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32. Ontogenetic Changes in Regional Collagen Fiber Orientation Sugpest o
Role for Variant Strain Stimuli in Cortical Bone Construction., John G,

Skedros, Tony ¥. Kuo.* Bone and Joint Research Lab, Onthop. Surgery,
Univ. of Utah, Salt Lake City, UT.

There is evidence that bone tissse can differentiate betweern specific mechanical
strain features during developmental and mainlenance phases of skeletal ontogeny. This
study examines the idea that variant mechasieal factors (1.e., those whose magninudes
arc dependent upon & coordinate system), il recognized as being important in comical
bone construction, would be seen during development a5 progressive diffcrences in
preferred collagen fiber onientation (CFO) between regions that are habitually Jaaded in
compression. (easion, and shear. Transverse scelions were obiined from the midshafl
sheep radii from 4 age growps [10-20 day (e=14]), 4-5 month {r=T}, 8- 10 month n=T),
aduakl (2-3 yr., 0=9)]. A hirse radius mid-diaphysis was used a5 3 "control” SHICE jf) ¥ive
sirain data show that it has g Cuslomary tension, compression, and shear (newral axis,
MNA) distribution. Undecaleified sections were embecdded in methacrylate, micromilled
(100+/-5 microns), and viewed in circularly polarized light. Preferred CFO is capressed
as theymean graylevel in two microscopic fields (each 2.3mem?) in the mid-conex of each
location [eranial (“tension’), candal ("compression’), medial (MA), 2ad lateral (NA)).
Mewborns were the only group thal did not demonsirate significant differences between

“compression’ M iension’ cortices (all other groups wese significant: p-<0.05). The contro]

bone showed significant CFO compressionfiension differences (similar to 810 m. sheep).
Differences along the NA were minor in all groups (pe-0.1),

TABLE: Graybevel (Collagen Filer Crientation) Dits. Means snd (50

Lerger pumbers = more oblique-to 32 (“emnpression”) CFO

cranial igla) BER  medil latergl  *
Mewhom 114.5(162) 12400147 &% 54108 1I0GI05) 1%
4-5 month H9.0(17.4) 143.0267) 16% H9OE6T) 6395 3%
Elimonth  SAONIE) 15500283 4% W03.3306)  9T90321) %
Ay 13.7(37.4) 16020308 18% 122603590 137.5040.8) 11%

Prefemed CRD comesponding 1o 8 customany tension'compression strain distribution,
and absence of important differences along each NA {shear), suppons the hypothesis
that specific varant strain stimuli muay b an important influence in these growth-relaed
modifications of lssue construction. These material VANalens may serve 1o enhance
mechanical properies (e.g., 1wughness) for Tatigue-related disparities beiween tension,
compression, and shear loading,
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Collagen Fiber Orientation in the Proximal Femur- Challenging Wolll's
Tension/Compression Interpretation. 4 x
E. Nelson,® H. Winet, Orthopaedic Hospital and U. Sonthern Cal, LA,

CA. .
Conventional wisdom teaches that the prozximal femur customarily receives & tension'
compression strain distribution. This resulis from bending applied across the femoeal
neck and proximal diaphysis. This hypothesis remains umested sines in vivg sirsing
have not been adequately measured in these regions, This study used methods shown 1o
be sensitive in idenlifying strain-mode-specific (2.g.. \ension ¥5, compression) sdaptations,
Undecalcified sections from preximal femora were embedded in methacrylate,
necrommilled to 100+/-5 microns, and viewsd under circularly polarized light to determine
if regional varations in prefemed collagen fiber ovientation {CFO) comespond 1o the
assumed strain distribution, Sections included: femoral neck (n=29); inferior hase lesser
trochanter {nel2); prosimal diaphysis (n=12) {age range: 18-95 yrs.). Using piblished
methods, prefermed CFO was quantified as the mean Erayievel in microscopic images
taken in cortical octants. The lesser trochanters and proximai diaphysis sections exhibited
expecled variations: relatively more longitodinal CFO in the antero-latesal {"lension”)
conex, and more oblique-to-transverse CFO in the posteroemedial ('compression”) comex.
However, the so-called “tension’ (superior) cortex, of the femors) neck exhibized relatively
more oblique-io-ransverse CFO than the ‘compression’ (inferior) cortes, and this variation
Wwias consistent over the age range. Comical thickness varations wers net corrzlated with
preferred CFO.

TABLE: Graylevel {Collagen Filer Chriemintson) Data, Means amd (5.0.)

