
Intravenous Administration of Human ES-derived Neural
Precursor Cells Attenuates Cuprizone-induced CNS
Demyelination

Stephen J. Crocker1,3,§, Ruchi Bajpai2,4, Craig S. Moore1, Ricardo F. Frausto3,5, Graham D.
Brown1, Roberto R. Pagarigan1, J. Lindsay Whitton3, and Alexey V. Terskikh2

1Department of Neuroscience, University of Connecticut School of Medicine, Farmington, CT
2Stem Cell and Regenerative Medicine Program, Sanford Burnham Medical Research Institute,
La Jolla, CA
3Department of Immunology and Microbial Science, The Scripps Research Institute, La Jolla, CA

Abstract
Aims—Previous studies have demonstrated the therapeutic potential for human embryonic stem
cell-derived neural precursor cells (hES-NPCs) in autoimmune and genetic animal models of
demyelinating diseases. Herein, we tested whether intravenous (i.v) administration of hES-NPCs
would impact central nervous system (CNS) demyelination in a cuprizone model of
demyelination.

Methods—C57Bl/6 mice were fed cuprizone (0.2%) for two weeks and then separated into two
groups that either received an i.v. injection of hES-NPCs or i.v. administration of media without
these cells. After an additional two weeks of dietary cuprizone treatment, CNS tissues were
analyzed for detection of transplanted cells and differences in myelination in the region of the
corpus callosum (CC).

Results—Cuprizone-induced demyelination in the CC was significantly reduced in mice treated
with hES-NPCs compared with cuprizone-treated controls that did not receive stem cells. hES-
NPCs were identified within the brain tissues of treated mice and revealed migration of
transplanted cells into the CNS. A limited number of human cells were found to express the
mature oligodendrocyte marker, O1, or the astrocyte marker, GFAP. Reduced apoptosis and
attenuated microglial and astrocytic responses were also observed in the CC of hES-NPC-treated
mice.

Conclusions—These findings indicated that systemically-administered hES-NPCs migrated
from circulation into a demyelinated lesion within the CNS and effectively reduced demyelination.
Observed reductions in astrocyte and microglial responses, and (c) the benefit of hES-NPC
treatment in this model of myelin injury was not obviously accountable to tissue replacement by
exogenously administered cells.
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Introduction
Cuprizone is a copper chelator that, when administered orally to rodents in lab chow, evokes
central nervous system (CNS) demyelination predominantly in the corpus callosum (CC;
[1]). Myelin loss during cuprizone intoxication is associated with a robust microglial
response accompanied by recruitment of peripheral macrophages [2, 3], which precedes a
later, more modest infiltration of T-cells into the demyelinated region [4]. In the cuprizone
model of demyelination, phagocytes, brain-resident microglia and infiltrating peripheral
macrophages play a central role in myelin injury [4, 5]. Cuprizone-induced demyelination
differs from experimental autoimmune encephalomyelitis (EAE) models in the weakness of
the T-cell response and reported absence of increased blood brain barrier permeability
during demyelination [3, 6]. Furthermore, unlike autoimmune and viral models of
demyelination that produce sporadic and asynchronous lesions in the CNS, cuprizone-
induced myelin injury is predictable and produces peak demyelination in the CC after four
consecutive weeks of treatment [1]. Thus, cuprizone treatment of mice is a system well
suited for study on the potential of stem cell (SC) therapies.

Previous studies have demonstrated the potential for intravenous SC-based therapies to
address CNS demyelination. For instance, in an EAE model of demyelination, it has been
reported that a primary action of systemically administered SCs is anti-inflammatory [7, 8].
Pluchino and colleagues showed that intravenously injected murine neural precursor cells
(NPCs) remained undifferentiated at sites of injury in the CNS and induced cell death in pro-
inflammatory type 1 helper T-cells [9]. Thus, in this immune-mediated model of
demyelination, SCs modify host immune responses rather than directly foster myelin repair.
These findings support the clinical application of SCs for treating autoimmunity in multiple
sclerosis (MS) patients [10, 11]. However, another important aspect of SC-based studies is
the question of regeneration of myelin through exogenously applied SCs.

