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Figure 3 (Example 1) 
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Figure 4 (Example 2) 
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Figure 5 (Example 4) 
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Figure 6 (Example 5) 

Phenotypic analysis of human fetal brain cells 

CD24 > 



Patent Application Publication May 11, 2006 Sheet 7 0f 8 US 2006/0099651 A1 

Figure 7 (Example 5) 

IF GDNF+BDNF 

Pia’re sor’red _ cells Collec’r and differen’rim‘e Fix and stain for 
individual neurospheres B-iub and GFAP 

cum-A0 CD24-llo 
11.81 "35 

CD133‘ CD15"0 CD24"‘ 
(no NSJIC activity) 

80.56 
c1>1aa+ cmsm CD24-llo 

Astros As’rros NBlif'O?S AsIr'os 
Neuro'ns ' °n|Y nd nd nd 

cl>15hicl>24-/'° @ 1.2 1,2 2.3 o 

c1315hi c1324hi 47.5 32.8 14.18 4.9 - 0 



Patent Application Publication May 11, 2006 Sheet 8 0f 8 US 2006/0099651 A1 

Figure 8 (Example 6) 
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ENRICHED CENTRAL NERVOUS SYSTEM STEM 
CELL AND PROGENITOR CELL POPULATIONS, 
AND METHODS FOR IDENTIFYING, ISOLATING 
AND ENRICHING FOR SUCH POPULATIONS 

TECHNICAL FIELD 

[0001] This invention relates generally to enriched neural 
stem cell and progenitor cell populations, and methods for 
identifying, isolating and enriching for neural stem and 
progenitor cells, particularly central nervous system neural 
stem cells and progenitor cells, and most particularly to 
enriched populations of neurosphere initiating cells (NS-IC). 

BACKGROUND OF THE INVENTION 

[0002] Stem cell populations constitute only a small per 
centage of the total number of cells in the body, but are of 
immense interest because of their ability to repopulate the 
body. The longevity of stem cells and the dissemination of 
stem cell progeny are desirable characteristics. There is 
signi?cant commercial interest in these methods because 
stem cells have a number of clinical uses. There is also 
medical interest in the use of stem cells as a vehicle for gene 
therapy. 
[0003] Proteins and other cell surface markers found on 
stem cell and progenitor cell populations are useful in 
preparing reagents for the separation and isolation of these 
populations. Cell surface markers are also useful in the 
further characterization of these important cells. 

[0004] Neural stem cells have been isolated from the adult 
subventricular Zone (SVZ) and hippocampus (Gage, (2000) 
Science 287, 1433-38). These cells are an important source 
of neW neurons, and offer the promise of novel central 
nervous system (CNS) repair therapies. 

[0005] CNS stem cells are usually identi?ed retrospec 
tively by their ability to generate typical neurospheres or 
large adherent clones containing multiple neural cell types 
(Reynolds and Weiss, (1992) Science 255, 1707-10; Davis 
and Temple, (1994) Nature 372, 263-266; and Palmer et al., 
(1997) Mol. Cell. Neurosci. 8, 389-404), Which precludes 
study of the initial stem cell population. Little is knoWn 
about the unique biology of CNS stem cells, for example 
Which speci?c gene products they express. Identi?cation of 
“unique” gene products expressed by CNS stem cells Would 
expand the understanding of these important cells, aid in 
their identi?cation in vivo and enable their positive enrich 
ment in vitro for study and use. 

[0006] TWo different cell populations have recently been 
identi?ed as including SVZ stem cells: GFAP-expressing 
astrocytes (Doetsch et al., (1999) Cell 97 703-16; Doetsch et 
al., (1999) Proc. Natl. Acad. Sci. USA 96, 11619-11624) and 
Notch1-expressing, ciliated ependymal cells lining the ven 
tricles (Johansson et al., (1999) Cell 96, 25-34). These tWo 
distinct cell types are so intimately localiZed in vivo that it 
is dif?cult to separate them physically. Instead, de?ning 
speci?c features of stem cells Will provide markers to help 
reveal their in vivo identity. 

[0007] Genes expressed by adult CNS stem cells include 
Nestin, Musashi, Notch1 and GFAP (Sakakibara et al., 
(1996) Devel Biol. 176, 230-42; Johansson et al., (1999) 
Cell 96, 25-34; Doetsch et al., (1999) Cell 97, 703-16), but 
other CNS cell types also express these. Moreover, many of 
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these markers are intracellular, limiting their usefulness for 
stem cell enrichment, although this problem can be over 
come by creating transgenic mice With ?uorescent reporter 
gene expression (KaWaguchi et al., (2001) Mol. Cell. Neu 
rosci. 17, 259-273). A more generally useful marker Would 
be a cell surface molecule alloWing stem cell localiZation 
and puri?cation from a Wild-type mouse. Thus, there 
remains a need for tools, such as monoclonal antibodies that 
are useful in isolating and characterizing human non-he 
matopoietic progenitor and stem cells, and particularly cen 
tral nervous system (CNS) neural stem cells and progenitor 
cells. 

SUMMARY OF THE INVENTION 

[0008] This invention provides methods for identifying, 
isolating, and enriching for human non-hematopoietic pro 
genitor and stem cells, and particularly central nervous 
system (CNS) neural stem cells, progenitors, or combina 
tions thereof Which can initiate long-term neuro spheres. The 
invention also provides for enriched populations containing 
CNS neural stem cells that can initiate neurospheres, and 
progenitor cells. As used herein, the term “neurosphere 
initiating cell (NS-IC)” refers to a cell that can initiate a 
long-term neurosphere culture. Those skilled in the art Will 
recogniZe the NS-IC include stem cells or progenitors or a 
combination thereof, depending on the culture conditions 
used. A “neurosphere”, in turn, is an aggregate or cluster of 
cells Which includes neural stem cells and primitive pro 
genitors. The identi?cation, culture, growth, and use of 
neurospheres is disclosed in Weiss et al., US. Pat. No. 
5,750,376 and Weiss et al., US. Pat. No. 5,851,832, both 
incorporated herein by reference. While the term “NS-IC” is 
de?ned by the ability or capacity of that cell to form a 
neurosphere, these cells may also be appropriately groWn in 
adherent culture (see, for example, Johe, US. Pat. No. 
5,753,506, and Weiss, US. Pat. No. 5,750,376, Which are 
both incorporated herein by reference). The methods and 
populations described herein are not to be limited to sus 
pension cultures of NS-IC. A NS-IC is nestin+ and has the 
capability to differentiate, under appropriate differentiating 
conditions, to neurons, astrocytes, and oligodendrocytes. 

[0009] Enriched populations of non-hematopoietic stem 
cells and progenitor cells, preferably CNS neural stem cells 
and/or progenitors including NS-ICs, and methods of iden 
tifying, isolating, or enriching for such cells, are achieved by 
contacting a population of cells containing at least one stem 
cell or NS-IC or progenitor cell With a reagent that binds to 
a surface marker glycoprotein antigen (“CD49f antigen”) 
recogniZed by an antibody that speci?cally binds to CD49f 
(“anti-CD49f antibody”) or to a cell surface carbohydrate 
moiety (“CD15 antigen”) recogniZed by an antibody that 
speci?cally binds to CD15 (“anti-CD15 antibody”). As used 
herein, the term “reagent” is meant to include any compo 
sition or compound that is capable of binding to, associating 
With, or recogniZing an antigen. Examples of such reagents 
include, but are not limited to monoclonal antibodies, poly 
clonal antibodies, small molecules, receptors, ligands, pro 
teins, protein fragments, polypeptides, polypeptide frag 
ments, nucleic acids, nucleic acid fragments, antibody 
fragments, and any other “reagents” knoWn to those skilled 
in the art. 

[0010] While the methods described herein refer to the use 
of the CD49f antigen to enrich populations of neural cells for 
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NS-IC, other cell surface markers found on CNS-SC may 
also be used. Examples of such cell surface markers include, 
but are not limited to, the CD133 antigen, Which is recog 
niZed by anti-CD133 monoclonal antibodies such as mono 
clonal antibody AC133, and CD15, Which is recognized by 
anti-CD15 monoclonal antibodies including, but not limited 
to MMA. Those skilled in the art Will recogniZe that any of 
the methods described herein using the CD49f antigen 
and/ or the anti-CD49f antibody may also be accomplished in 
conjunction With antibodies and/or antigens that recogniZe 
CD133 and/or CD15 antibodies and/or antigens. Those 
skilled in the art Will also recogniZe that any other cell 
surface marker present on neural stem cells, progenitors, or 
NS-IC can also be used in the methods of the instant 
invention. Moreover, the skilled artisan Will recogniZe that 
any combination of CD49f, CD133 and/or CD15 antibodies 
and/ or antigens can be used to produce populations enriched 
for NS-IC. Those skilled in the art Will also recogniZe that 
any reference to anti-CD133, anti-CD15 and/or anti-CD49f 
antibodies encompasses human, murine, rat, sheep, equine, 
goat, chicken, rabbit, guinea pig, and/or porcine antibodies. 

