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52. Ontogenetic Development of the Ovine Caleanens: A Model for Examining

the Relative Contributions of Genetic, Epigenetic, and Extra-genetic
Stimuli. J, G Skedros, K. . Hunt, €. L. Sybrowsky®. Dept of Orthop Surg, U
of UT, Salt Lake, UT, USA.

Bone marphology may be largely constrined by genetic and epigenetic processes (6.8 wia
issne interactions) el govern development along a given growth trajectory, We hypothesize
that: 1) structural variations {e.g., trbecular orentation, eross-sectioral shape), which domi-
nate in early ealogeny, e primanky gencticallyfepigenetically derived, and 2) material (&g,
collagen fiber orentation (CFOT) andlor structural variations that appear later in development
are primarily environmentadly, or “extra-genctically” derived (8., 05 o respofss o Strain
transduction or micradamage formation), Because of s highly monuifiorm morplolopie orga-
nizalion, the ovine calcancus appears 1o be o good madel for examining mechanisme that
mediste the modeling and remodeling processes that produce spatio-tentporal developmental
variathons, Calesnei were obtained from 24 cheep (fetal - aclulr). In vive strain dota demon-
sirase that this bone receives relmively simple bending, with prevabent compression in the ook
nial and rension in the caudal coaex. Geometric measurements included: 1) cranial, casdal,
medin), ond Ixersl cormicsl thickness at 609 “length’, 77 maximum (lmax) and minim
{Imin) Ind mements of inertin, and 3) conical area {CA) and total area {TA). Lateral roenigen-
agrams were analyzed for arched trubecular patterms, which may reflect [enskn/compression
siress trajectories. Predominant CFO was determined using circularly polarized light in thin
ultraemilled sections. Reslis showed that althowgh CATA and Imax/Tmin ratsos inireased lin-
carly with bone length (p<0.001, significant cranial vs, caudal CFO and cortical thickness dif-
ferences occurred only i the subadull and sdult groups. Arched trabeculnr paltems were
identificd in fetal bones. The refatively early nppearance of prefemed trabecular onenation
it likely represents: programmed development, The “delayed’ tempord development of
crnss-aectional asymmetry and regional CFD anisseropy prebably reflect inflpsnces of sirain
ransduction. Mounting evidence suggests that the role of mechanotransduction, sspecially in
the developing skeleton, is to provise the necessary thireshald values required for implementa-
tion or maintenance of growth patterns that are mediated by modeling processes and guided
principally by positonal information. In contast, we spectlae that adaptations that ane medi-
ated by remodeling activities (2.8 pom-uniformn CFO panems] may be more siroagly influ-
enced by strain trunsduction or byproducts of functional loading (e.g., regronal or Srin-mode-
celated differences andlar chamctesistics of microdamage).
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Interactions between Estrogen and Mechanical Strain Effects on
Osteoblasts Are not Influenced by Estrogen Receptor Type. T. Thomas', E
Lima*', M. Lafage-Proust', B.v . C. Alexandre’, L. Vigo'. 'Inse
9901, University Hospital of St-Etienne, Saint-Etienne, France, Ipetherlands
Institute for Developmental Biology, Utecht, Methertands,

Estrogens (£} and mechanscal strain exert direct effects on ostecblast activity, with good
evidence of inlerctions between their respective effects. Ostecblnsts express bath forms of
estrogen recepiors (ER) ERa and ERb, and previous studies have suggested a specific role for
each recepior, Therefore, cur working hypothesis was thal the inlemctions between E and
mechanical strin on osteoblas activity vary depending on which ER is preferentioily scti-
vased. Using the human cstecblastic cells, L20s, stably trmnsfected cither with ERa or ERb,
we evaluated the effecss of cyclical celi Toading on 3 F-3000 Flexerced] Struin Unit {1.5% elon-
gation, 10 min/day), in presence of esrdiol (E2) 10-8 M or not. The L120s cell lies, either
ERa or ERb transfected o the origimal U205 cell line which does ot express ER, were char-
acterized by low alkaline phosphatase (AT) sctivity. They expressed all nsteoblastic markess
put csteocalein because of a specific gene mutation. [n both L720-ERa and UZ0s-ERb call
lives, mechanical sirin indused similar increases in AP activity and gene expression a5 mea-
sured by quansitative RT-PCR (Light Cycles, Roche), and o decresse in type 1 collagen gens
expression. Mo change in profiferation mie was observed. Stmin and B2 had a synergistc
effiect on AP aclivity s compared to each stimulus ilone, Meither proliferation nor differentia-
ton of the original U20% ecfl line, was aliered by strain or B2, In summary, the differences
abserved berween the U206 and the U20s-ERa or -ERb cell Jines are consistent with previoas
stdies suggesting that ER play a eritéeal role in mechanotrnsduction. However, these data do
ot sapport the hypothesis of differing roles for ERa and ERb in these definesl experimental
conditions, Understanding the mechanisms medinting imteractions. between estrogens and
mechanical strain ad the cellular level still requires further Investigations,
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Mechanically Related Changes in Gene Expression Using Real Time RT-
PCR. M. E. Squire’, L. R. Donahue®*, M, Hadjiargyrou', €. Rubin® 5, Judex!

