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Introduction
We haveshownearlierthat the nitric oxide (NO) responsef bonecellsto fluid shearstress(at5 and9
Hz) andvibration stress(5-100Hz) correlatedwith the appliedstress-ratgl,2]. This suggestshat bone
cellular metabolicactivity and mechanicalpropertiesare related.To understandhe relation between
cellular metabolicactivitiesandmechanicaproperties a physicalportrait of cell viscoelasticityis needed.
Therefore,here we developa novel applicationof two-particle microrheology[3] to characterizehe
viscoelasticity and probe the mechano-activity of bone cells.
Methods
MLO-Y4 osteocytegkindly providedby Dr. L. F. Bonewald),MC3T3-E1 osteoblastsand CCL-224
fibroblasts were incubatedat 22°C and 37°C, using CO,-independenmedium. Fibronectin-coated
polystyrenesphereswvere optically trappedand maneuveredo capturea cell (fig. 1). The cell stiffness
was measuredy perturbingone of the sphereqfig. 1). Cell mechano-activitywas characterize@sthe
differencein the cell compliancefrom actively deforming the cell (active mode), and passively
monitoring the fluctuations of the two spheres(passive mode). Cell mechano-activitywas also
characterizedy morphologicalchangesand the externalforce fluctuationsinducedby the cells on the
attached spheres.
Results
MLO-Y4 cells wererelatively lessstiff comparedo MC3T3-
E1 cells. MLO-Y4 cells showedan elasticplateau< 20Hz, a
viscoelastic transition from 20-100Hz, and viscoelastic
stiffening > 100Hz. MLO-Y4 cells exhibited morphological
changesand increasedattachmentareawith the fibronectin-
coated spheres.CCL-224 cells showed highest mechano-
activity, having highestdifferencein compliancemeasuredy
passiveand active modes.The externalforce fluctuationwas al
fo.und p.roportional taw” (i.e., <ff*> « w?). 100 Di-gf)lacer%ent (f](;n) 100
Discussion Fig. 1. MLO-Y4 force-displacementurve.
Previously,we showedthat osteocytesare more mechano-
sensitivethan osteoblastsThe differencesin viscoelasticmodulusbetweenMLO-Y4 and MC3T3-E1
cells suggesta closerelation betweenthe mechanicalpropertiesand metabolicactivity of thesecells.
Furthermorethe viscoelastigpropertychangesn MLO-Y4 cells might relateto the stress-ratelependent
releaseof NO. Continuedmorphologicaladaptatiorby MLO-Y4 cells during sphereattachmentsupports
the notion that morphologyandstressinduction by cells arerelated.High mechano-activitypy CCL-224
might indicatefastermetabolismnecessaryor mobility. Finally, the proportionalitybetweerthe external
force fluctuationwith w?, indicatesa quantifiablesignaturefor non-thermakelatedactivity by bonecells.
This signatureis expectedn continuumswith slowly evolving internal processe$4]. Our resultsshow
novel correlationshetweenmechanosensitivitymechano-activityand the viscoelasticityof bonecells,
furthering insight for the osteogenic response of bone cells to stress.
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