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 Abstract 
  Background aims.  Oligodendrocyte precursor cells (OPC) hold promise as a cellular therapy for demyelinating diseases. The 
feasibility of using OPC-based therapies in humans depends upon a reliable, readily available source. We have previously 
described the isolation, expansion and characterization of oligodendrocyte-like cells from fresh human umbilical cord blood 
(UCB). We now describe the isolation and expansion of OPC from thawed, cryopreserved UCB.  Methods.  We thawed 
cryopreserved UCB units employing a standard clinical protocol, then isolated and plated mononuclear cells under previ-
ously established culture conditions. All OPC cultures were trypsinized at 21 days, counted, then characterized by fl ow 
cytometry after fi xation, permeablization and labeling with the following antibodies: anti-oligodendrocyte marker 4 (O4), 
anti-oligodendrocyte marker 1 (O1) and anti-myelin basic protein (MBP). OPC were also placed in co-culture with shiverer 
mouse neuronal cells then stained  in situ  for beta tubulin III (BT3) and MBP as a functional assay of myelination.  Results.  
The average OPC yield per cryopreserved UCB unit was 64% of that seen with fresh UCB. On fl ow cytometric analysis, 
74% of thawed UCB units yielded cells with an O4-expression level of at least 20% of total events, compared with 95% 
of fresh UCB units. We observed myelination of shiverer neurons in our functional assay, which could be used as a potency 
assay for release of OPC cells in phase I human clinical trials.  Conclusions.  Our results demonstrate that OPC can be derived 
reliably from thawed, cryopreserved UCB units, and support the feasibility of using these cells in human clinical trials.  

  Key Words:   cord blood stem cell transplantation  ,   fetal blood  ,   hematopoietic stem cells  ,   inherited metabolic diseases  ,   oligodendrocytes   
  Introduction 

 Oligodendrocyte progenitor cells (OPC) hold great 
potential as a targeted cellular therapy for neural cell 
repair and regeneration in patients with acquired and 
genetic neurodegenerative disorders. These diseases, 
which include pediatric leukodystrophies resulting 
from defects in genes regulating myelination (such as 
Pelizaeus – Merzbacher disease) and lysosomal storage 
diseases (such as Krabbe ’ s disease and metachromatic 
leukodystrophy, MLD), are marked by profound neu-
rologic deterioration and premature death. Although 
transplantation of unrelated umbilical cord blood 
(UCB) halts the progression of neurologic damage in 
certain metabolic diseases, it usually does not reverse 
the damage sustained before transplant, as illustrated 
in newborns transplanted for early infantile Krabbe ’ s 
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disease (1). Currently, there is no available therapy to 
reverse pre-existing damage caused by demyelinating 
diseases. However, OPC derived from various sources 
has been shown to remyelinate the congenitally hypo-
myelinated shiverer mouse brain (2 – 5) and to migrate 
appropriately to sites of injury in mouse models of 
Krabbe ’ s disease and MLD (6,7). 

             Human UCB holds great potential as a source 
for cellular therapy. Mesenchymal stromal cells (MSC) 
and unrestricted somatic stem cells (USSC) have 
been reported to differentiate  in vivo  into osteoblasts,             
adipocytes and neural progenitor cells (8). Human UCB 
cells have been used in high doses to delay symptom 
progression in a mouse model of amyotrophic lateral 
sclerosis (ALS) (9) and have been identifi ed within 
the central nervous system of a patient with Krabbe ’ s 
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disease 10 months post-UCB transplant (10), 
suggesting the persistence of these cells as a possible 
contributor to cellular repair in patients with neuro-
degenerative diseases. 

