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Introduction

Autism Spectrum Disorder (ASD) is a neuro-developmen-
tal disorder that has shown a steady recent escalation in oc-
currence. ASD has increased from 1 in every 150 children in
2000 to 1 in every 50 children in 2020 [1]. Numerous studies
have shown autism to be immune-mediated (REF), which has
brought forth the possibility of treating ASD with Mesenchymal
Stem Cells (MSCs) which are immunomodulatory [2]. For ex-
ample, significantly elevated levels of C-Reactive Protein (CRP),
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Abstract

Background: Autism Spectrum Disorder (ASD) produces
troubling behavior and affected one in every thirty-six chil-
dren in 2020. There is no cure and no reliable treatment.
Intravenous Mesenchymal stem cell (MSC) infusion has pro-
vided efficacy in limited prior studies.

Methods: Inclusion criteria were diagnosis of ASD by
an appropriate medical specialist and minimum six-month
follow-up after MSC treatment. Evaluation included Autism
Spectrum Rating Scale (ASRS) pre and post treatment. And a
global improvement assessment post treatment. Electroen-
cephalogram (EEG) was performed pre and post treatment
in three patients.

Results: Eight patients met criteria. All had significant im-
provement one month after treatment. Seven of the eight
patients had significant improvement minimum six months
post treatment by both Global Improvement and ASRS rat-
ings. The three EEG evaluated patients all showed significant
improvement post treatment. No minor or severe adverse
events occurred in any patient. One patient had longstand-
ing absence seizures which almost completely disappeared
for the full two years of his latest follow-up.

Conclusions: MSC IV infusion was shown to be consis-
tently, significantly effective reducing symptoms in a high
(88%) percentage of ASD patients with results extending
minimum six months post treatment, and usually much lon-
ger, with no adverse events seen.

a protein released by the liver in response to systemic inflam-
mation, are observed in children with ASD when compared to
healthy controls [3,4]. MSCs have been shown to treat other
immune-mediated or autoimmune disorders. These disorders
include but are not limited to Inflammatory Arthritis, Inflam-
matory Bowel Disease, Multiple Sclerosis, Autism, and Graft-
Versus-Host Disease [5-18]. An Electroencephalogram (EEG) is
a test that measures the brain’s electrical activity and can be
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used to detect abnormalities. A component that an EEG can
measure is the functioning of the autonomic nervous system.
The autonomic nervous system comprises two major systems:
The sympathetic nervous system, commonly called the “fight or
flight” system, and the parasympathetic nervous system, com-
monly called the “rest and digest” system. The sympathetic ner-
vous system is typically associated with Beta brain waves and
the parasympathetic nervous system is correlated with Theta
brain waves. Patients with ASD have been shown to have higher
sympathetic activity and lower parasympathetic activity.

We hypothesized that intravenous infusion of mesenchymal
stem cells would significantly improve the clinical symptoms of
autism patients and decrease their sympathetic brain wave ac-
tivity while increasing their parasympathetic brain wave activity
as measured by EEG.

Materials and Methods

Inclusion criteria for our study was clearly diagnosed, on
clinical grounds, autism spectrum disorder. Patients had to have
family members capable of providing proper informed consent.
Minimum age was four, there was no maximum age.

Patients were evaluated using the Autism Scale Rating Scale
(ASRS) short form as judged before and then after most recent
treatment. Family members also gave a global assessment rat-
ing of the patient’s overall improvement. Patients who did not
require sedation, and who were cooperative, were also evalu-
ated with EEGs immediately before and then 2-3 months after
treatment. Three patients met these criteria.

Three areas of the brain were measured. These areas were
the Cerebral Cortex (Cz), Left Temporal Lobe (T3), and Right
Temporal Lobe (T4). Cz is associated with essential brain func-
tions such as learning and memory, while T3 and T4 are respon-
sible for interpreting sounds and using one’s senses to under-
stand and respond to the world. For every brain area, the EEG
measured the High Beta (HB) and Theta (T) activity before and
after treatments for comparison.

Results

Each patient who had an EEG had three brain areas mea-
sured, giving us a total of nine areas. Eight of these nine ar-
eas showed a significant increase in Theta wave activity after
treatment. Our findings suggest that the stem cell treatment
resulted in an increase in parasympathetic activity which lasted
for at least 3 months following the stem cell intervention. Ad-
ditionally, all three patients had a clinical reduction in their au-
tism symptoms. This was seen in both the ASRS form and self-
reported patient outcomes.

Ratings results

All patients showed improvement at 6 months except 1 pa-
tient who had improvement at 1 month but not thereafter. This
is reflected in their improvement in both the ASRS form and
self-reported symptoms. Out of a possible 60 points, there was
a mean ASRS improvement of 10.5.

Global improvement

All patients had improvement and all parents thought the
improvement was clinically significant. There was a mean global
improvement of 32%.

Table 1: Patient Demographics and EEG Results.

DOB Sex Age Weight (kg) |V.|SCS tl:e?ted MSCs/
(years) with (millions) kg
12/22/1994 Male 29 84.82 150 1.77
10/16/2014 Male 9 31.75 100 3.15
11/25/1997 Male 26 75.75 150 1.98
12/1/1996 Female 27 113.39 200 1.76
12/4/2017 Male 6 18.14 50 2.76
7/11/2016 Male 7 33.57 60 1.79
11/5/2008 Female 15 65.77 125 1.90
3/30/2016 Male 7 20.59 100 4.86

Table 2: Timeline for EEG Recordings.

