Osteoblast :
A cell under compression

Christelle Sanchez
26th September 2007

CENTRE NATIONAL

DE L4 RECHERCHE Universitée o

SCIENTIFIQUE s Liége o
'. UNIVERSITE

\PIERRE & MARIE CURIE mu
EESCIENCE A PARIS

U M R 7079 Bone and Cartilage Research Unit
Prof Francis BERENBAUM Prof Yves HENROTIN


Présentateur
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I would like thank a lot  the organizing committee for inviting me to present this work.
I’m going to introduce you the effect of mechanical stimuli on bone remodeling.
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First, a brief introduction to bone remodeling. 
Bone is a tissue constantly renewed.
Bone remodeling always follows an activation, resorption, formation and mineralization sequence. 
Coupling of bone formation and bone resorption is mainly controlled by the RANK/RANKL/OPG system. 
Rank is a receptor located at the surface of the pre osteoclast and osteoclast. 
The binding of RANKL to this receptor is needed to activate and differentiate osteoclast and bone degradation. Osteoblast or bone marrow stromal cell produce both RANKL and it’s inhibitor, OPG. 
Pro-resorptive factors like PGE2 or IL-6, and anti-resorptive factors like TGF-B act on osteoblasts and bone marrow stromal cells to modulate the RANKL/OPG production and thus controlling bone resorption by osteoclasts.



Osteoblast : a cell under compression

Different mechanical stimuli applied on bone
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There are different mechanical stimuli applied on bone: 
compression, tension, shear and also extracellular fluid flow generated by loading
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The molecular mechanisms by which bone adapts to loading and repairs damage are starting to become clear.
Many pathways are involved, as integrin and ERK and NFKB signalling
As well as Growth factors and wnt pathways
Or intracellular calcium, nitric oxide and PGE2 pathways
Regulating gene expression, proliferation, differenciation and survival
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Osteocytes make up the large majority of bone cells.
They are connected between them and with osteoblasts by gap junctions as represented below. 
In vivo evidence show that mechanical loads can stimulate responses from osteocytes and osteoblasts.
They probably do not respond directly to mechanical strain but indirectly to extracellular fluid flow.
They released several messengers, including nitric oxide and PGE2.
Osteoblastic stromal cells respond to these messengers by modulate the RANKL/OPG balance in favour of RANKL, leading to an osteoclast activation.
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Here is represented the two classical in vitro models used to study mechanical stress on osteoblasts.
A fluid flow model
And a stretching model, in which cells are plated on a flexible well base 


3D osteoblasts compression model
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Recently we developed a original three dimensional osteoblasts compression model.
In this model, osteoblasts were grown twenty eight days during what osteoblasts produce a abundant extracellular matrix, and become embedded in this matrix.
At this time, osteoblasts are highly differentiated, show an important alkaline phosphatase activity, visualized here with Fast Red, and also begin to express DMP-1, an osteocyte specific marker.
We can easily take off this membrane containing cells and submit it to compression with Flexercell system.


3D osteoblasts compression model

* Advantages

3D connections between cells and extracellular matrix
Matrix neosynthetized by OB cells
Highly differentiated OB and also OCY

Compression of this 3D OB membrane submit many types of mechanical

stimuli, including compression, tension and fluid shear

Easy to realize and manipulate, matrix resistant to large amplitude

compression

Easy to recover cells and the matrix separately and to analyze gene expression

and protein production
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This model has many advantages
3D connections between cells and extracellular matrix
The matrix is neosynthetized by osteoblasts
They are highly differentiated osteoblasts and also osteocytes
Compression of this 3D osteoblasts membrane submit many types of mechanical stimuli, including compression, tension and fluid shear
It’s easy to realize and manipulate, and the matrix is resistant to large amplitude compression
Easy to recover cells and the matrix separately and to analyze gene expression and protein production    



3D osteoblasts compression model

 Compressive stress submitted with flexercell

» Dynamic sinusoidal at 1 Hz frequency
» 6-10 % amplitude, correspondingto 1-1,7 MPa loading (~ 10 - 17 Kg/cm?)

