
SS responses

Shear Stress Responses

Excellent review detailing mechanosensory responses, particularly in osteoblasts:

Osteoblasts respond to mechanosensation via intagration of signals from a variety of pathways; many of these appear to be non-cell type
specific.

Animals treated with calcium channel blockers had up to 61% decrease in bone formation factors after mechanical stress.

The Wnt pathway is also implicated in stress-sensing mechanisms.

h3: Types of Stress

Fluid Shear Stress

Studies applying FSS of 800 µ demonstrated actin stress fiber formation and induction of mRNA for cox-2 (cyclooxygenase-2) and c-fos
within an hour of application .

c-fos, cox-2, and prostaglandin E2 (PGE2) are induced by growth factors or mechanical stress

Interesting Finding: Oscillating fluid flow on osteoblasts sensed by L-type calcium channels and IP3 induction of intracellular Ca2+; this
activated ERK and p38 MAPK, which was followed 24 hours later by an increase in osteopontin (OPN) induction.
-> very interesting because osteopontin is a marker of bone differentiation; there are more findings connecting in vitro expression of bone
differentiation factors with mechanostimulation.

http://stke.sciencemag.org.libproxy.mit.edu/cgi/content/full/sigtrans;2004/249/re12


Mechanosensory promoters

COX-2

In vivo, showed COX-2 dependent mechanically induced bone formation.

Cox-2 transcription can be induced by various pathways implicated in mechanical stress response, e.g. protein kinase A (PKA), Akt, and
Wnt

Rho-mediated formation of stress fibers bound to integrin in focal adhesions may promote the transcriptional activation of cox-2 and c-fos.

Fluid flow initiates filamentous actin (F-actin) formation and immediate early gene activation through a PLC-IP3--mediated pathway
involving IP3-dependent intracellular Ca2+ release (see top figure).

*Intracellular Ca2 release caused nuclear factorka kB (NF-kB) translocation to the nucleus and stimulated cox-2 gene expression during fluid
shear.

FSS stimulation of cox-2 in osteoblastic cells largely dependent on PKA signaling link
FSS induced expression of cox-2 also partially dependent on ERK pathway link

c-fos

Initially characterized as mechanosensitive in cardiomyocytes. link

c-fos mechanosensitive elements.

*  Paper detailing mechanosensitive elements in c-fos promoter, done in osteoblastic UMR-106 cells. VERY INTERESTING! link
http://www.sciencedirect.com.libproxy.mit.edu/science?_ob=ArticleURL&_udi=B6T36-47W5GB8-8&_user=501045&_coverDate=02%2F27%2F2003&_fmt=full&_orig=search&_cdi=4938&view=c&_acct=C000022659&_version=1&_urlVersion=0&_userid=501045&md5=bbd5365d1fb301aab8d3e0a500d95b8f&ref=full

Paper looking at elements in the c-fos prom link for c-fos promoter infohttp://carcin.oxfordjournals.org/cgi/reprint/16/3/443.pdf

Shown that deletion of -356 to -71 resulted in almost complete attenuation of mechanical response. 
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http://www.ncbi.nlm.nih.gov.libproxy.mit.edu/pubmed/12220506?dopt=Abstract
http://www.ncbi.nlm.nih.gov.libproxy.mit.edu/pubmed/11811557?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC413382/pdf/emboj00076-0416.pdf
http://www.sciencedirect.com.libproxy.mit.edu/science?_ob=ArticleURL&_udi=B6T36-47W5GB8-8&_user=501045&_coverDate=02%2F27%2F2003&_fmt=full&_orig=search&_cdi=4938&view=c&_acct=C000022659&_version=1&_urlVersion=0&_userid=501045&md5=bbd5365d1fb301aab8d3e0a500d95b8f&ref=full
http://www.sciencedirect.com.libproxy.mit.edu/science?_ob=ArticleURL&_udi=B6T36-47W5GB8-8&_user=501045&_coverDate=02%2F27%2F2003&_fmt=full&_orig=search&_cdi=4938&view=c&_acct=C000022659&_version=1&_urlVersion=0&_userid=501045&md5=bbd5365d1fb301aab8d3e0a500d95b8f&ref=full
http://carcin.oxfordjournals.org/cgi/reprint/16/3/443.pdf
http://carcin.oxfordjournals.org/cgi/reprint/16/3/443.pdf


