Pre prints.org

Article Not peer-reviewed version

Autologous Cord Blood vs Individualized
Supplements in Autistic Spectrum
Disease - Results of the CORDUS Study

Felician Stancioiu ~ , Radu Dumitrescu *, Raluca Bogdan , Bogdan Ivanescu

Posted Date: 3 January 2024
doi: 10.20944/preprints202401.0134 v1

Keywords: Autistic Spectrum Disease; ASD; Cord Blood; neuroinflammation; autologous; neuron specific
enolase; NSE

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/1094766
https://sciprofiles.com/profile/3017295

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 3 January 2024 do0i:10.20944/preprints202401.0134.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Autologous Cord Blood vs Individualized
Supplements in Autistic Spectrum Disease — Results
of the CORDUS Study

Felician Stancioiu *, Raluca Bogdan 2, Bogdan Ivanescu ? and Radu Dumitrescu 4*

Fundatia Bio-Forum, Bucharest, Romania

Pediatrics Department, Medicover Hospital, Bucharest, Romania

Doctor MiT, Bucharest, Romania

Medicover Hospital and University of Bucharest, Romania

Correspondence: radu.dumitrescu@medicover.ro and felicians@bio-forum.net

R S O

Abstract: Cellular therapies have started an important new therapeutic direction for Autistic
Spectrum Disease (ASD), and the ample diversity of ASD pathophysiology and the different types
of cell therapies need an equally ample effort for studying the applicable ASD causes and the specific
benefits of cell therapies via clinical studies. CORDUS Clinical Study is a crossover study in which
autologous cord blood was administered intravenously to 56 patients between January 2019 and
July 2023, and has compared its efficacy versus an individualized combination of supplements; both
treatments were administered in a different sequence to all participants. Treatment efficacy was
evaluated pre- and post- treatments by an independent psychotherapist with ATEC, Q-CHAT and
a 16-item comparative table score, after interviews with the children’s parents and therapists. Cord
blood was beneficial in the group of 3-7-year-old children (n=28; 3 out of 4 children — 78.57% -
improved scores), but was much less effective in kids older than 8 years or with body weight of
more than 35 kg (n=28; 1 out of 10 children improved scores). Individualized supplements were
more efficacious than cord blood in 5 cases out of 28, while in 23 kids cord blood brought more
improvement than supplements; 6 kids registered minor or no improvement. Statistically significant
improvements were seen after cord blood infusion on areas such as verbalization and social
interaction, but not on irritability or aggressive behavior; also ample individual differences were
noted. No serious adverse reactions were noted during and after cord blood or supplement
administration.

Keywords: Autistic Spectrum Disease; ASD; cord blood; neuroinflammation; autologous; NSE

Introduction:

Since the first Autistic Spectrum Disease (ASD) patient was diagnosed 80 years ago (1),
important progress was made yet many aspects remain unknown on both its diagnosis and
treatment. Children with ASD present with various manifestations — repetitive gestures, irritability,
anxiety, sometimes aggressive behavior - and different degrees of impairment in verbalization, focus,
understanding, interaction, initiative, following commands, overall intelligence quotient (IQ), -
corresponding to various areas of cortex affected (2,3). Therapeutic options in ASD are limited both
in types and results, with psychotherapy being the main therapeutic intervention; besides this the
antipsychotics risperidone and aripiprazole are prescribed in overly agitated kids, atomoxetine for
increasing focus in kids with hyperactivity symptoms, and in some cases nootropics — piracetam,
pyritinol, Cerebrolysin (porcine brain protein hydrolysate), Actovegin (deproteinized
hemoderivative from calf blood), etc, with modest results.

Cellular therapies are offering a new therapeutic perspective in ASD (4-11); however their results
vary greatly and this is very likely due to both the polymorphic nature of the ASD pathogenesis, and
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also the difference in the characteristics of the individual autologous cord blood (CB) or stem cell
products, both of which we will discuss below in the respective section.

Designing a clinical study involving administration of umbilical CB is complicated by the
presence of the obligatory cryopreserving agent dimethyl sulfoxide (DMSO), a special substance with
unique properties. Known as a universal aprotic solvent for organic molecules including DNA4, it
protects cells against the ice crystals formed intracellularly while freezing - the main factor damaging
intracellular architecture and organelles. DMSO is metabolized after intravenous infusion in
dimethyl sulfide and dimethyl sulfone (12); both are molecules with a sulfur content and
characteristic smell, which can be felt in patient’s breath beginning a few minutes after infusion and
lasting 24-48 hours. This is a telltale sign which makes “blinding” a clinical study very difficult, and
can be partly solved by using a crossover design for the clinical study.

