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We used expression of the ganglioside A2B5 to isolate
putative myelin progenitor cells from adult human
central nervous system parenchyma and compared
their phenotypic (expression of myelin lineage mol-
ecules) and functional (survival, proliferation) prop-
erties with mature oligodendrocytes (OLGs) derived
from the same adult material and with A2B5™ cells
isolated from human fetal brain. A2B5" cells repre-
sented 3 to 5% of the total cell suspension derived
from adult specimens. Results of protein (immuno-
staining) and RNA (polymerase chain reaction) anal-
yses indicated that the adult A2B5" cells were more
committed to the OLG lineage than their fetal coun-
terparts while continuing to retain properties of pro-
genitor cells compared to the postmitotic mature
OLGs. Although the adult A2B5* cells retained the
capacity to divide, albeit at a reduced rate compared
to fetal A2B5" cells, they showed reduced survival
and process outgrowth compared not only to fetal
cells but also to mature OLGs. Our results confirm the
presence of progenitor cells committed to the OLG
lineage in the adult human central nervous system
but raise the issues regarding the intrinsic capacity of
these cells to contribute to the process of remyelina-
tion that may be necessary during demyelinating dis-
eases. (Am J Pathol 2004, 165:2167-2175)

Recovery from relapses in multiple sclerosis (MS) is at-
tributed at least in part to the extent of remyelination
observed in early MS lesions.”* Many actively demyeli-
nating MS lesions contain preserved numbers of mature,
presumably previously myelinating oligodendrocytes
(OLGs).?®* Complete remyelination in experimental
animal models of demyelination is ascribed to recruit-
ment of progenitor cells that differentiate into myelinating

OLGs.°'2 Cells bearing specific surface markers [04,
galactocerebroside (GalC), chondroitin sulfate proteogly-
can (NG2), proteolipid protein (PLP), platelet-derived
growth factor receptor-a (PDGF-Ra)] or morphological
features characteristic of myelin progenitor cells, are de-
scribed in MS lesions. Phenotypic profiles of such cells
include: 04" GalC™NG2~,"® PDGF-Ra® GalC—, '+
PDGF-Ra™, NG2*,® and PLP™" pre-OLGs."” These cells
do not however appear to be overrepresented nor are
they consistently proliferating in the lesions. In late
chronic MS lesions, where remyelination is less wide-
spread than in early lesions, the number of both progen-
itors and mature OLGs is decreased compared to early
active lesions.

Roy and colleagues,'® reported that progenitor cells
(ganglioside A2B5-positive) comprised 3 to 5% of the
total cell population derived from human adult temporal
lobe resections and could undergo a limited number of
cell divisions in vitro. OLGs could be derived only from the
A2B5™ population, although this population could also
give rise to neurons and astrocytes.?° 22 The purpose of
our current study was to compare phenotypic (myelin
lineage gene expression) and functional (in vitro survival,
cell cycling, and process formation) properties of the
adult A2B5™ cells with those of mature OLGs isolated
from the same tissue samples. We further compared the
properties of adult A2B5™ cells with their fetal counter-
parts providing insight for the observation that, when
compared to fetal A2B5* cells, transplanted adult A2B5*
cells produce fewer surviving cells but among those a
higher proportion contribute to myelination of the dismy-
elinated mouse mutants, shiverer mice.'®2" Our results
demonstrate that the adult A2B5™ cells retain properties
of progenitor cells when compared to postmitotic mature
human OLGs and are more committed to the OLG lin-
eage than their fetal counterparts. Adult A2B5" cells,
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Table 1. List of the Antibodies Used to Detect Mature and Immature Neural Cells

Antigen/

antibody Cell type Type Species Clonality Source

A2B5 Progenitor cells IgM Mouse Mono Hybridoma gift from T. Kennedy
GFAP Astrocytes IgG Mouse Poly DAKO, Mississauga, Canada

