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Abstract:

Life experiences and environmental conditions are strong determinants of
brain health in humans. Long-term exposure to adverse conditions, such
as traumatic experiences or nutritional insults can not only lead to brain
diseases in the exposed individuals but such disease susceptibilities may
also be transmitted to their offspring. Two important molecular pathways
connect environmental exposures to brain disorders; 1) epigenetic factors,
such as non-coding RNAs (ncRNAs), and 2) metabolic factors. Notably, our
previous research showed a causal role for ncRNAs in intergenerational
transmission of neuropsychiatric disease risk after early life trauma and a
potential role for metabolic pathways in mediating this transmission.
Similarly, we previously discovered a surprising 'protective' effect of
metabolic perturbations in several neurodegenerative disorders. Jawaid
lab now aims to further disset the liaison between ncRNAs and lipid
molecules in neuropsychiatric sequelae of early life trauma; and
investigate how glucose and lipid metabolism can be manipulated to
counter neurodegeneration and/or its neuropsychiatric manifestations.
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Abstract:

Neuropathic pain is a serious consequence of many neurological disorders, such
as spinal cord injury, neuropathy, multiple sclerosis and stroke.
It develops as a result of lesion or disease affecting the somatosensory nervous
system.
Chronic neuropathic pain is considered a disease not a symptom. Clinically it is
characterized by spontaneous ongoing or shooting pain and evoked amplified
pain response following noxious or non-noxious stimuli.
Pathophysiological mechanisms are complex and remain a challenge for proper
management, although recent research identified different pathophysiological
pathways which reflected in improvement of new treatment strategies.
A better understanding of neuropathic pain and its underlying mechanisms will
lead to more effective and mechanism-based approach.
Treatment goals include reducing baseline pain and pain exacerbations, ensure a
balance between efficacy and safety, and follow individual tailored mechanismbased treatment approach including psychosocial intervention and improvement
in quality of life.
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Abstract:
Olfactory ensheathing cells (OECs) are glial cells of the olfactory bulb and mucosa first
identified by Golgi (1875) and Blanes (1898). However, their ability to repair injured
neural structures in animal models was described a century later. Since the first studies
in the nineties, these unique cells have been the aim of hundreds scientific and clinical
studies. The primary objective was to use OEC transplants to promote axonal
regeneration within the injured CNS. The second, to test whether these cells were
capable of promoting improvement of sensory and motor functions. Spinal cord injury
was the first model to benefit from OEC grafting with striking histological and functional
positive results. Then, this repair ability was extended to other neural lesions: optic
nerve, brain ischemia, peripheral nerve, demyelinating, among others. Concomitantly,
OECs from different species were studied at the molecular level to better understand
their biochemical, proteomic and genetic profile. Once pre-clinical studies corroborated
the robustness of the findings and safety in different species, OECs commenced to be
used in humans. Bulb OECs were first transplanted into humans in China (Huang,
2002); autologous cells were first used three years later in Australia (2005) by MacKaySim’s group demonstrating the feasibility and safety of adult OECs. Since these pioneer
trials thousands of patients mainly with spinal injury were grafted with OEC grafted
with positive results. In a striking study in Poland, Tabakow and Raisman (2014)
showed the effectiveness of autologous bulbar OEC transplantation after complete
spinal injury. Therefore, scientific and clinical evidence of the past 25 years, robustly
support the candidacy of olfactory ensheathing glia as a tool for neural repair.
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Abstract:
Neurodegenerative diseases constitute a group of incurable disorders characterized by
a gradual loss of neural cells or their function. Therefore, any form of trophic support
provision for the degenerating neurons may bring beneficial effects or at least slow
the progression of the disease. In multidirectional research conducted by our team
over the previous years we have focused on different approaches towards
neurotrophins delivery in patients with amyotrophic lateral sclerosis and degenerative
diseases of the retina. Our studies have shown that the utilization of autologous lineage
negative hematopoietic cells derived from bone marrow which are characterized by
increased expression of neurotrophic factors is a safe and feasible route of trophic
support delivery. Moreover, this therapy approach in ALS patients may exert beneficial
effects on articulatory functions and regulate selected pathways related to immune
response which is also one of the proposed factors involved in ALS pathogenesis. In
retinitis pigmentosa cells injection is correlated with improved bioelectrical function of
the retina and contributes to better visual acuity. Our search for potent routs of trophic
support provision has also led us towards the use of novel biocompatible nanoparticles
which can act as protein delivery systems. In vivo studies in mice have shown that
PAMAM cores coated in neurotrophins when administered intravitreally improve the
function of the retina. Their further modifications including the encapsulation in PEG
polymer molecules stabilizes their structure and prolongs the protein release period
what could increase their future therapeutic potential. Better understanding of their
interactions with living cells which depend on their physicochemical properties is
needed to fully and consciously harness them as neurotrophic support providers in
human research. In the future the conjoined efforts utilizing both – cellular and
nanoparticle based therapy approaches could contribute to development of sustained
neurotrophins delivery systems in neurodegenerative diseases.
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Abstract:
Objective: This study discusses the therapeutic effect of high-dose urokinase treatment
for hypertension ventricular hemorrhage. Methods: A total of 60 patients with
hypertension ventricular hemorrhage were randomly assigned to two groups:
treatment group (n=30) and control group (n=30). Both groups received bilateral
external ventricular drain. The treatment group was injected with 50,000 IU urokinase
to the lateral ventricle every day; the total injection volume per day was 100,000 IU.
The control group was injected with 20,000 IU urokinase to the lateral ventricle every
day with a total injection volume per day of 40,000 IU. Lumbar puncture was
performed in both groups after the later ventricular drain was removed to release
cerebrospinal fluid (CSF). Head Computed tomography(CT) examination was
performed regularly to observe changes in the ventricular hematoma as well as the
occurrence of complications such as intracranial infection and hydrocephalus. Patient
prognosis six weeks after surgery was compared between the two groups. Results: In
the treatment group, the intraventricular hemorrhage clearance time and the number
of instances of urokinase treatment were significantly less than those of the control
group (P<0.05). The total urokinase dosage of the treatment group was significantly
higher than that of the control group (P<0.05). With respect to post-surgery
complications, in the treatment group, there were three cases of hydrocephalus and
one case of intracranial infection. In the control group, there were four cases of
hydrocephalus and three cases of intracranial infection. Intraventricular re-hemorrhage
was not observed in either group. Intracranial infection was relieved after strengthened
anti-infective therapy and continuous drainage. There was a statistically significant
difference in the occurrence of complications between the treatment group and the
control group (P<0.05). The rate of good prognosis in the treatment group was higher
than that of the control group (P<0.05), and the inefficiency rate was lower (P<0.05).
Conclusions: High-dose urokinase treatment produces a significant therapeutic effect
in hypertension ventricular hemorrhage. This treatment can quickly eliminate
intraventricular hemorrhage, shorten the ventricular drain tube indwelling time,
decrease the occurrence of intracranial infection, and increase the likelihood of a good
prognosis.
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Abstract

Angiogenesis exists in peripheral hematoma tissue after intracerebral
hemorrhage (ICH) and acts as an important role in nerve repair. MicroRNA-451 (miR451) is a kind of microRNA that plays an important role in the proliferation and
migration in cells, such as carcinoma cells and vascular endothelial cells. Research has
shown that miR-451 could act on macrophage migration inhibitory factor (MIF), a
proinflammatory factor playing an important role in regulating vascular function.
Currently, there are few studies on the role of miR-451 in ICH. This study aims to
evaluate the role of miR-451 on angiogenesis after ICH and explore the involved
mechanisms. Male, adult wild-type (WT)/miR-451 knock-out (miR-451 KO) mice were
subjected to intrastriatal injection of collagenase to induce ICH. Levels of miR-451 in
the peripheral hematoma tissues after ICH were detected by quantitative real-time
PCR (qPCR). After miR-451 overexpression, KO or application of MIF inhibitor,
angiogenesis in the peripheral hematoma tissues after ICH was detected by immunofluorescence staining and FITC perfusion and neurological deficits were assessed by
modified neurological score, forelimb placement test, and corner test. In vitro, ICH
condition of human brain microvascular endothelial cells (hBMECs) were stimulated by
hemin. The proliferation, migration, angiogenesis of HBMECs was respectively detected
by CCK-8 assay, wound healing assay, transwell migration assay and matrigel tube
formation assay. In addition, dual-luciferase reporter assay, qPCR and Western blots
were conducted to explore the molecule mechanisms. We detected decreased miR451 levels in perihematomal tissues after ICH. MiR-451 overexpression inhibited
angiogenesis and aggravated neurological deficits in mice, while miR-451 KO promoted
angiogenesis and alleviated neurological deficits. In vitro, decreased miR-451 levels
were also detected in HBMECs exposed to hemin. MiR-451 overexpression significantly
decreased proliferation, migration, angiogenesis of HBMECs, while miR-451 KO
significantly increased its proliferation, migration, angiogenesis. Furthermore, dualluciferase reporter assay showed that miR-451 directly targeted the 3'-UTR region of
MIF mRNA and negatively regulated its expression. After miR-451 overexpression or
KO in ICH mice, we detected opposite changes between miR-451 and MIF protein
levels in perihematomal tissues. In addition, hosphorylation levels of ERK1/2 and Akt
were significantly increased after ICH and got a further incease after miR-451 KO,
while the increase could be offset by MIF inhibitor. Collectively, level of miR-451 was
decreased after ICH. Decreased miR-451 promoted angiogenesis and neurological
recovery after ICH by negatively regulating MIF through ERK1/2 and Akt pathways.
MiR-451/MIF axis may be a potential target for ICH treatment.
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Abstract
By sharing four clinical difficult cases (new crown infection combined with loss of smell,
loss of taste, Hemi-blindness after cerebral hemorrhage, Parkinson's disease), this film
attempts to show that the clinical treatment under the guidance of the“ Five
movements and six Qi ”law of traditional Chinese medicine is expected to break
through the cognitive blind area of modern medicine and open up a new field of nerve
repair. According to the expression of individual physical characteristics of patients in
different time and space, we can achieve magical effect by adjusting the relationship
between man and nature. This will also help us to have a deep understanding of the
connotation of "Qi" in traditional Chinese medicine, and hope to get more beneficial
inspiration in the collision with modern science such as system biology, clinical big data
research, informatics, energy medicine, space-time medicine and so on.
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Abstract:
Objective: To investigate the effect of transplantation of olfactory ensheathing cells
(OECs) combined with hydrogen inhalation on the recovery of motor function in rats
with spinal cord injury (SCI). Methods: Forty-eight healthy SD male rats aged 16 weeks
and weighing 200±20g were randomly divided into groups Group 4: 12 in the OECs
transplantation group, 12 in the hydrogen inhalation group, 12 in the OECs
transplantation + hydrogen inhalation group, 12 in the blank control group, the rat T10
spinal cord injury model was established, and the BBB score was used to observe the
limb movement of the rat after the spinal cord injury After functional recovery, three
weeks later, the injured local spinal cord tissue was taken, and Nissl Staining was used
to observe the shape and number of Nissl body. Results: One week later, there was no
significant change in the BBB scores of the four groups (P>0.05); two weeks later, the
BBB scores of the OECs transplantation group, hydrogen inhalation group, OECs
transplantation + hydrogen inhalation group were the same as those of the previous
week and blank Compared with the control group, there was an increase (P＜0.05), and
there was no difference between the three groups (P＞0.05);Three weeks later, the BBB
score of the OECs transplantation + hydrogen inhalation group was improved compared
with that of the other three groups a week ago (P<0.05), and the morphology of Nissl
body was more complete than the other three groups, and the number was significantly
higher than that of the other three groups. Three groups. Conclusion: OECs
transplantation combined with hydrogen inhalation in spinal cord injury rats can
promote the differentiation and proliferation of neurons, thereby promoting the recovery
of rats' motor function.
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Abstract
Objective: To investigate the effect and molecular mechanisms of EFGR+ neural stem
cells-derived exosomes (EGFR+ NSC-Exos) on spinal cord injury (SCI) in mice.
Methods：EGFG+ NSCs subtype were isolated by flow cytometry. Exosomes were
extracted and purified by ultracentrifugation and characterized by electron microscopy,
particle size analysis and western blot. We further used high-throughput sequencing
to detect microRNAs profiles of NSC-Exos and EGFR+ NSC-Exos and validated
significantly expressed microRNA by qRT-PCR and FISH. BMS scores, electrophysiology,
immunofluorescence and HE staining were applied to evaluate the efficacy of
exosomes in the treatment of spinal cord injury. Dual luciferase report was applied to
explore downstream target of microRNA. Western blot and immunofluorescence
staining were used to detect related signalling pathway proteins.
Results: EGFR+NSCs showed stronger ability of neural differentiation than primarycultured neural stem cell. Functional assessment suggested that EGFR+ NSC-Exos had
a superior therapeutic effect than primary NSC-Exos. Meanwhile, EGFR+ NSC-Exos
could significantly promote autophagy and facilitate axon growth in vivo and in vitro.
The result of high-throughput sequencing showed that microRNA-210-5p was
significantly expressed in EGFR+ NSC-Exos. In neurons, microRNA-210-5p could bind
to HDAC6 and negatively regulate its expression. Downregulation of HDAC6 further
activated PI3K-AKT-mTOR signal pathway, promoted autophagy and improved
microtubule stability of neurons. Use of antagomir-210-5p (inhibitor of microRNA210-5p), HDAC6 plasmid (overexpression of HDAC6) or PKI-402 (inhibitor of PI3K and
mTOR) abolished the therapeutic effect of EGFR+ NSC-Exos.
Conclusion: EGFR+NSC-Exos could transport microRNA-210-5p to neurons and
downregulate expression of HDAC6. Down-regulation of HDAC6 activated PI3K-AKTmTOR signal pathway, enhanced autophagy and microtubule stability of neurons after
SCI. Our study provides a potential strategy of treatment of SCI.
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Abstract Spinal cord injury (SCI), for which there currently is no cure, is a heavy
burden on patient physiology and psychology. The microenvironment of the injured
spinal cord is complicated. According to our previous work and the advancements in
SCI research, microenvironment imbalance is the main cause of the poor regeneration
and recovery of SCI. Microenvironment imbalance is defined as an increase in inhibitory
factors and decrease in promoting factors for tissues, cells and molecules at different times and
spaces. There are imbalance of hemorrhage and ischemia, glial scar formation, demyelination
and re-myelination at the tissue’s level. The cellular level imbalance involves an imbalance in
the differentiation of endogenous stem cells and the transformation phenotypes of microglia
and macrophages. The molecular level includes an imbalance of neurotrophic factors and their
pro-peptides, cytokines, chemokines and ion. For the ion imbalance after SCI, iron plays an
important role. The acute phase of traumatic SCI involves immediate hemorrhage and reactive
oxygen species accumulation. Moreover, our previous work found that iron is overloaded at the
injury site due to hemorrhage. Ferroptosis, a newly identified iron-dependent cell death
pathway, shares similar features with these pathogenic changes of SCI. Ferroptosis was
identified after spinal cord injury with the featured mitochondrial changes, shrunken
mitochondria, occasionally with broken outer membranes in SCI tissues. Ferroptosis pathway
associated key proteins glutathione peroxidase 4 (GPX4), glutathione (GSH), Acyl-CoA
Synthetase Long Chain Family Member 4 (ACSL4) and system Xc-light chain (xCT) were
changed after SCI. Besides, metabolism imbalance and inflammatory cytokines imbalance were
also detected following SCI at the molecular level. At cell level, ferroptosis leads to the loss of
neurons and the activation of microglia and reactive astrocyte. And the ferroptosis of
oligodendrocyte lineage cells causes imbalance between demyelination and remyelination at
the tissue level. All these changes caused by ferroptosis result in the poor functional recovery.
But the application of ferroptosis inhibitors, such as deferoxamine and SRS 16-86, promote
functional recovery by inhibiting ferroptosis pathway after SCI.
In the future, deep sequencing, multi-omics analysis and data sharing are required to reveal
the deep pathological changes of the microenvironment about ferroptosis after SCI. And
ferroptosis could be a biomarker contributing the diagnosis and prognosis of SCI. Temporal
regulation is also a crucial aspect. Stem cells, because of their particular functions, may be a
promising therapy for spinal cord injury. Massive findings discovered the role of stem cells in
inhibiting ferroptosis, so we have reasons believing that stem cells can function well in inhibiting
ferroptosis after SCI. And with the development of tissue engineering and interdisciplinarity,
more new treatments combined with stem cells deserve our expecting. Stem cells will provide
therapeutic outlook for spinal cord injury, giving a great reference for other nervous system
disorders improvement. All these efforts will promote functional recovery, improve outcome and
bring a bright future for patients.
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Abstract:
Central nervous system (CNS) injury can lead to a large number of changes in cell function,
including neural stem cell (NSC) migration ability. Spinal cord injury (SCI) is a common
neurodegenerative disease caused by CNS injury, and one of the main causes of disability in
modern society.
At present, the treatment of SCI, surgical decompression and methyl prednisolone
treatment, can only block the secondary, does not make SCI patients with nerve functional
recovery, even though studies have reported damage to the spinal cord is the proliferation,
migration and differentiation of endogenous NSC, but very limited, only a handful of stem cells
can differentiate into neurons with nerve functions. Therefore, how to promote the regeneration
of nerve cells after SCI is of great significance to patients.
As a natural and potent biological agent, NSC can regulate and promote the recovery of
several key functions in CNS after acute or chronic tissue injury. The key to cell therapy is the
proper migration and homing of NSC, which is a critical process required for stem cell
recruitment to a target site. How does NSC locate and migrate over such long distances and
complex regions in SCI patients' brains? SDF-1α/CXCR4 axis is one of the many factors that
affect NSC migration, but its molecular mechanism remains unclear.
STING inhibitors is SCI promising therapy, in the nervous system damage nerve protective
effect, therefore, this study verified whether joint STING inhibitors and NSC treatment of SCI
has coordinated the role of neural functional recovery, need to STING inhibitors as more
research on the mechanism of nerve protective agent, to clarify based on TDP-43/BDNF cell
targets through SDF-1α/CXCR4 axis promote the potential mechanism of NSC migration.
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Abstract:

Over the last decades, therapeutic approaches for stroke have significantly evolved and
improved as a consequence of the implementation of modern stroke units, improvement of
general medical care and more structured and early administered rehabilitation schemes.
Thrombolytic therapy with rt-PA (recombinant tissue plasminogen activator) has been
developed and a number of clinical trials have recently confirmed the effectiveness of
thrombectomy to be better than rtPA alone. Except thrombolytic therapy and thrombectomy
there is still no widely accepted therapy for acute ischemic stroke.
Current data shows that even if advanced procedures can be used, 60% of stroke patients die
or remain with a certain level of deficit. As it is widely accepted that immobilization-related
complications cause over 50% of stroke patients’ deaths, rehabilitation plays an important role
in stroke care.
It is getting clearer that multimodal drugs may play an important role in pharmacological
support of neurorehabilitation after stroke. The results of recently published large and wellcontrolled clinical studies show a positive effect of Neurotrophic factors on neurological
recovery after acute ischemic stroke.
The CARS study assessed the efficacy and safety of Neurotrophic factors in combination with
a standardized rehabilitation program. The primary study endpoint was the Action Research
Arm Test (ARAT) at day 90, assessing upperlimb motor functions. Neurotrophic factors was
administered for 21 days, starting within 48-72 hours after ischemic stroke. The study showed
a statistically significant group difference in the upper-limb motor function (ARAT) at day 90 –
primary end point. Neurotrophic factors was also superior over placebo in most of the
secondary endpoints like the NIHSS, Barthel Index and mRS. Also, at day 90, patients treated
with Neurotrophic factors showed less depressive symptoms and better quality of life. In
addition, the most important measure for early benefit, the NIHSS at day 21, showed
statistically significant superiority of Neurotrophic factors. Analysis of the safety parameters
did not show any clinically statistical significant differences between the treatment groups. The
trial indicates that early combination of rehabilitation with a multimodal medication of
neuroprotective and recovery properties is a valid therapeutic approach.
Furthermore, CARS 1 and CARS 2 meta-analysis provides evidence that Neurotrophic factors
has a beneficial effect on motor function recovery in early rehabilitation patients after stroke.
All pre-planned primary meta-analytic results were statistically significant.

Title:

PRODUCTION AND CHARACTERIZATION OF HUMAN NEURAL STEM
CELLS FOR CLINICAL APPLICATIONS

Authors:

Daniela Ferrari1, Maurizio Gelati2, Daniela Celeste Profico2,
Jessica Rosati3, Letizia Mazzini4, Angelo Luigi Vescovi1,2,3
1University

of Milano-Bicocca, Dep. of Biotechnology and Biosciences, Milano; 2Fondazione
IRCCS Casa Sollievo della Sofferenza, UPTA Unit, San Giovanni Rotondo (FG); 3Fondazione
IRCCS Casa Sollievo della Sofferenza, Cellular Reprogramming Unit, San Giovanni Rotondo
(FG); 4ALS Centre Maggiore della Carità hospital and Università del Piemonte Orientale,
Novara, Italy

Abstract:
Cell-based approaches remain one of the most interesting areas of investigation for the
development of effective experimental therapies for CNS disorders. The inherent functional
plasticity of stem cells allows them to carry out a plethora of potential therapeutic actions,
spanning the replacement of dead cells, immunomodulation, anti-inflammatory, trophic,
homeostatic, scavenging and toxicity-blunting effects. Here we will describe our production
protocol and non-clinical characterization of human fetal brain stem cells (hNSCSs) for the
establishment of continuous, stable and standardized cell lines that are amenable for
certification under clinical good manufacturing practice standards. We will also illustrate the
establishment of hNSCs from induced pluripotent human cells (hiNSCs) and their comparison
to native hNSCs.
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Abstract:
Successful, reliable and reproducible method in treating of patients can only be
established by well-designed protocols covering a whole range of tests starting from
preclinical trials. What makes clinical trials often unsuccessful is a lack of
standardization and a failure in reproducibility. That’s why it is of uppermost
importance to select carefully parameters which are needed to make distinction
between a success and a failure.
In this presentation some examples of translation from preclinical to clinical trials will
be discussed. We will present how selection of correct parameters was crucial in
recognizing an effect of tested molecule DP1789-2 on both animal models and
patients affected by amyotrophic lateral sclerosis.
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Abstract:
Neurodevelopmental disorder (NDD) is an umbrella term, that groups a wide
range of diseases. Clinically, this term defines in psychiatry disorders with onset in
developmental period and characterized by developmental deficits in field of personal,
social academic and occupational functions, such as intellectual disability (ID),
developmental delay (DD), autism spectrum disorders (ASD) etc. However, considering
the etiological criterion most of them involve the impaired neural development and
neuronal network formation. This broader form of definition includes spectrum of
epilepsy/epilepsy syndromes, as well as schizophrenia, disease of brain development
with clinical consequences, which may remain latent form many years.
NDDs are predominantly genetic in origin and are classified into two groups –
large group of individually rare genetic disorders and group of idiopathic cases of
currently unknown cause.
A well-functioning brain is characterized by good spatial organization and a
functionally well-balanced neural network. Recently, the introduction of highthroughput techniques such as NGS and the use of Trios analysis led to the
identification of quite a large group of rare NDDs’ genes. As it turns out, in the case
of NDDs genes are involved in signal transmission (ion channels, synaptic proteins),
cellular and nuclear metabolism, as well as encode structural proteins and are related
to the division of neurons and their migration. The expression of these genes is
subject to spatial and temporal regulation both in the pre- and early postnatal
period, building a functional network. Now, by development of sophisticated cellular
model systems that recapitulate early human neurodevelopment with spatiotemporal
resolution like in organoid cultures, we will be able to better understand these
processes.
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Abstract:
The aim of the study (NCT04689282) was to assess the safety and clinical efficacy of
intranasal immunotherapy (IIT) with soluble factors of the M2 macrophages in 14
children (aged 3 to 8 years) with language impairments, and to study the effect of IIT
on the serum cytokine profile. Children were assessed by a neurologist and speech
therapist before, 1 and 6 months after IIT. Serum samples were obtained before and 1
month after IIT. The course of intranasal inhalations of conditioned M2 media (2 ml one
time per day for 28-30 days) was safe and well tolerated. Moreover, IIT led to a
decrease in the severity of language impairments, which was manifested by an
improvement in speech understanding by 45%, the sensorimotor level of speech ‒ by
51%, word formation skills ‒ by 72%. Children with signs of autism spectrum disorders,
along with a language improvement, demonstrated a decrease in the severity of autistic
symptoms (p < 0.05). The clinical effect appeared quite rapidly ‒ within a month after
the first inhalation ‒ and persisted or intensified during the 6-month follow-up. Despite
the overall positive dynamics, two-thirds of children showed a clear clinical
improvement, the remaining children improved to a lesser extent. A comparative
analysis of the serum cytokine levels in these subgroups showed that children with a
pronounced positive response to IIT differed 1) an initially higher level of VEGF and
IGF-1, and 2) a decrease in the level of TNF-α in response to IIT. In general, intranasal
delivery of soluble factors of M2 type macrophages represents a new approach in the
treatment of children with severe language impairments.
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Abstract:
Macrophages with anti-inflammatory phenotype (M2) play a critical role in functional
recovery after central nervous system injury through the different mechanisms, in
particular, clearing dead tissue, down-regulating inflammatory response and promoting
neuronal and vascular remodeling. Given this notion, therapeutic approaches targeting
M2 polarization or the utilization of these cells/soluble factors has been considered as a
novel
strategy
for stimulating neuroreparative
processes.
Actually,
M2
macrophage-based therapies have demonstrated positive effects in cerebral ischemia,
ischemic retinopathy, and chronic neurodegenerative diseases. Since cognitive
impairment, anxiety and depression as common complications of cerebrovascular
diseases are associated with neuroinflammation and decrease in neurotrophic factors,
utilization of M2/their factors may be a perspective approach for the correction of
psychoneurological deficit as well. Previously, we have designed a new protocol for the
generation of M2-macrophages that produced a wide range of immunoregulatory
cytokines and growth factors. The investigation of neurestorative potential of these cells
have shown that M2-derived soluble factors (M2-sf) promoted proliferation and
differentiation of neural stem cells in vitro. Intranasal delivery of M2-sf down-regulated
pro-inflammatory cytokine levels (IL-1β, IL-6, TNF-α, IFN-γ) in brain structures
(striatum, hippocampus, frontal cortex) and decreased the signs of depression-like
behavior in murine depression model. Finally, intranasal therapy with M2-sf in patients
with chronic cerebrovascular decease (NCT02957123) is safe and results in reduction of
anxiety and depression levels and improvement in cognitive functions.
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Abstract:
Minimally conscious state (MCS) is a condition of severely altered consciousness
in which minimal, but defined, behavioral evidences of self or environmental awareness
are demonstrated. MCS is often preceded by traumatic brain injury or structural brain
damage and may be followed by peripheral immune system dysfunction and
inflammation of the nervous system.
Despite the lack of an effective method of MCS treatment,
mesenchymal stem cell therapy seems to be promising therapeutic approach . The
purpose of this study was to evaluate the level of C-reactive protein (CRP) in plasma
and cerebrospinal fluid (CSF) of MCS patients after bone marrow-derived mesenchymal
stem cells (BM-MSC) transplantation.
Nine patients aged 19–45 years, remaining in MCS for 3–14 months, were
qualified for BM-MSC therapy. The transplantations of autologous MSCs were
performed three times every two months. Plasma and CSF samples were collected
immediately prior to MSC transplantation. Samples taken prior to the first MSC
administration provided control values for the CRP level. The CRP levels were
measured by semi-quantitative blott-dot method.
The obtained results documented the presence of CRP both in the plasma and
CSF of MCS patients. The level of CRP in the CSF samples was significantly higher
before the therapy compared to its content after the second administration of BMMSC. In plasma, the CRP level did not differ statistically between the control samples
and those after BM-MSC administrations. Since the onset of neuroinflammation in MCS
conditions has been documented, these results may indicate the influence of MSC on
the modulation of the inflammatory process in MCS.
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Abstract:
The state of minimal consciousness (MCS) is characterized by a severely impaired
consciousness, with symptoms of wakefulness and partial preservation of awareness.
It has been documented that the constant activation of glial cells responsible for the
production and secretion of pro and anti-inflammatory factors contributes to the
exacerbation of pathological changes in states preceding the occurrence of MCS.
Although the prevalence of MCS is estimated at 100,000 to 300,000 adults and
children, there is no effective treatment for MCS. One of the promising therapeutic
approaches appears to be mesenchymal stem cell (MSC) therapy, mainly due to
immunoregulatory properties of MSC.
The aim of the study was (i) to investigate the profile of interleukins (ILs) in the
cerebrospinal fluid (CSF) of patients with MCS and (ii) to determine the potential impact
of MSC therapy on the level of ILs expression. Nine patients aged 19–45 years,
remaining in MCS for3–14 months, were included in BM-MSC therapy and received
three autologous MSC administrations. CSF was collected before transplantation
(control) and after the first and second administration of MSC. The concentration of
26 selected ILs was measured semi-quantitatively by dot-blotting.
Our results confirmed the presence of IL8, IL19, IL23, IL24, IL32, IL33 in the CSF of
examined MCS patients. Administration of BM-MSC resulted in the decrease of IL18,
IL19, IL23, IL33 levels and increase of IL24 level, compared to the content before
transplantation of BM-MSC. Expression of IL8 and IL32 was constant during therapy.
The above results indicate the immunomodulatory effect of MSC therapy on the
inflammatory process in MCS, possibly through the paracrine action of MSCs.
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Abstract:
A transplanted stem cell’s engagement with a pathologic niche is the first step in its restoring
homeostasis to that site. Inflammatory chemokines are constitutively produced in such a niche; their
binding to receptors on the stem cell helps direct that cell’s “pathotropism.” Neural stem cells (NSCs),
which express CXCR4, migrate to sites of CNS injury or degeneration in part because astrocytes and
vasculature produce the inflammatory chemokine CXCL12. Binding of CXCL12 to CXCR4 (a G proteincoupled receptor, GPCR) triggers repair processes within the NSC. Although a tool directing NSCs to
where needed has been long-sought, one would not inject this chemokine in vivo because undesirable
inflammation also follows CXCL12–CXCR4 coupling. Alternatively, we chemically “mutated” CXCL12,
creating a CXCR4 agonist that contained a strong pure binding motif linked to a signaling motif devoid
of sequences responsible for synthetic functions. This synthetic dual-moity CXCR4 agonist not only
elicited more extensive and persistent human NSC migration and distribution than did native CXCL 12,
but induced no host inflammation (or other adverse effects); rather, there was predominantly
reparative gene expression. When coadministered with transplanted human induced pluripotent stem
cell-derived hNSCs in a mouse model of a prototypical neurodegenerative disease, the agonist
enhanced migration, dissemination, and integration of donor-derived cells into the diseased cerebral
cortex (including as electrophysiologically-active cortical neurons) where their secreted cross-corrective
enzyme mediated a therapeutic impact unachieved by cells alone. Such a “designer” cytokine receptoragonist peptide illustrates that treatments can be controlled and optimized by exploiting fundamental
stem cell properties (e.g., “inflammo-attraction”).
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Abstract
Background: Quite a few traumatic spinal cord injuries (TSCI) were caused by falls.
However, the comparison of different causes of TSCI or the epidemiological
characteristics of TSCI caused by falls of different heights are rare. This study
investigated the epidemiological characteristics of TSCI caused by falls and conducted
a comparison between low falls and high falls.
Method: Data from cases with TSCI admitted to China Rehabilitation Research Center
from 2010 to 2019 were collected, including age, gender, occupation, cause,
neurological level, and severity of the injury in admission, combined injuries,
complications, and rehabilitation length of stay. Mann-Whitney U and chi-square (χ2)
tests were used to assess the differences between two groups at a statistical
significance level of 0.05.
Result: A total of 1858 TSCI cases were included and 41.7% were caused by falls,
11.4% by low falls and 30.3% by high falls, respectively. Patients with fall-induced
TSCI were older and had a shorter rehabilitation length of stay than those with nonfall-induced TSCI. Patients with high fall-induced TSCI were younger and more likely
to suffer from paraplegia, severer injuries, and combined injuries, and had longer time
from injury to rehabilitation and rehabilitation length of stay, compared with patients
with low fall-induced TSCI.
Conclusion: Falls is the leading causes of TSCI and high fall is becoming more common.
Attention not only should be paid to high falls for the severe injury and longer
hospitalization, but also low falls due to the higher neurological level of the injury and
the aging of population in China.
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Abstract:
Objective: To investigate the effect of olfactory ensheathing cells transplantation on the
proliferation of neural stem cells and Wnt / β - catenin signalling pathway in SCI rats.
Methods: cell experiment: OECs and NSCs were cocultured and divided into NSC group, NSC +
OEC group, NSC + OEC -CM group. The expression of Wnt3a, β - Catenin and GSK-3 β protein
and primer in cell tissue were detected by Western blot, PCR and immunofluorescence. Animal
experiment: Ninety adult male SD rats were randomly divided into sham operation group, DMEM
group and olfactory ensheathing cell group. SCI model was made by modified Allen's method at
T10 spinal cord segment. The samples were taken at 7 and 14 days after operation. The
expression of Wnt3a, β - Catenin and GSK-3 β protein and primer in spinal cord tissue were
semi quantitatively detected by Nissl, immunofluorescence staining, Western blot and PCR.
Results: 1. Cell experiment: the expression of Wnt3a and β - Catenin in NSC + OEC group was
significantly higher than that in other groups (P < 0.05), The expression of protein GSK-3 β was
decreased (P < 0.05), and the number of positive NSCs was more than the other two groups (P
< 0.05); 2. Animal experiment: the expression of protein β - Catenin in each group increased
first and then decreased; the expression of GSK-3 β increased and then decreased after injury;
the expression of protein Wnt3a increased with time after injury, and the expression of OECs
group was significant (P < 0.05). The number of positive NSCs in OECs transplantation group
was more than that in the other two groups (P < 0.05).
Conclusion: olfactory ensheathing cell transplantation can promote the proliferation of NSCs,
and the expression of Wnt3a, β - Catenin and GSK-3 β in injured spinal cord tissue changes.
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Abstract Effective hematoma clearance and/or facilitating phagocytosis of
microglia/microphages (MMΦ) is a promising therapeutic strategy to improve
functional recovery after intracerebral haemorrhage (ICH). Autophagy and
phagocytosis are lysosomal clearance pathways that share mechanistic and functional
similarities. Accumulating evidence suggests that there exist some interactions
between these two processes. However, how autophagy influences
erythrophagocytosis in hematoma post-ICH remains unknown. It has been shown that
inhibiting excessive microglial autophagy can be regarded as a method to ameliorate
inflammatory injury after ICH. Sequestosome 1 (SQSTM1) is the adaptor protein
responsible for recognition and loading of cargo in to the autophagosomes for
clearance, and inhibition of autophagy will lead to an increased level of SQSTM1. It
has been found that SQSTM1 could activate transcription factor Nrf2 through
inactivation of Keap1, thus upregulating scavenger receptors and driving
microglia/macrophages (MMΦ) transition to M2 phenotype. The aim of this research is
to evaluate the role of autophagy on the erythrophagocytosis activity and explore the
involved molecular mechanisms during hematoma resolution in experimental ICH. Male,
adult CD1 mice were subjected to intrastriatal injection of collagenase to induce ICH
and randomly assigned to receive autophagy inhibitor (3-MA), autophagy activator
(rapamycin) or vehicle which was administered intracerebroventricular at 1 h after ICH.
To elucidate the underlying mechanism, SQSTM1 KO CRISPR plasmid was administered
48 h prior to ICH induction. Brain edema, short- and long-term neurobehavior
evaluation, hematoma volume, hemoglobin levels, and iron staining were performed
to evaluate the role of autophagy in hematoma resolution. In addition, western blot,
immunoprecipitation and immunofluorescence staining were conducted to explore the
molecule mechanisms. We found that inhibiting autophagy with 3-MA enhanced the
process of hematoma clearance after ICH, attenuated brain edema and improved
short-term and long-term neurobehavior function. Autophagy inhibitor 3-MA increased
the expression of scavenger receptor CD36 and CD163, and promoted M2 MMΦ
polarization. In addition, iron deposition in perihematomal region and
neurodegeneration in hippocampus were attenuated after inhibition of microglial
autophagy. Potential underlying mechanism by which autophagy modulated
phagocytosis is activation of SQSTM1/Keap1/Nrf2 pathway after administration with 3MA. And the protection effects can be partially reversed after in vivo CRISPR knock
down SQSTM1. Therefore, inhibition of excessive autophagy in microglia might be
taken as a target to accelerate hematoma clearance in the future.
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Abstract
Both differentiation and migration of neural stem cells (NSCs) are the backbone of many pathological
conditions. Recently, positive outcomes of ozone on conditions affecting nervous tissue have been
observed. The proliferation, migration, cytokine release and cell survival, as well as suggested
potential molecular and novel electromagnetic mechanisms have been hypothesized.
In fact, ozone can greatly influence pro-inflammatory cytokine production. This can have both
beneficial and negative effects, depending on ozone concentration impacting, to a large extent, the
distance of cell migration. Moreover, increased migration and proliferation, alongside proven
protection against oxidative stress, might serve as a specific mechanism by which ozone improves
regeneration of the nervous tissue.
Stepping away from molecular mechanisms of ozone action upon NSCs, another interesting aspect
of this interaction is the electrical one. Ozone, with its inherent electric field, causes either an
increased electrical or electrochemical gradient, impacting the rates and the distances of neural stem
cells migration.
In other words, ozone has the ability to not only impact the molecular pathways for pro- or antiinflammatory response or disrupt the cell’s cytoplasmic membrane integrity through oxidation of
phospholipids and lipoproteins, but also it has the ability to modify the external surface charge
distribution of cells, as well as their lipid structure organisation and ion channel distribution. This can
lead to a change in the embedded membrane components kinetics as well as modification of the
opening and closing of voltage gated channels.
The aim of this lecture is to update how ozone can positively influence neural stem cells, which at
least partly explains observed beneficial effects of ozone administration in vivo and is an important
starting point for future research on stem cell therapy optimisation as well as recovery mechanisms
of immune regulation.
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Abstract:

After any injury damage any organ, there are a common pattern of sequence of events
to promote tissue's repair but if this process is insufficient it led to scar formation and/or
its fibrosis. The steps of this process may be summarized as follow
After an Injury happens, damaged Tissue produces chemotaxis substances to mainly
attract polymorphonuclear cells (PMN) to the area. Monocyte continuing cleaning the
area, and producing chemotactic signals that attract local and distance Stem cells as well
as elicit an organ specific lymphocyte (EC) activation. EC and Stem cells start the stroma
and parenchymal repair, but if the process is exceeded for the properties of the wound
the same process led to the development of tissue fibrosis and/or scar formation.
Based on this classic sequence of event chain, modern knowledge allows as to distinguish
3 different faces of the inflammatory reaction: acute phase, sub-acute phase and chronic
phase. The first is Antimicrobial and pro-oxidative and only last 48 hours. The second is
the one where the regeneration process start and end. Happens during the day 2 until
day 12 to 17, according the considered tissue. The third phase is profibrotic and antiregenerative.
Based on the above-mentioned concepts we have developed an immune modulatory
treatment to direct and support the action of different kinds of stem cells during the repair
process utilized for chronic conditions. Different immunohistochemistry and molecular
biology studies support our assumption that Effector Cells became the main responsible
and directors of the repair process and their inclusion into different repair process is very
important to overcome the limitations of the cell therapy.
The phenomena that summarize the rational of our protocol may be synthetized in the
following next 4 points:


In vitro MNC activations, when challenged with a CNS antigen (Cerebrolysin), induce
Effector Cells (EC) against differentiated CNS cells







However, these effector cells also produce different epigenetic factors (v.g
Neurotropins) that induce Stem Cell to differentiate into neurogenic (neuroblast like)
cells.
EC are attracted to be in touch with stem cells. It is a chemoattraction and a receptor
mediated intercellular phenomenon that develops gap junctions in between both cells
and different interexchange of paracrine factors.
As a result of this physical and paracrine crosstalk, Stem cells became neural
progenitor cells and EC became Treg cells