[0011] The enriched populations of the invention may also 
be achieved by contacting a population of cells containing at 
least one stem cell or NS-IC or progenitor With a reagent that 
binds to the CD133 antigen including, but not limited to, the 
AC133 antibody. The contacting may be done before, dur 
ing, and/or after the contacting With a reagent that binds to 
CD49f (e.g., an anti-CD49f antibody) or to CD15 (e.g., an 
anti-CD15 antibody). Antibodies to CD133 include, for 
example, monoclonal antibody AC133. As used herein, the 
terms “CD133 antibody” and “CD133 monoclonal anti 
body” encompass antibodies including, but not limited to 
AC133, that recogniZe the CD133 antigen. Moreover, 
CD133+ cells are de?ned as cells containing the CD133 
antigen. 

[0012] In one preferred embodiment, the reagent is an 
anti-CD49f antibody (tWo such anti-CD49f antibodies are 
referred to herein as “GoH3” or “4F10”). In another pre 
ferred embodiment, the reagent is an anti-CD15 antibody (a 
preferred embodiment of anti-CD1 5 antibodies is referred to 
herein as MMA). Use of traditional techniques for cell 
sorting, such as by immunoselection (e.g., FACS), permits 
identi?cation, isolation, and/ or enrichment for cells in Which 
contact betWeen the reagent and the CD49f antigen or the 
CD15 antigen has been detected. 

[0013] This invention also provides methods of using an 
antibody to provide enriched populations of non-hemato 
poietic stem cells and progenitor cells, preferably CNS 
neural stem cells that can initiate neurospheres and progeni 
tor cells, and that may be used in methods of identifying, 
isolating, or enriching for such cells, by contacting a popu 
lation of cells containing at least one stem cell, NS-IC or 
progenitor cell With an anti-CD49f antibody or With an 
anti-CD15 antibody. 

[0014] The cells of this invention, preferably the CNS 
neural stem cells, are additionally characteriZed as lacking 
cell surface markers for CD45 and CD34 (e.g., CD45“ and 
CD34‘). 
[0015] This invention provides an antibody, herein called 
SC20, formerly knoWn as 8G1 (Uchida, et al., PNAS 2000), 
Which appears to recogniZe CD24 and permits subselection 
betWeen populations of CNS neural stem cells (character 
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iZed as SC20_/1O or CD24_/1°) and populations of CNS 
progenitor cells (characterized as SC20+ or CD24_/ 10). CNS 
SC isolated from fetal brains are CD133+SC20_/1°, Which is 
also referred to as CD133+CD24_/1°. When CNS-SC are 
expanded in vitro as neurosphere cells, they may express 
CD24. Thus, the CD24 antigen appears to be upregulated as 
these cells proliferate. Therefore, neurosphere cells derived 
from CNS-SC are heterogeneous for CD24 expression (loW 
to high levels). Other antibodies that recogniZe CD24 
include 32D12 [Diatec, Oslo, NORWAY (catalog number 
CD24 3061-ab531)]; ALB9 [Accurate Chemical and Scien 
ti?c Co., Westbury, N.Y.; BEK, Miami, Fla.; Biomeda 
Corporation, Foster City, Calif.; Biosource International, 
Camarillo, Calif. (catalog number AHS2402); Leinco Tech 
nologies, St. Louis, Mo. (catalog numbers C483; C484); 
Research Diagnostics, Inc., Flanders, N.J.]; CLB134 [Accu 
rate Chemical and Scienti?c Co., Westbury, N.Y.; Cell 
Science, NorWood, Mass. (catalog number MON 1119)]; 
CLBGRANBLyl [Accurate Chemical and Scienti?c Co., 
Westbury, N.Y.; Research Diagnostics, Inc., Flanders, N.J.]; 
SN3 [Caltag Laboratories, Inc., Burlingame, Calif. (catalog 
numbers MHCD2400; MHCD2401; MHCD2404)]; ML5 
[BD Pharmingen, San Diego, Calif. (catalog numbers 
555427; 555428; 555426)]; and 24C02 [Lab Vision Corpo 
ration, Freemont, Calif. (catalog number MS-1279); United 
States Biological, SWampscott, Mass.]. 

[0016] The invention involves methods for producing a 
population enriched for human CNS-SC and/or progenitors 
Which can initiate neurospheres (NS-IC) by contacting neu 
ral or neural derived cells With a monoclonal antibody that 
binds to CD49f or With a monoclonal antibody that binds to 
CD15; selecting the cells that bind to this monoclonal 
antibody (e.g. CD49f*, CD15", and CD15_/10 cells); and 
optionally removing the bound cells, Wherein the selected 
cells are enriched for human CNS-SC and/or progenitors 
and Wherein the CD15_/10 cells are a subset of the CD133+ 
CD24_/10 cells. The population containing neural or neural 
dervided cells maybe obtained from a neurosphere culture or 
an adherent culture or from primary neural tissue. In the 
various embodiments of this invention, the monoclonal 
antibody may be ?uorochrome conjugated or may be con 
jugated to magnetic particles. Additionally, the selecting 
may be by ?uorescence activated cell sorting, high gradient 
magnetic selection, or by attachment to and disattachment 
from the solid phase. 

[0017] The methods may also involve the step of further 
enriching the population obtained from primary neural tissue 
for CNS-SC and/or progenitors by contacting the removed 
cells With a second monoclonal antibody SC20 and elimi 
nating those cells that are SC20+ (CD24") or SC20hi 
(CD24hi) to produce a population enriched for CNS-SC 
and/or progenitors, Wherein the selected cells in the popu 
lation are SC20_/1O (CD24_/ 10). Alternatively, the selected 
cells coan be further selected for those cells at hat are 
SC20 (CD24_/ 10). 
[0018] The methods may also involve the step of further 
enriching the population for CNS-SC and/or progenitors by 
contacting the remaining cells With an anti-CD133 mono 
clonal antibody and selecting those cells that bind to the 
anti-CD133 monoclonal antibody to obtain a population 
enriched for CNS-SC and/or progenitors. Alternatively, the 
neural or neural-derived cells may be contacted With an 
anti-CD133 monoclonal antibody (e.g., AC133) prior to, 
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during, or after contacting the cells With a monoclonal 
antibody that binds to CD49f or With a monoclonal antibody 
that binds to CD15. Throughout this speci?cation, the term 
AntibodyX+ is used interchangeably herein With the term 
AntibodyXhi. 
[0019] The invention involves methods for producing a 
population enriched for CNS-SC and/or progenitors, Which 
can initiate neurospheres (N S-IC) or an adherent culture by 
selecting from a population of neural or neural-derived cells 
for cells that are CD49f*. This may be accomplished by 
contacting the population With an anti-CD49f antibody, 
preferably, monoclonal antibody GoH3 or monoclonal anti 
body 4F10, and removing those cells that do not bind to 
monoclonal antibody GoH3 or monoclonal antibody 4F10. 
In one embodiment, the invention also provides a step for 
further enriching the population from primary neural tissues 
by removing the cells that are CD24+ from the remaining 
population or by selecting for the cells that are CDT/1°. This 
may be done, for example, by selecting for cells that bind to 
monoclonal antibody SC20, Which recogniZes cells express 
ing high levels of CD24 (eg by removing the cells that bind 
to monoclonal antibody SC20, Which recogniZes CD24 
(CD24+ cells) or by selecting for cells that are CD24_/1°). 
The remaining cells may be CD24_/1°. Such methods can 
also involve the step of further enriching the population by 
selecting those cells that are CD133". Alternatively, the 
population of neural or neural-derived cells may be selected 
for CD133+ cells prior to or concurrently With selecting for 
CD49f+ cells. Cells that are CD15hi may be selected using 
monoclonal antibody MMA. 

