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DNA’s self-destructive life cycle 

Apoptosis 

DNA  
damage 



DNA’s self destruction and 

birth of a new biology 
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DNA or chromatin?  
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Cell-free chromatin 
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Cell-free chromatin  

=  

cfCh 
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Biology of cfCh from  

dying cells 
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Bystander effects of cfCh in 
normal fibroblast microenvironment 
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Bystander DNA damage - H2AX in 
normal fibroblast microenvironment 
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Bystander DNA damage - H2AX in 
tumour microenvironment 
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Bystander DNA damage – ATM in 
tumour microenvironment 
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Bystander inflammation- NFB in 
tumour microenvironment 



3H-TdR / 35S-methionine pre-labeled 
Jurkat cells  

3H-TdR  /  35S-methionine 

labeling 

Co-culture with 

live NIH3T3 cells 

Labeled dead 

cell-pellet 
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Nuclear uptake of  
radio-labelled cfCh 

from apoptotic B16-F10 cells (48 hr)  
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 3H-TdR  35S-methionine 

Intra-nuclear cfCh associate with 
host cell chromosomes 
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Up-regulation of phagocytosis pathways 
(6hr) 
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Biology of  

circulating cfCh 
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Nuclear uptake of  
circulating cfCh (6 hr )  

This presentation is the intellectual property of the author/presenter.   

Contact indraneel.mittra@gmail.com for permission to reprint and/or distribute. 



Genomic integration of  
circulating cfCh 

 

FISH 
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Genomic integration of cfCh  
from dying cells  

FISH 

10th passage 
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cfCh derived from dying 

cells and those in 

circulation behave in 

similar manner 

This presentation is the intellectual property of the author/presenter.   

Contact indraneel.mittra@gmail.com for permission to reprint and/or distribute. 



Human DNA in mouse cells  
Whole  genome sequencing 
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Human Alu sequences in mouse cells  
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Circulating cfCh integrates into vital organs of 
mice following i.v. injections 

FISH 
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cfCh from dying cells trigger DDR in 
NIH3T3 cells 
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Circulating cfCh induces DNA damage  
in vivo 
H2AX 
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cfCh from dying cells  
activate inflammation 
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cfCh from dying cells activate 
inflammatory pathways 



cfCh from dying cells activate  
systemic inflammation in mice 

This presentation is the intellectual property of the author/presenter.   

Contact indraneel.mittra@gmail.com for permission to reprint and/or distribute. 



cfCh from dying cells induce  
chromosomal aberrations in NIH3T3 cells 
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cfCh from dying cell induce  
chromosomal translocations 
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Total number of  
de-regulated genes = 

1004 
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cfCh from dying cells trigger global 
transcriptional de-regulation in NIH3T3 cells 



cfCh from dying cells up-regulate 
cancer pathways by 6 hr 
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Circulating cfCh isolated  
from cancer patients induces  

oncogenic transformation 
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Cancer Patients  26 / 58   (44.83%) 

Cancer Patients  0 / 40 

Oncogenic transformation 

Circulating DNA 
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Circulating cfCh 



Treatment 
 

1.FAS-ligand 

2.Hypoxia 

3.Radiation 
4.Adriamcin 
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Cell lines 
 

1.Jurkat 

2.MDA MB-231 

3.B16F10 

4.MCF-7 

5.A-375 

6.HeLa 

7.HT-29 

8.A-549 

9.ZR-75 

10.T-24 

cfCh from dying cancer cells induce  
oncogenic transformation / senescence 



Morphology of NIH3T3 cells  
at 96 hours 

Control NIH3T3 



Morphological changes at 96 hours 

Oncogenic transformation 



Morphological changes at 96 hours 

Senescence  



Morphological changes at 96 hours 

Mixed Phenotype 



Transformed NIH3T3 cells are 
tumourigenic in SCID mice 
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Why is cancer  
treatment failing ! 
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The entrenched 
theory of cancer 

metastasis is 
implausible ! 
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American Journal of Pathology. 2001;159:17-20. 

