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One of the major challenges in biomedical 

research is the development of safe cell-

based therapies for incurable human 

neurodegenerative diseases. We are 

investigating how the property of adult 

tissue plasticity can be exploited to 

generate progenitor/precursor stem cell-

like cells that can be used for tissue 

regeneration. To address this we are using 

a rather unique approach. We study how 

the non-toxic/non-cytopathic leprosy 

bacterium, which naturally uses terminally 

differentiated adult Schwann cells, the glial 

cells of the peripheral nervous system 

(PNS) induces plasticity by reprogramming 

differentiated cell machinery.   

We have recently discovered remarkable 

nuclear reprogramming activity by leprosy 

bacterium that silences the previous 

memory of Schwann cell 

differentiation/myelination program and  

 

 

EMERGING EVIDENCE 

SUGGEST THE REMARKABLE 

DEVELOPMENTAL AND 

GENOMIC PLASTICITY OF 

ADULT DIFFERENTIATED 

CELLS. WE ARE STUDYING 

THE MOLECULAR BASIS OF 

ADULT TISSUE CELL 

PLASTICITY USING AN 

INFECTION MODEL AND ARE 

DEVELOPING STRATEGIES TO 

INDUCE PLASTICITY AS A 

MEANS OF REPROGRAMMING 

CELLS TO NEURAL 

PROGENITORS OR STEM CELL-

LIKE CELLS. WE ARE USING A 

NATURAL REPROGRAMMING 

PROPERTY OF NEUROTROPHIC 

LEPROSY BACTERIUM AND ITS 

COMPONENTS AS A MODEL TO 

REPROGRAM TISSUE CELLS. 

OUR STUDIES ALSO EXAMINE 

THE ROLE OF BACTERIAL-

INDUCED CELL 

REPROGRAMMING IN 

REGULATION OF 

MYELINATION PROCESS. 

 

Figure 1: Demethylation of developmental Hox  genes in stem cell-like cells (SCLC) 
derived from reprogrammed mouse adult Schwann cells following infection with 
leprosy bacteria. Genome-wide Chip-on-chip analysis of histone H3k27me3 and 
H3k4me3 demonstrating H3k27 trimethylation  in adult Schwann cells and its 
removal in SCLC. Bars beneath the peaks (as shown in upper arrow) depict the 
enriched methylated regions within the Hoxd gene cluster in chromosome-2. 
 

induces the expression of embryonic 

genes including key developmental  

transcription factors. Employing 

molecular, biochemical, in vitro and in 

vivo models and imaging and 

genome-wide analyses, we are 

investigating the mechanisms by 

which this bacterium and its products 

'turn off' differentiation/myelination 

program and ‘turn on’ embryonic 

genes and reprogram adult cells into a 

progenitor/stem cell-like stage. We 

are also studying the biological 

relevance of this bacterial-induced 

reprogramming process.  

These new findings have now 

extended to fibroblasts and we have 

generated neural progenitor/stem cell-

like cells directly from adult skin 

fibroblasts. Since these progenitors 

neither form teratomas or other  
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Figure 2: Stem cell-like progenitor cells 
derived from reprogrammed adult Schwann 
cells re-differentiate into neuron-like cells 
following exposure to neuronal differentiation 
media. Progenitor cells 2 days (A; phase 
image) and 2 weeks after in vitro 
differentiation (B; label with antibody to 
Tuj1). Inset in A shows progenitor cells in 
cluster/sphere form before differentiation.   

 

 
Figure 3: In vivo contribution of progenitor stem cell-like cells (SCLC) derived from 
reprogrammed adult Schwann cells into regenerating skeletal muscles in a muscle 
injury-repair model. Incorporation of SCLC (GFP/green) at early (A) and later stages 
(B, C) after transplantation into injured skeletal muscles in mice. Muscle sections 
labeled with antibodies to adult myosin (A, C) and laminin demarcating muscle fiber 
(B) show the contribution of SCLC (GFP) into smaller diameter regenerating muscle 
fibers. Both donor and recipient cell nuclei are shown in DAPI(blue). 

 

 

reversal of the developmental process. The 

underlying mechanisms at signaling, 

chromatin structure and function, epigenetic, 

and transcriptional levels will aid in 

understanding the biology involved in cellular 

reprogramming.  

We are also interested in studying what does 

bacterial-induced reprogramming means in 

terms of pathogenesis, and how this 

bacterium and its components ‘turn off’ 

myelination program in glial cells and cause 

defective myelination, which is associated 

with numerous neurodegenerative diseases. 

We reason that understanding the 

mechanisms associated with bacterial-

induced inhibition of myelination at signaling, 

epigenetic and transcriptional levels will 

provide new  

molecular insights into myelination process 

itself and thus may have therapeutic 

implications for myelin repair in diseases 

such as multiple sclerosis. 

Another ongoing program based on our 

previous studies seeks further understanding  

towards how leprosy bacteria exploit the 

biology of peripheral nerves, particularly by 

using ErbB2/ErbB3-neuregulin signaling 

network. Our finding of identification of 

direct M. leprae-triggered signaling pathways 

via receptor tyrosine kinase that leads to 
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demyelination is a novel process. 

This opens up new ways of 

understanding the molecular 

basis and perhaps prevention of 

demyelination at its earliest 

stage. In many human 

demyelinating diseases, the 

trigger mechanism(s) that initiate 

demyelination  

process is unknown. Therefore, it 

is impossible to identify the early 

events. With the knowledge gain 

from these studies we hope to 

generate new animal models for 

early neurodegeneration and 

identify novel 

pathways/molecules that could 

contribute to the development of 

strategies to prevent or 

progression of neurodegeneration 

at its earliest stage. 

 

tumors nor require highly complex lengthy 

protocols for their differentiation into a 

desired lineage tissue type, this new 

approach of adult tissue cell 

reprogramming to lineage 

progenitors/stem cell-like cells, instead of 

reversing all the way back to pluripotent 

stage, provides a potential therapeutic 

option in tissue repair that may have a 

greater margin of safety and simplicity. 

The major challenge of our research will be 

to identify the cellular mechanisms and the  

bacterial factors that are responsible for 

 