[0020] The invention involves methods for enriching from 
a population of neural cells for the populations of neuro 
sphere initiating stem cells and/or progenitors (N S-IC) frac 
tion by selecting from the neural cells for cells that bind to 
an anti-CD49f antibody, such as monoclonal antibody GoH3 
or monoclonal antibody 4F10, (or to an anti-CD15 antibody 
such as monoclonal antibody MMA, e.g. cells that are 
CD15 0 or CD151“, Wherein the CD15_/10 cells are a subset 
of the CD133"CD24_/1O population), Wherein the selected 
cells are enriched in the fraction of NS-IC as compared With 
the population of neural cells. The fractions obtained from 
primary neural tissues can be further enriched by removing 
those cells that bind to an anti-CD24 antibody, such as 
monoclonal antibody SC20 (eg., by removing those cells 
that arle CD24+ such that the remaining cells may be 
CD24 or by selecting for cells that are CD24_/1°). Addi 
tionally, the fraction can be further enriched by selecting for 
those cells that bind to an anti-CD133 antibody, such as 
monoclonal antibody AC133, those cells that bind to the 
anti-CD133 antibody, such as monoclonal antibody AC133 
are selected prior to, during, or after selecting for those cells 
that bind to the anti-CD49f antibody, such as monoclonal 
antibody GoH3 or monoclonal antibody 4F10 (or to the 
anti-CD15 antibody, such as monoclonal antibody MMA). 

[0021] The invention also provides methods for isolating 
a neurosphere initiating stem cell and/or progenitor cell 
(NS-IC) obtained from primary neural tissues, by selecting 
from a population of neural or neural-derived cells for cells 
that are CD49f+ or that are CD15hi or CD1 5_/ 1", Wherein the 
CD15_/10 cells are a subset of the CD133"CD24_/1O cells; 
removing those cells that bind strongly to monoclonal 
antibody SC20 (i.e., SC20+ cells, Wherein the remaining 
cells are CD24_/10 cells); introducing the remaining cells to 
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a serum-free culture medium containing one or more groWth 
factors selected from the group consisting of LIF, EGF, 
bFGF, and combinations thereof; and proliferating the 
remaining cells in the culture medium. The selected cells 
may be further enriched by selecting for cells that are 
CD133". This further enrichment step may be accomplished 
either before, during, or after selecting for cells that are 
CD49f*, CD15", or CD15-“O. 

[0022] Antibodies that speci?cally bind to the CD49f 
antigen are also provided, Wherein the CD49f antigen spe 
ci?cally binds to the GoH3 antibody or the 4F10 antibody. 
This antibody may be produced by a hybridoma cell line. In 
some embodiments, this antibody may block simultaneous 
binding to the CD49f antigen by the antibody GoH3 and/or 
the 4F10 antibody. 

[0023] Also provided are antibodies that speci?cally bind 
to the CD15 antigen, Wherein the CD15 antigen speci?cally 
binds to the MMA antibody. This antibody may be produced 
by a hybridoma cell line. In some embodiments, this anti 
body may block simultaneous binding to the CD15 antigen 
by the antibody MMA. 

[0024] Also provided is a method for the enrichment of 
human CNS-SC and/or progenitors Which can initiate neu 
rospheres (NS-IC) by combining a population of neural or 
neural-derived cells With a reagent that speci?cally binds to 
the CD49f antigen and/or to the CD15 antigen and selecting 
for those cells that bind to the CD49f reagent or the CD15 
reagent, Wherein the selected cells (CD49f: CDlShi, or 
CD15_/1°, Wherein the CD15_/10 cells are a subset of the 
CD133+CD24_/1O cells) are enriched for NS-IC. The reagent 
may include at least one antibody, and the at least one 
antibody may be ?uorochrome conjugated, Wherein the 
selecting is accomplished by How cytometry. Alternatively, 
the at least one antibody may be conjugated to magnetic 
particles, Wherein the selecting is by high gradient magnetic 
selection. Such methods further involve the step of further 
enriching the population by combining the selected cells 
With a second reagent that speci?cally binds to the CD133 
antigen and selecting for those cells that bind to the second 
reagent The population of neural or neural-derived cells may 
be selected for cells that bind to a reagent that speci?cally 
binds to the CD133 antigen prior to, during, or folloWing 
selecting for those cells that bind to a reagent that speci? 
cally binds to the CD49f antigen or to the CD15 antigen. 

[0025] In any of the methods described herein, the popu 
lation of cells can be further enriched for CNS-SC by either 
selecting for cells that are CD24_/10 or by removing cells that 
are CD24+ from the population, such that the remaining cells 
are CD24“? 

[0026] Methods for producing a population enriched for 
human CNS-SC and/or progenitors, Which can initiate neu 
rospheres (NS-IC) by selecting from a population of neural 
or neural derived cells for cells that are CD49f+ or for cells 
that are CD15+ or CD15_/1°, Wherein the CD15_/10 cells are 
a subset of the CD133"CD24_/1O cells, are also provided. 

[0027] Moreover, methods for producing a population 
enriched for human CNS-SC and/or progenitors Which can 
initiate neurospheres (NS-IC) by selecting from neural or 
neural-derived cells for cells that bind to an anti-CD49f 
antibody, such as monoclonal antibody GoH3 or to mono 
clonal antibody 4F10, to produce a population enriched for 
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CNS-SC, wherein the selecting is achieved by attachment to 
and disattachment from a solid phase. The population may 
be further enriched by selecting cells that bind to an anti 
CD133 antibody, such as monoclonal antibody AC133. 
Additionally, the population may be further enriched by 
selecting for cells that bind to the anti-CD133 antibody (e.g. 
AC133) prior to, during, or after selecting for cells that bind 
to an anti-CD49f antibody, such as monoclonal antibodies 
GoH3 or 4F10. 

[0028] The invention involves methods for producing a 
population enriched for human CNS-SC and/or progenitors 
Which can initiate neurospheres (N S-IC) by selecting from 
neural or neural-derived cells for cells that bind to mono 
clonal antibody MMA, Which recogniZes the CD15 antigen 
(e.g. CD15hi or CD15_/10 cells, Wherein the CD15_/10 cells 
are a subset of the CD133"CD24_/1O cells), to produce a 
population enriched for CNS-SC, Wherein the selecting is 
achieved by attachment to and disattachment from a solid 
phase. The population may be further enriched by selecting 
cells that bind to an anti-CD133 antibody, such as mono 
clonal antibody AC133. Additionally, the population may be 
further enriched by selecting for cells that bind to an 
anti-CD133 antibody, such as monoclonal antibody AC133 
prior to, during, or folloWing selecting for cells that bind to 
a CD15 antibody, such as monoclonal antibody MMA. 

[0029] Moreover, the invention provides methods for iso 
lating a subset of human central nervous system progenitor 
cells by contacting neural or neural derived cells With a 
monoclonal antibody that binds to CD15 and selecting the 
neural or neural derived cells that bind to the monoclonal 
antibody (e.g. selecting for CD15hi or CD15_/10 cells, 
Wherein the CD15_/10 cells are a subset of the CD133+ 
CD24_/10 cells) and optionally removing the bound cells (or 
the unbound cells), Wherein the selected cells are a subset of 
human central nervous system progenitor cells that are 
selected from the group consisting of neuronal progenitors 
and glial progenitors. For example, the antibody may be 
monoclonal antibody MMA. 

[0030] Finally, the invention involves methods for isolat 
ing a subset of human central nervous system progenitor 
cells by selecting from a population of neural or neural 
derived cells for those cells that are CD15+ or CD15_/1°, 
Wherein the CD15_/10 cells are a subset of the CD133 
CD24_/10 cells and Wherein the selected cells are a subset of 
human central nervous system progenitor cells that are 
selected from the group consisting of neuronal progenitors 
and glial progenitors. 

[0031] Unless otherWise de?ned, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which this 
invention belongs. Although methods and materials similar 
or equivalent to those described herein can be used in the 
practice of the present invention, suitable methods and 
materials are described beloW. All publications, patent appli 
cations, patents, and other references mentioned herein are 
incorporated by reference in their entirety. In the case of 
con?ict, the present speci?cation, including de?nitions, Will 
control. In addition, the materials, methods, and examples 
are illustrative only not intended to be limiting. Other 
features and advantages of the invention Will be apparent 
from the folloWing detailed description and claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] FIG. 1 is a diagram illustrating the proliferation 
and differentiation of a NS-IC. 

[0033] FIG. 2 is a series of photographs shoWing that 
neurosphere cultures can be initiated from single-cell sorted 
CD133+ cells. 

[0034] FIG. 3 is a dot plot of FACS sorting data shoWing 
the isolation of human neural stem cells by cell surface 
markers. The ?gure shoWs that NS-IC typically express 
negative to loW levels of CD24 antigen for the SC20 (8G1) 
antibody. Since NS-IC expressed loW levels of CD133 
antigens, signals for CD133 detection Was ampli?ed in 
multi-step staining methods. 

