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ABSTRACT
BACKGROUND: Interest in the issue of childhood autism has surged in the recent decades. At the same time, despite 
the significant progress achieved in understanding the etiological and pathogenetic aspects of the condition, effective 
ways to treat it have continued to elude us. Stem cell therapy appears to hold great promise in the treatment and 
rehabilitation of patients with both neurological diseases (cerebral palsy, hydrocephalus) and mental disorders (autism, 
schizophrenia).

METHODS: This article presents a case report describing the use of nucleated cord blood cells  in a patient with 
regressive autism and resistance to standard therapies. The child’s condition was assessed before treatment and 
6 and 12 months after.

RESULTS: Clinical observation, psychometric, and instrumental diagnostic methods led to a significant improvement 
in the child’s condition in the form of perception development, reduction of somatosensory disorders, normalization 
of emotional status, and a development of social and communication skills. 

CONCLUSION: We assume that the result obtained may be associated with the normalization of the immunological 
status of our patient thanks to the cord blood cells therapy and consider it necessary to conduct further studies into 
the effectiveness of the method, taking the pathogenic mechanisms of autism into account.

АННОТАЦИЯ
ВВЕДЕНИЕ: Последние десятилетия можно отметить усиление интереса к проблеме детского аутизма. При 
этом, несмотря на значительное продвижение в понимании этиологических и патогенетических аспектов, 
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до сих пор не удалось найти эффективные способы лечения аутизма. Терапия стволовыми клетками показала 
большие перспективы в лечении и реабилитации пациентов как с неврологическими заболеваниями (ДЦП, 
гидроцефалия), так и с психическими расстройствами (аутизм, шизофрения).

МЕТОДЫ: В этой статье приводится клинический случай, описывающий применение ядросодержащих клеток 
пуповинной крови у пациента с регрессивной формой аутизма и резистентностью к стандартным методам 
терапии. Состояние ребенка оценивалось до лечения и через 6 и 12 месяцев.

РЕЗУЛЬТАТЫ: Клиническое наблюдение, психометрические и инструментальные методы диагностики 
позволили выявить выраженную положительную динамику в состоянии ребенка в виде развития восприятия, 
снижения соматосенсорных нарушений, нормализации эмоционального статуса, развития социализации 
и коммуникативных способностей.

ЗАКЛЮЧЕНИЕ: Мы предполагаем, что полученный результат может быть связан с нормализацией  
иммунологического статуса нашего пациента на фоне терапии клетками пуповинной крови и считаем 
необходимым проведение дальнейших исследований эффективности методики с учетом патогенетических 
механизмов развития аутизма.
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INTRODUCTION
Autism is a congenital disorder of the central nervous 
system formation, with variable etiology and pathogenesis, 
that manifests itself in social and communication skill 
impairment and repetitive, stereotypical behavior [1]. 
In most cases, the causes of autism are closely tied to the 
genes that affect the maturation of synaptic connections 
in the brain, but the genetic mechanisms of this disease 
are quite complex [2–4]. Due to the diversity of causes 
and mechanisms, there is no single established drug 
therapy. Pharmacotherapy is confined to affecting individual 
manifestations (aggression, agitation, anxiety) and not 
the key disorders (communication, social skills, sensory 
impairment, intelligence, and speech) [5–6]. The effectiveness 
of the applied methods is quite low, and in most cases 
patients with autism are unable to work [7].

Due to the lack of effectiveness of standard therapy, the 
development of new treatments for autism is becoming 
a priority. One of the most important and promising areas 
in neurology and psychiatry is the use of cell technologies; 
namely, methods of treatment using stem cells [8, 9]. One 
of the most accessible sources of stem cells is cord blood. 
There have been studies of allogeneic nucleated cord blood 
cells (CBCs) used in cerebral palsy [10, 11], stroke [12], 
perinatal encephalopathy [13], Alzheimer’s disease [14], 

schizophrenia [15, 16]. Using nucleated CBCs in patients 
with autism is of even greater interest [17–19].

This article presents the results of therapy with nucleated 
CBCs in a patient with autism and intellectual disability. 
The use of CBCs was prompted by the ineffectiveness of 
standard therapies on this patient.

CASE REPORT 
An 8-year-old male patient came to a psychiatrist with his 
parents. His mother presented complaints about the child’s 
developmental delay, hyperactivity, episodes of excitement 
with aggression, motor stereotypies, as well as significant 
speech and communication disorders. The purpose of the 
visit was to select therapy and define the contours of the 
rehabilitation measures.