 These observations have sparked interest in devel-
oping a safe, available and reliable source of OPC 
cells for clinical trials in humans (11 – 13). The most 
widely described sources of OPC have been neural 
stem cells (NSC) and embryonic stem cells (ESC), 
which can be expanded into OPC cultures with high 
purity (4,13 – 16). However, the limited availability of 
these sources, questions surrounding their long-term 
safety (17), and ethical questions surrounding the 
use of ESC have led to the exploration of alternative 
sources of OPC. Our laboratory has a long-standing 
interest in bringing UCB-derived neural precursor 
cells to the clinic. While we have previously described 
the isolation, expansion and characterization of 
oligodendrocyte-like cells from fresh human UCB 
(18), we had not derived these cells from cryopre-
served UCB prior to this series. However, isolation of 
these cells from cryopreserved donor UCB is crucial 
in bringing this therapy to the patient, because it 
allows for planned preparation of cells from already 
existing UCB banks. Additionally, cryopreserved 
donor UCB will allow HLA-matching. The objective 
of the present study was to determine the feasibility 
of isolating and expanding OPC from a series of 
thawed, cryopreserved UCB units and compare those 
cells with OPC derived from fresh UCB units.   

 Methods  

 Preparation of UCB 

 We obtained cryopreserved UCB units from the Caro-
linas Cord Blood Bank at Duke University (Durham, 
NC, USA) (CCBB) after obtaining written, informed 
consent for donation to research by mothers deliv-
ering healthy term infants. The cryopreserved UCB 
was removed from storage under liquid nitrogen and 
thawed to a thick slurry in a 37 ° C water bath, diluted 
in dextran  � 5% human serum albumin and washed 
either (a) using a standard protocol employed in clin-
ical transplantation (dextran – albumin thaw; CCBB 
master fi le) (18) or with (b) serial washes with 1% 
human serum albumin (HSA; Octapharma, Cent-
reville, VA, USA) in phosphate-buffered saline (PBS; 
Mediatech, Manasas, VA, USA), referred to as the 
HSA – PBS thaw. The cryopreserved units subjected 
to the dextran – albumin thaw were also separated 
further by density-gradient centrifugation (1.077 
Ficoll; Axis Shield, Oslo, Norway) to isolate mono-
nuclear cells, which were then cultured as described 
below. Cryopreserved units thawed by the HSA – PBS 
required no further separation; mononuclear cells 
from these units were cultured as described below. 
 Fresh UCB units underwent volume reduction 
and red blood cells (RBC) depletion using an auto-
mated Sepax system (Biosafe, Eysins, Switzerland) after 
the addition of hetastarch Hespan (6% Hetastarch, 
B. Braun, Irvine, CA, USA). The volume-reduced, RBC-
depleted product underwent mononuclear cell isolation via 
density-gradient centrifugation with Ficoll as described 
previously (17) and was cultured as described below.   

 Cell culture 

 After optimizing thaw and culture conditions, we cul-
tured OPC from a series of 31 cryopreserved and 20 
fresh UCB units. Our culture conditions were the same 
as previously reported except for the concentration of 
mononuclear cells per milliliter. Isolated mononuclear 
cells from each UCB unit were plated in 75-mm 3  fl asks 
(Corning Inc., Corning, NY, USA) at a concentration of 
3  �  10 6  cells/mL (for fresh UCB) or 5  �  10 6  (for cryo-
preserved UCB) in 15 mL growth medium containing 
alpha-MEM (Modifi ed Eagle Medium) (Gibco, Grand 
Island, NY, USA), 10% fetal calf serum (FCS; HyClone, 
Logan, UT, USA), insulin – transferrin – selenium sup-
plementation, penicillin/streptomycin (Gibco), 2 m M 
L -glutamine (Gibco), 5 ng/mL platelet-derived growth 
factor (PDGF; PeproTech, Rocky Hill, NJ, USA), 
1 ng/mL neurotrophin-3 (NT-3; PeproTech), 10 ng/mL 
vascular endothelial growth factor (VEGF; PeproTech) 
and 30 ng/mL triiodothyronine (T 3 ; Sigma, St Louis, 
MO, USA). The FCS was from a single lot and manu-
factured under Good Manufacturing Practice (GMP) 
standards conditions. At day 7, half the medium was 
exchanged for fresh growth medium. Starting at day 
14, the following 7-day media change cycle was ini-
tiated. On the fi rst day of the cycle, half the volume 
of medium in each fl ask was exchanged for an equal 
volume of medium containing neurocult NS-A basal 
medium (Stem Cell Technologies), neurocult NS-A 
proliferation supplement (Stem Cell Technologies, 
Vancouver, BC, Canada), PDGF, VEGF and NT-3 in 
concentrations above. On the third day of the cycle, half 
the volume of medium in each fl ask was removed and an 
equal volume of the growth medium described initially 
added. This 7-day cycle was repeated over the life of 
the cultured cells. Cells were observed twice weekly for 
morphologic changes. Cultures containing greater than 
25% of cells/fl ask with morphologic changes of oligo-
dendrocytes (initial bipolar morphology with branching 
processes developing by day 21) were considered to be 
 ‘ morphologically consistent ’  with OPC cells. Yields were 
compared by Student ’ s  t -test with signifi cance defi ned 
as  P   �  0.05.   

