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P7 MEDICINE

Personalizing Medicine

Genomics and Personalized Medicine

M. Amin Tabatabaiefar, Ph.D

*Professor of Medical Genetics
Isfahan University of Medical Sciences
*Director of Erythrogen Medical Genetics Lab
*Board of Directors, Iranian Society of Medical Genetics
(ISMG)

Tabatabaiefar@med.mui.ac.ir
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Genomics is bringing about a revolution in the
diagnosis and prognosis of disease similar to the
introduction of pathology, radiology or biochemistry

\

History
Pathol

Personalized” (Precision) medicine:
diagnosis, prognosis, prevention, treatment

4/19/2024



Different Stages of P7 MEDICINE
* P1. Predictive Molecular Testing (

* P2. Preventive Healthcare Applying adequate diet
and lifestyle to avoid probable diseases

e P3. Precision Medicine

* P4. Point-of-care testing (development of
analytical methods to facilitate sample collection
and transfer)

e P5. Personalized treatment

* P6. Personalized monitoring (bringing together all
experts and physicians close to the patient for
managing the entire process from the first
diagnostic step to the end)

»P7. Patient management



Different diagnostic methods for Solid tumors

I -

MRI No ionizing radiation exposure Lower sensitivity for detecting
Detailed imaging of soft tissues small lesions

PET Detects metabolic and molecular changes Potential for false positives due to
High sensitivity for detecting metastasis FDG accumulation

Higher Cost, availability

CcT High spatial resolution and early tumor Potential for false positives due to
detection benign lesion

FISH Biomarkers Provides genetic information about specific Requires specialized laboratory
cancer subtypes analysis

PCR Biomarkers Provides genetic information about specific Requires specialized laboratory
cancer subtypes analysis

IHC Biomarkers Provides protein expression information, Helps  Requires specialized personnel and
differentiate cancer subtypes equipment, results may vary

depending on the method used

Next Generation Provides comprehensive genetic information Requires specialized laboratory

Sequencing analysis

Biomarkers

Liquid Biopsy Non-invasive and lower risk for the patient Lower sensitivity compared to
Enables monitoring of genetic changes over tissue biopsy
time Potential for false negatives due to

low concentration

Tissue Biopsy High precision and detection of genetic Potential complications such as
= mutations bleeding or infection g



General methodology for discovering new
biomarkers using bioinformatics tools

* Genomic data identification: This may include publicly available
datasets or internally generated data from experiments.

» Data preprocessing: preprocessing to ensure data quality involving
data cleaning, normalization, and the removal of irrelevant or noisy

data.

* Gene expression analysis: One of the most common methods using
microarrays or RNA sequencing

* Genetic variant analysis: DNA sequencing data

* Data mining and statistical analysis: to identify significant patterns
and associations. This may include correlation analysis, enrichment
analysis of biological pathways, gene interaction network analysis,
and classification or clustering analysis.



* Experimental validation: This may involve the use of molecular
biology techniques such as real-time PCR, Western blotting, or
immunohistochemistry to verify the expression of the biomarkers in
additional samples.

* Clinical application: Once validated, the new biomarkers can be used
in clinical studies to assess their utility in the diagnosis, prognosis, or
treatment response of a specific disease.



Next Generation Sequencing

2 I
{
- - {
-
—

\’.__——-

454 GS FLX Solexa, Illumina GA Il AB SOLIiD

Personal Genome Machine — Ion Torrent PacBio RS Heliscope Min ION
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Varaint-based treatment: strength of evidence

Variants with strong clinical significance

Experts’ consens

Variants with potential clinical significance

Level C J Level D

annroved driio
foved arugs Preclinical trials
erent tumors
Investigational therapy A few case reports

Multiple small studies

L™

Variants with unknown significance
No significant allele No convincing
frequencies (AFs evidence
Benign or likely benign variants

4/19/202 Significant allele é 8
No existing evidence :
frequencies (AFs :




Gene Expression Tests: example of
BluePrint/MammaPrint

* OMammaPrint is either low or high risk. While Oncotype is

applicable only to estrogen receptor (ER)—positive tumors,
MammaPrint can be used for both ER-positive and ER-negative

tumors

T
A enomeweb

g

Business & Policy Technology Research Diagnostics Disease Areas Applied

Economic Model Finds MammaPrint More
Cost-Effective than Oncotype; Highlights
Need for Future Studies

4/19/2024

May 09, 2012 | Turna Ray



MammaPrint

* MammaPrint (Agendia, Amsterdam, The Netherlands) which is
e also known as “Amsterdam 70-gene prognostic profile” was the
e first In Vitro Diagnostic Multivariate Index Assay to be cleared by

e the FDA in 2007

* The 70-gene MammaPrint test is intended to distinguish patients
that are at a Low Risk or High Risk to develop distant metastases

within 5 years of diagnosis

* The BluePrint 80-gene test is intended to assess the molecular
subtype of breast cancer and informs if tumors are Basal-type,
Luminal-type or HER2-type



MammaPrint-ctd

* It was the first molecular diagnostic kit with a randomized
prospective clinical trial endorsing its clinical utility

* It is validated for use in stage | and Il disease irrespective of
ER/HER?2 status, with a tumor size <5 cm, and 0-3 +ve LN It
is heavily mentioned in the guidelines of AJCC 8th edition,
ASCO, NCCN, ESMO, and St Gallen’s, with an evidence level

of 1A

* It was established using a “DNA microarray analysis of gene
expression arrays on frozen tissue”, but it has now been
amended for usage with FFPE tissue



Analysis is performed
using Agendia
designed High Density
diagnostic Microarrays
manufactured under
GMP by Agilent
Technologies. 70
signature genes
printed in nine-fold

4/19/2024




Microarray workflow

The Agilent miRNA Profiling System/Workflow

total RNA
(100 ng)

l Direct Label with Cyanine 3-pCp

8-plex microarray

labeled RNA,

[ Hybridize on Microarray

miRNA profile

Data analysis with
GeneSpring GX

13



Principle of the NGS Procedure

* The MammaPrint BluePrint Kit uses capture sequencing to determine
gene expression in RNA isolated from FFPE tissue with a tumor cell

content of at least 30%.

* The kit enables the preparation of targeted NGS libraries from FFPE
RNA using the Agilent SureSelectXT RNA target enrichment system in
the absence of a ribosomal depletion step.

* The target enrichment workflow utilizes ultra-long 120-mer
biotinylated cRNA baits to capture MammaPrint and BluePrint genes,
enriching them from an NGS genomic fragment library.

* Read count data generated from the sequencing output (FASTQ



Next generation sequencing

ACATTAGTTATAAAGCGGCGGATTAATGIN FCGDCCTTCGATC;\C?ACMGT? AGGATTAGCGCTTAGACATTABITATACCCOGGCGACCT TAGATCACTACAGAATAAAATATTATTAGACCCAGTAGCTGCAGCTGCTAGCTGTTAGACA
LAttt RN RN AR SRR B BRLRRCRRRCLRRRROABCRRIOCRBOCU R TARRRROACRCROANELASN
J

Individual is Individual is
homozygous ‘T* at this heterozygous at this
AJT polymorphism. GIA polymorphism.

4/19/2024 15



lllumina Miseq platform

4/19/2024
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Total FFPE RNA samples = Step 1: FFPE RMA Quality assessment

_ o ek
Fragment RNA using Agendia
RMA SeqFragmentation Mix .

RMA fragments

-
L]
1

| Preparssamples using MammaPring
BluePrint RNA Library Prep kit

Ada prov-ligatad cDMA Nibrary

il B0 B =P e Prepared cOMA ibeary
i 1=F] amplicons i
g |

4/19/2024 — e i v
[ Hyteri dize wuing MammaPrint BluePrint NGS Target Enrichment i



R e gments

i Prepam:amﬁuuahgnhnw;l;ﬁt
| BluePrint RNA Library Prep kit

Ada pilor-ligated il Ml ibrany

M mia Print BlrePring NGS
a1 | Ibrary— Agendis 70

Wi mimaPrirt & ned 30 831 usdr At
genes

Prepa e cDMA Fibeary
amplicord

-

i_H-!,herE.l: 4sing MammaPrint BluePrint NGS Target Enrichment

RMA Ca plude librarg'cD M
i brary hybrids

| Capture hybrids on magnetic beads |

Caplured, target-enriched
cCHMA libmry

L“EEHEE- NGS Mi Loz M'Ipﬂiﬂifﬂl"#‘l-tﬂﬂﬂ'lfﬂ
£ lISEi] ding g e d [vmry

EEdid bk bifirri e § .Ir"‘LJ" rrrrr kEikEdrrianis LEEL ]

! Paol libraries for multiphexing [optional)

18
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Prognosis Classifier for Breast Cancer based
on Genomic Profiling

Columns: tumor samples

Good signature

Poor signature

Rows: 70
significant

Threshold set with 10% false negatives
91% sensitivity; 73% specificity

Hu et al., BMC Genomics. 2006; 7: 96

4/19/2024 19



MammaPrint Index - Risk of Recurrence

High Risk of recurrence Low Risk of recurrence

-1.000 < » 0.000 = »  +1.000

* MammaPrint

 The MammaPrint result is provided as a binary result and can be
either “Low Risk” or “High Risk” for risk of recurrence.

» The prognostic profile (Low Risk, High Risk) of the sample is
determined by calculating the MammaPrint Index (MPI) on a scale of
-1.000 to +1.000

* High Risk results are those results that are equal to or below 0.000
whereas Low Risk results are those above 0.000.

e |f the MammaPrint Index (MPI) falls within a pre-defined area
around the classification cut-off between -0.0575 and +0.0575, the
classification accuracy is less than 90%.

4/19/2024 20



Reclassification

Nearly half of clinically high risk patients were
reclassified as MammaPrint Low Risk and were
able to forgo chemotherapy without
compromising their outcomes.

* 1) ER+/BASAL PATIENTS ARE
BluePrint Basal-Type
MAMMAPRINT HIGH RISK

e 2) ER+, HER2+/LUMINAL PATIENTS ARE
BluePrint/Luminal-Type

MAMMAPRINT HIGH RISK MammaPrint enables us to further divide

luminal tumors into two subtypes that align
with the test’s binary results.

4/19/2024 21
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3MYM :saselseldl

Good
signature

threshold

v

Poor
signature
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Independent External Validation:
Microarray outperforms all clinical risk assessment

High clinical risk Low clinical risk
Adjuvant on line! N=222 Adjuvant on line! N=80
73% 27%
27%
microarray
Low risk

Over-

treatment!