Besides being a vital cryoprotectant DMSO also has a multitude of actions at cellular and
molecular level: acts as antioxidant (13, 14), prevents accumulation of DNA breakage and facilitates
DNA damage repair (15-17), is neuroprotective via decreasing glutamate and NMDA activation (18),
has positive actions on neurons (19), modifies the blood-brain barrier permeability, decreases
thrombosis with other vascular actions (20-24), induces stem cell differentiation into neuronal
precursors via activation of necessary intracellular pathways (25-29); inhibits the pro-inflammatory
function of leukocytes, including TNF-alpha function (30) and has other immunomodulatory actions
(31-35). Because of its inhibitory action on leukocytes DMSO is “washed” from the cryopreserved
grafts used for hematopoietic reconstitution (in hematology-oncology transplants), however
intracellular DMSO cannot be removed and its metabolites are still felt after its administration in
patients’ breath. In ASD cord blood is administered to patients who are not conditioned for transplant
— where DMSO can have a possible deleterious action on white cells-, and because it has actually
beneficial actions on neurons and neuronal precursors, we have chosen to not wash the DMSO out
of the cord blood graft prior to infusion, and we have used the dilution technique which is potentially
a better fit for the purpose of improving neuronal activity and simultaneously modulating the
immune system functions. This technique also keeps manipulation of the graft to a minimum (and
improves viability and vitality of cells infused), and preserves the other components of cord blood
which potentially can be lost after centrifugation and removal of supernatant.

The CORDUS Clinical Study was granted ethics approval by the National Bioethics Committee
of the Romanian Medicine Agency ANM: 1S/4/12.02. and is registered on www.clinicaltrials.gov with
NCT04007224. Informed Consent was obtained from all the children’s parents prior to enrolling and
testing (both parents needed to agree on enrollment).

Materials and Method:

Participants included in this study were children diagnosed with ASD, age 3-7 years, body
weight 15-30 kg, who received prior multiple treatments including psychotherapy and had not
achieved significant progress.

For the purpose of evaluating differences in efficacy and safety, exceptions were made for
children age 8 or older and/or body weight more than 30 kg the body weight so that treatments were
also administered to them; however they were not included in the final statistical analysis which has
only considered the ASD children meeting both inclusion criteria - age and body weight.

A flowchart summarizing the study design is represented in Figure 1
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Figure 1. CORDUS Study Design.

CORDUS study participants had the following blood tests performed before and after the 2
treatments (supplements and CB): blood type/Rh (Rhesus factor); HLA (Human Leukocyte Antigen)
— A; - B, and -DRBI1 typed from both the peripheral blood and the child’s cryopreserved cord blood;
complete blood count with differential; liver function tests - AST (aspartate transaminase), ALT
(alanine transaminase) and/or GGT (gamma-glutamyl transferase)); renal function (serum urea,
serum creatinine); electrolytes - Na (sodium), K (potassium), Ca ( calcium)); NSE (neuron-specific
enolase); markers of inflammation: ESR (erythrocyte sedimentation rate), CRP (C-Reactive Protein),
TNEF-a (Tumor Necrosis Factor-alpha), ferritin, alpha-2 globulins on serum protein electrophoresis;
anti-neuronal antibodies: Ac. Anti-amphifizin: Ac. Anti-CV2 : Ac. Anti-PNMA2; Ac. Anti-Ri : Ac.
Anti-Yo: Ac. Anti-Hu: Ac. Anti-recoverin; Ac. Anti-SOX1: Ac. Anti-titin; and individually (only some
kids): IL(Interleukin)-1 beta, IL-6, IL-8, neopterin, procalcitonin, cationic protein of eosinophils,
homocysteine, TSH (thyroid stimulating hormone), GH (growth hormone), IGF (insulin-like growth
factor)-1, etc..

Administration of supplements was done in an individualized manner in all the ASD kids,
following blood tests results and using these guidelines:

- for immune dysfunction type I: over-activation of pro-inflammatory actions (ex type M1
macrophages) resulting in subacute inflammation (increased TNF-at or a-2 globulin fraction
occurred in about 70% of the 56 ASD kids tested — (36): Uridine or Boswellia (extracted from
Boswellia serrata) or curcumin (from Curcuma longa);

- for immune dysfunction type II: over-activation of allergic-type immune reaction (ex. activation
of type M2 macrophages) resulting in eosinophilia and/or increased IgE and/or cationic protein
of eosinophils (about 30% of ASD kids): blackcurrant extract (Ribes nigrum contains a natural
steroid) and/or Viola tricolor extract;

- for high ferritin (in a few cases is associated with hemoglobinopathies); one or more
antioxidants: glutathione; polyphenols from blueberry (Vaccinium mirtillus extract), ascorbate,
N-acetylcysteine, etc.

