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Human Body is in a State of Constant Flux

Intestinal epithelial cells

5 days

Fat cells

10% a year Liver cells

300-500 days

Epidermus

4 weeks

Human skeleton

10 years

Gut 

15.9 years

Muscle

15.1 years

Red blood cells

2  weeks 

Heart 

45% through the life

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

Frisen et. al Cell, 2005

Science, 2009



Adult Stem Cells and Niche Concept



Adult Stem Cells and Aging Paradigm

Birth Death
LIFE  SPAN

self-renewal, differentiation

tissue and organs turnover



LIFE  SPAN

Correction of Aging Pathologies with

Rejuvenated Adult Stem Cells   

self-renewal, differentiation

turnover

correction



Senescence of Adult Stem Cells

Oxidative Stress

Accumulation of DNA Damage

Shortened Telomeres

Loss of Epigenetic Regulation 

Altered Signaling Within Niche

Are these changes reversible?



Epigenomics Transcriptomics Proteomics Clinical    

application

COMPUTATIONAL ANALYSISNG DATA GENERATION FUNCTIONAL STUDY
SOLID III NGS 

platform

ROSHE 454 NGS 

platform

ChIPseq

DNA Metseq

Proteomics

Histone PTMs

ChIPseq

DNA Metseq
RNAseq

Protein Biomarkers

Post Translational    

Modification (PTMs)

RNAseq

miRNA, lnc RNA

protein coding RNA

Integrated Approach for Stem Cells Study



Isolation and Maintenance of Human Adipose 

Tissue Derived Stem Cells (ADSC)

aspirated fatfat tissue extraction cultured ADSCstem cells isolation

cytometric analysis of isolated ADSC



Isolation and Maintenance of Human Adipose 

Tissue Derived Stem Cells (ADSC)



Adipose Tissue Derived Stem Cells (ADSCs) are Important 

Regulators of Metabolic, Immunomodulatory,Inflamatory and 

Angiogenic Pathways

1264 publications from 2006-2011 based on Pubmed



Clinical Trials With Human Adipose Tissue 

Derived Stem Cells (ADSC)

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



Clinical Trials With Human Adipose Tissue 

Derived Stem Cells (ADSCs)

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.



MSCs lineage Commitment and Differentiation

AGING



ThermoFisher

BRIMS  Dr. Lopez lab  

Discovery-driven LS-MS Pipeline For 

Identification of Novel Post-translational 

Protein Modifications in Senescent  

Human ADSCs

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



Genome-wide Mapping of DNA 

Damage (CHiP-Seq) in ADSC

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 



Aging of human adult stem cells

Young  

Adult Stem cell

Old  

Adult Stem cell

aspirated fatfat tissue 

extraction

adult stem cells isolation GENOME-WIDE blueprints of DNA 

damage

DNA damage 

accumulation

accumulation of 

toxic products



Genetic engineering to fight adult stem 

cell aging

Old human  

adult stem cell

Genetically engineered virus

taking “bad” information out 

of viral genome

adding”good” information

into the viral genome

GFP-green 

fluorescent

protein from jellyfish

Small RNA to repair 

DNA damage sites

rejuvenated old

human  

adult stem cell

upon viral 

infection



Lentiviral shRNA-Mediated Knockdown of 

Generic Alu Transcript in Senescent hADSCs

Growth Curve of ADSC

Reinstated proliferation of prior 

senescent cells

shAlu ADSC 

wt senescent ADSC  

Senescent hADSCs

Stable integration of        

viral genome for 

expression of shAlu

hADSCs with stable 

knockdown of Alu RNA 

+LIF



Senescent hADSCs

Viral particle
Lentivirus genome was

modified to express GFP and 

sh-RNA against Alu transcript

GFP expressing  hADSCs with stable knockdown 

of Alu RNA

stable integration of viral genome upon infection

GFP SA -Gal 

shAlu-ADSCs are negative for 

senescence-associated SA -gal

Persistent H2AX foci forming 

capacity is abrogated in shAlu-

ADSCs

DAPI H2AXGFP/DAPI H2AX

Lentiviral shRNA-Mediated Knockdown 

of Generic Alu Transcript in Senescent hADSCs



Lentiviral shRNA-Mediated Knockdown of 

Generic Alu Transcript in Senescent hADSCs

DNA Replication Assay qPCR Analysis



Morphology of  Alu shRNA mutant ADSC

in culture and their initial characterization

Senescence-associated -Gal  

staining

A-control lenti-GFP 

B- ALU shRNA lenti-GFP

2 days 3 days 4 days 7 days

ALU shRNA lenti-GFP mutant cell  display EB-like phenotype 

after 7days in culture and are positive for Alkaline Phosphatase 

Infection of senescent ADSC

Removal of LIF

Embryoid Bodies (EB)



Neurogenic Differentiation 

of  shAlu mutant EB

GFP GFPTuj-1 Tuj-1

DAPI DAPIMerge Merge

Immunohistochemical analysis after 2 days in neurodifferentiation

media.  

Section 24                                                       Section 11

(EB)

Neurogenic Differentiation

sh-Alu 

expressing ADSC 

Removal of LIF

Optical sections



Rejuvenation of senescent hADSCs  erases 

developmental memory 

ADSCs



What is Next for REjev ADSC?

Neurogenic differentiation on  brain slices Myocardial repair

Collaboration with European Stem 

Cell Consortia

Carlos Semino Lab



Conclusions:

1. Understanding of stem cell cellular epigenetic regulations is incomplete

(does not include the aging component).

2. Novel biomarkers for monitoring of organismal aging can be obtained

through the investigation of the stem cells.

3. 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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