|Biomedical Engineering, SUNY Stony Brook. Stony Brook, MY, UsA, *The
Tackson Laboratory, Bar Harbor, ME, USA.

Low level riechanical stimuli (<5 microstrain} can be anabolic 10 bone if mduced at
high frequencies (30-90 Hzb Canversely, removal of the normal mechanical environment
can cause loss of bone tissos. We have recemtly demonstmted in BALB/cBy] mice thar 10
minutes per day of whole body vitration at 45 He dgnificantly incrensed trabecular bone
formation rites in the proximal tibia by 34% while hind fimb suspension (disusc)
decreased bome formation rztes by 435, The identification of key mobecular events behind
this adaptive process may ultimately lead (o the discovery of delivery targets and novel
therapeutics for osteoparosis. Using reverss pransCHplion polymerase chain reacnon (RT-
PCR, we previcusly characterized the expression of several candidate genes in fesponse 10
hoth our anabolic and catabolic stimalus. Here, we tested whether real-time RT-PCR
inereases the sensitivity of detecting subtle chunges in gene exprestion, Sixteen-week okl
sernale BALB/cB] mice were randomly assigned 10 control, disuse (1ail suspension), and
imechanical stimulation groups in=2 each), Mechanicaily stimulated mice were placed o3 a
vibrating platform (0.25g, 45 Hz) for 10 min'd, 5 drwk. After 4 duys, RNA was extracted

from the whole left tibiae (including bone marow and comilage). Real time RT-Pcy
tifvedl the expression of the penes coding for collagen type Lieel} and beta-2 mirog Gy
(beta-2). Mechanical stimulation sp-regulated the relative expression (normalipe
housekeeping gene beta-2) of collagen type 1 by 30% +- 44% (mean +- 5E) “'j'l-'llt:jl? th
down-regulated the manscriptional fevels by 40% +/- £ 8%. These results suppan B
vious findings that collagen type T mENA levels are rapidly reduced by m:}";P_‘!
unloading. The dats also indicate that the expression of the mest abundant prodein fica
ic increased after only 4 days of mechanical vibration, a result that we were u;:]h“"
observe previously with conventional RT-PCR. Intriguingly, the relative chanpe, .1“'
expression of collagen type 1 us induced by low level mechanical vibration ang I
aceurutely reflected the relative changes in abecular bone farmation raies. In sumg,
this study indicates the superis sensitiviey of real lime RT-PCR in quantifying yp
changes in molecular expression levels of bone during the mechanically adaptive m:‘
This sensitivity is curremly being utilized for detecting subile changes i the

sional level of genes eritical for bone formation, resorption and malnienance, g,
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Mechanical Properties of the Extracellular Matrix Regulate Fluid Shey
Induced Metabolism of Prostaglandins in Osteoblasts. 5. M, Ponik, i
Pavalko. Cellular and Integrative Physiology, Indiana University School ¢
Medicine, Indianapalis, IN, USA.

Fluid shear stress (FSS) resulting from mechanical leading of bone in vivo is a
stimulus for bone cell metsbolism, In this study we tested the hypothesis that F35-indu
cell signaling may be regulated by changing the physical state of the extrcelular may
{ECM) or by modulating expression of integrin adhesion molecules, which link the o
cytoskeleton 1o the ECM. MCIT3-El osteobiasts wers cultured on fbronectin or collag
that wis adsorbed directly onto ontrented glass slides or onto poly-L-lysine costed shix