 Flow cytometry analysis 

 For phenotypic analysis, 3-week old OPC cultures from 
each fresh or cryopreserved UCB units were dissociated 
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by incubation with 0.05% trypsin –  Ethylenediamine-
tetraacetic acid (EDTA) (Gibco), washed and resus-
pended in 2 mL PBS (Gibco), passed through a 40- μ m 
cell fi lter (BD Bioscience, San Diego, CA, USA) to 
remove clumps and debris, then counted to obtain a 
total cell count for each unit. Cells were fi xed and per-
meabilized using a commercially available kit (Invitrogen, 
Carlsbad, CA, USA). Samples were incubated for 12 – 24 
h with the following primary antibodies, myelin basic pro-
tein (MBP; polyclonal; Stem Cell Technologies), oligo-
dendrocyte marker 1 (O1; clone 59; Millipore, Billerica, 
MA, USA) and oligodendrocyte marker 4 (O4; clone 81, 
Stem Cell Technologies), then washed with PBS  �  5% 
FCS (Gibco). Cells were incubated for 20 min with 
appropriate secondary antibodies, washed, then analyzed 
on a FACSCaliber system with CellQuest Pro software 
(BD Bioscience). 

 For further analysis of phenotypic changes over 
time, cultured cells from two cryopreserved UCB 
units and one fresh UCB unit control were analyzed 
weekly over a period of 4 weeks. Day 0 was defi ned 
as the day on which the culture was initiated, day 2 
was 2 days after the initiation of the culture, etc.   

 Functional assay of myelination 

 With approval of our Duke University Institutional 
Committee on the Care and Use of Animals (Durham, 
NC, USA), we harvested neural tissue from the brains of 
homozygous shiverer mice (MBP  � shi �  /J; Jackson Lab, 
Bar Harbor, ME, USA) in a sterile fashion. The brain 
tissue was dissociated into a cell suspension using a ster-
ile 40- μ m fi lter (BD Bioscience). The suspension from 
each brain was divided among three cell culture dishes 
(VWR) in 10 mL zinc option medium (Gibco)  �  20% 
FCS (HyClone). Upon reaching 50 – 80% confl uence, 
cells were transferred to 75-cm 3  cellbind culture fl asks 
(Corning Inc.). Co-cultures of shiverer neuronal cells 
and cryopreserved UCB-derived OPC were prepared 
by dissociation of each cell type with 0.05% trypsin –
 EDTA (Gibco) then adding 1  �  10 5  cells of each type to 
each well of a LabTek II Chamber Slide (Nalge Nunc, 
Naperville, IL, USA) in 1.5 mL zinc option medium 
with 20% FCS. Co-cultures were maintained with 
weekly changes of conditioned medium. 
  Table I. Morphology and yield of fresh and cryopreserved UCB-deriv

