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The anti-GFP antibody is compatible with the sfGFP variant used in this mouse line
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INTRODUCTION
Adult neurogenesis persists only in a few niches within the mam-
malian brain, in which specialized glial cells, the adult NSCs, gen-
erate new neurons throughout life. In rodents, the major sites of 
adult neurogenesis are the SEZ of the lateral ventricles (Fig. 1a), 
which generates interneurons of the olfactory bulb, and the sub-
granular zone of the dentate gyrus in the hippocampus, which 
generates granule neurons (for reviews, see refs. 1,2). As equiva-
lent regions appear to also exist in humans (as reviewed in ref. 3), 
this increases the potential for using these endogenous NSCs for 
repair. Interestingly, NSCs and/or their progeny seemingly react to 
adjacent brain injury and have the potential to generate a variety of 
different neurons, depending on the site of the injury4–7. Moreover, 
after demyelinating injury the SEZ also reacts by increasing the 
generation of progenitors for myelinating oligodendrocytes that 
are migrating to the site of injury8. Thus, cells from this niche may 
indeed provide an exciting source for endogenous repair in the 
adult mammalian brain. However, the molecular mechanisms gov-
erning adult stem and progenitor cells and their reaction to injury 
remain largely unknown.
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the mouse subependymal zone
Judith Fischer1,4, Ruth Beckervordersandforth1,4, Pratibha Tripathi1,3, Andrea Steiner-Mezzadri1, Jovica Ninkovic1,2 &  
Magdalena Götz1,2

1Helmholtz Center Munich, German Research Center for Environmental Health, Institute for Stem Cell Research, Neuherberg, Germany. 2Physiological Genomics, 
Institute of Physiology, Ludwig-Maximilians University Munich, Munich, Germany. 3Present address: Department of Stem Cell and Regenerative Biology,  
Harvard University, Cambridge, Massachusetts, USA. 4These authors contributed equally to this work. Correspondence should be addressed to  
M.G. (magdalena.goetz@helmholtz-muenchen.de).

Published online 17 November 2011; doi:10.1038/nprot.2011.412

Neural stem cells (NSCs) have the remarkable capacity to self-renew and the lifelong ability to generate neurons in the adult 
mammalian brain. However, the molecular and cellular mechanisms contributing to these behaviors are still not understood.  
Now that prospective isolation of the NSCs has become feasible, these mechanisms can be studied. Here we describe a protocol for 
the efficient isolation of adult NSCs, by the application of a dual-labeling strategy on the basis of their glial identity and ciliated 
nature. The cells are isolated from the lateral ventricular subependymal zone (SEZ) of adult hGFAP-eGFP (human glial fibrillary 
acidic protein–enhanced green fluorescent protein) transgenic mice by fluorescence-activated cell sorting. Staining against 
prominin1 (CD133) allows the isolation of the NSCs (hGFAP-eGFP + /prominin1 + ), which can be further subdivided by labeling 
with the fluorescent epidermal growth factor. This protocol, which can be completed in 7 h, allows the assessment of quantitative 
changes in SEZ NSCs and the examination of their molecular and functional characteristics.
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Figure 1 | Major cell types of the adult SEZ. (a,b) Schematic drawing 
of a sagittal section through an adult mouse brain. Red delineates the 
field of SEZ shown in the schematic drawing in b. (b) Simplified scheme 
depicting the cellular composition of adult SEZ. (c,d) Individual cells in 
the neurogenic lineage (c) or neurogenic niche (d). A small apical cilium 
(prominin1 + ; red) of a hGFAP-eGFP +  (green) adult neural stem cell contacts 
the ventricle, whereas basal end-feet contact the blood vessels31,32. The 
expression of EGF receptor (blue line) has been suggested to mark activated 
neural stem cells (aNSCs), whereas quiescent neural stem cells (qNSCs) 
should not express EGFR17. Multiciliated ependymal cells are directly in 
contact with the liquid-filled ventricle and express prominin1. Niche 
astrocytes are located more basally in the SEZ and express hGFAP-eGFP. 
Cortex, cerebral cortex; LV, lateral ventricle; NB, neuroblast; OB, olfactory 
bulb; OPC, oligodendrocyte progenitor; RMS, rostral migratory stream;  
TAP, transient amplifying progenitor cell.
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of a sagittal section through an adult mouse brain. Red delineates the 
field of SEZ shown in the schematic drawing in b. (b) Simplified scheme 
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Protocol worked well

→ Single cells, not much debris

V-SVZ single cell preparation
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As CDK6-T2A-td-sfGFP signal decreases, FSC decreases as well
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