Medical history
The child had developed normally during the first two years. 
At the age of two years, after a severe ARVI with hyperthermia 
of up to 40 degrees, changes in his behavior appeared in the 
form of aggression and motor disinhibition; the child lost 
his previously acquired speech skills, stopped responding to 
treatment, and started manifesting stereotypical behavior. 

The parents turned to a psychiatrist for the first time 
when the child was three years old; he was diagnosed 
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with atypical autism with mental retardation (F 84.11) in 
accordance with the ICD-10 criteria. From the time of the 
diagnosis, the patient has regularly received antipsychotics 
and antidepressants to treat behavioral disorders, and 
by the time of the visit he was taking chlorprothixene at 
a dose of 45 mg/day. Drug therapy produced no significant 
improvement; significant behavioral disorders persisted, 
manifesting themselves in the form of aggressive and auto-
aggressive reactions, impulsivity, emotional instability, and 
severe cognitive and speech disorders. At the age of 8, the 
child underwent magnetic resonance imaging (MRI) of the 
brain and electroencephalography (EEG). MRI showed no 
significant changes; electroencephalography indicated the 
absence of epileptiform activity.

Prior to the start of therapy with CBCs, the child’s speech 
development corresponded to level 1 general speech 
underdevelopment with a pronounced sensory component 
and the level of intellectual development corresponded 
to moderate intellectual disability. 

At the time of the patient’s request for medical care, the 
Department of Pediatric Psychiatry at the V.M. Bekhterev 
National Medical Research Centre for Psychiatry and 
Neurology was conducting a research study titled “Use of 
nucleated cord blood cell concentrate in children with severe 
cognitive deficit with a decreased contact level or autistic 
manifestations” (the study protocol was approved by the 
LEC of the V.M. Bekhterev NMRC PN on June 22, 2017, and 
approved at the meeting of the Academic Council on June 
28, 2017; the study was conducted from September 2017 to 
June 2021). Given the low efficacy of standard therapy and 
the patient’s eligibility, his parents were offered participation 
in this study. After a positive decision, the parents signed 
a voluntary informed consent to participate in this study, 
as well as an informed consent to the publication of the 
case report. 

PRODUCT CHARACTERISTICS AND 
ADMINISTRATION PROCEDURE 
CBC samples were taken after cutting the umbilical cord, 
according to the generally accepted method as part of 
a gratuitous donation on the basis of a voluntary informed 
consent signed by pregnant women hospitalized at National 
Medical Research Center For Obstetrics, Gynecology And 
Perinatology Named After Academician V.I. Kulakov. Within 
a maximum of 4 hours after sampling, the samples were 
delivered to the laboratory, where the CBCs were isolated 
according to the preparation procedure used in oncological 

hematology as an alternative to donor bone marrow [20]. 
The CBC concentrate was poured into cryotubes and 
stored in liquid nitrogen at -196°C. Blood samples from the 
mother and cord blood samples were tested for sterility 
and blood-borne infections by an independent laboratory. 
The cord blood samples were tested and found negative for 
human immunodeficiency virus (HIV-1/2, antigen/antibody), 
hepatitis B (HBs Ag, anti-HBc-total) and C (anti-HCV-total), 
T-cellular leukemia (anti-HTLV-1/2), herpes simplex viruses 
type 1 and 2 (anti-HSV IgM), cytomegalovirus (anti-CMV 
IgM), pathogens of toxoplasmosis (anti-Toxo IgM), syphilis 
(Syphilis RPR), bacteria, and fungi. The samples were 
simultaneously characterized in terms of AB0/Rh and the 
content of CD34 cells [21, 22]. 

Before clinical use, the CBCs were thawed under aseptic 
conditions, washed from the cryoprotectant, assessed for 
viability using the trypan blue test, and placed in an infusion 
medium. The finished product is a sealed polymer container 
with 20 ml of a pale pink opalescent liquid containing 
a suspension of 250±50 million nucleated CBCs in a sterile 
saline solution, with the addition of rheopolyglucin and 
human serum albumin. The cells thawed and washed from 
the cryoprotectant were transported to the department 
in a thermal container at +1...+4°C (on ice). The time from 
the moment the concentrate was thawed to the start of 
administration to the patient did not exceed 2 hours. 
The patient was administered an intravenous injection of 
cord blood cell concentrate compatible in terms of blood 
type and Rh factor at a dose of 250±20 million cells per 
injection. There was a total of 4 injections with an interval of 
14 days. In accordance with the study protocol, the patient 
had his drug therapy completely discontinued before the 
start of CBC administration (at the time of admission, the 
child was receiving chlorprothixene at a dose of 45 mg/day).

