cells �n Complete MesenCult® Med�um (Mouse). Refer to Sect�ons 4.2.2. and 5.2 for  
  more �nformat�on.

b. For cell separat�on exper�ments, resuspend cells �n the med�um recommended by the des�red cell separat�on  
  protocol (e.g. the EasySep®  Mouse Mesenchymal Progen�tor Cell Enr�ched K�t (Catalog #19771) requ�res that  
  cells be resuspended �n PBS w�th 2% FBS).

15. Place cells on �ce unt�l ready for use.

16. Remove a small al�quot of cells and d�lute 1/50 to 1/100 �n 3% Acet�c Ac�d w�th Methylene Blue (Catalog #07060). 
Count nucleated cells us�ng a hemacytometer.

17. Expected cell recovery: 1.5 - 3.5 x 106 cells per mouse (2 femurs and 2 t�b�as). If cell y�eld �s > 5 x 106 cells/mouse, 
th�s �s an �nd�cat�on that the marrow was not suffic�ently depleted.
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4.2 Mouse CFU-F Assay Procedure

4.2.1  CFU-F Assay for Cells Isolated from Bone Marrow
To ensure suffic�ent colony numbers to accurately assess progen�tor cell content of mouse bone marrow and/or compact 
bone, mouse CFU-F assays should be �n�t�ated at 2 d�fferent cell concentrat�ons �n a 6-well d�sh:

 • 5.0 x 105 cells/well
 • 1.0 x 106 cells/well 

1. Prepare Complete MesenCult® Med�um (Mouse) as descr�bed �n Sect�on 3.0.

2. Perform a nucleated cell count us�ng 3% Acet�c Ac�d w�th Methylene Blue (Catalog #07060). D�lute cells w�th Complete 
MesenCult® Med�um (Mouse) to obta�n a stock cell concentrat�on of 1.0 x 107 cells/mL.

3. For dupl�cate assays �n 6-well plates (Falcon Catalog #353502 or Corn�ng Catalog #3506), prepare tubes of the cell 
suspens�on as follows:

• Prepare to plate 5.0 x 105 cells/well by add�ng 100 µL of cells at 1.0 x 107 cells/mL (prepared �n Step 2) to 3.9 mL 
Complete MesenCult® Med�um (Mouse), to obta�n 4.0 mL of cells at 2.5 x 105 cells/mL.

• Prepare to plate 1.0 x 106 cells/well by add�ng 200 µL of cells at 1.0 x 107 cells/mL (prepared �n Step 2) to 3.8 mL 
of Complete MesenCult® Med�um (Mouse), to obta�n 4.0 mL of cells at 5.0 x 105 cells/mL.

4. Gently vortex the tubes (med�um sett�ng for 5 seconds) and then plate 2 mL of each d�lut�on �nto each of 2 wells 
of a 6-well plate (Falcon Catalog #353502 or Corn�ng Catalog #3506). Each d�lut�on should be plated �n dupl�cate  
(2 mL/well, 2 wells/d�lut�on).

Cells must be plated in tissue culture-treated plates. 

5. Culture cells for 10 days at 37°C �n 5% CO2. A med�um change may not be requ�red, but �f the med�um becomes 
yellow/orange �n color, perform a half-med�um change by gently remov�ng approx�mately half the med�um from 
the culture d�sh w�thout d�sturb�ng the cells, and replac�ng w�th an equal volume of Complete MesenCult® Med�um 
(Mouse) prewarmed to 37°C.

Table 1: CFU-F-derived colony size and CFU-F frequency in 5% and 20% oxygen from bone marrow

 
4.2.2 CFU-F Assay for Cells Isolated from Compact Bone

1. Mouse CFU-F assays performed us�ng cells obta�ned from compact bone should be �n�t�ated at 3 d�fferent cell 
concentrat�ons, to ensure suffic�ent colony numbers to accurately assess progen�tor cell content. Plate cells �n  
2 mL of Complete MesenCult® Med�um (Mouse) �n a 6-well plate as follows:

a. For cells from compact bone prepared accord�ng to the protocol descr�bed �n Sect�on 4.1.2 and grown �n  
 a hypox�c env�ronment (5% O2, 10% CO2, 85% N2 �n a Hypox�a Chamber, Catalog #27310) plate 1,000, 5,000  
 and 10,000 cells/cm2 �n dupl�cate (e.g. plate 10,000, 50,000 and 100,000 cells/well).

b. For cells from compact bone prepared accord�ng to the protocol descr�bed �n Sect�on 4.1.2 and grown  
  �n a normal env�ronment (20% O2, 5% CO2) plate at 10,000, 20,000, and 40,000 cells/cm2 �n dupl�cate (e.g. plate  
  100,000, 200,000 and 400,000 cells/well).