MAG Myelinating OLGs 1gG1 Mouse Mono Chemicon Int., Temecula, CA

MBP Myelinating OLGs 1gG1 Mouse Mono Sternberger-Meyer, Jarrettsville, MD
GalC Mature OLGs 1gG1 Mouse Mono Supernatant gift from V.W. Yong, U. Calgary
04 OLGs progenitor IgM Mouse Mono Chemicon Int., Temecula, CA
B-Tub-Ill Neurons 1gG2b Mouse Mono Sigma, Oakville, Canada

MAP-2 Mature neurons 1gG1 Mouse Mono Sigma, Oakville, Canada

NG-2 Progenitor cells IgG2a Mouse Mono Pharmingen, Mississauga, Canada
CD68 Microglia 1gG1 Mouse Mono DAKO, Mississauga, Canada

however, have more limited cell survival even in a growth
factor-supplemented environment, compared not only to
fetal ones but also to the mature OLGs.

Materials and Methods

Adult Human Cell Preparations

Surgical resections were obtained from the treatment of
nontumor-related intractable epilepsy, in accordance
with the guidelines set by the Biomedical Ethics Unit of
McGill University. White matter was obtained from re-
gions distant from the main electrically active site. As
previously described,?? tissue specimens were dissoci-
ated enzymatically with trypsin and DNase |, and me-
chanically. Cells were separated on a linear 30% Percoll
density gradient (Pharmacia LKB, Baie D’Urfé, Canada).
The derived cell population was put in minimal essential
culture medium (MEM), containing 5% fetal calf serum,
penicillin, streptomycin, glutamine, and glucose (com-
plete MEM; all from Life Technologies, Burlington, Can-
ada). The next day, the less adherent cells, containing
the OLG/progenitor cell pool, were removed by pipetting,
washed, and incubated on ice with anti-A2B5 IgM anti-
body (Ab) purified from the original hybridoma superna-
tant (gift from T. Kennedy, McGill University). Cells were
then washed in magnetic cell sorting (MACS) buffer
[phosphate-buffered saline (PBS), 2 mmol/L ethylenedia-
minetetraacetic acid, 5% fetal calf serum] and incubated
with the microbead-conjugated rat anti-mouse IgM anti-
body (Miltenyi Biotech, Auburn, CA) following the manu-
facturer’s instructions. Cells were washed and separated
using positive selection columns (Miltenyi Biotech). The
A2B5™" cell fraction was then resuspended in Dulbecco’s
modified Eagle’s medium (DMEM)-F12 N1 supplement
(Sigma) media containing basic-fibroblast growth factor
(bFGF) (20 ng/ml; Sigma, Oakville, Canada) and thyroid
hormone, T3 (2 ng/ml, Sigma) and plated onto fibronec-
tin/laminin-coated chamber slides (10° cells/well). Addi-
tional studies were done with cells grown in complete
MEM medium or in DMEM/F12 added with PDGF (20
ng/ml, Sigma) and neurotrophic factor 3 (NT-3) (20 ng/ml,
Sigma) and bFGF. The A2B5™ fraction, obtained from
adult human brain cells after sorting, was replated. The
next day the floating cells, highly enriched for mature
OLGs, were harvested, resuspended in complete MEM

medium, and then plated on poly-L-lysine-coated cham-
ber slides (10° cells/well).

Fetal Human Cell Preparation

Human fetal central nervous system (CNS) tissue ob-
tained from 14- to 23-week-old embryos was provided
either by Cindy Goodyer (Montreal Children’s Hospital) or
by the Human Fetal Tissue Repository (Albert Einstein
College of Medicine, Bronx, NY). The studies were ap-
proved by their and our institutional review boards. Brain
tissue diced into =1-mm fragments was incubated with
0.25% trypsin and 25 ug/ml of DNase | and washed
through a 132-um nylon mesh and centrifuged. The cells
were then washed and sorted using the MACS system as
described for the adult cells. Both the positive and the
negative fractions of the sorted cells were grown in the
same media used for the adult cells for 1 to 2 weeks.
Additional studies were done with cells grown in com-
plete MEM medium and/or adding PDGF and NT-3 with
bFGF as growth factors.