METHODS FOR ASSESSING CHANGES IN THE 
PATIENT’S CONDITION
To assess cognitive functions, separate subtests of the 
Wechsler method were used before the start of therapy 
and after 6 and 12 months. To assess the changes in autistic 
manifestations, the Checklist for autism spectrum disorders 
(CASD) and Autism treatment evaluation checklist (ATEC) 
questionnaires were completed before the start of therapy 
and after 6 months. CASD records the presence or absence 
of 30 characteristic symptoms to differentiate autism 
from other developmental disorders. This method detects 
autism in children with 99.5% accuracy and is intended 
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for children aged 1 to 16 years [23]. ATEC is a method 
for evaluating the effectiveness of ongoing treatment 
in autism. The test questions are divided into 4 groups: 
speech and communication, socialization, sensory and 
cognitive abilities, and health and behavior [24].

Among the subtests of the Wechsler scale, the following 
ones were chosen: “Digit span”, “Picture completion”, 
“Kohs blocks”, and “Coding”. The “Digit span” subtest 
assessed working memory and active attention; the “Picture 
completion” subtest was used to assess perceptual abilities, 
observation, and concentration; the “Kohs blocks” subtest 
was used to assess analytical and synthetic abilities; while 
the “Coding” subtest helped assess attention characteristics 
and development of hand-eye coordination [25].

The instrumental method involves studying brainstem 
auditory-evoked potentials (BAEPs) of the brain before the 
start of treatment and after 6 months. The essence of this 
method is registration of the electrical responses of the 
brain to auditory stimuli. The method was used to detect 
abnormal connection between the ears and the brain and 
helped to assess the functional state of the structures of 
the pontomedullary and pontomesencephalic levels of 
the brain [26]. The child also underwent an EEG before 
the start of treatment and after 6 months.

The safety of intravenous CBC suspension was assessed 
on the basis of the Common Terminology Criteria for 
Adverse Events scale (CTCAE)1. In accordance with this 
scale, all adverse events are ranked as mild, moderate, 
severe, life-threatening, and resulting in death.

THERAPY RESULTS
CBCs at a dose of 250 ± 20 million cells were well tolerated. 
No adverse events were recorded during therapy. 

1  Common Terminology Criteria for Adverse Events, v.5.0 [Internet]. Available from: http://evs.nci.nih.gov/ftp1/CTCAE/About.html

Changes in the patient’s condition according to 
the psychometric and instrumental assessment
Before CBC administration, due to significant communication 
disorders and emotional-behavioral characteristics, it was 
not possible to conduct a complete standard examination 
using the Wechsler scale. Therefore, we selected separate 
subtests of the scale to assess the main cognitive functions. 
The “Digit span” subtest assessed working memory and 
active attention; the “Picture completion” subtest was 
used to assess perceptual abilities, observation, and 
concentration; the “Kohs blocks” subtest was used to 
assess analytical and synthetic abilities; and the “Coding” 
subtest helped assess attention characteristics and the 
development of hand-eye coordination. Test results are 
presented in Table 1. 

As can be seen from the presented table, there is a  
significant increase in the “Picture completion”, “Kohs 
blocks”, and “Coding” subtest scores. It should also be 
noted that 12 months after the first CBC administration, 
a full Wechsler test could be conducted with this patient. 
The verbal indicator of intelligence in formal numerical 
terms was 42 points, and the non-verbal was 79 points. 
Due to the large speard of the results it was not possible 
to obtain an overall Wechsler intelligence score. Testing 
became possible thanks to significant improvements in 
the contact, attention, and emotional-volitional control of 
the patient’s behavior.

