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

Skedros, Tony Y. Kuo* Beoe and Joint Research Lab, Omnbiop. Surgery,
Univ. of Utah, Sak Lake City, UT.

There is evidence that bone tissue can differentiate between specific mechanical
strain femures during developmental and mainlenanee plases of skeletal ontogeny. This
sty examines the idea that variant mechanical factors (e, those whose magniudes
are dependent upon & coordinate system), if recopnized as being important i comical
bone construction, wouald be seen during developswent as progressive differences in
preferred collapen fiber aricntation (CFO} between regions that are habtually lsaded in
compression, iension, and shear. Transverse sections were edtained from the midshafi
sheep radii from 4 age groups | 10-20 day (p=10), 4-5 monh (=T}, 8-10 monih (n=7},
adubt (2-3 yr., n=9)]. A horse rading mid-diaphysis was used a5 5 ‘control” since iy ¥ivo
strmin data show that it has CUslOmArY fension, compression, and shear (mewmal axis,
NA) dastribution. Undecaleified scotions were embedded in mitthacrylale, micromilled
(1004/-5 micrensy, and viewed in circularly polarized light. Preferred CFD is cxpressed
as theymean graylevel in two microscopic Hields (e2ch 2.3mem?) in the mid-cone of each
locadion [cramal (Mension”), candal {‘compression”). medial (NA), and lateral (NA)
Meworns were the only group thal did not demonstrate sigmificant differences betwesn
“eompression”tension’ cortices {afl other groaips were significam: po0L05)L The control
bone showed significant CFO compressionfiension dafferences {similar o 8- 10m. sheep).
Differences along the NA were manor in all groups {pe-0.1)

TABLE: Graybevel (Collapen Fiber Cricntason) Dew. Means and (310}
Lerger pumbers = mone oblique-to-tansverse {"eeanpression” ) TR0

cranigl il Sl medal laigesf "
Mewliocn A6 200147 % ISR 1IDGERS) 1S
4-5 manth E0074) 1432670 16% HBOE6T  16HI9s) as
Elimonth  SR0K136) L5 1283 S0 I0R3(3006) 978321 da
Adesly 1IL.7037.4) 16020308 10% 1206{35.9) 1375(40.8) 1%

Prefermed CRO eomesponding 1o CUSOmAry ension/compresiton stin distwbution,
and absence of imporant differences along cach NA (shear), suppons the hypothesis
that specific vanant strain stimuli muy b an important influence in these growth-relaed
medifications of lssue construction. These material VARALENS may serve lo enhance
mechanical properies (... toughness) for fatigue-related disparities between tension,
compression, and shear loading,
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Collagen Fiber Orientation in the Proximal Femur- Challenging Wolll™s
Tension/Compression Interpretation. s
K. Nelson.® H. Winet, Orthopaedic Hospital and U. Southern Cal. LA
CA. .

Convenbional wisdom teaches thar the prozimmal femur custormarily receives 2 tension
comprestion simin distibution. This results from bending applied across the femoral
oeck and prowimal diaphysis, This bypothesis remains unesied sines in v ¥p sraing
bave not been adequately mezsused in these regioas, This study used methods shown (o
be gensitive in identifying sirn-mode-specific (£.g.. Iension ¥5, compression) sdaptations.
Undecalcified sections from proximal femors were embedded in methacrylate,
nticromilled to 10045 microns, and viewsd undar circularly polarized light to determine
i regional variations in prefered collagen fiber orientation (CFO) comespond o the
assumed strain distibution, Sections included: femora] neck (n=28); inferior base lesser
trochanter (nwl2); proaimal diaphysis (n=12) {age range: 18-95 yrs.), Using piblished
methods, prefemed CFO was quantified as the mean prayievel in microscopic imnges
taken in cortical octants. The lesser trochanies and proxmsal diaphysic sections exhibited
expecied varialions: relatively more longitadinal CFO in the antero-latesal {"tension”)
corlex, and more oblique-to-transverss CFO in the postero-merdial {'compression’ ) conex
However, the so-called "tension’ {supenion) cones of the femoral neck exhibized relagively
mare oblique-to-transverse CFD than he *compression’ (inferior) cortex. and tis vasiaion
Wtk consistenmt over the age range. Cortical thickness variations were nog correlated with
prefemred CFO.