- for high homocysteine (most likely due to suboptimal folate metabolism or receptor issue):
methylcianocobalamin (vitamin B12 conjugate) and folate or leucovorin (folinic acid);

- for low homocysteine — antioxidants, resveratrol or antioxidants which cross the blood-brain
barrier — proanthocyanidins from blueberry, luteolin (flavonoid, the main yellow pigment in
Reseda luteola), astaxanthin (carotenoid red pigment from algae), zeaxanthin (carotenoid alkaloid
from plants);

- for low ferritin - an antioxidant and a cell membrane stabilizer - fish or vegetable oil, omega 3,
DHA (Docosahexaenoic acid) or EPA (Eicosapentaenoic acid), and vitamin D3;

- forintestinal dysbiosis — pro-biotics (especially Bifidobacterium salivarius) and pre-biotic or inulin
(fructose-containing oligosaccharides) to decrease intestinal inflammation and Candida sp
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proliferation, to reduce formation of inflammatory cytokines as well as excess amines, dopamine
and balances serotonin;

- for high lactate and/or LDH (lactate dehydrogenase): mitochondrial enhancers such as PQQ
(Pyrroloquinoline quinone), Uridine, luteolin to improve aerobic glycolysis and the
pyruvate/lactate imbalance

- formetabolic or liver issues (increased AST, ALT, bilirubin) — Astragalus (Astragalus lentiginosus),
antioxidants

- for low GH, IGF-1 (Insulin-like growth factor) — L-arginine; for high TSH - spirulina (Arthrospira
platensis) or Kanchanar guggul extracts;

- if demyelination on MRI - Bacopa (from Bacopa monnieri), citicoline (CDP-choline), plus an anti-
inflammatory — Boswellia, curcuma

- for high NSE values (especially above 30 pg/mL) administration of supplements which stimulate
and support neurogenesis, alongside natural anti-inflammatory agents and anti-oxidants

- for anxiety, agitation and focus deficits - supplements containing combinations of Passiflora,
Humulus lupulus, Valerian (Valeriana officinalis), chamomile (Chamomilla recutita and Chamomilla
nobile), trillium (extracted from Trillium species), and sometimes echinacea (Echinacea purpurea),
GABA (Gamma-aminobutyric acid), theanine (extracted from Camellia sinensis), or Rhodiola rosea
extracts.

Administration of autologous cord blood was performed after confirmatory blood group, Rh and
HLA typing, with a minimum of 5 x 106 TNCs/kg being available in each graft; two grafts were

microbiologically contaminated and they were successfully de-contaminated prior to infusion while
preserving the viability of stem cells (37). Each cord blood graft was used integrally, meaning that
both of the 2 contiguous compartments (20 ml and the 5 ml compartment) were processed by adding
Dextran 40 and albumin to minimize the osmotic modifications of the cells post-decryogenation. The
Rubinstein decryogenation protocol (38) was employed with minimal handling of the decryogenated
graft — the dilution technique - in order to minimize the stress on cells and avoid cell and exosome
loss. After decryogenation and while preparing the cord blood for infusion, an extemporaneous
viability determination was performed with Trypan Blue 0,4% at the brightfield microscope 200x and
the cord blood was administered intravenously (iv) after pre-medicating the child with
antihistaminic and hydrocortisone hemi succinate (5); children also received iv sedation with
midazolam and ketamine as needed. Cord blood was infused via gravitational drip; the CB graft
volumes infused varied between 47 and 75 ml, the infusion time between 20 and 35 minutes, after
which saline flushing of the iv line was given with a volume of 75-150 ml. A small sample (1-2 ml)
from the cord blood infused was taken from the administration bag and at about 2-6 hours after the
infusion, flowcytometry was performed on the sampled cord blood prepared for infusion.
Flowcytometry was performed at an independent laboratory — The Biochemistry Institute from The
Romanian Academy -; viability by 7-actinomycin D (7-AAD), and the presence of surface cellular
markers CD34+, CD45+, CD271+, and CD133+ was analyzed; these results will be presented in a
separate article.

Psychometric evaluation was done by a clinical psychologist who interviewed both the parents
and also the therapist of the respective child on the behavior of the child before and after the
treatments. The evaluations were done by using the ATEC, Q-CHAT and CAST questionnaires and
a 16-item table of symptoms; they assessed initial behavior and the post-treatment behavior after 4 -
8 weeks of supplements, and approximately at 6 months after CB infusion.

On the psychometric evaluation of the child by the clinician at his/her office with programmed
office visits it is important to note that it can be biased by various factors, including unexpected
modifications of the health status of the patient on that specific day (“cranky” kid with acute
infections or pain), differences in the mood of the kid in various days (“our kid has good days and
bad days”) or based on prior unpleasant procedures experienced by the child in a health setting, or
the child mirroring the mood of the parents’ “having a bad day”; all these factors may increase
anxiety and make the kid cooperate less, act differently and introduce an important bias in
evaluations. This may explain why some studies report statistically significant differences while
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evaluating with the ABC (Autistic Behavior Checklist) and CARS (Childhood Autism Rating Scale)
scales but not on VABS (Vineland Adaptive Behavior Scale) scale (7, 11).