[0035] FIG. 4 is a dot plot of ?uorescence activated cell 
sorting (FACS) data shoWing the isolation of human CNS 
neural stem cells using cell surface markers using mono 
clonal antibodies to CD49f alone or in conjunction With 
antibodies that recogniZe CD24. In Panel A, the x axis 
represents cells staining for antibodies to CD24, and the y 
axis represents cells staining for antibodies to CD133. In 
Panel B, the x axis represents cells staining for antibodies to 
CD49f, and the y axis represents cells staining for antibodies 
to CD133. In Panel C, the x axis represents cells staining for 
antibodies to CD49f, and the y axis represents cells staining 
for antibodies to CD24. In Panels D and E, the x axis 
represents cells staining for antibodies to CD24 and the y 
axis represents cells staining for antibodies to CD133. 

[0036] FIG. 5 is a series of dot plots of ?uorescence 
activated cell sorting (FACS) data shoWing the isolation of 
human CNS stem cells using cell surface markers using 
monoclonal antibodies to CD133 alone or in conjunction 
With antibodies that recogniZe CD49f, Which shoWs that the 
majority of long-tern neurosphere cells are CD133+CD49f*, 
the x axis represents cells staining for antibodies to CD49f 
and the y axis represents cells staining for antibodies to 
CD133. 

[0037] FIG. 6 is a series of dot plots of ?uorescence 
activated cell sorting (FACS) data shoWing the phenotypic 
analysis of human fetal brain cells. In Panel A, the x axis 
represents cells staining for antibodies to CD133 and the y 
axis represents cells staining for antibodies to CD15. In 
Panel B, the x axis represents cells staining for antibodies to 
CD24 and the y axis represents cells staining for antibodies 
to CD15. The area of detail represents a limiting dilution of 
CD15"CD24_/1O cells of 1 in 4.5 (22.5%). In Panel C, the x 
axis represents cells staining for antibodies to CD24 and the 
y axis represents cells staining for antibodies to CD133. As 
shoWn in Panels B and C, CD133"CD24_/1O cells consist of 
cD15hicD24-/1O and CD133++CD15_/1°CD24_/1° cells. 

[0038] FIG. 7 is a diagram shoWing that CD15 expression 
de?nes di?ferent subsets of expandable CNS stem cells and 
progenitors. Panel A shoWs a schematic diagram of experi 
mental design. Panel B shoWs the proportion of NS-IC 
activity in different subsets. 80.56%, 11.81%, and 7.35% of 
neurospheres Were derived from the CD133+CD15+CD24_/ 
1O, CD133+CD15_/1°CD24_/1°, and CD133+CD15+CD24+ 
subsets, respectively. 

[0039] FIG. 8 shoWs the immunohistochemistry of NOD 
Scid brain engrafted With CD133"CD15_/1"CD24_/1O sorted/ 
expanded neurosphere cells in the olfactory bulb (A) and 
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CD49f*CD24_/1O sorted/expanded neurosphere cells in the 
hippocampus (B). Neurosphere cells Were transplanted into 
the lateral ventricles of neonatal NOD-Scid and grafts Were 
harvested 6 months after transplantation. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0040] Apopulation of cells exists Within the adult central 
nervous system (CNS), Which exhibit stem cell properties. 
They have the ability to self-reneW and to produce the 
dilferentiated mature cell phenotypes of the adult CNS. 
These stem cells are found throughout the CNS, and par 
ticularly in the subventricular regions, and dentate gyrus of 
the hippocampus. 

[0041] GroWth factor-responsive stem cells can be isolated 
from many regions of the neuraxis and at different stages of 
development, of murine, rodent and human CNS tissue. 
These cells vary in their response to groWth factors such as 
EGF, basic FGF (bFGF, FGF-2) and transforming groWth 
factor alpha (TGFot), and can be maintained and expanded 
in culture in an undi?ferentiated state for long periods of 
time. Both adult and embryonic murine progenitor cells 
respond to EGF and groW as spheres of undilferentiated 
cells. These cells shoW the characteristics of stem cells in 
that they are multipotent, and under serum containing con 
ditions can di?ferentiate into neurons, astrocytes and oligo 
dendrocytes, as Well as maintaining a subpopulation, Which 
remains undi?ferentiated and continues to proliferate under 
EGF administration. Murine EGF-responsive progenitor 
cells express mRNA for the EGF receptor in vitro. Human 
CNS neural stem cell cultures have also been identi?ed. The 
identi?cation, culture, groWth, and use of mammalian, 
including human, neural stem cell cultures, either as sus 
pension cultures or as adherent cultures, is disclosed in 
Weiss et al., US. Pat. No. 5,750,376 and Weiss et al., US. 
Pat. No. 5,851,832, both incorporated herein by reference. 
Similarly, Johe, US. Pat. No. 5,753,506, also incorporated 
herein by reference, refers to adherent CNS neural stem cell 
cultures. When cultured in suspension, CNS neural stem cell 
cultures typically form neurospheres. 

[0042] FIG. 1 shoWs the proliferation of a NS-IC as it 
develops into a neurosphere, and the subsequent differen 
tiation into neuronal and glial phenotypes, as Well as the 
generation of a progeny NS-IC. In the presence of one or 
more proliferation-inducing groWth factors, the NS-IC 
divides and gives rise to a sphere of undi?ferentiated cells 
composed of more stem cells and progenitor cells (a “neu 
rosphere”). When the clonally derived neurosphere is dis 
sociated and plated as single cells in the presence of one or 
more proliferation-inducing groWth factors, each NS-IC can 
generate a neW neurosphere. The cells of a single neuro 
sphere are clonal in nature because they are the progeny of 
a single neural stem cell. In the continued presence of a 
proliferation-inducing groWth factor such as EGF or the like, 
precursor cells Within the neurosphere continue to divide 
resulting in an increase in the siZe of the neurosphere and the 
number of undi?ferentiated neural cells. The neurosphere is 
not immunoreactive for neuro?lament (NE; a marker for 
neurons), neuron-speci?c enolase (NSE; a marker for neu 
rons), glial ?brillary acidic protein (GFAP; a marker for 
astrocytes), or myelin basic protein (MBP; a marker for 
oligodendrocytes). HoWever, cells Within the neurosphere 
are immunoreactive for nestin, an intermediate ?lament 
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protein found in many types of undi?ferentiated CNS cells 
(Lelndahl et al., 60 CELL 585-595 (1990), incorporated 
herein by reference). Antibodies are available to identify 
nestin, including the rat antibody referred to as Rat40l. If the 
neurospheres are cultured in conditions that alloW differen 
tiation, the progenitor cells di?ferentiate to neurons, astro 
cytes and oligodendrocytes. The mature phenotypes associ 
ated With the differentiated cell types that may be derived 
from the neural stem cell progeny are predominantly nega 
tive for the nestin phenotype. 

[0043] The terminology used for undi?ferentiated, multi 
potent, self-reneWing, neural cells has evolved such that 
these cells are noW termed “neural stem cells.” Aneural stem 
cell is a clonogenic multipotent stem cell, Which is able to 
divide and, under appropriate conditions, has self-reneWal 
capability for NS-IC and can include in its progeny daughter 
cells, Which can terminally di?ferentiate into neurons, astro 
cytes, and oligodendrocytes. Hence, the neural stem cell is 
“multipotent” because stem cell progeny have multiple 
di?ferentiation pathWays. A neural stem cell is capable of 
self-maintenance, meaning that With each cell division, one 
daughter cell Will also be on average a stem cell. 

[0044] The non-stem cell progeny of a neural stem cell are 
typically referred to as “progenitor” cells, Which are capable 
of giving rise to various cell types Within one or more 
lineages. The term “neural progenitor cell” refers to an 
undifferentiated cell derived from a neural stem cell, and is 
not itself a stem cell. Some progenitor cells can produce 
progeny that are capable of di?ferentiating into more than 
one cell type. For example, an O-2A cell is a glial progenitor 
cell that gives rise to oligodendrocytes and type It astrocytes, 
and thus could be termed a “bipotential” progenitor cell. A 
distinguishing feature of a progenitor cell is that, unlike a 
stem cell, it does not exhibit self maintenance, and, typically, 
is thought to be committed to a particular path of differen 
tiation and Will, under appropriate conditions, eventually 
di?ferentiate into glia or neurons. 

[0045] As used herein, the term “precursor cells” refers to 
the progeny of neural stem cells, and thus includes both 
progenitor cells and daughter neural stem cells. 

[0046] Cell markers. This invention provides for the iden 
ti?cation, isolation, enrichment, and culture of neural stem 
cells and/or progenitors that are capable of forming neuro 
spheres (N S-IC). NS-ICs are identi?ed or selected through 
the binding of antigens, found on the surfaces of NS-ICs, to 
reagents that speci?cally bind the cell surface antigen. 