The model have been also tested into some other different chronic conditions in between
them we also have obtained very good result recovering fibro adipose atrophied skeletal
muscles and advanced osteoarthritis. In both case fibrotic process was reversed and
stroma and parenchymal tissues were regenerated.
The presentation summarize the phenotypic changes occurred on EC and MSC during the
tissue regeneration process and some animal experiments that support these changes as
well as the nececity of the immune system to lead these process.
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Abstract
Accumulating evidences showed stem cells have therapeutic effect on various diseases.
Recently, menstrual blood derived endometrial stem cells (MenSCs) have been
identified as a kind of stem cells having satisfactory immunomodulatory property. The
improvement effect of MenSCs on multiple sclerosis (MS) and Parkinson's disease (PD)
were studied on both cellular and animal levels and the therapeutic mechanisms were
further explored.
MS is an autoimmune neurodegenerative disease without effective treatment methods.
MenSCs were transplanted into MS mice model at different stages of the disease and
the effect was detected at indicated time points. From the perspective of the host, the
changes of inflammatory/regulatory T cells in the MS mice and their infiltration into
myelin sheath were detected before and after cell transplantation. The results showed
MenSCs could significantly reduce the severity of the disease.
We also found MenSCs and the conditional medium (MenSCs-CM) could improve PD.
After co-culture MenSCs-CM with PD models at cell and brain slice levels, MenSCs-CM
effectively improved the viability of cells and brain slices, reduced the level of
inflammatory factors, oxidative stress and apoptosis. After MenSCs were transplanted
into substantia nigra of PD mice, the cells could survive for at least 28 days, reduce
the content of superoxide in striatum, and increase the expression of Nrf-2 and its
downstream genes. These results suggest Nrf-2 signaling pathway may be involved in
the antioxidant effect of MenSCs. Protein microarray was used to detect the factors
inside MenSCs-CM. KEGG analysis showed that more than 100 factors secreted by
MenSCs were involved in activating PI3K/Akt signaling pathway, and PI3K/Akt pathway
had been reported to activate Nrf-2 antioxidant pathway. Therefore, we speculate that
MenSCs may regulate Nrf-2 antioxidant pathway by activating PI3K/Akt signaling
pathway, so as to exert antioxidant function and improve PD symptoms.
In conclusion, MenSCs has the potential to be developed into conveniently used
allogeneic MSCs for the treatment of MS and PD.
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Abstract:
OBJECTIVE: The purpose of this study is to retrospectively analyze the clinical data of
the patients with posterior circulation involvement who underwent combined vascular
bypass surgery(occipital artery-posterior cerebral artery bypass+ encephalon -duraperiosteal anastomosis.
METHODS: From May 2013 to January 2021, 62 patients with moyamoya disease
involving the posterior circulation were treated with OA-PCA+EDPS.
RESULTS: Among the 62 cases in this group, 34 were males and 28 were females;
they range from 4 to 71 years old, with an average of 39.5±16.9 years old. Clinical
manifestations: 58 cases started with acute cerebral infarction; 4 cases presented with
cerebral hemorrhage in the internal carotid artery system; 1 case showed epilepsy. A
total of 65 OA-PCA+EDPS operations were performed, and all cases were successfully
bypassed. Intraoperative fluoroscopic angiography showed that the anastomotic stoma
was unobstructed and there was no stenosis.
Fifty-eight cases reported significant improvement in visual function on the first day
after surgery, but 12 cases deteriorated again a week later. Surgical complications: no
epileptic seizures, no strokes, no deaths during the perioperative period, and 2 cases
(all were obese) who had an infection in the surgical area within 3-6 months after
surgery. Five patients developed transient aphasia, headache within 1-7 days after
surgery, which were confirmed by MRI scans to be caused by mild cerebral
hyperperfusion, and the symptoms disappeared after an average of 2 weeks after
surgery. 56 patients were followed up for 2-70 months, with an average follow-up time
of (35.48±15.32) months. 46 Clinical symptoms, especially visual impairment and
cognitive function, have improved to varying degrees. None of the 56 patients had a
new stroke after the operation.
CONCLUSIONS: OA-PCA+EDPS can significantly improve patients' symptoms, delay
disease progression, and can significantly improve visual impairment for some patients.
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Abstract
Making patients to have more neurological function recovery is very important through
neurorestorative therapies. This lecture introduces recent advances in clinical
treatment of Neurorestoratology with support of more evidence‐based medicine, which
include cell therapy, neurostimulation/ neuromodulation, brain–computer interface
(BCI), neurorestorative pharmaceutics, neurorestorative operation and more others.
Those advances had benefited patients with neurological deficits; for example, cell
therapy was first proved safety and effect by a multicenter randomized, double‐blind,
placebo‐controlled clinical trial; a patient with complete chronic spinal cord injury
recovered both motor function and touch sensation with a BCI and restored ability to
detect objects by touch and several sensorimotor functions; patients after
transhumeral amputation experienced increased sensory acuity and had improved
effectiveness in work and other activities of daily life using a prosthesis; a patient with
amyotrophic lateral sclerosis used a steady‐state visual evoked potential (SSVEP)‐
based BCI to achieve accurate and speedy computer input and more others. The
advances in clinical treatment will benefit more patients in future.
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Abstract:
Objective: Granulocyte-colony stimulating factor (G-CSF) is a major growth factor
for activation and differentiation of granulocyte colonies in the bone marrow. This
cytokine has been widely and safely employed in different conditions such as traumatic
spinal cord injuries over many years. The purpose of this translational study was to
investigate the safety of G-CSF administration for non-traumatic spinal cord
myelopathies (non-TSCMs).
Methods: This phase I, safety clinical trial was performed in 5 patients with
incomplete non-TSCMs, with American Spinal Injury Association Impairment Scale
(AIS) grades B or C were enrolled. All cases had either Pre- or Post-operative
neurological deterioration in upper cervical spinal cord due to disc herniation or
intramedullary tumors.
Patients were assessed using the International Standards for Neurological
Classification of Spinal Cord Injury (ISNCSCI) scale and AIS, just before intervention
and at 1, 3, and 6 months, after 7 daily subcutaneous administrations of 300 μg/day
of G-CSF during the first week after surgery. Also reported side effects of the G-CSF
were evaluated.
Results: After 6 months of follow-up, 2 patients with cervical disc herniation and
cervical canal stenosis improved from AIS grade C to grade D. One 33 years old female
patient with ependymoma tumor lesion, improved from AIS grade B to grade C, and
achieved spontaneous breathing. Also, a 31 years old male patient with
meduloblastoma within the obex showed improvement. A case with thoracic
cavernous hemangioma showed evidence of improvement. All cases showed mild side
effects of the G-CSF treatment such as bone and muscle pains or fever. All of them
were transient and subsided spontaneously within 1 week after the last dose of GCSF.
Conclusions: Our results indicate that G-CSF administration is a safe process and is
associated with possible neurological improvement in non-TSCMs.
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Abstract:
In the last decades, therapeutic hypothermia has been esteemed as a very promising
strategy to protect the damaged brain from secondary injury. Positive effect of cerebral
hypothermia is executed via limiting the energetic demand of the neuronal cells and
interfering with inflammatory changes, that may lead to excessive cell necrosis
resulting in neuronal loss. Also the apoptotic self-destruction of neurons seems to be
halted by decrease of brain temperature. Moreover, recent findings demonstrate that
hypothermia, if applied to nervous tissue is able not only to protect the injured neurons
from perishing, but also promotes several mechanisms aimed at regaining the function
and structure of the damaged brain. Here, induction of neuronal sprouting and synaptic
regeneration as positive effect of cooling and hibernation has been described.
However, some results of clinical trials demonstrated, that the beneficial influence of
hypothermia might be outweighed by its systemic side effects, if cerebral hypothermia
is achieved by lowering the temperature of the whole body. Here, several concepts of
focal brain cooling as a valid method to induce neuroprotective and neurorestorative
effects of hypothermia need to be recalled. This lecture will demonstrate the Author’s
concept of selective brain hypothermia, its feasibility in animal model and potential of
translation into clinical practice. In particular, the previous results will be critically
discussed in regard to the potential of protection from neuronal cell loss and to
fostering the neurorestorative mechanisms.
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Abstract:
Objective: To analyse the characteristics of foot and ankle deformity with ulceration in
patients with spina bifida, to conclude experiences on management with improved Ilizarov
method in one stage.
Methods: 77 cases suffering foot and ankle deformity with ulceration of spina bifida were
included from January2008 to June 2019, in which 30 male and 47 female, aged 6–46 years
with an average age of 22.86 years. There were 10 cases on left, 14 on right and 53 on both.
The improved Ilizarov method combined soft tissue surgery, bone osteotomy and Ilizarov
technique in one stage, by which the ulcer was dressed aseptically and avoid weight bearing
preoperatively, no special treatment, no debridement, no flap coverage and no bacterial
culture. Antibiotics were given for 3 days routinely, and the dressing was removed 5 days later.
If there was exudation, gauze could be used to wrap continually, if there was no swelling and
exudation, no need further more caring. General appearance and radiological image of ulcer
and deformity were observed during the period of evaluation and treatment, surgical method
and complications, foot & ankle function and overall function were evaluated using AOFAS
scoring system and special table designed by authors.
Results: 77 cases were followed up for 6–132 months with an average of 50.5 months.
Achilles tendon subcutaneous lengthening was performed in 2 cases, posterior tib ial tendon
and Achilles tendon simultaneous released for 31cases, subtalar joint arthrodesis 25 cases,
calcaneus osteotomy 5 cases, triple osteotomy 28 cases, ankle arthrodesis 19 cases, internal
rotation osteotomy of tibia was performed in 1 case and 1 case in external rotation osteotomy.
There were 67 cases using Ilizarov fixators and 10 cases using Hybrid fixators for
immobilization and correction. Stable feet were obtained and ulcers healed simultaneously
when all deformities of foot and ankle had been corrected. The healing time of ulcer was
average 26.5 days ranging 7–36 days, and there was no infection or delayed healing occurred
in any case. Ankle ankyloses in 25 cases, 3 cases of pin tract infection, 2 wires were broken.
The AOFAS score significantly increased from 70.5preoperative to 81.6postoperative; based
special table evaluating, Excellent 28 cases, Good 42 cases, Fair7 cases.
Conclusion: The patients with foot & ankle deformity and ulceration suffered from spinal
bifida can be treated by improved Ilizarov method in one stage, and the results are satisfactory
with short treatment period and decreased complications.
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Abstract:
Developing nervous system is extremely sensitive to influence of the extracellular
clues. Even temporal alteration in tissue homeostasis or pathophysiological conditions
might results in serious aberration in the central nervous formation and functioning,
leading to long lasting neurological disorders. Preventing or curing the resulted
disorders require the detailed knowledge about mechanisms of the cell response to
the stimuli and its interactions with the neighbouring cells in the tissue
microenvironment. To address this issue we have elaborated protocol of culturing rat
neonatal glial cells (astrocytes, oligodendrocytes and microglia) in physiologically
normoxic conditions, i.e. in 5 % oxygen concentration. The cells are cultured in the
strictly controlled, minimal media, without addition of any supplements which could
potentially modulate fundamental cell processes. The neonatal glial cells are to be
cultured as monofractions or as co-cultures and could be used for creating the selected
disease-in-a-dish models of perinatal disorders, like for instance neonatal asphyxia,
neuroinflammation or hypoglycemia. Accordingly, in our studies on the in vitro model
of perinatal asphyxia, evoked by temporal deprivation of oxygen and glucose (OGD),
the response of each type of glial cells was shown to be different. Obtained data
indicate OGD significantly (p < 0.05) enhance proliferation of astrocytes (by nearly 77
%) and oligodendrocyte progenitors (by approximately 62 %), as well as hampers
their differentiation to myelinating cells. Contrary, neither the proliferation nor
morphology of microglia was affected by the insult. In conclusion, the elaborated
method of culturing the neonatal glial cells in physiologically relevant conditions might
be useful for studies of basic mechanisms of cell response in the selected models of
perinatal neurological disorders.
Supported by: National Science Centre in Poland, grants: 1494/NZ3/N/31/2018 and
00582/NZ3/B/27/2017
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Abstract:
One of the main reasons for neurodevelopmental disorders is neonatal hypoxia-ischemia.
Depending on the severity of the injury, it induces disruption in growth of neural tissue or cause
fatal damage. The typical results in brain MRI of survived babies are areas with hypomyelination,
caused by impaired or delayed formation of myelin sheaths around the axons of neurons in CNS.
Myelin is produced by oligodendrocytes which originate from oligodendrocyte progenitor cells
(OPCs). These cells start to massively differentiate and mature in the perinatal period, thus the
temporal lack of oxygen and nutrients supply, characteristic for hypoxic-ischemic insult (HI), may
then contribute to significant changes in the biology of oligodendrocytes for the further brain
development. To date, the processes initiated by HI remain unclear, hampering the ability to
develop adequate preventions.
In the study we analysed the impact of hypoxia-ischemia on the proliferation and maturation of
OPCs in rat model of perinatal asphyxia. The injury was induced in 7-day old Wistar rats and it
was based on dissection of the left common carotid artery followed by exposition of animals to
7.5% oxygen for 60 min. In selected timepoints after the injury, we collected brains to perform
quantitative analyses of proteins and microscopic examination of oligodendrocytes.
The analysis of brain sections collected 3 days after the injury revealed the increase in
proliferation of oligodendrocyte progenitors in selected regions (cortex and striatum) and the
significant decrease in the number of Olig2+ cells in corpus callosum. After 4 weeks from the
injury the expression of main myelin proteins was measured and it revealed the increase in the
concentration of MBP, PLP and MAG. After all, in coronal brain sections of adult animals we could
characterize typical macroscopic changes, like the hypoplastic hippocampus, reduced striatum
and thinness of corpus callosum. Further immunofluorescent staining of myelin, indicated the
reduced myelination in cortex (30% reduction; p<0,001), striatum (17%; p<0,05) and CA3 of
hippocampus (21%; p<0,05). There was no change in PLP immunoreactivity in the main white
matter tract (the corpus callosum) although in this brain region there was decrease in the number
of oligodendrocyte progenitor cells (labelled with anti-Olig2) within 3 days after the injury
(p<0,0001), which was not observed in other analysed areas.
In conclusion, it seems that that hypoxia-ischemia alters programme of oligodendrocyte
differentiation and maturation. Although it does not inhibit the synthesis of myelin proteins, the
mature oligodendrocyte seem to fail myelination protocol in several brain areas, which results in
development of the white matter disorders and neurological deficits observed in babies affected
by the injury.
Supported by: National Science Centre in Poland, grants: 1494/NZ3/N/31/2018 and
00582/NZ3/B/27/2017
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Abstract:
Neonatal hypoxia-ischemia (HI) increases the risk of mortality and life-long neurologic sequelae.
HI triggers a series of cellular and biochemical pathways that lead to neuronal injury. It is generally
accepted that one of the crucial pathogenic factor in the perinatal brain injury is inflammation.
One of the inflammatory component which activates after HI is complement system. Complement
activation products consisting of opsonins, anaphylatoxins, and a terminal cytolytic complex
mediate its effector functions such as development of inflammatory reaction, clearance of dead
and dying cells and post-ischemic remodeling of the synaptic network. The complement system
can be a potential therapeutic target for the reduction of brain damage and improvement of
outcome after HI. Our recent studies in an animal model of HI revealed the neuroprotective, antiinflammatory properties of sodium butyrate (SB), a histone deacetylase inhibitor (HDACi). The
present investigation was designed to assess whether SB effects on complement activation and
synapse elimination after experimental HI.
Seven-day-old rat pups were subjected to unilateral carotid artery ligation followed by 60 minutes
of hypoxia (7.6% O2). SB (300mg/kg) was administered in a 5-day regime with the first injection
given immediately after hypoxic exposure. Double immunohistochemical stainings: C3/PSD95;
C3/synaptophisin and C5/PSD95 were used to determine the colocalization of complement and
synaptic proteins. The expression of complement proteins (Cq1a, C3, C5, C9) was determined by
qPCR . The level of the synaptic proteins (synaptophisin, PSD 95) was assessed by Western blot.
The obtained results showed that complement proteins colocalized with the synaptic proteins,
however C3 and C5 were present in almost whole investigated brain tissue of control and hypoxicischemic animals. The qPCR investigations showed that HI increased the expression of
complement proteins in rat brains mostly at 24h time point. The application of SB significantly
inhibited the complement system activation. We also observed the decreased level of PSD95 at
3th and 5th day after HI. The treatment of hypoxic-ischemic animals with SB restored the
expression of PSD95 to the levels characteristic for control animals.
Obtained results suggest that SB inhibits the complement system activation after HI. This
inhibition is correlated with the restoration of the synapses degraded after HI. These findings
provide the basis for clinical approaches targeted at protecting the newborn brain damage.
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Abstract
As the rapidly growing of aging population in world, neurodegenerative diseases (ND)
have been regarded as the first threats to human health, in which Parkinson’s disease
(PD) is the second commonest ND. However, the current pharmacotherapy for PD can
only alleviate the symptoms without a permanent cure. Many chemical drugs, can
cause severe side effects. As the main pathogenesis of PD is loss of function and/or
structure of dopaminergic neurons, cell replacement therapy using neuron, through
proliferation and specific neural differentiation of neural stem cells (NSCs), become the
most and only promising treatment. However, NSCs have limited proliferation and
differentiation ability under natural conditions in vitro and need to be induced by
growth factors. Therefore, there is an urgent clinic demand on devising new methods
to induce swift and efficient NSC proliferation and differentiation with limited usage of
growth factors. Herein, to fulfil the urgent clinic demand, we successfully induced
specific neuronal phenotype differentiation of NSCs into functional dopaminergic
neurons by biocompatible silica extracellular nanomatrices in vitro. The differentiated
neurons have significant therapeutic effect after transplantation into PD murine model,
providing a promising and novel strategy for PD treatment using NSCs.
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Nowadays it is observed, that the number of stem-cell based experimental
therapies in neurological injuries and neurodegenerative disorders is
massively increasing. Despite the fact that we still do not obtain the strong
evidence of mesenchymal stem/stromal cells neurogenic effectiveness in
vivo, there may be a need to focus on more appropriate sources that
brings more therapeutically promising cells populations. In this study we
decided to use dedifferentiated fat cells (DFAT) that are proven to
demonstrate more pluripotent abilities in comparison to the standard
adipose stromal cells (ASCs). We used ceiling culture to establish DFAT
cells and optimize culture conditions with the use of physioxic environment
(5% O2). We performed neural differentiation and assessed the
neurogenic and neuroprotective capability of both DFAT cells and ASCs.
Our results showed that DFAT cells may have better abilities to
differentiate into oligodendrocytes, astrocytes and neuron- like cells, both
in culture supplemented with N21 and in co-culture with oxygen-glucose
deprived (OGD) hippocampal organotypic slice culture (OHC) in
comparison to ASCs. Moreover, we showed that DFAT cells may have
better secretory profile after contact with injured tissue. In this study we
proved that there is a need to further study the plasticity of DFAT cells, as
probably due to their properties different from ASCs, they may be a
promising answer for the treatment of many neurological diseases.
The work was supported by the National Science Centre grant no. NCN
2018/31/N/NZ4/03275 and Medical Research Agency grant no. 2020/ABM/01/00014
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Abstract:
Objective: In this study, patients with shoulder-hand syndrome were treated with
transcutaneous vagus nerve stimulation, and the clinical efficacy and mechanism of
percutaneous electrical stimulation of the auricular vagus nerve for shoulder-hand
syndrome were investigated by observing the improvement of pain, swelling and
sympathetic skin reaction.
Methods: 42 patients with shoulder-hand syndrome who met the inclusion criteria were
selected as the research subjects, and randomly divided into control group and
treatment group with 21 cases in each. The control group was given conventional
rehabilitation treatment, and the treatment group was given percutaneous electrical
stimulation of the auricular vagus nerve, 30min/ time, once a day, 5 days/week, for 4
weeks. Visual analogue assessment (VAS), swelling degree, sympathetic skin reaction
(SSR), and activity of daily living (ADL) were evaluated before and after treatment in 2
groups.
Results: The VAS score (P > 0.05) and swelling degree of the two groups were
significantly decreased (P > 0.05), ADL score (P > 0.05) was significantly improved, and
the amplitude of the affected side was decreased by SSR (P > 0.05). The above
changes in the treatment group were more significant than those in the control group.
Conclusion: Transcutaneous vagus nerve stimulation can significantly improve the pain
and swelling symptoms in patients with shoulder and hand syndrome, and improve the
ability of daily living activities. It can be used as a new method for the treatment of
shoulde-hand syndrome after stroke. Its therapeutic mechanism may be related to the
decrease of sympathetic nerve excitability.
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Abstract
Multiple types of stem cells have been proposed for the treatment of spinal cord injury,
but their comparative information remains elusive. In this study, a rat model of T10
contusion spinal cord injury was established by the impactor method. Human umbilical
cord-derived mesen- chymal stem cells (UCMSCs) or human adipose tissue-derived
mesenchymal stem cells (ADMSCs) (2.5 μL/injection site, 1 × 105 cells/μL) was
injected on rostral and caudal of the injury segment on the ninth day after injury. Rats
injected with mesenchymal stem cell culture medium were used as controls. Our
results show that although transplanted UCMSCs and ADMSCs failed to differentiate
into neurons or glial cells in vivo, both significantly improved motor and sensory
function. After spinal cord injury, UCMSCs and ADMSCs similarly promoted spinal
neuron survival and axonal regeneration, decreased glial scar and lesion cavity
formation, and reduced numbers of active macrophages. Bio- Plex analysis of spinal
samples showed a specific increase of interleukin-10 and decrease of tumor necrosis
factor α in the ADMSC group, as well as a downregulation of macrophage inflammatory
protein 3α in both UCMSC and ADMSC groups at 3 days after cell transplantation.
Upregulation of interleukin-10 and interleukin-13 was observed in both UCMSC and
ADMSC groups at 7 days after cell transplantation. Isobaric tagging for relative and
absolute quantitation proteomics analyses showed that UCMSCs and ADMSCs induced
changes of multiple genes related to axonal regeneration, neurotrophy, and cell
apoptosis in common and specific manners. In conclusion, UCMSC and ADMSC
transplants yielded quite similar contributions to motor and sensory recovery after
spinal cord injury via anti-inflammation and improved axonal growth. However, there
were some differences in cytokine and gene expression induced by these two types of
transplanted cells.
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Abstract:
Introduction:
Central cord syndrome is the most common type of incomplete spinal cord injury.
There were no experimental study and behavior tests after anterior spinal artery
occlusion in cervical spinal cord. The purposes of this study were to verify role of
anterior spinal artery blood supply in cervical spinal cord injury and to investigate
behavior change after anterior spinal artery occlusion in cervical spinal cord.
Material and method:
We performed anterior spinal artery occlusion with laser irradiation to 275- 300 gm
Adult female Sprague-Dawley twelve rats C5-6 corpectomy. Motor &amp; sensory and
other behavior tests were checked every week for 6 weeks.
Results:
On histological study, anterior 68.8±5.6 % white &amp; gray matter was nectrotized.
On motor recovery, forelimb proximal was 2.0±0.7 and distal was 1.0 ±0.8 at 1 week
after occlusion. It was progressively improved proximal 3.5±0.6 and distal 2.2±1.1 at 6
weeks after occlusion. Hind limb proximal was1.5±1.2 and distal was 1.4±1.1. It was
improved proximal &amp; distal same as 3.5±0.5 at 6 weeks after occlusion.
On sensory change, forelimb proximal and distal score were almost same 1.6±1.2 at 1
week after occlusion. It was improved proximal 2.2±1.4 and distal 1.9±1.5 at 6 weeks
after occlusion. Hind limb sensory proximal &amp; distal score were the same 2.2±1.8
at 1 week after occlusion and 3.1±0.9 at 6 weeks after occlusion.
Conclusion:
Forelimb motor weakness was more profound than hindlimb’s after anterior spinal artery
occlusion. Forelimb and hindlimb motor weakness were progressively improved for 6
weeks. It seems central cord syndrome phenomenon in cervical spinal cord injury.
Anterior spinal artery vascular impairment is very important pathophysiological role in
central cord syndrome of cervical spinal cord injury.
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Abstract:
The ability of pluripotent stem cells to self-organize under 3D in vitro culture
conditions into highly structured tissue patterns, opened the era of “brain organoids”.
This technological advancement based on human induced pluripotent stem cells
(hiPSC), obtained by reprograming of somatic cells, enabled researchers to model
human neurodevelopment and neuropathology in in vitro conditions with the challenge
owing the lack of available animal models and ethical considerations. In addition brain
organoids derived from patient-specific hiPSC, while modelling disease, can be also
personalized for diagnostic or therapeutic purposes.
While brain organoid system appeared feasible to model early
neurodevelopment and its pathology, it has anatomical and functional limitations to
study later developmental stages due to the lack of the correct neuronal network
connectivity and vascularization. Much work in the field has been addressed to
overcome this limitations with two parallel, but interdependent, directions: the first is
focused on developing new protocols to generate replicas of multiple brain regions,
while the other is based on constricting regulatory control of the system through
bioengineering approaches. The latter include gene editing and optogenetic technology
as well as strategy to upgrade the physiological relevance of the system with
microfluidic “organ on the chip” devices. Last but not least are developments in new
technologies for unbiased organoid analysis.
This report will focus on state of the art regarding modelling in vitro of
neurological disorders to underline the advantage of specific type of organoids
(cerebral, “self-patterned” versus brain region specific “patterned”) for particular brain
pathology. The possibility for upgrading of physiological relevance of brain organoids
will be also discussed.
This work was supported by the National Science Centre Grant No. 2019/35/B/NZ3/04383 and
Statutory Funds from MMRI PAS.
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Abstract:
Amyotrophic Lateral Sclerosis (ALS) is a fatal and uncurable neurodegenerative disease that
targets motorneurons. ALS community is still searching for an effective disease-modifying
treatment of ALS. Stem Cell Therapy (SC) is viewed as a promising option for ALS because
these cells potentially target several of the putative pathogenic mechanisms involved in the
onset and progression of the disease, Indeed, in the past two decades, transplantation of
various SC products has been evaluated in numerous Phase I and II clinical trials designed to
assess feasibility and safety, but also looking for indications of clinical benefit however no
conclusive results have yet been reported. Very few trials are controlled, as inclusion of
adequate sham controls for invasive procedures is problematic and often unethical. We can
conclude that some types of adult SCs are sufficiently safe and may be proposed for large
clinical trials. However, it cannot yet be established which treatments provide significant
benefit, and whether positive effects on the disease are sufficiently lengthy to justify the risks
and costs of cell therapy. Moreover, different stem cell types that have been tested both in
pre-clinical and clinical experiments do not possess the bona fide properties of stem cell, that
is self-renewing and pluri/multipotency and are more properly classified as precursors or even
differentiated cells. Identification of appropriate good manufacturing process (GMP)-compliant
human SC lines that exhibit similar efficacy and safety profiles is needed. We review the first
generations of clinical trials of novel cell therapies applied to ALS. This in turn helps to
determine the best strategies to be adopted and the potential chances for success in
developing new cell therapies to clinical application in this disease. We then consider the
scientific, technical, ethical, regulatory and logistic issues to be resolved in translating effective
laboratory cell-based protocols to patients in clinical trials.
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Abstract:
Spinal cord injury (SCI) is a serious disease commonly happened in traffic, industrial,
mining and sports accidents with no effective treatment method at present. One of the
key problems for SCI recovery is the regulation of immune microenvironment to
regenerate impaired neurons and reconstruct damaged neural circuits. Functional
biomaterials have created promising SCI repair solutions for immune
microenvironment amelioration and reconstruction. In this study, we used
biodegradable Mg/Al layered double hydroxide nanoparticles (LDH) as a novel strategy
for neural regeneration and immunoregulation. LDH achieved significant performance
in accelerating neural stem cells (NSCs) migration and neural differentiation. In vivo,
the behavioral and electrophysiological performance of SCI mice was significantly
improved by LDH implantation, with BrdU+ endogenous NSCs and neurons clearly
observed in the lesion sites. In addition, as a carrier, LDH loaded with NT3 (LDH-NT3)
exhibited better recovery effects with regard to basso mouse scale (BMS) score, motor
evoked potential (MEP) performance, synaptic transmission and neuron-neuron
synaptic transmission. LDH/LDH-NT3 inhibited the inflammatory responses and
accelerate the neural regeneration through key gene TGFBR2, by which LDH decreased
the expression of M1 markers and increased the expression of M2 markers in both
microglia and bone marrow-derived macrophages (BMDCs). Thus, we have developed
Mg/Al-LDH that can be used to construct a suitable immune microenvironment for SCI
recovery and have revealed the targeted receptor.
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Abstract:
Introduction and Objectives: To explore the clinical application of unilateral pallidotomy
in Meige syndrome.
Methods: Twenty-eight patients with Meige syndrome were treated with Unilateral
pallidotomy and botulinum toxin (BTX) between January 2016 and January 2021.
Results: Twenty-eight patients with stereotaxic unilateral pallidotomy were followed up
for two years, and the efficacy was relatively stable. The Burke-Fahn-Marsden(BFM)
dystonic motion score (BFMDMS) decreased from 25 points to 6 points, an
improvement of about 80% compared with that before surgery. During surgery, a
marked improvement of bilateral eyelid closure was observed. Three days after surgery,
there was obvious bilateral improvement in blepharospasm (Jankovic rating scale, 0
on bothsides, blepharospasm disability index, 0 on both sides), and 12 months after
surgery, there was a complete bilateral improvement in blepharospasm (Jankovic
rating scale, 0 on both sides, blepharospasm disability index, 0 on both sides). The
condition no longer interfered with their daily activities.
Conclusions: Unilateral pallidotomy plus botulinum toxin injection may be an effective
treatment for patients with Meige syndrome.
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Abstract:

Stroke is a leading cause of adult injury that can seriously impair patients'
quality of life; however, no appropriate treatment is currently available.
Transplanted neural stem cells mainly facilitate neural tissue development
and functional recovery by releasing paracrine factors. Exosomes are
essential secreted paracrine molecules that deliver therapeutic agents
involved in cellular functions. We investigated the role of exosomes
derived from human neural stem cells (hNSC-Exo) in this study. Our
previous work showed that hNSC-Exo could boost sensorimotor functions
in a thromboembolic rat model of stroke. Also, hNSC-Exo was tested in a
preclinical nonhuman primate ischemic stroke model, where virtual
endpoints were used to measure functional changes and rehabilitation.
The molecular mechanisms were simultaneously investigated.
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Abstract
Deep brain stimulation (DBS) as a functional therapy is widely used in movement
disorders such as Parkinson’s Disease, dystonia etc. Recently, more and more
researches show that DBS could help patients with psychiatric disorders, such as
depression, OCD etc. On the other hand, the mechanism of DBS is still not in-depth
understanding. The history of development of DBS in China is around 20 years. The
novel feature of the device, contrasting to the conventional high frequency stimulation,
a various frequency stimulation(VFS) therapy, combing low and high frequencies as a
train, was invented. VFS shows great progress for gait problem treatment. The clinical
outcome of VFS is presented in this talk. Another technology advance is remote
programming, to transfer the programming data by internet in stead of in site which
cause money and time burden particularly for patients in middle and west of China.
To further understand why the different frequency has significant impacts or as a part
of effect to the mechanism of DBS, DBS device was modified and considered as not
only a therapy but a research tool also. Two studies will be presented in this talk. 1.
DBS was designed to real time recording besides stimulation. 2. DBS was designed to
be functional MRI compatible which means the devices, implanted in patient, could
fulfill the safety requirement during scanning with DBS power on. This progress let us
to compare what happened with or without stimulation.
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Abstract:
In models of glaucoma, brain-derived neurotrophic factor (BDNF) therapy can delay
or halt RGCs loss, but this protection was found time-limited. The decreased efficacy
of BDNF supplementation has been in part attributed to downregulation of its highaffinity receptor, TrkB. However, whether BDNF overexpression causes TrkB
downregulation, impairing long-term BDNF signaling in the retina, has not been
conclusively proven. We examined quantitatively the retinal concentrations of the TrkB
protein in relation to BDNF, in a course of adeno-associated viral vector gene therapy
(AAV2-BDNF), using a microbead trabecular occlusion model of glaucoma. We shall
report that unilateral glaucoma, with intraocular pressure (IOP) increased for five
weeks, leads to a bilateral decrease of BDNF in the retina at six weeks, accompanied
by up to four-fold TrkB protein upregulation. On the contrary, a moderate BDNF
overexpression evoked by intravitreal delivery of AAV2-BDNF prior to glaucoma
triggers changes that restore normal TrkB concentrations, driving signaling towards
long-term RGCs neuroprotection. The results suggest that careful control of BDNF
concentration is the main factor securing the long-term responsiveness of RGCs and
the maintenance of TrkB normal levels. While further studies are required to document
time course of changes in neurotrophic signaling in AAV-BDNF pre- and post-treatment
paradigms, our results encourage the examination of combinatorial therapy with the
use of viral-mediated gene therapy and stem cells.
Support: NCN PRELUDIUM Grant No.2016/23/ N/NZ7/02555, statutory grant for the
Nencki Institute.
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Abstract:
Regardless of having several approved ATMPs and about 5,000 registered clinical
trials of cell containing products (excluding T cells), our knowledge about the
principles of cell-based therapies in regenerative medicine is still very limited. The
fundamental questions still remains: Do cells survive after being delivered? For how
long? Are the cells, with multipotency confirmed in vitro, still multipotent in host
tissues? Which is the predominant therapeutic mode of action: delivery of
components to restore tissue in situ or providing trophic and/or immunomodulatory
agents? It is not surprising, as we look at it. Unlike traditional medicines, the
seemingly identical ATMPs can vary radically in terms of cell number, detailed
manner and number of applications, medium used for cell delivery, details of in vitro
manipulations prior to application - just to mention the most important variables that
characterize each individual treatment. At the same time cell-based therapies are
extremely demanding in terms of scientific, technical, regulatory and financial
challenges, which explains much pressure put on the breakthrough success and the
establishment of new directions. A critical review of those issues, based on the
available data and our own experience, shows that the last two decades have not
been a waste of time, and the further directions toward development of effective
cell-based therapies can be identified.
Work financed by NCBR (project STRATEGMED2/267976/13/NCBR/2015).
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Abstract:
Patients suffering from drug resistant epilepsy (DRE) are still waiting for more efficient
and less toxic treatment. Recent advances in a field of cell therapy bring new options
for those patients. The objective of present study was to assess the safety, feasibility,
and potential efficacy of autologous bone marrow cells transplantation in pediatric DRE
patients and elucidation potential mechanisms of action.
19 children with DRE were enrolled into the study. All children received combined
autologous cell therapy of single bone marrow nucleated cells (BMNCs) transplantation
and four rounds of bone marrow mesenchymal stem cells (BMMSCs) transplantations.
The BMMSCs used in the study were a unique population derived from CD271 positive
cells. Neurological evaluation included magnetic resonance imaging (MRI),
electroencephalography (EEG) and cognitive development assessment using
neuropsychological tests. Properties of patient’s BMMSCs were also evaluated.
Intravenous and intrathecal transplantations were performed causing no adverse
events, showing safety and feasibility during 6 - years follow-up. Importantly, the
therapy caused neurological and cognitive improvement in all patients: significant
reduction in a number of epileptic seizures (from initial 10/day to 1/week) and absence
of SE episodes (from 4/week to 0/week). The therapy decreased number of discharges
in EEG evaluation and caused cognitive improvement in the sphere of reaction to light
and sound, in the sphere of emotions and in the sphere of motor function. Analysis of
BMMSCs properties revealed expression of neurotrophic, proangiogenic and tissue
remodeling factors. Their immunomodulatory potential was also shown.
Our results demonstrate the safety and feasibility of BMNCs and BMMSCs
transplantations in children with DRE. Moreover, the results demonstrate that cell
therapy approach brings considerable neurological and cognitive improvement for
those patients due to intrinsic properties of transplanted cells.
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Abstract:
Muse cells, collectable as SSEA-3(+) by FACS, are naturally existing, non-tumorigenic
reparative endogenous pluripotent stem cells that distribute in the bone marrow,
peripheral blood, connective tissue of every organ. When allogenic (donor)-Muse cells
were infused intravenously, they are able to selectively home to damaged site by
sphingosine-1-phosphate (S1P)-S1PR2 axis with few loss and spontaneously
differentiate on-site into multiple tissue-constituent cells and replace damaged/apoptotic
cells with functional cells. Intravenous drip is the main rout and do not require surgery
for their administration, nor do they require gene introduction or cytokine treatment to
be rendered pluripotent and induce differentiation. Muse cells have a specific
immunomodulatory system, represented by HLA-G expression, allowing them to be
directly
administered
to
patients
without
HLA-matching
or
long-term
immunosuppressant treatment. Currently, clinical trials using intravenously administered
donor-Muse cells have been conducted for myocardial infarction, stroke, epidermolysis
bullosa, spinal cord injury, perinatal hypoxic ischemic encephalopathy, and amyotrophic
lateral sclerosis.
Muse cells have the potential to break through the limitations of current cell therapies
for various kinds of diseases. They may safely provide clinically relevant effects
compatible with the ‘body’s natural repair systems’ by a simple cost-effective strategy;
collection, expansion and intravenous drip, thus may deliver medical care innovation.
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Therapeutic functions of stem cells can result from their dual properties. On the one
hand, supporting regeneration or therapy due to releasing of modulating factors, which change
immunologic response in the injured tissue and supporting of endogenous regeneration, on the other
hand, through replacement and reconstruction, i.e. structural and functional incorporation of stem
cells into damaged tissue. Stem cells in vivo, in an endogenous environment, function in a threedimensional flexible tissue structure, while in vitro the standard type of culture is two-dimensional
culture - adhered to hard plastic or culture glass. The presented project sought to answer the question
how the spatial conditions of the microenvironment and the physicochemical properties of the
environment influence the production of immunomodulatory factors by stem cells and whether it
depends on the type of stem cells. The aim of the project was to determine the role of
mechanotransduction in this process by the localization and inhibition of YAP/TAZ proteins.
Materials&Methods: Two different human stem cell populations were investigated in this research:
mesenchymal stem cells isolated from Wharton's jelly of umbilical cord (WJ-MSC) and neural stem cells
derived from induced pluripotent stem cells (hiPSC-NSC). Both cell populations were cultured in
standard 2D conditions and in 3D biomimetic conditions in the form of hydrogels – fibrin hydrogel for
WJ-MSC and hydrogel made of basement membrane matrix (Geltrex) for hiPSC-NSC, in control groups
and with addition of YAP/TAZ inhibitory protein – verteporfin. Cells were then fixed for
immunostaining, cell culture supernatants were collected for secretome analysis.
Results: The localization of the YAP / TAZ complex in both populations of stem cells cultured under
different spatial conditions revealed a very strong expression of this complex at the nuclear location in
two-dimensional cultures. The presence of the YAP/TAZ inhibitor verteporfin resulted in a partial
translocation of the YAP/TAZ complex into the cytoplasm of cells grown in 2D. Both WJ-MSC and hiPSC
cells grown in hydrogels revealed mainly cytoplasmic location of the YAP / TAZ complex. The presence
of verteporfin did not change this localization. Analysis of the secretory profile of the studied cell
populations shown that verteporfin decrease the level of almost all investigated proteins (TGFβ, IL-11,
TSG-6 and COX2) in both WJ-MSC and hiPSC-NSC, cultured either in 2D or in hydrogels. The level of
interleukin 10 was at the limit of detection for both cell populations in all observed culture variants.
Conclusions: The study showed the relationship between the secretion profile of immunomodulatory
trophic factors, the elasticity of the culture medium and the location of the YAP / TAZ complex in the
cells. Moreover, the cells' response to the microenvironmental stimuli depends on the type of stem
cell population.
Acknowledgment: The work was supported by National Science Centre grant Miniatura-3 and statutory funds to
MMRI PAS
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Abstract
Background: Neuroinflammation is an important host defense response to secondary
brain injury after intracerebral hemorrhage (ICH). Extracellular matrix
metalloproteinase inducer (EMMPRIN) has been shown to be a vital inflammatory
mediator in some neurological diseases. Minocycline has the neuroprotective effect in
ICH brain injury by inhibiting the MMPs expression. We hypothesize that
neuroprotection of minocycline is via inhibition of EMMPRIN following ICH in mice.
Methods: Male adult C57BL/6 mice were injected with collagenase type VII or saline
into the right basal ganglia. Minocycline (45 mg/kg) was administered intraperitoneally
2 h after ICH and then every 12 h until euthanasia. Immunofluorescence, western blot
analysis, Fluoro-Jade C (FJC) staining, terminal deoxynucleotidyl transferase dUTP nick
end labeling (TUNEL), and HE staining were used to evaluate the EMMPRIN, MMP-9
expression, brain inflammation, and hematoma volume. The neurobehavioral tests
were used to determine the functional recovery.
Results: The outcomes of western blot and immunofluorescence analysis revealed that
EMMPRIN expression significantly decreased in the perihematomal area at 3 days after
ICH with minocycline treatment. Meanwhile, the animals with minocycline treatment
significantly reduced the expression of MMP-9, elevated the expression of ZO-1 and
occludin, inhibited activation of microglia/macrophages and infiltration of neutrophils
in perihematomal tissue, reduced neuronal death and neuronal degeneration and
promoted the neurological recovery after ICH.
Conclusion: Our findings demonstrated that inhibition of EMMPRIN expression by
minocycline reduced neuroinflammation and neuronal injury after ICH, which may be
mediated by activation of the EMMPRIN/MMP-9 pathway. Therefore, inhibition of
EMMPRIN may be a potential therapeutic strategy for ICH patients.
Keywords:
Intracerebral
hemorrhage,
EMMPRIN,
Minocycline,
Matrix
metalloproteinase-9
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Abstract
Therapeutic benefit for ischemic stroke, as a cerebrovascular disease, would benefit by direct
treatment of the cerebrovasculature. Here, we describe our experimental stroke studies
demonstrating critical roles of distinctive small extracellular vesicles , primarily exosomes,
both in promoting neurovascular dysfunction, e.g., exosomes released by platelets post
stroke, and as a therapeutic using cerebral endothelial cell exosomes to treat stroke. Studies
described will demonstrate that platelets mediate vascular permeability and inflammation,
which is exacerbated by thrombolytic treatment with tPA. We show that exosomes released
from platelets post stroke promote thrombin deposition in the microvasculature post stroke
which mediate vascular dysfunction. Importantly, this platelet exosomal mediated damage
may be ameliorated by using exosomes derived from non-stroke cerebral endothelial cells.
We also demonstrate that exosomes derived from healthy cerebral endothelial cells when
used in combination with thrombolytic and mechanical thrombectomy treatments of
experimental stroke greatly enhance therapeutic outcome. The critical take-home message
is, we show that exosomes harvested from intact cerebral endothelial cells may be used to
efficaciously treat ischemic stroke and augment the therapeutic benefits of thrombolytic and
mechanical thrombectomy treatment of stroke.
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Abstract:
Mitochondria play a pivotal role in a variety of processes including calcium signaling
and cell apoptosis. The role of mitochondria dynamics in neural cell fate is also well
documented. Our previous experiments on different neuronal differentiation models
showed that normoxic oxygen conditions (5% O2) impact neural to glial cell fate by
increasing expression of the astrocytic marker, GFAP and lowering expression of the
neuronal marker, βtubIII. In this work, we used a brain organoid model from human
induced pluripotent stem cells (hiPSCs) at three different stages of differentiation –
11-day neurospheres (11D-N), 44-days (44D-CO) and 4-month brain organoids (4MCO) grown in two different oxygen conditions –5 and 21% O2 to decipher an impact
of different oxygen conditions to mitochondrial morphology and dynamics at at
different stages of CO development. Our mitochondria analysis framework revealed
changes in mitochondrial networks parameters throughout cerebral organoid
development. Further analyses revealed that normoxic oxygen conditions (5% O2)
affected expression of neural stem cells markers (Sox2, Nestin) in 11D-N. Finally,
different oxygen condition influenced neuronal (βtubIII) and glial markers (GFAP) in
44D-CO and 4M-CO. These results suggest that oxygen conditions influence neural
fate by inducing changes in mitochondrial dynamics. Overall, our framework offers a
powerful tool to elucidate mitochondrial fate/morphology at different stages of
neuronal differentiation upon different oxygen condition in the cerebral organoid
model.
This work was supported by the National Science Centre 2019/35/B/NZ3/04383 and Statutory
Funds from MMRI PAS.
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Abstract:

Stem cell-derived brain organoids replicate important stages of the prenatal
human brain development and combined with the induced pluripotent stem
cells (iPSCs) technology offer an unprecedented model for investigating
human neurodevelopmental diseases including schizophrenia and autism. I
will discuss new insights into organoid-based model of schizophrenia and
shed light on challenges and future applications of organoid disease model
system.
Studies of iPSC and cerebral organoids in combination with
electrophysiology, 3D genomics and novel technologies such as
nanophotonics/optogenomics, unravel potential applications in the search
for
new
drug
treatments
and
novel
technologies
such
as nanophotonics/optogenomics for controlling and correcting the brain
development
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Abstract
The aggressive primary brain tumor glioblastoma (GBM) is characterized by aberrant
metabolism that fuels its malignant phenotype. Diverse genetic subtypes of malignant
glioma are sensitive to selective inhibition of the NAD+ salvage pathway enzyme
nicotinamide phosphoribosyltransferase (NAMPT). However, the potential impact of
NAD+ depletion on the brain tumor microenvironment has not been elaborated. In
addition, systemic toxicity of NAMPT inhibition remains a significant concern. Here we
show that microparticle-mediated intratumoral delivery of NAMPT inhibitor GMX1778
induces specific immunologic changes in the tumor microenvironment of murine GBM,
characterized by upregulation of immune checkpoint PD-L1, recruitment of CD3+,
CD4+, and CD8+ T cells, and reduction of M2-polarized immunosuppressive
macrophages. NAD+ depletion and autophagy induced by NAMPT inhibitors mediated
the upregulation of PD-L1 transcripts and cell surface protein levels in GBM cells.
NAMPT inhibitor modulation of the tumor immune microenvironment was therefore
combined with PD-1 checkpoint blockade in vivo, significantly increasing the survival
of GBM-bearing animals. Thus, the therapeutic impacts of NAMPT inhibition extended
beyond neoplastic cells, shaping surrounding immune effectors. Microparticle delivery
and release of NAMPT inhibitor at the tumor site offers a safe and robust means to
alter an immune tumor microenvironment that could potentiate checkpoint
immunotherapy for glioblastoma. SIGNIFICANCE: Microparticle-mediated local
inhibition of NAMPT modulates the tumor immune microenvironment and acts
cooperatively with anti-PD-1 checkpoint blockade, offering a combination
immunotherapy strategy for the treatment of GBM.
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Abstract:

Objective: To explore the possible mechanism of Notch signalling pathway-mediated olfactory
ensheathing cells to activating endogenous neural stem cells to participate in nerve repair after
spinal cord injury. Method: 230-250g healthy SD rats were completely assigned in different
groups: ①Blank group(N=20)-only opened the lamina without spinal cord injury ②Control
group (N=20)-T10 impact model of spinal cord injury, a certain volume of DMEM-F12 was
transplanted to the injury location ③Cell transplantation group (N=20)-T10 impact model, the
same volume of OECs suspension were transplanted. Observation method: ①The proportion of
NF200, GFAP and MBP positive cells in the area of injured spinal cord was determined by
immunohistochemistry and flow cytometry to assess the differentiation direction. ②The
proliferation of ENSCs was measured by BrdU method. ③Western blot and RT-PCR were used
to observe the changes of RBP-J, Hes-1, Hes-5 and Mash-1 levels in spinal cord after 1, 3, 5 and
7 days of transplantation.④7 d after the operation, the nerve function score (BBB score) in
each group was assessed.
Results: ①Transplantation of OEC significantly promoted the proliferation of ENSCs and it could
affect the direction of differentiation and increase the proportion of NF200 positive cells;
②Transplantation of OEC can inhibit the expression of proteins related to Notch signaling
pathway ③BBB score of the rats in the cell transplantation group and the control
group were significant lower than in the blank group, besides, the cell transplantation group
scored highly than that of the control group (P<0.05).
Conclusion: Olfactory ensheathing cells can activate the proliferation and differentiation of
ENSCs, which may also be related to the inhibition of Notch signaling pathway.