The table used for evaluation by the psychotherapist consisted of 16 items on which the parents
and the therapists were prompted to give grades from 0 - which indicates complete absence of the
respective symptom/behavioral aspect) - to 10, corresponding to the highest possible intensity for the
respective symptom/behavior. Parents and therapists had to grade 6 positive items (attention,
understanding, verbalization, social interaction, initiative and maintaining focus), and ten negative
items (irritability, hyperactivity, stereotypies, inadequate verbalization, aggressivity, withdrawal,
somnolence, headaches, constipation/diarrhea) including 1 general health item (presence of specific
manifestations such as food preferences in type, shape, texture, color, taste, smell; fears/phobias, nail
biting, etc.). Scores were analyzed individually, comparing scores on same items before and after
treatments, and the total score for the positive items and for the negative items.

All the resulting data from the study was tabulated in Microsoft Excel and statistical analysis
was done with the same software by employing descriptive statistics (means, standard deviations),
Pearson correlation between two datasets and the two-tailed paired t-test, which was considered
statistically significant if the p <0.05.

Results:

Cord blood and supplements were administered to a total of 56 children with ASD, only 28 of
whom met simultaneously the inclusion criteria of age of less than 8 years and body weight less than
30 kg and also were available for psychometric evaluations; these 28 participants were considered for
the final study data analysis; psychometric data from kids not meeting the study inclusion criteria
(28 kids age >8, body weight >35 kg) was not considered for the final study results. The blood test
data from all the 56 kids and the respective results and analysis was published in a recent article (36)
which discussed all the values obtained after the blood tests were performed. We have made
exceptions on enrollment in order to see if age and body weight were important determinants in
treatment efficacy — and they are indeed - and also to increase the power of the study in order to
identify blood markers with a predictive value towards the efficacy of the treatments.

On the safety side there were no major adverse reactions to either the supplements or the cord
blood administered. The most common side effect encountered after both treatments was temporary
agitation; this was not a new symptom as it manifested only in children who previously had such
episodes (about 30% of children) and it was controlled with administration of natural
anxiolytic/sedatives (Passiflora, Chamomile, GABA, etc) or the risperidone/aripiprazole medication
on which the child was on previously; we were also able to wean off risperidone or aripiprazole in 3
kids following cord blood administration. Agitation occurred the day after administering either new
supplements or cord blood, and is likely due to the nonspecific, global stimulation of the neuronal
activity; some agitation episodes lasted for hours and were intense, but they could be controlled with
supplements or medication which subsequently was tapered off. Agitation was more common after
CB administration (15 patients) compared to supplements (4 patients). Additionally, side effects
related to cord blood administration consisted of emission of red urine - first micturition after CB
infusion - which occurred in 6 children and was self-limiting and resolved spontaneously; this is
likely explained by the elimination of hemoglobin released from some of the red cells infused and
destroyed shortly after infusion. Another 4 children had vomiting after CB infusion, likely due to
gallbladder spasm; this also was self-limiting and required no treatment. One child had symptoms
of gastroesophageal reflux and administration of an antacid solved the issue; one child (history of
allergies and atopic dermatitis) had facial flushing lasting a few minutes during infusion which also
resolved spontaneously.

Following administration of cord blood, the improvement of ASD symptoms was present in an
ample range, from truly transformative (around 10% of kids age 3-7) with respective parents stating
“it was like we saw a different kid”, to no effect (also about 10% of parents). For children older than
8 years and 35kg body weight, the improvements were much more reduced both in occurrence and
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amplitude, so that only one in ten children (around 10%) in this group were improved after cord
blood administration.

Analyzing the scores on the 16-item table, we see that the CB administration was followed by
statistically significant improvements in all 6 of the “positive” areas: attention, understanding,
verbalization, social interaction, initiative and maintaining focus; so that the 2-tailed T test had p<0.05
when comparing respective scores before and after CB administration

Initial and final scores

iAttention
12 u
B fAttention
10 :
B iUnderst
8 M fUnderst
g 6 M iverbal
Q
? M fVerbal
4
M isocial
2 M fSocial
0 M iInitiative
1 M finitiative
Functional axis B iFocus

Figure 2. Scores on 6 items before and after CB.

Comparing the scores on the 10 “negative” items, we have seen significant improvements in 4
areas (hyperactivity, stereotypical behavior, inadequate verbalization and varia) while on the other 6
items there was no significant improvement (irritability, aggressivity, withdrawal, somnolence,
headaches, constipation/diarrhea).

