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FURTHER ASPECTS 

Further aspects and embodiments of the invention are now set out in the following 

numbered Paragraphs; it is to be understood that the invention encompasses these aspects: 

Paragraph 1. A method to generate a pluripotent cell, comprising subjecting a cell to a 

stress. 5 

Paragraph 2. The method according to Paragraph 1, wherein the pluripotent cell is 

generated without introduction of an exogenous gene, a transcript, a protein, a nuclear 

component or cytoplasm, or without cell fusion. 

Paragraph 3. The method of any of Paragraphs 1-2, further comprising selecting a cell 

exhibiting pluripotency. 10 

Paragraph 4. The method of any of Paragraphs 1-3, wherein the cell is not present as 

part of a tissue. 

Paragraph 5. The method of any of Paragraphs 1-4, wherein the cell is a somatic cell, a 

stem cell, a progenitor cell or an embryonic cell. 

Paragraph 6. The method of any of Paragraphs 1-5, wherein the cell is an isolated cell. 15 

Paragraph 7. The method of any of Paragraphs 1-6, wherein the cell is present in a 

heterogeneous population of cells. 

Paragraph 8. The method of any of Paragraphs 1-7, wherein the cell is present in a 

homogenous population of cells. 

Paragraph 9. The method of any of Paragraphs 1-8, wherein selecting the cell 20 

exhibiting pluripotency comprises selecting a cell expressing a stem cell marker. 

Paragraph 10. The method of any of Paragraph 9, wherein the stem cell marker is 

selected from the group consisting of : Oct4; Nanog; E-cadherin, and SSEA4. 

Paragraph 11. The method of any of Paragraphs 1-10, wherein selecting the cell 

exhibiting pluripotency comprises selecting a cell which is not adherent. 25 

Paragraph 12. The method of any of Paragraphs 1-11, wherein the stress comprises 

unphysiological stress in tissue or cell culture. 
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Paragraph 13. The method of any of Paragraphs 1-12, wherein the stress comprises 

exposure of the cell to at least one environmental stimulus selected from: trauma, mechanical 

stimuli, chemical exposure, ultrasonic stimulation, oxygen-deprivation, radiation, exposure to 

extreme temperatures, dissociation, trituration, physical stress, hyperosmosis, hypoosmosis, 

membrane damage, toxin, extreme ion concentration, active oxygen, UV exposure, strong 5 

visible light, deprivation of essential nutrition, or unphysiolosically acidic environment. 

Paragraph 14. The method of any of Paragraphs 1-13, wherein the stress comprises 

exposing the cell to a pH of from about 3.0 to about 6.8. 

Paragraph 15. The method of any of Paragraphs 1-4, wherein the stress comprises 

exposing the cell to a pH of from about 4.5 to about 6.0. 10 

Paragraph 16. The method of Paragraph 15, wherein the stress comprises exposing the 

cell to a pH of from about 5.4 to about 5.8. 

Paragraph 17. The method of any of Paragraphs 12-16, wherein the cell is exposed for 

2-3 days. 

Paragraph 18. The method of any of Paragraphs 12-17, wherein the cell is exposed for 15 

1 day or less. 

Paragraph 19. The method of any of Paragraphs 12-18, wherein the cell is exposed for 

1 hour or less. 

Paragraph 20. The method of any of Paragraphs 12-19, wherein the cell is exposed for 

about 30 minutes. 20 

Paragraph 21. The method of Paragraph 13, wherein the exposure to extreme 

temperatures comprises exposing the cell to temperatures below 35 °C or above 42°C. 

Paragraph 22. The method of Paragraph 21, wherein the exposure to extreme 

temperatures comprises exposing the cell to temperatures at, or below freezing or exposure of 

the cell to temperatures at least about 85°C. 25 

Paragraph 23. The method of Paragraph 13, wherein the mechanical stimulus 

comprises exposing the cell to shear stress or/and high pressure. 
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Paragraph 24. The method of Paragraph 23, wherein the mechanical stimulus 

comprises passing the cell through at least one device with a smaller aperture than the size of 

the cell. 

Paragraph 25. The method of Paragraph 23, wherein the mechanical stimulus 

comprises passing the cell through several devices having progressively smaller apertures. 5 

Paragraph 26. The method of any of Paragraphs 1-25, further comprising culturing the 

pluripotent cell to allow propagation of the pluripotent cell. 