[0047] In order to normalize the distribution to a control, 
each cell is recorded as a data point having a particular 
intensity of staining. These data points may be displayed 
according to a log scale, Where the unit of measure is 
arbitrary staining intensity. In one example, the brightest 
cells in a population are designated as 3 logs more intense 
than the cells having the loWest level of staining. When 
displayed in this manner, it is clear that the cells falling in 
the highest log of staining intensity are bright, While those 
in the loWest intensity are negative. The “loW” staining cells, 
Which fall in the 2-3 log of staining intensity, may have 
properties that are unique from the negative and positive 
cells. An alternative control may utiliZe a substrate having a 
de?ned density of marker on its surface, for example a 
fabricated bead or cell line, Which provides the positive 
control for intensity. The “loW” designation indicates that 



US 2006/0099651 Al 

the level of staining is above the brightness of an isotype 
matched control, but is not as intense as the most brightly 
staining cells normally found in the population. 

[0048] As used herein, the terms CD151O and/or CD1510W 
and/ or CD15_/10 refer to “loW” staining cells, Which fall into 
the 1552M1 log of staining intensity. When the feW molecules 
(<100-500) in a given antigen Were expressed on the cell 
surface, the signal to noise ratio may be poor to determine 
Whether a given antigen is expressed on the cell surface. 
Those skilled in the relevant arts Will recognize that any of 
the antibodies described herein can also be described using 
the “lo” or “loW” designation (i.e. antibodyX1O or anti 
bodyXk’W), Without altering the intended meaning. Like 
Wise, belligsmused herein, the terms CD151”, CD15high, and/or 
CD15 refer to those cells in the population designated as 
3 logs more intense than the cells having the loWest level of 
staining. Again, those skilled in the art Will recognize that 
any antibody can be described using these designations, 
Without altering the intended meaning (i.e., antibodyXhi, 
antibodyXhigh, or antibodyXbright). The designation anti 
bodymed is intended to refer to an antibody having a staining 
intensity falling betWeen “loW” and “bright”. Moreover, as 
used herein, the designations antibodyX+ and antibodyXhi 
are used interchangeably. 

[0049] One of the antigens found on the surface of NS-lC 
is an antigen that binds to the AC133 monoclonal antibody 
(i., the CD133 antigen). Yin et al., US. Pat. No. 5,843,633, 
incorporated herein by reference, describes a monoclonal 
antibody called AC133, Which binds to a surface marker 
glycoprotein on hematopoietic stem and progenitor cells. 
The AC133 antigen (also referred to herein as the “CD133 
antigen” or “CD133”) is a 5-transmembrane cell surface 
antigen With a molecular Weight of 117 kDa. Expression of 
this antigen is highly tissue speci?c, and has been detected 
on a subset of hematopoietic progenitor cells derived from 
human bone marroW, fetal bone marroW and liver, cord 
blood, and adult peripheral blood. The subset of cells 
recognized by the AC133 antibody is CD34bright, and con 
tains substantially all of the CFU-GM activity present in the 
CD34+ population, making AC133 useful as a reagent for 
isolating and characterizing human hematopoietic progeni 
tor and stem cells. 

[0050] The AC133 antibody (also referred to herein as the 
5F3 antibody) is exemplary of antibody embodiments of 
reagents that recognize a human-cell marker termed promi 
nin. Prominin is a polytopic membrane protein expressed in 
various epithelial cells (Weigmann et al., 94(23) Proc Natl 
Acad Sci USA. 12425-30 (1997); Corbeil et al., 112 ( Pt 7) 
J Cell Sci. 1023-33 (1999); Corbeil et al, 91 (7) Blood 2625-6 
(1998); Miriglia et al, 91(11) Blood 4390-1 (1998)). Various 
AC133 antibodies are described in US. Pat. No. 5,843,633, 
Which is incorporated herein by reference. A deposit of the 
murine hybridoma cell line AC133 Was made at the Ameri 
can Type Tissue Collection, 12301 ParklaWn Drive, Rock 
ville Md. 20852, on Apr. 24, 1997, and given the ATCC 
designation HB12346. These AC133 antibodies are capable 
of immunoselection for a subset of human cells of interest in 
this invention. Preferred AC133 monoclonal antibodies can 
be obtained commercially from Miltenyi Biotec Inc. 
(Auburn Calif.), including, but not limited to, AC133/1-PE 
antibody (Cat #808-01) and AC133/2-PE antibody (Cat 
#809-01). For MACS separation, a 50:50 mixture of the 
monoclonal antibodies is preferred. The high tissue speci 
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?city of AC133 expression is particularly advantageous 
during enrichment for highly puri?ed NS-IC populations. A 
discussion of the use of the AC133 antigen to select NS-lC 
is found in US. Pat. No. 6,468,794, Which is incorporated 
herein by reference. 

[0051] “Anti-CD133 antibodies” are characterized by 
binding to the CD133 protein in native, in FACS and 
immunoprecipitation experiments, as Well as denatured, in 
Western blot experiments, conformation. The CD133 anti 
gen has been reported to have several reduced molecular 
Weights in the range of 125 kDa to 127 kDa according to 
US. Pat. No. 5,843,633 and 115 kDa to 127 kDa according 
to United States Published Patent Application No. 
20010051372. Examples of anti-CD133 antibodies include, 
but are not limited to, AC133 and SC111 (StemCells, Inc., 
Palo Alto, Calif.). 

[0052] CD45 is the T200/leucocyte common antigen. 
Antibodies to CD45 are commercially available from, eg 
Miltenyi Biotec (Auburn, Calif.) (catalog numbers 130-080 
201; 130-080-202); and Research Diagnostics (Flanders, 
N.J.) (catalog numbers RDl-M1343clb; RDl-CBL124; RDl 
CBL148; RDl-CBL464, etc.). In a preferred embodiment, 
the cells of this invention and cultures containing them, are 
additionally characterized (in addition to being prominin 
positive) as lacking cell surface markers such as CD45. 

[0053] CD34 is also knoWn as gp105-120. Monoclonal 
antibodies to CD34 are commercially available from, e.g., 
Miltenyi Biotec (Aubum, Calif.) (catalog numbers 130-090 
954); Research Diagnostics (Flanders, N.J.) (catalog num 
bers RDl-M1636clb; RDl-CBL128; RDl-CB]L496FT; RDl 
M228clb; RDl-CD34-581, etc.); BD Biosciences, 
Pharmingen (San Diego, Calif.) (catalog number 550760)). 
Anti-CD34 monoclonal antibodies have been used to quan 
tify and purify lymphohematopoietic stem/progenitor cells 
for research and for clinical bone marroW transplantation. 
CD34 is a monomeric cell surface antigen With a molecular 
mass of approximately 110 kDa that is selectively expressed 
on human progenitor cells. The gene is expressed by small 
vessel endothelial cells in addition to hematopoietic pro 
genitor cells and is a single-chain 105-120 kDa heavily 
O-gylcosylated taansmembrane glycoprotein. The sequence 
is disclosed by Simons et al. (1992) J. Immun. 148:267-271. 

[0054] The monoclonal antibody SC20, formerly knoWn 
as 8G1 (Uchida et al., PNAS 2000) is believed to recognize 
CD24. lt speci?cally reacts With the 515 kilodalton ot-chain 
of human LRP/A2MR Which is expressed in a restricted 
spectrum of cell types. A strong immunohistochemical reac 
tion is seen in hepatocytes, tissue macrophages, subsets of 
neurons and astrocytes in the central nervous system, ?bro 
blasts, smooth muscle cells, and monocyte-derived foam 
cells in atherosclerotic lesions in the arterial Wall. This 
antibody can also be used for the characterization of a subset 
of myelomonocytic subtypes of chronic and acute leukemia 
(CD91). Antibodies to CD91 are commercially available 
from, e.g., Research Diagnostics (Flanders, N.J.) (catalog 
numbers RDl-PRO651102; RDl-PRO610102; RDl 
PRO61065, etc.). 
[0055] Other examples of antibodies that recognize CD24 
include 32D 12 [Diatec, Oslo, NORWAY (catalog number 
CD24 3061-ab531)]; ALB9 [Accurate Chemical and Scien 
ti?c Co., Westbury, N.Y.; BEK, Miami, Fla.; Biomeda 
Corporation, Foster City, Calif.; Biosource lntemational, 
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Camarillo, Calif. (catalog number AHS2402); Leinco Tech 
nologies, St. Louis, Mo. (catalog numbers C483; C484); 
Research Diagnostics, Inc., Flanders, N.J.]; CLB134 [Accu 
rate Chemical and Scienti?c Co, Westbury, N.Y.; Cell Sci 
ences, NorWood, Mass. (catalog number MON 1119)]; 
CLBGRANBLyl [Accurate Chemical and Scienti?c Co., 
Westbury, N.Y.; Research Diagnostics, Inc., Flanders, N.J.]; 
SN3 [Caltag Laboratories, Inc., Burlingame, Calif. (catalog 
numbers MHCD2400; MHCD2401; MHCD2404)]; MLS 
[BD Pharmingen, San Diego, Calif. (catalog numbers 
555427; 555428; 555426)]; and 24C02 [Lab Vision Corpo 
ration, Freemont, Calif. (catalog number MS-1279); United 
States Biological, SWampscott, Mass.]. 