Immunostaining

Fetal and adult A2B5™" cells and mature OLGs were fixed
at different time points with 4% paraformaldehyde and
blocked in HHG (1 mmol/L HEPES buffer, 2% horse se-
rum, and 10% goat serum in Hanks’ balanced salt solu-
tion). Cells were stained with mouse monoclonal antibod-
ies (mAbs) specific for A2B5, CD68, NG2, 04, MAG
(myelin-associated glycoprotein), MBP (myelin basic pro-
tein), GalC, BTub-IIl (B-tubulin-1ll), and the rabbit poly-
clonal Ab for GFAP (glial fibrillary acidic protein) (see
Table 1 for details). Then cells were washed and incu-
bated with the appropriate secondary Cy3 (Bio-Source
International, Camarillo, CA) or fluorescein isothiocya-
nate-conjugated (Jackson Laboratories, Bar Harbor, ME)
Abs. For cytoplasmic antigens, cells were permeabilized
either with cold acetone (for GFAP and CD68), cold meth-
anol (for MAG and MBP), or Triton X100 (for BTub-III).
Corresponding isotypes were used as controls. For dou-
ble staining Abs recognizing cytoplasmic antigens were
applied first. Cultures were counterstained with Hoechst
dye (83258) to label nuclei.
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Table 2. Primer Pairs Used to Amplify Myelin Lineage Gene Products

Primer Forward 5’ to 3’ Reverse 5’ to 3’ bp
PDGF-Ra GAAGCTGTCAACCTGCATGA CTTCCTTAGCACGGATCAGC 187
MOG CTGGAGTGCTGGTTCTCCTC TTGCCCTGCTAGTCTTCGAT 257
MBP CTGGGCAGCTGTTAGAGTCC CTGTGGTTTGGAAACGAGGT 275
PLP GGCGACTACAAGACCACCAT AGGTGGTCCAGGTGTTGAAG 247*
NG2 ACTGGCTAGGGGTGTCAATG TCCTCAAGGTCCTGCTGAGT 271
Actin GAGGGCATACCCCTCGTAGAT CAGAAGGATTCCTATGTGGGC 378

*Predicted PCR product of 247 bp (PLP full length)-142 bp (DM-20).

Fetal A2B5™ cells were also analyzed by flow cytom-
etry immediately after magnetic bead separation. For
these studies both the A2B5* and A2B5™~ fractions were
stained with Abs specific for A2B5, NG2, O4, GalC, MAG,
and CD68 (the latter two required permeabilization with
saponin®?), followed by incubation with secondary Abs
conjugated to phycoerythrin or fluorescein isothiocyanate
fluorochromes. Cells were acquired on a FACS Scan flow
cytometer (Becton Dickinson, San Jose, CA) and ana-
lyzed with FlowJo (Treestar, Ashland, OR) software.

RNA-Based Characterization of A2B5™" Cells

Total RNA was isolated from adult and fetal unfraction-
ated brain samples (ie, before cell dissociation), as well
as from adult and fetal A2B5™ cell fractions immediately
after magnetic bead separation, and from mature adult
OLGs using Trizol reagent with an additional DNase step
to eliminate genomic DNA. First-strand cDNA synthesis
was performed using 3 pg of total RNA and mouse Ma-
loney leukemia virus reverse transcriptase (Invitrogen,
Burlington, Canada) according to the manufacturer’s in-
structions. One-tenth of the resulting cDNA was then
used for each polymerase chain reaction (PCR) reaction.
The primers (Table 2) were designed using OLIGO soft-
ware Primer 3, Whitehead Ins., Cambridge according to
sequences available on the GenBank (National Bio-
sciences, Plymouth, MN) and synthesized by Invitrogen.
PCRs were performed under the following conditions:
primer (1 wmol/L of each), 2.5 U Taqg polymerase (Invitro-
gen), 1.5 mmol/L MgCl,, and 0.2 mmol/L dNTP with the
following reaction-cycling parameters: 94°C, 60 seconds;
60°C, 60 seconds; 72°C, 60 seconds for 25 cycles.
Twenty-five cycles were used because it was in the linear
range of PCR amplification and showed no saturation.

