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Cellular Plasticity : the Ability of Cells (Stem or Differentiated) to Adopt th e
Gene Expression Profile and Functional Phenotypes of Othe r Differentiated
Types of Cells (Belonging to the Same or Different Lineages)
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DEVELOPMENT REGENERATION CANCER

Plastic cell:
any cell that is capable of becoming a specialized cell type different from itself




Stem Cells, Development and Differentiation
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The Stem Cell in its Niche
HSC
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Developmental plasticity of stem cells and progenit ors by lineage-promiscuous

gene expression:

HSCs as a model
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Plasticity: different possibilities of acquiring a n
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B cell development
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Lineage Diversion from Lymphocyte Progenitors
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Transdifferentiation of committed lymphocytes




B cell development




lymphoid
progenitor



Dual role of Pax5 at B cell commitment



Pax5 Ectopic Expression Interferes with T Cell Developme nt

Souabni, A., Cobaleda, C., Schebesta, M., and Busslinger, M.
Immunity (2002).



Conclusions

- The final outcome of the differentiation process results from the interaction
between the transcription factor and the target cell.

- Gain of function _ of transcription factors can block differentiation of
specific cell types. (TFs as oncogenes).

Questions

- How does loss of function result in differentiation blocks?
(TF as tumor supressors)

- Are differentiation processes reversible?

- Is it possible to generate progenitors from differentiate d cells?

- Experimental design: conditional deletion (loss of fun ction) of Pax5 in
mature B cells.



How does loss of function result in differentiation block s?

Can Pax5 also be a tumor suppressor gene ?

Pax5 floxed (F) Pax5 deleted (A)
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B-cell specific deletion of Pax5

B-cell lymphomas in Pax5 - CD19-Cre mice



Pax5-deficient pro-B cell tumor ?



Tumors are Pax5-deficient progenitor cell lymphomas




Question: Is the tumor derived from Pax5-deficient pro-B or mature B cells?

Functional Ig gene
rearrangements

Tumor is derived from at least late pre-B cells



Tumors: retrodifferentiation to early progenitor cell stage
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Cellular Plasticity, Cancer and Transcription Factors:

“the dose makes the poison ”




Conclusions

- Loss of function _ results in differentiation blocks. (TF as tumor supre Ssors) .

Questions

- Are differentiation processes reversible?

- Is it possible to generate progenitors from differentiate d cells?

- Experimental design: conditional deletion (loss of fun ction) of Pax5 in
mature B cells.
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IMPLICATIONS

New Potential Origin of Cancer Progenitors Epigenetic Requlation of Cell Identity







Reprogramming of Terminally Differentiated Mature B Lymp hocytes

to Pluripotency Requires Supression of Pax5 Function

Graf and Busslinger “Preview” of
Hanna et al., Cell 133, 250-264, 2008



PLASTICITY OF DIFFERENTIATED CELLS
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Molecular crosstalk in the endosteal niche

HSC

osteoblast

c-myc deficiency: severe niche-
dependent differentiation defect
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Lineage Diversion from Lymphocyte Progenitors




Plasticity and Cancer: the Cancer-Maintaining Cell




Plasticity and Cancer




Lineage specification, plasticity and commitment

The hematopoietic system as a model






Cellular Plasticity, Cancer and Transcription Factors:
“the dose makes the poison ”

.

Oncogenic activation of Pax5 by chromosomal translo cations

B-cell non-Hodgkin lymphoma (B-NHL)

B-progenitor acute lymphoblastic leukemia (B-ALL)




B-cell specific deletion of Pax5

Change of cell surface phenotype: loss of B-cell id entity

Lymph nodes of CD19-Cre mice

Horcher et al., 2001



Question: Is the tumor derived from Pax5-deficient pro-B or mature B cells?