Paragraph 27. The method of any of Paragraphs 1-26, wherein the pluripotent cell 

expresses a stem cell marker. 

Paragraph 28. The method of Paragraph 27, wherein the stem cell marker is selected 10 

from the group consisting of: Oct4; Nanog; E-cadherin, and SSEA4. 

Paragraph 29. The method of any of Paragraphs 1-28, wherein the cell is a mammalian 

cell. 

Paragraph 30. The method of any of Paragraphs 1-29, wherein the cell is a human cell. 

Paragraph 31. The method of any of Paragraphs 1-30, wherein the cell is an adult cell, 15 

a neonatal cell, a fetal cell, amniotic cell, or cord blood cell. 

Paragraph 32. The method of any of Paragraphs 1-31, further comprising maintaining 

the pluripotent cell in vitro. 

Paragraph 33. The method of any of Paragraphs 1-32, wherein the epigenetic state of 

the cell is altered to more closely resemble the epigenetic state of an embryonic stem cell. 20 

Paragraph 34. The method of Paragraph 33, wherein the epigenetic state comprises 

methylation patterns. 

Paragraph 35. The method of any of Paragraphs 1-34, wherein the stress comprises 

removing at least about 40% of the cytoplasm from the cell. 

Paragraph 36. The method of Paragraph 35, wherein at least about 50% of the 25 

cytoplasm is removed from the cell. 
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Paragraph 37. The method of Paragraph 36, wherein at least about 60% of the 

cytoplasm is removed from the cell. 

Paragraph 38. The method of Paragraph 37, wherein between 60-80% of the cytoplasm 

is removed from the cell. 

Paragraph 39. The method of Paragraph 37, wherein at least about 80% of the 5 

cytoplasm is removed from the cell. 

Paragraph 40. The method of Paragraph 39, wherein at least about 90% of the 

cytoplasm is removed from the cell. 

Paragraph 41. The method of any of Paragraphs 1-40, wherein the stress comprises 

removing at least about 40% of the mitochondria from the cell. 10 

Paragraph 42. The method of Paragraph 41, wherein the removal of a portion of the 

cytoplasm removes at least about 50% of the mitochondria from the cytoplasm. 

Paragraph 43. The method of Paragraph 42, wherein the removal of cytoplasm or 

mitochondria removes about 50%-90% of the mitochondria from the cytoplasm. 

Paragraph 44. The method of Paragraph 42, wherein the removal of cytoplasm or 15 

mitochondria removes more than 90% of the mitochondria from the cytoplasm. 

Paragraph 45. The method of any of Paragraphs 1-44, wherein the stress is sufficient to 

disrupt the cellular membrane of at least 10% of cells exposed to the stress. 

Paragraph 46. An assay comprising; contacting a pluripotent cell produced by the 

method according to any of Paragraphs 1 to 45 with a candidate agent. 20 

Paragraph 47. The assay of Paragraph 46, for use to identify agents which affect one or 

more of the viability, differentiation, proliferation of the pluripotent cell. 

Paragraph 48. Use of a pluripotent cell produced by the method according to any one 

of Paragraphs 1 to 45 in a method of cell therapy for a subject. 

Paragraph 49. A method of preparing a cell or tissue that is compatible with cell 25 

therapy to be administered to a subject, comprising: generating a pluripotent cell from a cell 
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according to any one of Paragraphs 1 to 45; wherein the cell is an autologous cell or HLA-

matched allogeneic cell. 

Paragraph 50. The method of Paragraph 49, further comprising differentiating the 

pluripotent cell along a pre-defined cell lineage prior to administering the cell or tissue to the 

subject. 5 

Paragraph 51. A composition comprising a pluripotent cell, wherein the pluripotent 

cell is generated from a cell by the methods according any of Paragraphs 1 to 45. 

Paragraph 52. A method of producing a pluripotent stem cell, the method comprising 

culturing a cell in the presence of adrenocorticotropic hormone (ACTH), 2i or 3i medium 

Paragraph 53. The method of Paragraph 52, wherein the cell is cultured in LIF medium 10 

comprising ACTH. 

Paragraph 54. The method of Paragraph 52 or 53, wherein the ACTH is present at a 

concentration of from about 0.1 ¿� to about 100 ¿� . 

Paragraph 55. The method of any of Paragraphs 52-54, wherein the cell is a cell 

generated by the method of any of Paragraphs 1-45. 15 

Paragraph 56. The method of any of Paragraphs 52-55, wherein the cell is a totipotent 

cell. 