The cuprizone model provides an ideal setting to evaluate stem cell potential for preserving
or repairing myelin in the absence of the autoimmune component that is inherent to
immune-mediated models. A previous study by Bar-Or and others reported that intracerebral
administration of murine neural progenitor cells enhanced myelination in the cuprizone
model by fostering myelination by endogenous progenitor cells [12]. In this study we
elected to study the effect of human embryonic stem cell-derived NPCs (hES-NPCs) in the
cuprizone model of primary demyelination. Herein, we report that intravenous (i.v.)
administration of hES-NPCs into mice significantly reduced cuprizone-induced
demyelination.

Materials and Methods
hES-NPC Culture and Derivation

Human embryonic stem cells (hESCs; line WA09) were used to generate NPCs as
previously described [13]. To allow for identification of the hES-NPCs following i.v.
injection, hES-NPC monolayers were infected with lentivirus expressing dsRed prior to their
in vivo administration (SIN18.PRRL.hPGK-dsRED express.WPRE) to allow for
identification following i.v. injection [14–16].

Cuprizone-induced Demyelination and hES-NPC Administration
All procedures involving the use of mice were approved by the institutional animal care and
use committee at The Scripps Research Institute. C57Bl/6 mice were fed cuprizone (0.2% w/
w; biscyclohexanoneoxaldihydrazone, Sigma) in powdered rodent lab chow for a period of
four consecutive weeks as described previously [2]. Two weeks following the initiation of
the cuprizone diet, mice were injected intravenously into the tail vein with either 100ul of
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media used to grow hES-NPCs (n=4) or an equivalent volume that contained 5x10E5 hES-
NPCs (n=6). Mice from both treatment groups were kept on the cuprizone diet for an
additional two weeks following i.v. injections of either media (vehicle) or hES-NPCs. An
additional group of mice that received powdered lab chow without the addition of cuprizone
was also used as a non-lesion control for comparative analyses. At the four-week time point,
brains were extracted, fixed in 10% formalin and paraffin embedded. Coronal brain tissue
sections (3 μm thick) were stained with Luxol Fast Blue-PAS using a standard protocol [17],
or processed for immunostaining (see below).

Immunohistochemistry
Immunohistochemical staining was performed as previously described [18] using the
following primary antibodies: O1 (1:2000; Abcam, Cambridge, MA), DsRed (1:2000; BD
Biosciences, San Jose, CA), Iba-1 (1:1000; Wako, Richmond, VA), Myelin Basic Protein
(1:3000; Millipore, Billerica, MA), Human Nuclear Antigen (1:200; Millipore) and Glial
Fibrillary Acidic Protein (1:1000; Dako, Carpinteria, CA).

Apoptosis Detection Assay
Detection of apoptosis was carried out using an Apoptag®Red In Situ Apoptosis Detection
Kit (Millipore) according to manufacturer’s protocol. Briefly, sections were de-paraffinized
in xylene and re-hydrated in decreasing concentrations of ethanol. Sections were digested
with 20 μg/ml proteinase K (Invitrogen, Carlsbad, CA, USA), washed in 1x PBS and
incubated with terminal deoxynucleotidyl transferase (TdT) for 1 h at 37°C. Sections were
washed with provided Stop/Wash buffer, rinsed three times in 1x PBS and incubated with
anti-digoxigenin conjugate for 30 min at room temperature. Sections were washed four
times in 1x PBS, dehydrated through increasing concentrations of ethanol and mounted in
Fluoromount-G (SouthernBiotech, Birmingham, AL, USA). Negative controls were
prepared as described with 1x PBS substituted for TdT. The number of Apotag+ cells was
determined in each section (n=3/subject; n=3-4 per treatment group) at 40x magnification by
an experimenter who performed the analysis on coded samples.

Quantitative Evaluation of the Corpus Callosum
Coronal brain tissue sections [0.98mm to 0.26mm rostral to bregma according to the atlas of
Franklin and Paxinos (2001)] were used for all analyses. For myelin quantification, antisera
against myelin basic protein (MBP) was visualized by fluorescent immunostaining intensity
(and therefore myelin quantity) was quantified using Image J analysis software (NIH
Imaging; http://rsb.info.nih.gov.ij) as described previously [17]. Briefly, digital images were
captured at the same time for all samples using identical exposure times and compensation
settings. For each image the region of interest (ROI) was the field of view at 40x
magnification. Analyses were performed on 3 sections/subject with a minimum 3–4
subjects/group. For quantification of GFAP+ astrocytes and Iba-1+ microglia,
immunostained sections were examined at 20x magnification and digital images of the
corpus callosum were collected using identical settings. Images were then processed to
identify and count the number of objects in each image using automated image analysis
(ImageJ). The number of immunopositive cells in at least 3 sections/subject were then
averaged and the numbers calculated for 3–4 subjects/group per experimental treatment for
comparison and statistical analyses.

