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in autism
Autism spectrum disorders (ASD) are a group of neurode%ﬁmﬂmﬁc@fldltlom whose incidence is reaching
epidemic proportions, afflicting approximately 1 in 166 childrépopeaifissionideieldr, or autism is the most common
form of ASD. Although several neurophysiological alteratloby_llunb_llhm:l_QQQdmated with autism, immune
abnormalities and neural hypoperfusion appear to be broadlyocondiSte QA E
correlation of altered inflammatory responses, and hypoperf@dﬁllﬂ!@lt&ﬁ;@@ptology 1s reported Mesenchymal stem
cells (MSC) are in late phases of clinical development for érdannriicimodifialioy
Disease, two conditions of immune dysregulation. Cord blod@b@@ﬁﬁ@lﬁ.&hﬁkﬁbwn to be potent angiogenic
stimulators, having demonstrated positive effects in not onlyqﬁlipheral 1schem1a but also in models of cerebral
ischemia. Additionally, anecdotal clinical cases have reportef gl angficy children receiving cord blood
CD34+ cells. We propose the combined use of MSC and &r&bﬂ&ﬁ!@ﬁ)%ﬂells may be useful in the treatment of
autism.
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Background

Autism spectrum disorders (ASD) are reaching epidemic proportions, believed to affect approximately 1 in 166
children. Autism, Asperger's syndrome, Rett's disorder, and childhood disintegrae disorder are all encompassed by
the term ASD. Autism is the most prevalent ASD, characterized by abnormalities in social interaction, impaired
verbal and nonverbal communication, and repetitive, obsessive behavior. Autism may vary in severity from mild to
disabling and is believed to arise from genetic and environmental factors. While symptomology of autism may be
noted by caregivers around 12—18 months [1], definitive diagnosis generally occurs around 24-36 months, however
in some cases diagnosis may be made into adulthood [2]. Determination of autism is performed using the DSM-IV-
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haloperidol have been showed to decrease behavioral abnormalities in autism. Atypical antipsychotics such as
risperidone, olanzapine and ziprasidone have also demonstrated beneficial effect at ameliorating behavioral
problems. Autism associated seizures are mainly treatefqfpy]adgrEg i anticonvulsants such as
carbamazepine, lamotrigine, topiramate, and valproic acid. Attention deficient/hyperactivity is treated by agents

®)- 1. Abstract

L ) 2. Background : :
Currently, numerous clinical trials are being conducted with IS CRHRER FAREINg from hyperbaric oxygen, to

administration of zinc, to drugs exhibiting anti-inflammatory,prapestigs; pfortunately, no clear understanding of
autism's pathogenic mechanisms exists, and as a result nuq{efﬁﬂﬁﬁf;@@&lgglﬁgqi‘gﬁing attempted with varying

degrees of success. In this paper we examine two pathologies,pgsegigted with autism — hypoperfusion to the brain
and immune dysregulation — and propose a novel treatmen§: fie admipisgration of CD34+ umbilical cord cells and
mesenchymal cells. hvooperfusio

such as methylphenidate (Ritalin

hypoperfusion defect
by umbilical cord
Hypoperfusion of brain in autism blood CD34+ stem cell

administration

Children with autism have been consistently shown to hav6e' -Immglge ﬁr::lodu :tlc{lnal CNS circulation, as well as

resulting hypoxia. Defects include basal hypoperfusion [3], &8 in response to stimuli that
. . cells . .
under normal circumstances upregulates perfusion [4]. In upgterous Tt dies t}qe areas affected by hypoperfusion
: : : . Practical clinical ent
seem to correlate with regions of the brain that are responsjb

1uubuuuaut1cbnl¥18.t are abnormal in autism. For
example, specific temporal lobe areas associated with faceie

Reference 5], social interaction [6], and language
comprehension [7], have been demonstrated to be hypoperfused in autistic but not control children.

The question of cause versus effect is important. If temporal lobe ischemia is not causative but only a symptom of
an underlying process, then targeting this pathology may be non-productive from the therapeutic perspective.
However this appears not to be the case. It is evident that the degree of hypoperfusion and resulting hypoxia
correlates with the severity of autism symptoms. For example, statistically significant inverse correlation has been
demonstrated between extent of hypoxia and 1Q [8]. Supporting a causative effect of hypoperfusion to autism
development, Bachavelier et al reviewed numerous experimental reports of primate and other animal studies in
which damage causing hypoperfusion of temporal areas was associated with onset of autism-like disorders [9]. It is
also known that after removal or damage of the amygdala, hippocampus, or other temporal structures induces either
permanent or transient autistic-like characteristics such as unexpressive faces, little eye contact, and motor
stereotypies occurs. Clinically, temporal lobe damage by viral and other means has been implicated in development
of autism both in adults [10], and children [11, 12, 13, 14].

