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Background: The significant role of certain integrin cell surface 
proteins in mechanotransduction has been demonstrated in tissues such 
as cartilage (1).  Literature is scant, however, regarding disc integrin cell 
surface proteins, their potential role in intervertebral disc cell 
metabolism and how that may be influenced by mechanical loading.  We 
have previously characterized the expression of α5 and β1 integrin by 
immunoblotting and immunohistochemistry in porcine disc cells.   It was 
the purpose of this study to evaluate the potential effects of cyclic 
mechanical load on intervertebral disc cell integrin protein expression. 
 

Materials and Methods: Appropriate institutional animal care use 
approval was obtained for the current study. 
Disc Cell Isolation and Culture: Intervertebral discs were harvested from 
ten 9wk old, 25-30Kg porcine lumbar spines. The nucleus pulposus (NP) 
and annulus fibrosus (AF) were grossly dissected (transition zone 
discarded) and disc cells subsequently isolated by serial enzymatic 
digestion. AF disc tissue was digested using 0.2% w/v pronase for 90 
minutes and 0.03% w/v collagenase type IA overnight.  NP disc cell 
isolation utilized 0.4% and 0.012% pronase and collagenase, 
respectively. Isolated AF and NP cells were seeded and cultured in T75 
flasks supplemented with low-glucose DMEM containing 10%FBS and 
1%antibiotic/antimycotic solution at 37oC with 5% CO2. 
Mechanical Loading: The first passage AF and NP cells were 
maintained in monolayer culture for up to ten days until subconfluence.  
The monolayer cultures were trypsinized and seeded onto 6-well tissue 
culture plates (2x105cell in 5 ml DMEM per well). The cells were grown 
for 2 days at 37oC with 5%CO2.  The cells were refed with media prior 
to loading and sterile Canola oil added cautiously to the top of the wells 
prior to placing the tissue culture plates into a custom hydrostatic 
chamber. The chamber was filled with Canola oil under sterile 
conditions and pressure applied using a computer controlled 
servohydraulic materials testing system (MTS 858 Bionix, MTS 
Systems Corporation, Eden Prairie, MN). Temperature regulation to 
37oC was maintained during loading.  The cells were exposed to cyclic 
mechanical pressure of 1 or 3 MPa at a frequency of 1Hz for three days 
(1 hr/day). Unloaded control plates were also prepared inclusive of the 
addition of Canola oil during ‘sham’ loading durations. Oil on top of 
tissue culture media was carefully aspirated from each well following 
experimentation, and immunoblotting for α5 integrin, β1 integrin, actin, 
and fibronectin expression was performed. 
Immunoblotting: Following loading, each tissue culture well was 
washed with PBS.  In one well, cell viability was determined by trypan 
blue exclusion.  In the remaining wells, 200 µl of lysis buffer was added. 
Protein quantification of the total cell lysate was performed using DC 
Protein Assay (Bio-rad Laboratories, Hercules, CA). A standard curve 
was made from Bovine Serum Albumin (Sigma, St. Louis, MO) and 
lysis buffer. Quantification was determined spectrometrically at 750nm. 
Standardized protein samples were mixed with reduced loading buffer 
(5X) or non-reduced loading buffer (4X; α5 integrin) and boiled for 5 
minutes (2).  Proteins were separated by 10% polyacrylamide gel 
electrophoresis (7% for Fibronectin) containing 0.1% SDS with constant 
current (120V) for 2.5 hrs at room temperature and transferred to a 
nitrocellulose membrane at 27V over night in a cold room (4ºC). The 
nitrocellulose sheets were blocked with 5% non-fat dry milk / blocking 
buffer for 60 min at room temperature (2). Protein expression was 
determined using primary antibodies [1:2000 rabbit anti-integrin α5 
(Chemicon International Inc., Temecula, CA), 1:2000 mouse anti-
integrin β1 (Chemicon International Inc., Temecula, CA), 1:1000 rabbit 
anti-human fibronectin (Sigma, St. Louis, MO) and 1:3000 mouse 
monoclonal antibody anti-actin (Sigma, St. Louis, MO)] diluted with 5% 
non-fat dry milk / blocking buffer, incubated overnight at 4ºC. 
Secondary antibodies used were HRP-conjugated goat anti-rabbit and 
anti-mouse IgG antibodies (Bio-Rad Laboratories, CA, U.S.A), 1:5000 
diluted in 5% non-fat dry milk/0.1%TBST-Tween 20. An ECL detection 
kit was used, the bands were scanned and densitometry read with Gel 
Doc.  

Results: The majority of cells mechanically loaded using 3mPa, 1Hz, 3 
days (1hr/day) were not viable following the loading duration. In 
contrast, cell viability of greater than ninety percent was observed in 
those cells loaded using the lower 1mPa amplitude. A reduction in α5 
and β1 integrin expression was observed by immunoblotting following 
loading at 1mPA for 3 days (1 hr/day) at 1Hz in both NP and AF cells 
(Fig. 1).  The effect on reduction in β1 expression appeared to be greater 
in AF when compared to NP cells. Following loading, AF cells 
demonstrated a reduction in FN expression in the cell lysate which 
corresponded to a greater expression of FN in the culture media of 
loaded AF samples (Fig. 2). There was no apparent difference in actin 
expression in the cell lysate comparing loaded to unloaded samples for 
either disc cell type.  
 

Figure 1: α5 integrin expression comparing loaded to unloaded cells 

 
 
 

Figure 2: β1 integrin expression comparing loaded to unloaded cells 

 
 
Discussion:  Excessive mechanical loading has been shown to be 
detrimental to disc cell viability through mechanisms that include 
apoptosis (3).  This is consistent with our findings of low cell viability 
observed in those cells loaded at high, non-physiologic pressures (3mPa 
experimental group). In those cells loaded at the lower pressure 
amplitude of 1mPa, cell viability was largely preserved which facilitated 
the determination of an effect of cyclic mechanical load on the 
expression of integrin proteins in the intervertebral disc. In comparing 
loaded to unloaded samples standardized to the total cell lysate protein 
concentration with immunoblotting, a reduction in α5 and β1 integrin 
expression was observed following loading at 1mPa (1hr/d) over a 3 day 
duration. This effect may reflect the down regulation of protein 
expression and/or the degradation of the cell surface proteins as lower 
molecular weight bands were noted in several loaded samples.  The 
greater reduction in β1 integrin expression observed in AF cells 
following loading when compared to NP cells supports the heterogeneity 
of disc cell populations. With the known role of the α5β1 integrin as a 
fibronectin (FN) receptor, we note that the reduction in β1 integrin 
expression in AF cells also resulted in changes to fibronectin expression. 
Greater fibronectin expression was observed in culture media of AF 
cells following loading, concordant with an observed reduction in its 
expression in the cell lysate of the loaded cells. The mechanisms by 
which mechanical loads are perceived by intervertebral disc cells and its 
effect on cell metabolism requires ongoing study. 
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