_ Cells were aflowed 10 rearmange the matrix for §6 hours and then were subjected 1090 m

utes of lominar fluid shear. Following FSS, cells were incubased for 30-minutes dur
which released prostaglanding were allowed o accumutate in | ml of cell culture med
Prostaglandin-E; (PGE;} released into the media was analyzed by enzymeimmuncass:
Integrin expression in cells grown on the differant matnix prodeins was evaluated by ima
noprecipitation of biotin labslad cell surface proteins. Cells grown on either untreated gh
ar ghass coated with Tibronectin o collagen expressed both the o5 and v integrin suby
af the cell surface, However, in response o F55 osteoblasts cultured on fibronectin ¢
collagen released more PGE; then cells culiured on untreated glass. The a2 integrn 3
unit was expressed ai the cell surface only bn cells cultured on collagen, however, the Ff
induced PGE; release was pot different between cells grown on fibronectin and collag
This suggests that cells grown on fibronectin or collagen are more respensive o F35 4
cells grown on uncoated glass, To further investigate the role of mechanical properties
the ECM in FSS-induced mechanransduction, glass slides were first coated with pofy
Iysine prior 1o adsorption of fibronestin or collagen to immobilize the matrix and dece

the ability of osteoblasts 1o reamange the ECM. Interestingly, F55-intheced PGE, reie

from osteobinsts eultred on poly-L-lysine-immohilized fibronzctin ar collagen was sip
icantly decreased compared 1o cells cultured on fibronectin or collagen adsorbed

untreated glass. These data suggest that limiting the ability of osteoblists (o reorganive

ECHM by immebilizing the ECM proteins decrenses the cell*s ability 1o respond o FSS.

SU168

Do Bones Have Memory? Glutamate Receptor Expression in Bone. K
Blgek®, B. L. Therigult®, G L. Andesson. Pharmacology, Dalhousie, Halil
M&, Canada.

Learning and memory involve loth isaotropic wnd mehatropic glutamme Tptsy
Glutamate receptors have been identificd in the bones of rat, rbdit, and mouse. Mecha
cal stimulation elicits changes in glutamate receplor expression. We postulate d
gluramate receplors meidiate mechanical stmulation to increase bone density in & masa
analogous to their role in mediating CNS synapic plasticity, Bstrogen modulates gl
receplor expression in the CN5: we sugges a sumilur rale in postmenopawsal oscoporT
A mouse ostecelast model is being used to churacterize the sensitivity of glitnmise rece
tor expression to mechanical simulation and estrogen levels. In some culiures. gluumé
recepior expression has been seen Lo decrease or disappear during prolonged culiue.
validate the wse of our esteoclast culture madel, we have verified the expression ot
glutamate receplor subtypes and examined their sensitivity 1o mechanscal strain. Bone m
row cells were fushed from the femvorn and tbise of T-week ald female D mice wang
minimal csseatial medium, § 3 106 cellg35mm well were sesded onto cotlagen-1 coit
lexibbe silastic membranes and eultured for 7 days. Cells were mechanacally stmd
Haz, 90 cycles) on days 4. 5, and 6 of culture, The presence of glatamale recepior sabud
in the culiused cells was analyzed using immunchistechermistry with mouse ippocaTs
clices us a positive comtrol. After 7 days of caliure, sufficient mature mutrimaciared 058
clasts differsntiated from lematopaeitic progenitor cells 1o permit analypss. The expe
of the following gluamate receptor subunits was confimmesl i upstimulted mulkinge
sted oseoclais: NMDARL 24, 2B, 20 AMPARL 13, 4; mGluRla ang 5. but!
mGIR273. The highest cxpression levels were observed for NMDAR2E and GluRd. #
yesting that they play an enhanced role in the fransduction of mechanical strain st
Mecharica] stimalation did not oppear to alter the expression of NMDARZE. AMPAR:
ar AMPARA, but coused decreases n NMDARL, MMDAR2ZA. NMDARIC. AMPA
mGluR 18, and mGIuRS expeession. Additionally, we ohserved markesd differcoces 9
disiribution of the different receptor subtypes: NMDA receptor subtypes |, 2A.
were mostly expressed in the periphery where podasomes form. further supportiag !
role mechanatransduction, We postulate that glutamate recepror subunit eXpres
changes with mechanical stimulation and modulaies osteoclast responsiveness 10 0%
blast glutamate signalling, We are currently trocking the mRINA levels of these immu
tochemicilly observed changes in glutamate receplor sublype expression e
mechanical stimulation and the effects of varying estrogen levels in thas mnibel.



