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Abstract

There are certain limitations in modern pharmacotherapy and rehabilitation psychotherapy for children with autism
spectrum disorders (ASD). Existing therapeutic approaches are not able to assure a complete cure for the patients with
ASD. Stem cell therapy is one of the promising and innovative methods that has recently gained popularity. To objectively
assess the treatment effectiveness in medicine, both standardized psychiatric diagnostic methods and the instrumental
investigations have been efficiently used. The neuroimaging methods are among them, especially, functional magnetic
resonance imaging (fMRI) and diffusion tensor MR imaging (DTI); electroencephalography (EEG) and evoked cognitive
potentials; dynamic monitoring of the treatment results. All these methods allow objectively evaluating the effects of stem
cell therapy. This case report describes a clinical case of successful treatment with application of fetal stem cells in a child
with ASD, complicated by the cognitive epileptiform disintegration. The child's general condition and assessment of
positive changes by the caregivers were monitored during a period of 12 months. During one year of child’s observation,
the family noticed significant improvements proved by the results of the ATEC questionnaire, EEG data and the fractional
anisotropy (FA) results. The presented clinical case demonstrates the potential of fetal stem cell (FSC) therapy as an
effective treatment method for children with ASD, which is also confirmed by the obtained objective results.

Key Words: autism spectrum disorder; cognitive epileptiform disintegration; evoked cognitive potentials; fractional
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Introduction

. . . among the mothers of children without autism ranged from 6% to 13.6%
Al:ltls? \s}\};ectruml(;il]s .(])(rder (A.SD)! Wha]t do we l:inow allj)out th}:,s d}llsee;s}fi [5]. A high comorbidity between epilepsy and ASD has been
today? We would like to give some latest updates about this healt characteristic for up to 30% of autistic cases. Likely co-occurrence of both

problem. The scientists still d(?n t.know the exact causes of A SD. It is disorders is the result of some genetic and structural differences in the
thought to be caused by a combination of some genetic and environmental brain [6,7]. However, epilepsy is not the only condition associated with

factors [1]. According to the latest statistic report from the Center for ASD. Gastrointestinal disorders are 8 times more common in children

8i§ea(sieSC0ntr;)11 ar;d Pre(:iyention ((1CDC}1), ! ,in SIT(;lf 8-yearl- old ki(t{s in'the with ASD and 7 out of 10 patients diagnosed with ASD have problems
nited States has been diagnosed with autism. The prevalence of autism ;) eating habits and feeding [1]. At present, there is an evidence

glthe U.n itedgt%tes ha§ incr;fe}sed liy.3112;g’ since 201?0'8[11 20001,(;he cg(; suggesting that stem cell (SCs) therapy significantly improves the
ata estimated that autism affects I in among the 8-year-olds, or 6. condition of ASD patients and does not cause serious side effects

cases per 1,000 children. Since then, a new report has been pgblished [8,9,10,11]. SCs can be split depending on their origin: embryonic SCs
every two years and the prevalence rate of ASD has been increasing each (including induced pluripotent SCs), fetal stem cells (FSCs) and adult SCs

tim'e [2]. Asrecorded, around 26.7% (.)fthe 8-year-.olds W.i th autism in the (from umbilical cord blood, placenta, bone marrow, immobilized blood,
United States have an advanced autism grade with their symptoms so adipose tissue, etc.) [12,13]. We would like to share our clinical

severe that kids eventually might need a 24-hour care for the rest of their experience of dynamic observation for a child with ASD who received a

lives. Another study found that children with ASD are 40 times more single course of FSCs treatment and its effectiveness was confirmed by

likely to suffer fatal injuries if compared to their peers without autism . . . . .
. the Autism Treatment Evaluation Checklist (ATEC) questionnaire and
[3,4]. About 50% of mothers of ASD kids demonstrated the symptoms of the MRI - diffusion tensor MR imaging findings.

depression. According to a report issued in 2022, the researchers at the
University of California, San Francisco observed the higher levels of
depression symptoms in about half of all mothers of ASD children over
the 18-months period of follow up. Meanwhile, the rates of depression
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Case presentation