Short Communications 
 

Circulating Breast Cancer Cells Are 
Frequently Apoptotic  

 
Gábor Méhes*, Armin Witt, Ernst Kubista and Peter F. Ambros*  
From the Children’s Cancer Research Institute,* 
St. Anna Kinderspital, Vienna; and the Department of Special Gynecology, 
Vienna General Hospital, Vienna, Austria  
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“Tumor cells died rapidly, and 

about 1% of cells survived after 

24 hours.” 

Isaiah J Fidler 
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cfCh from dying cells can enter mouse brain and  
trigger DNA damage and inflammation 
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H2AX 

NFB 

BrdU 

BrdU 

Merged 

Merged 
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cfCh from dying cells induce  

a pro-oncogenic milieu 
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Stuck CTCs Dead CTCs 

Transformed host cell 

(Metastasis) 

The new theory of cancer metastasis 

This presentation is the intellectual property of the author/presenter.   

Contact indraneel.mittra@gmail.com for permission to reprint and/or distribute. 





“Surprisingly, in patients with 

elevated CTC, higher levels of 

CTC-apoptosis were associated 

with worse prognosis,” 

Smerage et al., 2013 
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Circulating cfCh from cancer patients  
can cross blood-brain barrier 

Brain 
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Circulating 

chromatin in a 

patient with cancer 

Transformed host cell 

(Metastasis) 

The new theory of cancer metastasis 
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A new theory of cancer evolution 
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Breast  

epithelium 



A new theory of chemo- /  
radio-resistance 
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Resistant clones 

Tumour 



How can we eliminate cfCh 
from circulation or from 

dying cells? 
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Ways to eliminate  
extra-cellular chromatin 

• DNase I 
 

• CNPs (anti-histone -antibody  

  complexed nanoparticles) 
 

• Resveratrol -Cu 
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Resveratrol – Cu2+ 

degrades plasmid DNA 
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Resveratrol – Cu2+ 

degrades genomic DNA 
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Prevention of  
adriamycin toxicity  
by eliminating cfCh 
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Prevention of adriamycin-induced  
cfCh surge in blood 
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CRP IL-6 

IFN TNF 

Prevention of adriamycin-induced  
inflammatory  cytokine surge in blood 
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Prevention of adriamycin-induced  
tissue damage 
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Prevention of adriamycin-induced  
tissue damage 
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Prevention of adriamycin-induced  
inflammation 
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Prevention of adriamycin-induced  
inflammation 



Prevention of adriamycin-induced 
neutropenia 
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CNPs 

DNase I 

R-Cu 
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Prevention of adriamycin-induced lethality 



Removal of   
extra-cellular chromatin 

in treatment of cancer 
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Prevention of metastasis 
by Resveratrol – Cu2+ 
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B16-F10 mouse melanoma model 
of cancer metastasis 
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Stuck CTCs Dead CTCs 

Transformed host cell 

(Metastasis) 

The new theory of cancer metastasis 
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Degrading chromatin with R-Cu  
prevents cancer metastasis 
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Enhancing 
chemosensitivity  
of adriamycin by 
Resveratrol-Cu2+  
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A new theory of chemo- /  
radio-resistance 
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Resistant clones 



Resveratrol-Cu2+ enhances  
adriamycin chemosensitivity 
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Biotivia, TransmaxTR 

Trans-Resveratrol 

Carlson Labs 

Chelated Copper 

Onward to clinical trial 
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Therapeutic potentials of  
Resveratrol-Cu 

• May retard ageing and allied conditions 
 

• May prevent occurrence of cancer 
 

• May reduce chemo-toxicity – permitting 
higher doses to be delivered 
 

• May stall tumour growth when given alone 
 

• May eradicate cancer if given with CT or RT 
 

• May prevent metastasis 
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Futility of current strategies of  
cancer therapy 

• Chemotherapy 
 

• Hormone therapy 
 

• Radiotherapy 
 

• Targeted therapy 
 

• Immunotherapy 
 

• Nanotherapy 
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The future of  
cancer treatment 

Kill cancer cells by all means 

        but … … … … … … … 

please clean up the debris ! 
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The TRL team 



Thank you for your  
attention 
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