35%
microarray
High risk

Under-

treatment!

B tal JNCI 2006 :
uyse et al JINC >30% Discordant

cases!

4/19/2024 23




NGS-based high-throughput sequencing

is used to:

* [dentify the cancer treatment options that match
your patient's tumor profile;

* Reveal early indication of treatment resistance

* Consider appropriate oncology clinical trials that are
currently recruiting;

* Understand why chemotherapy stopped working.



Therapeutic prediction

NGS panels

Genomic signatures (MSI, TMB, HRD)

Targeted therapy
immunotherapy
Hormone therapy
Clinical trials (11 & 1l1)

Chemotherapy

Sample type

4/19/2024

At DNA and RNA level according to international
guidelines

638 genes DNA + 20 genes RNA

Included

Based on NGS

Based on NGS (TMB & MSI)

Based on NGS (ESR1/AR genes and ARv7)
Based on NGS

Toxicity based in NGS

Block or if not possible 7 slides of 10 um Non-
Superfrost™ Plus
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Targeted Liquid Biopsy to Support Clinical
Decisions

* Liquid biopsy: a fast and minimally invasive analysis of circulating
tumor DNA or CTCs from a blood sample for all advanced cancer
patients

* When patients cannot have their tumor biopsied, when their tumor
tissue sample is too old or too scarce for comprehensive biomarker
testing,

* It can be used as a tool to detect treatment resistance to targeted
therapies and hormone therapies

* It assess the heterogeneity of the disease,
* To check for acquired resistance mutations

* To determine patient's response to chemotherapy in neoadjuvant
setting

* To determine patient potential eligibility to clinical trials.



Targeted Liquid Biopsy-ctd

e circulating tumor DNA in blood.

- It is used to monitor the progression of the tumor
(burden of the disease) and to detect lack of
response or resistance to treatment as soon as it
appears.

* In addition, it sequences a fixed panel of 40 genes
associated with response/resistance to targeted
therapies and immunotherapy, and/or frequently
mutated in cancer.



b
e 3k ReproSeq
: L ke ™ ﬁ Technology
T ’ ] ,' |
|§ i

* cosI-eIrectve, ana comprenensive next-
generation sequencing (NGS) workflow
for aneuploidy analysis

* Using as little as 6 pg of DNA from a
single cell, or input from multiple cells,
the ReproSeq PGS Kit for the Ion S5
System enables accurate detection of
whole chromosome and chromosome
arm copy number events (down to 17
Mbp copy number events™) in as little as

10 hours™*.

* When combined with analysis using Ion
Reporter v5.4 or later, data interpretation
1s enhanced with new functionality such
as mosaicism detection, gender masking,
and.improved data plotting.

........
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Direct-to-Consumer genome services



CONCLUSIONS

 Genomics and Bio-informatics are the
driving forces of a revolution in diagnostic
and prognostic testing as well as patient
management

 This revolution is still in progress

 Translating genomic discoveries into clinical
tools requires a comprehensive process of
hypothesis generation and hypothesis
validation.

 There is a need to accelerate this trend.



Some Comprehensive Testlist in Cancer

Genetics

Disease [ Test

Method

Genes

Breast/Ovarian Cancer (2)

NGS+Sanger Confirmation

BRCAI, BRCA2

DX_E0153 |Breast/Ovarian Cancer (21)

NGS+Sanger Confirmation

21 genes: BRCA1, BRCA2, CHEK2, PALB2,BRIP1, TP53, PTEN, STK11, CDH1, ATM, BARD1, MLH1, MRE11, MSH2,
MSHG, MUTYH, NBN, PMS1, PMS2, RADS0, RAD51C

Cancer Genes Screening Panels

NGS+Sanger Confirmation

Analysis of 111 genes for over 15 hereditary cancers: ACD, CDKN1B, FANCA, JAGN1, NFIX, RADS0, TERT, AIP,
CDKN2A, FANCB, KIF1B, NHP2, RADS51, TINF2, APC, CHEK2, FANCC, KIT, NOP10, RAD51C, TMEM127, ATM, DDB2,
FANCD2, MAX, NSD1, RAD51D, TP53, ATR, DICER1, FANCE, MDH2, NTHL1, RB1, TSC1, AXIN2, DIS3L2, FANCF,
MEN1, PALB2, RECQL, TSC2, BAP1, DKC1, FANCG, MET, PARN, RECQL4, UBE2T, BARD1, ELANE, FANCI, MITF,
PDGFRA, RET, VHL, BLM, EPAS], FANCL, MLH1, PMS1, RTEL1, VP545, BMPR1A, EPCAM, FANCM, MNX1, POLD1,
SCG5, WAS, BRCA1, ERCC1, FH, MSH2, POLE, SLX4, WRN, BRCA2, ERCC2, FLCN, MSH6, POLH, SMAD4, WT1, BRIP1,
ERCC3, G6PC3, M5R1, POT1, SMARCA4, XPA, BUB1, ERCC4, GFI1, MUTYH, PRKAR1A, STK11, XPC, CDH1, ERCCS5,
GREM1, NBN, PTCH1, SUFU, XRCC2, CDK4, ERCC6, HOXB13, NF2, PTEN, TERC

DX_E0155 |Colorectal cancer

NGS+Sanger Confirmation

14 Genes: APC, AXIN2, EPCAM, MLH1, MLH3, MSH2, MSHS6, MUTYH, PMS1, PMS2, STK11, PTEN, SMAD4,
BMPRIA

Female Hereditary Cancer Panel

NGS+5anger Confirmation

49 genes: APC, ATM, AXIN2, BARD1, BMPRIA, BRCA1, BRCAZ2, BRIP1, CDC73, CDH1, CDK4, CDKN1B, CDKN2A,
CHEK2, EPCAM, EXT1, EXT2, FH, ELCN, MAX, MEN1, MET, MLHI, MLH3, MRELIA, MSH2, MSHS, MUTYH, NBN,
NE1, NF2, NTRK1, PALB2, PMS1, PMS2, PTEN, RADS0, RADSIC, RB1, RET, SDHAF2, SDHB, SDHC, SDHD, SMAD4,
STK11, TMEM127, TP53, VHL

DX_E0157 |Gastric cancer

NGS+Sanger Confirmation

6 Genes: CDH1, MLH1, MSH2, MSHE, PMS2, EPCAM

Multiple Endocrine Neoplasia NGS Panel

MNGS+Sanger Confirmation

3 Genes: MEN1, RET, COKN1B

4/19/2024
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DX_E0159

DX_EO161

DX_ED163

DX_E0165

Multiple Endocrine Neoplasia NG5S Panel

NGS+5anger Confirmation

3 Genes: MEN1, RET, CDKN1B

MUTYH-associated polyposis NGS+Sanger Confirmation MUTYH
Neurofibromatosis NGS+Sanger Confirmation  |NF1, NF2
Neurofibromatosis NGS Panel NGS+Sanger Confirmation NF1, NF2

Polyposis NGS Panel

NGS+5anger Confirmation

16 Genes: MLH1, MSH2, MSHE, EPCAM, APC, MUTYH, STk11, PTEN, SMAD4, BMPRIA, NF1

Prostate cancer

NGS+Sanger Confirmation

BRCAZ, CHEKZ, BRCA1

Thrombophilia NGS Panel

NGS+Sanger Confirmation

20 Genes: F8, F9, VWF, F2, F3, FGA, FGB, FGG, GP1BA, WAS, ENG, ACVRLI, SMAD4, LYST, RBME&A, GATAI, MYHS,
GALT, RASA1, ADAMTS13,

Thyroid cancer

NGS+Sanger Confirmation

RET, NTRK1

Von Hippel-Lindau Disease

Sanger Sequencing

VHL

|other molecular genetic testing

|Exome/Genome-wide analyses

DX_E0167

I

Whole Exome Sequencing (NGS)

NGS+Sanger Confirmation

21000 genes in one individual but focuses on 6800 known disease genes

Whole Genome Sequencing (NGS)

4/19/2024

32




|Molecular cytogenetics-FISH analyses
Disease / Test Sample type
Cytogenetics (abortus, FISH) abortus
DX E172 |Cytogenetics _ : ébain blood
{whole blood, FISH, microdeletion )
DX _E174 |Cytogenetics i blood
{whole blood, FISH, structural change)
DX E176 Subtelomeric FISH: Heparin blood
Cancer translocations by FISH Sample
EDTA blood, Bone
CML marrow, FFPE tissue,
fresh tissue BCR-ABL
EDTA blood, Bone
DX E178 ALL marrow, FFPE tissue,
fresh tissue E2-PBX1, MLL-AF4, TEL-AML1, BCR-ABL, SIL-TAL1
EDTA blood, Bone
AML marrow, FFPE tissue,
fresh tissue PML-RARA, ANMLI-ETO, CBFB-MYH1, PLZF-RARA, BCR-ABL....
EDTA blood, Bone
Solid tumours & lymphoma marrow, FFPE tissue,
fresh tissue EWS-FLI1, PAX3-FKHR, PAX7-FKHR, SYT-55X, CYCLIN DI-BCL1, IGH-BCL2....
EDTA blood, Bone
Quantitative tests for translocations 1_marrow. FFPE tissue.
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Molecular cytogenetics-array CGH TAT
Array-CGH Agilent; Oligo-Array; 180K, postnatal |EDTA blood, abortion, POC  [B-10 weeks
—— Array-CGH Agilent; Cligo-Array; 180K, prenatal amniotic fluid, CVS, 8-10 weeks
i {duplicate set-up) EDTA blood of the parents  [B-10 weeks
Array-CGH Agilent; Cligo-Array; 400K CGH+SNP ECTA blood 8-10 weeks
DX E184  |Array-CGH Agilent; Oligo-Array; 180K for one
= ¥ 5 SAEAS EDTA blood
parent 8-10 weelks
Array-CGH Agilent; Oligo-Array; 400K CGH+SNP for
DX E185 ¥ Ag g ¥ EDTA blood
= one parent B-10 weeks

Disease [ Test

Sample type

TAT

Chromosome Analysis abortion, POC 3 weeks
DX_E187 |Chromosome Analysis Heparin blood 3 weeks
{urgent cases/newborns: 2 weeks)
— Chromosome Analysis chorionic villi 2 weeks
i Chromosome Analysis amniotic fluid 2weeks
Chromosome Analysis tissue, skin biopsy 2 weeks
DX E183 ; Heparin: bone
Chromosome Analysis : 2 weeks
marrow/leukemic blood
Other molecular tests TAT
KRAS mutiation detection 1week
DX _E191 |BRAF mutation detection 1week
NPM 1 mutiation detection 1week
DX E193 |MTHFR mutation detection 1week
FactorV mutation detection 1week
DX E195 |c-KIT mutation detection 1week
PDGFRA mutation detection 1week
DX _E197 mutation detection 1week
mutation detection 1week
Warfarin mutation detection 1week
HLA typing mutation detection 1week
DX _E201 mutation detection 1week
4/19/2024 34



Acknowledgements

P7 MEDICINE

Personalizing Medicine

! o j-.! ‘__|"-. .j. ol EE o "Loj'l"

Juigo)yld k"ﬁ

All the families
and patients

4/19/2024 35



. Thanks for your attention!
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Importance of neurological disorders

- Hundreds of millions of people worldwide are affected by neurological
disorders =2 overt disability on about 10.2% of the total disease burden
worldwide in 2015.