» 1-16h

Schema of a well of a 6-wells compression plate
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We submitted with flexercell a dynamic sinusoidal compression at 1 Hz frequency
And six to ten percent amplitude, corresponding to 
1 - 1,7 MPa  loading or ten to seventeen Kg/cm square)
During one to sixteen hours



3D osteoblasts compression model

Unloaded control 16h of 10 % compression, 1 Hz
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This is the microscopic aspect of the osteoblast membrane in unloaded condition or after sixteen hours of ten percent compression at a frequency of one hertz.
We could observe that the membrane remains intact and the cells keep the same morphology and no sign of suffering. 
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Here is represented the expression of COX-2 and fifteen PGDH mRNA after one to eight hours of ten percent compression, in unloaded fold.
The unloaded control expression is also represented by dotted line.
COX-2 expression is highly increased by compression with a maximum at four hour of seven fold increase.
Fifteen PGDH, which is a catabolic enzyme involved in PGE2 degradation, is decrease from the fourth hour.
PGE2 release in the supernatant of unloaded or ten percent loaded cells are represented below, and is highly increased by compression.
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3D osteoblasts compression model
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Here the same with IL-6 expression and production.
Il-6 expression is highly increased by compression with a maximum of thirty seven-fold at four hours
And IL-6 production in supernatant is also highly increased by loaded osteoblasts.


3D osteoblasts compression model
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We have also look at the MMPs expression, and MMP-two, three and thirteen are increased by loading at the fourth hour and later.
And MMP three production in supernatant began to be detected after four hours and is significantly increased by compression after six hours.


3D osteoblasts compression model

Other results:
Compression T iNOS expression (4-fold)

T VEGF expression (3-fold)

1 OPG expression by half
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Other results that we have observed with our model is that 

Compression  induce a 4-fold increase of iNOS expression                          
                        a three fold increase of VEGF expression 
                      and a half decrease of OPG expression


IL-6 production (fold)
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Finally we have look at the pathways involved in the stimulatory effect of compression on IL-6 production by adding several specific inhibitors.
You could see that three pathways are inlvoved, ERK, NFKB and intracellular calcium


3D osteoblasts compression model
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These three pathways are also involved in PGE2 stimulation


Hypothetical model for the
biomechanical control of bone remodeling

PPN — e —

MECHANICAL STIMULI

Osteoblasts
+0OPG
IL-6 . :
PGE J ~|J TRANKL ‘
- # ‘! S

= e L

Resolption

Osteocytes osteoclast

Type | collagen

|

MECHANICAL STIMULI


Présentateur
Commentaires de présentation
This is a hypothetical model explaining the biomechanical control of bone remodeling.
Osteocytes and osteoblasts responds to mechanical stimuli by release nitric oxide, PGE2 and IL-6. 
* These mediators influence the balance between factors OPG and RANKL in favour of RANKL and thus increase osteoclast activation.
* On another hand, osteoblasts produce MMPs which degrade bone matrix, releasing factors embedded in the matrix, like osteocalcin and osteopontin which are 
chemoattractant for osteoclast precursors, and binding domain in type I collagen for osteoclast integrin, which allow osteoclast attatchment.
They release also VEGF favorising angiogenesis and new preosteoclasts arrival
Finally TGF-b released from the bone matrix enhance new bone matrix formation.


Thanks to

e Professor Berenbaum team (UPMC Paris 6 / CNRS)

— Bausero Pedro - 2

[ [UNIVERSITE _
Q&;gﬁea MARIE CURIE

CE A PARIS

— Blaise Régis
— Gabay Odile

— Gosset Marjolaine
— Jacques Claire % CENTRE NATIONAL
DE LA RECHERCHE
— Pigenet Audrey SCIENTIFIQUE

— Salvat Colette

e Professor Henrotin mu

and Bone and Cartilage Research Unit team Sone and Cartilage Research Unit

e The National Fund for Scientific Research (Belgium)


Présentateur
Commentaires de présentation
I would thank a lot the professor Berenbaum for welcoming me in his lab last year where this work was realized, and all his team.
I also thank my boss the professor Henrotin who could not be here today and the national fund for scientific research for they support.
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