Initial and final scores, items 7-16
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Figure 3. Scores on 10 “negative” items before and after CB infusion.
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When considering all 6 positive items, their combined scores were also significantly better after
the CB infusion - average score 29.11 +/- 10.14 SD before infusion, and 38.16 +/- 9.83 after infusion,
p<0.05; similarly the combined 10 negative items had significantly better total score after infusion
29.17 +/- 9.96 vs 32.62+/- 11.09 before CB infusion, p<0.05.

Analyzing the ATEC scores before and after the CB infusion we have also seen that three scores
were significantly improved: - on subscale Speech (p = 0.0043), and Socialization (p=0.012) and Total
score (p = 0.0051), but not on the subscale Sensory/Cognitive (p=0.09) and neither on subscale Overall
Health/Behavior (p=0.18).

ATFC Scores - initiai vs final
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Figure 4. ATEC scores before and after CB.

In the case of supplement administration, after analyzing the total scores on both ATEC and the
16-item table scores before and after administration of supplements, neither showed a statistically
significant improvement, making the overall CB efficacy superior to that of individualized
supplements. However, in 5 of 28 kids (age <7, body weight <35 kg) the improvement obtained with
supplements was bigger than that observed after CB administration.

When entering the evaluations done by the psychotherapist, which were all recorded and
transcribed, we have noted in a few cases a discrepancy between the very enthusiastic statements
made by some parents during the interview with the psychotherapists, and the very small scores
resulting from completing ATEC and the 16-item table by the same parents. Some examples are: P1 -
“The second day after transplant [....] like he was another kid” while the respective improvement on
the 16-item table was of only 8 points; P2 - “the kid had an explosion for the better after both
treatments with stem cells” and respectively only a 2 points improvement on the Total score on the
16-item table; P3 - “Extraordinary good evolution after cell administration. He started saying words”
and the respective improvement on the 16-item table totaled 1 point. This may be due to the
unidirectional progress of the child (only one aspect improved, such as verbalization) but also a
possible difference in the perceptions of parents and their quantification by the questionnaires; it also
underscores the subjective nature of the evaluations and the need to interview also the therapist with
whom the child worked before and after the treatments. In our study, while comparing the parents’
interview evaluations and the interview of the child’s psychotherapist, there was a very strong
correlation between the evaluation scores given by the parents and the respective psychotherapists —
Pearson correlation r =0.913

Given the variability of the results after CB administration we have looked for markers which
can predict efficacy of CB administration, especially correlations between various blood markers and
psychometric evaluations. Previously it was found that a good predictor for the efficacy of cord blood
in ASD was the posterior beta power on EEG recorded prior to cord blood infusion; a higher value
was associated with increased alpha and beta and decreased theta power on EEG 12 months post-
infusion (39); however no subsequent study has validated this marker.

First we have analyzed all blood test values (including children older than 7 years and/or body
weight more than 30 kg, n=56) for NSE, TNF-a, and a-2 albumin, and we have found that while there
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was a strong correlation between inflammation markers - values of TNF-a and a-2 albumin (r =
0.883), there was only a moderate correlation between the levels of NSE and TNF-a (r = 0.508) and
NSE and a-2 albumin (r = 0.502), and this strongly suggests that factors other than inflammation
(genetic, metabolic, oxidative stress, etc) are involved in the neuronal apoptosis observed in ASD
children.

To evaluate the predictive value of the blood markers for the success of CB administration, we
have included the psychometric evaluations and we have only considered the children meeting both
inclusion criteria (age an body weight, n=28). There was no correlation between the levels of TNF-«
and NSE (r= 0.052); there was a very small correlation (r= 0.138) between the initial TNF-a levels and
the improvement on the difference in ATEC scores initial vs final (dATEC = initial ATEC - final
ATEC); and a better correlation between initial NSE levels and the dATEC (r=0.401). This can be
interpreted as the treatment being more efficacious in kids where neuronal destruction is more ample
— children with higher initial NSE values.

It is possible that the baseline presence of both inflammation (abnormal TNF-at and/or alpha-2
globulins) and neuronal destruction (Neuron Specific Enolase — NSE > 20 pg/ml) may be good
prognostic factors for the therapeutic success of stem cells in ASD, but the CORDUS study was not
designed or powered to study this correlation, and we plan to investigate in a future clinical study
the predictive value of these two markers taken together, as well as other possible markers (miRNA
profiles in both the ASD child and the cord blood administered).

Discussion

ASD is associated with a wide variety of causative factors which can be grouped based on their
levels of action in: genetic, epigenetic, and allogeneic/environmental - infections, nutrient imbalance,
toxins — (40), these may act alone or in combination and makes identification and treatment of the
predominant factor very difficult. So far more than 800 genes were identified as associated with the
ASD pathogenesis, these genes are involved in pathways also active in cell cycle, metabolism,
adhesion and signaling, inflammation and cancer (41 - 44).