- regarding causes of death 2> after cardiovascular diseases 2> 16.8% of
deaths in 2015 were due to neurological conditions.

- It has previously been reported that the annual cost of managing
neurological disease in the USA alone is close to USD&800 billion.




Importance of neurological disorders

- Despite this health burden, the treatment landscape is limited, with few
curative options available and poor drug approval rates for potential new
medications.

- Stem cells have in many respects revolutionised the way in which we explore
and treat disease. However, with the exception of haematopoietic stem cell
(HSC) transplantation, the stem cell hype is yet to live up to its promise
concerning treatment and cure of disease Why : we have still to
understand the complete role and function of the various stem cell
preparations and their clinical implications.




Stem cell therapy on the way

- Stem Cell therapy for ALS
patients also have FDA-
approval in South Chorea.
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First licensed stem cell therapy for ALS

CORESTEM launched the world’s first stem cell therapy for amyotrophic lateral sclerosis in South Korea in 2015.
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Stem cell therapy on the way

- Recently, Japanese authorities cleared a mesenchymal stem cell (MSC)
product for treating spinal cord injuries.

-

this 1s the second approved for treating a neurological condition.

- Ref: Cyranoski D. Japan’s approval of stem-cell treatment for spinal-cord injury
concerns scientists. Nature 2019;565(7741):544-545. https://doi.org/10.1038/d41586-
019-00178-x




What 1s stem cell

Stem cells provide the building blocks for every organ in the body.

Property of stem cells:
1. divide asymmetrically

2. differentiate into the various cell types of the body
3. simultaneously replicating to maintain a stem cell lineage.

Stem cells are present in almost every human tissue:
1. 1n embryos, they differentiate into all the tissues and organs of the body.

2. 1n fully developed humans they provide a renewal capacity in most organs.

Different forms of stem cells exist, each with a varying ‘potency’ (Fig. 1).




Stem Cell Types:

- There are different types of stem cells
which classified based on their potency to
replicate and differentiate to different
types of cell....
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Stem Cell Types:

- Totipotent and pluripotent stem cells

- have the highest potency, and are obtained

from the pre-embryonic stages of development.

- Blastomeres that arise from a fertilised ovum
(zygote) are totipotent stem cells and have the
potential to differentiate into all organs of the
body, including the placenta.

Pre-embryonic development
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Stem Cell Types:

- A cluster of blastomeres goes on to form a
blastocyst, which has a hollow cavity and an
inner cell mass of embryonic stem cells

(ESCs).

- These stem cells are pluripotent in nature
and, relative to totipotent stem cells> have
lost the ability to differentiate into the
placenta while maintaining their ability to
form all organs and tissues of the body.

- A blastocyst develops into a gastrula wherein
the three germ layers have started to form,
followed by the development of an embryo.

B.
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Stem Cell Types:

- Pluripotent stem cells differentiate into
multipotent stem cells, including

1. HSCs,
2. MSCs
3. Neural stem cells (NSCs).

- These cells are commaitted to further
differentiate into cells of a given organ or

system
+ HSCs differentiate into cells of the blood and immune
systems

« NSCs into cells of the brain and nervous

Pre-embryonic development
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Stem Cell Types:

- Until recently, stem cell differentiation was
considered unidirectional

by introducing a defined number of factors into
fully differentiated cells (e.g. skin or blood cells)
in a laboratory setting, one is able to derive a
cell type which once again has pluripotent
capacity

induced pluri m cells 1IPSCs).

B
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Stem Cell source 1n adults

Adult

Source

Directly isolated/ prepared

Ex vivo expanded

Bone marrow

Haematopoietic stem cells
Mesenchymal stem cells

Bone marrow-derived mesenchymal
stem cells

Peripheral blood

Haematopoietic stem cells
mobilised from the bone marrow

-

Adipose tissue

Stromal vascular fraction

Adipose-derived stromal cells

Umbilical cord and
umbilical cord blood

Haematopoietic stem cells
Mesenchymal stem cells

Umbilical cord and umbilical cord
blood-derived mesenchymal stem cells




SITES OF ADULT NEURONAL STEM CELLS

Subventricular zone(SVZ) of lateral ventricles and
the Subgranular zone of dentate gyrus in

hippocampus.
Neural Stem PROBETR

Cell source 1n
adults

Cerabral cortex

Lateral
Neural ventricle
stem cells

Olfactory
bulb

.....
., -~
......
-------
'''''''

New
Hippocampus neurons

Human Brain Rat Brain .

Kornblurm HI Introduction to neural stem cells, Stroke,2007,38:
810,

Hippocampus

Cerebellum




Stem cell therapy for neurological
disorders

- What 1s the goal of treatment in neurological disorders:

preventing more damage to nerve cells (Stroke)

Improving tissue score in central nervous system (ALS)

preventing scar tissue formation in CNS/PNS (SCI)

modulating immune system against CNS/PNS (MS+ALS)

replacing new neuronal cells to repair CNS/PNS (AD, PD, SCI, ALS.....)
activating other neural stem cells to improved damaged CNS (SCI) — bio bridging
Poorfeeding in CNS (AD, PD,....) 2 Pingponging

N o Uk W




Stem cell therapy for neurological
disorders

- The goal of stem cell therapy is:

1. to enable localisation and homing of therapeutic cells to impaired/ injured regions of the brain,
2.  to stimulate tissue repair and maintenance via a paracrine effect,

3. potentially even to generate new neurons (although the latter is generally less likely to occur).




Table 1. Advantages and disadvantages of the different stem cell types

Advantages and disadvantages of

any type

Stem cells

Advantages

Disadvantages

NSCs

HSCs

Prototype stem cells for treating neurological disease

NSC-like cells can be derived from other stem cell types
(pluripotent and multipotent)

Globally accepted form of treatment for haematological
conditions

Well-established industry for harvesting and preparation
of clinical grade treatments

Readily accessible resource and easily procured
No need for genetic matching

Most likely stem cell therapy to evolve into an off-the-
shelf allogenic product

NSCs = neural stem cells; HSCs = haematopoietic stem cells; MSCs = mesenchymal stem cells.

Limited resource with ethical implications around procurement

(if from aborted fetal tissue)

Poorly understood stem cell biology and least explored in clinical

studies

Tumorigenic risks if derived from pluripotent stem cells
Limited experience for use in neurological disease
Generally limited for use as an autologous therapy (requires
genetic matching of the donor and recipient if used as an
allogeneic treatment)

Poorly understood mechanism of action for treating certain

neurological conditions

Exploited by unregulated clinics globally
Poorly understood mechanism of action for treating certain
neurological conditions




Neurogenesis by Stem cells

-Neurogenesis has 5 steps:
1. Prolifration
2.Migration
3.Integration
4. Differentiation
5.5urvival
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-Clinical trials — 2018

-Source : Clinicaltrials.gov
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Clinical trials 1in 2021 1n
China

16 1s 1In progress
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Clinical trials 1n 2021 1n USA

58 1s 1n progress




Types of stem cell 1in neurological diseases

1. Neural Stem Cells

2. Mesenchymal stem cells
3. HSCs




Neural Stem Cells




Neural Stem cells

- NSCs are multipotent progenitors = neurotrophic factors and/or differentiate into
committed cell lineages of CNS/PNS - neurons + supporting glial cells (such as
astrocytes and oligodendrocytes).

- Location:

= subventricular zone (SVZ) of the hippocampus
1. are in contact with CSF
2. moving radially
3. differentiating to young neuroblasts.[8]

= subgranular zone (SGZ)->dentate gyrus of hippocampus
1. move radially
2. differentiate to neuroblasts and radial glia-like NSCs.




Neural stem cell clinical trials

- NSCs are abundant in fetal brains - Ethical concerning
1PSCs - Ethical concerning

- Tumerogenesis risk due to high rate of replication and proliferation

- Why NSCs and NSClike cells 2>

1. ability to release neurotrophic factors

2. to differentiate into neural and glial cells 2 promoting neurogenesis and
replacing diseased or injured areas of the brain.

3.  Can produce both neurons and glial cells

- To date, no NSC-based therapy has been approved for routine clinical use.




- stroke

- Parkinson’s disease

Neural stem cell/Neural like clinical
trials

- multiple sclerosis,
- spinal cord injury,

- amyotrophic lateral sclerosis,

- brain tumours. For the latter, gene-modified NSCs are being applied (see below). Seven
of the 27 studies using NSC-based therapies to treat neurological disease make use of

NSC-like cells differentiated from bone marrow MSCs (n=3), iPSCs (n=2), ESCs (n=1)
and oocytes (n=1).




HSC 1n neurological diseases

- Up to now, just Autologous type 1s used 1n clinical trials.

- From October 2011 to September 2018> have received HSCs: 220 patients

- Common misconception: HSCs are the therapeutic product.

o

HSCs do not differentiate into neurons or oligodendrocytes, and there is no
evidence that they can repair damaged central nervous system (CNS) tissue.




HSC 1n neurological diseases

- It needs immunoablation therapy.

- 3 types of immunoablation therapy:
1.  high-intensity regimens—> busulfan or total body irradiation (TBI);

2. intermediate regimens - BEAM= the combination of carmustine (BCNU), etoposide,
cytarabine (Ara-C) and melphalan.