Total UCB units cultured
Mean storage time of UCB units
Mean number of mononuclear cells plated per UCB unit
Mean fi nal oligodendrocyte cell count per UCB unit
Range of fi nal oligodendrocyte cell count per UCB unit
UCB units producing displaying oligodendrocyte morphology (%)
 After 1 – 6 weeks in co-culture, media were removed 
and cells were washed three times in PBS (Gibco) and 
then fi xed with 3.7% formaldehyde (VWR) at room 
temperature. Blocking was performed for 1 h at room 
temperature with normal goat serum (BD Bioscience). 
Cells were then incubated with mouse anti-human 
MBP (polyclonal, 1:200; Stem Cell Technologies) and 
anti-mouse beta tubulin III (BT3; Tuj1, 1:1000; Stem 
Cell Technologies) for 12 – 24 h at 4 ° C and washed three 
times with PBS. Samples were incubated with appropri-
ate secondary antibodies for 30 min in the dark. After 
three washes with PBS, vectashield anti-fade medium 
with DAPI (Vector Laboratories, Servion, Switzerland) 
was added to each slide before a cover slip was applied. 
Slides were stored in a humidifi ed light-blocked cham-
ber at 4 ° C until imaging. Imaging was carried out using 
a Leica SP5 confocal microscope (Leica Microsystems, 
Wetzlar, Germany) at 100  �  under oil immersion. Posi-
tive cells were scored if MBP staining was observed on 
axonal surfaces of shiverer neurons.    

 Results  

 Isolation and expansion of cryopreserved 
UCB-derived OPC 

 We prepared cell cultures from 31 cryopreserved 
and 20 fresh UCB units. Of the cell cultures pre-
pared from cryopreserved UCB units, 29 of 31 (94%) 
were morphologically consistent with OPC cells by 
day 21 of culture, compared with 20 of 20 (100%) 
cell cultures prepared from fresh UCB units. The 
average yield of cryopreserved UCB units was 64% 
of that seen for fresh UCB units, although the mean 
number of mononuclear cells plated per unit was 
higher for the cryopreserved units (Table I). OPC 
derived from cryopreserved UCB displayed ini-
tial bipolar morphology, then developed branching 
processes radiating from the cell body over subse-
quent weeks, consistent with our observations of 
OPC derived from fresh UCB (Figure 1). By the 
third week in culture, OPC were developing multiple 
branching processes. When left in culture beyond 
3 weeks, this process of arborization continued. After 
6 – 8 weeks in culture, OPC began to senesce and 
ed OPC at 21 days.  

Cryopreserved UCB Fresh UCB  P -value

31 20
12.5  �  4 months 0 – 48 h

3.58  �  108  �  2.3  �  108 1.60  �  108  �  1.3  �  108  � 0.01
2.18  �  106  �  3.2  �  106 3.42  �  106  �  4.1  �  106  � 0.18
4.0  �  104 – 1.0  �  107 2.4  �  105 – 1.1  �  107

29 (94) 20 (100)
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  Figure 1.     Morphology of cryopreserved UCB-derived OPC. In 
culture, cryopreserved UCB-derived OPC initially displayed 
bipolar morphology, then developed branching processes radiating 
from the cell body over the subsequent 2 – 3 weeks in culture.  

  Figure 2.     Percentage of RBC in mononuclear cell suspension 
versus OPC yield. We found an inverse correlation between RBC 
percentage and OPC yield from both fresh and thawed 
cryopreserved UCB units. Yields from thawed, cryopreserved 
UCB increased almost 6-fold (6.0  �  10e6 versus 1.1  �  10e6) 
when units with a low RBC percentage were compared with those 
with high RBC percentages.  R  2   �  0.386.  
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failed to proliferate further. Passage of OPC was 
diffi cult after this time-point as well.   

 Cryopreserved UCB-derived OPC yield improves 
when RBC are minimized 

 In our initial attempts to culture OPC from cryo-
preserved UCB units using our previously described 
culture conditions (18), we found that the overall 
yield of cells with OPC morphology and oligoden-
drocyte marker expression was lower than our previ-
ous results from fresh UCB units. When we reviewed 
our preliminary data, we noticed higher yields for 
the units thawed by the HSA – PBS (4 � 106  �  
2.8 � 106,  n   �  11 units) than by the dextran –
 albumin (1 � 106  �  8 � 105,  n   �  20 units) 
thaw. After further analysis, we observed that 
UCB units thawed by HAS – PBS had a much 
smaller fraction of RBC compared with cultures 
established from UCB thawed with dextran – 
albumin. We also noticed that both cultures from 
fresh and cryopreserved units exhibited more 
robust and reliable OPC growth when fewer RBC 
were present relative to mononuclear cells, and our 
data showed an inverse correlation between the per-
centage of RBC in the cell suspension relative to 
mononuclear cells (Figure 2). When we compared 
the fi nal yields for the cryopreserved UCB-derived 
OPC cultures plated with 80% or fewer RBC with 
those that had more than 80% RBC, we found that 
the mean yields were higher in the group with 80% or 
fewer RBC. Yields from cryopreserved UCB increased 
almost six-fold as the percentage of RBC decreased 
(6.0  �  10 � 106 versus 1.1  �  10 � 106). A similar 
effect was seen with fresh UCB-derived OPC cultures, 
although more of these cultures had fewer than 80% 
RBC. This fi nding was consistent with previous fi nd-
ings that heme is inhibitory to oligodendrocyte growth, 
especially during periods of oxidative stress (20).   
 Expression of oligodendrocyte markers by 
cryopreserved UCB-derived OPC is consistent 
with fresh UCB-derived OPC 