Cell Cycling and Survival Studies

For the proliferation studies, right after isolation, cells
were maintained for 48 hours in the culture media de-
scribed above supplemented with 10 mmol/L BrdU
(Sigma) and cultured for 5 to 6 additional days. The cells
were immunostained for neural markers as described
above and then permeabilized with ice-cold methanol:
acetic alcohol (1:1), washed, incubated in HCI 2 N sub-
sequently neutralized in 0.1 mol/L borate buffer (pH 8.5),
and washed. Cells were blocked with HHG containing
0.3% Triton X-100 before being labeled with anti-BrdU

antibody (Sigma). Cells were labeled with the appropriate
secondary antibody and mounted with gelvatol.

Results

Comparison of Phenotypic Properties of Adult
A2B5™ Cells with Primary Adult OLGs and Fetal
A2B5™ Cells

For all our studies A2B5-expressing cells were derived
using an immunomagnetic bead-based cell separation
system. We refer to the cell fraction derived from the
column as the “A2B5™ cell fraction” and the flow through
cell fraction as the “A2B5~ cell fraction.” The adult A2B5™
cell fraction comprised on average 2 to 3% (and never
>5%) of the total adult CNS cell. The fetal A2B5™ cell
fraction accounted for 30 to 60% of the total cell popula-
tion, with the proportions being higher with younger spec-
imens [60% for 14- to 16-week-old specimens; 30% for
22- to 24-week-old specimens (Table 3)]. Immunohisto-
chemical studies were performed after 5 to 7 days in
culture, allowing time for the A2B5 cells to firmly adhere
to the culture dish.

Over 80 to 85% of the A2B5 bead-selected adult CNS
cells expressed detectable levels of A2B5 (Figure 1a and
Table 3). The large majority of the non-A2B5 cells in this
fraction were CD68™, a microglial cell marker (Figure 1b).
Between 5 and 10% of the total A2B5"-selected popula-
tion expressed NG2 (Figure 1, ¢ and d), these were
morphologically distinct from the CD68™ cells (Figure
1b). Astrocytes (GFAP™ cells) were rare (<2 to 3% of the
total cell number). At this time in culture, we did not
detect O4 or BTub-III™ cells. Among the A2B5™ cells 20
to 25% of them expressed GalC and MAG with some
apparent concentration within aggregates (Figure 1; e to I).

Primary adult OLGs were derived from the A2B5-neg-
ative fraction of the same adult brain. This fraction initially
consisted of 35% microglia (CD68"), 60% mature OLGs
(GalC/MAG™), and a small portion (~5%) of astrocytes
(GFAP™) and neurons (BTub-IlI"). In the nonadherent
fraction of these cells, 95% expressed OLG markers
(Figure 2; a to d) whereas OLGs were absent in the
adherent fraction. In the OLG-enriched fraction up to 10%
of the cells co-expressed A2B5 and MAG (Figure 2, b
and c) suggesting either that during the maturation from
progenitor to OLG, cells continue to bear A2B5 on their
surface or that the cells are dedifferentiating.
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Table 3. Comparison of Immunophenotypic Properties of Adult and Fetal A2B5™ Cell Fractions

Fetal A2B5+
Markers (% of total cells)
A2B5 in total CNS 30-60%*
A2B5 ex vivo (Flow >90%
cytometry)
A2B5 in vitro® 80-85%
GalC*$ None
MAG ™S None
NG2*$ >10%*
04+8 >10%*
B-Tub IS <5%*
GFAP*S 20-40%*
A2B5— CD68"S ~10%*
A2B5+ CD68™¢ None

Adult A2B5+ OLGs
(% of total cells) (% of total cells)
3-5% N/A
N/D N/A
80-85% 10%
20% >95%
20% >95%
5-10% None
Not detected None
None None
<5% <5%
~10% <5%
None None

*Numbers vary with fetal age.
SMeasured by immunostaining.
N/D, Not done; N/A, not applicable.