[0056] Those skilled in the art Will recogniZe that the 
designations SC20+ and CD24+ as Well as SC20_/1O and 
CD24 are synonymous and are used interchangeably 
throughout this application. CNS-SC isolated from fetal 
brains are CD133"SC20_/1O cells (eg the cells express loW 
levels of CD24). When CNS-SC are expanded in vitro as 
neurosphere cells, they may express CD24. The CD24 
antigen appears to be upregulated as cells proliferate. There 
fore, neurosphere cells derived from CNS-SC are heteroge 
neous for CD24 express (loW levels to high). Such cells are 
also CD133". 

[0057] CD49f (also knoWn as integrin alpha-6) (GenBank 
Accession No. X53586; SWISSPROT Accession No. 
P23229) is a 150 kDa transmembrane protein that is part of 
an integrin heterodimer expressed predominantly by epithe 
lial cells. lntegrin alpha-6 associates With the integrin [3-1 
(CD29) chain to form VLAA-6 and With the integrin [3-4 
chain to form the laminin and kalinin receptors. CD49f is 
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expressed mainly on T cells, monocytes, platelets, epithelial 
and endothelial cells, perineural cells, and trophoblasts of 
placenta. The sequence of CD49f may be found in, e.g., 
Tamura et al., J. Cell Biol. 111:1593-604 (1990), Which is 
incorporated herein by reference. There are tWo alternatively 
spliced forms of CD49f cDNA, Which have been described 
as having different cytoplasmic domains. The A form alone 
is expressed in the lung, liver, spleen, and cervix. Only the 
B form is observed in the brain, ovary, and kidney, and both 
forms have been detected in other tissues. CD49f/CD29 
0L6[31 is the laminin receptor on platelets, monocytes, and T 
lymphocytes, and CD49f/CD29-mediated T cell binding to 
laminin provides a co-stimulatory signal to T cells for 
activation and proliferation. 

[0058] Antibodies to CD49f have not been used in meth 
ods for identifying, isolating, or enriching for non-hemato 
poietic stem cells or progenitor cells, particularly central 
nervous system (CNS) neural stem cells and progenitor 
cells. 

[0059] The sequence of CD49f is presented beloW in Table 
A. Alpha6 associates With the integrin [3-1 (CD29) chain to 
form VLAA6 and With the integrin [3-4 claim to form the 
laminin and kalinin receptors. Antibodies that recogniZe 
CD49f include GoH3 [Research Diagnostics, Inc., Flanders, 
N.J. (catalog numbers RDl-M1566 and RDl-M1672clb); 
BD Biosciences (WWW.bdbiosciences.com) (catalog num 
bers 55710, 557511, 551140, 551129, 555734, 555735, 
555736); and ICN Biomed (WWW.incbiomed.com)] and 
4F10 [Research Diagnostics, Inc., Flanders, N.J. (catalog 
number RDl-CBL458)]. 

TABLE A 

SEQUENCE OF CD49f (SEQ ID NO:1) 

1 maaagqlcll ylsagllsrl gaafnldtre dnvirkygdp gslfgfslam hwqlqpedkr 

61 lllvgaprge alplgranrt gglyscdita rgpctriefd ndadptsesk edqwmgvtvq 

121 sqgpggkvvt cahryekrqh vntkqesrdi fgrcyvlsqn lrieddmdgg dwsfcdgrlr 

181 ghekfgscqq gvaatftkdf hyivfgapgt ynwkgivrve qknntffdmn ifedgpyevg 

241 getehdeslv pvpansylgl l?tsvsytd pdqfvyktrp preqpdtfpd vmmnsylgfs 

301 ldsgkgivsk deitfvsgap ranhsgavvl lkrdmksahl lpehifdgeg lassfgydva 

361 vvdlnkdgwq divigapqyf drdgevggav yvymnqqgrw nnvkpirlng tkdsmfgiav 

421 knigdinqdg ypdiavgapy ddlgkv?yh gsangintkp tqvlkgispy fgysiagnmd 

481 ldrnsypdva vgslsdsvti frsrpviniq ktitvtpnri dlrqktacga psgiclqvks 

541 cfeytanpag ynpsisivgt leaekerrks glssrvqfrn qgsepkytqe ltlkrqkqkv 

601 cmeetlwlqd nirdklrpip itasveiqep ssrrrvnslp evlpilnsde pktahidvhf 

661 lkegcgddnv cnsnlkleyk fctregnqdk fsylpiqkgv pelvlkdqkd ialeitvtns 

721 psnprnptkd gddaheakli atfpdtltys ayrelrafpe kqlscvanqn gsqadcelgn 

781 pfkrnsnvtf ylvlsttevt fdtpdldinl klettsnqdn lapitakakv vielllsvsg 

841 vakpsqvyfg gtvvgeqamk sedevgslie yefrvinlgk pltnlgtatl niqwpkeisn 

901 gkwllylvkv eskglekvtc epqkeinsln lteshnsrkk reitekqidd nrkfslfaer 

961 kyqtlncsvn vncvnircpl rgldskasli lrsrlwnstf leeysklnyl dilmra?dv 
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TABLE A-continued 
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SEQUENCE OF CD49f (SEQ ID NO: 1) 

1021 taaaenirlp nagtqvrvtv fpsktvaqys gvpwwiilva ilagilmlal lvfilwkcgf 

1081 fkrsryddsv pryhavrirk eereikdeky idnlekkqwi tkwnrnesys 

[0060] CD15 (also known as Lewis X, or LeX) (GenBank 
Accession No. NM 002033) is a 220 kDa branched pen 
tasaccharide. The CD15 carbohydrate epitope is expressed 
in mature human neutrophils, monocytes, and eosinophils, 
as well as in adult mouse subventricular Zone (SVZ) stem 
cells. It can also be found present on embryonic tissues and 
adenocarcinomas, myeloid leukemias and Reed-Sternberg 
cells. In such tissues, the Lewis X epitope is considered to 
be is involved in cell-cell interactions. CD15 is carried by 
the CD11/CD18 and CD66 glycoproteins. CD15 antibodies 
recognize the terminal trisaccharide structure Gal[31—>4 
[Fuca1Q3]GlcNAc (LeX antigen). The majority of the 
CD15 antibodies are IgM, and they do not cross react with 
the sialylated form of CD15, CDl5s. 

[0061] CD15 is a fucose-containing trisaccharide widely 
distributed in many tissues and is developmentally 
expressed in some rodent and human tissues, i.e., brain and 
lung, and mouse early embryo. Additionally, CD15 is 
present on the surface of pluripotent stem cells, such as 
mouse embryonic stem cells and primordial germ cells. The 
sequence of CD15 is presented in Table B. CD15 is useful 
as a cell type marker since it allows for stem cell localiZation 
and puri?cation. Antibodies that recogniZe human CD15 
include MMA (BD Biosciences (www.bdbiosciences.com) 
(catalog numbers 340703, 340850, 347420, 347423, 
559045)). 
[0062] Cell surface carbohydrate moieties are useful cell 
type markers (Jessell et al., (1990) Ann. Rev. Neurosci 13, 