 To characterize the phenotype of cultured OPC 
with greater precision and accuracy than direct 
observation under a microscope, we developed 
an assay using intracellular fl ow cytometry, based 
on previous work by Zeigler  &  Hall (21). We 
assayed expression of O4 (expressed by OPC), 
O1 (expressed by immature oligodendrocytes) 
and MBP (expressed in more mature, myelin-
producing oligodendrocytes). Upon fl ow cyto-
metric analysis, expression of O1, O4 and MBP 
was similar between thawed and fresh cords after 
3 weeks in culture (Table II). The average O4 
expression was 84% of the gated population for 
cryopreserved UCB-derived OPC compared with 
86% for fresh UCB-derived OPC. The average O1 
expression was 91% of the gated population for cry-
opreserved UCB-derived OPC compared with 89% 
for fresh UCB-derived OPC. Twenty-three of 31 
(74%) cryopreserved UCB-derived OPC cultures 
demonstrated an O4 expression of 20% or greater 
of total events compared with 18 of 20 (90%) fresh 
UCB-derived OPC cultures. 

 We also demonstrated myelin expression by 
a subpopulation of cryopreserved UCB-derived 
OPC, a fi nding consistent with that found in fresh 
UCB-derived OPC. Mean expression of MBP alone 
was 33% of the gated population for cryopreserved 
UCB-derived OPC compared with 31% for fresh 
UCB-derived OPC. When we assayed specifi cally 
for cells co-expressing O1 and MBP, we found 
the two markers co-expressed in 30% of the gated 
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  Table II. Analysis of oligodendrocyte marker expression by fl ow 
cytometry.  

Cryopreserved 
UCB

Fresh 
UCB

Total number of UCB units cultured 31 20
Events in oligodendrocyte gate as % 

total events
53.08 76.91

O4 expression (% of gated events) 84.41 85.92
O1 expression (% of gated events) 90.82 88.88
MBP expression (% of gated events) 32.71 30.51
Co-expression of MBP  �  O1 (% of 

gated events)
30.43 30.50

Units with O4 expression  �  20% of 
total events (%)

23 (74) 18 (95)

  Table III. Changes in oligodendrocyte marker expression in cell 
cultures over a 4-week period.  

Marker expression 
(% of gated events)

O4 MBP O1  �  MBP

Cryopreserved UCB-derived OPC ( n   �  2 UCB units)
Day 7 75.01 10.14  9.45
Day 21 98.54 34.44 31.80
Day 28 98.92 51.08 51.04

Fresh UCB-derived OPC ( n   �  1 UCB unit)
Day 7 71.99 12.11 12.11
Day 21 99.58 34.75 34.72
Day 28 98.29 24.10 23.40
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population for cryopreserved UCB-derived OPC 
compared with 31% for fresh UCB-derived OPC 
(Figure 3). 