Title:

A Paradigm Shift in Neuro-diagnostics: Utilization of Infra
Red/Radio Frequency Hybrid Technology for Detection of CNS Abnormalities

Authors:

Abstract:

Nassar Said, Adeeb AlZoubi,
Ziad AlZoubi
Jordan Orthopedic and Spine Center, Amman Jordan

We witnessed major advancements in medical diagnostics during the past year. This was
mainly due to the COVID pandemic and the race among various biotech companies to
provide fast and accurate diagnostic tools for SARS-CoV-2 that causes the disease.
However, most of these advancements were made in the chemical-based
diagnostics.
One major interesting invention that represents a paradigm shift in the field of diagnostics
was based on the utilization of Electromagnetic waves to detect the virus immediately
inside and outside the human body with very high accuracy. The COVID Hunter (TM) was
invented and developed by Jordanian engineers and scientists, and has shown superior
performance in detecting people infected with th virus, and objects that are contaminated
with the virus.
The COVID Hunter (TM) utilizes a unique hybrid of specific infrared and radio frequency
waves to detect minute amounts of the virus immediately within a specific area that can
be scanned. The device was tested on tens of thousands of patients and objects in
different countries, and has shown excellent results compared with current existing
technologies such as Polymerase Chain Reaction (PCR).
The team is now working on testing the possibility of utilizing the same technology for
detecting specific bacteria and viruses that infect the CNS and cause severe damages
such as meningitis.
Development of such an advanced diagnostic tool would allow for immediate, inexpensive
and accurate diagnosis of lingering medical conditions of the CNS.
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Abstract:
Few patients after hand injuries experienced unsuccessful course after nerve
reconstruction and suffer from painful neuropathy, severe hand numbness and
hypersensivity. Those symptoms of sensory and autonomic source are damaging for
patient’s life and reveal an important issue for their social and economic burden.
Secondary nerve release with autologous stem cell administration was shown to
improve regeneration in motor and sensory fascicles of nerve during first 30 months
follow-up. Also neuropathic pain and hypersensivity were eliminated completely.
The aim of this study was to perform continuous follow-up of those patients, who
underwent secondary nerve release with ADSC support. We checked whether any
further improvement in clinical and electrophysiological examinations can be
observed.
Method: Three patients were routinely examined and tested by electromyography,
DASH survey, VAS scale for pain evaluation, and motor, sensory and functional
evaluation by British Medical Research Council classification system in Chanson et al.
modification.
Results: In primary reports we noticed that improvement was progressing to 2,5
years after a treatment and after then probably stopped.
However, 60 months follow up revealed that continuous improvement can be
observed even longer. All patients obtained normal sensory threshold after 5 years
follow-up and their nerve conduction velocity was also improved. All patients, who
suffer from very severe pain before treatment were still pain free in five years followup.
Conclusions: The clinical and electrophysiological results after simultaneous nerve
release with ADSC support improved longer than primary expected.
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Abstract:
Scientists long have believed that the neurons we were born with are the neurons we die
with. In other words, that after birth, the brain cannot make new neurons. However, in the
last three decades, many scientists have shown that neural stem cells present in adult brains
can make new neurons that incorporate into brain circuitry and contribute to functional
recovery. Clinicians have known for many years that the brain can recover from even severe
damage.
For decades, scientists have attributed such neurological recovery to redundancy and a
poorly defined phenomenon called “plasticity”. However, recent studies suggest that
neurogenesis is an important and probably a critical mechanism for function recovery after
genetic or neonatal hypoxic-ischemic neuronal loss. We recently found that in utero lithiuminduced neurogenesis can reverse neuronal loss in mice fetuses with Down Syndrome (DS).
Likewise, rat neonates that suffer hypoxia-ischemia during birth lose as much as 20-25% of
neurons in the brain dying, but recover both neuronal number and behavior within 3 months.
However, if we did not ensure good reperfusion in hypoxia-ischemia encephalopathy models,
the rats showed greater neuronal loss and prolonged behavioral deficits. Treatments that
stimulate neurogenesis can reverse the neuronal loss and behavioral deficits.
Developing human and rodents show peaks of neurogenesis. In human, birth peak
neurogenesis occurs at birth but neonatal rats do not show their peak of neurogenesis until a
week after birth. Most DS rats in utero die and DS rats with more brain growth are selected
for survival and birth. Between 1 week and 1 month, and between 1 and 3 months, the rats
nearly double their brain size.
If care is not taken to prevent damage to the carotid arteries, they may reocclude and the
behavioral rats will continue to show behavioral deficits. However, if care is taken to ensure
that the brain is well-perfused, we see little or no difference in the number of cortical and
hippocampal neurons between HIE and uninjured wild-type animals. Growth and
development can compensate for hypoxic-ischemic damage to the brain of rats.
Treatments of hypoxia-ischemia and injury may generate greater than normal numbers of
neurons. If confirmed, this finding suggests that neonatal animals not only may compensate
for the genetic or imposed loss but may achieve better than normal neuronal numbers and
behavior. If confirmed, our findings suggest that treatments that increase neurogenesis may
not only reverse mental retardation but may increase mental functions.
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Abstract:
Tremendous efforts have been made to ameliorate and improve locomotor function
after spinal cord injury (SCI) by the transplantation of various types of stem cells.
However, the mechanism of action still has to be elucidated. In our study we compared
stem cells from different sources – mesenchymal stem cells (MSCs), an immortalized
stem cell line (SPCs) derived from human fetal spinal cord tissue or human induced
pluripotent stem cell-derived neural precursors (iPS-NPs) – for the treatment of a SCI.
Both types of NPs survived and differentiated in the lesion. We further investigate the
effect of cell grafting on activity of pro-inflammatory NF-kB pathway. Cell
transplantation resulted in significant downregulation of TNF-α production and in
strong inhibition of p65 NF-κB activity. To assess the effectivity of the MSC treatment,
different dosages and repeated applications were compared. Histochemical analyses
revealed a gradually increasing effect of grafted cells, resulting in a significant increase
in axonal sprouting, spared gray matter and reduced astrogliosis. MSC-secretome had
similar effect as cell application.
Our results demonstrate that the transplantation of stem cells into the lesioned rat
spinal cord improves functional outcome due to their strong immunomodulatory
properties based on inhibition of a major signalling pathway. Reduced inflammation
may have led to observed tissue sparing and glial scar reduction. The effect of MSCs
on spinal cord regeneration is dose-dependent, potentiated by repeated application
and comparable with their secretome. Neurogenic stem cells have the ability to interact
with the host tissue and differentiate into a more mature phenotype.
Supported by: “Center of Reconstructive Neuroscience”,
CZ.02.1.01/0.0./0.0/15_003/0000419
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Abstract:
Global Zika virus (ZIKV) outbreaks and their strong link to microcephaly have raised
major public health concerns. ZIKV has been reported to affect the innate immune
responses in neural stem/progenitor cells (NS/PCs). However, it is unclear how these
immune factors affect neurogenesis. In this study, we used Asian-American lineage
ZIKV strain PRVABC59 to infect primary human NS/PCs originally derived from fetal
brains. We found that ZIKV overactivated key molecules in the innate immune
pathways to impair neurogenesis in a cell stage-dependent manner. Inhibiting the
overactivated innate immune responses ameliorated ZIKV-induced neurogenesis
reduction. This study thus suggests that orchestrating the host innate immune
responses in NS/PCs after ZIKV infection could be promising therapeutic approach to
attenuate ZIKV-associated neuropathology.
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Abstract:
Transient ischemic attack (TIA) has been widely regarded as a clinical entity. Even
though magnetic resonance imaging (MRI) results of TIA patients are negative,
potential neurovascular damage might be present, and may account for long-term
cognitive impairment. Animal models that simulate human diseases are essential tools
for in-depth study of TIA. This study aims to develop an optimized TIA model in
C57BL/6 mice to explore the microscopic evidence of ischemic injury after TIA, and
investigate the therapeutic effects of Dl-3-N-butylphthalide (NBP) on TIA. C57BL/6
mice were subjected to varying durations of ischemia (7, 8, 9 or 10 min) using the
intraluminal middle cerebral artery occlusion (MCAO) method. Cerebral artery occlusion
and reperfusion were assessed by laser speckle contrast imaging. TIA and ischemic
stroke were distinguished by neurological testing and MRI examination at 24 h postoperation. Neuronal apoptosis was examined by TUNEL staining. Images of submicron
vascular networks were obtained via micro-optical sectioning tomography.
Subsequently, the mice were randomly assigned to a sham-operated group, a vehicletreated TIA group or an NBP-treated TIA group. Vascular density was determined by
immunofluorescent staining and fluorescein isothiocyanate method, and the
expression of angiogenic growth factors were detected by western blot analysis. We
found that an 8-min or shorter period of ischemia induced neither permanent
neurological deficits nor MRI detectable brain lesions in C57BL/6 mice, but
histologically caused neuronal apoptosis and cerebral vasculature abnormalities. NBP
treatment increased the number of CD31+ microvessels and perfused microvessels
after TIA compared with the vehicle-treated group. NBP also up-regulated the
expression of VEGF, Ang-1 and Ang-2. In conclusion, 8 min or shorter cerebral ischemia
induced by the suture MCAO method is an appropriate TIA model in C57BL/6 mice,
which conforms to the definition of human TIA, but causes microscopic neurovascular
impairment. NBP treatment increased the expression of angiogenic growth factors,
promoted angiogenesis and improved cerebral microvessels after TIA. Our study
provides new insights on the pathogenesis and potential treatments of TIA.
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Abstract:
Extracellular matrix (ECM) is derived from porcine nerves, which had a good
performance as nerve repair biomaterial. However, decellularized porcine nerves (DPN)
have limitations including lacking sufficient mechanical support, and the defined size of
DPN difficult to fit the nerve defect. In this study, a novel electrospinning bilayer
structure nerve conduit（BNC）, which based on poly (L-lactic acid-co-ε-caprolactone)
(PLA-PCL) and ECM, was fabricated for nerve regeneration. Electrospinning ECM was
considered as the inner layer of BNC, and PLA-PCL was electrospun into an outer layer.
The results showed that BNC retained some neural extracellular matrix components and
bioactive molecules, including collagen I, collagen IV, laminin, fibronectin,
glycosaminoglycan, NGF, and BDGF, demonstrated by immunehisto-chemistry, Western
blot, and enzyme-linked immunosorbent assay. Scanning electron microscopy images
showed that an inner layer composed of ECM by electrospinning had a network of
nanofibers. Biomechanical analysis proved that electrospun PLA-PCL as an outer layer
improved mechanical properties of BNC. In vitro, the biosecurity of BNC was evaluated
by cytotoxicity, subcutaneous implantation test and cell affinity analyses. In vivo, BNC
was implanted in a rat sciatic nerve mode of 10 mm long-distance defects for up to 12
weeks, in comparison with PLA-PCL conduit, ENC and autograft. The functional nerve
recovery was assessed by functional analysis, electrophysiological analysis, and
immunohistochemical analysis. These findings indicated that BNC not only retains the
advantages of ECM, but also with the appropriate mechanical strength, which would be
a great potential clinical nerve repair biomaterial for peripheral nerve injuries.
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Abstract:
The promising applications of MgFe‐LDH nanoparticles in directing the stem cell fate
was studied, leukemia inhibitory factor (LIF) is vital for mouse embryonic stem cells
(mESCs) to sustain its self-renewal and pluripotency, MgFe‐LDH nanoparticles could
be used as an economical and efficient replacement for LIF. MgFe‐LDH was observed
to be very effective in maintaining mESCs pluripotency, indicated by clone morphology,
ALP activity as well as expression levels of self-renewal related genes and proteins. In
addition, MgFe‐LDH maintained the potential to differentiate into all three germ layers.
Combined transcriptomic and proteomic analysis revealed that MgFe‐LDH could
activate LIFR regulating signaling pathways, while the extra Fe2+ provided by MgFe‐
LDH would also enhance TET1/2 abundance related to DNA demethylation. These
results suggest that MgFe‐LDH nanoparticles can thus be used as an affordable and
efficient replacement for LIF in mESC cultivation.
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Abstract:
Nanoscaffolds and nanomanipulation of inflammation to improve recovery are two major
themes in neurorestoratology, and nanotechniques are proving to be an advance in
vaccines for COVID-19.
Self-assembling peptide nanofiber scaffolds and their use for various injuries to both the
central and peripheral nervous system will be discussed.
The phases of spinal cord injury (SCI) over time (days to months) will be reviewed, with
a focus on the pro-inflammatory and anti-inflammatory cytokines, macrophages, and
microglia at different times in the post-injury period. Recent research on the use of
nanoparticles that target circulating immune cells to optimize the immunological
response following SCI is encouraging, particularly given that the nanoparticles are
administered intravenously.
The enhancement of restorative cytokines by bone marrow-derived mesenchymal stem
cells will be noted, as well as the rapidly expanding use of exosomes to improve
recovery both to the nervous system and to other tissues following injury.
Exosome-mimetic nanovesicles derived from mesenchymal stem cells also show promise
in treating SCI.
Given the devastating effect worldwide of the COVID-19 pandemic for more than a year
now, the role of nanotechniques in combating COVID-19 will be addressed – with a
focus on the nanotechniques used in messenger RNA COVID-19 vaccines. The
thrombotic complications of other COVID-19 vaccines – rare but often fatal – make the
nanotechniques for mRNA vaccines particularly appealing.
Restoring nervous system function following injury is a promising area of research, in
large part thanks to techniques at the level of the nanorealm.
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Abstract:
Nowadays, pathophysiology of Parkinson’s disease (PD) is being changed as
proteinopathy: misfolded a- synuclein accumulation as well as loss of dopaminergic
neurons. Therefore, various strategies targeted to these novel findings are being
developed in research basis.
Cell replacement therapies, dopaminergic neurons differentiated from embryonic stem
cell or iPS are now far advanced, so their efficacy and safety are under evaluation in
primates.
Other materials beyond stem cell are shown up recently : control of reactive
astrocytes around dopaminergic neurons in substantia nigra, direct transdifferentiation
of astrocyte to dopaminergic neuron, graphene resolving aggragated misfolded asynuclein, and CRISPR to delete mutated gene producing a- synuclein. We utilized
CRISPR/Cas9 to delete A53T-SNCA in vitro and in vivo. Adeno-associated virus carrying
SaCas9-KKH with a single-guide RNA (sgRNA) targeting A53T-SNCA significantly
reduced the A53T-SNCA levels in vitro, without off-target effects on wild-type SNCA.
Furthermore, we tested the technique’s in vivo therapeutic potential in a viral
A53T-SNCA overexpression rat model of PD. Gene deletion of A53T-SNCA significantly
prevented the overexpression of α-synuclein, dopaminergic neurodegeneration, and
parkinsonian motor symptoms, whereas a negative control without sgRNA did not. Our
findings propose CRISPR/Cas9 system as a potential prevention strategy for PD with
A53T-SNCA mutation.
Although most of these new strategies are still experimental status, they are novel
and can elicit the new era of PD management in near future.
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Objective: To analyse the characteristics of severe knee flexion of poliomyelitis sequelae in
adults, to conclude curative effects and key points of composite method.
Methods: From September 2008 to February 2017, 61 cases of severe knee flexion of
poliomyelitis sequelae in adults were treated by composite method, 41 of which met the
inclusion criteria, 33 of which were followed-up and data collected. The age of 17 males and
16 females at the time of operation were 19-53 years old with an average of 30 years; 7 left
lower limbs, 16 right lower limbs and 10 bilateral sides. the patient with hand on knee gait
preoperatively in 2 cases, 22 cases of walking with single crutch,5 cases were walking with
crutches, 4 cases could not stand and crawling (squatting) on the ground. The average angle
of knee flexion was 52 °(range,90 °to 40 °) .Among them, 7 cases were single knee flexion,
11 cases were combined with hip deformity, 4 cases combined with ankle deformity, 11 cases
combined with hip flexion and ankle deformity. Of 33 cases were done with composite method
of iliotibial band release, biceps tendon release, peroneal fascia release, femoral super condyle
osteotomy and Ilizarov fixation application. The deformity of hip or (and) ankle could be
corrected at same stage. The external fixator can be adjusted to correct the residual deformity
of knee flexion to 0 °or mild retroflexion position. In the processing of treatment, weight
bearing and the motion of the knee were encouraged. The function of the lower extremity was
followed-up and evaluated by the postoperative evaluation table.
Results: 43 lower limbs of 33 patients were included this study and were treated with
composite methods, in 6 cases of knee flexion > 60 °, 15-34mm shortening osteotomy of the
femur with an average of 22mm have been done. The follow up period as a mean of 56 months
(40-133 months).36 knee with flexion deformities were corrected to the 0 ° to - 7 ° position,
and bone osteotomy site was completely healed; 7 knee flexion deformities remained at 6 ° 15 °; the deformities of hip and ankle were corrected in same stage. The wearing time of
external fixator was 38 to 110 days with an average of 47 days. The knee orthosis with hinge
was assembled for 2-3 months at knee joint straight position after fixator removal. All patients
were complicated with 20 ° - 60 ° knee flexion dysfunction. Transient paralysis of the common
peroneal nerve occurred in 2 cases. No case suffered vascular injury, no fractures and no case
with venous thrombosis of lower extremity. According to the evaluation criteria, 19 cases were
excellent, 10 good, 4 fair and 0 poor, the rate of excellent and good was 87.9%.
Conclusion: It is effective and controllable for the management of severe flexion deformity
of the knee due to poliomyelitis sequelae in adult using composite method of soft tissue and
common peroneal nerve release, supracondylar osteotomy of femur and combined with
Ilizarov technique, which was recommended as an good option to correct the deformity and
improve the walking function of the lower limbs with severe deformities.
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Abstract:
Adipose-derived Stromal Cells (ADSC) possess various properties which make them a
good candidate for cell-based therapies in regenerative medicine or chronic
inflammation diseases treatment. Through their ability to undergo adipogenic,
osteogenic, chondrogenic and even neurogenic differentiation they are a promising
treatment product. Additionally upon contact with inflammatory environment ADSCs
show immunomodulative properties which may shut down hosts inflammatory
processes or shift them towards proregenerative inflammation e.g. activation of Treg
phenotype in lymphocytes T. Here we assess the influence the acquisition method and
post-isolation culture medium may inflict on ADSCs transcriptome, especially in context
of neuroregenerative and neuroprotective genes. Fat tissue was acquired through two
different liposuction methods then ADSC isolation was performed. ADSCs from both
batches were split again into two groups each and cultured in either standard culture
medium – DMEM supplemented with 10% FBS and 1% antibiotic-antimycotic solution
or commercially available culture medium dedicated to stem cells` expansion –
NutriStem. After culturing RNA was isolated from all cells and processed to assemble
NGS library which was then sequenced. Our results show that liposuction method - of
the two used in this particular observation - was of no relevance regarding gene
expression. However, the culturing environment inflicted changes in ADSCs
transcriptomic profile. A number of tissue regeneration and nervous system-related
growth factors including GDNF, BDNF or VEGF were expressed on different levels in
relation to which medium was used for ADSCs expansion.
Work financed by NCBR (project STRATEGMED2/267976/13/NCBR/2015).