Analysis of the CASD and ATEK scales also revealed 
a significant improvement (Tables 2 and 3). The total CASD 
score decreased from 16 (before the first injection) to 6 
(6 months after the first injection), the total ATEC score 
decreased from 80 (before the first injection) to 16 (6 months 
after the first injection). The ATEC score decreased from 

Table 1. Results of the separate subtests of the Wechsler scale before the start of therapy and after 6 and 12 months

Subtest name Before the start  
of therapy After 6 months After 12 months

Digit span  
(attention and memory)

1 (attention — 0,  
memory — 0 points)

2 (attention — 0,  
memory — 2 points)

1 (attention — 0,  
memory — 2 points)

Picture completion  
(perceptual ability, focus) 0 0 5

Kohs blocks  
(analysis-synthesis with a visual standard) 4 5 8

Coding  
(hand-eye coordination, speed of formation of new skills) 2 4 9

Note: 0 — did not understand the instruction; normal range is above 5.
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27 to 3 in the “Socialization section, from 23 to 7 in the 
“Health/growth development/behavior” section, from 18 to 
5 in the “Speech/language/communication skills” section, 
and from 12 to 1 in the “Sensory skills/cognition” section. 
The greatest improvement of the CASD score was in the 
“Obsessive actions (perseveration)” section (a decrease 
from 4 [out of 5] to 0) and in the “Mood disorders” section 
(a decrease from 2 [out of 4] to 0).

EEG analysis involved assessing the general functional  
state of the brain, the level of maturity of the bioelectrical 
activity, the severity of EEG changes, and clarifying the 
location of pathological changes; it showed a significant 

improvement of parameters 6 months after CBC 
administration (Figures 1, 2). BAEP analysis showed an 
improvement of auditory signal conduction in the “auditory 
olivary complex” area on the left 6 months after CBC 
administration (interval I-III: 2.57 ms before the start of 
therapy and 2.35 ms after 6 months).

EEG performed 6 months after the start of therapy 
showed an increase in the number of groups of α-waves, 
a decrease in the amplitude of the baseline EEG, a decrease 
in the number of polyphasic potentials in the occipital 
leads of both hemispheres, and a decrease in slow-wave 
spectrum waves (θ-waves, single σ-waves). There was also 

Table 2. CASD score before and 6 months after the start of therapy

CASD sections Before the start of therapy After 6 months

«Social interaction issues» 1 1

«Perseverations» 4 0

«Somatosensory disorders» 2 1

«Deviations in communication and development» 5 4

«Mood disorders» 2 0

«Attention and danger awareness issues» 2 0

Total score 16 6

Table 3. ATEK score before and 6 months after the start of therapy

ATEK sections Before the start of therapy After 6 months

Speech/Language/Communication Skills 18 5

Socialization 27 3

Sensory skills/Cognition 12 1

Health/Growth development/Behavior 23 7

Total score 80 16

Figure 1. EEG before the start of therapy. Figure 2. EEG 6 months after the start of therapy.
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a significant decrease in amplitude characteristics and 
zoning in the form of a pronounced increase in amplitude 
from the frontal cortex to the occipital cortex, which was 
not observed before the start of therapy. Comparison 
of the quantitative EEG data with eyes closed shows the 
following: an increase in the power of α-waves in the parietal 
and occipital leads of both hemispheres and a decrease 
in the power of θ-waves in the occipital-parietal leads of 
both hemispheres. Analysis of the reorganization of the 
leading electroencephalographic pattern over time indicates 
a decrease in the severity of functional immaturity of the 
brain structures in the patient after treatment.

Changes in the patient’s condition revealed by 
clinical evaluation
A few months after the start of the therapy, the child’s 
vocabulary had expanded significantly, a simple phrase had 
appeared, and speech had begun to be communicative. But 
the most noticeable result was observed in the emotional 
dimension and behavior: the child became much calmer, 
aggression and affective outbursts disappeared, which 
made it possible to completely discontinue neuroleptics. 

The dramatic development of cognitive functions was 
reflected in the child’s drawings (Figures 3, 4). Before 
therapy, the patient’s drawings had been monotonous and 
non-objective. Thanks to the development of attention, 
perception, and fine motor skills, the child began to develop 
reading and writing skills.

DISCUSSION
There has been a significant increase in research into the 
use of stem cells for the treatment of neurological and 
psychiatric disorders in recent decades. Among these, 
there are many case reports in which cell therapy produced 
a real breakthrough [27–31].

In our opinion, the same can be said about our case. 
Despite a large number of publications, there has not 
been a single successful case report of CBC therapy for 
regressive forms of autism, although there is a sufficient 
amount of data on the effect of neuroinflammation on 
the development of regressive autism, as well as on the 
immunomodulatory function of stem cells. Patients with 
regressive autism are characterized by immune disorders, 
increased production of pro-inflammatory cytokines,  

Figure 3. Patient’s drawings before the start of 
treatment.