Phenotypic expression of these genes results in the abnormal levels of various proteins, and
more than 100 proteins were showed to be dysregulated in ASD, among which cytokines, markers of
mitochondrial dysfunction, oxidative stress, and epigenetic markers indicating deficient methylation
(45)

Modifications occurring at a macroscopic level in the CNS — patches of cortex with abnormal
morphology observed via post-mortem studies (2) or imagistic studies (46, 47), have corresponding
disturbances at a cellular and molecular level represented by genetic and epigenetic factors which
affect neurons, glia and astrocytes. Modifications of single or multiple genes ranging from single
nucleotide polymorphisms — SNPs- to deletions, inversions, repetitions, aneuploidy) result in groups
of abnormal or non-functional cells (neurons, glia, astrocytes or combinations) - brain mosaicism -
which form defective or no neuronal networks in various areas of the brain and result in functional
impairments of various degrees. Such modifications could be shown only recently after single cell
sequencing became possible, and were found more frequently in ASD compared to typical brains
(48); however a recent study revealed that in a typical adult brain a mean of 17% of neurons (range
4-78%) had autosomal mutations and 4% of brain cells had a mean of 26 SNP variants and there is at
least one somatic mutation with function-altering potential in the brain of approximately half of all
adults (49). In the typical human frontal cortex up to 41% of neurons had CNVs (copy number
variations) of more than one megabase, with some regions having highly aberrant genomes with
multiple alterations (48); another recent study found that around 10% of neurons from the frontal
cortex of a typical individual have CNVs (50), and it is estimated that about 4% of the approximately
1 trillion cells in the typical brain have chromosome 21 aneuploidy (51); to this is added another
modification - DNA content variation — DCV — of up to 250 megabases between individual cells and
also cell populations in different brain areas, especially in the frontal cortex (52).

It is also interesting to note that different types of mitochondrial cytochromes are more active in
specific areas of CNS so that specific SNP cytochrome alterations lead to dysfunctions of specific
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neural paths; CYP2D is present in the neurons and astrocytes (N, A) from olfactory bulb and
substantia nigra, linked to processing of adrenaline, dopamine, synephrine, deoxycorticosterone;
CYP2B and CYP2C are abundant in blood-brain barrier (BBB) and linked to processing of nitric oxide,
harmine, harmalol; while CYP2B6 (N, A); CYP2D6 (N), CYP2E1 (N), CYP1A1 (N, A)- are abundant
in the cortex, hippocampus, cerebellum and involved with processing of serotonin, tyramine,
arachidonic acid, estradiol, linoleic and oleic acid, retinol (53).

Other genetic impairments can also be found in specific areas of the brain and produce
impairments of certain brain circuitry; the mitochondrial mutation mtDNA4977 was found especially
in dopamine-producing neurons from substantia nigra, putamen and caudate (54) — dopaminergic
networks also frequently affected in ASD.

Related to this, a question arises about the possible use of autologous stem cells when the child
has a somatic mutation on whole exome sequencing (WES) or whole genome sequencing (WGS): is
it logical to use the child’s own stem cells knowing this? We observe that genetic mutations arise
during every cell division at a rate of 2-3 SNPs/cell with every generation (48) so it is possible that de
novo mutations in somatic cells are not present in the perinatal stem cells which can thus be
administered; this approach has led us to good results in a child with GABBR2 mutation — followed
by a significant improvement in both the child’s NSE values and ATEC score. Additionally, because
WES and WGS are performed with 20x coverage, we recommend a neurology gene panel
(approximately 1000 genes associated with neurodegenerative disease) which has 100x coverage and
can clarify the problem; furthermore, a genetic testing of the cord blood itself may be the most useful
test in determining whether autologous cord blood also has a genetic anomaly which can preclude
its administration.

Somatic mosaicism is a common occurrence in healthy individuals; CNVs of around 100
kilobases are present in many tissues analyzed in any given individual (55, 56) and it can be evaluated
by sequencing DNA from both a buccal swab and blood in same individual, which analyzes both
ectodermal- and mesodermal-derived cells (57).

The frequency of mosaic chromosomal alterations (mCAs) was analyzed in peripheral blood
from a public bank (58) and in the autosomal chromosomes it was around ten-fold less than that of
SNPs; mosaicism in the X and Y chromosomes was around 1000-fold higher than somatic mutations
in adult cells and this latter observation is in line with the observed frequency of ASD, which is
affecting more boys than girls, likely because of uncompensated heterozygous X/Y mutations (ex.
EXT1, ASTN2, MACROD2, HDAC4) which alone or combined with other somatic mutations affect
cell function.