Fetal A2B5™" cells were analyzed by flow cytometry
within 24 hours of cell isolation. Our results indicated that
>90% of the positively selected cells expressed A2B5
above the isotype control (Figure 3, a and b; dot plot and
histogram). A variable proportion of these cells ex-
pressed low levels of 04 (<10% in the sample illustrated
in Figure 3c). Although the fetal A2B5™ fraction still con-

tained a significant proportion of cells with detectable
levels of A2B5 (Figure 3, a and b; dot plot and histogram)
above the isotype control, the fluorescence intensity was
significantly lower than that found on A2B5™ cells in the
positively selected fraction. None of these cells ex-
pressed O4 (data not shown), suggesting that cells of the
OLG lineage are derived from A2B5* high-expressing

Figure 1. Immunocytochemical characterization of the A2B5™ cell fraction derived from the adult human CNS. After magnetic bead selection, A2B5™ cells derived
from human adult CNS were grown in DMEM F12 supplemented with N1, bFGF, and T3, kept in culture for 7 days, and then immunostained for different neural
markers; a: A2B5™ cells (red) with a small inset for the isotype control IgM (red); bz CDG68™ cells (red) with nuclei double-stained with Hoechst (blue); ¢ and

+

d: NG2™ cells (red) and corresponding bright field; e~h: GalC

cells (red) with corresponding bright fields; i—l: MAG ™ cells (red) and bright fields. Both for GalC

and MAG two different fields are shown to represent cell aggregates that are mostly positive (e and i) or mostly negative (g and k) for GalC and MAG. Original

magnifications: X40 (a, c-1); X20 (b).



Figure 2. Immunocytochemical characterization of adult OLGs indicating
that a fraction of these cells co-express A2B5. After 1 week in culture in MEM
supplemented with 5% fetal calf serum, OLGs were co-stained for the myelin
antigen MAG and for A2B5. Each staining is shown individually as well as the
overlay: a: MAG™ cells (green); b: A2B5™ cells in red; c: overlay indicating
co-staining; d: nuclear stain Hoechst for the same field. Original magnifica-
tions, X40.

progenitors. The non-A2B5 cells consisted of microglia,
astrocytes, and neurons; no mature OLGs could be de-
tected (data not shown). Using double labeling for NG2
and CD68, we observed that NG2 was expressed on a
fraction of the microglial cells present in the A2B5™ frac-
tion (Figure 3d).

Immunocytochemistry analysis of the fetal A2B5™ frac-
tion after 5 to 7 days in culture showed a high percentage
of A2B5™ cells (>80%; Figure 4a and Table 3). 04" cells
could also be detected (Figure 4b), becoming more
abundant in longer duration cultures. At least 20% (and
up to 40%) of the A2B5™ cells expressed GFAP (Figure
4c¢). Among these A2B5™" cells we could detect NG2™/
CD68™ cells (Figure 4; d to f) displaying bipolar morphol-
ogy typical of progenitor cells. No cells were found ex-
pressing mature OLG markers GalC or MAG.

Comparison of Myelin Lineage-Related Gene
Expression in Adult A2B5™ Cells with Primary
Adult OLGs and Fetal A2B5™ Cells