CFu-F/106 CellS CFu-F Size (mm)

Mean ± SD; n = 3 Average d�ameter ± SD; n = 3  
(Range)

5% Oxygen 20% Oxygen 5% Oxygen 20% Oxygen

11.72 ± 3.53 3.05 ± 1.86 1.83 ± 0.64 
(1 - 3.5)

1.63 ± 0.43
(1 - 2.5)
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c. For enr�ched compact bone cells (e.g. enr�ched for mesenchymal progen�tor cells us�ng the EasySep® Mesenchymal  
  Progen�tor Enr�chment K�t, Catalog #19771) grown �n a hypox�c env�ronment (5% O2, 10% CO2, 85% N2 �n a  
  Hypox�a Chamber, Catalog #27310) plate 50 - 250 cells/cm2 �n dupl�cate (e.g. plate 500 - 2,500 cells/well)
d. For enr�ched compact bone cells (e.g. enr�ched for mesenchymal progen�tor cells us�ng the EasySep® Mesenchymal  
  Progen�tor Enr�chment K�t, Catalog #19771) grown �n a normal env�ronment (20% O2, 5% CO2) plate at  
  200 - 1,000 cells per cm2 �n dupl�cate (e.g. plate 2,000 - 10,000 cells/well).

2. Culture cells for 13 days. No med�um change �s requ�red.

Cells from compact bone grown in the CFU-F assay occasionally undergo spontaneous differentiation to form 
adipocytic or chondrogenic cells. For additional information, please contact STEMCELL Technologies’ Technical 
Support (techsupport@stemcell.com).

4.2.3 CFU-F Assay for Cells Isolated from Fetal Liver

1. Prepare Complete MesenCult® Med�um (Mouse) as descr�bed �n Sect�on 3.0.

2. Prepare mouse fetal l�ver cells accord�ng to your usual laboratory procedures, or refer to the Techn�cal Manual for 
Mouse Colony-Form�ng Cell Assays Us�ng MethoCult® (Catalog #28405, Sect�on 4.3.4).

3. D�lute mouse fetal l�ver cells to 4.0 x 106 cells/mL (stock concentrat�on). 

4. To set up dupl�cate cultures at 2.0 x 105 cells/well, add 100 µL of cells at 4.0 x 106 cells/mL to 3.9 mL of Complete 
MesenCult® Med�um (Mouse) to obta�n 4.0 mL of cells at 1.0 x 105 cells/mL. 

5. Gently vortex the tube (med�um sett�ng for 5 seconds) and then plate 2 mL �nto each of 2 wells of a 6-well plate 
(Falcon Catalog #353502 or Corn�ng Catalog #3506).

Cells must be plated in tissue culture-treated plates.

6.  Culture cells for 10 days at 37°C �n 5% CO2. A med�um change may not be requ�red, but �f the med�um becomes 
yellow/orange �n color, perform a half-med�um change by gently remov�ng approx�mately half the med�um from 
the culture d�sh w�thout d�sturb�ng the cells, and replac�ng w�th an equal volume of Complete MesenCult® Med�um 
(Mouse) prewarmed to 37°C.

4.3 Staining and Enumeration of Mouse CFU-F-Derived Colonies

1. After 10 - 13 days �n culture, remove med�um from the culture plate by decant�ng �nto a waste conta�ner conta�n�ng 
bleach. The adherent colon�es w�ll rema�n attached to the plate. Gently wash each well tw�ce w�th PBS (Catalog 
#37350) to ensure that res�dual FBS �s removed. Allow to a�r dry for 5 m�nutes. 

2. Add enough methanol to cover each well and �ncubate at room temperature (15 - 25°C) for 5 m�nutes. Decant 
methanol and allow to a�r dry for 5 m�nutes. 

3. Add enough G�emsa Sta�n�ng Solut�on (EMD Chem�cals Catalog #R03055) to completely cover the well and �ncubate 
at room temperature (15 - 25°C) for 5 m�nutes.

4. Remove G�emsa Sta�n�ng Solut�on. Wash gently w�th water to remove non-bound sta�n. R�nse unt�l water rema�ns 
clear.

5. D�scard the water and allow to a�r dry. Count colon�es m�croscop�cally. Examples of CFU-F-der�ved colon�es 
are prov�ded �n Sect�ons 4.4 and 4.5. CFU-F-der�ved colon�es from compact bone (bone crush�ng) may conta�n 
debr�s.
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Small colony sta�ned w�th G�emsa. 

Med�um colony sta�ned w�th G�emsa. 

Colony before sta�n�ng.

Med�um colony sta�ned w�th G�emsa. 