The parents of a 12-year-old child visited EmCell clinic for SCs treatment.
The patient’s mother reported the following chief complaints: expressive
language impairment, emotional and volitional disorders, the child cannot
use his skills to communicate, the patient also has impaired writing (child
can lose his writing skills which are gradually restored after that). The
patient reveals poor reading and behaves aloof with the other children.
The child has mood swings, with remarkable shyness and showing
interest in imitating the behavior of the older boys. The mother noted that
child has problems with body coordination at time of riding a bicycle, the
patient has to wrap himself tightly in a blanket when trying to fall asleep.
The patient's body weight at birth was 4000 g; and height was 55 cm.
Apgar’s range after birth made up 9-10 scores. The child received
breastfeeding for up to the age of 9 months. According to mother, she
noticed some neurodevelopmental problems in the child’s age of 1.5
years. After a certain period of time, mother revealed a regression in
child’s speech skills, with remarkable “facial dolorosa” on the photo, and
“acetone smell” which occasionally appeared too. In this regard, the
patient was engaged into special correctional classes with a teacher. At
the age of 4 years, as recorded from mother, the child was consulted by a
psychiatrist and a firm diagnosis of autism was confirmed. Since his age
of 6 years, the patient has been under the constant supervision by the
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pediatric psychiatrist at the “Treatment and Diagnostic Center of
Neurology and Epileptology” in Bila Tserkva Town, where the child’s
diagnosis was identified as follows: “Autism spectrum disorder. Delayed
psychomotor development. Cognitive epileptiform disintegration”. After
establishing the diagnosis, the child has been regularly receiving trainings
with a psychologist, pedagogical classes and speech therapy correction.
Besides, Ospolot (Sultiam) drug 100 mg/day was prescribed. When
family changed their residence place (moved to another country due to
russia's military aggression against Ukraine), the mother noted regress of
child’s speech and communication; however, a year later, upon returning
to Ukraine, positive child’s dynamics appeared.

From the age of 9 years, child began attending a specialized educational
institution. The patient’s skills of writing and reading were gradually
developing. At the age of 10 years, child had a consultation with a local
psychiatrist and the treatment scheme was corrected: Depakine chrono-
300 was prescribed ' tab. 2 times a day for continuous administration,
after which the mother reported some positive dynamics in child’s
communication skills. Subsequently, child’s therapy with Depakine
chrono had been taken as a life-long prescription. The child attends
inclusive program at school; mother is the child’s assistant at school
(Figure 1).

Figure 1: Mother and child during the school classes.
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Examination results

ASD was diagnosed in accordance with the diagnostic criteria due to
the International Classification of Diseases, 10 revision (ICD-10)
[14]. It involved the detection of speech development disorders
(delayed receptive and expressive speech), including problems with
social and functional interaction in a child under the age of three.
The evaluation was carried out by means of the interviews with the
parents to analyze autistic behavior by the ADI-R+ADOS
assessment scale and the ATEC questionnaire application [15], the
latter was also used to evaluate the effectiveness of ASD treatment.
The results received by the ATEC assessment scale at the beginning
of'the study: language/communication level - 10 scores, socialization
- 22 scores, sensory/cognitive skills - 12 scores, health/physical
development/behavior - 21 scores. The child met the criteria for
moderate childhood autism (65 scores).

EEG in awakening was performed before the treatment and
demonstrated the sharp-wave elements in the following zones: right
frontocentral, right central-parietal, with impulse conductivity to the
left frontocentral and vertex zones. The single episodes of diffuse
spread of epiactivity lasting up to 1 second are shown during this
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investigation. The index of epileptiform activity is low/medium and
the greatest presentation is during child’s falling asleep. According
to the results of MRI of the brain and diffusion tensor MR imaging
before treatment (Philips Ingenia 3T magnetic resonance
tomograph):

1) the architectonics of the corpus callosum associative fibers is
unchanged, whereas the average FA values remain within the age norm -
(FA) 0.413+/-0.207,

2) the arcuate fasciculus fibers between Wernicke's and Broca's areas are
clearly visualized; their architectonics is not disrupted; the FA values are
moderately reduced 0.397+/-0.179 (n-0.450+/-0.08), which may lead to
impaired connectivity of expressive-receptive speech areas (impact on the
child’s ability to reproduce language sounds and perceive such sounds as
linguistically significant);

3) the corticospinal tracts are relatively symmetrical and their
architectonics is not affected, the average anisotropy indicators are
without any deviations from the normal range: right - (FA) 0.454+/-0.199,
left - (FA) 0.471+/-0.201.