3. low-intensity regimens = cyclophosphamide and ATG




HSC 1n neurological diseases

- The adverse events of the procedure:

1. Acute toxicity:
v alopecia,
v/ anaemia,
v thrombocytopaenia
v leucopenia.
v fever with or without bacteraemia

v Neuro-inflammation toxicity is directly related to the intensity of the conditioning regimen, with significantly more
toxicity and TRM in high-intensity conditioning regimens.

2. Long-term side effects:
v viral reactivations,
v development of secondary autoimmunity,
v malignancies

v impaired fertility.




HSC 1n neurological diseases

- HSC transplantation is performed in over 80 countries

- More than 60 000 HSC transplants that are done globally per annum, the
vast majority (~90%) are for treating haematological malignancies, including
leukaemia, lymphoma and myeloma.[32,33]

- Secondary = solid tumours, non-malignant conditions include bone marrow
failure, haemoglobinopathies and primary immune disorders.

- A distinct increase in the use of HSCs for regenerative purposes,
particularly umbilical cord blood (UCB) as a source of HSCs for treating
neurological conditions. (40 from 54 clinical trials with UC-HSC)




HSC 1n neurological diseases

- Mononuclear layer cells comprises:
1.  a high proportion of HSCs,

2. alesser extent MSCs, endothelial progenitor cells and immunosuppressive cells
such as regulatory T cells and monocyte-derived suppressor cells.

- Whats the function of this layer: - provide a paracrine effect that
(1) promotes cell survival,;
(11) stimulates proliferation and migration of NSCs;
(111) induces regeneration of damaged brain cells;
(1v) reduces inflammation;

(v) promotes angiogenesis.|




HSC 1n neurological diseases

UCB together with recombinant human erythropoietin,
a significant improvement in cognitive and motor
function of CP patients was reported relative to the
control group

¥ STEM CELLS

Translational and Clinical Research & Open Access

Umbilical Cord Blood Therapy Potentiated with Erythropoietin
for Children with Cerebral Palsy: A Double-blind, Randomized,
Placebo-Controlled Trial™®

Kyunghoon Min, Junyoung Song, ]Jin Young Kang, Jooyeon Ko, Ju Seok Ryu, Myung Seo Kang, Su Jin Jang
, Sang Heum Kim, Doyeun Oh, Moon Kyu Kim, Sung Soo Kim, MinYoung Kim 5«

First published: 24 December 2012 | https://doi.org/10.1002/stem.1304 | Citations: 117




HSC 1n neurological diseases

- a meta-analysis of all cell therapies used to treat cerebral
palsy (olfactory ensheathing cells, NSCs and neural
progenitor cells, and allogeneic UCB), from which it was
shown that UCB seemed to be most effective means of
treatment.

%< STEM CELLS
¥ TRANSLATIONAL MEDICINE

@l Open Access

Concise Review: Stem Cell Interventions for People With Cerebral
Palsy: Systematic Review With Meta-Analysis

lona Novak i, Karen Walker, Rod W. Hunt, Euan M. Wallace, Michael Fahey, Nadia Badawi

First published: 31 May 2016 | https://doi.org/10.5966/sctm.2015-0372 | Citations: 38




HSC 1n neurological diseases

- One study was initiated in 2009 using peripheral blood mobilised HSCs to treat cerebral palsy
(NCT01019733), with findings indicating that intrathecal injection of autologous HSCs was safe,
but with limited improvement in neurological function after 6 months of follow-up.

Cell & Gene Therapy

CYTOTH ERA PY - [8CTems

Safety and tolerability of intrathecal delivery of
autologous bone marrow nucleated cells in children with
cerebral palsy: an open-label phase | trial

Consuelo Mancias-Guerra 2 * Aima Rosa Marroquin-Escamilla « Oscar Gonzalez-Llano =

Laura Villarreal-Martinez e José Carlos Jaime-Pérez « Fernando Garcia-Rodriguez

Sagrario Lisete Valdés-Burnes « Laura Nely Rodriguez-Romo e Dinorah Catalina Barrera-Morales »
José Javier Sanchez-Hernandez » Olga Graciela Cantu-Rodriguez = César Homero Gutiérrez-Aguirre

Andrés Gémez-De Leén « Guillermo Elizondo-Riojas ¢ Rosario Salazar-Riojas » David Gémez-Almaguer

Published: March 17, 2014 = DOI: https://doi.org/10.1016/j.jcyt.2014.01.008




HSC 1n neurological diseases

- 2019 - Autism spectrum disorder i1s another condition for which UCB is being explored. As the
pathophysiology of the disorder includes aspects of neural inflammation and connectivity, the
rationale for using UCB to provide paracrine benefits has been justified.

STEM CELLS

Y TR ANSLATIONAL MEDICINE

Cord Blood = @ openAccess (@ @ & &

White Matter Tract Changes Associated with Clinical
Improvement in an Open-Label Trial Assessing Autologous
Umbilical Cord Blood for Treatment of Young Children with

Autism

Kimberly L. H. Carpenter g, Samantha Major, Catherine Tallman, Lyon W. Chen, Lauren Franz, Jessica
Sun, Joanne Kurtzberg, Allen Song, Geraldine Dawson

First published: 08 January 2019 | https://doi.org/10.1002/sctm.18-0251 | Citations: 11




HSC 1n neurological diseases

« Phase I/II clinical studie:
- Safety : ok

- 25 children were treated with
autologous UCB infusions

- Over a follow-up period of 6
months, significant
Improvements in

)

behaviour were reported,
including those with parent-
reported measures and clinical
assessments.[42,43]

@ % STEM CELLS
%* TRANSLATIONAL MEDICINE

Cord Blood =@ openAccess @ @ &

Autologous Cord Blood Infusions Are Safe and Feasible in Young
Children with Autism Spectrum Disorder: Results of a Single-
Center Phase | Open-Label Trial

Geraldine Dawson, Jessica M. Sun X, Katherine S. Davlantis, Michael Murias, Lauren Franz, Jesse Troy,
Ryan Simmons, Maura Sabatos-DeVito, Rebecca Durham, Joanne Kurtzberg

First published: 05 April 2017 | https://doi.org/10.1002/sctm.16-0474 | Citations: 54




HSC 1n neurological diseases

a preliminary communication reported
data from a randomised clinical trial S76
August 2019, Vol. 109, No. 8 (Suppl 1)
RESEARCH (NCT00273364) :

103 study participants received either

HSC transplantation (non-myeloablative

with low-dose chemotherapy) or disease-

modifying therapy (typical treatment of
multiple sclerosis):

* With a median follow-up of 2 years,

» disease progression occurred in 3
study participants who received HSC
transplantation, while 34 receiving
disease-modifying therapy
progressed.[45]

Preliminary Communication

January 15, 2019

Effect of Nonmyeloablative Hematopoietic
Stem Cell Transplantation vs Continued
Disease-Modifying Therapy on Disease
Progression in Patients With Relapsing-
Remitting Multiple Sclerosis

A Randomized Clinical Trial

Richard K. Burt, N’ID1; Roumen Balabanov, IVIDz; Joachim Burman, MDB; etal

» Author Affiliations | Article Information

JAMA. 2019;321(2):165-174. doi:10.1001/jama.2018.18743




Mesenchymal Stem Cells




MSCs 1n Neurological disease

- 1n stroke survivors, ALS, and SCI 1s widely in progress.

- Cell characterization: CD 34(-),45(-), 73(+), 90(+), 105(+)

- How MSCs help neural system:

Otk L

S.ecretion. of bioactive molecules - Microglial and astrocyte activation -
pingponging

growth factors 2 IGF-1; VEGF - Neurogenesis (Bio bridging) + Angiogenesis
cytokines = IL-6, IL-10, TGF-8 - Immune suppression

chemokines (CXCL12 and probably CCL27 and CCL21) 2 Immunomodulation

Enhancing of survival and myelinating abilities of oligodendrocytes




MSCS IN NEUROLOGICAL DISEASE

- Autologous MSCs - decreased MSC in BM with age

- No risk for recipient reaction

- No ethical concerning

- Safe 2 no need to do HLA-Typing (well tolerating)
- BM/Adipose tissues are the best source

- It takes 3-4weeks to have usable number of cells

- Fibroblats like feature but decreased proliferation rate with age

- Routs: IV — IT — Intra lesional — IN (Olfactory — CN 5) — IA

- Clinical trials: SCI — Neurodegenerative — Neuroinflammation
- Limitation for cell processing (maximally 7 time of cell passage)

- No risk for tumorogenesis




- Sources:

Alloegenic MSCs 1n SCT

1. Umbailical cord / Umbilical cord blood are the best sources
2. Adipose Tissue
3.  BM (painful and aggressive technique)

- Cell Banking is possible

- It can be used in acute traumatic Brain/Cord injuries

- No need to HLA-typing (CD34-)

- Easily available through umbilical cord sampling

- Ethical concerning (informed consent for donors and recipients)

- Limitation in cell processing (maximally 7 times of cell culturing)

- No risk for tumorogenesis




MSCs Routs 1n Neurological-SCT

Intra-arterial

- Carotid
1. Obstruction for Stroke
2. Manipulation of carotid plaques in stroke
3. 1n clinical studies chronic stroke had better response against
acute ones (Cochran benefit ratio)> no evidence of benefit
1. cerebral embolism risk in high cell numbers
2. Rapid hypersensitivity reactions

- Pancrease - in DM-I

- Renal 2 Glomerolonephritis, renal azotemia




MSCs Routs 1n Neurological-SCT

Intra-venous

- Pulmonar Entrapment

- Hypersensitivity reactions

- Indirect effects on body

- Phelebitis

- Slow i1nfusion =2 30 to 40% slower 1n allogenic against autologous
- Maximally 10¢ / Kg 2 maximally 120cc/hour for autologous MSCs
- Maximally 106/ Kg & maximally 80cc/Hour for Allogenic MSCs




MSCs Routs 1n Neurological-SCT

Intrathecal:

- More complications against IV/IA:
1.  Fever (depending to the patient Height — Thalamic reaction)
Headache (positional and non positional)
Nausea/Vomiting
Urinary Retention
Painful through injection and after that on legs / low back pain
Starting of meningeal irritation after injection - Meningitis and encephalitis
Risk of hydrocephaly due to Magendie and luschka obstruction.