 Along with the morphologic changes described 
above for cryopreserved UCB-derived OPC in cul-
ture, we observed phenotypic changes over time. The 
mean percentage of marker expression at sequential 
time-points by OPC from two separate cryopre-
served UCB units and an OPC from a single fresh 
UCB control is displayed in Table III. At the base-
line time-point (culture day 2), only 10% of total 
events fell in our oligodendrocyte gate (compared 
with 50 – 80% of events at subsequent time-points) 
for the OPC from cryopreserved UCB. Expression 
  Figure 3.     Representative OPC phenotype by fl ow cytometry. (A, 
B) Co-expression of the oligodendrocyte markers O1 and MBP 
in (A) oligodendrocytes derived from fresh UCB and (B) 
oligodendrocytes derived from thawed, cryopreserved UCB. The 
O1  �  MBP  �  population can be seen in the right upper quadrant. 
(C, D) O4 expression in (C) oligodendrocytes derived from fresh 
UCB and (D) oligodendrocytes derived from thawed, cryopreserved 
UCB. Both demonstrate positive staining.  
of all oligodendrocyte markers in this gate was low: 
O4 expression was 10% of gated events and co-
expression of MBP  �  O1 was 5% of gated events. 
By day 7, O4 expression had risen to 53% of gated 
events and co-expression of MBP  �  O1 increased to 
37% (Table III).   

 Cryopreserved UCB-derived OPC myelinate 
shiverer neuronal cells 

 We developed an  in vitro  functional assay to assess 
the potential of cryopreserved UCB-derived OPC 
to facilitate myelination of unmyelinated shiverer 
neurons as a possible release assay for OPC in early 
phase I clinical trials in humans. Shiverer neurons 
incapable of endogenous myelination (cultured 
 ex vivo  after harvest from mouse brains) were co-
cultured  in vitro  with cryopreserved UCB-derived 
OPC. Shiverer cells were identifi ed by staining 
with BT3 but not MBP. On day 0 of co-culture, 
we observed neurons staining only with BT3, with 
no cells co-staining with MBP and BT3. After 
1 week in co-culture, we observed at least partial 
co-staining of the axons with MBP and BT3 by fl uo-
rescence microscopy. By 2 – 3 weeks in co-culture, 
most shiverer neurons expressing BT3 co-expressed 
MBP (Figure 4). Initially, large numbers of OPC 
cells were associated with shiverer neurons. When 
images of 2 – 3-week co-cultures were stacked in the 
 z -plane, the close association between OPC and 
shiverer neuron axons could be appreciated. By 4 – 6 
weeks in culture, fewer OPC were associated with 
shiverer neurons expressing both BT3 and MBP. 
While MBP staining was descriptive and not formally 
quantitated, approximately 60% of neuronal axons 
appeared to be myelinated.    

 Discussion 

 We have developed methods to derive reproducibly a 
population of cells from cryopreserved UCB obtained 
from the standard inventory of a public cord blood 



6  E. T. Tracy et al.  

  Figure 4.     In vitro  functional assay of myelination by cryopreserved 
UCB-derived OPC. Shiverer mouse neurons co-cultured  in vitro  
with UCB-derived OPC were co-stained for BT3 (Texas Red) and 
MBP (FITC). A shiverer neuronal control had positive staining 
for BT3 (A1) but not MBP (A2). Shiverer neuronal cells co-
cultured with cryopreserved UCB-derived OPC expressed both 
BT3 (B1) and MBP (B2) after 1 week in co-culture. A  z -stacked 
projection of shiverer neuronal cells co-cultured with cryopreserved 
UCB-derived OPC after 3 weeks in co-culture demonstrates 
BT3 expression (C1) as well as close association between 
BT3-expressing neuronal cells and MBP-expressing cells (C2). A 
 z -stacked projection of shiverer neuronal cells co-cultured with 
cryopreserved UCB-derived OPC after 3 weeks in co-culture 
demonstrates BT3 expression (D1) as well as close association 
between BT3-expressing neuronal cells and MBP-expressing cells, 
and with MBP expression along axonal processes (C2). Images 
obtained using a Leica SP5 confocal microscope.  
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bank that have the morphology of OPC and express 
O4, O1 and MBP after 3 weeks in tissue culture. 
These cryopreserved UCB-derived OPC are mor-
phologically and phenotypically similar to OPC cells 
previously isolated from fresh UCB (18). Growth 
was enhanced in cultures containing lower numbers 
of erythrocytes. Cryopreserved UCB-derived OPC 
also produced myelin in a functional assay developed 
for product release. 