Figure 4. Patient’s drawings after 6–9 months.
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impaired blood-brain barrier, and subacute inflammation 
in the brain tissue [32]. Pro-inflammatory cytokines, by 
penetrating the blood-brain barrier, affect microglia and 
astroglia, which leads to impaired pruning and synaptic 
transmission [33]. From the microanatomical perspective, 
patients with autism have a shorter length of dendrites 
(especially in the frontal, temporal, and motor cortex),  
an increased number of cortical columns with a decrease 
in their volume, and blurred gray-white matter transition 
[34, 35]. The pro-inflammatory immune status of such 
patients causes a tendency toward an inadequate response 
of the immune system to triggers (infections, immunization) 
and the production of autoantibodies to the body’s own 
tissues, which often leads to a regression of previously 
acquired skills and an increase in autistic symptoms [36, 37]. 
This is also confirmed by studies on the successful use  
of anti-inflammatory therapy for the treatment of regressive 
autism [38, 39]. Numerous studies have shown that stem 
cells (SCs) have an immunomodulatory effect, suppressing 
the activity of innate immunity factors (dendritic cells, natural 
killer cells, complement) and the functions of cytotoxic 
T-lymphocytes and T-helper cells. In addition, SCs translate 
their functions to other cells, in particular, regulatory 
T-lymphocytes, which determines the effectiveness of 
cell therapy even after lysis of the injected stem cells 
[40–42]. The regression and the development of the 
disease two years after an infection suggest that our 
patient has a regressive form of autism, which is mostly 
characterized by immune disorders [32]. This assumption 
explains the significant improvement in the drug-resistant 
patient following CBC therapy. However, it should be 
noted that the described case is currently the only 
one and that confirmation of the hypothesis requires 
extended clinical studies on a large sample of patients with 
regressive forms of autism, as well as immunobiochemical 
studies confirming the abnormal immune status of their  
patients.

CONCLUSION
The use of CBCs is associated with good tolerability and the 
absence of significant adverse events. The use of nucleated 
CBCs in a patient with regressive autism led to a significant 
improvement in cognition and a decrease in the severity of 
their autistic symptoms. There was an improvement in the 
child’s condition in the form of perception development, 
reduction of somatosensory disorders, normalization of 
emotional status, and development of socialization and 

communication skills. The complete discontinuation of 
neuroleptics is also an important positive result of the 
treatment. This case provides evidence that the use of 
CBCs in some forms of autism in children can lead to 
a significant improvement in their condition. 

Article history
Submitted: 17.05.2023
Accepted: 07.09.2023
Published Online: 20.09.2023

Authors’ contribution: All authors contributed significantly 
to the study and article preparation, read and approved 
the final version before publication.

Funding: The research was carried out without additional  
funding.

Conflict of interest: The authors declare no conflicts of  
interest.

For citation: 
Morozova YaV, Smirnov VN, Makarov IV, Emelina DA. The use 
of umbilical cord blood nucleated cells in the treatment of 
regressive autism: a case report. Consortium Psychiatricum. 
2023;4(4):CP9300. doi: 10.17816/CP9300

Information about the authors
* Yana Vyacheslavovna Morozova, Cand. Sci (Med.), Senior Researcher, 
Laboratory of Human Stem Cells, National Medical Research Center of 
Cardiology; ORCID: https://orcid.org/0000-0002-9575-0749
E-mail: yanamorozova0@gmail.com
 Vladimir Nikolaevich Smirnov , Dr. Sci (Biolog.), Academician of RAS; 
Leading Researcher, Laboratory of Human Stem Cells, National Medical 
Research Center of Cardiology; ORCID: https://orcid.org/0000-0001-5042-6534
Igor Vladimirovich Makarov, Dr. Sci (Med.), Professor, Head of the 
Department of Child Psychiatry, V.M. Bekhterev National Medical Research 
Centre for Psychiatry and Neurology; Professor of the Department of 
Psychiatry and Narcology, North-Western State Medical University named 
after I.I. Mechnikov, ORCID: https://orcid.org/0000-0003-0176-3846
Darya Andreevna Emelina, Cand. Sci (Med.), Researcher, Department 
of Child Psychiatry, V.M. Bekhterev National Medical Research Centre for 
Psychiatry and Neurology, ORCID: https://orcid.org/0000-0002-8189-1479

* corresponding author

References
1. Iles A. Autism Spectrum Disorders. Prim Care. 2021 Sep;48(3):461-73. 

doi: 10.1016/j.pop.2021.04.003.
2. Yin J, Schaaf CP. Autism genetics — an overview. PrenatDiagn. 