Evidence suggests that hypoperfusion and resulting hypoxia is intimately associated with autism, however the next
important question is whether reversion of this hypoxia can positively influence autism. In autism the associated
hypoxia is not predominantly apoptotic or necrotic to temporal neurons but associated with altered function [15].
Hypoperfusion may contribute to defects not only by induction of hypoxia but also allowing for abnormal
metabolite or neurotransmitter accumulation. This is one of the reasons why glutamate toxicity has been implicated
in autism [16] and a clinical trial at reversing this using the inhibitor of glutamate toxicity, Riluzole, is currently in

nvnnvana [17T MAananntinaller tha arnrcmanntatinn Afwarfiician theaniadh atinmmnalaticn Af anaciacnnacia chanld allacs fase
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The fundamental interplay between the nervous system and the immune system cannot be understated.
Philosophically, the characteristics of self/nonself recognition, specificity, and memory are only shared by the
immune system and the nervous system. Physically, evpapL i@ gie ghddhigsinnervated and bi-directional
communication between neural and immune system cells has been established in numerous physiological systems.
In autism, several immunological abnormalities have beenl(j%%%tt%lcli)oth in the peripheral and the central nervous

systems. 2. Background

Astroglial cells, or astrocytes, surround various portions 0% t%@lg%%%&o%elium and play a critical role in
regulating perfusion [27, 28], and blood brain barrier functio r 02N ‘rle%.are capable of mediating several
immunological/inflammatory effects. Expression of various 'm“' CCEPEOTS R) on astrocytes endows the
ability to recognize not only bacterial and viral signals but K nus "danger" signals such as heat shock

’ %al as[trocytes play an important
NF-alpha, IL-1beta, and IL-6 [31].

] hﬁ‘%%ﬂcytes play an important role in

1 presenting capabilities and have been

protective role against infection, generating inflammatory c
Through secretion of various chemokines such as CXCL10, ¢
shaping adaptive immune responses in the CNS [32]. Astroc
demonstrated to activate T and B cell responses against expg TIOUS ] end
astrocytes play a critical role against CNS infection, these c'eHs aiso fiaye po ential to cause damage to the host
.. . . esenchymal.st . .
when functioning in an aberrant manner. For example, VaI'IO%e cal diseases are associated with astrocyte
overproduction of inflammatory agents, which causes neul:fal nction or fiea%h. In amyotrophic lateral sclerosis
. : . Pracpical clinical én : L
(ALS), astrocyte secretion of a soluble neurotoxic substarige a5 been d d to be involved in disease
progression [35, 36]. Astrocyte hyperactivation has been e'rrron’s%rg‘%e%‘in this disease by imaging, as well as
autopsy studies [37, 38, 39]. In multiple sclerosis, astrocytes play a key role in maintaining autoreactive responses
and pathological plaque formation [40, 41]. In stroke, activated astrocytes contribute to opening of the blood brain
barrier [42], as well as secrete various neurotoxic substances that contribute to post infarct neural damage [43, 44].

Vargas et al compared brain autopsy samples from 11 autistic children with 7 age-matched controls. They
demonstrated an active neuroinflammatory process in the cerebral cortex, white matter, and notably in cerebellum
of autistic patients both by immunohistochemistry and morphology. Importantly, astrocyte production of
inflammatory cytokines was observed, including production of cytokines known to affect various neuronal
functions such as TNF-alpha and MCP-1. CSF samples from living autism patients but not controls also displayed
upregulated inflammatory cytokines as demonstrated by ELISA [45]. The potent effects of inflammatory cytokines
on neurological function cannot be underestimated. For example, patients receiving systemic [FN-gamma therapy
for cancer, even though theoretically the protein should not cross the blood brain barrier, report numerous cognitive
and neurological abnormalities [46, 47]. In fact, IFN-gamma, one of the products of activated astrocytes [46], has
been detected at elevated levels in the plasma of children with autism [48, 49]. Mechanistically, inflammatory
mediators mediate alteration of neurological function through a wide variety of different pathways, either directly
altering neuron activity or indirectly. For example, the common neurotoxin used in models of Parkinson's Disease,
MPTP is believed to mediate its activity through activation of IFN-gamma production, leading to direct killing of
dopaminergic neurons in the substantia nigra. This is evidenced by reduced MPTP neuronal toxicity in IFN-gamma
knockout mice or by addition of blocking antibodies to IFN-gamma [50]. In terms of indirect effects of IFN-
gamma, it is known that this cytokine activates the enzyme 2,3-indolaminedeoxygenase, leading to generation of

