Perspective

The potential of stem cell

therapies for neurological diseases
Philip H Schwartz

As a novel neurotherapeutic strategy, stem cell transplantation has received considerable
attention, yet little of this attention has been devoted to the probabilities of success of stem

cell therapies for specific neurological disorders. Given the complexities of the cellular
organization of the nervous system and the manner in which it is assembled during
development, it is unlikely that a cellular replacement strategy will succeed for any but the
simplest of neurological disorders in the near future. A general strategy for stem cell
transplantation to prevent or minimize neurological disorders is much more likely to
succeed. Two broad categories of neurological disease, inherited metabolic disorders and
invasive brain tumors, are among the most likely candidates.
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By current estimates, over 100 million Ameri-
cans could benefit from stem cell therapies.
Targets of stem cell therapies include cardio-
vascular and autoimmune diseases, diabetes,
multiple sclerosis, osteoporosis, cancer, Alzhe-
imer’s disease (AD) and Parkinson’s diseases
(PD) [11. Stem cell therapy has been used for
over 30 years as a therapy for disorders of the
hematopoietic system. For example, transplan-
tation of stem cells derived from bone marrow
have been used to dramatically decrease the
death rate in leukemia [2], and this success has
fostered high expectations for this expanding
branch of clinical medicine. The complexities
of some of the neurological diseases proposed
as targets for stem cell therapy, however, may
be such that stem cell therapy as a restorative
approach may be much less likely to succeed
than when used as a preventive approach [3].
That is, it is much less likely that novel stem
cell therapies will be successfully used to repair
a brain that has been ravaged by stroke,
trauma, genetic disease, or a neurodegenerative
process, than to provide the brain with the
support needed to prevent or minimize the
injury or degenerative process. Indeed, there
can be little doubt that only palliative or mini-
mally restorative care might ever be possible
after massive brain damage has occurred. This
concept is supported by experience with bone
marrow transplant for some metabolic diseases

affecting the brain (e.g., x-linked adrenoleu-
kodystrophy or mucopolysaccharidosis type 1)
where only early treatment can prevent the
progression of the disease and no benefit is
seen after severe brain damage has occurred (4.
A similar effect is noted in animal models of
spinal cord injury where only early treatment
is beneficial (5.

Sources of stem cells for neurotherapy

There are three main sources of human stem
cells for neurotherapy: the brain itself, bone
marrow or cord blood and the preimplantation
embryo. Neural stem cells (NSCs), defined by
their clone-forming ability, self-renewal capa-
bility and multipotency, can be isolated from
fetal (6], neonatal [7] and adult human brain [s],
where they are localized to the hippocampus
and subventricular zone (SVZ) in stem cell
niches [9]. NSCs can give rise to the three brain
cell types: neurons, astrocytes and oli-
godendrocytes. The presence of NSCs in the
adult brain accounts for the finding that neu-
rons are generated constantly, even into adult-
hood (10}, in some regions of the brain, espe-
cially the SVZ and the dentate gyrus of the
hippocampus. Importantly, only a very small
percentage of the brain is replenished by this
activity; thus, the brain has only minimal
capacity to repair itself after disease or injury.
The biological reason for the presence of this
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stem cell population has yet to be determined with certainty,
but one reason might be for neuronal replacement in long-term
memory [11].

Although NSCs represent a logical first choice as a cell pop-
ulation to use for neural cell replacement and have been very
useful for proof-of-principle in animal studies and preclinical
trials [12], it is unlikely that they will ever be clinically useful.
The primary reason for this is that the very small numbers of
donors that are ever likely to be available would not present a
sufficient pool to allow immunological matches to be made
with any but a very small proportion of possible recipients. For
current therapy of the hematological disorders, for example,
there are approximately 6—7 million potential donors for bone
marrow transplants [13]. These donors collectively provide
immunological matches for approximately 70% of the possible
recipients. A bank of NSCs to approach this level of matching
ability would be extremely laborious, expensive and time-con-
suming and is unlikely ever to be created. It is possible, how-
ever, that NSCs possess only a weak capacity to stimulate
immune rejection [1415] and, when implanted into an
immune-privileged site, such as the brain, might evade the
immune system altogether [16].

An alternate approach to NSC transplantation, however, is
suggested by several studies that indicate that the endogenous
pool of NSCs may be recruited under the appropriate condi-
tions. Thus, exercise, for example, has been demonstrated to
stimulate neurogenesis [17]. Furthermore, intracranial adminis-
tration of trophic factors, coincident with a neuropathological
process, can elicit a substantial neurogenic response with the
newly generated cells migrating en masse toward the site of
injury [18]. These data suggest that it may be possible to harness
endogenous processes and obviate transplantation [19]. It
remains to be seen, however, whether or not such an approach
will be sufficient and, importantly, safe.

In addition to the hematopoietic system, bone marrow also
contains a supporting tissue called stroma [20]. It was originally
thought to simply provide a structural framework for the
hematopoietic system; however, it has now been found to con-
tain a population of mesenchymal stem cells (MSCs), which are
strongly adherent and can therefore be isolated by culturing
marrow on an appropriate substrate and washing other cells
off [21]. MSCs can give rise to many kinds of connective tissue
cells and are easily differentiated into chondroctyes, osteocytes
and adipocytes [22]. A related stem cell population, the muldi-
potent adult progenitor cell, has also been isolated from bone
marrow [23].

Recent studies by a number of laboratories have suggested
that MSCs have two additional properties that make them
attractive for stem cell transplantation: they appear to provide a
degree of immune tolerance when transplanted concurrently
with bone marrow [24,25], possibly decreasing the incidence or
severity of graft versus host disease, and they may have the
potential to differentiate into additional cell types, including
neural cells [26-29]. Current clinical trials are examining both of
these properties [201]. Although controversial (30], these data

suggest that not only might MSCs improve engraftment after
conventional bone marrow transplantation, they may also pro-
vide precursors for other organ systems besides blood. The
implication, especially for the short-term, is that bone marrow,
from a single immune-matched donor, may potentially be used
for multiple purposes for the recipient. In addition, this puta-
tive stem cell plasticity offers the potential for use in autologous
transplantation to treat certain extramedullary diseases [31,32].