Statistical Analyses
Grouped data were analyzed by a one-way ANOVA followed by Dunnet post-hoc test for
direct intergroup comparisons. Differences were considered significant when P<0.05.
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Results
hES-NPC administration attenuates cuprizone-induced demyelination

Groups of cuprizone-treated mice received either hES-NPCs (5x10E5 cells/100ul; i.v.) or an
equivalent volume of media (controls) two weeks into the four week course of cuprizone.
Two weeks following administration of either hES-NPCs or media, brain tissues were
collected and analyzed histologically. Staining of myelin with luxol fast blue or myelin basic
protein (MBP) immunohistofluorescence revealed consistent and profound loss of myelin
within the CC of cuprizone-exposed mice in the control treatment group compared with
cuprizone-treated mice (Figure 1A,D vs Figure 1B,E, respectively). In contrast, cuprizone-
fed mice also administered hES-NPCs exhibited a marked reduction of myelin loss in the
CC (Figure 1C,F). To quantitatively assess demyelination among cuprizone-treated and
control groups, coronal tissue sections from each subject were stained using fluoromyelin
and the relative fluorescent intensity of staining in the CC was measured (Figure 1G). This
analysis confirmed that cuprizone induced a significant loss of myelin in the CC (one-way
ANOVA, P=0.0002; Dunnet posthoc, P<0.001 vs. no cuprizone-treated control) and hES-
NPC treatment provided a significant reduction in the demyelinating effects of cuprizone
(Dunnet posthoc; P<0.001 vs. cuprizone alone) although myelin loss was not completely
abated (Dunnet posthoc; P<0.05 vs. no cuprizone control).

Detection of hES-NPCs in murine brain following i.v. administration
We sought to address the possible mechanisms by which hES-NPCs affected cuprizone-
induced demyelination. First, we determined whether systemically-administered hES-NPCs
entered the brains of cuprizone-fed mice. To evaluate the transmigration of hES-NPCs from
peripheral circulation into the CNS, we first performed immunohistochemistry on coronal
brain sections using an antibody against human nuclear antigen (hNA). Positive hNA
immunostaining was intense, punctate and perinuclear (Figure 2A-C). Positive nuclei were
observed with a sparse distribution in cerebral cortex, periventricular region and also the
CC. Positive human nuclei immunostaining was detected only in the hES-NPC-treated mice.
These results demonstrate the ability of hES-NPCs to migrate into the mouse brain.

Next, we determined whether or not these cells differentiated in situ. The cells were
identified by exploiting the dsRed lentiviral labeling of the hES-NPCs, and their
differentiation status was determined by evaluating expression of the mature
oligodendrocyte marker O1+ (Figure 2D-F). Immunohistochemical detection of dsRed was
required because the native fluorescence of the dsRed in these brain tissues was negatively
affected by the formalin fixation and paraffin-embedding. Analysis of the CCs of hES-NPC
treated cuprizone-fed mice identified dsRed+ cells that were also O1+ (Figure 2). The
absolute number of hES-NPCs that expressed O1 was very few with a maximum ~2 cells/
field of view (60x magnification) (Figure 2G). We also observed hES-NPCs in the CC that
did not label with the oligodendrocyte marker, O1, but were found to co-label with the
astrocyte marker glial fibrillary acidic protein (GFAP). These astrocytes were also identified
by their expression of human nuclear antigen (hNA) (Figure 2E,F). The relative numbers of
human-derived cells that differentiated into astrocytes was notably greater than the
frequency of transplanted cells that differentiated into oligodendrocytes (Figure 2G).
However, the proportion of GFAP+ cells that were derived from hES-NPCs was
approximately 5% (Figure 2H), although relative to the number of hES-NPCs identified in
this region of the brain, GFAP+ cells constituted the largest differentiated population (Figure
2G,H), indicating that the differentiation of hES-NPCs was not restricted to
oligodendrocytes in this context. hNA+/GFAP+ cells were also identified in the cortex and
occasionally along the ependymal cell layer of the lateral ventricle where we also noted an
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occasional hNA+ cells that did not colocalize with either GFAP or O1 markers ("other";
Figure 2G).