AATT 1 1
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[62, 63]. Hinting at genetic mechanisms are observations that specific HLA haplotypes seem to associate with
autism [64, 65]. Another genetic characteristic associated with autism is a null allele for the complement
component C4b [66]. Both HLA haplotypes as well aspapricgreaigntapaaent gene polymorphisms have been
strongly associated with autoimmunity [67, 68, 69]. It is known that autoimmune animals have altered cognitive
ability and several neurological abnormalities [70]. Thirdl , %}Ssd% as been associated with a peculiar
autoimmune-like syndrome that is still relatively undefine :E%ions in the form of chronic ileocolonic
lymphoid nodular hyperplasia characterized by lymphocyt§:. inf1 Er)g 10R, SOmpfement deposition, and cytokine
production have been described uniquely to children with aufjsi althy controls or cerebral palsy patients
[Z71]. This inflammatory condition is associated not only wjth ? igﬁ%séinal wall, but also in the upper GI
tract. Although several characteristics of this condition are s FI n's Disease, one unique aspect is
eosinophilic infiltrate, which seems to be associated with (%1 cta the patient [72]. Systemic manifestation
of the immune deregulation/chronic inflammatory condition ch elevated levels of inflammatory
cytokines such as [FN-gamma [73], [L-12 [74], and TNF-alp% [ Aadiflagicaiign that a relevant inflammatory
response 1s ongoing is provided by observation that the macrmé) et 4eop rin is observed elevated in
children with autism [76]. Inhibited production of anti—inﬂanaa}%- HSyfgkines such as IL-10 [77] and TGF-beta
[78] has also been observed in children with autism, thus S 109 8H}Xt%4}gmentation of inflammatory
processes but also deficiency of natural feedback inhibitor MGG AR hymal stem

The systemic effects of a chronic inflammatory process in hcjells i}gh may, res%llt in production of soluble factors
o ) i i .. ..Practical clinicdl en :
such as quinilonic acid, which have neurotoxin activity. Aéll%%‘cvﬁ%mm% deregulation to affect neural
function can occur independent of cell trafficking, as was emonstrated in animal studies in which T cell depletion
was associated with cognitive loss of function that was reversible through T cell repletion [79]. Localized
inflammation and pathological astrocyte activation has been directly demonstrated to be associated with
pathogenesis in autism. Clinical trials of inflammatory drugs have demonstrated varying degrees of success. For
example, in an open labeled study of the anti-inflammatory PPAR-gamma agonist pioglitozone in 25 children, 75%
reported responses on the aberrant behavior checklist [80]. Other interventions aimed at reducing inflammation
such as intravenous immunoglobulin administration reported inconsistent results, however a minor subset did
respond significantly [81, 82]. Clinical trials are currently using drugs off-label for treatment of autism through
inhibiting inflammation such as minocycline [83], n-acetylcysteine [84], or ascorbic acid and zinc [85]. Despite the
desire to correct immune deregulation/chronic inflammation in autism, to date, no approach has been successful.

Treatment of hypoperfusion defect by umbilical cord blood CD34+ stem
cell administration

Therapeutic angiogenesis, the induction of new blood vessels from preexisting arteries for overcoming ischemia,
has been experimentally demonstrated in peripheral artery disease [86], myocardial ischemia [87], and stroke [88].
Angiogenesis is induced through the formation of collateral vessels and has been observed in hypoperfused tissues.
This process is believed to be coordinated by the oxygen sensing transcription factor hypoxia inducible factor-1
(HIF-1). During conditions of low oxygen tension, various components of the transcription factor dimerize and
coordinately translocate into the nucleus causing upregulation of numerous cytokines and proteins associated with
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upregulate endogenous production of reparative factors, as well as administration of exogenous agents. For
example, administration of exogenous cytokines such as FGF-2 [94], erythropoietin [95], and G-CSF [96], has been

performed clinically to accelerate healing with varyingdggrecs P Sy ateits

A promising method of increasing angiogenesis in situations
produce angiogenic factors and the capacity to differentiatg i) doth