Adding another layer of complexity to the genetic component is the epigenetic control of gene
expression to the extent that phenotypic differences in monozygotic twins can be explained by
differences in both histone acetylation and 5-methylcytosine DNA content (59); this also may be the
differentiating factor acting in certain siblings, one with ASD while the other is typically developing.

Due to the complexity of the genetic picture in ASD, treatment-wise it is very unlikely to find a
single common denominator in the form of a target molecule which could be successfully modulated
by a therapeutic agent and lead to a cure for ASD — ex. NFkB or mTOR or SIRT1.

do0i:10.20944/preprints202401.0134.v1
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Figure 5. Possible pathophysiologic modifications in ASD.

Cellular therapies and especially cord blood have inherent advantages over any other
therapeutic modality, because they make possible the simultaneous administration of a wide range
of molecules with various biological actions contained in extracellular vesicles — EVs or exosomes —
to which are added the actions of the administered stem cells themselves.

Cord blood and other stem cell treatments can address important pathophysiologic
modifications associated with ASD, such as genetic brain anomalies — brain mosaicism - by increasing
neurogenesis from healthy stem cells which can migrate and populate brain areas with genetic
anomalies, also by providing neuronal precursors while neuronal destruction is increased (high NSE)
and finally by supporting formation of synapses integrated in functional neural networks via
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exosomes which improve the mitochondrial function of neurons and modulate microglia primarily
by decreasing its pro-inflammatory functions (ex. increased GFAP).

Compared to adult stem cells, CB has a number of advantages: it contains eight times more
colony-forming cells with high proliferative potential than bone marrow; has more primitive
hematopoietic stem cells in a higher proportion, its CD34+ cells have more adhesion molecules such
as CD44 proteoglycan and integrins like CD49d or CD49f, and have longer telomers — capable of more
self-renewal; also a higher proportion of immature B cells - CD19+ CD5+; and a characteristic
precursor of T cell CD3-/CD8-; are less sensitive to the possible toxic environmental substances;
CD34+ from cord blood hone better to injury sites due to a higher affinity stromal cell derived factor
(SDF-1) (60). Cord blood also has mesenchymal precursor cells which are more primitive and able to
generate cells from all three germ layers (61) and CB has more proteins with different properties than
adult ones; proteomic analysis showed that perinatal-derived EVs vs adult MSCs are enriched in key
proteins involved in immune, metabolic, and regenerative pathways (62). Perinatal stem cells have a
better overall genetic status than adult stem cells since every cell division produces an average of 2-
3 genetic mutations in each generation resulting in about 80 SNPs in more than 2% of somatic cells,
and there is at least one somatic mutation with function-altering potential in the brain of
approximately half of all adults (49).

Given that subacute systemic inflammation is present in a majority of ASD children (63 -65)
alongside neuroinflammation (66, 67); administration of naive, non-opsonized leukocytes and their
precursors from CB can both replenish the T and B lymphocytes with unaffected ones and also re-
establish the balance between pro- and anti-inflammatory cytokines which is affecting microglia in
ASD. It was shown that increased, sustained immune cell activation is followed by an impairment in
their function associated with impaired thymic production of T cells and impaired antigen
presentation and production (68), and also activation and proliferation of immune cells is dependent
on mitochondrial energy production, with various roles for tricarboxylic cycle and oxidative
phosphorylation; so that an extended inflammatory state and mitochondrial exhaustion may lead to
alterations of the immune function, both innate and acquired (69).

As stated above, besides the various causative ASD pathogenesis, the great variation in the effect
of the CB infusions is also very likely due to the qualitative differences of the cord blood
administered, leading to sometimes opposing results in the clinical studies which analyzed the
outcomes (70 -72). Cord blood contains both hematopoietic and mesenchymal stem cells in various
proportions, and there are indications that the ratio of these two populations greatly impact the site
of implantation of stem cells (lung vs brain) after intravenous administration (73). The capability of
MSCs to generate new neurons in the CNS can thus be greatly influenced by the properties of the
cord blood infused. In the CORDUS study we have analyzed the CD133+/CD271+ ratio, and also the
numbers and ratios of CD45+ and CD34+; the results of the flowcytometry testing and correlations
with the psychometric evaluations will be published in a subsequent paper.

Autologous cord blood also contains variable numbers and proportions of embryonic - like stem
cells — cells with positive surface markers such as NANOG, OCT etc (74, 75). We have not tested in
our study for the presence of these surface markers, but they may be important determinants of the
effects of the cord blood infusion, and we plan to do this in a new clinical study.

