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Research Article PMID: 21407814

• Cell-surface marker signatures for the isolation of neural stem cells, glia and 
neurons derived from human pluripotent stem cells

• Yuan SH, Martin J, Elia J, Flippin J, Paramban RI, Hefferan MP, Vidal JG, Mu Y, Killian RL, Israel MA, Emre N, Marsala S, Marsala 
M, Gage FH, Goldstein LS, Carson CT.

• Howard Hughes Medical Institute and Department of Cellular and Molecular Medicine, School of Medicine, University of California San 
Diego, La Jolla, California, United States of America.

• Abstract
• BACKGROUND: Neural induction of human pluripotent stem cells often yields heterogeneous cell populations that can hamper 

quantitative and comparative analyses. There is a need for improved differentiation and enrichment procedures that generate highly pure 
populations of neural stem cells (NSC), glia and neurons. One way to address this problem is to identify cell-surface signatures that enable 
the isolation of these cell types from heterogeneous cell populations by fluorescence activated cell sorting (FACS).

• METHODOLOGY/PRINCIPAL FINDINGS: We performed an unbiased FACS- and image-based immunophenotyping analysis 
using 190 antibodies to cell surface markers on naïve human embryonic stem cells (hESC) and cell derivatives from neural differentiation 
cultures. From this analysis we identified prospective cell surface signatures for the isolation of NSC, glia and neurons. We isolated a 
population of NSC that was CD184(+)/CD271(-)/CD44(-)/CD24(+) from neural induction cultures of hESC and human induced 
pluripotent stem cells (hiPSC). Sorted NSC could be propagated for many passages and could differentiate to mixed cultures of neurons 
and glia in vitro and in vivo. A population of neurons that was CD184(-)/CD44(-)/CD15(LOW)/CD24(+) and a population of glia that was 
CD184(+)/CD44(+) were subsequently purified from cultures of differentiating NSC. Purified neurons were viable, expressed mature and 
subtype-specific neuronal markers, and could fire action potentials. Purified glia were mitotic and could mature to GFAP-expressing 
astrocytes in vitro and in vivo.

• CONCLUSIONS/SIGNIFICANCE: These findings illustrate the utility of immunophenotyping screens for the identification of cell 
surface signatures of neural cells derived from human pluripotent stem cells. These signatures can be used for isolating highly pure 
populations of viable NSC, glia and neurons by FACS. The methods described here will enable downstream studies that require consistent 
and defined neural cell populations

• PLoS One. 2011 Mar 2;6(3):e17540.
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How to Read a Scientific Research Paper

1. Get the big picture
Skim the paper quickly, noting the headings and figures (Don’t try to understand the 

paper at this point).

2. Look up words and phrases
Go through the paper word by word and line by line, highlighting every word and 

phrase you don't understand. 
3. Comprehend each section of the paper
Go back and read the whole paper, section by section, for comprehension. 

4. Reflect and Criticize
Once you understand the article, you can summarize it in your own words and draw 

your own conclusions. It is very important to keep track of your questions as you 
go along, returning to see whether they have been addressed.



Questions that may be useful in analyzing 
various sections of research papers

• Introduction:
– What is the overall purpose of the research? 

• Methods:
– Were the tools and measurements appropriate for the questions the 

researcher was approaching? 

• Results
– What is the one major finding? 

• Discussion
– Do you agree with the conclusions drawn from the data? 
– Are these conclusions over-generalized or appropriately careful



Assignment for 3/28/11 
Please write a summary of the following research article: 

Cell-surface marker signatures for the isolation of neural stem cells, 
glia and neurons derived from human pluripotent stem cells

• Yuan SH, Martin J, Elia J, Flippin J, Paramban RI, Hefferan MP, Vidal JG, Mu Y, 
Killian RL, Israel MA, Emre N, Marsala S, Marsala M, Gage FH, Goldstein LS, 
Carson CT.

• Howard Hughes Medical Institute and Department of Cellular and Molecular 
Medicine, School of Medicine, University of California San Diego, La Jolla, 
California, United States of America.

• PMID: 21407814
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