of CD34+ stem cells has been previously proposed as an %ﬁ %%Or‘?'g}” factor administration [97].
Therapeutic administration of bone marrow derived CD34+ g&rﬁ%ﬁw promising results in the treatment of
end-stage myocardial ischemia [98], as well as a type of agv Q%%enﬁ} ad"‘g)ery disease called critical limb
ischemia [99]. Additionally, autologous peripheral blood SEANSIIR fave atso-been used clinically with induction
of therapeutic angiogenesis [100]. Of angiogenesis stimulati Celt Sources, cord blood seems to possess CD34+
cells with highest activity in terms of proliferation, cytokiné ﬁ%ﬁgggﬁ g écats endothelial differentiation [101,

hypo
102]. by_umbilical cord

Sitsr%h?mia is administration of cells with potential to
th%lial cells themselves. Accordingly, the use

Cord blood has been used successfully for stimulation of ang
the CD34+, CD11b+ fraction, which is approximately less t

demonstrated to possess the ability to differentiate into enotHR IS
AN
(%1

strodels of ischemia. In one report,
D34+ fraction of cord blood was

G another report, VEGF-R3+,
CD34+ cells demonstrated the ability to differentiate into endSHEIERRNMHE ¥ e able to be expanded 40-fold

expansion. The concentration of this potential endothelial prggesiitor fraction in cord blood CD34+ cells is
approximately tenfold higher as compared to bone marrovy c%%gé%ﬁzl%ﬁél}%—%lyo.z;% compared to 0.2% +/-
0.1%) [103]. Administration of cord blood CD34+ cells in%o%%%mpromised mice that underwent middle
cerebral artery ligation reduced neurological deficits and induce neuroregeneration, in part through secretion of
angiogenic factors [104]. Several studies have confirmed that systemic administration of cord blood cells is
sufficient to induce neuroregeneration [105, 106, 107]. Given the potency of cord blood CD34+ cells to induce
angiogenesis in areas of cerebral hypoperfusion, we propose that this cell type may be particularly useful for the
treatment of autism, in which ischemia is milder than stroke induced ischemia, and as a result the level of
angiogenesis needed is theoretically lower. However at face value, several considerations have to be dealt with.
Firstly, cord blood contains a relatively low number of CD34+ cells for clinical use. Secondly, very few patients
have access to autologous cord blood; therefore allogeneic cord blood CD34+ cells are needed if this therapy is to
be made available for widespread use. There is a belief that allogeneic cord blood cells can not be used without
immune suppression to avoid host versus graft destruction of the cells.

Numerous laboratories are currently attempting to expand cord blood CD34+ cells, achieving varying degrees of
success. Expansion methods typically involve administration of cytokines, and or feeder cell layers [108, 109, 110].
The authors have developed a CD34+ expansion protocol that yields up to 60-fold expansion with limited cell
differentiation. This expansion method involves numerous growth factors and conditioned medium, however is
performed under serum free conditions (manuscript in preparation). Currently over 100 patients have been treated
by one of the authors (FS) with expanded CD34+ cells under local ethical approval with varying degrees of
success. Since other groups are also generating CD34+ expansion technologies, we do not anticipate number of
CD34+ cells to be a problem.

Qafatyr nancarnc racardinag allacanaic CMAAL ~alle ara Aiviidad inta faare Af araft xvrarcnio hact raantinne ac wrall ac
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The treatment of immune deregulation in autism is expected to not only cause amelioration of intestinal and
systemic symptomology, but also to profoundly influence neurological function. Reports exist of temporary
neurological improvement by decreasing intestinal infipgglatiop ¢hgtgdhgigher antibiotic administration [119] or
dietary changes [120]. Although, as previously discussed, some anti-inflammatory treatments have yielded
beneficial effects, no clinical agent has been developed th t cap Irzg)(llﬁpundly suppress inflammation at the level of
the fundamental immune abnormality. We believe mesenc yalsien g 11 administration may be used for this
purpose. This cell type, in allogeneic form, is currently in ?hﬁgﬁp %&h s&ldies for Crohn's disease and Phase II

results have demonstrated profound improvement [121]. brain in autism

Mesenchymal stem cells are classically defined as "formaéViipﬁ;qng%lde%gg%a&%ells found inter alia in bone

marrow, blood, dermis and periosteum that are capable of di re;rriénﬁ{l fin‘[o any of the specific types of
mesenchymal or connective tissues. These cells are routineI%rremTFd% C(}ll%lll‘% of bone marrow in various
. . . operiust . . . .
culture media and collection of the adherent cell population. rs%g afston tectmique is sometimes used in
o . : .. by,umbtlical co :
combination with selection procedures for markers described gbo Y19 2ENCHate a pyre population of stem cells. An
) e . . 000 I+ Stem . L
important characteristic of mesenchymal stem cells is their apIILy 10 CONSHtvely secrete immune inhibitory
factors such as IL-10 and TGF-b while maintaining ability, tc‘gresmg‘aﬂ%n%. to T cells [122, 123]. This is believed
e . o ) { mune mo 1 .

