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PLATELET DERIVED GROWTH FACTOR (PDGF) STIMULATION OF N
VIV BONE FORMATION 15 INITIATED BY SITE-SPECIFIC STROMAL
AND CELLULAR INTERACTIONS., o

L] sii®

sAMGEN, Inc., Thousand Caks, CA 1320 and TUniversity of
Colorado Health Sciences Center, Denver, OO 80262.

The recent ohservation showing that PDGF BB enhances bone
formation in vive was only partially predicted by in vitro experiments
indicating PDGF BB 10 bé a mitogen, but not a differsntiation factor,
for osteoblasts, To address both this apparent discrepancy and
ascertain potcntial mechanismis) for this in vivo effect, femurs and
tibine from 200 gm female Lewis rats injectod (IV) with P‘]_JGF BB
(0.1, 1, or 5 mpfg/day, up to 7 days) were analyzed by histology,
immunohistochemistry, in sitw hybridization, and morphometry.
While PDGF BB dose-dependently induced new bone formation in
this model, the process involved non-osicoblast cells and was
geographically specific. By 3 days, enlarged endosteal osteoblasts,
alkaline phosphatase positive marrow stromal cells, reticulin fibrls,
and cells expressing osteopontin mRNA appeared at or near the
diaphyseal endocortex. Additionally, TGF Bl mRNA-expressing
megakaryocytes were present in the aliered marrow stroma. By day
5, these changes had extended into the subcortical metaphysis and
now the zone of aliered marrow stroma included osteoid, cnlarged,
type 1 collagen and osteocalcin mRMNA-expressing osteoblasts and
bridging trabeculae, which mineralized by day 7. Histomorphometry
confirmed these findings and showed no effects on bone formation o
mineralization in primary or secondary trabeculac or periosieum.
Interestingly, Factor VIII positive (endothelial, megakaryocyte, and

laselel marker) debris and entrapped hematopoietic cells were present
in the matrix, but not in the cortical or metaphyseal wabecular bane.
As the bone forming process progressed in the marmow, blood platclet
levels fell in the | and 5mykl§gmupsmjﬂmd2ﬂ%nfcmlb 7
days. We conclude that PDGF BB induces bone formation through a
process initiated by a site-specific stimulation of marrow
stromalfostechlastic cells, which potentially involves inieractions of
these cells or their sroma with megakaryocyles, platelets, and/or
endothelial cells, These findings provide a morphologic basis for the
di seen between the in ¥itro and in vivo effects of PDOF
BB and provide a rationale for developing biologically relevant, alheit
mare complex, medels of in vitro bone formation.
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POTENTIAL EVIDENCE OF FATIGUE-RELATED MATERIAL ADAPTATION
BETWEEMN LBAB BONES OF A CURSORIAL MAMMAL . J.G. Skedros, TR
P. Durand*, and R.0. *, Univ. Southern California Dept. of
Cvopaedics, Los Angeles and VA Medical Center, Salt Lake Ciy, UT
Based on data showing an increased insdence of fractune in distal mb
borwes of race herses that had not fallen, J. Currey hypathasized that differant
lang banes in the Bmb of & cursoral mammal wil axhibit different matedial
arganizations in accordance with regional differonces in fatigue-related
functional requiremnants, Hefering bo experimental studies showing thal
primary bona i3 more fafigue resistant than secondary ostean bona, be
suggested that the amount of secandary osteon (remodeled) bane would
axhibit 4 progressive incrisrss fram tha distal bones (near the hoof) o the axial
skaloton. bn turn, no differences in faligue microdarmage would be expected
ta sccur bobween different Smb bones. To test thess hypotheses, 11 fresh
skeletons of wid mature male mule deer (Ddacoleus hamionys hemicnus)
were callectod and 3 sdfacent transverse sections were cut from mid-shafts
af the left prosimal phalan of the medial digit, pncipal metscarpal, radius,
and humerus, and rmicddle third of the Bth rb, Seclons include:. 1) ane
100emicron sioe from each bora of 3 anirmals {15 sections) for deterrmining
sscondary osteon population dersity (OPD) (®mm?), 2) 3mm for mineral
content analyss (55 sectons), and 3) 10 ta 16mm for microcrack (Mar)
analysis (55 secSons). Mineral content (ash weightidry weight) of each bone
s exprossed a5 the mean of the bmnscortical pleces obtained frorm the crarial,
caudal, medial, and lataral regions — which wera defatted in chloroferm and
ashed &t 550C for 24 hrs, The thind sections werne bulk stained in 1% basic
fuchsin and 3 thin siices fram each section (185 sBces) were examined in the
light micrascope far the presence of in vive Mers. Results [mean(s.d.j]-