NoOUR N

- Deformity of spinal cord due to long time disability
- Shunts decrease the chance for residency of cells

- Maximally 106 / Kg for intrathecal injection




MSCs Routs 1n Neurological-SCT

Intra-lesional injection:

- All complications of IT injection

- Best way is direct injection via neurosurgery or stereotaxic method - for SCIs in
stroke

- Needs cell bank (not possible to use autologous type)

- In DBS it is possible to inject directly in BGs for Parkinson patients with awake
and aware condition

- Not usable in neurodegenerative diseases due to diffuse involvement of brain.
- Effective in after endarterectomy (CEA)

- More effective 1n chronic types against acute ones.

- Maximally 107/Kg




MSCs Routs 1n Neurological-SCT

Inranasal:

- Easy

- Olfactory (through cribriform plate - SA-area and directly to brain
paranchyma)

- trigeminal cranial nerves (through cribriform and through ganglion)

- No dangerous complications

- Low cell number usage can cause less efficacy




 mesenchymal stromal cells

* medicinal signalling cells

MSC 1n neurological diseases

Q; & STEM CELLS
* Mesenchymal stem cells X2 TR ANSLATIONAL MED]C]NE

Perspectives @ OpenAccess (© @) @ @
Mesenchymal Stem Cells: Time to Change the Name!

Arnold I. Caplan y

First published: 28 April 2017 | https://doi.org/10.1002/sctm.17-0051 | Citations: 298




MSC 1n neurological diseases

- Self-renew and differentiate into cells of the mesoderm,
- Including: bone, adipose and cartilage.

- MSCs are believed to have high treatment potential due to several unique
characteristics, including:
1. (1) their ability to home to a site of injury;
2. (1) their immunomodulatory and paracrine effects;

3.  (111) the fact that they are immune-privileged (i.e. do not required genetic
matching);

4.  (1v) that they can be procured from many sources, such as bone marrow,
adipose tissue and umbilical cord Wharton’s jelly.




MSC 1n neurological diseases

- To date, 4 MSC products have obtained regulatory approval for patient
treatment.

- These include:

1. remestemcel-L (allogeneic bone marrow-derived MSCs) in Canada, New
Zealand and Japan for acute graft-versus-host disease;

2. darvadstrocel (allogeneic adiposederived MSCs) in Europe for fistulae in
Crohn’s disease;

3. stemirac (autologous bone marrow-derived MSCs) in Japan for treating spinal
cord injury

4.  Stemals (autologous BM-MSCs) in Spouth korea for treating ALS.




MSC 1n neurological diseases

- as many as 150 different indications can be identified from registered
clinical trials.

- Amongst these are a range of neurological conditions,
diabetes,

stroke,

osteoarthritis,

emphysema,

bone fractures, wounds,

macular degeneration

N o Ove L

1ncontinence.




MSC 1n neurological diseases

- Of the 120 registered clinical trials (up to 2020) applying MSCs to treat
neurological disease,

1.  two-thirds are/were indicated for stroke (n=27),
2. spinal cord injury (n=26)
3. multiple sclerosis (n=23).

- In terms of tissue source, more than half of the registered trials use MSCs
derived from :

1.  bone marrow (n=67),

2. adipose tissue (n=26),

3. umbilical cord (n=23)

4.  umbilical cord blood (n=4).




MSC 1n neurological diseases

- Review article: They found 8 reported clinical studies, all of which were early-stage
clinical trials, with only 3 being placebo-controlled.

- They conclude that there is a need for well-designed Phase II multicentre studies to

definitively report the safety and preliminary efficacy of MSC treatment in patients
with ischaemic stroke.

Mesenchymal Stem Cell Therapy in Stroke: A Systematic Review of Literature
in Pre-Clinical and Clinical Research
Haiging Zheng, Bin Zhang, Pratik Y. Chhatbar, more... Show all authors v

First Published October 22, 2018 @ Research Article | Find in PubMed M) Check for updates
https://doi.org/10.1177/0963689718806846

Article information v LAILmetnc 1 0 ‘@ @ @ |




MSC 1n neurological diseases

- In a more recent report of a 2-
year follow-up of 16 patients
receiving bone marrow-derived
MSCs, 1t was shown that the
treatment remained safe and was
accompanied by encouraging
improvements in clinical
outcomes, particularly motor
impairment scales.

- A larger placebo-controlled study
has been initiated by the same
group and 1s ongoing
(NCT02448641).

J

N JOURNAL OF Home
NEUROSURGERY
OFFICIAL JOURNALS OF THE AANS SINCE 1944

COvID-19

Two-year safety and clinical outcomes in chronic
Ischemic stroke patients after implantation of modified
bone marrow-derived mesenchymal stem cells (SB623):

a phase 1/2a study

Gary K. Steinberg MD, PhD "2, Douglas Kondziolka MD ?, Lawrenc...

DOI link: https://doi.org/10.3171/2018.5.JNS173147

Online Publication Date:

View More +

Joun




MSC 1n neurological diseases

- 13 patients showing positive outcomes in a Phase I/II clinical trial.
Notably, Japanese authorities do not require double-blinded randomised
studies to grant approval for such therapies, which 1s a matter of ongoing
debate, given that these studies are not placebo controlled and recruit
only small numbers of patients.

nature View All Nature Researc

Explore Content v Journal Information v Publish With Us v Subscribe

nature > news > article

no significant improvements in

motor function were reported, N Il
although there were apparent and Japan’s approval of stem-cell treatment

subtle improvements in sensory for spinal-cord injury concerns scientists

(hght touch and pm pI’le) and Chiefamong their worries is insufficient evidence that the therapy works.
bladder functions.

NEWS - 24 JANUARY 2019




MSCT 1n Neuroinflmmatory diseases
(Ms)

- Clinical trials for MSCTs:

« Dr. Ucceli (Genova) & Dr. Freedman (Ottawa) — 2010 — International stem
cell transplantation study group (IMSCTSG) announced :

MSCs (Allogenic — Autologous)

1. can immunomodulate pathologic mechanisms of autoimmune encephalitis

2. Can repair CNS (Increase tissue health scores) > Against Betaferrons




MSCT 1n Neuroinflmmatory diseases
(Ms)

- First clinical trials started in 2010 — Mallow scolding study (IMSCTSG) /
Kraussis IV /IT — 6 to 27 months follow up/15 MS — 19 ALS)

- No severe side effects

- Approved safety and efficacy




MSCT 1n Neuroinflmmatory diseases
(Ms)

- 2011 — Connick / Chandran / Clinical trial phase II / MSCs :

¥

Well neuroprotective effects in optic nerve involvement

(Increased optic nerve magnetization transfer ratio)




MSCT 1n Neuroinflmmatory diseases
(Ms)

- 2014 — Dr. Bonab — 25 Progressive MS resistant to routine treatments

- Autologous MSCs

- Results:
v'Little complications.
v' 4 recovery
v 6 aggrevation
v 12 steady states
v'"MRI study : 15 stable — 6 new T2 lesions through 12 months follow up




- Results:

« Decrease in Th1/Th17

MSCT 1n Neuroinflmmatory diseases
(Ms)

- 2014 — Blanco / Sepulreda / Saiz - Autologous MSC in RRMS - 1 year follow up
- Follow up : EDSS — Brain MRI — Immunological tests

- 1 year without any new active lesions in MRI

- Decrase 1n INF-C level
- Decrease in Th17-producing CD4-T-Cells

- Totally means: Lower proinflammatory T-cell profile.




MSC 1n neurological diseases

- 2017:

1.  MSCs provided benefits
suggestive of
neuroprotection based on

their immunomodulatory
and anti-inflammatory
properties.

C N S Neuroscience & Therapeutics

ORIGINAL ARTICLE =~ (3 Open Access @ @ @ @

Mesenchymal stem cells and conditioned media in the treatment
of multiple sclerosis patients: Clinical, ophthalmological and
radiological assessments of safety and efficacy

Said Dahbour, Fatima Jamali, Dana Alhattab, Ali Al-Radaideh, Osama Ababneh, Nosaiba Al-Ryalat,
Muawyeh Al-Bdour, Bayan Hourani, Mohammed Msallam, Murad Rasheed, Ammar Huneiti, Yacoub
Bahou, Emad Tarawneh, Abdalla Awidi i

First published: 29 September 2017 | https://doi.org/10.1111/cns.12759 | Citations: 43

NIH clinical trials registry identifier: NCT01895439.




MSC 1n neurological diseases

well tolerated with relative efficacy in stabilising the

disease and reversing symptoms.

Research Article | Open Access
Volume 2016 | Article ID 5302120 | https://doi.org/10.1155/2016/5302120

Show citation

Clinical Application of Autologous Adipose
Stem Cells in Patients with Multiple Sclerosis:
Preliminary Results

Adam Stepien,fL Natalia L. Dabrowska, Marzena Maciagcn.r\.rska,jL Renata Piusinska
Macoch [ .1 Aleksandra Zolocinska,? Slawomir Mazur,? Katarzyna Siennicka (,2 Emilia
Frankowska,? Rafat Kidzinski,* Matgorzata Chalimoniuk @, and Zygsmunt Pojda (92

Show more

Academic Editor: Nina Ivanovska




MSC 1n neurological diseases

- Finally, we found 2 clinical reports of studies using ASCs for multiple sclerosis. In the
first, 16 patients were treated by autologous, intrathecal administration of ASCs in a
Phase I/Il safety study. After 18 months of follow-up, ASCs were shown to be safe, but
with no significant benefits having been reported.