RNA extracted from both adult and fetal A2B5™ fractions
and from adult cultured OLGs was analyzed by reverse
transcriptase-PCR for multiple genes (Figure 5). RNA
encoding for immature cell markers (PDGF-Ra and NG2)
could be detected in adult and fetal A2B5™ cells but not
in mature OLGs, whereas they were also detected in total
tissue sample from both the adult and fetal CNS, confirm-
ing the presence of progenitor cells in CNS throughout
life. MBP and MOG transcripts were expressed in the
adult A2B5™ cells and mature OLGs but not in the fetal
A2B57 cells, suggesting that only adult A2B5™ cells had
committed to the OLG lineage. The adult total CNS ex-
pressed more myelin mRNAs than the fetal counterpart.
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Figure 3. Flow cytometry analysis of fetal-derived A2B5™ and A2B5~ cell
fractions. Both positive and negative fractions were immunostained imme-
diately after magnetic bead selection. a: Dot plot represents the same data
shown in the histogram: A2B5 positively selected cell fraction, A2B5 nega-
tively selected cell fraction, and isotype control. Numbers indicate percent-
age of cells with medium- or high-fluorescence intensity. b: Histogram of
A2B5 expression. Histogram compares levels of A2B5 immunoreactivity
(fluorescence intensity) of the positively selected cell fraction (black line)
with the negatively selected cell fraction (dotted line) and the isotype
control (solid gray). c: A2B5™ cell fraction immunostained for expression of
O4. Numbers indicate percentage of positive cells. No O4 cells were found in
the negative cell fraction (data not shown). d: A2B5™ cell fraction double-
stained for CD68 and NG2. Isotype controls (IgG1 for CD68 and 1gG2a for
NG?2) are also shown.

Both adult A2B5™ cells and mature OLGs (and adult CNS
tissue), expressed the full length isoform of PLP more
strongly than the DM20 isoform. Neither isoform was
detected in the fetal A2B5™ cells. The DM20 isoform was
the most apparent one in fetal CNS tissue.

Comparison of in Vitro Proliferative and Survival
(Functional) Properties of Adult A2B5™ Cells
with Primary Adult OLGs and Fetal A2B5™ Cells

Among adult A2B5™ cells, a relatively small proportion
(~10 to 15%) was found to incorporate BrdU during the
labeling period (Figure 6, a and b). A small proportion of
the BrdU™ cells were also GalC™" (Figure 6; ¢ to e) sug-
gesting proliferation of progenitor cells committed to the
OLG lineage. During the second week of culture, 20 to
30% of the adult A2B5™ fraction continued to express
GalC and MAG whereas GFAP™ cells remained rare. The
cells did not express extensive processes and did not
survive for more than 2 weeks under our culture condi-
tions or when supplemented with PDGF/NT3/bFGF or in
the medium used for mature OLGs. No BrdU uptake was
detected in pure cultures of mature OLGs. These cells
continued to extend processes that were already appar-
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Figure 4. Immunocytochemical characterization of the A2B5™ cell fraction derived from the fetal CNS. After the magnetic bead selection, the A2B5™ cells derived
from human fetal CNS were kept in culture in DMEM F12 supplemented with N1, bFGF, and T3 for 1 week and then immunostained for different neural markers:
a: A2B5™ cells (red) with the small inset for the isotype control IgM (red); b: O4* cell (red); c: GFAP™ cells (green) with small inset for Hoechst staining; d—f:
double staining for NG2 (d, red) and CDG68 (e, green). Overlay is shown in f. White arrows, cells co-expressing NG2 and CDG68; yellow arrows, NG2 single

positive cells. Original magnifications, X40.

ent even after 1 week in culture in either complete MEM
(Figure 2b) or bFGF/T3-supplemented medium (data not
shown) and continued to survive for many weeks in cul-
ture. Approximately 30% of fetal A2B5™ cells incorpo-
rated BrdU (Figure 6; f to h). Some of the BrdU™ cells
showed an intense staining whereas others showed a
much weaker staining (greater dilution) suggesting dif-
ferential rates of proliferation. The cultures could be main-
tained under these conditions for more than 5 weeks
without significant cell death.
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Figure 5. Gene expression of OLG lineage markers in adult and fetal A2B5™
cells, mature OLGs, and whole CNS tissues. Total RNA was extracted, tran-
scribed into ¢DNA, and then amplified by PCR, as described in the Material
and Methods section, using primers listed in Table 1. The genes tested were
PDGF-Ra, NG2, MBP, MOG, PLP, and actin as control. RNA from adult
A2B5™ cells, mature OLGs, fetal A2B5™ cells, fetal CNS, and adult CNS were
analyzed. The size of PCR amplicons is indicated on the right.