227-55). The LeX antigen, which is the trisaccharide 3-fu 
cosyl-N-acetyllactosamine or PAL (Gooi et al., (1981) 
Nature 292, 156-58), also known as SSEA-l (stage speci?c 
embryonic antigen 1) or CD15 (leukocyte cluster of differ 
entiation 15), is highly expressed on pluripotent stem cells: 
it is found on mouse and human embryonic carcinoma cells, 
mouse pre-implantation embryos, embryonic stem cells, 
teratocarcinoma cells and primordial germ cells (Solter and 
Knowles, (1978) Proc. Natl. Acad. Sci. USA 75, 5565-69; 
Fox et al., (1981) Dev. Biol. 83, 391-98; Bird and Kimber, 
(1984) Dev. Biol. 104,449-60; Muramatsu, (1994) Nagoya J. 
Med. Sci. 57, 95-108; Marani et al., (1986) Acta. Morphol. 
Neerl. Scand. 24, 103-110; Gomperts et al., (1994) Devel 
opment 120, 135-41). lntriguingly, CNS cell sub-popula 
tions in various species also express this marker during 
development and in adulthood. LeX is expressed in germinal 
Zones in the murine embryonic telencephalon (Yamamoto et 
al., (1985) Proc. Natl. Acad. Sci. USA 82, 3045-49; Allen 
doerfer et al., (1995) Mol. Cell. Neurosci. 6, 381-95; Allen 
doerfer et al., (1999) Dev. Biol. 211, 208-19; Tole et al., 
(1995) J. Neurosci 15, 624-27;Ashwell and Mai, (1997) Cell 
Tissue Res. 289, 17-23) and spinal cord (Dodd and Jessell, 
(1986) J. Exp. Biol. 129, 225-38), and in the cerebellar 
external granular layer (Marani and Tetteroo, (1983) His 
tochemistry 78, 157-61. In the adult mouse CNS, LeX is 
expressed by sub-populations of astrocytes, tanycytes, and a 
few neurons (Bartsch and Mai, (1991) Cell Tissue Res. 263, 
353-66; Gocht et al., (1996) Histol. Histopathol. 11, 1007 
28; Ashwell and Mai, (1997) Cell Tissue Res. 289, 17-23). 

TABLE B 

SEQUENCE OF CD15 (SEQ ID NO:2 ) 

1 ctgctcctgc gcggcagctg ctttagaagg tctcgagcct cctgtacctt cccagggatg 

61 aaccgggcct tccctctgga aggcgagggt tcgggccaca gtgagcgagg gccagggcgg 

121 tgggcgcgcg 

181 gcttgtgggg 

241 cgccgcagga 

301 agggacgggc 

361 ccgcccggca 

421 ccttccattc 

481 agagccggtg 

541 ttcgcgccat 

601 ggcgccgagg 

661 gtacggcgct 

cagagggaaa ccggatcagt tgagagagaa tcaagagtag cggatgaggc 

Cgcggcccgg aagccctcgg gcgcgggctg 99519515199519 tgggcggagg 

ggctcccggg gcctggtcgg gccggctggg ccccgggcgc agtggaagaa 

ggtgcccggt tgggcgtcct ggccagctca ccttgccctg gcggctcgcc 

cttgggagga gcagggcagg gcccgcggcc tttgcattct gggaccgccc 

ccgggccagc ggcgagcggc agcgacggct ggagccgcag ctacagcatg 

ccgctcctcc acgcctgcgg acgcgtggcg agcggaggca gcgctgcctg 

gggggcaccg tggggctcgc Cgacggcggc ggcgggcggg Cggcgcgggt 

ccgggggctg ccatggaccg tctgtgtgct ggcggccgcc ggcttgacgt 

gatcacctac gcttgctggg ggcagctgcc gccgctgccc tgggcgtcgc 
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[0063] At least tWo different subsets of CD133"SC20_/1O 
cells exist: those that are CD15_/10 and those that are CD15hi. 
Both subsets expanded to give rise to neurospheres. It is 
unclear Whether CD15_/10 or CD15hi cells are more primitive 
CNS-SC. Neurosphere cells derived from the CD15_/10 
subset of cells engrafted Well in the NOD-SCID mouse. 

[0064] Biological signi?cance of CD15 (LeX) 

[0065] LeX is expressed on embryonic pluripotent stem 
cells and on adult CNS stem cells. LeX in?uences blastocyst 
adhesion, (Bird, J. M. et al., (1984) Dev. Biol. 104, 449-460; 
Hakomori, S. I. (1992) Histochem. J. 24, 771-776), and it 
can in?uence CNS stem cell adhesion. Carbohydrate 
ectodomains on proteoglycans can be shed into the extra 
cellular matrix Where they interact With groWth factors 
(Kato, M. et al., (1998) Nat Med. 4, 691-697). LeX is present 
in the extracellular matrix (Gocht, A. et al., (1996) Histol. 
Histopathol. 11, 1007-1028) and shedding of LeX+ material 
by adult SVZ cells in vitro and diffuse LeX staining in 
neurogenic Zones has been observed. LoW concentrations of 
free LeX can promote FGF2 oligomeriZation and stimulate 
its mitogenicity for embryonic stem cells (Milev, P. et al., 
(1998) J. Biol. Chem. 273, 21439-21442; Jirmanova, L. et 
al., (1999) Int. J. Dev. Biol. 43, 555-562). HoWever, excess 
LeX inhibits FGF2 mitogenicity (Dvorak, P. et al., (1998) J. 
Cell Science 111, 2945-2952). Thus, di?‘erent concentra 
tions of LeX in the extracellular environment can regulate 
groWth factor access to, and in?uence on, CNS stem cells. 
In the embryo, LeX-containing carbohydrates can bind 
Wnts, and they may continue to bind critical groWth modu 
lators in the adult. The large carrier molecule for LeX 
identi?ed in the developing CNS and adult neurogenic 
regions may be important to its regulative role. 

[0066] 
[0067] Establishing a hierarchy of a particular cell fate 
map has noW been accomplished for the mouse hematopoi 
etic stem cells and its progeny. This fate mapping uses the 
techniques that have been applied in this invention and can 
be found more descriptively in Morrison S J, Weissman I L. 
Immunity November 1994;1(8):661-73; Kondo M, Weiss 
man , Akashi K. Cell Nov. 28, 1997;91(5):661-72; Akashi K, 
Traver D, Miyamoto T, Weissman I L. Nature Mar. 9, 
2000;404 (6774):193-7. The further dissection of the ini 
tially described mouse hematopoietic stem cell population 
Was accomplished by using surface phenotypes to subdivide 
the hematopoietic stem cell population into both a short and 
long term repopulating fraction. This technology Was then 
applied to the progeny of the hematopoietic stem cells to 
identify a lymphomyeloid progenitor, a myeloid restricted 
progenitor, and a common lymphoid progenitor. 

[0068] Isolation of Subsets of NS-IC 

[0069] NS-IC are obtained from a cell population isolated 
from neural tissues (typically fetal brain tissue), prior to 
expansion in vitro. As a result, the NS-IC population can be 
CD133+CD24_/1° or cD49f*cD24-/1°. Following in vitro 
expansion, this population of cells may be CD24hi. NS-IC 
obtained folloWing culture can be classi?ed as CD133+ 
CD49f*. 

Isolation of Subsets of Stern and Progenitor Cells 

[0070] The invention provides for selection methodolo 
gies using the cellular marker CD49f that can be used to 
isolate subsets of NS-IC (including stem cells and progeni 
tors). Isolation of such subsets can be performed either 
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before or after selection of CD133+ cells and/or CD49f+ 
cells. CD15 can be used to isolate CD15hiCD24_/1O and 
CD133+CD_/1"CD24_/1O cell populations, Which are enriched 
for NS-IC. As shoWn in FIG. 7, CD15 expression de?nes 
different subsets of expandable CNS stem cells and progeni 
tors. As shoWn in Example 6, CD15_/10 cells have the ability 
to generate neurospheres and engraft Well folloWing trans 
plantation. 
[0071] Cell Deposits. The 8G1.7 cultures (noW knoWn as 
SC20) have been deposited With ATCC, 10801 University 
Blvd., Manassas, Va. 20110-2209, under ATCC accession 
numbers PTA-993 and PTA-994, respectively, in accordance 
With the provisions of the Budapest Treaty for the Deposit of 
Microorganisms. As noted in US. Pat. No. 5,843,633, the 
murine hybridoma cell line AC133 Was deposited at the 
American Type Tissue Collection, 12301 ParklaWn Drive, 
Rockville, Md. 20852 (ATCC designation HB12346) in 
accordance With the provisions of the Budapest Treaty. 

[0072] Anti-CD49f and anti-CD15 antibodies are com 
mercially available. 

[0073] Isolation, enrichment, and selection of cells. The 
population of cells from Which NS-ICs are isolated can be a 
neural tissue, a population of cells dissociated from neural 
tissue, or a population of cells in cell culture, e.g., cells in a 
neurosphere culture or an adherent neural stem cell culture. 