QPD (2imm®)[ 8 Mt (all sections)] _Ash %) p value [Ash data)
ik 10.35{1.67) 13 89 B1{0.32)
Humerus 4 24]0.88) a 75.37(1.19) ":Eg';m'
Radmus B.B1[2.48) 1 TAAH1.99) : :'WDWO1
Metserpl.  1.08(0,68) 0 T2IT163) ) o e
Pralans 4 3800.82) g ag.as.50) ' P

Although the hypolhesized pattern of between-tane differences in oPD
(highest in the rl to lowest in the phalamd) is not suppenied by thesa data, the
ateenca of botween-bone défferences in microcrack pravalence supports the
hypathests that the kmb bones are adapled for fatigue reguiraments,
Presenca of progressie, and relatively large {up to B%). mineral conlent
AfErances may, in addiion (o other unrecognized structuradmatedal leatures,
represent adaplasons urgue 1o each bone, Increased kicrs in ribs may reflect
their increased |aading cycles and a lower bologas cost of microdamage.
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THE ARTIODACTYL CALCAMEUS AS A MODEL FOR EXAMINING
MECHANISMS GOVERNMG REGIONAL DIFFERENCES IN REMODELING
ACTVITIES I CORTICAL BONE. J.G. Skedros, F. Chow®, and M. Patzrakis®
Univ., Southem California Dept. of Orthopaedics, Los Angeles

The artiedactyl (a.g., sheep) calcansus has been introduced as a polantial
model for examining the veracly of stated mechanisms and predicions of
Frost's Mechanostal Theory of mechanically induced bone adaptation
[Skedros @ al., 1964 Anatomical Recond, vol. 235]. Since this bane ts primarily
subject 1o losding in the sagftal plane, & receves habitual cranial-caudal
bending, In comparisan ta the caudal (ension”) corex, significantly greater
rineral content and ostecn population donsSes have been measured In the
crarésl [comgression”) corex of deer, sheep, elk, and horse calcaned, B has
b hypothesized that these dfferences roflect increasad rarmodeling mcthvity
in e cudal cortex, which oocirs whaen strains fall below a minimum affectve
strain (MES) remodeling thresheld. If this interpretation s comect, then
remodeling in the cranial conex should be relathraly quiescant and the caudal
cortex should hawe hallmarks of increased actvily, including increased
population densites of resorpton spaces (RSPD) and newly ferming
secondary osteons (NOPD). Additionally, since high strains that produce
microdamage would not be epectsd in this natural model, there should be no
regional disparties in the prevalence of microdamage. To test these
hypathesss 12mm thick sections ware cut from the mid-to-prodmal shafts of
gne calcaneus from each of 11 mature domestic sheep, 11 mature wid male
mule deer, and 11 maturs wid male North American elk. All secions were
builk staired in 1% basic fuchsin, Using on a low-speed diamond blade saw,
three 100micren slces were cut from each bulk secion (33 sections/species)
and were examined in the light microscopa for RSPD, nOPD, and in vivg
rricracracks (Mcrs) (present belere staining). Results are repored as no.
in the cranial (Crl, caudal (Cd), medial %E"an-d lateral (L) mm&a}