Figure 2: Diffusion tensor MR imaging findings before treatment.

Conclusion

MR signs of arachnoid cyst in the left temporal-polar zone (type I after
Galassi). The changes at the level of the left hippocampus are
corresponding to Incomplete Hippocampal Inversion (IHI). No
volumetric-focal pathology in the brain was detected during the
examination. A moderate decrease in the average FA does not exclude a
“violation of connectivity” between Wernicke's and Broca's areas (impact
on the child’s ability to reproduce speech sounds and perceive them as
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linguistically significant). The results of routine laboratory blood tests
prior to treatment did not show any significant deviations from the
reference values. The results of biochemical blood tests revealed a
preliminarily increased level of alkaline phosphatase (286.6 U/l; RR 53-
128 U/l) and total creatinine phosphokinase (198.4 mmol/l; RR <171
mmol/l). We would like to particularly emphasize that the levels of blood
cyanocobalamin, folic acid, homocysteine, and blood immunogram were
within the reference range.
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Figure 3: Diffusion tensor MR imaging findings before treatment.

Treatment

The patient received the course of FSCs therapy, hyperbaric oxygenation
sessions (19.1 psi, 40 min, Fortius420® Hyperbaric Chamber) and training
classes with an occupational therapist [16, 17, 18]. The SCs treatment
protocol included intravenous administration of the fetal hemopoietic and
mesenchymal SCs, subcutaneous and intranasal administration of neural
SCs [11]. The child also received treatment with inhalation of exosomes
isolated from the FSCs. No adverse reactions associated with SCs therapy
were recorded during the treatment and within the whole period of
observation [19].

Examination post-treatment

During the doctor’s examination over 6 months post-treatment, positive
dynamic was noted in the form of improved perception of the addressed
speech (ability to perform simple and complex instructions, no need for
additional explanations or examples), improved child’s ability to explain
verbally. Partial inconsistency between the age and development of social
dialogue language remained. No difficulties were reported with
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understanding of logical and grammatical constructions, as well as
establishing the cause-and-effect relationships. Understanding of the
social and emotional context of situations was present, duration of child’s
concentration and ability to maintain attention improved. The patient’s
impulsivity changed from constant to sporadic. However, the child still
has moderate deficit with ability to organize the educational process.
After the course of SCs therapy, mother also noticed a number of positive
changes in the child: the process of self-care following defecation
improved, writing skills returned to the initial levels, patient’s volume of
processing for the information read and understanding of its contents was
accelerated, child’s preferences for watching television changed (patient
prefers movies for kids, but previously child liked the animated cartoons).
The patient tries to establish eye contact when it is necessary for
communication and there is demonstration of satiety feelings when child
consumed some foods. Mother also noted a positive behavioral and
psycho-emotional background in the child. The patient’s preferences in a
style of clothing, haircut and behavior changed, which child could copy
from the older boys.
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Figure 4: Diffusion tensor MR imaging findings after treatment.

The results of dynamic brain MRI investigation and diffusion tensor MR
imaging (Philips Ingenia 3T magnetic resonance imaging) over 6 months
after SCs therapy, compared with the data of the previous MR study,
showed increasing of the average FA over the associative corpus callosum

fibers and arcuate fasciculus in Wernicke/Broca’s area, which may have
a positive effect on the associative connectivity between the cerebral
hemispheres and ability to reproduce speech sounds and perceive them as
linguistically significant (Table 1).

Tract Fractional anisotropy (FA) | Fractional anisotropy (FA) over 6 months
before treatment

after the treatment

Architectonics of the corpus callosum | 0.413+/-0.207
associative fibers

0.492 +/- 0.204

Arcuate fasciculus fibers between Wernicke | 0.397 +/- 0.179

0.418+/-0.177

and Broca's areas (n- 0.450 +/- 0.08)
Right corticospinal tracts 0.454 +/- 0.199 0.475+/-0.200
Left corticospinal tracts 0.471+/-0.199 0.489 +/- 0.201

Table 1: Results of dynamic brain MRI investigation and diffusion tensor MR imaging
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DYNAMICS BY THE ATEC SCALE
AND SUB-SCALES WITH THE SCORES
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Diagram 1: Dynamics by the ATEC scale and sub-scales with the scores.