Human embryonic stem cells (ESCs) are usually obtained
from the inner cell mass of embryos produced by in vitro fertili-
zation (IVF) [33). Under certain conditions, ESC populations
can divide indefinitely while undifferentiated, while under
other conditions they can differentiate into virtually any cell
type in the body, (i.e., they are pluripotent) [33]. When cultured
in the laboratory, ESCs grow as compact colonies and usually
require the presence of feeder cells for their survival. When
undifferentiated ESC colonies are detached from the feeder
layer and transferred into serum-containing medium, they
form multicellular aggregates called embryoid bodies, which
can contain cell types representing all three germ layers of the
body: endoderm, mesoderm and ectoderm [33,34].

Several groups have produced neural precursors from human
ESCs and have tested them by injection into the rodent brain
or spinal cord [35-39]. The transplanted cells were incorporated
into the host nervous system, migrated along appropriate
tracks, differentiated into neurons in a region-specific manner,
made synaptic contacts with host neurons, or gave rise to
oligodendroglia or astroglia.

These data suggest that ESCs may be used to provide trans-
plantable cell types for any tissue or organ system, including the
brain. However, the issue of immune-matching remains,
although it may be solvable with somatic cell nuclear transfer or
induction of immune tolerance and some studies suggest that
ECSs possess a degree of immune privilege [40].

Current stem cell therapies

Before considering novel stem cell therapies, it is worth review-
ing what stem cell therapies are currently in use and how those
therapies work. To date, approximately 70 different disorders of
hematopoiesis have successfully been treated with bone marrow
transplantation [202]. Umbilical cord blood (UCB) and mobi-
lized peripheral blood stem cells can also be used. As mentioned
above, approximately 70% of transplant patients can find an
appropriate immunologically matched donor through the
national marrow donor program and other similar entities that
have a combined pool of 6—7 million potential donors [13]; the
remaining 30% are either transplanted with a less-than-ideal
match and/or die [41].

In general, successful engraftment of donor hematopoietic
stem cells (HSCs), be they from bone marrow, cord blood, or
peripheral blood, requires myeloablation (destruction of the
patient’s hematopoietic system) followed by rescue with the
donor cells. There is significant mortality and morbidity associ-
ated with this technique and it is currently reserved for the very
sickest of patients that cannot be managed in any other
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way [42-44]. The rescue of the patient’s hematopoietic system is
dependent on the innate ability of the donor cells to home to
and repopulate the bone marrow niche. Homing to the bone
marrow is accomplished by host marrow stromal cell secretion
of stromal-derived-factor 1 (SDF)-1, a chemokine that attracts
the injected stem cells through its interaction with the CXC
receptor, CXCR-4, present on the donor cells [45]. The success
of this therapeutic approach, therefore, rests on the facts that:

* Blood components have a short half-life and must be
constantly replenished

* There is a pool of stem cells that constantly replenishes the
blood system

* This pool of stem cells can be more-or-less selectively destroyed

* Donor stem cells, simply injected intravenously, have the
innate ability to home to the stem cell niche and repopulate
it, thus replacing the destroyed stem cell pool

Therefore this form of stem cell therapy, can accurately be
described as cellular replacement therapy. Few organ systems have
such a comprehensive, innate, cellular replacement system that
can be destroyed and replaced (skin and intestinal epithelia being
possible examples); therefore, it is unlikely that a similar strategy
can be used for most of the diseases for which stem cell therapies
have been proposed. Thus, although stem cell therapies have been
used successfully for more than 30 years, entirely new strategies
must be devised for most of the novel therapies proposed.

Another group of diseases being treated with HSC
transplantation is the lysosomal storage disorders (LSDs),
including the mucopolysaccharidoses such as Hurlers syn-
drome [4,46]. These diseases, many of which are lethal in early
childhood or lead to severe mental retardation, involve the
harmful accumulation of specific cell components due to the
absence or inactivity of a specific enzyme normally involved in
their degradation [47]. In these cases, stem cell therapy functions
primarily as enzyme replacement by providing cells containing
an active form of the missing or defective enzyme. Since disease
progression may lead to extensive damage, early diagnosis and
treatment are essential [48]. HSC transplantation in the LSDs is
effective primarily for soft tissue, non-CNS organs such as
spleen and liver, with only limited effectiveness for bone and
cartilage and little to no effectiveness for the CNS for most of
the LSD:s tested (46]. This means that HSC transplantation can
only be used for some LSDs that affect the brain and, even with
these, must be instituted before brain damage has progressed.

Although the same basic strategy is used for stem cell ther-
apy of LSDs, HSC transplantation, and its outcome in terms
of cellular replacement is the same, the goal of HSC transplan-
tation in the LSDs is not the cellular replacement per se but
replacement of the enzyme that the replacing cells provide (4.
The cells merely act as the living vehicle for, and producer of,
the enzyme. Peculiar to many lysosomal enzymes is the fact
that they can be transferred between cells; thus, enzymes can
physically move from the donors cells to the recipients
cells (491. The critical issue, however, is the extent to which the
transplanted cells can stably populate the various organ systems

Stem cell-based neurotherapy

of the recipient, not the extent to which the transplanted cells
can differentiate into the tissues of the various organ systems
of the recipient.

Possible novel stem cell therapies

As mentioned earlier, HSC therapy for metabolic diseases has
had some success, albeit limited. This limit is particularly true
for the CNS. In animal models of some of the LSDs, however,
implantation of NSCs [50-52) or genetically engineered
NSCs (53] directly into the brain significantly ameliorates the
detrimental effects of the disease on the brain. In addition,
transplantation of MSCs may provide added benefit for the
bone and cartilage defects found in these diseases. Indeed, some
clinical studies have suggested that MSC transplantation does
have an added beneficial effect in patients previously trans-
planted with bone marrow [54]. These data suggest that combi-
nation stem cell therapy, using intravenous HSCs and MSCs
for the periphery and intracerebroventricular NSCs for the
brain might be an effective treatment strategy for these patients.
As many of the LSDs are childhood lethal, they are prime tar-
gets for such an experimental approach. Importantly, Stanford
university has just received FDA approval for the intracranial
implantation of fetal-derived NSCs for the treatment of Bat-
ten’s disease, a uniformly fatal lysosomal storage disorder [55].
However, as NSCs may be unlikely to be available for wide-
spread application without serious immune system problems, a
strategy more likely to succeed might include MSCs that have
been primed for neural differentiation (neuralized) in place of
the NSCs (56]. An important implication here is that a single
donor may be able to act as the source for multiple stem cell
types for the recipient — HSCs, MSCs and neuralized MSCs —
thus minimizing immune-matching considerations. A possible
strategy, therefore, would be to establish engraftment with
BMT followed by, or coinciding with, MSC transplantation.
This would be followed by the intracerebral implantation of
neuralized MSCs from the same donor, obviating rejection. It
remains to be seen, however, if such cells are able to establish
long-term residence in the brain parenchyma. The point in this
approach is that, whatever the stem cell source, the cells are not
being transplanted as a replacement cell population and thus
are not required to differentiate into neurons or glia, but rather,
to act as a population of cells that simply provides enzyme and
prevents brain (and other organ) damage.