Discussion

The current study was designed to delineate the proper-
ties of CNS parenchyma-derived progenitor cells impli-
cated in the remyelination or lack thereof that occurs in
MS. We used expression of the ganglioside A2B5 as a
marker to identify and isolate such progenitor cells. Our
study confirms the existence of such cells in the temporal
lobe in numbers that closely coincide with those de-
scribed by Roy and colleagues.'®

Our phenotypic analysis of the adult A2B5™ cells indi-
cate that such cells are further along the OLG lineage
than their fetal counterparts but remain less differentiated
in vitro than the mature OLGs isolated from the adult
human CNS. This comparative analysis was performed
after cells were maintained in culture for 5 to 7 days under
relatively basal culture conditions supplemented with
growth factors (bFGF and T3) that are considered to
promote cell survival and proliferation rather than differ-
entiation.?*2° A small proportion (5 to 10%) of the adult
A2B5™ cell population morphologically distinct from the
CD68 microglia expressed NG2*, which is found later in
the OLG progenitor lineage than is A2B5, showing the
persistence of the progenitor characteristic on these
cells. This population was smaller than in fetal A2B5™
cells (10 to 20% of cells). Up to 20% of adult A2B5™ cells
expressed OLG lineage markers (GalC, MAG) as deter-
mined by immunostaining; such expression was rarely
seen in the fetal A2B5* cells. Unlike the fetal A2B5"
population, the adult A2B5™ cells did not co-express, in
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Figure 6. Comparison of BrdU labeling of adult and fetal A2B5™ cell fractions. A2B5™ cells from adult and fetal material were incubated for 48 hours with BrdU
and then cultured for 5 to 6 additional days before staining for BrdU and neural markers. a and b: Adult A2B5"-positive cell fraction stained for BrdU (a) with
the respective bright field (b). c—e: Double staining of adult A2B5* cells for BrdU and GalC. Single stains are shown (¢, GalC; d, BrdU) as well as overlay of the
two stains (e), indicating co-localization. f~h: Fetal-derived A2B57 cells co-stained for A2B5 (f) and BrdU (g); overlay of stains is shown in h. Arrowheads show
weakly positive cells; long arrows show cells that are strongly positive. Original magnifications: X060 (a—e); X40 (f~h).

our culture conditions, neuron (B-Tub-IIl) or astrocyte
(GFAP) markers, again indicating that these A2B5™ cells
were less pluripotential than their fetal counterparts. A
small proportion of the mature OLGs expressed A2B5.
Whether this represents persistence of A2B5 expression
or dedifferentiation is not resolved; a similar cell pheno-
type has been described in the rodent system.?¢2” The
A2B5™ cells in the mature OLG fraction did extend pro-
cesses similar to the non-A2B5-expressing cells.

The flow cytometric analysis conducted on the fetal
A2B5* cells indicated that the immunomagnetic bead
procedure was selecting for cells with relatively high
expression of A2B5 and that only this population con-
tained cells co-expressing OLG lineage markers (04).
Our overall results derived from samples ranging from
14- to 23-week-old tissues, denote that the younger sam-
ples had fewer neurons and astrocytes, indicating the