hES-NPC treatment attenuated apoptosis in the corpus callosum
The precise mechanism by which cuprizone evokes the specific loss of myelin in the CNS is
not known [1], however the physiological response to dietary cuprizone is marked by
apoptotic death of oligodendrocytes within the CC [19, 20]. To determine whether treatment
with hES-NPCs modified the loss of oligodendrocytes in the CC following cuprizone-
treatment, we assayed tissues from control (untreated) and cuprizone-treated groups for
evidence of DNA fragmentation, a hallmark of an apoptotic form of programmed cell death
(Figure 3). Quantitative analysis of apoptotic nuclei within the CC revealed a significant
increase in apoptotic labeling in cuprizone-treated animals (P<0.0001), while cuprizone-fed
animals that were also administered hES-NPCs did not differ from unlesioned controls in the
apoptotic profile (P>0.05). These results indicated that improved myelination of the CC in
hES-NPC-treated mice following cuprizone exposure was due to the protective action of the
hES-NPCs rather than a regenerative function.

Attenuated Glial Responses to cuprizone following hES-NPC administration
The extent of myelination that was present in the CC of hES-NPC-treated mice seemed
disproportionate to the limited number of dsRed+/O1+ cells that were observed. We
postulated that, similar to previous studies [21], a primary benefit of hES-NPCs on
myelination might have been to modify the glial response to myelin injury. Iba-1 was used
to identify microglia in tissues from the same treatment groups. Microglia in the unlesioned
CC contained sparse microglia exhibiting fine processes indicative of an unactivated state
(Figure 4A). Four weeks after initiation of cuprizone treatment, Iba-1+ cells within the CC
were dense and exhibited a notable thickening of their processes; reflective of an activated
status (Figure 4B). Interestingly, in cuprizone-fed animals that had been treated with hES-
NPCs 2 weeks previously, microglia levels were reduced compared to mice treated with
cuprizone alone, although the majority of these Iba-1+ cells displayed an activated
morphology (Figure 4C). These data indicate that the attenuated demyelination in hES-NPC-
administered, cuprizone-treated animals was correlated with an attenuated microglial
response.

Immunostaining for glial fibrillary acidic protein (GFAP), to identify astrocytes, revealed
that a robust astrocyte response was observed in and around the CC of animals treated with
cuprizone (Figure 4D-F). Increased GFAP+ responses were observed in the CC, dorsal
fornix and lateral septal nucleus (immediately ventral to the CC) in all animals given
cuprizone, but the magnitude of astrocytosis in cuprizone-treated mice not given hES-NPCs
was significantly greater than in either control or hES-NPCs-treated animals (Figure 4H;
ANOVA, P=0.017). Hence, intravenous administration of hES-NPCs influenced both
microglial and astrocytic responses in the CC folllowing cuprizone treatment.

Discussion
In this study we have shown that intravenous administration of hES-NPCs reduced the
demyelinating effect of cuprizone treatment in mice. Our findings build upon several
previous studies describing the potential benefit of using oligodendrocyte progenitors to
repair the brains of genetically demyelinated animals [22–25] or in experimental models of
demyelination [9, 21, 26, 27]. Moreover, this study is also complemented by recent studies
by others that have shown systemic delivery of progenitor cells can be a viable strategy to
provide therapeutic benefit in models of neurologic disease [28–33]. To our knowledge, this
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is the first demonstration that systemic administration of human progenitor cells modified a
non-T-cell-mediated form of myelin injury.

An important observation in our study was that hES-NPCs administered into the blood
stream were capable of migrating into the CNS and differentiating into oligodendrocytes and
astrocytes. From our detailed examination of the rostral corpus callosum, in coronal brain
tissue sections, we estimate that less than 1% (approximately 0.2%) of hES-NPCs migrated
into the brains of cuprizone-treated mice [34]. This approximation is limited by several
assumptions; namely, a homogeneous distribution of cells throughout the CNS and reliance
upon expression of marker proteins for identification of transplanted cells in histological
sections. Our preliminary estimation suggests that a very small proportion of hES-NPCs
migrated or survived in the CNS of treated mice. Nevertheless, cuprizone-induced pathology
was markedly attenuated by intravenous treatment with hES-NPCs.