Title:

Long term evolution after Cellular therapy in Spinal Cord Injury
patients

Author:

Teresita Moviglia Brandolino
CIITT, Universidad Maimonides, Buenos Aires, Argentina

Abstract:

Background
Restoring the connection between the proximal and caudal ends of a spinal cord injury has
been one of the main goals of cell therapy since the late twentieth century. In 2002 we started
working in this area and over the years we develop a therapeutic strategy that combines cell
therapy in the nervous system and skeletal muscle with an intensive and multidisciplinary
rehabilitation plan. We present long term follow up of 12 patients that received at least 2 years
of complete treatment.
Material and Methods
Patients: 7paraplejic, 5 quadriplegics with chronic (more than 18months since the injury) and
complete (ASIA A) spinal cord injury.
Cell therapy: autologous mesenchymal stem cells obtained from fat tissue and effector T
lymphocytes previously activated with peptides derived from neural tissue (CEREBROLISIN) and
skeletal muscle.
The cells were delivered by selective arteriography in the spinal cord and by intramuscular
punction. Patients received 4 spinal cord implants and 8 muscular implants over 2 years.
Rehabilitation program: all patients received an intensive (25hours per week)
multidisciplinary and dynamic program was follow which aims to train and recover functions lost
due to the spinal cord injury.
Results:
Both the cell treatment and the rehabilitation program were very well tolerated by all patients.
No mayor side effects were observed.
Electrical activity associated to voluntary movement was observed in muscles that were silent
pretreatment. Sings of muscular trophism recovery were observed in muscles that showed
severe atrophy before treatment.
Patients showed significant functional improvements such as recover of isolated muscular
movement, independent standing and sitting and independent gate.
Physiological and clinical changes appeared, consolidated, and increased after the first six
months of treatment.
The patients were evaluated periodically the following two years after having finished the
treatment and during this period they maintained what they had achieved and, in some cases,
the continued to improve.
Conclusion:
Combined treatment is well tolerated. To achieve significant improvement requires time, several
cell implants in both the spinal cord and skeletal muscles and intensive physical stimulation.
Once the patient restores an independent function it will stay permanent.

Title: Xenogeneic decellularized extracellular matrix-based biomaterials for
peripheral nerve repair and regeneration
Author / Authors:

Ting Li, Rabia Javed, Qiang Ao
Shengjing Hospital of China Medical University CHINA

Abstract:
Peripheral nerve injury could lead to either impairment or a complete loss of function for
affected patients, and a variety of nerve repair materials have been developed for
surgical approaches to repair it. Although autologous/allologous tissue-derived
biomaterials remain preferred treatment for peripheral nerve injury, the lack of donor
sources has led researchers to explore more other biomaterials. As a reliable alternative,
xenogeneic decellularized extracellular matrix (dECM)-based biomaterials have been
widely employed for surgical nerve repair. The dECM derived from animal donors is an
attractive and unlimited source for xenotransplantation. Meanwhile, as an increasingly
popular technique, decellularization could retain a variety of bioactive components in
native ECM, such as polysaccharides, proteins and growth factors. The resulting
dECM-based biomaterials preserve tissues' native microenvironment, promote Schwann
cells proliferation and differentiation, and provide cues for nerve regeneration. Although
the potential of dECM-based biomaterials as a therapeutic agent is rising, there are
many limitations restricting its use, such as poor mechanical strength and tenability.
Incorporating dECM into some synthetic materials may endow dECM-based biomaterials
with better mechanical properties. These hybrid biomaterials hold the advantages of
both types of materials, including the machanical and material properties of synthetic
materials, and bioactivities of dECM. Similarly, the scaffolds also manifest the
disadvantages of both materials, for example, the host inflammatory response to many
synthetic materials and the biological variability of dECM. Thus, there are still many
problems to be solved for peripheral nerve repair with dECM-based biomaterials in the
future.
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Abstract:
The aim was to examine the efficiency of a scaffold made of poly (L-lactic acid)-copoly(ϵ-caprolactone), collagen (COL), polyaniline (PANI) and enriched with adiposederived stem cells (ASCs) as a nerve conduit in a rat model.P(LLA-CL)-COL-PANI
scaffold was optimized and electrospun into a tubular-shaped structure. Adipose tissue
from 10 Lewis rats was harvested for ASCs culture. 28 inbred male Lewis rats
underwent sciatic nerve transection and excision of a 10 mm nerve trunk fragment. In
group A, nerve gap remained untouched, in B excised trunk was used as an autograft,
in C nerve stumps were secured with P(LLA-CL)-COL-PANI conduit, in the D P(LLACL)-COL-PANI conduit was enriched with ASCs. After 6-months of observation rats
were sacrificed. Gastrocnemius muscles and sciatic nerves were harvested for weight,
histology analysis and nerve fiber count analyses. Group A showed advanced atrophy
of the muscle, each intervention (B, C, D) prevented muscle mass decrease
(p<0.0001), however, ASCs addition decreased efficiency vs autograft (p<0.05). Nerve
fiber count revealed a superior effect in the nerve fiber density observed in the groups
with the use of conduit (D vs B p<0.0001, C vs B p<0.001). P(LLA-CL)-COL-PANI
conduits with ASCs showed promising results in managing nerve gap by decreasing
muscle atrophy.
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Abstract:
Transplantation of neural stem cells (NSCs) is one of the most promising treatments for
spinal cord injury (SCI).
However, the limited survival of transplanted NSCs reduces their therapeutic effects.
The aim of the present study was to examine whether a co-transplantation of olfactory
ensheathing cells (OECs) may enhance the survival of NSCs and improve the beneficial
effects of NSCs in rats with SCI, as well as to investigate potential mechanisms
underlying such efficacies. Co-transplantation of OECs and NSCs was used to treat rats
with SCI.
Sympathetic nerve function was determined by measuring sympathetic skin responses.
The results showed that OEC/NSC co-transplantation improved motor function and
autonomic nerve function in rats with SCI. Co_transplantation of OECs promoted
NSC-induced neuroprotection and inhibited programmed necrosis of NSCs,
which was mediated by receptor-interacting protein kinase 3 (RIP3) and mixed lineage
kinase domain-like protein (MLKL). Furthermore, OECs increased the proliferation and
differentiation of NSCs in vitro, and improved the survival rate of NSCs in vivo. Taken
together, we conclude that transplantation of OECs inhibited programmed necrosis of
co-transplanted NSCs to promote therapeutic effects on SCI. Therefore,
co_transplantation of OECs and NSCs may represent a promising strategy for treating
patients with SCI.

Title:

Biomimetic microenvironmental preconditioning of human
WJ-MSC enhance their neuroprotective properties

Author:

Wioletta Lech, Anna Sarnowska, Zuzanna Kuczynska,
Marzena Zychowicz, Leonora Buzanska
Department of Stem Cell Bioengineering, Mossakowski Medical
Research Institute, Warsaw, Poland

Abstract:
Tissue engineering and regenerative medicine are currently vast and rapidly growing
research fields. The intrinsic qualities of stem cells, including differentiation potential and
self-renewal, make them a frontline source for the cell therapy. However, protection of the
transplanted cells from the host immunological attack and the modulation of their properties
by in vitro preconditioning are the main issues to consider for successful treatment.
Wharton’s Jelly-derived mesenchymal stem cells (WJ-MSCs) were encapsulated in 3D
hydrogels derived from human fibrin (FB) or platelet lysate (PL) and the oxygen level was
adjusted to physiological normoxia (5% O2). The influence of the type of the scaffold and
physiological normoxia conditions was tested on the WJ-MSCs’ survivability, proliferation,
migratory potential, the level of expression of selected trophic factors, cytokines, and neural
markers. For ex vivo studies an experimental model of oxygen glucose deprivation was used
in order to mimic an ischemic injury. MSCs-induced neuroprotection was evaluated after 24 h
in OHC co-cultured with WJ-MSCs in 2D or 3D conditions. WJ-MSCs from control (2D) and
3D scaffolds were characterized with qRT-PCR for the expression of growth factors and
cytokines after 24 h of co-culture.
Encapsulated WJ-MSCs revealed high survivability, stable proliferation rate, and ability to
migrate out of the hydrogel and the up-regulated expression of all tested factors, e.g.,
BDNF, GDNF, VEGF-A, bFGF as well as the increased expression of neural differentiation
markers. Ex vivo studies with indirect co-culture of organotypic hippocampal slices and cellhydrogel bio-constructs revealed strong neuroprotective effect of WJ-MSCs against neuronal
death in the CA1 region of the rat hippocampus. This effect was potentiated further by FB
scaffolds under 5% O2 conditions. Moreover, WJ-MSCs cultured on 3D scaffolds revealed the
increased expression of several neurotrophins (BDNF, NGF), growth factors (bFGF, EGF) and
decreased expression of pro-inflammatory cytokines, e.g., IL-1β, together with higher
expression of anti-inflammatory TGF-β1.
The results have indicated that physiological normoxia and 3D microenvironmental
conditions induce positive neuroprotective and immunomodulatory response of WJ-MSCs in
injured neuronal tissue. Moreover, the analysed scaffold models, together with modulating
oxygen level allow building up biomimetic conditions for in vitro stem cells culture and
serving as a promising material for future use in MSCs-based therapy.
Sponsored by NCBR grant No STRATEGMED1/234261/2/NCBR/2014, statutory funds to MMRI and ESF,
POWR.03.02.00-00-I028/17-00.
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Abstract:
The state of minimal consciousness (MCS) is characterized by a severely impaired
consciousness, with symptoms of wakefulness and partial preservation of awareness.
It has been documented that the constant activation of glial cells responsible for the
production and secretion of pro and anti-inflammatory factors contributes to the
exacerbation of pathological changes in states preceding the occurrence of MCS.
Although the prevalence of MCS is estimated at 100,000 to 300,000 adults and
children, there is no effective treatment for MCS. One of the promising therapeutic
approaches appears to be mesenchymal stem cell (MSC) therapy, mainly due to
immunoregulatory properties of MSC.
The aim of the study was (i) to investigate the profile of interleukins (ILs) in the
cerebrospinal fluid (CSF) of patients with MCS and (ii) to determine the potential impact
of MSC therapy on the level of ILs expression. Nine patients aged 19–45 years,
remaining in MCS for3–14 months, were included in BM-MSC therapy and received
three autologous MSC administrations. CSF was collected before transplantation
(control) and after the first and second administration of MSC. The concentration of
26 selected ILs was measured semi-quantitatively by dot-blotting.
Our results confirmed the presence of IL8, IL19, IL23, IL24, IL32, IL33 in the CSF of
examined MCS patients. Administration of BM-MSC resulted in the decrease of IL18,
IL19, IL23, IL33 levels and increase of IL24 level, compared to the content before
transplantation of BM-MSC. Expression of IL8 and IL32 was constant during therapy.
The above results indicate the immunomodulatory effect of MSC therapy on the
inflammatory process in MCS, possibly through the paracrine action of MSCs.
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Abstract:
The concept of using human cells as therapy of diseases dates back to the 19th
century when simple blood transfusions were performed. Currently, hematopoietic
stem cell transplantation is the standard treatment of many hematological disorders.
The knowledge gained from treating these rare diseases led to the development of
efficient cell culture procedures, and naturally led to the need to develop new cell
products to treat also neurological diseases.
Stem cell therapy offers promising hope for neurodegenerative diseases, including
Alzheimer's diseases, Huntington's disease, and amyotrophic lateral sclerosis. The
main role of stem cells, rather than substitution of lost neurons, is neuroprotective by
acting as immunomodulators and neuroprotectors. The mechanisms of the action of
stem cells in neurodegenerative diseases, which include secretion of growth factor,
secretion of exosomes and the weakening of inflammation of the nervous system,
should be constantly discussed. Accordingly, an increasing range of laboratory,
preclinical and clinical research focuses on (i) definition the appropriate population of
cells in a given disease, (ii) development of a protocol for obtaining standardized
culture protocols in order to obtain a therapeutic biomaterial of high quality and
effectiveness.
Stem cell research holds tremendous promise for medical treatments, but scientists
still have much to learn about how stem cells, and the specialized cells they
generate, work in the body and their capacity for healing.
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Abstract:
The regeneration and repair of peripheral nerve defects have always been an important area for
clinical research workers. Due to the structural particularity and complexity of natural peripheral
nerves, it is still an important issue to develop a fully functional nerve repair catheter to replace
autologous nerve transplantation, also a more significant challenge. In this study, a double-layer
repair catheter prepared by decellularized epineurium combined with polymer materials is used
to bridge nerve defects and achieve the purpose of nerve regeneration and repair. Studies have
shown that the decellularized epineurium can eliminate cellular components to the greatest
extent while retaining most of the extramural matrix and biologically active molecules, such as
collagen and glycosaminoglycans laminin fibronectin, and some nerve growth factor, etc. We
carried out the determination through histochemistry, immunochemistry, and enzyme-linked
immunosorbent experiments. And cytotoxicity experiment, cytocompatibility experiment, and
blood compatibility experiment tested the material's biological safety; the double-layer catheter's
physical properties were pushed through the mechanical tensile experiment. Besides, in the rat
sciatic nerve amputation model, the sciatic nerve function index, nerve conduction velocity, and
the number of regenerated nerve fibers are detected to evaluate the effect of nerve function
repair. The results show that the nerve repair catheter used in this study can better guide nerve
regeneration to achieve better nerve regeneration and repair effects than autologous nerve
grafts. Therefore, the double-layer nerve repair catheter has good clinical application potential
and can provide new prospects for peripheral nerve regeneration and repair.
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Abstract Congenital disorders of copper metabolism are associated with
neurological/hepatically dysfunction including Wilson’s disease (WD). WD is a
autosomal recessive disorder caused by mutations in the ATP7B gene resulting in the
inability of the hepatocytes to remove excess copper. Gradual copper accumulation
causes damage to liver, brain and other organs manifesting in liver disease,
neurological and psychiatric symptoms. Also scond copper-neurometaboic disorder:
Menkes disease charaterized with mutated ATP7A gene, is ralated with abnormally
neuroal transmission and synaptogenesis. There is over 30 000 WD inpatients in
China University hospitals (Hefei , Shanghai, and Guangzhou cities), Most from Chinese,
some Caucasians from USA and Europe and South Asia, and have been treated with
better outcome approximately 80%. Besdies the anticopper agents (such as DMPS,
DMSA,
et
al),
together
applied
were
Neuro-protective
drugs:
Butylphthalide ,Coenzyme Q, Butylphthalide, Edaravone and Vit E... Gene therapy and
stem cell therapy also have been tried for pre-clinical or clinical trials. We, with Some
other research groups, did successfully do the five stem-cell lines of WD. Induced
pluripotent stem cell (iPSC) line, THSJTUi001-A, was generated from a 26-year-old
Chinese male patient with Wilson's disease carrying a homozygous Arg778Leu
mutation in ATP7B gene, using non-integrated episomal reprogramming vectors. This
cell line had normal karyotype, expressed pluripotency markers and could differentiate
into the three germ layers in vivo. The authors may plan to target at the some points
of brain or liver.
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Abstract
BACKGROUND: At present, fusion surgery must be performed to reconstruct the
stability of the cervical spine after cervical vertebral body resection and decompression.
However, fusion sacrifices the mobility of the cervical spine in the surgical segment,
which significantly affects the quality of life of patients after surgery, and also brings
local stress. A series of long-term problems such as metastasis and degeneration of
adjacent segments.
OBJECTIVE: To explore the short-term clinical effect of 3D printing motion-preserving
cervical joint system implantation in the treatment of a patient with cervical spondylotic
myelopathy.
METHODS: In view of the loss of motor function of cervical spine segments and the
degeneration of adjacent segments after traditional ACCF, a self-developed 3D printing
motion-preserving cervical joint system was used to treat 1 patient with cervical
spondylotic myelopathy in December 2020 , Using JOA scoring, imaging examination
and other methods to evaluate the efficacy of surgery.
RESULTS AND CONCLUSION: The neurological function of the patient recovered well
one week after the operation, and the JOA score rose to 14 points. The physiological
curvature and intervertebral height of the patient’s cervical spine recovered well after
the operation. The prosthesis was accurately implanted in the decompression site
according to the preoperative plan. The results suggest that the prosthesis reconstructs
part of the cervical spine motor function.
Key words: motion-preserving cervical joint system; cervical spondylotic myelopathy;
ACCF

Title:

Targeting Recovery Neurobiology Mechanisms to Improve
Function after Spinal Cord Injury

Author:

Yang D. Teng, Ph.D., M.D.