TABLE: Graylevel {Collapen Fiber Oricmlutsont Diata, Menns aml (5.0,)
Larges mambers = moe ohlique-to-transverse |ecenprossion '} codlagen

Femoeal Neck 11400223} 1.3 19.4) 2.9% =00l
Lesser Troch. L16.3(19.6) 1270 16.8) R3% <00l
Froxanal Diaphysis 124 6016.5) L33.5021.4) 1% p=003

These results support consideration of alternative hypotheses, Cne explanation is
thal the intertrochanteric region is a transition zone of twe Ioading repimes: 1) the femoral
neck feceives relalively prevalent, complex, compressionfocsional siresses camsed by
the glutens mediug, sther maseles, and ineial loadmg. and 2} the proximal diaphysis is
customarily Joaded in lorsion wilh superimpesed bending which i limited 1o some extent
(Usuplinrs mor elinsingted) by the iliotibial band.
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MembraneFound Transferrin-Like Protein (MTf): Analyses of the
Structure, Evolution and Expression during Chend rogenic
Differentiation jin Mouse Embryvonic Cell Line ATDCS, Maks *

o M. irce.* 0.2 Depariment of Biochemisiry, Scheol
of Denlistry, Hiroshima Univ., Japan.

Beecently we ghowed that the level of rebbit membrane-bownd Gansferrin-1ike protzin
(T wat much higher in cartilage than that an other tissies (Eawamoto, T. et al., Eur,
1. Biochem, 256: 505509, 1998), In dhis snsdy, we cloaed 2 CLHNA for mause MTT 1o
examine the expresgion during chondrogenic differentiation of o mouse embryonis cell
line ATDNCS, and 1o examine a phylogenctic relationship between MTfs and other
transtercing. The deduoed amino acid sequence of mouse MTY was 526 identical 1o that
of rabbit MTY, Mese 8T as well as other transferrins uchiding the other M, consists
of twer sepeated doemarns, The similarity between the N-termina] balf and the C-texminal
half in MTiz is much higher than that in the other ransfemin Famdly members, even
theagh aming acids required for ron-tinding were conserved in both domains of
translerein family members exeept foe the C-iorminal half of MTEs. The=se strsciural
differcnces suggest that 4 biological Tfunction of MTT differ from that of the other
trans{erming,

Amming vagious sdult tissiees in mice, MTT was exprissed only in {he cartilage and
teslis by Northern blot analysis. The level of MTTmENA in ATINCS cells was markedly
increaded after the cells instisted chondrogenic differentistion. The increase of MTTmRNA
bevel was in parallel with increases in the Ievels of type I eallspes nad agprecan, wheseas
the level of MTFmEM A was very low amf not changed in undifferentisicd ATDCS cells.
These findings suggest that MTT s developmentaliy expressed i chondropenic cells in
the pattern commensurate with the onsetL of chondrogenssis, and hat MTF plays a pole in
chondrocvie differentiation. :
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Big-h3: A Matrix Protein Important in Bone Formation?, A, R Derubejs !

; i LS. Kim’ 5. A Kuznetsov,' P, Gehron Robey,! M, F,
Young,' 'CSDR, NIH, Bethesda, MD, *Biochemesiry, Eyungpook Mutional
University, Taegu, Republic of Korea,

Human bone marrow stromal cells (hREMSCsh are pluripotent cells thar can
diffcrentiate inio bone, cartilage, and adipocvies, Treatmen: aof hBMSCE with
dexamethasone {Dex) iriggers memphelogical changes, and fncreases ALP activity and
matrix Minsralization in vitre. In an atiemgd wo investigate Dex-induced changes in pene
expression, hBMSCy were cubnined with and without Diex (10-80). Total RMA was
extracied and subjecesd 1o differcntial display analysis. Based on the resulting panem,
cight sequences wers isolated and subcloned. Of the sight, a clooe found o cosde Tor fig-
b3 {n gene associnted with melorbeostosis, @ disease chasacierized by hyperosiotic bope,
sclerotic skin and join deformities) was dmmatically down regulated by Dex

Northerm blot analysis confirmed a striking decrease in Big-13 mRNA expression
Ievel afier treatmen; of KBMSCs with Dex whereas there was relatively lite change i
stromal cell pogulati o from other tissoes (skin, thymes and spleen), In addition, analysis
of tissue diah-ihmjm.;,;ﬁ;g.ha mBENA in developing buman bogs showed high levels of
Big-h3 EAPIERSion in the primary spongosa and in subperiosical preasteoblasts siggesiing
an mvolvement iy the early stages m‘bcm]’wuau'?n

These resulys suggest that downnegulation of this gene is required for bon: formation
i cocur. Furiber analysis into the function of Big-h3 may provide insight i the compiax
pathway that leads froon a muttipotentiol cell population (SEMSCs) 1o bone formation,