2017;37(1):14-30. doi: 10.1002/pd.4942.
3. Bhandari R, Paliwal JK, Kuhad A. Neuropsychopathology  

of autism spectrum disorder: complex interplay of genetic, 



46 Consortium Psychiatricum   |   2023   |   Volume 4   |   Issue 4   

epigenetic, and environmental factors. Adv Neurobiol. 
2020;24:97–141. doi: 10.1007/978-3-030-30402-7_4. 

4. Thapar A, Rutter M. Genetic advances in autism. J Autism Dev 
Disord. 2021;51(12):4321–32. doi: 10.1007/s10803-020-04685-z. 

5. Goel R, Hong JS, Findling RL, Ji NY. An update on pharmacotherapy 
of autism spectrum disorder in children and adolescents. Int Rev 
Psychiatry. 2018;30(1):78–95. doi: 10.1080/09540261.2018.1458706. 

6. Persico AM, Ricciardello A, Cucinotta F. The psychopharmacology 
of autism spectrum disorder and Rett syndrome. Handbook 
of clinical neurology. 2019;165:391–414.  
doi: 10.1016/B978-0-444-64012-3.00024-1.

7. Shmakova OP. Structural and dynamic features of early 
disability due to mental diseases. Pulse. 2020;22(10):62–7 (2020). 
doi: 10.26787/nydha-2686-6838-2020-22-10-62-67. Russian.

8. Donegan JJ, Lodge DJ. Stem cells for improving the treatment of 
neurodevelopmental disorders. Stem Cells Dev.  
2020;29(17):1118–30. doi: 10.1089/scd.2019.0265. 

9. Larijani B, ParhizkarRoudsari P, Hadavandkhani M, 
Alavi-Moghadam S, Rezaei-Tavirani M, Goodarzi P, Sayahpour FA, 
Mohamadi-Jahani F, Arjmand B. Stem cell-based models and 
therapies: a key approach into schizophrenia treatment. Cell 
Tissue Bank. 2021;22(2):207–23. doi: 10.1007/s10561-020-09888-3. 

10. Sun JM, Song AW, Case LE, Mikati MA, Gustafson KE, Simmons R, 
Goldstein R, Petry J, McLaughlin C, Waters-Pick B, Chen LW, 
Wease S, Blackwell B, Worley G, Troy J, Kurtzberg J. Effect of 
autologous cord blood infusion on motor function and brain 
connectivity in young children with cerebral palsy: a randomized, 
placebo-controlled trial. Stem Cells Trans Med. 2017;6(12):2071–8. 
doi: 10.1002/sctm.17-0102. 

11. Romanov YA, Tarakanov OP, Radaev SM, Dugina TN, Ryaskina SS, 
Darevskaya AN, Morozova YV, Khachatryan WA, Lebedev KE, 
Zotova NS, Burkova AS, Sukhikh GT, Smirnov VN. Human 
allogeneic AB0/Rh-identical umbilical cord blood cells in the 
treatment of juvenile patients with cerebral palsy. Cytotherapy. 
2015;17(7):969–78. doi: 10.1016/j.jcyt.2015.02.010. 

12. Surugiu R, Olaru A, Hermann DM, Glavan D, Catalin B,  
Popa-Wagner A. Recent advances in mono- and combined 
stem cell therapies of stroke in animal models and humans. 
Int J Mol Sci. 2019;20(23):6029. doi: 10.3390/ijms20236029.

13. Peng X, Song J, Li B, Zhu C, Wang X. Umbilical cord blood stem cell 
therapy in premature brain injury: Opportunities and challenges. 
J Neurosci Res. 2020;98(5):815-825. doi: 10.1002/jnr.24548. 

14. Wang SM, Lee CU, Lim HK. Stem cell therapies for Alzheimer’s 
disease: is it time? Curr Opin Psychiatry. 2019;32(2):105–16. 
doi: 10.1097/YCO.0000000000000478. 

15. Ternovoy S, Ustyuzhanin D, Morozova Y, Shariya M,  
Roldan-Valadez E, Smirnov V. Functional MRI evince the safety 
and efficacy of umbilical cord blood cells therapy in patients 
with schizophrenia. Schizophr Res. 2020;224:175–7.  
doi: 10.1016/j.schres.2020.09.028. 

16. Morozova YV, Radaev SM, Voronova EI, Emelina DA. 
Umbilical cord blood cells in the treatment of patients with 
schizophrenia in remission. Genes & Cells. 2021;16(1):75–81. 
doi: 10.23868/202104012. Russian.