Critical to the approach of NSC or MSC transplantation in
the LSDs is the ability of these cells to extensively migrate
into the brain parenchyma. Indeed, in animal models, it has
been demonstrated convincingly that NSCs can migrate out
from the ventricles after a simple, single intracerebroventricu-
lar injection to take up residence in the entire cortical mantle
(57). This is not surprising given that these cells express the
CXCR4 receptor [7] and that CXCR4 homing to SDF-1 is an
important component of the development of the cerebral and
cerebellar cortices during normal brain development [58-60].
MSC:s also appear to have this homing capacity [61], although
the mechanism is less clear as their CXCR4 expression is less
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robust than that seen in NSCs [UNPUBLISHED OBSERVATIONS].
Germane to the treatment of the LSDs is the on going inflam-
matory process that is one of the components of these diseases
(62,63] and that further acts as a stimulus to NSC migration
from the ventricles into the parenchyma (64]. Indeed, any
brain disease or injury that has inflammation as one of its
components might well be a target for NSCs, including mul-
tiple sclerosis, AD, traumatic brain injury, spinal cord injury
and ischemia [15,64-68].

Although the LSDs potentially benefit from a unique bio-
chemical mechanism wherein the enzyme of interest may be
transferred between cells [49], it does not necessarily follow
that this type of mechanism must be present for cellular ther-
apy of any enzyme defect to be effective. If the mortality and
morbidity of bone marrow transplantation [2] can be substan-
tially decreased (clinical trials are currently underway) [201],
then it is not unreasonable to predict that this type of ther-
apy could also be used for enzyme deficiencies for which
alternative therapies already exist. For instance, some of the
disorders of intermediary metabolism [69-71], where easily
transportable small molecules are primarily affected, may
well be quite responsive to having a cell population that can
metabolize the substrate in question, even at a lower than
normal rate. Whereas an enzyme deficiency must be 85% or
more below normal to have a clinical effect, only a small
increase in enzyme activity might be necessary to have signif-
icant beneficial clinical effects [72,73]. Patients with organic
acidemias, for example, can be treated with dietary restric-
tion, although it is well known that even with this treatment
they may develop brain damage [74]. Cellular therapy may,
therefore, play an important adjunctive role in these and
many other metabolic diseases.

The second neurological disease category likely to benefit
from stem cell therapy comprises the invasive brain tumors.
These diseases, which have a very high mortality rate and for
which there are no effective treatment strategies, are prime tar-
gets for such an experimental approach. Using a variety of dif-
ferent NSCs, several different laboratories have demonstrated
that NSCs have a remarkable ability to migrate through the
body and through normal tissues to accumulate in various
types of tumors, both neural and non-neural [75-78). This
migratory ability again appears to be related to the same
SDF-1/CXCR4 mechanism responsible for HSC homing
[66,77); participation of other mechanisms, such as MCP-
1/CCR2 may also be important [79-81]. This provides a poten-
tial avenue for developing radically new types of cancer treat-
ment, especially for tumors that infiltrate the brain so exten-
sively that they cannot be effectively removed by surgery or are
unresponsive to chemotherapy. In such cases, it may be possi-
ble to use the homing ability of NSCs to deliver chemothera-
peutic agents accurately and exclusively to the tumor cells as
they appear to secrete SDF-1 and other chemokines in large
quantities [66,79]. This would have the added advantage of
decreasing total body burden of the toxic chemotherapeutic
agents usually used to treat these diseases.

Both NSCs and MSCs have been genetically engineered to
produce various products that could be delivered directly to
the tumor [82,83]. They can be designed to release cytolytic
viruses that destroy adjacent cells, to produce antitumor pro-
teins, or to secrete enzymes that will locally convert inactive
prodrugs into active chemotherapeutic compounds.

Again, the stem cells are not being used as a cellular replace-
ment, although that may be an added benefit. In this case, the
cells are being used as delivery vehicles to target a pathological
process. Given that the invasive brain tumors, such as glio-
blastoma multiforme, present significant clinical challenges,
including being fatal in most cases, a concerted effort to
design a strategy to use NSCs for diseases such as these
appears warranted.

Although the principle of preventive neurotherapy can, in
theory, be applied to other nervous system disorders, such as
spinal cord injury, stroke and traumatic brain injury, the vari-
ability of the injury among patients and the likelihood of only
partial amelioration of injury make the statistical design and
interpretation of such clinical studies more challenging. Stem
cell neurotherapy in PD will likely have the same problems as
current therapy based on fetal-derived tissue, such as lack of
feedback regulation of dopamine secretion [84]. AD may, how-
ever, fall into the same category as the neurometabolic dis-
eases assuming that the very earliest stages of the disease can
be reliably diagnosed and that an appropriate interaction of
stem cells with the disease can be identified (32,68]. One poten-
tial area for successful neurotherapy may be the demyelinating
diseases. In these diseases, stem cells would be asked to
remyelinate rather than rewire, a potentially tractable sce-
nario. Unfortunately, multiple sclerosis, although a candidate
for stem cell neurotherapy aimed at remyelination, presents
the double confounds of being an intermittent disease with
variable anatomical disease localization and concurrent axonal
pathology in the more severe cases [8586]. Similarly, spinal
cord injury, while having demyelination as a component of
the pathological process, still has at its core major axonal
injury, with concurrent secondary degeneration at locations
quite distant to the injury [87].

