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Introduction:
Autism spectrum disorders (ASD) are neurodevelopmental disorders characterized by three core symptoms that include severe impairment of
social interaction and communication skills, increased repetitive behaviors and cognitive inflexibility. Rate of ASD is steadily increasing in
children over the past several years, with no effective treatment.

Methods:
BTBR and Shank3 are accepted mouse models used for evaluating autistic-like behaviors as it presents all core symptoms and genetic human
mutation of ASD. We have previously shown that transplantation of human bone marrow mesenchymal stem cells (MSCs) to the lateral
ventricles of BTBR mice results in long lasting improvement in their autistic behavioral phenotypes. Recent studies point of exosomes as the
main mediators of the therapeutic effect of MSCs (MSC-exo). Here we show that intranasal administration of MSC-exo derived from bone
marrow or adipose tissue.
Results:
Intranasal administration of (MSC-exo) derived from bone marrow or adipose tissue, ameliorate autistic-like behavior in BTBR and Shank3
mice. Including significant increase of social interaction and ultrasonic vocalizations, reduced repetitive behaviors and improve maternal
behaviors of pup retrieval. No negative safety symptoms were detected following exosomes intranasal treatments in mice.

Fig 1. Characterization of
MSC-exo by (A) electron
microscopy (B) western blot
for CD9 CD81 and Calnexin and
(C-D) Nanosight for size and
concentration.
Total protein per sample:
150ug/ul.
Average size: 125nm
Concentration
1.2*10^7particals/ul.
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Fig 2. exosomes cross the BBB via
intranasal administration and
being uptake mainly by neurons
(A) whole brain visualization of
MSC-exo or MSC after intranasal
or intravenous administration (B)
immunostainings of MSC-exo in
the tissue shows selective uptake
by neurons (C-D) quantification of
co-localization between exosomes
and different cell types in the
tissue (neurons, microglia and
astrocytes)
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Intranasal treatment of MSC-exo ameliorate BTBR multifactorial autistic behaviors
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Fig 3. Beneficial effect on the behavior of BTBR multifactorial autism mouse model
followed by intranasal treatment of MSC-exo (A) improvement in social interaction
of BTBR mice treated with MSC-exo compared to saline group (B) reduction of
repetitive behaviors of BTBR mice treated with MSC-exo compared to saline group (C)
Improvement of ultrasonic vocalization of BTBR mice treated with MSC-exo. (D)
improvement in maternal behaviors of pup retrieval by BTBR mothers that were
treated with MSC-exo.

Fig 4. Beneficial effect on the behavior of Shank3 autism genetic mouse model
followed by intranasal treatment of MSC-exo (A) improvement in social interaction
of Shank3 mice treated with MSC-exo compared to saline group (B) reduction of
repetitive behaviors of shank3 mice treated with MSC-exo compared to saline group
(C) improvement in social interaction by 3 chambers test of shank3 treated with
exosomes compared to saline treated mice (D-E) Improvement of ultrasonic
vocalization of shank3 mice treated with MSC-exo (though not significantly significant,
40% of treated shank3 mice were vocalizing compared to only 10% in saline group)
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Fig 5. Exosomes derived from neuronal stem cells (NSC-exo) do not have behavioral impact on BTBR mice while
exosomes from MSC have (A) In social interaction test, only MSC-exo and not NSC-exo showed improvement (B)
in the repetitive behaviors test , only MSC-exo but not NSC-exo treated mice showed reduction (C) in ultrasonic
vocalization only MSC-exo but not NSC-exo treated mice present improvement in number of syllables.

Fig 6. MSC-exo that were treated with proteinase K are
not being uptake by the neurons in the tissue and do not
lead to behavioral benefit in BTBR mice model of autism
(A) immunostaining of MSC-exo that were treated with
proteinase K showed no uptake by the neurons (B-C)
proteinase K reduced membrane proteins and the
average size of MSC-exo. (D) MSC-exo that were treated
with proteinase K did not lead to behavioral effect.

Summary:
Altogether we showed that intranasal treatment with MSC-exo have specific therapeutic effect compares to NSC-exo on both
multifactorial and genetic models of autism in all the relevant autistic-life phenotypes of these models. The beneficial effects of the
exosomes treatment in mice models may be translated to a novel, easy to administer, therapeutic strategy to reduce the symptoms
of ASD. Preparations for a phase I/II clinical trial in ASD patients carrying SHANK3 mutation initiated and expected to commence
in 2020
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