Although we did observe integration and differentiation of human cells into both O1+
oligodendrocytes and GFAP+ astrocytes within the CC, the numbers of these cells were low
and thus we hypothesize that the primary benefit of hES-NPCs may not have been directly
accountable to myelin replacement by the transplanted cell themselves. Our findings are
consistent and support the conclusions of Einstein et al. (2009) that demonstrated
intracerebroventicular (i.c.v.) administration of murine neural progenitor cells to cuprizone-
treated animals promoted myelination of the CC through the differentiation of endogenous
progenitors rather than differentiation of the transplanted cells [12]. Our findings
complement this previous study by demonstrating similar effects of human neural progenitor
cells in the cuprizone model and also show that i.v. rather than i.c.v. administration can be
used to achieve therapeutic benefit. Together, these reports on neural precursor cells in the
cuprizone model support additional recent studies on the restorative functions of
transplanted neural stem or neural progenitor cells in vivo, which have indicated that de novo
replacement of cells is not a primary mode of therapeutic benefit [9, 35]. These previous
studies have elucidated a central role for cell-to-cell contact as an important mediator of
SCs. For instance, integration of donor cells into the murine CNS requires cellular contacts
involving the formation of gap junctions [35]. Indeed, previous work has also demonstrated
that rescue of host cells by donor neural stem cells contributes to the restorative effects of
SCs in neurodegenerative models [35, 36]. In the context of demyelinating injury as well,
immunomodulation by SCs rather than de novo myelination by these donor cells accounted
for the abrogation of myelin pathology in other studies [9, 21]. Thus, our data would suggest
that hES-NPC treatment provided benefit through the support of pre-existing
oligodendrocytes within the CC, rather then by promoting regeneration. The high degree of
conservation between human and mouse in myelin proteins limits our ability to precisely
quantify and therefore determine the relative contribution, if any, of hES-NPCs toward the
myelin content of the CC of treated mice. Additional study would be required to resolve any
regenerative influence of hES-NPCs on endogenous progenitor cells.

Another relevant finding of our study was that progenitor cells were capable of extravasation
from peripheral circulation into the brain parenchyma in mice treated with cuprizone. This
result is consistent with several recent studies by others, which have also shown that i.v.-
administered progenitor cells can migrate to areas of injury within the CNS. Indeed, one
study reported that intravenous injection of GFP+ microglia, derived from murine ES cells,
migrated from the blood stream into the hippocampus and CC [37]. Our use of human ES-
derived neural precursors in this non-T cell mediated model of CNS demyelination is also
consistent with a recent report by Pluchino et al. (2009) demonstrating that human neural
progenitor cells can ameliorate demyelination in other species.
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Another observation made in our study was that hES-NPC treatment attenuated both
astrocytosis and microgliosis in the CC during cuprizone treatment. Astrocytes are known to
play positive and inhibitory roles on myelination through the production of growth factors.
Hence, the differential response to cuprizone-induced injury in hES-NPC-treated mice may
have contributed to the observed differences in myelination with hES-NPC administration.
Studies on the role of microglia in myelin injury have also yielded conflicting results, some
of which support a role for microglia in myelin injury while others suggest an important role
in myelin repair. This dichotomy has led to the idea that the precise function of microglia
depends upon the type of injury and its context [38]. In experimental autoimmune models of
demyelination, for instance, microglia are important participants in demyelination wherein
depletion of microglia can prevent the development of inflammatory demyelination [39] and
chronically activated microglia are associated with persistent myelin injury [17, 19].

At present it is unclear how hES-NPC administration in our study amended the microglial,
or astrocytic, responses to cuprizone intoxication. It is probable that the observed reduction
in microglial response in hES-NPC treated mice was a result of lessened demyelination in
the CC of these animals. A second possibility is that hES-NPCs may have influenced the
microglial response to cuprizone treatment as a primary action. This latter scenario is based
on previous observations that human mesenchymal stem cells secrete Th2 cytokines that are
anti-inflammatory [40] and can promote myelin repair [41]. For instance, the pro-
inflammatory cytokine tumour necrosis factor (TNF), which is produced by microglia
during cuprizone-induced demyelination, is also required for the efficient differentiation of
oligodendrocytes progenitors during the remyelination process [20]. Previous work has also
shown that cytokine activation of microglia can promote the differentiation of
oligodendrocytes from neural progenitor cells [42]. Thus, if hES-NPC treatment modified
the inflammatory environment of the CC during cuprizone treatment, then hES-NPCs could
have prevented demyelination or fostered early myelin repair by modulating microglia
responses. Additional study will be required to define the effect of hES-NPCs on microglial
reactivity or functions during cuprizone treatment.