In accordance with the ATEC scale, the results showed a gradual decrease
from 65 scores to 42 scores over the first 6 months and remained at that
level over the next 6-month period of observation (42-41 scores).

It is worthy to emphasize that in isolation these changes affected the
behavior and socialization sub-scales (Diag. 1).

The analysis of all data indicates a correlation between the results of MRI
— diffusion tensor MR imaging, the scores by the ATEC questionnaire,
and the reported mother’s subjective opinion.

According to the EEG results in dynamics: positive advantages have been
identified in the form of decreasing the index and amplitude of
epileptiform activity, the area of its distribution, and increasing alpha
rhythm frequency.

Discussion

The existing results of scientific studies indicate that SCs therapy does
not cause any serious side effects. The use of SCs significantly improves
the condition of the patients with ASD [8]. The SCs, as the tissue units of
biological systems, are responsible for the regeneration and development
of the organs, tissues — that is, they promote a self-renewal and
differentiation into the cell lineages of different groups [9]. FSCs have a
number of advantages making their clinical use the most effective method
of SCs therapy, which is a promising factor for the treatment of ASD in
kids. These SCs, derived from fetal tissues, possess higher potential for
differentiation and capacity to self-renewal. FSCs induce an extensive
differentiation potential compared to the adult SCs, as well as the lower
chances of genetic and epigenetic mutations, a tendency to form tumors
and immunogenicity compared to the pluripotent SCs [20]. FSCs
developed ability to multiply rapidly and can differentiate into various
cell types, which makes them valuable for effective clinical use. If we
compare the embryonic SCs versus FSCs, fetal cells are less likely to
induce an adverse immune reaction and do not lead to tumor formation.
This case of the child who received treatment with FSCs deserves a
particular attention. Positive results of clinical examinations are
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confirmed by the objective instrumental data. The use of screening
methods of examination and cognitive tests to identify ASD in children is
regarded as universal, but not optimal tool for monitoring the treatment
effectiveness. Genetic testing helps to identify certain genetic
abnormalities that may be associated with the disease, but they are also
not decisive for the diagnosis and assessment of the effectiveness of
therapy.

Brain MRI and diffusion tensor MR imaging are ensured due to digitally
processed diffusion tensor imaging (DTI) which is a modern brain
imaging technique with application of a magnetic resonance imaging
(MRI) to visualize the structures and connective links of the brain. Most
of DTI studies in the patients with ASD demonstrate tract alterations,
namely lower FA and/or higher values of the mean diffusivity (MD) over
the distant anterior-posterior and interhemispheric fiber tracts [21]. For
example, DTI studies have revealed abnormalities in associative tracts
such as the superior longitudinal fasciculus, arcuate fasciculus, cingulum,
and corpus callosum. Children with ASD have shown the altered FA,
which is an evidence of atypical white matter microstructure. These
changes have been correlated with the level of speech development
among the patients [22,23]. Patients with ASD show a reduced structural-
functional connectivity within the associative tracts such as the sagittal
layer and internal capsule. Such advantages correlate with the severity of
ASD symptoms, which eventually highlight the importance of a
comprehensive approach to cerebral white matter investigations [24]. The
clinical case that is presented above suggests a clear example of effective
treatment of ASD, which is confirmed by the results of FA at the
individual conductive pathways in the brain and the results of EEG
monitoring. The rapid development of positive changes in the
socialization and behavior of the child after the SCs therapy has been
demonstrated, which is proved by the results after ATEC questionnaire
assessment. Already over 1 year, we observed significant changes in the
psychological and behavioral status of the child. During SCs therapy and
within the whole period of follow up for a child, there was no increase of
temperature, graft-versus-host reaction or the other undesirable
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phenomena. No activation of epileptic activity had been detected; on the
contrary, FSCs treatment contributed to improvement of the bioelectrical
activity of the brain.

Conclusion

The case study in a child with ASD presented here demonstrates a high
therapeutic effectiveness of FSCs. Initial results showing significant
clinical improvements look rather encouraging, but further observation on
the stability of all treatment effects and a study on the larger number of
ASD patients is needed. The treatment with FSCs administration is a
promising and safe method of ASD therapy in children.
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