MSC 1n neurological diseases

Fernandez O, Izquierdo G, Fernandez V, et al. Adipose-derived mesenchymal stem cells
(AAMSC) for the treatment of secondary-progressive multiple sclerosis: A triple blinded, placebo
controlled, randomized phase I/II safety and feasibility study. PLoS One 2018;13(5):e0195891.
https://doi. org/10.1371/journal.pone.0195891

26 patients were treated with either low-dose/high-dose
ASCs or placebo. No treatment related adverse events
were reported, along with an inconclusive trend
regarding efficacy.[59]
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PBM EFFECTS

» A. ANTI-INFLAMMATORY

» B. ANTI-EDEMATOUS

» C. ANALGESIC

» D. MICROCIRCULATION IMPROVEMENT
» E. DAMAGED TISSUE REGENERATION

» F. WOUND REPAIR ENHANCEMENT

» G. IMMUNE SYSTEM IMPROVEMENT

» H. BLOOD CIRCULATION IMPROVEMENT




PBM APPLICATIONS IN TRAUMAS

A. MICROCIRCULATION
B. MACROCIRCULATION
C. LYMPHATIC DRAINAGE
D. ANTIBACTERIAL

E. ANTIVIRAL

F. ANTIFUNGAL

G. PAIN REDUCTION (PARTICULARLY PULSED LASER AND HPLT)
H. PRURITUS

I. LOCAL NUTRITION

J. TREATMENT OF ACUPUNCTURE-RELATED ON-BODY POINTS
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Areas of local inflammation clearly visible,
extending well into the wrist,
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J. Phys. Ther. Sci. 35: 55-59, 2023

The Journal of Physical Therag j_ >
5 P T S

Original Article

Effects of low-level laser therapy on
inflammatory symptoms in an arthritis rat model

SEmMa OKITA, RPT. BS!H2), Ryo Sasaki, RPT, PhD? 3, YasuTaxa Konpbo, RPT, MS!- 2,
JuNvYa SaxkamoTto, RPT, PhD? %, YuicHIRO HonDa, RPT, PhD?2-4),
MiNorU OKITA, RPT, PhD?2 9*

1 Department of Rehabilitation, The Japanese Red Cross Nagasaki Genbaku Hospital, Japan

2 Laboratory of Locomotive Rehabilitation Science, Nagasaki University Graduate School of
Biomedical Sciences: 1-7-1 Sakamoto, Nagasaki-shi, Nagasaki 852-8520, Japan

3 Department of Rehabilitation, Juzenkai Hospital, Japarn

Y Institute of Biomedical Sciences, Health Sciences, Nagasaki University, Japan

Abstract. [Purpose] This study evaluated the effect of low-level laser therapy on inflammatory signs in an arthri-
tis rat model as a foundation for elucidating the mechanism of the anti-inflammatory effect. [Materials and Meth-
ods] Eigteen Wistar rats were divided into three groups: group I (arthritis without low-level laser therapy). group 11
(arthritis with low-level laser therapy). and the control group (sham arthritis control). Arthritis was induced in the
right knee by injecting a mixture of kaolin and carrageenan. L ow-level laser therapy was continued for seven days
after the onset of arthritis by 60 times of repeated irradiation for 10 seconds in the right knee joint area. The joint
transverse diameter, pressure pain threshold in the affected knee joint. and mechanical paw withdrawal threshold
at the distant site were evaluated the day before the injection and one. three, and seven days after the injection.
Pathological changes were observed. [Results] Group IT showed better improvement in swelling and pain in the af-
fected knee joint and secondary hyperalgesia at the distance site when compared to group I. In group II. there was
only mild infiltration of synowvial cells, and the progression of arthritis was suppressed compared with that of group
I. [Conclusion] Low-level laser therapy can mitigate swelling and inflammatory pain in the affected knee joint and
prevent secondary hyperalgesia.

Keyv words: Acute pain. Low-level laser therapy, Pain management

(This article was submitted Aug. 26, 2022, and was accepted Oct. 19, 2022)




LASER-PROBE TYPES

. LASER PEN (630- 808 nm)

. LASER NEEDLE- LIGHT NEEDLE)
. AREA THERAPY (USING LASER SHOWER)

.LASER SCANNER

.CLUSTER PROBE (SUPER-PULSED LASER)

. NON-INVASIVE BLOOD IRRADIATION

. LASER WATCH

. LASER IN CAVITIES (DIFFERENT TYPE OF APPLICATORS)
. INVASIVE BLOOD AND JOINT RADIATION

. INTERSTITIAL (as coupled with Stem Cell-PRP...)
. PDT

. CLASS IV LASER
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LASER THERAPY TREATMENT TECHNIQUES

LASER RADIATION INFLUENCE RANGE
ON VARIOUS TISSUE STRUCTURES

Treatment probe]

Lens applicator
of d diameter and Sa

Interacting
surface - S

surface

Location of pathology |

Structure of tissue

/N

Deep penetration




LASER THERAPY TREATMENT TECHNIQUES

LASER RADIATION INFLUENCE RANGE
ON VARIOUS TISSUE STRUCTURES

Non-contact - parallel beam Non-contact - defocused beam

Treatment probe | Treatment probe |

Lens applicator E-
of ddiameter and e
Sa surface

Lens applicator
of ¢ diameter and
Sasurface

Interacting
surface- S

Interacting
surface -S

penetration

Shallow
[Location of pathology}-> penetration

Structure ofthe tissue




LASER THERAPY TREATMENT TECHNIQUES

LASER RADIATION INFLUENCE RANGE
ON VARIOUS TISSUE STRUCTURES

contact with pressure
pressure

contact with pul

deepest penetratiog




LASER THERAPY TREATMENT TECHNIQUES
THE SCHEME OF AUTOMATIC LASER SCANNER OPERATION
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PBM PARAMETERS

» 1. LASER DEVICES

» 2. METHODES OF TREATMENT

» 3. TISSUE TYPES

» 4. PATIENT SITUATION

» 5. DOCTORS' EXPERIENCES IN USING



FUNGTION IN TISSUES?

» WHEN A LASER BEAM HITS THE SKIN, IT WILL, BASED UPON ITS

WAVELENGTH, UNDERGO THE FOLLOWING PHASES:

» 1. REFLECTION

» 2. ABSORPTION

» 3. SPREADING (SCATTERING)
» 4. TRANSMISSION

A laser beam hits the skin and
will be (according to wavelength)

- reflected

- absorbed

- spread, scattered
« transmitted

< In case the laser is modulated, resonances
(“vibrations”) are created, it Is the so-called
photomechanic or photoacoustic effect.

Photoacoustic effect If 3 medm iy rradiated with a series of ight
flashed, periodic heating and “cooling” occur. This constant change
of volume expansion and reduction i 3 sound source. This can be
body 1ound in the solid state or normal sound in the gas



THE THERAPEUTIC EFFECTS OF PBM

A. WAVELENGTH
B. POWER OUTPUT

C. ENERGY PARAMETER mn:alhrllrlmum
D. ENERGY DENSITY WAVELENGTH nm
E RESONANCE POWER OUTPUT  mw
ENERGY j
DOSE ENERGY DENSITY J/cm2
RESONANCE HZ



THE MINIMUM DOSE OF PBM THE MAXIMUM DOSE OF PBM
(0.5 -1 JOULE) (8 JOULES)
ACUPUNCTURE POINTS IN: ACUPUNCTURE POINTS IN:
.CHILDREN .BODY
.EARS ADULTS
.SUPERFICIAL IN THE SKINS .AND DEEP IN THE SKINS;

WHITE SKIN, PALE SKIN, NORMAL MOISTURE, LOW
HAIR SKIN

DARK, PIGMENTED, OILY AND VERY HAIRY SKIN

DIFFERENT TISSUE TYPES AS
.MUCOUS MEMBRANES < EPIDERMIS

DIFFERENT TISSUE TYPES AS:
.NERVES< MUSCLES< BONES

INFLAMED SKINS SCARRED SKINS

OPEN WOUNDS WOUND PERIPHERY

INITIAL TREATMENT FOLLOW-UP TREATMENT
PERPENDICULAR RADIATION IRRADIATION OF CURVED AREAS(JOINTYS)

IRRITATION IN SKIN AREAS

PAIN IN DEEP BODY AREAS

CHRONIC CONDITIONS

ACUTE CONDITIONS




Red/NIR




THE SIGNIFICANCE OF LASER-
COLORS

»RED LASER:

» A IMMUNE SYSTEM STIMULATION
» B. MACROPHAGE ACTIVATION

» C.CYTOKINE AND INTERFERON RELEASE

» D. PHOTOSENSITIZING EFFECTS ON HAEMATO-
PORPHYRINS AND CHLORINS




THE SIGNIFICANGE OF LASER COLOR

»GREEN LASER:

» A. INCREASES THE AMOUNT OF OXYGEN SUPPLY IN
ADDITION TO HAVING EFFECTS ON MITOCHONDRIA

» B. INCREASES THE PRODUCTION OF ATP IN THE
IRRADIATED MITOCHONDRIA BY MORE THAN 30%




THE SIGNIFICANCE OF LASER GOLO
GREEN LASER:

C. IMPROVING OXYGEN DELIVERY AND AFFINITY
D. INCREASING OXYGEN ATTRACTION IN HEMOGLOBIN

E. INCREASING THE CAPABILITY OF CARRYING MORE OXYGEN BY
HEMOGLOBIN

F. DECREASES THE LACTIC ACID LEVEL
G. IMPROVES THE FUNCTIONING, BEHAVIOR, AND CELL ELASTICI
OF RED BLOOD CELLS



THE SIGNIFICANGE OF LASER COLOR
GREEN LASER

H. REDUCES BLOOD VISCOSITY AND IMPROVES THE LEVEL OF BLOOD FLOW

I.  ACTIVATES THE REPARATIVE AND STABILIZING PATHWAYS

J.  INCREASES THE PALTELETS" REACTIVITY TO ACTIVATING AGENTS

K. GREEN LASER HAS POSITIVE EFFECTS ON THE SODIUM/POTASSIUM PUMP, THU

ELPING TO REGULATE THE INTRA AND EXTRA-CELLULAR CATION HOMEQOSTASIS



THE SIGNIFICANGE OF LASER COLOR

BLUE LASER:

> INCREASES THE NITRIC OXIDE BIOAVAILIBILITY OR
ENDOTELAL NO SYNTHASE (eNOS) ACTIVITY

> HAS BACTERICIDAL EFFECTS

> ACTIVATES TELOMERASE AND DELAYS ENDOTHELIAL CELL
DESTRUCTION (ANTI-AGING EFFECTYS)

> HAS PHOTOSENSITIZING EFFECTS ON CURCUMIN




LLLT in Wound Healing Disorders (WHD) |

Low-Level Laser Therapy (904nm) Can Increase Collagen and
Reduce Oxidative and Nitrosative Stress in Diabetic Wounded
Mouse Skin

José Carlos Tatmatsu Rocha, MsC' ' <5 Cleber Ferraresi, PhD' 5% Michael R. Hamblin,
PhD®, Flavio Maia Damasceno, PhD’. Nilberto Robson Falcio do Nascimento, PhD*,
Patricia Driusso, PhD', and Nivaldo Antonio Parizotto, PhD'

'Physical Therapy Department, Federal University of Sao Carlos, Sao Carlos, SP. Brazil
‘Physical Therapy Department, Federal University of Ceara, Fortaleza, Ce, Brazil
‘Pharmacology Department, Federal University of Ceara, Fortaleza, CE, Brazil

‘Ceara State University, Superior Institute of Biomedicine, Laboratory of Renal and
Cardiovascular Pharmacology, Fortaleza, Ceard, Brazil

*‘Department of Dermatology. Harvard Medical School, Boston, MA, USA
“Wellman Center for Photomedicine, Massachusetts General Hospital, Boston, MA, USA

Rocha et al.:Journal of Photochemestry and Photobiology, 2016; 164(96-102)



PBM APPLIGATION IN
WOUND HEALING DISORDERS

» PBM (904 nm) CAN LEAD TO AN INCREASE
IN THE COLLAGEN LEVEL

» DECREASE IN THE OXIDATIVE AND
NITROSATIVE STRESS LEVEL IN DIABETIC
WOUNDED
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Effects of Low~Level Laser Therapy and Interferential Current
Therapy in the Treatment of Complex Regional Pain Syndrome
Kompleks Bélgesel Agri Sendromu Tedavisinde Didsidk Doz Lazer Terapi ve

Interferans Akim Terapisinin Etkileri

Irena M. DIMITRUEWVIC', Milica P LAZOVIC?, Mirjana N. KOCICZ, Lidija R. DIMITRUEVICZ, Dragan D. MANCIC?, Anita M. STANKOWVIC?

