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CLL Cells Don’t Proliferate And Die In-vitro
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CLL Clinical Doubling Times

Molica & Alberti,  Cancer 1987:60;2712



“These analyses demonstrated that the leukemic cells of each 
patient had definable and often substantial birth rates, varying
from 0.1% to greater than 1.0% of the entire clone per day”

Messmer et al  J Clin Invest. 2005

CLL Cells Proliferate In-vivo



Pseudofollicles

• Locations

– Lymph nodes
– Splenic white pulp
– Bone marrow
– NOT in the peripheral blood

• Cells present

– CLL Cells 
– T cells
– ? Follicular Dendritic cells
– Others

Who Are The Collaborators?



T Cells Are Potential Collaborators
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“Ki67+ CLL cells are significantly more likely to b e touching an adjacent T cell than 
their Ki67 – counterparts Chi-squared test p<0.0001”              

Patten et al,  Blood 2008



Pseudofollicles Contain Activated T Cells

CD3+ Red (>80% CD4+ - not shown) – T cells

FOX-P3 Negative

CD25+ Green – Activated Cells 
(predominately CLL cells)

CD3+CD25+ Yellow – Activated T Cells



Model Of A Pseudofollicle
Co-culture: Autologous Activated T-cells 

And CLL Cells

Autologous T-cell



Autologous T-cell
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CLL cell Autologous T-cell

3/28 Bead

Model Of A Pseudofollicle
Co-culture: Autologous Activated T-cells 

And CLL Cells



CFSE

CLL cells cultured  with
resting T cells

CFSE

CLL cells cultured with
activated T cells

Activation Of Autologous T-cells Causes 
CLL Cell Proliferation

p=0.0004



Do Proliferating CLL Cells Express CD38?

• CD38 is a marker of cell activation.

• Biological reason for poor prognosis remains unknown

• Is it possible that CD38 expression in CLL is due to 
interactions with activated T cells in pseudofollicles?



CD38

Activation Of Autologous T-cells Causes 
Upregulation Of CD38 On CLL Cells 

CD19

CLL cells cultured  with
resting T cells

CLL cells cultured with
activated T cells



Activation Of Autologous T-cells Causes 
Upregulation Of CD38 On CLL Cells 



CD38 expression predicts cell division in co-
culture.



CD38 Expression On CLL Cells Is Higher In 
Pseudofollicle Tissue

Bone Marrow



CD38 Expression On CLL Cells Is Higher In 
Pseudofollicle Tissue

Spleen
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CD38 Expression On CLL Cells Is Higher In 
Pseudofollicle Tissue

Spleen

Green: CD38
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CD38 Expression On CLL Cells Is Higher In 
Pseudofollicle Tissue

Spleen

Yellow: CD23+CD38hi

Red: CD23+CD38lo/-

Red Pulp White Pulp

x630



CD38 Expression On CLL Cells Is Higher In 
Pseudofollicle Tissue

Red Pulp White Pulp

x630

Yellow CD38hi CLL cells
WP:RP p<0.0001
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• Activated CD4+ T cells cause CLL proliferation 
and upregulation of CD38
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CLL – Who Are The Collaborators?

• Activated CD4+ T cells cause CLL proliferation 
and upregulation of CD38.

• CD31 is the only known ligand for CD38. 

• Endothelial cells express CD31 and vessels are 
known to be present in pseudofollicles.



CLL – Who Are The Collaborators?

• Activated CD4+ T cells cause CLL proliferation 
and upregulation of CD38.

• CD31 is the only known ligand for CD38. 

• Endothelial cells do express CD31 and vessels 
are present in pseudofollicles.

• Is there a link between vessels in pseudofollicles 
and CD38?



Lymph Node Vessel Density
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Lymph Node Vessel Density



What is the role of the endothelial  cells?

Do they influence CD38 expression?



Co-culture: Endothelial Cells

Human endothelial 
cell (HMEC)

CLL cell
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Endothelial Cells Induce A Small Increase In CLL CD38
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Activated T cell

Co-culture: Endothelial Cells and Activated T cells
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Activated T Cells Induce A Much Larger Increase In 
CD38



Endothelial Cells Prevent CLL Cell Death

Annexin V

7A
A

D

CD19+ CLL cells cultured 
alone

CD19+ CLL cells cultured 
on endothelial cells

35% 
viable

89% 
viable
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p<0.0001
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Endothelial Cells Prevent CLL Apoptosis
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Purified
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Cells alone 
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p<0.0001

p=0.22

Endothelial Cells Do Not Prevent Apoptosis
Of Normal B Cells 



Conclusions

• CLL cells are in close contact to activated T cells in 
pseudofollicles.

• The presence of activated T cells causes up-regulation of 
CD38 on CLL cells.

• Patients with higher levels of CD38 have a greater number 
of vessels in their pseudofollicles.

• Endothelial cells prevent CLL cell apoptosis in-vitro.
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Structure of a Pseudofollicle



Acknowledgements

Piers Patten

Stephen Devereux

Julie Richards, Terry Hamblin, Andrew Wotherspoon and 
Jon Salisbury