Developmental Plasticity of Mature B Cells

Cobaleda C, Jochum W & Busslinger M.
Nature. 2007 vol 449, 473-477



In vivo T cell function




Germinal Center Formation after 10 Days of SRBC Immun  ization

spleen T cells



Reprogramming of Terminally Differentiated Mature B Lymp hocytes
to Pluripotency Requires Supression of Pax5 Function

Supression of
Pax5 expression

Hanna et al., Cell 133, 250-264, 2008



Cancer and Pax5-dependent Lymphoid Plasticity
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Plasticity and the origins of cancer: implications of the C SC concept




Plasticity and the origins of cancer: implications of the C SC concept
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CELLULAR MEMORY

Determination of active and repressed states of gene ex  pression

Grossniklaus and Paro, 2007



Conclusion

- Pax5 is continuously required __ to maintain B-lineage commitment.

Question

- Is it also sufficient ?

- Experimental design: ectopic overexpression (gain of function ) of Pax5
throughout the hematopoietic system.




Souabni, A., Cobaleda, C., Schebesta, M., and Busslinger, M.
Immunity (2002).












Pax5 Ectopic Expression Interferes with T Cell Developme nt




Conclusions

- The final outcome of the differentiation process results from the interaction
between the transcription factor and the target cell.

- Gain of function _ of transcription factors can block differentiation of
specific cell types. (TFs as oncogenes).

Questions

- How does loss of function result in differentiation blocks?
(TF as tumor supressors)

- Are differentiation processes reversible?

- Is it possible to generate progenitors from differentiate d cells?

- Experimental design: conditional deletion (loss of fun ction) of Pax5 in
mature B cells.









Souabni, A., Cobaleda, C., Schebesta, M., and Busslinger, M.
Immunity (2002).
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Signaling through Notchl receptor

Ligands present in thymus Notchl active in thymus

but not in bone marrow but not in bone marrow






Souabni, A., Cobaleda, C., Schebesta, M., and Busslinger, M.
Immunity (2002).
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Competitive bone marrow reconstitution
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Supp. Figure. Histology



Supp. Figure. SKY analysis
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Immunophenotype of Pax5-deficient tumors






Immunoglobulin recombination assays



|g rearrangements in tumor cells



VDJ rearrangements in  Cd19-cre Pax5 7~ progenitor cell lymphomas




Expression of rearranged Ig transcripts in  Pax5 /- tumour cell lines




Developmental potential of mature Pax5-deficient B cells
Experimental design 1:

pre-treatment of donor mice with anti-IL7YR a Ab’s

1mg 1mg 1mg 1mg 1mg
Antibody Antibody Antibody Antibody Antibody

48 h 48 h 48 h 48 h 48h‘—|—

—

Killing of B cell progenitors in the bone marrow.
Elimination of new B cell immigrants in the spleen and lymp h nodes



Results of anti-IL7R a antibody treatment:

Dead of B cell progenitors in the bone marrow.
Elimination of new B cell immigrants in the spleen and lymp h nodes



STRATEGY 2: DONOR CELLS IN VIVO DELETED




IN VIVO DELETED CELLS ALSO RECONSTITUTE THE THYMUS




ENGRAFTMENT OF INJECTED CELLS







Expression of rearranged |g transcripts in dedifferentiated proB cells




|g rearrangements in dedifferentiated proB cells







POLYCLONALITY OF TCR REARRANGEMENTS INNEW T CELLS




Functionality of re-differentiated T cells

1) In vitro









In vitro generation of macrophages from dedifferentiated Pax5 DD hroB cells







B-cell ymphomas in Pax5 F-CD19-Cre mice
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Oncogenic function of pre-BCR on tumor cells

pre-BCR
Syk
J Bk (Pax5 target)
MAPK pathway Ca** signaling pre-BCR
proliferation differentiation downregulation

pre-B ALL tumor

Jumaa et al. Nature 423, 452



BCR signalling

Niiro and Clark, 2002










Cooperation of E2A and EBF:
activation cascade
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Thymocytes generated from normal proliferation

Pax5-deleted B cells
a-CD3e plus a-CD28



The Stem Cell in its Niche: a Metastable Intermediate

HSC

Mikkers and Frisén, 2005



Plasticity and Cancer: the Requlation of Cell Differentia tion in Normal

and Pathological Conditions

The ability of adult stem cells
to cross lineage barriers ad
Stem Cell adopt the expression profile
and functional phenotypes of
cells that are unique to other

tissues
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a cell that is capable of becoming a specialized cell type of different tissue












Different kinds of stem cells




Adult Stem Cells
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