[er ©d M L [€r €a M L |& €4 M L
RSPO 38 104 0 048] o7 103 03 03] 13 20 w2 02
et 24 B4 0 15 D 148 03 0f 13 147 02 04
hcrs o o o of o 2 o o o 05 0 O

Those data suppon Me hypothesis thel remedeling i poouring more ragidhy
in the caudal comex than in ofher regions (p<0.001). This may result from stress
shigkding by the plantar igameont, which reduces ambient strains, However, the
increased Mer prevalence in e caudal corlex of tha deer s nol consiaten with
epectatons in a low siran envieonment. Since the sheep and alk calcanet do
it exhibat similar regicnal Mer disparities, the general incraased remodeling
in the cawdal cortices of the thesa bones can not be attributed 1o this farm of
micTodpmage — consistent with predicions of the Mechanostat Theary.
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HYPERMIMERALIZED PERIPHERAL LAMELLAE M PRIMARY CETEONS OF
DEER ANTLER: POTENTIAL FUNCTIONAL ANALOGUES OF CEMENT
LINES IH MAMMALIAN SECCNDARY BONE. J.G. Skedros, P, Durand”, and
R.D. Bloebaum® VA Medical Center, Salt Lake Ciy, UT and Linke of
Sauthem Cakbomia Dept, of Orthopaedics, Los Angeles, CA
Traditionally considered to be highly mineralzed lamedlae at the periphery
of secondary osiecns (Haversian systems), cement Enes (arrest Enes) are
ancribed substantial functional nportance in fracture mechanics, energy
absorplion, vistous damping and elass: functon, and faligue processes in
compact bone. Cement ines enhance faigue life and fracture loughness by
attenuating the propagation of microcracks. Since antlers af wild deer sustain
considerable impast and torsional loads during the mating season, their
fracture loughness greatly exceeds that of human Bmb bone, This property
has been ascribed fo the relatively lower mineral content of the antier
compacta, However, the atlenuation of micrecrack prepagation at the
ricroscsme bevel woukd seem paramount in this Bssue. W hypothesize thal
dear aptier will exhibt inleraces thal are-funcSonally analogous ko cement
lines even though anflers do not undergo secondary osteon remodeling.
Ebevan antars of smilas size, each with two tines, were oblained frarm 11 male
Fiocky Mountsn muse deer. The periosteal covering ("velve!”) had been shed,
Inchcating that the antlers were mature. One Scm iransverse section was cul
froem one tine approxmately 4cm distal 1o the bfurcation, The sections werne
smbedded in one block of polymathyl methacryate, ground, polished, and
prepared for imaging in the backscatiered electron (BSE) mode of a SEM
(JEOL 6100} using 0.75n4 probe cusrent and a 30keV beamn. image contrast
and brightness were computer controlled and image gradevels (atamic
number contrasts) were calbrated using 98% pure magnesiem and
magnesiam cdde wires according 1o owr published protoced, One calibrated,
digitized BSE image (1500X) was oblained of the peripheral tamella and
adjacent bone of each of three primary osteons in each specimen (3
psteonsbone). Relatve differences in the minerakzabion ol paripheral
larmellae and acfacent intersEial and inyacstean bone weare quantified, and are
a5 comesponding differences in the mean graylevels. Results show
{hat the peripharal lamellse of primany csteons afe Fvariably more highty
rineralized than the immediately adiacent osteon (pr0.0001) and intersttial
(p=0.0007)bone: lamellag 154.8{17.7); interstial bone 129.1(20.4)
intraastean borve 122.521.1). Mineralizason of interstiial and ostean bone are
not sigesficantty different (p=0.05) Hyperrineraized lamellae were also
observed 1o be extensiely distribuled within the non-gsteon primary bona.
similar o cermend ines, the hyperminefalized lameflae may have an impartant
micromechanical rale &5 an inferface and region of modulus mematch,