Potential pitfalls associated with novel stem cell therapies

One of the major problems with transplantation of any kind
is the possibility of immune rejection of the transplanted tis-
sue. Currently, two strategies are used to prevent or reduce
the extent of the destructive immune response: suppression
of the immune system with drugs and careful histocompati-
bility leukocyte antigen (HLA)-matching of the donor to the
recipient. However, immune suppression may put the patient
at risk for infection and matching may not always be success-
ful.
childhood, the risks are greatly magnified (88,89]. Autologous

Should life-long immunosuppression begin in early

transplantation provides another solution, although in the
case of genetic diseases such as the lysosomal disorders this
would have to be combined with gene therapy to correct the
genetic defect. Recently, advances in ESC research have
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suggested a new approach: somatic cell nuclear transfer
(SCNT), which is used to produce an ESC line that is
derived from, and therefore theoretically immune matched
to, the patient [90]. The potential of SCNT has been demon-
strated in animal models [91]. Since bone marrow transplants
can be used successfully for treatment of some of the hemato-
logical malignancies and given the constraints of HLA-
matching, a first clinical application of ESCs produced by
SCNT might well be the treatment of patients with hemato-
logical disorders for whom a matched bone marrow donor
cannot be found. Three confounds, however, threaten the
apparent simplicity of this approach:

* To date, only two laboratories have been successful with
human SCNT (90,921, suggestive of its technical difficulty

* Matching of the mitochondrial genome, which contributes
to the minor histocompatibility complexes, is not solved with
this approach [9394], suggesting that immune rejection
problems may persist after SCNT

* The availability of egg donors is unlikely to satisfy the
potential demand [95,96]

Another potential approach, however, may solve all of these
issues: pretransplantation induction of immune tolerance with
a HSC subpopulation, namely dendritic cells, derived from
the same ESC line to be used to derive the cells needed for
therapy [97,98,99].

Another potential problem with using cells expanded
ex vivo in the laboratory is the current need to use animal
cells or products during cell culture. Many ESCs, for exam-
ple, are grown on feeder layers of mouse embryonic fibro-
blasts [100], while MSCs are expanded in the presence of fetal
bovine serum [21]. Although it has been suggested that the
use of animal cells or products may obviate the use of cells
for therapeutic applications [101], the clinical use of similarly
treated cells or other implantable products has been under-
way for many years. In addition, it is possible to signifi-
cantly reduce the animal components simply by culture of
the cells for a period of time in nonanimal-based
systems [101]. Therefore, the animal component concerns
appear to be resolving.

Implantation of undifferentiated ESCs does, however, carry
a substantial risk because of their propensity to form terato-
mas. Teratoma formation is, in fact, the gold standard by
which one shows that a given ESC line is pluripotent
(33,102,103]. Thus undifferentiated ESCs are unlikely to be used
directly in therapeutic applications. As differentiation of an
ESC eliminates its capacity to form a tumor [33,102,103], ESCs
will be used to generate lines of cells that are at least partially
differentiated, and it is these derived cells that may be used
therapeutically. Unequivocal demonstration of the complete
elimination of undifferentiated ESCs after differentiation,
however, will be a difficult but necessary step for moving these
cells toward therapeutic use.

Stem cell-based neurotherapy

Finally, the technique of IVF itself, which provides the
starting material for the derivation of ESCs, often produces
genetically abnormal embryos [104], and ESCs themselves are
notoriously genetically unstable [105]. It is likely that ESCs
produced by SCNT will suffer from these same problems.
There is currently no way of knowing whether ESCs are com-
pletely genetically normal and would be safe to use in stem-
cell therapy. Indeed, long-term safety studies may well take
decades to complete. Moreover, there is emerging data that
suggests that each ESC line possesses a differing capability for
differentiation toward a specific lineage and that this capabil-
ity varies with passage number [106]. Thus, it is not clear that
ESCs produced by SCNT will, in fact, have an appropriate
ability to differentiate toward the specific lineage needed for
the patient for whom they were produced.

In conclusion, treatment of most brain injuries and diseases
presents considerable challenges, not least of which is the
unlikely prospect of being able to restore complex neurological
functions after they have been irrevocably lost due to death of
the associated neurons. The complexity of the nervous system
in all likelihood precludes all but minimal restorative therapy.
Consideration of the use of stem cell therapies as preventive
measures, however, provides an avenue whereby neurotherapy
using stem cells might have a reasonable chance of succeeding.
Not requiring the transplanted cells to rewire the brain but only
to provide replacement enzyme for the neurometabolic disor-
ders or cytolytic agents for the invasive brain tumors, appears to
be a rational first choice for novel stem cell neurotherapy.

Expert commentary

Neurotherapy using stem cells is a nascent field that has consid-
erable promise but also daunting challenges. The complexity of
the nervous system is such that, at least in the near term, strate-
gies designed to confer neuroprotection, rather than neuroresto-
ration, will be most likely to show significant, beneficial clinical
effects. Stem cell neurotherapy of two broad categories of neuro-
logical disease, both of which are associated with significant
mortality and morbidity, is likely to be successful: the neuromet-
abolic diseases and the neuromalignancies. These therapies will
initially be based on bone marrow-derived stem cell populations
and may set the stage for eventual use of immune-matched or
immune-tolerated, embryo-derived stem cells.

Five-year view

Since MSCs are already in Phase I clinical trials for therapy of
cardiac muscle after myocardial infarction and since HSCs are
currently being used for therapy of non-CNS tissues in the
LSDs, it is not unreasonable to predict that MSCs will soon
enter clinical trials as adjunctive therapies with HSCs for non-
CNS tissues in the LSDs. Further, as MSCs are in the devel-
opment phase for clinical trials testing, their therapeutic effi-
cacy in spinal cord injury, stroke and traumatic brain injury
trials addressing the efficacy of MSCs in treating the CNS in
the LSDs should be, in the final planning stages within
5 years if not already underway.
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/Key issues

® Given the complexities of the CNS, use of stem cells as a therapy to prevent irreversible CNS damage may be more likely to succeed

than use as a restorative therapy.

® The lysosomal storage disorders (LSDs) and the invasive brain tumors represent two diseases wherein stem cell therapy designed to
protect the nervous system or remove tumor cells, respectively, may have a significant impact.

® Hematopoietic stem cells from bone marrow are successfully being used as a therapy for the non-CNS manifestations of the LSDs.

e Animal studies suggest that neural stem cells (NSCs) may significantly abrogate the CNS pathology caused by the LSDs.

® Animal studies also suggest that NSCs home to tumors allowing the possible delivery of tumoricidal agents, on a cellular level,

selectively to tumor cells.