Paragraph 57. The method of any of Paragraphs 52-56, wherein the cell is cultured in 

the presence of ACTH, 2i or 3i medium for at least 3 days. 

Paragraph 58. The method of any of Paragraphs 52-57, wherein the cell is cultured in 20 

the presence of ACTH, 2i or 3i medium for at least 5 days. 

Paragraph 59. The method of any of Paragraphs 52-58, wherein the cell is cultured in 

the presence of ACTH, 21 or 3i medium for at least 7 days. 

Paragraph 60. The method of any of Paragraphs 52-59, wherein after the culturing 

step, the cell expresses detectable level of a stem cell marker selected from the group 25 

consisting of: Oct3/4; Nanog; Rex1; Klf4; Sox2; Klf2; Esrr-beta; Tbx3; and Klf5. 
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Paragraph 61. A method of increasing the self-renewal ability of a pluripotent cell, the 

method comprising culturing the cell in the presence of adrenocorticotropic hormone (ACTH), 

2i or 3i medium. 

Paragraph 62. The method of Paragraph61, wherein the cell is cultured in LIF medium 

comprising ACTH. 5 

Paragraph 63. The method of any of Paragraphs 61-62, wherein the ACTH is present 

at a concentration of from about 0.1 ¿� to about 100 ¿� . 

Paragraph 64. The method of any of Paragraphs 61-63, wherein the cell is a cell 

generated by the method of any of Paragraphs 1-45. 

Paragraph 65. The method of any of Paragraphs 61-64, wherein the cell is a totipotent 10 

cell. 

Paragraph 66. The method of any of Paragraphs 61-65, wherein the cell is cultured in 

the presence of ACTH, 2i or 3i medium for at least 3 days. 

Paragraph 67. The method of any of Paragraphs 61-66, wherein the cell is cultured in 

the presence of ACTH, 2i or 3i medium for at least 5 days. 15 

Paragraph 68. The method of any of Paragraphs 61-67, wherein the cell is cultured in 

the presence of ACTH, 2i or 3i medium for at least 7 days. 

Paragraph 69. The method of any of Paragraphs 61-68, wherein after the culturing 

step, the cell expresses detectable level of a stem cell marker selected from the group 

consisting of: Oct3/4; Nanog; Rex1; Klf4; Sox2; Klf2; Esrr-beta; Tbx3; and Klf5. 20 

Paragraph 70. A method of autologous cell therapy in a subject in need of cell therapy, 

comprising a. generating a pluripotent cell from a cell according to any one of Paragraphs 1 to 

45, wherein the cell is obtained from the subject, and b. administering a composition 

comprising the pluripotent cell or a differentiated progeny thereof to the subject. 

Paragraph 71. The method of Paragraph 70, further comprising differentiating the 25 

pluripotent cell along a pre-defined cell lineage prior to administering the composition to the 

subject. 
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Paragraph 72. A method of producing a pluripotent cell capable of differentiating into 

a placental cell, the method comprising culturing the pluripotent cell generated by the method 

of any of Paragraphs 1-45 in the presence of FGF4. 

Paragraph 73. The method of Paragraph 72, wherein the concentration of FGF4 is 1 

nM to 1 uM. 5 

Paragraph 74. The method of Paragraph 72 or 73, wherein the pluripotent cell is 

capable of differentiating into an embryonic stem cell. 
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CLAIMS 

1. A method for increasing the number of cells expressing one or more markers of 

pluripotency in a population comprising non-embryonic normal differentiated mammalian 

somatic cells not expressing markers of pluripotency comprising 

subjecting the population of non-embryonic normal differentiated mammalian somatic 5 

cells to an effective amount of stress comprising between about 20 micromolar and 

about 200 millimolar adenosine triphosphate (ATP) at a pH between 3.0 and 6.0, to 

increase the levels of stress induced genes to increase the number of cells expressing one 

or more markers of pluripotency in the population, and 

screening for cells expressing one or more markers of pluripotency in the population. 10 

2. A method according to Claim 1, in which the cells expressing one or more markers of 

pluripotency are generated without introduction of an exogenous gene, a transcript, a protein, 

a nuclear component or cytoplasm, or without cell fusion. 

