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AGING

Egg%ﬁ—luman Body is in a State of Constant Flux

50-70 million cells are discarded and new ones are generated daily

- Heart
o 45% through the life

Epidermus
4 weeks

Gut
15.9 years
Muscle
15.1 years

Intestinal epithelial cells
5 days

Fat cells .
10% a year | Liver cells
300-500 days

Human skeleton Red blood cells Frisen et. al Cell, 2005
10 years 2 weeks Science 2009
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noriue - Adult Stem Cells and Niche Concept
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FRIE - Adult Stem Cells and Aging Paradigm

self-renewal, differentiation |
tissue and organs turnover |
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nsiiute - Correction of Aging Pathologies with
Rejuvenated Adult Stem Cells

self-renewal, differentiation
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MEHEE S Senescence of Adult Stem Cells

Oxidative Stress

block for
support cell self renewing

Accumulation of DNA Damage

senescence non-renewing / I Shortened Telomeres
associated progenitors AN 9
"ZiT secretory phenotype S

i@ terminally
ol Tt l differentiated cells

o o
Loss of niche regulation _
Altered Signaling Within Niche

aberrant differentiation within the niche

Loss of Epigenetic Regulation

Are these changes reversible?




Integrated Approach for Stem Cells Study

Transcriptomics Proteomics

ChiPseq Protein Biomarkers
DNA Metseq Post Translational
Modification (PTMs)

SOLID Il NGS

ChlPseq
DNA Metseq
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Proteomics

RNAseq

miRNA, Inc RNA
protein coding RNA

Clinical
application




gqucu!(E Isolation and Maintenance of Human Adipose
Tissue Derived Stem Cells (ADSC)

fat tissue extraction aspirated fat stem cells isolation cultured ADSC

cytometric analysis of isolated ADSC
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BUCK Isolation and Maintenance of Human Adipose
Tissue Derived Stem Cells (ADSC)
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BU Adipose Tissue Derived Stem Cells (ADSCs) are Important
\s17UT- Regulators of Metabolic, Immunomodulatory,Inflamatory and
Angiogenic Pathways
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Clinical Trials With Human Adipose Tissue
Derived Stem Cells (ADSC)

I. Reconstructive surgery

Lumpectomy
(RESTORE-2)

Cell-assisted
lipotransfer strategy

Renal failure
(vesico-ureteral reflux)

Perianal fistulas without
Crohn disease (FATT-1)

Complex perianal
fistula

Diabetic lower
extremity & venous
stasis wounds

Depressed scar

Transplantation of autologous
ASCs to reconstruct breast
deformities

Transplantation of lipoaspirates
with additional ASCs from a
separate volume of
lipoaspirates

Transplantation of autologous
adipocytes to treat defective
volume

Fibrin adhesive only,
autologous ASCs only, or fibrin
adhesive with autologous ASCs
during surgery

Fibrin adhesive only or fibrin
adhesive with autologous ASCs
from lipoaspirates

Subcutaneous injection of
lipoaspirate into wounds

Subcutaneous injection of
autologous cultured adipocytes

Cosmetic and functional
results of reconstructive

surgery

Cosmetic and functional
results of reconstructive
breast surgery and facial
remodeling

Radiography of urethra
and bladder. Presence of
kidney or ureter infection

Closure of fistulas
(abnormal connection
between structures)

Closure of fistulas
Recurrence of fistulas

Wound healing

Cosmetic and safety

Phase IV
non-randomized

NA

Phase Il
non-randomized

Phase Il
randomized
double blinded

Phase Il
randomized

Phase I/l
randomized
single blinded

Phase lI/1lI
interventional
single group

10 years

26 weeks
and
6 months

1 year

1 year

12 weeks

Cytori

Therapeutics Inc.

University of Tokyo

Strasbourg
University Hospital

214
and 150

Cellerix Ltd

Cellerix Ltd

Washington D.C.
Veterans Affairs
Medical Center

Anterogen Co. Ltd

Condition

Delivery of ASCs

End points

Design

Follow-up

Patients  Site or company

Tran TT and Kahn CR. Nat Rev Endocrinol. 2010 Apr;6(4):195-213.
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1. Metabolic

Non-revascularizable
ischemic myoca rdium
(PRECISE-01)

Acute myocardial
infarction and coronary
artery disease
(APOLLO)

Lipodystrophy
(AADSCTPL)

Survivors of leukemia
or lymphoma

Injection of autologous ASCs
or placebo into left ventricle

Injection of autologous ASCs
or placebo

Transplantation of autologous
lipoaspirate enriched with ASCs

Transplantation of ASCs after
total body irradiation versus
no treatment

Cardiac function, major
adverse cardiac and
cerebral events

Cardiac function, major
adverse cardiac and
cerebral events

Clinical evaluation of
transplanted area.
Tissue viability,
neovascularization,
degree of resorption of
adipose tissue graft

Abdominal MRI, blood
pressure, cholesterol,
presence of diabetes

Phase |
randomized double
blinded placebo

3 years

Phase | 6 months
randomized double

blinded placebo

Phase |
interventional
single group

Observational
prospective

Clinical Trials With Human Adipose Tissue
Derived Stem Cells (ADSCs)

Cytori

Therapeutics Inc.

Cytori

Therapeutics Inc.

Hospital
Irmandade Santa
Casa de
Misericordia de
Porto Alegre

Memorial
Sloan-Kettering
Cancer Center

Condition

Delivery of ASCs

End points

Design Follow-up

Patients  Site or company

Very promising source of cells for autologous therapies with one
limitation- age of patient!