¢ Although NSCs have provided proof-of-principle in preclinical studies, mesenchymal stem cells, derived from the recipient or
immune-matched donors, may be more clinically useful.

References 8  Palmer TD, Schwartz PH, Taupin B, 16 Hori J, Ng TF, Shatos M, Klassen H,
Papers of special note have been highlighted as: Kaspar B, Stein SA, Gage FH. Cell Streilein JW, Young MJ. Neural progenitor
o of interest culture. Progenitor cells from human brain cells lack immunogenicity and resist

oo of considerable interest after death. Nature 411, 42—43 (2001). destruction as allografts. Stem Cells 21,

1 Gerecht-Nir S, Itskovitz-Eldor J. Human 9 Quinones-Hinojosa A, Sanai N, 405-416 (2003).
embryonic stem cells: a potential source for Soriano-Navarro M ez al. Cellular 17 Kempermann G, van PH, Gage FH.
cellular therapy. Am. J. Transplant composition and cytoarchitecture of the Activity-dependent regulation of neuronal
4(Suppl. 6), 51-57 (2004). adult human subventricular zone: a niche plasticity and self repair. Prog. Brain Res.

> Arceci RJ. Progress and controversies in the of neural stem cells. /. Comp. Neurol. 494, 127, 3548 (2000).
treatment of pediatric acute myelogenous 415-434 (2000). 18 Fallon ], Reid S, Kinyamu R ez al. In vivo
leukemia. Curr. Opin. Hematol. 9,353-360 10 Eriksson PS, Perfilieva E, Bjork-Eriksson induction of massive proliferation, directed
(2002). T et al. Neurogenesis in the adult human migration, and differentiation of neural

hippocampus. Nature Med. 4, 1313-1317 cells in the adult mammalian brain. Proc.

3 Daley GQ, Goodell MA, Snyder EY. ’ )
AT (1998). Narl, Acad. Sci. USA 97, 1468614691
therapeutics. Hematology Am. Soc. Hemarol. 11 Nilsson M, Perfilieva E, Johansson U, (2.000)' . s
Educ. Program 398-418 (2003). Orwar O, Eriksson PS. Enriched . Flr.st paper demo.nstratmg the possibility

*  Good reality check article. environment increases neurogenesis in the ofmducmg' nfasswe endogenou.s o

s Krivie W, Stem cell bone marrow adult rat dentate gyrus and improves neurogenesis in response to brain injury.

T . . . spatial memory. J. Neurobiol. 39, 569-578 19  Emsley JG, Mitchell BD, Magavi SS,
transplantation in patients with metabolic . .
storage diseases. Adv. Pediatr. 49, 359-378 (1999). Arlotta B, Macklis JD. The repair of
(2002) 12 Tamaki S, Eckert K, He D ez al. complex neuronal circuitry by transplanted

ee  FExcellent review. Engraftment of sorted/expanded human and endogenous precursors. NeuroRx. 1,

s Keirstead HS. Nistor G. Bernal G et al central nervous system stem cells from 452471 (2004).

Human embr’yonic sten,l cell-derived ' fetal brain. /. Neurosci. Res. 69, 976-986 20 Bonnet D. Biology of human bone marrow

oligodendrocyte progenitor cell transplants (2002). Stzem cells. Clin. Exp. Med. 3, 140-149

remyelinate and restore locomotion after 15 Goldman JM, Horowitz MM. The (2003).

spinal cord injury. /. Neurosci. 25, international bone marrow transplant 21 Sekiya I, Larson BL, Smith JR,

4694—4705 (2005). registry. Int. J. Hematol. 76(Suppl. 1), Pochampally R, Cui JG, Prockop DJ.
94-4705 (2005) gIstry. PP pally P

s Clearly demonstrates that early 393-397 (2002). Expansion of human adult stem cells from
intervention is necessary in nervous *  Good summary of the state of the registry bone marrow stroma: conditions that
system injury. and the possibilities for its expansion. maximize the yields of early progenitors

6 Svendsen CN, Caldwell MA, Ostenfeld T. 14 Klassen H, Schwartz MR, Bailey AH, and evaluate their quality. Stem Cells 20,
Human neural stem cells: isolation, Young MJ. Surface markers expressed by 53(,)7541 (2002).
expansion and transplantation. Brain multipotent human and mouse neural *  Critical mesenchymal stem cell
Pathol. 9, 499-513 (1999). progenitor cells include tetraspanins and culture paper.

7 Schwartz PH, Bryant PJ, Fuja TJ, Su H non-protein epitopes. Neurosci. Lett. 312, 22 Baksh D, Song L, Tuan RS.

O Dowd DK’ KIZssen H’ IS(J)latio,n and ’ 180-182 (2001). Adult mesenchymal stem cells:
characterization of neural progenitor cells 15 Klassen H, Imfeld KL, Ray ], Young M]J, Cha_l‘flCtC.[‘iZa.tion, differentiation, and
from post-mortem human cortes. Gage FH, Berman MA. application in cell and gene therapy. /. Cell Mol.
J. Newrosci. Res. 74, 838-851 (2003). The immunological properties of adult Med. 8, 301*3.16 (2004).
hippocampal progenitor cells. Vision Res. ** Excellent review of mesenchymal
43, 947-956 (2003). stem cells.
158 Expert Rev. Neurotherapeutics 6(2), (2006)



23

24

25

26

27

28

29

30

31

32

33

34

35

Verfaillie CM. Multipotent adult
progenitor cells: an update. Novartis.

Found. Symp. 265, 55-61 (2005).

Beyth S, Borovsky Z, Mevorach D ez al.
Human mesenchymal stem cells alter
antigen-presenting cell maturation and
induce T-cell unresponsiveness. Blood 105,
2214-2219 (2005).

Aggarwal S, Pittenger ME. Human
mesenchymal stem cells modulate
allogeneic immune cell responses.

Blood 105, 1815-1822 (2005).

As the cells described by Pittenger et al.,
are currently in clinical trials, this paper is
a particularly important read.

Ortiz-Gonzalez XR, Keene CD,

Verfaillie CM, Low WC. Neural induction
of adult bone marrow and umbilical cord
stem cells. Curr. Neurovasc. Res. 1,207-213
(2004).

Guo L, Yin E Meng HQ ez 4/. Differentiation
of mesenchymal stem cells into dopaminergic
neuron-like cells 7 vitro. Biomed. Environ.