Large colony sta�ned w�th G�emsa. Large colony sta�ned w�th G�emsa.

4.4 Examples of Mouse CFU-F-Derived Colonies from Marrow Plug Cultured 
with Complete MesenCult® Medium (Mouse)
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Small colony sta�ned w�th G�emsa. Med�um colony sta�ned w�th G�emsa.

Large colony sta�ned w�th G�emsa.

Debr�s from bone crush�ng can �nterfere w�th colony 
�dent�ficat�on as the cells are d�fficult to d�st�ngu�sh 
from background.

4.5 Examples of Mouse CFU-F-Derived Colonies from Compact Bone Cultured 
with Complete MesenCult® Medium (Mouse)

Spontaneous d�fferent�at�on of compact bone-
der�ved mesenchymal cells �nto ad�pocytes can 
occur at a low frequency.

Two med�um colon�es sta�ned w�th G�emsa. 
Note that the morphology can be d�fferent between 
colon�es.
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5.0 Expansion of Mouse Mesenchymal Stem Cells

5.1 Expansion Protocol for Cells Isolated from Bone Marrow or Fetal Liver

1. Harvest mouse bone marrow cells as descr�bed �n Sect�on 4.1.1 or obta�n mouse fetal l�ver cells.

2. Plate unprocessed bone marrow or fetal l�ver cells as follows:

• 7.5 - 10 x 106 cells �n 2 mL Complete MesenCult® Med�um (Mouse) �n 1 well of a 6-well plate (Falcon 
Catalog #353502 or Corn�ng Catalog #3506) or one 35 mm d�sh (Corn�ng Catalog #430165)

• 2.5 x 107 cells �n 10 mL Complete MesenCult® Med�um (Mouse) �n a T-25 cm2 flask (Falcon Catalog #353109). 

Cells must be plated using tissue culture-treated plates, dishes or flasks.

3. Grow cells at 37°C �n 5% CO2 for 1 - 4 weeks unt�l an adherent layer has formed. At weekly �ntervals, half-med�um 
changes of Complete MesenCult® Med�um (Mouse) are recommended. To perform a half-med�um change, gently 
remove approx�mately half of the med�um from the culture d�sh w�thout d�sturb�ng the cells, and replace w�th an 
equal volume of Complete MesenCult® Med�um (Mouse) prewarmed to 37°C.

4. Observe mesenchymal cells under the m�croscope at least once a week to determ�ne confluency. When the cells 
have reached ~80% confluency, they are ready to be passaged.

80% confluency may be reached in 7 - 28 days.

5. Once cells are 80% confluent, remove MesenCult® med�um by decant�ng or asp�rat�ng. The adherent mesenchymal 
cells w�ll rema�n attached. Wash the bottom of the flask w�th PBS (Catalog #37350) to remove res�dual FBS. Remove 
the PBS.

6. Add enough Tryps�n-EDTA (Catalog #07901) to cover cells and �ncubate at 37°C for 7 m�nutes (e.g. add 1 mL of 
Tryps�n to 1 well of a 6-well plate or 35 mm d�sh, or 4 mL to a T-25 cm2 flask). Observe under the m�croscope to 
ensure that the mesenchymal cells have detached. Add FBS (Catalog #06902 or qual�ty cell culture-tested equ�valent) 
to a final concentrat�on of 20% (v/v) to neutral�ze the act�on of the Tryps�n (e.g. add 250 µL to 1 well of a 6-well plate 
or 35 mm d�sh, or 1 mL to a T-25 cm2 flask). If any cells are st�ll attached, tap the flask on the surface of the bench/ 
hood to detach cells.

7. Collect tryps�n�zed cells �nto a 14 mL tube, top up w�th Complete MesenCult® Med�um (Mouse) to 10 mL, and 
centr�fuge the cells at 300 x g (~1200 rpm) for 8 m�nutes at room temperature (15 - 25°C) w�th the brake on. Remove 
supernatant and resuspend pelleted cells �n Complete MesenCult® Med�um (Mouse).

8. The cells can now be d�v�ded �nto new t�ssue culture-treated d�shes or plates. A recommended d�lut�on �s 1/3 
(e.g. 1 well of a 6-well plate or a s�ngle 35 mm d�sh conta�n�ng 80% confluent mesenchymal cells can be passaged 
�nto 3 wells of a 6-well plate, 3 x 35 mm d�shes, or a s�ngle T-25 cm2 flask). Cells can be cultured under normal 
oxygen tens�on or under hypox�c cond�t�ons.