increased pluripotential capacity earlier in development.
Our RNA-based analyses also support that the adult
A2B57 cells were further along in the myelin lineage than
their fetal counterparts but yet retained progenitor prop-
erties compared to mature OLGs. We compared RNA
collected immediately after magnetic bead isolation from
adult and fetal materials with RNA derived from mature
OLGs cultured for 5 to 7 days. Our results indicated that
the adult and fetal A2B5™ cells, but not the mature OLGs,
expressed the immature lineage genes NG2 and PDGF-
Ra. Conversely, the adult A2B5" cells expressed the
mature myelin-associated genes MOG and MBP, that
were also present in mature OLGs but not in the fetal
A2B5™" cells. Moreover, the fetal A2B5" cells did not
express any isoform of PLP whereas the adult A2B5™
cells and mature OLGs expressed both the DM20 and
the full length isoforms, with the later being dominant.
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The functional properties (survival and differentiation)
of the adult A2B5™ cells also indicated distinct properties
that would reflect on their capacity to contribute to the
process of remyelination. The adult A2B5™ cells retained
the capacity to enter the cell cycle as assessed by BrdU
uptake, but at a significantly lower level than the fetal
A2B5™ cells. These observations are consistent with ro-
dent studies showing that adult myelin progenitor cells
have reduced proliferation and survival capacity than
progenitors derived from the more immature brain®® and
that with age the OLG precursors showed a declining
ability to repopulate tissues.?® We did not observe any
BrdU incorporation by the mature OLGs including the
previously mentioned small proportion that expressed
A2B5, consistent with the postmitotic characteristic of
these cells. Unlike the adult A2B5 cells, these human
mature OLGs survive indefinitely in culture. The long-term
survival of the mature human OLGs in vitro would seem to
contrast with experience using similar rodent-derived
cells. Most available rodent data have been generated
using OLGs that have been matured in vitro.?83°732 Pre-
viously we®® reported, consistent with results of Arm-
strong and colleagues®* that immediately on isolation a
proportion of cells within the mature OLG fraction express
early myelin lineage markers (A007) and not mature
markers (MBP). Armstrong and colleagues®* speculated
this may represent dedifferentiation of the cells during the
isolation procedure. The A2B5-expressing mature OLGs
observed in this study showed sustained survival and
process outgrowth.

Although adult A2B5™ cells continued to maintain their
OLG lineage properties in vitro, they showed limited pro-
cess outgrowth and survival under the relatively basal
culture conditions used, compared both to the fetal cells
and the mature OLGs. Our results indicated that fetal
A2B5* cells retained their relatively undifferentiated
properties when maintained throughout several weeks
under our culture conditions. In this regard, Dietrich and
colleagues®® found that enhanced numbers of OLG lin-
eage cells could be generated from fetal A2B5™ cells by
adding bFGF followed by PDGF and T3. In addition,
Wilson and colleagues®® using A2B5™" cells derived from
fetal human spinal cord found that cells supplemented
with PDGF, NT3, and GGF for 10 days expressed the
highest proportion of myelin markers compared to an
array of other culture conditions. Using the same supple-
ments, we were unable to prolong the in vitro survival of
adult A2B5™ cells significantly.

Our central findings, as summarized in Table 4, that
the adult A2B5™ cells are committed to the OLG lineage
but have limited survival and differentiation properties
provide further insights into the remyelination process in
adult humans. Our current results are consistent with
those of Windrem and colleagues® showing that al-
though adult human A2B5™" cells transplanted into shiv-
erer mice had reduced survival (as shown by significantly
lower number of engrafted cells) compared to fetal
A2B57 cells, those that did survive could produce more
myelin than their fetal counterparts. As mentioned, cells
that are committed to the OLG lineage, including pre-
OLGs, can be detected within MS lesions. The apparent

Table 4. Comparison of Phenotypic and Functional
Properties of Adult A2B5+ Cells with Fetal A2B5+
Cells and with Mature Adult OLGs

Fetal Adult Adult
A2B5 A2B5 OLGs
Commitment to OLG - +4++ N/A*
lineage
Multipotency +++ - N/A*
Proliferation rate +++ + -
Survival in vitro +++ + +++
Process extension ++ + +++

*N/A, Not applicable.

failure of such cells to mediate successful remyelination
could reflect a number of factors including receiving and
responding to signals needed to engage the myelination
program and/or integrity of axons. Our study further
raises the issues of the intrinsic remyelination capacity of
the putative myelin progenitor cells identified to date in
the adult CNS parenchyma and how this capacity com-
pares to previously myelinating cells that survive in the
MS lesion. The challenge remains to identify the optimal
cells and the environment they require to enhance the
process of remyelination in MS.
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