17. Lv YT, Zhang Y, Liu M, Qiuwaxi JN, Ashwood P, Cho SC, Huan Y, 
Ge RC, Chen XW, Wang ZJ, Kim BJ, Hu X. Transplantation of 
human cord blood mononuclear cells and umbilical cord-derived 
mesenchymal stem cells in autism. J Transl Med. 2013;11:196. 
doi: 10.1186/1479-5876-11-196. 

18. Murias M, Major S, Compton S, Buttinger J, Sun JM, Kurtzberg J, 
Dawson G. Electrophysiological biomarkers predict clinical 

improvement in an ppen-label trial assessing efficacy of 
autologous umbilical cord blood for treatment of autism. Stem 
Cells Transl Med. 2018;7(11):783-791. doi: 10.1002/sctm.18-0090. 

19. Chez M, Lepage C, Parise C, Dang-Chu A, Hankins A,  
Carroll M. Safety and observations from a placebo-controlled, 
crossover study to assess use of autologous umbilical  
cord blood stem cells to improve symptoms in children  
with autism. Stem Cells Transl Med. 2018;7(4):333-341. 
doi: 10.1002/sctm.17-0042. 

20. Rubinstein P, Dobrila L, Rosenfield RE, Adamson JW,  
Migliaccio G, Migliaccio AR, Taylor PE, Stevens CE.  
Processing and cryopreservation of placental/umbilical  
cord blood for unrelated bone marrow reconstitution.  
Proc Natl Acad Sci USA. 1995 Oct 24;92(22):10119-22.  
doi: 10.1073/pnas.92.22.10119. 

21. Sutherland DR, Anderson L, Keeney M, Nayar R, Chin-Yee I. 
The ISHAGE guidelines for CD34+ cell determination by flow 
cytometry. International Society of Hematotherapy and  
Graft Engineering. J Hematother. 1996 Jun;5(3):213-26.  
doi: 10.1089/scd.1.1996.5.213.

22. Pranke P, Hendrikx J, Alespeiti G, Nardi N, Rubinstein P, Visser J. 
Comparative quantification of umbilical cord blood CD34+  
and CD34+ bright cells using the ProCount-BD and ISHAGE 
protocols. Braz J Med Biol Res. 2006;39(7):901–6.  
doi: 10.1590/s0100-879x2006000700008.

23. Mayes SD. Brief report: checklist for autism spectrum disorder: 
most discriminating items for diagnosing autism. J Autism Dev 
Disord. 2018;48(3):935–9. doi: 10.1007/s10803-017-3401-0.

24. Mahapatra S, Vyshedsky D, Martinez S, Kannel B, Braverman J, 
Edelson SM, Vyshedskiy A. Autism Treatment Evaluation Checklist 
(ATEC) norms: a “Growth Chart” for ATEC score changes as 
a function of age. Children (Basel). 2018;5(2):25.  
doi: 10.3390/children5020025.

25. Panasyuk AY. [Adapted version of D. Wexler’s method (WISC)]. 
Moscow: Institute of Hygiene for Children and Adolescents of the 
Ministry of Health of the USSR; 1973. p. 80. Russian.

26. Eggermont JJ. Auditory brainstem response. Handb Clin Neurol. 
2019;160:451–64. doi: 10.1016/B978-0-444-64032-1.00030-8.

27. Maric DM, Papic V, Radomir M, Stanojevic I, Sokolovac I, 
Milosavljevic K, Maric DL, Abazovic D. Autism treatment  
with stem cells: a case report. Eur Rev Med Pharmacol Sci. 
2020;24(15):8075–80. doi: 10.26355/eurrev_202008_22491. 

28. Shroff G. Human embryonic stem cells in the treatment  
of autism: a case series. InnovClinNeurosci. 2017;14(3-4):12–6. 

29. Kobinia GS, Zaknun JJ, Pabinger C, Laky B. Case report:  
autologous bone marrow derived intrathecal stem cell  
transplant for autistic children - a report of four cases 
and literature review. Front Pediatr. 2021;9:620188.  
doi: 10.3389/fped.2021.620188. 

30. Okur SÇ, Erdoğan S, Demir CS, Günel G, Karaöz E. The effect of 
umbilical cord-derived mesenchymal stem cell transplantation 
in a patient with cerebral palsy: a case report. Int J Stem Cells. 
2018;11(1):141–7. doi: 10.15283/ijsc17077. 