"Institute of Treatment and Rehabilitation "Niska Banja" Nis, Serbia
Zinstitute of Rehabilitation. Belgrade, Serbia

FClinic of Physical Medicine and Rehabilitation, Clinical Center Nis, Nis. Serbia

YFaculty of Electronic Engineering. University of Nis, Nis, Serbia

Abstract

Objective: The aim of this study is to estimate and compare the effects of
low-level laser therapy and interferential current therapy in patients with
complex regional pain syndrome type I.

Material and Methods: Prospective randomized clinical research,
including 45 patients with post-traumatic unilateral complex regional
pain syndrome type |, treated at the Clinical Center Nis from December
2004 to January 2007. Low-level laser therapy and kinesitherapy
were applied in group A (Nn=20), whereas group B (n=25) was treated
with interferential current and kinesitherapy. For assessment of the
therapeutic effect, the following parameters were tested: pain intensity
was determined by wvisual analog scale, figure-of-eight measurement
was used to determine the circumference of the affected part of the
extremity, and range of motion of the affected joint was measured by a
standard goniometer.

Results: Statistically significant differences were obtained for all tested
parameters in both groups, but the difference was greater in group A
compared to group B (p<0.05).

Conclusion: The results of this study show that both physical procedures
are effective in the treatment of complex regional pain syndrome type
I, but the efficiency of laser therapy is statistically significantly higher
compared to interferential current therapy.

Key Words: Complex regional pain syndrome, low-level laser therapy,
interferential current

Ozet

Amac: Bu cabsmanin amaci, kompleks bodlgesel agn sendromu tip |
hastalarninda diuasiik doz lazer terapisi ve interferans akim terapisinin
etkilerini degerlendirmek ve karsilastirmaktr.

Gere¢c wve Yontemler: Prospektif randomize klinik arastirmaya post-
travmatik tek tarafhh kompleks bolgesel agn sendromu tip | olan, Arahk
2004 ile Ocak 2007 arasi Nis Klinik Merkezinde tedavi edilen 45 hasta
dahil edildi. A grubuna (N=20) duasuk doz lazer terapisi ve kineziterapi,
B grubuna (Nn=25) interferans akim terapisi ve kineziterapi uygulandi.
Terapotik etki, asagidaki parametreler ile test edildi; agn siddeti wisual
analog skala ile ekstremitenin etkilenen kismimnin cewvresi sekizli figlar
olcumua ile, etkilenen eklemde hareket genisligi standart aciolcer ile
olculerek degerlendirildi.

Bulgular: Her iki grupta da test edilen tlm parametreler icin istatistiksel
olarak anlamb farkhhklar elde edildi, fakat fark B grubuna kiyasla A
grubunda daha fazla idi (p<0,05).

Sonugc: Bu cahismanin bulgularn, her iki fiziksel yonteminde de kompleks
bolgesel agn sendromu tip | tedavisinde etkili oldugunu gosterdi, ancak
lazer terapisinin etkinligi interferans akim terapisine kiyasla istatistiksel
olarak anlamh derecede yilksekti.

Anahtar Kelimeler: Kompleks balgesel agrn sendromu, dusuk doz lazer
terapisi, interferans akim
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Diabetic Foot after 30 Sessions of Laser Therap
(Dr.Hosseini. Kourosh clinic)
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MERITS OF SUB-LINGUAL PBM

A. VASCULAR DISEASES

B. HEART INSUFFICIENCY
C. IMMUNE DISORDERS

D. ALLERGIES

E. DIABETES

F. CHRONIC LIVER DISEASE
G. CHRONIC KIDNEY DISEASE
H. DYSLIPIDAEMIA

I. DEPRESSION

J. FATIGUE SYNDROME

K. BURN-OUT SYNDROME
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IStudy Protocol Clinical Trial e e e

Effect of photobiomodulation treatment in the
sublingual, radial artery region, and along the
spinal column Iin individuals with multiple
sclerosis

Protocol for a randomized, controlled, double-blind, clinical trial

Tamiris da Silva, PgDip®, Fernanda Cordeiro da Silva, PhD%, Andréa Oliver Gomes, MSc®,

Ariane Oliveira Viana, MSc®, Marcela Leticia Leal Gongalves, MSc®,

Maria Fernanda Setubal Destro Rodrigues, PhD?, Anna Carolina Ratto Tempestini Horliana, PhD=,
Daniela de Fatima Teixeira da Silva, PhD?, Maria Cristina Chavantes, PhD®, Yara Dadalti Fragoso, PhD",
Luciana Prats Branco, MDP, Lara Jansiski Motta, PhD?, Kristianne Porta Santos Fernandes, PhD?2,
Raquel Agnelli Mesquita-Ferrari, PhD?, Sandra Kalil Bussadori, PhD>"

Abstract ™
Background: Multiple sclerosis (VIS) is an autocimmune disease, for which the forms of treatment are medication and rehabilitation. N
Howewver, in wvitro and in vivo studies have demonstrated that photobiomodulation can be an effective treatment modality for
inflammatory diseases, including MS. Photobiomodulation has a broad range of benefits, such as the avoidance of cell and tissue
death, the stimulation of healing and injury repair, reductions in pain, edema and inflammation, cell proliferation, and even apoptosis.
The outcomes of photobiomodulation include the regeneration of cells, the stimulation of the growth of Schwann cells, a reduction in
spasticity, functional improvements, a reduction in nitric oxide levels, and the upregulation of the cytokine IL10, demonstrating that
this therapeutic modality can offer neuroprotection.

Methods: A randomized, controlled, double-blind, clinical trial is proposed. The patients will be divided into 6 groups. Groups 1 and
2 will receive sham and active photobiomodulation in the sublingual region, respectively. Groups 3 and 4 will receive sham and active
photobiomodulation along the spinal cord, respectively. Group 5 will receive placebo treatment with photobiomodulation on the skin
in the region of the radial artery with a specific bracelet. Group 6 will be treated with photobiomodulation on the skin in the region of
the radial artery.

Discussion: Treatment for MS is directed at the immune response and slowing the progression of the disease. This is one of the
first clinical trials involving photobiomodulation in the sublingual region and along the spinal cord, which could help establish a
promising nevw form of nonpharmacological treatment for autoimmune diseases. This is one of the first clinical trials with sublingual
photobiomodulation and along the spinal cord that could help establish a new form of promising treatment of the disease associated
with pharmacological treatment.

Abbreviations: CNS = central nervous system, CONEP = National Research Ethics Committee, EDSS = Expanded Disability
Status Scale, ELISA = Enzyme-Linked Immunosorbent Assay, MS = muultiple sclerosis.

Keywords: low-level laser therapy, multiple sclerosis, oxidative stress, photobiomodulation, physical therapy

1. Introduction sheath. ']l MAS has a complex, multifactor etiology that is not
fully understood, but it is believed that the formation of
demyvelinating lesions may be due to autoimmune processes as
well as environmental and genertic factors.[F-*]

Inflammation of the CINS is an important mechanism that
contributes to demyelination and neurodegeneration. Th1l, Th17,
and B cells are acrivated in peripheral regions, pass through rthe
blood—brain barrier, and interact with antigen-presenting cells
(astrocytes, microglia, macrophages, and dendriric cells), induc-

Multiple sclerosis (MS) is an demyelinating, neurodegenerative,
inflammatory disorder of the central nervous system (CINS)
characrerized by the selecrive destrucrion of the myelin

The authors have no funding and confiicts of interest to disclose.

= MNowve de Julho University (UNINOWE), = Ulniversity Metropolfitana de Santos
(UNINVES) University, Santos, Brazil.
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Jutho University (UNINOWVE), Sdo Paulo-SP, Brazil (e-mail: sandrakalif@uniS. pro.br). mng th’[i_];f’_f‘f’du‘:ﬂon of Pr01nﬂamm3t01_~’y Cyto_kl—nes and O?Udatlve
Copyright © 2018 the Author(s). Published by Wolters Kiuwer Health, Inc. stress..”"% B lymphocytes serve as specific antigen-presenting cells
This is an open access article distributed under the Creative Cormmons for T cells and produce specific antibodies for myelin anrigens,
Attribution icense 4.0 (CCBY), which penmits unrestricted use, distrbution, and making myelin the rtarger of immune cells thatr mistake it for a
reproduction in any mediurm, provided the original work is propery cited. foreign antigen.l®-7]

Nedlicine (2018) 97.:19(@0627) Oxidative stress occurs due to the accumulation of free
Received: 9 April 2018 / Accepted: 11 April 20718 radicals (reactive oxygen and nitrogen species),'®! swhich leads

Ftton dx. doi. orgs T O. 109 7/ NAD. 00 000000000 T 062 7 to inflammartion, oligodendrocytre damage, abnormalities in



INDICATIONS FOR THE CONCURRENT
APPLIGATION OF SC/PRP AND PBM

A. MEDICINE/INTERNAL MEDICINE
B. PAIN THERAPY

C. SURGERY

D. TRAUMATOLOGY

E. CHRONIC WOUND HEALING DISORDER
G. UROLOGY

H. GYNAECOLOGY

I.  ERECTILE DYSFUNCTION

J.  DENTISTRY

K. FACIAL REJUVINATION

L. HAIR LOSS

M. VETERINARY MEDICINE
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Review Article

Clinical Effect of Photobiomodulation on Wound Healing of
Diabetic Foot Ulcers: Does Skin Color Needs to Be Considered?