 Cultured OPC derived from cryopreserved UCB 
had a similar phenotype as fresh UCB-derived OPC 
by fl ow cytometric analysis. In both groups, expres-
sion of O1 and O4 was  � 80%, suggesting that the 
majority of cultured cells progressed from OPC and 
pre-oligodendrocytes into immature oligodendrocytes 
(22–23). Expression of MBP in a large proportion of 
cultured cells suggests that a subset may be differenti-
ating into mature, myelin-producing oligodendrocytes 
by 2 – 3 weeks in culture. The trend towards increasing 
expression of MBP in OPC cultures derived from both 
fresh and cryopreserved UCB is consistent with this 
hypothesis. Our observation that OPC demonstrated 
senescence and decreased proliferative capacity after 
6 – 8 weeks in culture also suggests maturation of the 
cells. The optimal time for use as a cellular therapy 
may be between 2 – 4 weeks, when myelination is evi-
dent as a functional assay for release but before the 
proliferative potential of the cells is exhausted. 

 While recent reports have shown that human 
MBP proteins are also present in differentiated 
hematopoietic cells and hematopoietic progeni-
tors (24), the co-expression of oligodendrocyte-
specifi c O1 and MBP suggests that these cells are not 
hematopoietic and have truly differentiated along the 
oligodendrocyte lineage. The degree to which OPC 
are phenotypically distinct from MSC or USSC is 
an area for further inquiry. The presence of MBP on 
shiverer neuronal cells after co-culture with cryopre-
served UCB-derived OPC does suggest that these 
cells facilitate myelination  in vitro , whether through 
direct myelination or through signaling/simulation of 
native shiverer glial cells. 

 Although derivation of OPC cells from ESC and 
NSC has been well described, safety concerns have 
been raised regarding the safety of such immature 
cells in the clinical setting (17). Further  in vivo  experi-
ments must be performed to establish the safety of 
OPC in humans, but the theoretical risks of these 
lineage-committed cells are lower. The heterogeneity 
of the cultures may require further study to determine 
whether OPC cells must be purifi ed before delivery 
to patients. Nevertheless, the potential to use human 
UCB as a source of OPC cells is appealing as cord 
blood banks exist throughout the country and cord 
blood can be readily HLA matched. 
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 We are only aware of one report describing the use 
of cryopreserved UCB cells for culturing OPC (25). 
However, in that report mononuclear cell samples 
isolated from fresh UCB and frozen in small cryovials 
were used, not whole UCB units processed and 
frozen according to standard clinical protocols. Also, 
the expression of a  ‘ myelin/oligodendrocyte ’  marker 
was reported as 5 – 10% for the cultures, which is 
signifi cantly lower than in the present study. 

 The therapeutic potential of OPC has been well-
established in animal models (3 – 7). Several investi-
gators have outlined the requirements for the clinical 
feasibility of OPC-based cell therapies (12,26). These 
include a readily available source of cells that can be 
reliably expanded into quantities needed for human 
transplantation and easily characterized to ensure the 
appropriate dose of functional cells is given. Cryo-
preserved UCB is a promising source of human OPC 
because large, public cord blood banks already exist 
with standard procedures for screening and storing 
UCB. OPC for potential cellular therapy could be 
derived from HLA-matched UCB. Although further 
clinical studies are needed for confi rmation of dos-
ing, our fi nding that a unit of cryopreserved UCB 
yielded more than 2 million OPC cells in short-term 
cultures suggests that it has the proliferative capac-
ity for early human clinical trials, especially for local 
or intrathecal administration. Optimal cell dosing, 
delivery routes and timing of administration is likely 
to vary depending on the clinical indication. 

 The isolation and expansion of OPC cells derived 
from fresh and cryopreserved UCB has great poten-
tial for clinical trials that could explore the thera-
peutic uses of these cells. With the development of 
a functional potency assay and demonstration of  in 
vitro  myelination, we have established a release assay 
for these cells. These steps will facilitate early clinical 
trials to establish the safety and feasibility of using 
these cells to treat human demyelinating diseases. 

  Declaration of interest:  No disclosures. 
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