[0074] The invention provides for the isolation and iden 
ti?cation of NS-ICs. Identi?cation of a neurosphere initiat 
ing stem cell or progenitor (NS-IC) involves contacting a 
population of neural cells (or a population Which contains 
neural or neural derived cells) With a reagent that binds to 
the CD49f antigen and/or a reagent that binds to the CD133 
antigen and/ or a reagent that binds to the CD15 antigen, and 
detecting the contact betWeen the reagent that binds to the 
CD49f and/or CD133 and/or CD15 antigens and the CD49f 
and/or CD133 and/or CD15 antigens on the surface of cells. 
Those cells to Which the CD49f and/or CD133 and/or CD15 
reagents (eg. CD15hi or CD15_/10 cells) bind are identi?ed as 
NS-ICs. The identity of these cells can be con?rmed by 
assays that demonstrate that the cells are in fact NS-ICs, 
capable of neurosphere initiation, self-reneWal and multipo 
tency. 

[0075] The methods of this invention can also be used to 
isolate CD49f+ cells from CD49f cells using an anti-CD49f 
antibody (or CD15hi cells or CD133"CD15_/1"CD24_/1O cells 
using an anti-CD15 antibody), by combining a population of 
neural cells Which contains a fraction of NS-ICs With a 
reagent that speci?cally binds to the CD49f antigen (or the 
CD15hiantigen), and then selecting for CD49+ cells (or for 
CD15 or CD15_/10 cells), to produce a selected population 
enriched in CD49f+ NS-ICs (or to the CD15hi or CD133‘ 
CD15_/10 CD24_/10 NS-ICs) as compared With the population 
of neural cells prior to the selection. Accordingly, the 
invention further provides for the enrichment of NS-ICs 
from neural tissue or neural stem cell cultures (e.g., neuro 
sphere suspension cultures or neural stem cell adherent 
cultures). The invention is thus useful for the enrichment of 
NS-IC from neural tissue in Which stem cells and progenitor 
cells occur at loW frequency, or may have been depleted, 
such as late embryo, juvenile, and/or adult tissue. One of 
ordinary skill in the art can combine a population of neural 
cells containing a fraction of NS-ICs With a reagent that 
speci?cally binds to the CD49f antigen or the to CD15 
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antigen, and select for the CD49f*, CD15", or CD133+ 
CD15_/1°CD24_/1O cells. In this way, the selected CD49f", 
CD15", or cD133+cD15-/1°cD24-/1° cells are enriched in 
the fraction of NS-IC as compared with the population of 
neural cells. 

[0076] The invention also provides antibodies that spe 
ci?cally binds to the CD49f antigen, wherein the CD49f 
antigen speci?cally binds to the GoH3 and/or 4F10 antibod 
ies. This antibody may be produced by a hybridoma cell line. 
This monoclonal antibody may block simultaneous binding 
to the CD49f antigen by the antibody GoH3 and/or the 
antibody 4F10. Of particular interest are antibodies that bind 
to the CD49f antigen, cross-reactive antibodies (i.e, those 
which bind to the same epitope as the GoH3 and/or 4F10 
antibodies and substantially inhibit simultaneous binding), 
species analogs thereof, binding fragments thereof, and/or 
conjugates thereof. 

[0077] Likewise, the invention also provides antibodies 
that speci?cally binds to the CD15 antigen, wherein the 
CD15 antigen speci?cally binds to the MMA antibody. This 
antibody may be produced by a hybridoma cell line. This 
monoclonal antibody may block simultaneous binding to the 
CD15 antigen by the antibody MMA. Of particular interest 
are antibodies that bind to the CD15 antigen, cross-reactive 
antibodies (i.e., those which bind to the same epitope as the 
MMA antibody and substantially inhibit simultaneous bind 
ing), species analogs thereof, binding fragments thereof, 
and/ or conjugates thereof. 

[0078] Also provided is a method for the further enrich 
ment of human CNS-SC and progenitors which can initiate 
neurospheres (NS-IC) by combining a population of CD49f+ 
or a population of CD15+ or CD15_/10 neural or neural 
derived cells with a reagent that speci?cally binds to the 
CD24 antigen and removing those cells that are CD24", 
wherein the remaining cells are enriched for NS-IC. For 
example, this reagent can be an antibody. 

[0079] In any of the methods of this invention, the popu 
lation of neural or neural-derived cells can be further 
enriched by contacting the cells with a reagent that speci? 
cally binds to the CD133 antigen (i.e., an anti-CD133 
antibody such as the AC133 monoclonal antibody) before, 
during, and/ or after contacting the cells with a reagent that 
binds to the CD49f antigen. Likewise, in any of the methods 
of this invention, the population of neural or neural-derived 
cells can be further enriched by contacting the cells with a 
reagent that speci?cally binds to the CD15 antigen (i.e., an 
anti-CD15 antibody) before, during, and/or after contacting 
the cells with a reagent that binds to the CD49f antigen. 

[0080] Cell selection according to the invention can be 
accomplished by any suitable means known in the art, 
including ?ow cytometry, such as by ?uorescence activated 
cell sorting using ?uorochrome conjugated antibodies. The 
selection can also be by high gradient magnetic selection 
using antibodies conjugated to magnetic particles. Likewise, 
any other suitable method including attachment to and 
disattachment from solid phase, is also contemplated as 
being within the scope of the invention. 

[0081] A population of cells can be derived by immun 
oselection using an anti-CD49f antibody. The population of 
cells should contain at least 30% CD49f+ NS-ICs, preferably 
at least 50-70% CD49f+ NS-ICs, and more preferably 
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greater than 90% CD49f+ NS-ICs. Most preferable would be 
a substantially pure population of CD49f+ NS-ICs, contain 
ing at least 95% CD49f+ NS-ICs. The degree of enrichment 
obtained, and actually used, depends on a number of factors, 
including the method of selection, the method of growth, 
and the cell dose of the cells that are placed in culture for the 
initiation of neurospheres. 

[0082] The population of cells can be derived from late 
embryo, juvenile, or adult mammalian CNS tissue, or it may 
be derived from existing cultures of neural stem cells, as 
described in Weiss, U.S. Pat. No. 5,750,376, or Johe, U.S. 
Pat. No. 5,753,506. In the most preferred embodiment, the 
NS-IC are human. In some embodiments, the CD49f+ cells 
in the population can be complexed to endothelial cells. 

[0083] The in vitro cell cultures described herein contain 
ing an enriched population of CD49f+ NS-ICs are generally 
characterized as staining positive for nestin and, in the 
presence of differentiation-inducing conditions, produce 
progeny cells that differentiate into neurons, astrocytes, and 
oligodendrocytes. 

[0084] One skilled in the art can introduce an isolated 
CD49f+ cell to a culture medium, proliferate the isolated 
CD49f+ cell in culture, particularly as a neurosphere; culture 
the progeny of the isolated CD49f+ cell under conditions in 
which the isolated CD49f+ cell differentiates to neurons, 
astrocytes, and oligodendrocytes; then detect the presence of 
neurons, astrocytes, and oligodendrocytes. The presence of 
neurons, astrocytes, and oligodendrocytes characteriZes the 
isolated CD49f+ cell as an NS-IC. 

[0085] Typically, CD49f+ NS-ICs are cultured in a 
medium that permits the growth and proliferation of neuro 
spheres. The culture in which the isolated CD49f+ cell 
proliferates can be a serum-free medium containing one or 
more predetermined growth factors effective for inducing 
multipotent neural stem cell proliferation. The culture 
medium can be supplemented with a growth factor selected 
from leukemia inhibitory factor (LIF), epidermal growth 
factor (EGF), basic ?broblast growth factor (FGF-2; bFGF) 
or combinations thereof. The culture medium can be further 
supplemented with neural survival factor (NSF) (Clonetics, 
CA). The conditions in which the CD49f+ cell differentiates 
to neurons, astrocytes, and oligodendrocytes can include 
culturing the CD49f+ cell progeny on a laminin-coated 
surface in culture medium containing fetal bovine serum 
(FBS) without EGF, FGF-2 or LIF. 

[0086] The invention also provides a method for identi 
fying the presence of a growth factor that affects the growth 
of NS-IC. One skilled in the art can combine a composition 
suspected of containing at least one growth factor that affects 
the growth of NS-IC with a composition containing NS-IC, 
then determine the growth of the NS-IC as a function of the 
presence of the composition. Altered (increased, decreased, 
etc.) NS-IC growth indicates the presence in the composi 
tion of a growth factor that affects the growth of NS-IC. The 
identity of the growth factor can be determined using 
techniques known in the art 

[0087] Antibodies to CD133. Antibodies to CD133 may 
be obtained or prepared as discussed in Us. Pat. No. 
5,843,633, incorporated herein by reference. The CD133 
antigen can be contacted with an antibody, such as various 
anti-CD133 monoclonal antibodies (e.g., AC133), which 






