Thabo Dhlamini (> and Nicolette Nadene Houreld

Laser Research Centre, Faculty of Health Sciences, University of Johannesburg, P.O. Box 17011, Doornfontein, South Africa 2028
Correspondence should be addressed to Nicolette Nadene Houreld; nhoureld@uj.ac.za

Received 8 June 2022; Revised 15 November 2022; Accepted 29 November 2022; Published 17 December 2022

Academic Editor: Irene Kretchy

Copyright © 2022 Thabo Dhlamini and Nicolette Nadene Houreld. This is an open access article distributed under the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

Diabetic foot ulcers (DFUs) are one of the most common complications of diabetes. DFUs impede patients’ quality of life and are
known to be unresponsive to conventional therapy. Photobiomodulation (PBM) is a pain-free, noninvasive treatment method that
has been shown to promote chronic wound healing and has been successfully used for the treatment of DFUs. Since skin tone and
color can affect the way light interacts with tissue, studies should take this into consideration when determining protocols for the
use of PBM. This review is aimed at critically evaluating data of existing studies conducted to evaluate the clinical effect of PBM on
DFUs, taking skin color into consideration. A literature search was conducted and resulted in articles on cell studies, animal
studies, and clinical trials. Only 13 clinical trials and 2 clinical case studies were adopted and used in this review. All the
clinical trials adopted for this review show evidence that PBM together with conventional treatment results in an increased
healing rate of DFUs; however, only one study adjusted their protocol according to skin color. There are not enough studies
conducted on people of color to determine the safety and efficacy of PBM therapy in such ethnic groups. Future randomized,
placebo-controlled clinical trials are necessary on PBM and DFUs and should take skin color into consideration.












Arndt-Schulz law for an open
Biologic ulcer: Doses between 0.01 and
effect 10 J/em® are stimulating the
wound healing but higher doses
are inhibitory.

Arndt — Schulz Law



BASIC LASER PARAMETERS

THE RECOMMENDED DOSAGE RANGE IS AS FOLLOWS:
-THERAPEUTIC RESPONSE IS 0.01-10J/CM2

-SUPPRESIVE EFFECTS ARE GREATER THAN 10J/CM2

-OPEN WOUNDS EQUAL 0.5-1 J/CM2

Arndt-Schulz law for an open
Biologic ulcer: Doses between 0.01 and
effect 10 J/em? are stimulating the
3

wound healing but higher doses
are inhibitory.

-INTACT SKIN EQUALS 2-4 J/CM2

-AVERAGE TREATMENT EQUALS 2-6 J/ CM2 o The thecapeutic

and window
positive
effects

. Dose in

Q.01 0.1 1 10 00
tory and

negative
cffects

Figure 16 Amdt-Schulz law
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Effects of Photobiomodulation on Stem Cells Important for

Regenerative Medicine
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The use of sterm cell therapy to treat various diseases has become a
promising approach. The ability of stem cells to self-renew and
differentiate can contribute significantly to the success of regenerative
medical treatments. In Line with these expectations, there is a great need
for an efficient research methodology to differentiate stem cells into their
specific targets. Photobiomodulation (PBM), formerly known as low-level
laser therapy (LLLT], is a relatively non-invasive technique that has a
therapeutic effect on damaged tissue or cells. Recent advances in
adapting PBM to stem cell therapy showed that stem cells and
progenitor cells respond favorably to Llight. PBM stimulates different
types of stem cells to enhance their migration, proliferation, and
differentiation in vitro and in vivo. This review summarizes the effects of
PBM on targeted differentiation across multiple stem cell lineages. The
analytical expertise gained can help better understand the current state
and the Latest findings in PEM and stem cell therapy.

Key words
Stem cell differentiation; Photobiomodulation; Low-level laser therapy;
Regenerative application; Therapeutic effect

134 Medical Lasers; Engineering, Basic Research, and Clinical Application
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THE APPLICATION OF PBM
IN SKIN TREATMENT

LLLT INCREASES BOTH MICRO- AND MACRO-CIRCULATION;

LLLT FACILITATES LYMPHATIC DRAINAGE;

LLLT SUPPORTS THE EFFECTS OF HA;

LLLT ENHANCES AUTOLOGOUS COLLAGEN AND ELASTIN PRODUCTION,;
LLLT AND HA HAVE HIGHLY EFFECTIVE EYNERGISTIC EFFECTS;
TREATMENT INTERVAL IS ONCE A WEEK

INITIAL TREATMENT DURATION : 2-4 SESSIONS,

AND EVERY 6-12-WEEK OF FOLLOW UP TREATMENTS

LLLT ENHANCES THE EFFECTS USING MICRONUTRIENTS (VIT C, COPPER)
AND PDT (CURCUMIN)

LASER ACUPUNCTURE IS A VALUABLE METHOD WITH ANTI-AGING APPLICATIONS IN SKIN

vV vV vV vV v vV vV v v VY




Applications of Photobiomodulation Thera

Hair regrowth Brain, stroke, TBI, Parkinson's, Alzhei

Temporomandibular joint disorde
Dentistry, pain
Mucositis

Tinnitus

Skin rejuvenation

Neck pain
Reduction of heart attack

Non-union fracture:

L Lateral epicondylitis

Laser lipolysis .- Carpal tunnel syndrc

Arthritis : Muscle fatigue

- Achilles tendonitis

Wound healing -
Laser acupuncture




THE APPLICATION OF PBM IN
MITOCHONDRIAL MEDICINE

» WHAT ARE THE TARGETS OF
PHOTOMEDIICNE?




LIGHT ABSORPTION IN HUMAN BEINGS IS
DONE VIA THE FOLLOWING MATERIALS

» A. CHROMOPHORES

» B. CYTOCHROME C. OXIDASE (CCO)
» C. PORPHYRINS

» D. FLAVONOIDS

» E. NADH

» F. VITAMIN K2

THE ABOVE-STATED MATERIALS ARE LOCATED IN
MITOCHONDRIA AND PLASMA MEMBRANES




LLLT PHYSIOLOGICAL EFFECTS

» THE SEQUENCING OF LLLT PHYSIOLOGICAL EFFECTS IS
ILLUSTARTED IN THE FOLLOWING DIAGRAM IN THE
FORM OF A CASCADE OF:

» PRIMARY,

» SECONDARY,

» TERTIARY,

» AND QUATERNARY RESPONSES.




LLLT PHYSIOLOGICAL BENEFITS

» A. REDUCING INFLAMMATION;

» B. RELIEVING PAIN;

» C. REDUCING ITCHING;

» D. REGENERATING TISSUES;

» E. PROMOTING CIRCULATION,;

» F. PROMOTING LYMPHATIC DRAINAGE;
» G. INCREASING ATP PRODUCTION.




THE BINARY FUNGTIONS OF MEDICAL LASER AS
REFLECTED IN TINO GROUPS OF PATIENTS

» 2-LASER APPLICATION FOR » 1-LASER APPLIATION FOR
BIOMODULATION PURPOSES: SURGERY PURPOSES:

» A. BEING NON-INVASIVE (HENCE > A. BEING INVASIVE (HENCE
ACTIVATING); DESTROYING TISSUES);

» B. APPLYING LASER CLASSES 3B AND 4: » B. APPLYING LASER CLASS 4;

» C. USING POWER UP TO 500 MW AND » C. USING POWER ABOVE 500 MW,
ABOVE AS CLASS 4 WITHOUT FOCUS; MOSTLY BETWEEN 4-50 W (CW);

D. BEING OF LOW/MIDDLE ENERGY » D. BEING OF HIGH ENERGY DENSITY.
DENSITY.
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>

>

>

INDIGATIONS OF PBM

A. DERMATOLOGY (ACNE, PSORIASIS, HERPES, AND CELLULITIS);

B. ORTHOPAEDIC & SURGERY (PAIN, BRUISES, STRAIN TRAUMA, SPRAINS, HEMATOMA,
INFLAMMATION, ARTHROSIS, TENDINOPATHY, ACHILLODYNIA, CARPAL TUNNEL SYNDROME,
BURSITIS, AND FRACTURES);

C. DENTISTRY(APHTHAE, SWELLING, GINGIVITIS, GUM INFLAMMATION, AND PERIODONTITIS);
D. ENT(SINUSITIS, RHINITIS, AND ALLERGY);

E. NEUROLOGY (STROKE, ALZHEIMER'S DISEASE, AND BELL'S PARALYSIS);

F. CARDIOLOGY: (HEART ATTACK, MYOCARDIAL INFARCTION, AND CARDIAC INSUFFICIE
G: CANCER (PDT);

H. LASER ACUPUNCTURE
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- intrarticular injection
- interstitial injection
- intravenous infusion

followed by laser irradiation
with all spectral colors

Is can be used for:



Photobiomodulation therapy to the bone marrow
(induction of stem cells) improves heart and
Kidney function post ischemic event: from bench
to bedside

Uri Oron




L.asers stimulate stem cells for heart repair

(Prof. Uri Oron, Tel Aviv)
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Approaches to apply PBM-Therapy for the benefit
of the infarcted heart

Directly to the heart
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To stem cells in tissue culture prior
to their implantation

Directly to the stem cells in the
bone marrow (remote PBMT).
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Stem cells for diabetes
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Lasers stimulate stem cells for kidney repair
(Uri Oron, Tel Aviv)
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9
DDITIONAL THERAPIES

Professional consultations
¢ Follow up consultations
e Laboratory and tests review
e Clinical history

e Extra diagnostic tests

e Supportive therapies

¢ Thymus therapy

e PBM

e Bodywork

¢ nutritional supplements
e |V infusion program

oAC,...

vV vV vV vV vV vV v vV v v Vv Y
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NTRAVENOUS TREATMENTS

\_,u Integrative stem cell treatment

» The integrative stem cell treatment program co
of a number of different IV infusions and other

treatments.

» They are designed in the content in order to have A
coactive effect. O




</
~This program comprises:

-, P e Cell therapy

» ¢ Global diagnostics whole body analysis
¢ Global diagnostics frequency treatment
¢ Intravenous infusion therapies
e Lifestyle coaching
e Nutritional coaching
e Optional treatments
e Bodywork and massage treatments
Optional therapies:

e CT scan, MRI, specialty testing

vV v v v v Vv YV Yy

e Autologous stem cell therapy
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