Pre-Treatment Treatment Post-Treatment
DOB Sex
EEG Date Date EEG Date
11/25/1997 Male 3/22/2022 4/2/2022 5/16/2022
7/11/2016 Male 9/9/2022 9/10/2022 11/25/2022
11/5/2008 Female 12/02/2022 12/02/2022 03/22/2023

Table 3: Change in Theta and High Beta Activity after
Treatment.

Change in Electrode Activity
Age
DOB Sex ( ) 8 % %
years

£ T £ 2 £ T

5 ¥ B R & =
11/25/1997  Male 24 20 | -0.5  0.84 | -0.53  0.78 -0.53
7/11/2016 Male 6 0.52 0.08 | 0.64 | 0.12 | -0.27 0.92
11/5/2008 | Female 14 1.69 -1.10 0.58 | -1.71 @ 0.99 0.21

Table 4: Theta Wave Measures Before and After Treatment.
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11/25/1997 2.32 4.32 1.89 2.73 1.52 2.3
07/11/2016 3.8 4.32 2.45 3.09 2.71 2.44
11/05/2008 2.33 4.02 1.64 2.22 2.15 3.14

Table 5: High Beta Wave Measures Before and After Treatment.
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11/25/1997 1.82 1.32 2.49 1.96 2.59 2.06
07/11/2016 1.37 1.45 1.73 1.85 1.6 2.52
11/05/2008 2.2 1.1 3.48 1.77 1.78 1.99

As seen above, 8 of the 9 areas where theta waves were measured
experienced an increase in the theta waves which is associated with
increased parasympathetic drive.
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12/22/1994 55 50 10% 24 months - Improved - - No more ticks or seizures since treatment

10/16/2014 - - 0% 12 months - - -

11/25/1997 43 36 30% 6 months - Improved - - Switched from Risperidone to Rexulti*

12/1/1996 39 34 30% 18 months Improved Improved - - Improvement in stimming

12/4/2017 46 29 35% 18 months - - - Improved

7/11/2016 22 5 55% 6 months Improved - - - Improved confidence, eye contact, overall activity

11/5/2008 41 22 35% 12 months Improved - Improved | Improved -

3/30/2016 39 25 60% 6 months Improved - Improved - Improved coordination and reading ability

Other areas of improvement 6. Freitas BC, Mei A, Mendes APD, Beltrdo-Braga PCB, Marchetto

MC. Modeling Inflammation in Autism Spectrum Disorders

These are shown in the table and included sleep, calmness, Using Stem Cells. Front Pediatr. 2018; 6: 394. doi: 10.3389/
verbal skills, seizure activity and other parameters. 50% of the fped.2018.00394.

patients treated reported an improvement in language while dlick ) " | g o

38% reported an improvement in sleeping. Further improve- 7. Hr Icka M EEG abnorma m,es‘ Epriepsy and regression in au-

. tism: a review. Neuro Endocrinol Lett. 2008; 29(4): 405-9.
ments are shown in the above table.
satisfaction: All . h ht th hwhil 8. Ichim TE, Solano F, Glenn E, Morales F, Smith L, et al. Stem cell
atistaction: All patients thought the treatment worthwhile. therapy for autism.  Trans| Med. 2007; 5: 30. doi: 10.1186/1479-

Most have already or are planning to repeat the treatment. 5876-5-30.

Discussion 9. Liu Q, Chen MX, Sun L, Wallis CU, Zhou JS, et al. Rational use of
While this is a small sample size the results are very promis- mesenchymal stem cells in the treatment of autism spectrum

_ 1515 P yp disorders. World J Stem Cells. 2019; 11(2): 55-72. doi: 10.4252/

ing. These findings support the need for future research on the Wjsc.v11.i2.55

effects of MSC on ASD. This is especially true because of the

severe social and financial ramifications of ASD. Nearly half of 10.  LvYT, ZhangY, Liu M, Qiuwaxi JN, Ashwood P, et al. Transplanta-

25-year-olds diagnosed with autism have never held a paying tiorT of human cord blood monont.JcIear.ceIIs and umbilical cord-

job. The cost of caring for Americans with autism was $268 bil- derived r(r;e.senchymal stem cells in autism. J Transl Med. 2013;

lion in 2015 and is projected to rise to $461 billion by 2025 [19]. 11:196. doi: 10.1186/1479-5876-11-196.

With increasing rates of autism, novel therapies should be con- 11, Maric DM, Papic V, Radomir M, Stanojevic |, Sokolovac I, et al.

sidered and as we learn of the immunomodulatory properties Autism treatment with stem cells: a case report. Eur Rev Med

of ASD, MSCs emerge as a strong candidate for treatment. Long- Pharmacol Sci. 2020; 24(15): 8075-8080. doi: 10.26355/eur-
term changes in EEG activity as well as even longer changes in rev_202008_22491.

clinical symptoms are a significant a-dvancement in the t.r(?at— 12. Meltzer A, Van de Water J. The Role of the Immune System in

ment of ASD. A strgngt_h of our study is that we had both cllnlc.al Autism Spectrum Disorder. Neuropsychopharmacology. 2017;

and medical imaging improvements as seen by the change in 42(1): 284-298. doi: 10.1038/npp.2016.158.

the EEGs and the increase in the sociability of patients. A limi-

tation of our study is that our study had a small sample size of 13- Nestor MW, Phillips AW, Artimovich E, Nestor JE, Hussman JP,

only 3 patients et al. Human Inducible Pluripotent Stem Cells and Autism Spec-

’ trum Disorder: Emerging Technologies. Autism Res. 2016; 9(5):
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