Langes

bers = mioes oblique-1o. = [ "coxnprezsion” ) ecdlapen
Femosal Neck 114 4225y 331940 29% p<001
Lesser Troch. 116.3019.6) 1200 16.8) 23% <00l
FProximal Diaphiysis 124.6016.5) IX35(21.4) T1% p=0.03

These results support consideration of allerative hypotheses, Cne explanation is
thal the intentechanteric region is a transition zone of two loading regimes: 1) the femoral
meck receives relalively prevalent, complex, compressionforsional stresses camsed by
the glutens mediug, sther maseles, and inertial loading. and 2) the proximal diaphysis iz
customarily loaded in torsion with superimposed bending which is limited 1o some extent
(Ifsupliues mor elimirated) by the iliotibial band.
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MembraneEound Transferrin-Like Protein (MTL): Analyses of the
Structure, Evolution and Expression during Chendrogenic
Differentiation in Mouse Embryonic Cell Line ATDCS, K. Makamasu,*

i * M. Noshiro.* Y. Kato.* Department of Biochemistry, School

of Denlistry, Hiroshima LUmv,, Japan.

Recently we showed that the bevel of rabbit mcenbrne-bownd tansferin-like protzin
(MTT) was much higher in cartilage than that in other tissucs (Kawamoto, T. e| al., Eur.
1. Biochem, 256: 503-509. 1998), In this stdy, we cloned @ cDNA for mause MTT o
examine the expression during chondrogeniz differentiation of o mouss embryonic cell
line ATDCS, and 1o examine a phylogenctic relationship beowsen MTfs and other
transfereins. The deduced amino seid sequence of mouss MTF was §2% identical 1o that
of rabbit MTY, Mowse MT a5 will as other transferins inchuding the other MTTs, consists
ol \wor repeated domains, The simalarity between the N-termina] balf and the C-terminal
half in MTiz is much higher than that in the other transferrin family members, even
though aming aeids required for irop-binding were conserved in both domains of
transferein family members exeept foe the C-iorminal half of MTEs, These simsctural
differences suppes; that a biclogical function of MTT differ from that of the other
translemins,

Amming vagious adull tissues in mice, MTT was expressed only in (he cantilage and
lestis by Momthern blow analysis- The level of MTImBNA in ATDCS colls was markedly
increxted after the cells inilisted chondropenic differentistion. The increase of MTT mBNA
bevel was in parallel with increases in the levels of type I eallapen and agprecan, whereas
the Jevel of MTF mRnA was very low and not changed in undifferentisied ATINS cells.
These findings suggest that MTT is developmentally expressed i chondropenic cells in
the pattem commensurate with the ongel of chondrogenesis, and Iha'lh!l'l'fp]:ysaro]uil;l
chondrocyte differentiation.
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Big-h3: A Matrix Protein Important in Bone Formation?, AR, Derubeis !

. C. D 4! "5, A Kuznetsov,” P. Gehron Robey,' M. F.
Young.' 'CSDB, NIH, Bethesda, MD, *Biochemesiry, Kyungpook National
Univcrsjt}', ',['m_-,s.,.r R:'Publh'.' of Korea,

Human bone marrow stromal cells (hREMSCs) are pluripotzat cefls thar can
diffcrentiate inio bone, cartilage, and adipocvies, Treatmen: of hEMSCs with
dexamethasone (Dex) triggers mosphelogical changes, and increases ALP activity and
matrix Aineralization in vitro. In an attempt to investigate Dex-indssed changes in gene
EXprESSion, hBMSC: were cubmred with and withouwt Dhex (10-8M). Total RMNA was
extracied and subjected 1o differcatial displsy analysis. Based on the resulting paniem,
cight sequences were isglated and subchoned. OF the zight, a clane found 1o code for fig-
b3 (a gene associated with melorbeostosis, o disease chasacterized by hyperostotic bone,
sclerotic skin and join deformities) was dramatically down regulated by Dex.

Norihermn blog analysis confirmed a striking decrease in fig-h3 mRNA ExpHEssion
Ievel after treatmen; of KBMSCs with Dex whereas there was relatively litte change in
stromal cell pepilation: from other tissues (skin, thymus and spleen), In addition, analysis
of lissue disrrihurjono.l‘ﬁig-hB mBRMNA in developing buman bops showed bigh levels of
Big-h3 expression in the primary spongiosa and in subpesiosieal preasseablasts suggesting
an involvement in the early stages m‘bcm.i'omuu?n.

These resulgg suggest that downregulation of this gene is required for bone formation
to.cccur. Fusther analysis into the function of Big-h3 may provide insight into the complex
pathway that leads from a multipotential cell population (8EMSCs} 10 bone formation.,