3. A method according to Claim 1, further comprising selecting the cells expressing one or 

more markers of pluripotency. 15 

4. A method according to Claim 3, in which the one or more markers is selected from the 

group consisting of: Oct4; Nanog; E-cadherin, and SSEA. 

5. A method according to Claim 1, in which the stress comprises exposing the cell 

population to a pH between 4.5 and 6. 

6. A method according to Claim 1, in which the cell population is exposed to temperatures 20 

below 35°C or above 42° C. 

7. A method according to Claim 1, in which the membranes of the cells in the cell 

population are mechanically disrupted. 

8. A method according to Claim 1, in which the cell population is exposed to mechanical 

stress disrupting pores resulting in loss of at least about 40% of the cytoplasm or the 25 

mitochondria from the cell. 

9. A method according to Claim 1, in which the cell population is exposed to the stress for 

a period between about 1 min and about 1 hour. 
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10. A method according to Claim 6, in which the temperatures are at or below freezing, or at 

least about 85°C. 

11. A method according to Claim 1, in which the application of inducers of cell 

reprogramming of chromatin through epigenetic changes including demethylation and 

methylation of DNA and histones. 5 

12. A method according to Claim ,1 in which the concentration of ATP is between about 2 

millimolar and about 200 millimolar. 

13. A method according to Claim 1, further comprising subjecting the population of non-

embryonic differentiated somatic cells to oxygen deprivation. 

14. A method according to Claim 13, in which the cell population is exposed to the stress 10 

for a period between about 1 minute and three weeks. 
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2011 13, 179-192; Huang, Y. et al.  Transplantation 2010 89, 677-685; Zuba-Surma, E. K. et al. 

Journal of cellular and molecular medicine 2011 15, 1319-1328; Paczkowska, E. et al. Annals 

of transplantation 2011 16, 59-71).  It has been hypothesized that these cells represent either a 

population of adult stem cells or are merely an artifact of the techniques being used.  In either 

case, they remain rare and do not represent an adequate source of pluripotent cells for research 

and therapeutic purposes. 

Summary 

[0005] Described herein are methods of generating or producing pluripotent cells de 

novo, from, e.g., differentiated or adult cells.  The methods described herein can further 

relate to increasing the pluripotency of a cell (or, e.g. decreasing the maturity of a cell), e.g. 

causing a multipotent cell to become pluripotent.  Aspects of the technology described 

herein which relate to the production of pluripotent cells are based upon the inventors9 

recognition that environmental stresses can induce a cell to assume a more pluripotent 

phenotype. 

[0006] In one aspect, described herein is a method to generate a pluripotent cell, 

comprising subjecting a cell to a stress comprising ATP, alone or in combination with another 

stress.  In some embodiments, the method can further comprise selecting cells exhibiting 

pluripotency.  In some embodiments, the cell is not present as part of a tissue. In some 

embodiments, the stress comprises removing at least about 40% of the cytoplasm from the cell.  

In some embodiments, the stress comprises removing at least about 40% of the mitochondria 

from the cell.  In some embodiments, the stress is sufficient to disrupt the cellular membrane 

of at least 10% of cells exposed to the stress.  In some embodiments, the cell is a somatic cell, 

a stem cell, a progenitor cell or an embryonic cell.  In some embodiments, the cell is an 

isolated cell.  In some embodiments, the cell is present in a heterogeneous population of cells.  

In some embodiments, the cell is present in a homogenous population of cells.  In some 

embodiments, selecting the cells exhibiting pluripotency comprises selecting cells expressing 

Oct4 or Nanog, or Oct4 and Nanog expression.  In some embodiments, selecting cells 

exhibiting pluripotency comprises selecting cell which are not adherent.  

[0007] In some embodiments, at least about 50% of the cytoplasm is removed from the 

cell.  In some embodiments, at least about 60% of the cytoplasm is removed from the cell.  In 

some embodiments, between 60-80% of the cytoplasm is removed from the cell.  In some 

embodiments, at least about 80% of the cytoplasm is removed from the cell.  In some 

embodiments, at least about 90% of the cytoplasm is removed from the cell.   

[0008] In some embodiments, the stress comprises exposure of the cell to at least one  
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EXAMPLES

EXAMPLE 1 

[00171] All organisms possess a primitive survival instinct. When plants are subjected 

to sioiocant exte~al stresses they activate a mechanism to survive that causes 

dediferentiation of cells and enables regeneration of the injured area or the entire organism. 