Director, Lab of SCI, Stem Cell and Recovery Neurobiology Research
Co-Director, Neurotrauma Recovery Research
Department of Physical Medicine & Rehabilitation, Harvard Medical School,
Spaulding Rehabilitation Hospital Network, and Mass General Brigham
Boston, MA, USA

Abstract:

We and our collaborators pioneered the platform technology of 3-dimensional polymer scaffolding
to investigate mechanistic events of human neural stem cells (hNSCs) and mesenchymal stromal
stem cells (hMSCs) for neural repair in vitro and in vivo. Through utilizing uniquely designed
polymer-scaffolded hNSC or hMSC implant, controlled drug release, and genetic modification of
host microenvironment, we have uncovered key mechanisms to induce functional improvement
after spinal cord injury (SCI). The findings comprehensively elucidate Recovery Neurobiology —
i.e., the injured adult spinal cord under proper treatment can deploy polysynaptic neural circuits
that are different from neurophysiological pathways for neurological restoration. Thus, following
SCI, rescuing neurons that play important roles in the intraspinal cord neurocircuitry is pivotal for
preserving neurobiological integrity. In a recent study, thermoreversible hydrogel was
functionalized in vitro with a broad-spectrum oxidant scavenger before being microinjected into
the lesion epicenter in an experimental model of SCI. The treatment significantly augmented
sensorimotor performance, compared to controls by reducing gray and white matter loss,
neuronal death, excessive reactive gliosis, and cystic cavity. Fulfilling a heretofore unmet
pharmacological demand, the regimen has demonstrated high translational potential for treating
acute neurotrauma.
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Abstract:
Vascularization following spinal cord injury (SCI) provides trophic support for rebuilding
up and maintaining the homeostasis of neuronal networks, and the promotion of
angiogenesis is beneficial for functional recovery after SCI. M2 macrophages have been
reported to exhibit powerful pro-angiogenic function during tissue repair. Exosomes
are important paracrine mediators of their parent cells and play critical roles in tissue
regeneration. However, the role of M2 macrophage-derived exosomes (M2-Exos) in
SCI is still largely unknown. In the present study, we determined that M2- Exos could
augment the angiogenic activities of spinal cord microvascular endothelial cells
(SCMECs) in vitro. Hydrogel-mediated sustained release of M2-Exos significantly
promoted vascular regeneration and functional recovery in mice after SCI. Furthermore,
proteomics analysis showed that ubiquitin thioesterase otulin (OTULIN) protein was
highly enriched in M2-Exos. Functional assays demonstrated that OTULIN protein was
required for the M2-Exos-induced pro-angiogenic effects in SCMECs, as well as positive
effects on vascular regeneration, cell proliferation and functional recovery in the mouse
model of SCI. Mechanically, OTULIN from M2-Exos could activate the Wnt/β-catenin
signaling by increasing the protein level of β-catenin via inhibiting its ubiquitination,
and trigger the expression of angiogenesis-related genes that are reported to be the
downstream targets of Wnt/β-catenin signaling. Inhibition of the Wnt/β-catenin
signaling by ICG101 in SCMECs markedly attenuated the proangiogenic activities of
M2-Exos. Our findings indicate that M2-Exos positively modulate vascular regeneration
and neurological functional recovery after SCI by activating Wnt/β-catenin signaling
through the transfer of OTULIN protein.
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Abstract
Regain of daily activity is a major wish of patients after spinal cord injury, while the
recovery of motor function recovery is the expection to achieve independent life. The
involvement of somatosensory rehabilitation is usually overlooked in previous clinical
rehabilitation. This study is to prove the role of somatosensory rehabilitation by
experimental and clinical studies, respectively. In an experimental study of rat model,
hemi-contusion injury was applied to the left dorsal cord of C5 using a 1.5-mmdiameter impounder at 500 mm/s in adult rats. We monitoring the motor and
somatosensory function changes with motor evoked potential (MEP) and
somatosensory evoked potential (SEP) in comparison with gross to fine motor skills.
Our data confirmed that not only the descending motor pathway played a key role in
the regulation of motor control, but also the sensory system showed its potential to
provide information on recovery and plasticity. In a clinical study, brain computer
interface (BCI) controlled robotic hand rehabilitation therapy was applied to poststroke patients with hand deficit. Motor imagery and somatosensory BCI were
employed to robotic control, while the hand function recovery results by these two BCI
methods were compared. Results showed that somatosensory BCI is a safe and
effective method to recovery hand function. This study demonstrated the important
role of somatosensory rehabilitation in neural rehabilitation for patients after spinal
cord injury.
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Abstract:
Objective: To investigate the Ilizarov technique in the treatment of complex ankle
deformity complicated with neurotrophic disorder. Methods: From January 2014 to May
2019, complicated ankle deformity with nerve injury was treated. Among them, there
were 5 cases with obvious reduction of ankle and foot sensation in spina bifida
sequelae, 1 case with complete disappearance of sensation in the sole and part of the
back of the foot, and 4 cases with injury of the common peroneal nerve after trauma.
Unilateral in 6 cases, bilateral in 4; 2 cases with lower leg bone scar; 2 cases with limb
shortening greater than 5 cm; 7 cases had compression ulcer before operation; ankle
joint activity range was less than 10° in 8 cases; 6 males and 4 females; Age 13-57,
average 27.9. Time to treatment 10-30 years, average 26 years. Preoperative
assessment of soft tissues of the foot and ankle, whether combined with compression
ulcer, infection, whether the need for preoperative management; foot and ankle muscle
strength; According to the principles of Paley deformity correction, the deformity center
of rotation angulation ( CORA ) was determined, and the configuration of the circular
external fixator was personalized designed. Minimally invasive surgery, muscle balance,
and circular external fixator were applied to gradually correct each deformity. All
patients wore orthopedic shoes and walked from partial load to full load within 1 week
after the operation. All patients were discharged from the hospital 3-6 days after the
operation, followed up, adjusted the external fixator and rehabilitation under the
guidance of our teams. After the mineralization of regenerated bone reached the
standard of bone healing, the external fixator was removed, protected with orthoses
for 3-6 months. The ankle and hindfoot scoring system of AOFAS was used to evaluate
the function before and after the treatment. Results: 10 patients were followed up for
12 months to 3 years, with an average of 1.9 years. The deformity of all 10 patients
was corrected for 2– 6 months, and the removal time of the external fixator was from
5 months to 1.5 years. Neurological function recovered in 3 cases during the treatment.
The AOFAS score was ( 90.2 ± 9.0 ), which was significantly higher than that before
operation ( 41 ± 9.1 ) ( P < 0.01 ). The AOFAS score was excellent in 4 cases, good
in 5 cases, and fair in 1 case. Conclusion: Ilizarov technique combined with minimally
invasive osteotomy and muscle balance can safely correct complex ankle deformity
complicated with the neurotrophic disorder.
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Abstract
Background: Platelet glycoprotein (GP) IIb/IIIa receptor inhibitors (GPI) including
tirofiban, eptifibatide, and abciximab which are the most effective antiplatelet drugs
for acute myocardium or cerebral ischemia. Low-dose tirofiban use in patients with
early neurological deterioration within the first 24 hours after endovascular treatment
is associated with neurological improvement at 90 day. Tirofiban is safe for patients
with ischemic stroke who do not receive endovascular treatment. While the sample
size of recent study is small. Whether early intravenous tirofiban treatment is safe and
effective for ischemic stroke patients without large-vessel occlusions not receiving
intravenous thrombolysis is explored. The study was performed to investigate the
safety and effectiveness of tirofiban in the acute ischemic stroke patients without largevessel occlusions not receiving intravenous thrombolysis.
Method: A total of 267 cases were included into analysis, including 134 cases in the
tirofiban group and 133 cases in the control group. After admission, patients in the
tirofiban group were given tirofiban for at least 72h, 4h before the end of continuous
pumping treatment, 100mg aspirin tablets and (or) 75mg hydroclopidogrel were given.
The patients in the two groups were followed up for 3 months with the modified Rankin
scale score (mRS) and death status, the National Institutes of Health Stroke Scale
(NIHSS) score at admission, 24h and 7d, intracerebral hemorrhage transformation
within 48h, and other systemic bleedings.
Result: There was no significant difference between the two groups in the incidence
of non-symptomatic intracranial hemorrhage, symptomatic intracranial hemorrhage,
extracranial hemorrhage events, and thrombocytopenia (p>0.05).There was
statistically significant between baseline NIHSS scores and that at 7d after treatment
in the tirofiban group (p=0.043). At 90d, the proportion of patients in the tirofiban
group with a good prognosis (mRS=0, 1) was higher than that in the controlL group
(p=0.021). There was no significant difference in the proportion of patients with
mRS=0-2 between these two groups (p>0.05).
Conclusion: Short-term (within 3 days) tirofiban therapy is a safe and effective method
for acute ischemic stroke patients without large-vessel occlusions not receiving
intravenous thrombolysis. It is better than aspirin and (or) clopidogrel in good
prognosis of 90 days after stroke.
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Abstract:
In recent years, the recovery phase of stroke attracted much of the attention of
researchers and clinicians, and currently is considered as most suitable target for the
stroke therapy. This is justified by the long-term therapeutic window and also intrinsic
plasticity-based mechanism of recovery which is operating in the brain and represents
suitable target of the therapy. Cells from different sources have been tested for their
ability to reconstruct the forebrain and improve function after transplantation in animals
subjected to stroke. We have shown improved functional recovery after transplantation
of human reprogrammed induced pluripotent stem cells (iPSC)-derived cortical
neuronal precursors in a rat model of cortical stroke. In our studies, we used a rabies
virus (RV)-based strategy to explore whether transplanted iPSC-derived cortical
neuronal precursors can receive and establish functional synaptic connections with host
neurons. Several months after transplantation of modified cells in a rat stroke model,
we infected grafted cells or host tissue with the RV. Immunohistochemical analysis of
injured and transplanted brains one week after the infection with RV revealed the
presence of RFP+ neurons in different areas, some of them located far away from the
implantation site. When host non-lesioned contralateral cortex was infected with Rabies
virus we detected labelled cells within the graft. Using electrophysiological recordings
in vivo and optogenetics in brain slices recordings combined with patch-clamp we
demonstrated, for the first time, that intracortical grafts of human iPSC-derived cortical
neurons establish functional afferent and efferent synaptic connections with strokeinjured brain and respond to peripheral sensory stimulation. Moreover, we showed that
the stroke-induced asymmetry in a sensorimotor (cylinder) test is reversed by
transplantation. We found bilateral decrease of motor performance in the cylinder test
after light-induced inhibition of either grafted or endogenous halorhodopsin-expressing
cortical neurons, located in the same area, and after inhibition of endogenous
halorhodopsin-expressing cortical neurons by exposure of their axons to light on the
contralateral side. These are the first examples of functional integration of afferent and
efferent projections to/from grafted reprogrammed neurons into the stroke-affected
brain’s neural circuitry, which raises the possibility that such repair might be achievable
also in humans affected by stroke.
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Abstract:
Neurogenic bladder is a common complication of spinal cord injury(SCI) and can lead to
life-threatening consequences such as kidney failure if not properly managed. We
performed bladder function reconstruction techniques during spinal shock period,
including cleaning intermittent catheterization, pelvic floor functional magnetic
stimulation, pelvic floor muscle function training, and breathing training. Before
treatment, 1 month and 3 months after treatment, the surface electromyography of
pelvic floor muscle and bladder manometry were performed. The results showed that
compared with the patients who started BRT treatment after shock stage, the pelvic
floor muscle function of the patients who started BRT treatment in shock stage was
significantly improved, the bladder volume was closer to the normal value, the residual
urine volume was lower, the pressure of leakage point was higher, and the bladder
compliance was increased. Autonomic bladders were established in 21 of the 30 patients
in the shock phase, but only 12 of the 30 patients in the post-shock phase. The time of
the first reflex urination and the establishment of the autonomous bladder were both
earlier than those in post-shock patients. Conclusion: The application of BRT in shock
stage is helpful to maintain the normal bladder volume, enhance the control of
urination, reduce residual urine volume, and facilitate the establishment of autonomous
bladder in patients with SCI.
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Abstract:
After spinal cord injury, grafted neural stem cells (NSCs) can migrate toward
injured area, where there are a large number of bone marrow derived
macrophage. However, little is known about the effect of M1 macrophage from
bone marrow on NSCs migration and the mechanism responsible for migratory
responses of grafted NSCs in vitro and in vivo. Migration of NSCs were
conducted by using the transwell chamber and SCI model. Conditioned medium
from M1 macrophages (M1-CM) can attract NSCs migration in vitro. The number
of migrated C-C chemokine receptor 2 (CCR2) -/- NSCs induced by M1-CM were
significantly decreased compared with wild type (WT) NSCs (P<0.05).
Furthermore, compared with M0 macrophages, the production of MCP-1 by M1
macrophages was significantly increased and M1-CM treated with anti-MCP-1
antibody to neutralize MCP-1 can lead to a significant reduction of NSCs
migration (P<0.05). In addition, Western blot showed that ERK1/2 was
dramatically activated following the stimuli of M1-CM and then ERK inhibitor
can also inhibit M1-CM-mediated MSCs migration. Finally, CCR2 was needed for
grafted NSCs migration toward injured area. Bone marrow derived M1
macrophage persisted within the epicenter of injured area and the expression
of MCP-1 mRNA was significantly increased 7days after SCI (P<0.05). These
results demonstrated the effect of M1 macrophages on NSCs migration and the
important role of MCP-1/CCR2 and ERK signal pathway on M1-CM-induced NSCs
migration.
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Abstract:

2D culture conditions are typical and characteristic for mesenchymal
stromal/stem cells (MSC). Under special treatment MSC can be also
cultured in 3D conditions for a short time. We attempted to develop a
protocol enabling a derivation from Wharton Jelly derived MSC (WJ-MSC)
subpopulation with increased expression of pluripotent and neural genes.
We decided to apply 3D conditions for longer time than standardly in hope
to select cells with primitive features. We examined the effects of
prolonged sphere culture on WJ-MSC – influence on proliferation,
senescence, clonogenicity, pluripotent and neural gene expression. WJMSC were cultured in 3D neurosphere induction medium for about 20 days
in vitro. Then, cells were transported to 2D conditions and confronted to
the initial population and population constantly cultured in 2D. Longtermed sphere culture of WJ-MSC resulted in increased senescence,
decreased stemness and proliferation. We observed reduced viability of
cells during 3D culture. However spheroid culture allowed for selection of
cells exhibiting increased expression of early neural and SSEA4 markers
what might indicate the survival of cell subpopulation with unique
features. Nevertheless, we continue searching for isolation method of
primitive subpopulation in MSC that could be applied in therapies.
Funding: The National Centre for Research Grant NCN 2018/31/B/NZ4/03172; ESF,
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Abstract:
Background: Tissue engineering is currently the most promising approach in the field
of regenerative medicine, concerning peripheral nervous system injuries. The aim of
presented research was evaluation of effectiveness of ASCs (adipose-derived stem
cells) for peripheral nerves mechanical injuries repair.
Methods: Phenotypic and functional properties of ASCs from 5 localizations of rats
adipose tissue were compared. Potential of neurogenic differentiation and impact of
NGF, VEGF and bFGF on this differentiation direction was evaluated. Effect of ASCs
and their secretome on growth rate and ability to repair mechanical defect in N2a cell
line repair was studied.
Results: High regenerative potential was proven in in vitro model. No differences in
phenotypic and functional features were detected. Among the examined growth
factors, NGF stimulated ASCs to differentiate into neurogenic lineage. However, adding
NGF to N2a cell culture did not increase their growth rate. Improvement of time of
mechanical injury in N2a cell line repair was significant after adding ASCs to the cell
culture.
Conclusions: Presented in this research results confirm that ASCs have high potential
to repair injuries in peripheral nervous system and using them together with materialengineered scaffold gives promising results in treatment of big defects of peripheral
nerves.

