
Natural Chimerism 





•  Mosaic 
–  two populations of  cells with different 

genotypes in one individual that developed 
from a single fertilized egg (subset of  cells 
with a mutation) 

•  Hybrid 
–  a cross (mix of  chromosomes) between 

parents of  two different (sub)species  (horse 
& donkey > mule & hinny) 

•  Chimera 
–  fusion of  cells from different individuals of  

same or different species that will develop 
side by side and form a single organism 

Definitions 
 



Artificial / Iatrogenic Chimera 

•  Intra-species 
– bone marrow transplantation 
–  stem cell transplantation 

– organ transplantation 

•  Inter-species  
– mouse-human 
–  sheep-goat 

– etc 



 

Chimera 
(Χίμαιρα, Chímaira, "the goat")  

... originally a creature of  the Greek mythology 

http://en.wikipedia.org/wiki/Chimaera_(mythology) 





Echidna Typhon 

Hydra Sphinx Cerberus Chimera 





? 



Natural Chimera 

•  Fetal-maternal chimera 
•  Blood sharing and twin chimera 
•  Whole body or dispermic chimera 
•  Tumor chimera 
•  Germ cell chimera 

Rinkevich, Human Immunol 62:651 (2001) 
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Maternal immune system  
and pregnancy 

Placenta is a tumor 
Child is a parasite 



Kinsley & Lambert, Scientific American p.72 (01/2006) 



Nelson, Scientific American p.72 (02/2008) 



Mold et al, Science 322:1562 (2008); Burlingham, New Engl J Med 360:1355 (2009) 

Maternal Instruction to Fetal Cells 
Self-defense versus immune tolerance 

Too much restraint of  
immunity: 
Infection 

 
Too little: 

autoimmunity 
 



Nelson, Scientific American p.72 (02/2008) 





Nelson, Scientific American p.72 (02/2008) 



Nelson, Scientific American p.72 (02/2008) 





O'Donoghue et al, Lancet 364:179 (2004) 

Michrochimerism in female BM  
13 - 51 years after male pregnancies  

Technical Challenges 
 

•  Chimeric cells are rare 

•  Only male/female cells 
distinguishable 

•  FISH only method for 
identification 



Male DNA in 34 % G-PBMC and 48% CD34-enriched 
apheresis products of 46 female donors 

Adams et al, Blood 102:3845 (2003); Adams & Nelson, JAMA 291:1127 (2004) 



Shimazaki et al,  Blood 101:3334 (2003) 

Chimerism 1:39 (2010) 



PNAS 109:2509 (2012) 
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Greaves et al, Blood 102:2321 (2003) Fg 1 & 5 

de Wikkelkinder (1617)  
Children of the Major of Amsterdam 



Greaves et al, Blood 102:2321 (2003) 

Concordant leukemia in twin children  



Initiating and Cancer-Propagating Cells in 
TEL-AML1-Associated Childhood Leukemia 

Dengli Hong et al, Science 329:336 (2008) 
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Hermaphrodites (XX/XY)  



Strain et al, New Engl J Med 338:166 (1998) 







Talerman et al, Cancer 66:3668 (1990) 



Sudik et al, Human Reprod 16:56 (2001) 



Tetragametic Chimerism 

Yu et al, New Engl J Med 346:1454 (2002) 



Tetragametic Chimerism 

Yu et al, New Engl J Med 346:1454 (2002) 



A human parthenogenetic mosaic/chimera 

Strain et al, Nature Genetics 11:164 (1995) 

Phenotypic male 
Peripheral blood female 

(maternal parthenogenetic) 





Winberg et al, Am J Med Genet 152A:2277:68 (2010) 

Parthenogenetic activation and  
dispermic fertilization: 

46,XX/47XY,+14 



Ramsay et al, Ann NY Acad Sci 1151:68 (2009) 

46,XX/47XY,+21 and 46,XX/46,XY 



Gynadromorph birds are 
mixed sex-chimaeras 

 
Somatic sex identity is cell 
autonomous in the chicken 

Zhao et al, Nature  464:237 (2010) 
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Tasmanian Devil 

Pearse & Swift, Nature 439:549 (2006) 



Facial-tumour in Tasmanian Devil 

Pearse & Swift, Nature 439:549 (2006) 



Transmission of Devil Facial-tumour Disease 

Pearse & Swift, Nature 439:549 (2006) 



Phylogenetic tree of  genetic variations in  
104 DFTD tumors from 69 Tasmanian devils 

Murchison et al, Cell 148:780 (2012) 



Canine Transmissible Veneral Tumor 

Murgia et al, Cell 126:477 (2006) 



Murgia et al, Cell 126:477 (2006) 

Canine Transmissible Veneral Tumor 



Scanlon et al, Cancer 18:782 (1965) 



Gross, Cancer 28:785 (1971) 



Gärtner et al, New Engl J Med 335:1495 (1996) 

Genetic Analysis of a Sarcoma Acidentally  
Transplanted from a Patient to a Surgeon 



Isoda et al, PNAS 106:17882 (2009) 



Complete Hydatidiform Moles (CHM) 
 Diploid (46,XX) benign tumors that arise from the fertilization of an 

empty ovum by a single 23,X sperm 

Fan et al, Genomics 79:8 (2002) 
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Ross et al, PNAS 104:6278 (2007) 

Germ-line Chimerism and  
Paternal Care in Marmosets 



Ross et al, PNAS 104:6278 (2007) 

Germ-line Chimerism and  
Paternal Care in Marmosets 
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"Brainteaser" Pedigree 