While such mechanisms appear to be essential or lower organisms to survive extreme 

environmental changes, they have yet to be documented in mammals. 

[00172] The inventors hyothesized that physical stress may cause mature mammalian 

cells to revert to a stem cell state, similar to that seen in plants and lower organisms. To 

examine this hyothesis, mature cells procured vom seven adult somatic tissues were studied. 

To orst ocus on which physical stresses might be most efective in altering mature cells to 

revert to a less mature state, CD45 positive l}phocytes harvested vom Oct4-GFP mice were 

studied. Cells vom these mice provide a readout of reversion to a stem cell phenotye when 

the stem cell specioc Oct4 promoter is activated. The mature, wlly diferentiated cells were 

exposed to several sioiocant exte~al stimuli. 

[00173] For example, CD45 positive l}phocytes were exposed to low pH solution to 

provide a strong chemical stress. Within 3 days of exposure, GFP expressing cells were 

observed, and within 5 days, spherical colonies composed of GFP expressing cells were 

observed. Cells generated in this manner are regrred to in this Example as Stress Altered Stem 

Cells (SASCs or SACs). SACs can also be regrred to as rejuvenated stem cells (RSCs) or 

animal callus cells (ACCs ). SACs expressed several markers normally associated with 

embryonic stem cells. SACs exhibited a diferentiation potency equivalent to ES cells, 

contributed to the generation of chimera mice and were capable of generating whole gtuses 

when injected into 4N blastocysts. Cells generated in this manner initially showed low 

mitochondrial activity and other conditions normally associated with the induction of cell 

based injury degnse mechanisms. They then exhibited demethylation of the Oct4 and Nanog 

gene promoters. The reprogramming of stress altered cells appeared to be induced via 

mesench}al-epithelial transition. The ondings are consistent with descriptions of cells 

contained in the plant callus, in response to injury ( exte~al stimuli). A plant callus is ormed 

vom a stress induced conversion of cells to pluripotent plant stem cells, capable of orming 

clonal bodies. Such a spherical colony, generated vom mature wlly diferentiated somatic 

mammalian cells in response to signiocant exte~al stimuli, is regrred to herein as an Animal 

Callus, and to the stress altered cells contained in such a colony or callus, as "Animal Callus 

Cells" (ACCs) or SACs. 
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CLAIMS 

1. A method for increasing the number of cells expressing one or more markers of 

pluripotency in a population comprising non-embryonic normal differentiated mammalian 

somatic cells not expressing markers of pluripotency comprising 

subjecting the population of non-embryonic normal differentiated mammalian somatic 5 

cells to an effective amount of stress comprising between 20 micromolar and 200 

millimolar adenosine triphosphate (ATP) at a pH between 3.0 and 6.0, to increase the 

levels of stress induced genes to increase the number of cells expressing one or more 

markers of pluripotency in the population, and 

screening for cells expressing one or more markers of pluripotency in the population. 10 

2. A method according to Claim 1, in which the cells expressing one or more markers of 

pluripotency are generated without introduction of an exogenous gene, a transcript, a protein, 

a nuclear component or cytoplasm, or without cell fusion. 

3. A method according to Claim 1, further comprising selecting the cells expressing one or 

more markers of pluripotency. 15 

4. A method according to Claim 3, in which the one or more markers is selected from the 

group consisting of: Oct4; Nanog; E-cadherin, and SSEA. 

5. A method according to Claim 1, in which the stress comprises exposing the cell 

population to a pH between 4.5 and 6. 

6. A method according to Claim 1, in which the membranes of the cells in the cell 20 

population are mechanically disrupted. 

7. A method according to Claim 1, in which the cell population is exposed to mechanical 

stress disrupting pores resulting in loss of at least 40% of the cytoplasm or the mitochondria 

from the cell. 

8. A method according to Claim 1, in which the cell population is exposed to the stress for 25 

a period between 1 min and 1 hour. 
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9. A method according to Claim 1, further comprising the application of inducers of cell 

reprogramming of chromatin through epigenetic changes including demethylation and 

methylation of DNA and histones. 

10. A method according to Claim 1, in which the concentration of ATP is between 2 

millimolar and 200 millimolar. 5 

11. A method according to Claim 1, further comprising subjecting the population of non-

embryonic differentiated somatic cells to oxygen deprivation. 

12. A method according to Claim 11, in which the cell population is exposed to the stress 

for a period between 1 minute and three weeks. 