Sei. 18, 36-42 (2005).

Phinney DG, Isakova I. Plasticity and
therapeutic potential of mesenchymal stem
cells in the nervous system. Curr. Pharm.
Des. 11, 1255-1265 (2005).

Long X, Olszewski M, Huang W,

Kletzel M. Neural cell differentiation

in vitro from adult human bone marrow
mesenchymal stem cells. Stem Cells Dev. 14,

65-69 (2005).

Weissman IL, Anderson DJ, Gage F.
Stem and progenitor cells: origins,
phenotypes, lineage commitments, and
transdifferentiations. Annu. Rev. Cell Dev.
Biol. 17, 387403 (2001).

Good review of stem cells and their
scientific controversies.

Futterman LG, Lemberg L. Cardiac repair
with autologous bone marrow stem cells.
Am. ]. Crit. Care 13, 512-518 (2004).

Sugaya K. Possible use of autologous stem
cell therapies for Alzheimer’s disease.
Curr. Alzheimer Res. 2, 367-376 (2005).

Thomson JA, Itskovitz-Eldor J, Shapiro SS
et al. Embryonic stem cell lines derived
from human blastocysts. Science 282,
1145-1147 (1998).

Hallmark paper for the derivation of
human embryonic stem cells.

Odorico JS, Kaufman DS, Thomson JA.
Multilineage differentiation from human
embryonic stem cell lines. Stem Cells 19,
193-204 (2001).

Brustle O, Jones KN, Learish RD ez 4.
Embryonic stem cell-derived GLIAL

precursors: a source of myelinating

transplants. Science 285, 754756 (1999).

36

37

38

39

40

41

42

43

44

45

Herrera J, Yang H, Zhang SC ez al.
Embryonic-derived GLIAl-restricted
precursor cells (GRP cells) can differentiate

into astrocytes and oligodendrocytes
in vivo. Exp. Neurol. 171, 11-21 (2001).

Liu S, QuY, Stewart TJ et al.

Embryonic stem cells differentiate into
oligodendrocytes and myelinate in culture
and after spinal cord transplantation.
Proc. Natl. Acad. Sci. USA 97, 6126-6131
(2000).

McDonald JW, Liu XZ, QuY et al.
Transplanted embryonic stem cells survive,
differentiate and promote recovery in
injured rat spinal cord. Nature Med. 5,
1410-1412 (1999).

Nistor GI, Totoiu MO, Haque N,
Carpenter MK, Keirstead HS. Human
embryonic stem cells differentiate into
oligodendrocytes in high purity and
myelinate after spinal cord transplantation.
Glia 49, 385-396 (2005).

First paper to demonstrate the large—scale
differentiation of a purified population of
transplantable cells from human
embryonic stem cells.

Swijnenburg RJ, Tanaka M, Vogel H ez al.
Embryonic stem cell immunogenicity
increases upon differentiation after
transplantation into ischemic myocardium.
Circulation 112, 11661172 (2005).
Suggests that stem cells are not necessarily
immune privileged.

Ringden O, Schaffer M, Le BK ez 4.
Which donor should be chosen for
hematopoietic stem cell transplantation
among unrelated HLA-A, -B, and -DRB1
genomically identical volunteers? Biol.
Blood Marrow Transplant. 10, 128-134
(2004).

Mielcarek M, Storb R. Graft versus host
disease after non-myeloablative
hematopoietic cell transplantation.

Leuk. Lymphoma 46, 1251-1260 (2005).

Almyroudis NG, Fuller A, Jakubowski A
et al. Pre- and post-engraftment
bloodstream infection rates and associated
mortality in allogeneic hematopoietic stem
cell transplant recipients. Transpl. Infect.
Dis. 7, 11-17 (2005).

Wallen H, Gooley TA, Deeg H]J ez al.
Ablative allogeneic hematopoietic cell
transplantation in adults 60 years of age
and older. /. Clin. Oncol. 23, 3439-3446
(2005).

Voermans C, van Hennik PB, van der
Schoot CE. Homing of human
hematopoietic stem and progenitor cells:
new insights, new challenges?

J. Hematother. Stem Cell Res. 10, 725-738
(2001).

46

47

48

49

50

Stem cell-based neurotherapy

Chavany C, Jendoubi M. Biology and
potential strategies for the treatment of
GM2 gangliosidoses. Mol. Med. Today 4,
158-165 (1998).

Karageorgos LE, Isaac EL, Brooks DA ez 4.
Lysosomal biogenesis in lysosomal storage

disorders. Exp. Cell Res. 234, 85-97 (1997).

Cowan M], Golbus M. In utero
hematopoietic stem cell transplants for
inherited diseases. Am. J. Pediatr. Hematol.
Oncol. 16, 35-42 (1994).

Bielicki J, Hopwood JJ, Wilson PJ,

Anson DS. Recombinant human iduronate-
2-sulphatase: correction of
mucopolysaccharidosis-type II fibroblasts
and characterization of the purified enzyme.

Biochem. J. 289, 241-246 (1993).

Snyder EY, Taylor RM, Wolfe JH.

Neural progenitor cell engraftment corrects
lysosomal storage throughout the MPS VII
mouse brain. Nazure 374, 367-370 (1995).

Yandava BD, Billinghurst LL, Snyder EY.
‘Global’ cell replacement is feasible via neural
stem cell transplantation: evidence from the

dysmyelinated shiverer mouse brain. Proc.
Natl. Acad. Sci. USA 96, 7029-7034 (1999).

Shihabuddin LS, Numan S, Huff MR ez 4/.
Intracerebral transplantation of adult mouse
neural progenitor cells into the
Niemann-Pick-A mouse leads to a marked
decrease in lysosomal storage pathology.

J. Neurosci. 24, 10642—-10651 (2004).
Good proof-of-principle paper.

Meng XL, Shen JS, Ohashi T, Maeda H,
Kim SU, Eto Y. Brain transplantation of
genetically engineered human neural stem
cells globally corrects brain lesions in the
mucopolysaccharidosis Type VII mouse. /.
Neurosci. Res. 74, 266-277 (2003).

Koc ON, Day J, Nieder M, Gerson SL,
Lazarus HM, Krivit W. Allogeneic
mesenchymal stem cell infusion for
treatment of metachromatic leukodystrophy
(MLD) and Hurler syndrome (MPS-TH).
Bone Marrow Transplant. 30, 215-222
(2002).