Expansion and Differentiation capacity of ADSCs declines with age.

Tran TT and Kahn CR. Nat Rev Endocrinol. 2010 Apr;6(4):195-213.
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NeIIYIE MSCs lineage Commitment and Differentiation

Mesenchymal
stem cell (MSC)

”

o e

Osteoblast MyfS+

Skeletal
muscle

Blood Wound Prevent Home Immune Paracrine Tissue
Supply Remodeling Cell Death To Injury Modulation Signaling Regeneration
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T grmoFisher
Human ADSCs E-BRIMS ‘Dri Lopgz lab

Pass 1 Label- Pass 2 QA
SRS laBIN Row files free Inclusion List Targefed BrReg ID Mcrker
Quant & : ROC MS2 Analysis y N IVO L Condidates
Top 20 Analysis ' Scan '

A)ch

SIEVE Version 1.3
, SEQUEST
- =2 —
- Proteome Discoverer vi1.2

Comparative Analysis of hADSCs
self-renewal vrs  replicative senescence

4  different genotypes

36 NOVEL Histone PTMS associated with ex-vivo stem cell aging




Eviction of metH1.0 from Chromatin
Upon Genotoxic Stress Induced
Senescence of hADSCs

Are novel histone H1.0 PTMs
better markers of cellular aging?

On going studies include:
-IHC of the old mice, rat tissue
-Biopsy samples
- Analysis of progeria models

meK172"K 180 H1/4H2AX/DAPI

meK172mK180 H1

3hrs 5 days
no treatment . y
Bleomycine Bleomycine




dult Mesenchym
Stem Cells
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Parallel Sequencing

BUCK

Genome-wide Mapping of DNA o7
Damage (CHiP-Seq) in ADSC

FOR RESEARCH ON AGING

Two genotypes

4 samples of self-renewing (SR) vrs 4 samples of senescent (SEN)
ADSCs

Sequencing platform: SOLID

Sequencing read 35bp

Depth of sequencing 120 million tags

Algorithms for
assembly:

MAQ and Gibbs
sampling
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HRHEE S Aging of human adult stem cells

fat tissue aspirated fat  adult stem cells isolation GENOME-WIDE blueprints of DNA
: ) damage

Adult Stem cell
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,,94&.“ accumulation of
o0 8 Stoxic products

DNA damage
accumulation




Ey%!g Genetic engineering to fight adult stem
cell aging

rejuvenated old
human
adult stem cell
taking “bad” information out ' upon viral
P ~0f viral genome _ infection

Genetically engineered virus

[
B

Old human

adult stem cell <@’ Small RNA to repair
X DNA damage sites

GFP-green
fluorescent
protein from jellyfish
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INSTITUTE Lentiviral shRNA-Mediated Knockdown of
~ Generic Alu Transcript in Senescent hADSCs

Growth Curve of ADSC
— shAlu ADSC

Senescent hADSCs

— wt senescent ADSC Reinstated proliferation of prior
- senescent cells

Applicd StemCell

2 dis MK
IR RIRIRIRIRT
TEI R TR T

10 20 Ex 3% 48 A} ; v
hADSCs with stable days in culture * . &

knockdown of Alu RNA

u

Stable integration of
viral genome for
expression of shAl 1

vunnulauve population doublings
> log(N/No)x3.33
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Lentiviral shRNA-Mediated Knockdown
of Generic Alu Transcript in Senescent hADSCs

s

- shAlu-ADSCs are negative for
senescence-associated SAB-gal

Persistent yH2AX foci forming

Senescent hADSCs

G- i

SN
_ Lentivirus genome was
Viral particle {@} modified to express GFP and
sh-RNA against Alu transcript

stable 1ntegraﬁ}1<eﬁ\qr\?l genome upon infection
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GFP expressing hADSCs with stable knockdown
of Alu RNA

capacity is abrogated in shAlu-
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INSTITUTE Lentiviral shRNA-Mediated Knockdown of
~ Generic Alu Transcript in Senescent hADSCs

“I seN ADSCs

SEN ADSCs Lenti GFP * Rk
sh-132 Alu
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E"T’%!(E Morphology of Alu shRNA mutant ADSC
In culture and their initial characterization

Infection of senescent ADSC

Senescence-associated p-Gal

staining
A-control lenti-GFP ‘
B- ALU shRNA lenti-GFP

2 days 3 days

ALU shRNA lenti-GFP mutant cell display EB-like pheno
after 7days in culture and are positive for Alkaline Phosphatase




Neurogenic Differentiation
of shAlu mutant EB

sh-Alu Immunohistochemical analysis after 2 days in neurodifferentiation
expressing ADSC media.

Neurogenic Differentiation

N

Section 24 Section 11
Optical sections




Eg%'%ejuvenatlon of senescent hLADSCs erases
developmental memory
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Neurogenic differentiation on brain slices Myocardial repair

Collaboration with European Stem
Cell Consortia

Carlos Semino Lab
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nsiore - Conclusions:

Understanding of stem cell cellular epigenetic regulations 1s incomplete
(does not include the aging component).

Novel biomarkers for monitoring of organismal aging can be obtained
through the investigation of the stem cells.

We can use genetic engineering to rejuvenate old human stem cells. This
allows for enhancement of cellular therapies and understanding of the

biology of cellular and organismal aging.




~ Regenerative Medicine:
a modern days
Fountain of Youth?
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