Table 2: Average number of days between passaging

range oF dayS 
Between  

PaSSaging

aVerage # dayS 
Between  

PaSSaging From 
P0 to P6

(mean ± Sd)

aVerage # dayS 
to reaCh  

P6 From P0*

5% Oxygen 1 - 5 3.3 ± 1.5 20 days

20% Oxygen 8 - 21 10.6 ± 5.5 70 days

 *Cells were passaged at 80% confluency
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5.2 Expansion Protocol for Cells Isolated from Compact Bone

1. Harvest mouse compact bone cells as descr�bed �n Sect�on 4.1.2.

2. Plate cells �n Complete MesenCult® Med�um (Mouse) as follows:

• For cells from compact bone prepared accord�ng to the protocol descr�bed �n Sect�on 4.1.2, plate 2 - 5 x 105 cells 
per well of a 6-well plate �n a volume of 2 mL or plate 0.6 - 1.2 x 106 cells �n a T-25 cm2 flask �n a volume of 10 mL.

• For enr�ched compact bone cells (e.g. enr�ched for mesenchymal progen�tor cells us�ng the EasySep® Mesenchymal 
Progen�tor Enr�chment K�t, Catalog #19771) plate 1 - 5 x 104 cells per well of a 6-well plate �n a volume of 2 mL or 
plate 0.4 - 1.2 x 105 cells �n a T-25 cm2 flask �n a volume of 10 mL.

3. Grow cells at 37°C �n a Hypox�a Chamber (Catalog #27310) at an atmosphere of 5% O2, 10% CO2, 85% N2 for  
8 - 14 days unt�l an adherent cell layer has formed. After 8 days, �f the color of the med�um has become orange, a 
half-med�um change can be performed.

4. Observe mesenchymal cells under the m�croscope after 7 days to determ�ne confluency. Once the cells have reached 
80% confluency, they are ready to passaged.

80% confluency may be reached between 7 - 16 days

5. Passage accord�ng to the protocol prov�ded �n Sect�on 5.1, Steps 5 - 8.
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5.3 Examples of Culture-Expanded Mouse Mesenchymal Stem Cells

Passage 2 cells at 40% confluency. Cells were 
obta�ned by bone crush�ng.

Passage 1 cells at 80% confluency. Cells were 
obta�ned by marrow flush�ng.

Passage 0 cells at 60% confluency. Cells were 
obta�ned by marrow flush�ng. Br�ght round cells are 
contam�nat�ng hematopo�et�c cells.

Passage 0 cells at 70% confluency. Cells were 
obta�ned by marrow flush�ng. Red aggregates are 
somet�mes observed �n cultures obta�ned from 
marrow flush�ng.

Passage 3 cells at 50% confluency. Cells were 
obta�ned by marrow flush�ng. The short and dark 
cells are contam�nat�ng macrophages.

Passage 2 cells. Not�ce that the confluency �s 
uneven. The cells �n the center of the frame are at 
40% confluency but the edges are only at 20% 
confluency.
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6.0 Helpful Hints 
• Mesenchymal Stem Cell St�mulatory Supplements (Mouse) should be thawed overn�ght under refr�gerat�on  

(at 2 - 8°C). If th�s �s not poss�ble, thaw supplements �n a 37°C water bath.

Do not thaw the supplement in a 56°C water bath! 

• Once prepared, Complete MesenCult® Med�um (Mouse) �s stable at 2 - 8°C for 1 month. If the ent�re 500 mL 
volume of the complete med�um exceeds your monthly requ�rements, �t �s poss�ble to al�quot the supplements 
and store these at -20°C. Therefore, smaller volumes of complete med�um can be prepared, ensur�ng that the 
supplements represent one-fifth of the total volume (�.e. 10 mL of supplements to 40 mL of basal med�um).

• Cell counts should be performed �n 3% Acet�c Ac�d w�th Methylene Blue (Catalog #07060) to obta�n an accurate 
nucleated cell count.

• D�lut�on and suspens�on of cells �n Complete MesenCult® Med�um (Mouse) �s recommended pr�or to plat�ng �n  
t�ssue culture-treated plates, d�shes or flasks to ensure equal d�str�but�on of colon�es on culture surface.

• T�ssue culture-treated plates, d�shes or flasks must be used to support the prol�ferat�on of CFU-F and expans�on 
of mesenchymal cells.

• Var�ab�l�ty between samples �s to be expected. As w�th human cells, one would expect var�ab�l�ty �n the number of 
CFU-F �n mouse bone marrow and compact bones. A number of factors may contr�bute to th�s var�ab�l�ty, �nclud�ng 
the age of the mouse and any treatments the mouse rece�ved pr�or to cell harvest. We have tested d�fferent w�ld 
type mouse stra�ns and have not seen s�gn�ficant d�fferences between stra�ns (C57BL/J6, BALB/c, and N/M 
m�ce).
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