Clinical study of the additive effects of
mesenchymal stem cells after successful
bone marrow engraftment.

Cooper JD. Progress towards understanding
the neurobiology of Batten disease or
neuronal ceroid lipofuscinosis. Curr. Opin.
Neurol. 16, 121-128 (2003).

Deng J, Petersen BE, Steindler DA,
Jorgensen ML, Laywell ED. Mesenchymal
stem cells spontaneously express neural
proteins in culture, and are neurogenic after
transplantation. Stem cells (2005) [In Press].
Proof-of-principle paper for mesenchymal
stem cells in neurological disease.

www.future-drugs.com

159



Schwartz

57 Lacorazza HD, Flax JD, Snyder EY, 68 Marr RA, Rockenstein E, Mukherjee A 80  Kielian T, van RN, Hickey WE MCP-1
Jendoubi M. Expression of human B- et al. Neprilysin gene transfer reduces expression in CNS-1 astrocytoma cells:
hexosaminidase alpha-subunit gene (the human amyloid pathology in transgenic implications for macrophage infiltration into
gene defect of Tay-Sachs disease) in mouse mice. tumors 7 vivo. J. Neurooncol. 56, 1-12 (2002).
brains upon engraftment of transduced J. Neurosci. 23, 1992—-1996 (2003). 81 Leung SY, Wong MP, Chung LP, Chan AS,
progenitor cells. Nature Med. 2, 424-429 69 Leonard JV. Acute metabolic Yuen ST. Monocyte chemoattractant
(1996). encephalopathy: an introduction. J. Inberit. protein-1 expression and macrophage

58 Stumm RK, Zhou C, Ara T et al. Metab Dis. 28, 403—-406 (2005). infiltration in gliomas. Acta Neuropathol.
CXCR4 regulates interneurone migration 70 Carlson MD. Recent advances in newborn (Berl). 93, 518-527 (1997).
in the developing neocortex. /. Neurosci. 23, screening for neurometabolic disorders. 82 Hamada H, Kobune M, Nakamura K ez /.
5123-5130 (2003). Curr. Opin. Neurol. 17, 133-138 (2004). Mesenchymal stem cells (MSC) as

59 Bagri A, Gurney T, He X ¢z al. 71 Nissenkorn A, Michelson M, Ben-Zeev B, therapeutic cytoreagents for gene therapy.
The chemokine SDF1 regulates migration Lerman-Sagie T. Inborn errors of Cancer Sci. 96, 149-156 (2005).
of dentate granule cells. Development 129, metabolism: a cause of abnormal brain 83 Herrlinger U, Woiciechowski C,
4249-4260 (2002). development. Neurology 56, 1265-1272 Sena-Esteves M ez al. Neural precursor cells

60 ZhuY, Yu T, Zhang XC, Nagasawa T, Wu (2001). for delivery of replication-conditional
JY, Rao Y. Role of the chemokine SDF-1 as 72 Conzelmann E, Sandhoff K. Partial enzyme HSV-1 vectors to intracerebral gliomas.
the meningeal attractant for embryonic deficiencies: residual activities and the Mol. Ther. 1, 347-357 (2000).
cerebellar neurons. Nature Neurosci. 5, development of neurological disorders. 84 Freed CR, Lechey MA, Zawada M,
719-720 (2002). Dev. Neurosci. 6, 5871 (1983). Bjugstad K, Thompson L, Breeze RE. Do

61  Satake K, Lou J, Lenke LG. Migration of 73 Schueler UH, Kolter T, Kaneski CR, patients with Parkinson’s disease benefit from
mesenchymal stem cells through Zirzow GC, Sandhoff K, Brady RO. embryonic dopamine cell transplantation? /.
cerebrospinal fluid into injured spinal cord Correlation between enzyme activity and Neurol. 250 (Suppl. 3), 14411146 (2003).
tissue. Spine 29, 1971-1979 (2004). substrate storage in a cell culture model 85 Milner R. Understanding the molecular

62 Baudry M, Yao Y, Simmons D, Liu J, Bi X. system for Gaucher disease. J. Inberit. basis of cell migration; implications for
Postnatal development of inflammation in Metab Dis. 27, 649-658 (2004). clinical therapy in multiple sclerosis. Clin.
a murine model of Niemann-Pick type C 74 Baric I, Zschocke J, Christensen E et a. Sci. (Colch.) 92, 113-122 (1997).
disease: immunohistochemical observations Diagnosis and management of glutaric 86 Pluchino S, Quattrini A, Brambilla E et 4/.
of microGLIA and astroGLIA. Exp. Neurol. aciduria type L. /. Inberit. Metab. Dis. 21, Injection of adult neurospheres induces
184, 887-903 (2003). 326-340 (1998). recovery in a chronic model of multiple

63 Jeyakumar M, Thomas R, Elliot-Smith E 75 Shah K, Hsich G, Breakefield XO. sclerosis. Nature 422, 688—694 (2003).
et al. Central nervous system inflammation Neural precursor cells and their role in 87 Norenberg MD, Smith ], Marcillo A.
is a hallmark of pathogenesis in mouse neuro-oncology. Dev. Neurosci. 26, The pathology of human spinal cord injury:
models of GM1 and GM2 gangliosidosis. 118-130 (2004). defining the problems. J. Neurotrauma 21,
Brain 126, 974-987 (2003). *¢  Good review on the application of stem 429-440 (2004).

64 In?itola 1, R'add:?ssi K, Park KI ez al. cells in the neuromalignancies. 88 Davies JH, Evans BA, Jenney ME,
Directed migration of neural stem cells to 76 Aboody KS, Brown A, Rainov NG ez al. Gregory JW. Skeletal morbidity in
sites of CNS injury by the stromal cell- Neural stem cells display extensive tropism childhood acute lymphoblastic leukaemia.
derived factor 1a/CXC chemol'dne receptor for pathology in adult brain: evidence from Clin. Endocrinol. (Oxf). 63, 1-9 (2005).
?813131&7“1’;’;"12 72 ”?2 10\2‘)‘2/) j/‘lmd. Sci. USA 101, intracranial gliomas. Proc. Natl Acad. Sci. 89 Rianthavorn D, Ettenger RB,

USA 97, 12846-12851 (2000). Malekzadeh M, Marik JL, Struber M.