CRE  and AP1 sites in the c-fos promoter: (c-fos on top, CRE on bottom, homologs shown)
Paper mapping stress response element in c-fos promoter; identifies serum response element as potential mechanosensory element
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC452298/pdf/emboj00020-0059.pdf

Heparin-Binding Growth Factor (HB-EGF)

Identified in cDNA screen of smooth muscle cells for genes upregulated in response to 3, 6, and 12-hour stress respectively; showed
highest induction (>10 fold increase in cDNA in response to hydrostatic pressure)

Thought to be mediated via AP-1 ( ;AP-1 stretch-induced expression of HB-EGF
AP-1 binding site at -988 to -947 of promoter in mouse HB-EGF; this could be a potential element for us to recombine in our screen.
Shown almost complete attenuation of pressure sensitivity in AP-1 site mutant

AP-1 element:
 

FosB

Very interesting paper showed induction of FosB in response to Fluid Shear Stress; they attempted to identify oligonucleotide sequences
in the promoter by transfecting cells with an oligonucleotide sequence controlling expression of a reporter gene.
*Identified an element called CRE2/SRE that resulted in 4-fold induction after application of fluid shear stress.

HB-GAM

Showed induction in response to mechanical loading (cyclic stretching in flexibottom plate for 0.5 - 1.5 hours); this paper generated
deletion constructs to try to identify mechanosensitive elements. link

CCN2

This paper shows stimulation of transcription of CCN2 in response to approx. 1 hour of mechanosensitive; generated truncated promoter
sequences to try to identify mechanosensory elements. AP-1 and NFkB elements in promoter (especially NFkB) identified as probable
actuators for stress responsiveness. Between -164 and -122 in CCN2 promoter.

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC452298/pdf/emboj00020-0059.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC452298/pdf/emboj00020-0059.pdf
http://ajpcell.physiology.org/cgi/content/abstract/277/2/C294
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WBK-4WNRJYB-4&_user=501045&_coverDate=09%2F18%2F2009&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1365675663&_rerunOrigin=google&_acct=C000022659&_version=1&_urlVersion=0&_userid=501045&md5=d35784d6173d8cf36cb762170645d476
http://www.jbc.org/content/281/29/20608.full


Mechanosensitive Element Sequences

Name Sequence Promoters
Identified
in

Position
in
promoter

Notes

Link

AP-1 TGACTCA Mouse HB-EGF
promoter

-988 to -974 Showed complete
attenuation of
mechanosensitivity after 
mutation of the AP-1
binding site.

 

SRE/CRE2 TGGCGAGCTCCTTATATGGCTAATTGCGTCACAGGAA Mouse FosB -473 to -401 4-fold induction of
reporter gene controlled
by CRE2 oligo after fluid
shear stress.

 link

           

Screen For Mechanosensitive Promoters

*Employed oligonucleotide arrays to identify stretch-sensitive genes in primary culture human bladder SMC subjected to repetitive mechanical
stimulation for 4 h.

Validated results via RT-PCR (results shown below)
* 

cDNA array for mechanosensitive genes

Screened chondrocytic cells under hydrostatic pressure for 3, 6, and 12 hours respectively; mRNA transcriptional upregulation was
measured via cDNA array.
Got highest induction for Heparin Binding EGF-like Growth Factor (HB-EGF); we've previously picked out this gene as being potentially
sensitive to pressure. 
Observed increased expression of hsp70, hsp40, and hsp27 (heat shock response proteins); common functionality in response to stress. 
Growth arrest and DNA damage-inducible genes (GADD45 and GADD153) also increased under pressure. 
Anti-proliferative proteins tob and p21 also upregulated, whereas ribosomal protein S19, prothymosin alpha and p55CDC (genes
associated w/ cell proliferation were down regulated. 

http://www.jbc.org/content/279/48/49795.full
http://physiolgenomics.physiology.org/cgi/content/full/20/1/36/F1
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T20-460M9CH-2&_user=501045&_coverDate=08%2F19%2F2002&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1365538301&_rerunOrigin=google&_acct=C000022659&_version=1&_urlVersion=0&_userid=501045&md5=167498b0ef6bfcad72f62390326beef8