CB of various origins contains exosomes of different quality and quantity and can also be a
source of the major differences in the results seen after its administration. Using the dilution
technique for decryogenation of the cord blood graft, - which we have used in our study - has the
advantage of minimal manipulation (a possible increase in cell viability) and also preserves all the
contents of the graft, including exosomes and very small embryonic like stem cells which otherwise
can be excluded as supernatants after centrifugations. We also plan to test for the differences in the
exosome content via profiling the microRNAs in both the cord blood and the ASD children who will
receive the treatment, knowing that there are important differences observed after testing
microRNAs in ASD children obtained by different teams (76 — 79).

Since behavior is a consequence of activation/inhibition of various cortical areas (amygdala,
hippocampus, prefrontal cortex) and a complex interplay between secretion and inactivation of
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various neurotransmitters and modulators such as dopamine, serotonin, epinephrine, acetylcholine,
GABA, glutamate; NMDA, neuropeptide Y, galanin, etc., the activity of the respective neurons can
be directly or indirectly modified or influenced by a multitude of factors, (Figure 5)

Given the hundreds of genes and epigenetic factors linked to the pathological modifications in
ASD, sometimes it is next to impossible to test for and pinpoint the main causal factor (which can be
partly masked by another compensatory modification) and in these situations when modern
precision molecular medicine cannot yield a clear molecular cause and effect, a combination of
information from clinical exam, reaction to previous treatments and various tests can guide a more
empirical treatment towards therapeutic success in a return to good, old fashioned clinical medicine.

Besides the genetic/epigenetic/environmental causality, the ASD causative factors can also be
classified based on the primary organ affected — intrinsic or extrinsic to the central nervous system
(CNS) — (36); for example a mutation directly affecting neurons (ex GABBR?2) is considered intrinsic
to CNS (primary ASD) while a metabolic or immune system dysfunction resulting in systemic
inflammation (microglia activation evidentiated by increased glial fibrillary acidic protein — GFAP —
, NFkB and other markers such as TNF-a, a2-albumins) or in rare cases presence of antibodies to
neuronal proteins or folate receptors is extrinsic to CNS (secondary ASD) —in this secondary/extrinsic
cases treatments can be given with good results.

Following blood tests in ASD children, supplements can be administered more specifically and
be an effective initial treatment before considering CB or other stem cell treatment; besides the
examples mentioned above we are adding:

- in kids with low ferritin there is a likely association with ferroptosis which occurs as a
compensatory mechanism for increased lipid oxidation and cell membrane degradation; while
a supplement with iron gives noticeable short-term improvement especially in sleeping, an
antioxidant or a cell membrane stabilizer is more helpful as a causal treatment and for long-term
administration;

- if marginally low serum sodium is repeatedly seen (ex. 137 mmol/L; normal above 138) while
the other electrolytes are being normal, there is likely a sodium transporter defect and the child
may benefit from the administration of the diuretic bumetanide or torasemide (80, 81);

- inkids with associated hyperactivity, viloxazine may give better results than the non-stimulant
atomoxetine (82).

- for children with anxiety, agitation and/or focus deficits not improved with above-mentioned
supplements, administration of an adaptogen — Rhodiola -, and magnesium citrate and vit B6
may help and short-term administration of low-dose aripiprazole may be needed; but epigenetic
factors such as methylation or acetylation should also be considered in this situation, and
administration of folate/cobalamin derivatives or SAM (S-adenosyl-methionine) can improve
the underlying deficits leading to altered behavior

Even though stem cell administration in ASD so far has had no constant solid results making it
difficult to recommend as standard second- or third-line therapy in ASD clinical practice (83) it is
worth noting the exceptional results which followed administration of cord blood in some children
(around 1 in 10 children) and the fact that a majority of children (3 out of 4) aged 3-7 and body weight
less than 30 kg were presenting improvements.

Conclusions

In the CORDUS study we have administered autologous cord blood to 56 kids with ASD, and
results were very good in the age range 3-7 years where about 3 out of 4 kids had clear improvements
especially on verbalization, initiative, social interaction and understanding. Kids older than 8 years
had much less improvement, with only 1 out of 10 kids older than 8 years showing clear improvement
in behavior. Autologous cord blood administration has a very good risk/benefit ratio, especially
because of the minimal risk involved (vs unknown sources, which although thoroughly tested carry
an undetermined risk for future problems). The benefit of cord blood seems to reside in the immune
modulation and regenerative capacity of the cord blood, both directly from the infused cells and also
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from the exosomes, which influence the activity of other cells in the body, especially immune cells,
microglia and neurons.

Considering the excellent risk profile of administering autologous stem cells, we advocate
further studying the autologous stem cell administration in ASD via new clinical studies, especially
for identifying prognostic factors associated with good results which will allow us to select the
patients who would very likely benefit from stem cell treatment, and also for further understanding
and treating ASD.

Ethics approval was granted by the National Ethics Committee in accordance to the principles
stated in The Declaration of Helsinki. Informed Consent was granted in writing by both parents of
all the children prior to enrolling and administering treatments.
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