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Confirmation and characterization of Lin-/Sca-1+/CD45- 
very small embryonic-like cells (VSELs) in bone marrow 
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Sca-1+/CD45- cells approximately 3-5 µm in diameter 
were successfully identified, lending further support to 
the existence of VSEL cells in bone marrow of mice. 
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	  	  	  	  	  	  	  Previously	  published	  studies	  have	  idenLfied	  the	  presence	  
of	   a	   rare	   populaLon	   of	   very	   small	   cells	   (<	   5.0	   microns	   in	  
diameter)	  in	  the	  bone	  marrow	  of	  mice	  characterized	  by	  a	  gene	  
expression	  profile	  consistent	  with	  pluripotent	  embryonic	  stem	  
cells.	   While	   the	   discovery	   of	   these	   cells,	   termed	   ‘very	   small	  
embryonic	  like’	  (VSEL)	  cells	  generated	  much	  enthusiasm	  in	  the	  
field,	   it	  was	   not	  without	   controversy.	  Most	   recently,	   a	   failed	  
a[empt	   at	   repeaLng	   the	   published	   protocol	   used	   to	   isolate	  
VSEL	  cells	  from	  the	  bone	  marrow	  of	  mice	  concluded	  that	  “the	  
existence	  of	  adult	  mouse	  VSELs	   in	   the	  bone	  marrow	  remains	  
dubious.”	   (Miyanishi	   et.	   al,	   2013).	   Close	   inspecLon	   of	   the	  
methodology	  employed	  in	  this	  a[empt	  revealed	  key	  missteps	  
that	  may	  have	  led	  to	  this	  conclusion.	  

To repeat the protocol as published using a stringent 
fluorescence activated cell sorting (FACS) protocol and 
successfu l ly i so la te L in- /Sca-1+/CD45- ce l ls 
approximately 3-5 µm in diameter, lending further support 
to the existence of VSEL cells in bone marrow of mice. 
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 Bone marrow was isolated from 5-week female C57BL/
6 mice. Following lysis of red blood cells, the bone 
marrow preparation was incubated with antibodies 
targeting the following cell surface markers: stem cell 
antigen 1 (Sca-1), protein tyrosine phosphatase receptor 
type C (CD45), and lineage (Lin). The labeled sample 
was subjected to fluorescence activated cell sorting 
(FACS), using a gating strategy that employs both size 
(2–10µm) and fluorescence to determine the appropriate 
gates. Putative VSEL cells (Lin-/Sca-1+/CD45-) and 
hematopoietic cells (Lin-/Sca-1+/CD45+) were collected 
for downstream analysis.	  

Figure 1. FACS-based protocol for VSEL isolation. Total nucleated cells were sorted 
on a BD Biosciences FACSAria III instrument.  Size gating was performed using a mix of 
1, 2, 4, 6, 10, and 15 µm microspheres (Invitrogen).  The gates were set to include 
agranular events between 2-10 µm in size.  The population of cells were then gated to 
exclude doublets. Single color stained samples were used to establish a gating strategy. 
Cells were gated for Lin -, and that population was gated for Sca-1 + to exclude 
erythroblasts on a Lin (PE) vs. SSC dot plot and Sca-1 + (PE-Cy5) vs. SSC dot plot, 
respectively. The Lin -/Sca-1 + population was then gated for CD45 + (HSC fraction) and 
CD45 - (VSEL fraction) subpopulations. The two subpopulations were further purified by 
a final size gate on a FSC vs. SSC dot plot. The sorting speed was maintained at 
<13,000 events/sec to ensure recovery and purity of VSEL cells.  Both the VSEL 
enriched Sca-1+/lin-/CD45-/FSClow/SSClow population and the HSC fraction Sca-1+/
lin-/CD45+ populations were collected for analysis. 

Figure 2. Murine VSEL cells express Oct4. Immunofluorescence 
analysis of Oct4 expression (green) in VSELs from murine bone 
marrow. Cells were counterstained with Hoechst (blue) to visualize 
nuclear DNA. Scale bars, 10-µm. 
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