to further allow inhibition of immunity in an antigen specific_manmer, as well as to allow the use of such cells in an

. . : . . .. by mesenc glmal o .
allogeneic fashion without fear of immune-mediated rej ectlo‘gle. ) -spec mune suppression is believed to
allow these cells to shut off autoimmune processes. Furth 11 staildinlﬁ oﬁthe immune inhibitory effects of

. ,? actical clirmcal ent . .

mesenchymal stem cells comes from the fact that during T,¢ Lgctvation, eral signals are required for the T
cell in order to mount a productive immune response, the %kst‘srgnﬁjrrnecognition of antigen, and the second is
recognition of costimulatory or coinhibitory signals. Mesenchymal cells present antigens to T cells but provide a
coinhibitory signal instead of a co-stimulatory signal, thus specifically inhibiting T cells that recognize them, and
other cells expressing similar antigens. Supporting this concept, it was demonstrated in a murine model that
mesenchymal stem cell transplantation leads to permanent donor-specific immunotolerance in allogeneic hosts and
results in long-term allogeneic skin graft acceptance [124]. Other studies have shown that mesenchymal stem cells
are inherently immunosuppressive through production of PGE-2, interleukin-10 and expression of the tryptophan

catabolizing enzyme indoleamine 2,3,-dioxygenase as well as Galectin-1 [125, 126].

These stem cells also have the ability to non-specifically modulate the immune response through the suppression of
dendritic cell maturation and antigen presenting abilities [127, 128]. Immune suppressive activity is not dependent
on prolonged culture of mesenchymal stem cells since functional induction of allogeneic T cell apoptosis was also
demonstrated using freshly isolated, irradiated, mesenchymal stem cells [129]. Others have also demonstrated that
mesenchymal stem cells have the ability to preferentially induce expansion of antigen specific T regulatory cells
with the CD4+ CD25+ phenotype [130]. Supporting the potential clinical utility of such cells, it was previously
demonstrated that administration of mesenchymal stem cells inhibits antigen specific T cell responses in the murine
model of multiple sclerosis, experimental autoimmune encephalomyelitis, leading to prevention and/or regression

of pathology [131]. Safety of infusing mesenchymal stem cells was illustrated in studies administering 1-2.2 x 106
cells/kg in order to enhance engraftment of autologous bone marrow cell. No adverse events were associated with
infusion, although level of engraftment remained to be analyzed in randomized trials [132]. The ability of
mesenchymal stem cells on one hand to suppress pathological immune responses but on the other hand to stimulate
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hypoxia areas, as well as frank clinical manifestations of inflammatory intestinal disease. Markers of inflammatory
processes may be used as part of the inclusion criteria, for example, elevation of C-reactive protein, or serum levels
of TNF-alpha, IL-1, or IL-6 in order to specifically ideytjfypadieetHRtehes the anti-inflammatory aspects of stem
cell therapy would benefit [133, 134]. More stringent criteria would include restricting the study to only patients in
which T cell abnormalities are present such as ex vivo hypﬁr o '8{1 of interferon gamma upon anti-CD3/CD28

stimulation [135], as well as deficient production of immuﬁl_e%gm%@% 8ytokines such as IL-10 [77] and TGF-beta

[Z8].

One of the authors (FS) has utilized both CD34+ and mesg,

l!zs1 clz(l)inically for treatment of various
diseases. In some case reports, the combination of CD34+ and meser

cells was noted to induce

synergistic effects in neurological diseases, although the n Jﬁe@ﬁlﬁtie ts are far too low to draw any
conclusions. We propose to conduct this study based on the’ rea‘mrs—ex?'em o riences of our group in this field, as well
) operfusion g.e%ect ’

as numerous other groups that have generated anecdotal evi . 5ten cetf therapy for autism but have not

: ) . ; : umbi or . : .
published in conventional journals. We believe that through yEIOPIBSL 0L d potept clinical study with appropriate

=

endpoints, much will be learned about the pathophysiology of ddn%l}ﬁ; Tepardiess of trial outcome.
, .o 6. Immune modulation
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