In summary, we have demonstrated hES-NPCs can ameliorate cuprizone-induced myelin
injury. We have shown that systemically-administered hES-NPCs exhibited an appropriate
homing ability into injured CNS tissue within the mouse, leading to the amelioration of
demyelinating disease. This study supports the potential use of SC-derived neural cells as a
strategy to foster myelination in the injured brain.
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Figure 1. Cuprizone-induced demyelination in the corpus callosum is attenuated by systemic
administration of hES-derived neural precursor cells
Representative images of myelin staining in the corpus callosum (CC) of coronal brain
tissue sections from mice fed powdered chow without cuprizone (n=6) (A,D), mice fed
cuprizone diet (n=4; B,E) or cuprizone-treated mice treated concurrently with hES-NPCs
(n=6; C,F). Histological staining of myelin in adjacent tissues by Luxol Fast Blue (A-C) and
immunohistofluoresent histochemistry for myelin basic protein (D-F) both demonstrated
consistent patterns of myelin staining with these two techniques and revealed more myelin
was present in the CC in cuprizone-treated that received hES-NPCs those treated with
cuprizone alone. The data in panels D-F were quantified (G). hES-NPCs administration has
a significant effect, with increased myelin content among treated mice (one-way ANOVA;
P<0.0002; *** differs significantly from hES-NPC treatment and control groups (P<0.001);
* differs significantly from control (P<0.05).

Crocker et al. Page 11

Neuropathol Appl Neurobiol. Author manuscript; available in PMC 2012 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2. Detection of human cells in cuprizone-treated mice following intravenous
administration of hES-NPCs
Immunohistochemical detection of hES-NPCs expressing dsRed (red, A) that also expressed
the mature oligodendrocyte marker, O1 (green, B). Merged image with nuclei countered
stained with DAPI (blue; C,D) and highlighted box (C) showing expression of O1 and
dsRed co-localized in a hES-NPC-derived cell (D). hES-NPCs were also detected using
antisera against human nuclear antigen (hNA), and, when co-labeled with antisera against
glial fibrillary acidic protein (GFAP+), hES-NPC-derived cells were also identified as
expressing this astrocyte marker (E), where, at higher magnification (inset in E) these cells
exhibited an astrocyte morphology (F). Quantitative analysis of hES-NPC-derived cells in
brain tissue sections (n=3 sections/subject; n=3–4 subjects) was performed in the rostral CC
to determine the fates of these cells in these tissues as either GFAP+ (astrocytes), O1+
(oligodendrocytes) or hNA+/O1-/GFAP- cells (others) (G). Numbers of hNA+/GFAP+ cells
were then calculated relative to the number of GFAP+ in each field and compared as a
proportion of hES-NPC-derived cells (H).
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Figure 3. Administration of hES-NPCs to cuprizone-treated mice attenuated apoptotic loss of
cells in the corpus callosum
Fluorescent labeling of DNA fragmentation by ApopTag® in coronal brain tissue sections
from untreated (A), and cuprizone-treated mice (B) or cuprizone-treated that had also been
intravenously administered hES-NPCs (C). (D) Quantification of DAPI+ nuclei within the
CC that were also positive for DNA fragmentation revealed a marked increase in the number
of apoptotic cells in cuprizone treated mice (black bar), relative to untreated animals (white
bar), yet cuprizone fed animals that were also administered hES-NPCs did not exhibit
elevated apoptosis in the CC (hatched bar). Data represent analysis of n=4-5 subjects/
treatment with n=3 sections/subject. ANOVA; ***, P<0.0001.
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Figure 4. hES-NPCs administration attenuated glial responses to cuprizone treatment
Microglial cells, identified by Iba-1 immunostaining, within the corpus callosum of control
(unlesioned) mice (A) were increased in abundance by cuprizone treatment (B) but not
cuprizone treatment was coincident with hES-NPCs administration (C). Similarly, astrocytes
were identified using immunostaining for GFAP in sections from untreated (D), cuprizone-
treated (E) and cuprizone-treated mice that also received hES-NPCs (F). Quantification of
the numbers of Iba-1+ cells (G) and GFAP+ astrocytes (H) within the corpus callosum of
these mice (n=3 sections/subject with n=4–6/treatment group) determined that cuprizone
induced a robust microglial and astrocyte responses that were significantly attenuated by co-
treatment with hES-NPCs. G:**, P<0.01; ***, P<0.001; H: *, P=0.017. Scale bars = 100
μm.
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