65 Hill WD, Hess DC, Martin-Studdard A *  Proof-of-principle paper for the homing of Noncompliance with immunosuppressive
et al. SDF-1 (CXCL12) is upregulated in neural stem cells to brain tumors. medications in pediatric and adolescent
the ischemic penumbra following stroke: 77 Ehtesham M, Yuan X, Kabos P e /. patients receiving solid-organ transplants.
assT)c.iation with bone marrow cell homing Glioma tropic neural stem cells consist of Transplantation 77, 778-782 (2004).
;le_rggr();({bi\fumpﬂtbgl Exp. Neurol. 63, astroc'ytic. precursors and their migratory ' 90 Lanza RP, Chung HY, Yoo et al.

capacity is mediated by CXCR4. Neoplasia Generation of histocompatible tissues using

66 Barbero S, Bajetto A, Bonavia R e al. 6, 287-293 (2004). nuclear transplantation. Nazure Biotechnol.
Expression of the chemokine receptor ¢ Blockade of CXCR4 significantly inhibits 20, 689-696 (2002).

CXCR4 and its ligand stromal cell- homing of neural stem cells to tumors. e Hallmark paper for human somatic cell
derived -fa.ctor lin hun.lan brain tumors 78 Ehtesham M, Kabos B, Gutierrez MA nuclear transfer .
;‘rl:htf}z:t l‘é‘g‘l’ivj’l’;‘;“;;GJLvI?;m o et al. Inductlion of gllifblazt_omz ZpTiptosiS 91 Lanza R, Shieh JH, Wettstein PJ ez al.
573, 60.69 (2002) using neural stem cell-mediated delivery Long-term bovine hematopoietic

’ of tumor necrosis factor-related engraftment with clone-derived stem cells.

67 Cummings BJ, Uchida N, Tamaki SJ apoptosis-inducing ligand. Cancer Res. 62, Cloning Stem Cells 7, 95-106 (2005).
et al. Human neural stem cells 71707174 (2002). o o
differentiate and promote locomotor 70 Widera D. Holtk W. Entschladen F 92 Stojkovic M, Stojkovic P, Leary C et al.
recovery in spinal cord-injured mice, 79 l[elr\j[CI’) 1 ° td amp W, kntsc af e; | Derivation of a human blastocyst after
Proc. Natl Acad. Sei. USA 102 et at. -1 Induces migration of adult heterologous nuclear transfer to donated

g neural stem cells. Fur. J. Cell Biol. 83, oocvtes. Reprod. Biomed. Online 11
14069-14074 (2005). yies. 8P :
381-387 (2004). 226-231 (2005).
160 Expert Rev. Neurotherapeutics 6(2), (2006)



93

94

95

96

97

98

99

Simpson E. Minor transplantation antigens:
animal models for human host-versus-graft,
graft versus host, and graft-versus-leukemia

reactions. Transplantation 65, 611-616 (1998).

Beatty PG. National Heart, Lung, and
Blood Institute (NHLBI) workshop on the
importance of minor histocompatibility
antigens in marrow transplantation.
September 16-17, 1996; Bethesda,
Maryland. Exp. Hemarol. 25, 548-558
(1997).

Magnus D, Cho MK. Ethics. Issues in
oocyte donation for stem cell research.
Science 308, 1747-1748 (2005).

Dickenson D. The threatened trade in human
ova. Nature Rev. Genet. 5, 167 (2004).

Fairchild PJ, Nolan KE Cartland S,
Waldmann H. Embryonic stem cells: a
novel source of dendritic cells for clinical
applications. Int. Immunopharmacol. 5,
13-21 (2005).

Beyth S, Borovsky Z, Mevorach D ez al.
Human mesenchymal stem cells alter
antigen-presenting cell maturation and

induce T-cell unresponsiveness. Blood 105,
2214-2219 (2005).

Fairchild PJ, Cartland S, Nolan KE,

Waldmann H. Embryonic stem cells and

the challenge of transplantation tolerance.
Trends Immunol. 25, 465-470 (2004).

100

101

102

103

104

Description of a novel way to address
immune system issues with human
embryonic stem cells.

Bodnar MS, Meneses ]JJ, Rodriguez RT,
Firpo MT. Propagation and maintenance of
undifferentiated human embryonic stem

cells. Stem Cells Dev. 13, 243-253 (2004).

Martin MJ, Muotri A, Gage F, Varki A.
Human embryonic stem cells express an
immunogenic nonhuman sialic acid.
Nature Med. 11, 228-232 (2005).

Amit M, Carpenter MK, Inokuma MS

et al. Clonally derived human embryonic
stem cell lines maintain pluripotency and
proliferative potential for prolonged periods
of culture. Dev. Biol. 227, 271-278 (2000).

Rosler ES, Fisk GJ, Ares X ez al. Long-term
culture of human embryonic stem cells in
feeder-free conditions. Dev. Dyn. 229,
259-274 (2004).

Niemitz EL, Feinberg AP. Epigenetics and
assisted reproductive technology: a call for
investigation. Am. J. Hum. Genet. 74,
599-609 (2004).

Suggests that in vitro fertilization may lead
to a higher incidence of genetic disorders.

Draper JS, Smith K, Gokhale P ¢z al.
Recurrent gain of chromosomes 17q and 12
in cultured human embryonic stem cells.
Nature Biotechnol. 22, 53-54 (2004).

106

Stem cell-based neurotherapy

Documents the genetic instability of
embroynic stem cells.

Maitra A, Arking DE, Shivapurkar N ez 4.
Genomic alterations in cultured human
embryonic stem cells. Nature Genet. 37,
1099-1103 (2005).

Documents the genetic instability of
embroynic stem cells.

Websites

201

202

ClinicalTrials.gov U.S. National Library of
Medicine.
www.clinicaltrials.gov

National marrow donor program. Learning
more about your disease
www.marrow.org/PATIENT/learning_abo
ut_disease.html

Affiliation

Philip H Schwartz, PhD

Senior Scientist & Director, Children’s Hospital
of Orange County Research Institute, National
Human Neural Stem Cell Resource PI,

Human Embryonic Stem Cell Culture Training
Course, 455 South Main Street, Orange, CA
92868-3874, USA

Tel.: +1 714516 4310

Fax: +1 714 289 4531

pschwartz@choc.org

www.future-drugs.com

161




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [589.606 793.701]
>> setpagedevice