31. Zhang C, Huang L, Gu J, Zhou X. Therapy for cerebral palsy 
by human umbilical cord blood mesenchymal stem cells 
transplantation combined with basic rehabilitation treatment: 
a case report. Glob Pediatr Health. 2015;2:2333794X15574091. 
doi: 10.1177/2333794X15574091. 

32. Prosperi M, Guiducci L, Peroni DG, Narducci C, Gaggini M, 
Calderoni S, Tancredi R, Morales MA, Gastaldelli A, Muratori F, 
Santocchi E. Inflammatory biomarkers are correlated with 



47Consortium Psychiatricum   |   2023   |   Volume 4   |   Issue 4   

some forms of regressive autism spectrum disorder. Brain Sci. 
2019;9(12):366. doi: 10.3390/brainsci9120366.

33. Liberman AC, Trias E, da Silva Chagas L, Trindade P,  
Dos Santos Pereira M, Refojo D, Hedin-Pereira C,  
Serfaty CA. Neuroimmune and inflammatory signals 
in complex disorders of the central nervous system. 
Neuroimmunomodulation. 2018;25(5-6):246–70.  
doi: 10.1159/000494761. 

34. Prem S, Millonig JH, DiCicco-Bloom E. Dysregulation of 
neurite outgrowth and cell migration in autism and other 
neurodevelopmental disorders. AdvNeurobiol. 2020;25:109–53. 
doi: 10.1007/978-3-030-45493-7_5. 

35. Donovan AP, Basson MA. The neuroanatomy of autism — 
a developmental perspective. J Anat. 2017;230(1):4–15.  
doi: 10.1111/joa.12542. 

36. Tamouza R, Fernell E, Eriksson MA, Anderlid BM, Manier C, 
Mariaselvam CM, Boukouaci W, Leboyer M, Gillberg C. 
HLA Polymorphism in regressive and non-regressive autism: 
a preliminary study. Autism Res. 2020;13(2):182-186.  
doi: 10.1002/aur.2217. 

37. Enstrom A, Onore C, Tarver A, Hertz-Picciotto I, Hansen R, 
Croen L, Van de Water J, Ashwood P. Peripheral blood leukocyte 

production of BDNF following mitogen stimulation in early onset 
and regressive autism. Am J BiochemBiotechnol. 2008;4(2):121–29. 
doi: 10.3844/ajbbsp.2008.121.129. 

38. Malek M, Ashraf-Ganjouei A, Moradi K, Bagheri S, 
Mohammadi MR, Akhondzadeh S. Prednisolone as adjunctive 
treatment to risperidone in children with regressive type of 
autism spectrum disorder: a randomized, placebo-controlled  
trial. ClinNeuropharmacol. 2020;43(2):39–45.  
doi: 10.1097/WNF.0000000000000382. 

39. Golla S, Sweeney JA. Corticosteroid therapy in regressive autism: 
preliminary findings from a retrospective study. BMC Med. 
2014;12:79. doi: 10.1186/1741-7015-12-79. 

40. Jiang W, Xu J. Immune modulation by mesenchymal stem cells. 
Cell Prolif. 2020;53(1):e12712. doi: 10.1111/cpr.12712. 

41. Luque-Campos N, Contreras-López RA, Jose Paredes-Martínez M, 
Torres MJ, Bahraoui S, Wei M, Espinoza F, Djouad F, Elizondo-Vega RJ, 
Luz-Crawford P. Mesenchymal stem cells improve rheumatoid 
arthritis progression by controlling memory T cell response. Front 
Immunol. 2019;10:798. doi: 10.3389/fimmu.2019.00798. 

42. Damien P, Allan DS. Regenerative therapy and immune modulation 
using umbilical cord blood-derived cells. Biol Blood Marrow 
Transplant. 2015;21(9):1545–54. doi: 10.1016/j.bbmt.2015.05.022. 


	_Hlk153211196
	_Hlk150594475
	_Hlk150594514
	_Hlk150594612
	_Hlk150594647
	_Hlk150594730
	_Hlk150594800
	_Hlk150594867
	_Hlk150594836
	_Hlk150594942
	_Hlk150594977
	_Hlk150595061
	_Hlk150595122
	_Hlk150595355
	_Hlk150595391
	_Hlk150595631
	_Hlk150595568
	_Hlk150595676
	_Hlk150595739
	_Hlk150596223
	_Hlk150596335
	_Hlk150596373
	_GoBack
	_Hlk151399101



