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Expression of Osteocalcin and Transglutaminase C during Fracture Healing and
Distraction Osteogenesis in Rat’ s Tibia
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Sang-Chul Park, M.D.* and Kye-Yong Song, M.D.**
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Incorporation of bromodeoxyuridine(BrdU) and expression of osteocalcin and transglu-
taminase C(TGase C) during fracture healing and distraction osteogenesis were investigat-
ed in the rat with immunohistochemical studies. Transverse osteotomy was made at the
proximal tibia. Bilateral dynamic mini-fixator was applied to immobilize the fracture and
also to lengthen the leg. Distraction was started, at the rate of 0.25 mm twice daily, from
the 4th operative day and continued for 7 days. Animals were killed for immunohisto-
chemical studies on the 1st, 3rd, S5th, 7th, 14th, 28th, 42nd, 56th, and 84th day after
osteotomy or distraction. Longitudinal histologic sections of the healing bone were stained
with monoclonal antibodies against BrdU, osteocalcin, and TGase C.

Radiologically, complete fracture healing was achieved in 6 weeks after osteotomy,
while neo-osteogenesis was successfully achieved in the distracted gap in 7 weeks after the
completion of distraction.

During active healing stage of the fracture and distraction osteogenesis, BrdU was main-
ly expressed in the perisoteal and endosteal osteoprogenitor cells while osteocalcin was
expressed in the proliferating osteoprogenitor cells, osteoblast, osteocyte, osteoid matrix,
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and chondrocyte. The expression of BrdU and osteocalcin in the mesenchymal cells from
the surrounding soft tissues around the osteotomy site was negligible.

At the site of enchondral bone formation, TGase C was expressed in the cytomplasm of
more centrally located and matured chondrocytes, while oseocalcin was mainly expressed
in the cytoplasm of peripherally located chondrocyte. These findings may suggest that
osteocalcin participates in early phase of enchondral bone formation, while TGase C in the
late phase, suggesting the role of TGase C in matrix stabilization. At the site of intramem-
branous bone formation, the expression of TGase C was weakly positive in both osteopro-
genitor cell and osteoblast. The reason of the difference in the expression of TGase C
between the enchondral bone formation and intramembranous bone formation should be

further investigated.

Fracture healing and distraction osteogenesis was predominantly induced by intramem-
branous ossification rather than enchondral ossification. Periosteal osteoprogenitor cells

appeared to initiate and to lead bone formation after osteotomy and distraction. Active pro-

liferation and differentiation of osteoprogenitor cell ocurred during entire periods of dis-

traction. Also, active osteoid matrix formation and mineralization was started from the Sth
day of distraction and continued thereafter for further 4 weeks after completion of the
lengthening. These findings indicate that preservation of the periosteum is essential to
achieve successful fracture healing and distraction osteogenesis.

Key Words : fracture healing, distraction osteogenesis, enchondral ossification, intramem-
branous ossification, bromodeoxyuridine, osteocalcin, transglutaminase
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Bulgle= Aoz galA glepP,

Fde & 239 55449 2 A7 WEYY B
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48-72A12+8 <t Carnoy' s solutionel 2% &ksich,

dolzl AIHL 10% nitric acidold] & 6A17 B
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EESIBN 24}

= ST F2] A E
Bl &, JoldEe EE, 9 osteocalcin® FM=
£ AZsl A7 WEte 23stuxt o}“c}
7). TGase C |
EE2E B goat serum 2 1:800 |diluted
rabbit anti-TGase C antibody (Park et al.,
1991l incubation ¥ % biotinylated anti-
rabbit IgG(Vector), avidine-biotin-peroxidase
complex (Vector) Z diaminobenzidine (Sigma)

22 AUt

Lt Osteocalcin

2X 713 ez AZE osteocalcinel 3t
&9} avidin-biotin-peroxidase kit{Vector) 2
diaminobeniznie (Sigma) 2.2 A3}tk

ct Brdu

HollM 71ed BE Az 3o dgtez 3¥ujd
Bl BEE 4m FAZ AHE, poly-L-
lysine® €3 &afolmo] Rasln S48 WY
o2 gedE AAAYY. DNAS denaturerl?)
71918 IN HCT &<l 60CelX 108 & 2
@ ¥ 0.1M Borax(Na2B407) &ddx Z3lA7)
o FAET, A4 Synbio A AE9 anti-
BrdU mouse monoclonal antibody$} Vector 3]
Ab A F9] avdin-biotin-peroxidase complex kit

£ A&l

Y ¥ o 273 23 ¥ 7hZe| Ho]|
AR, BUF 47 9E PAAAA 212 8
qe 4 Agsort o2 B4 43| B
An, L ¥ & 670 AT T 4F 2% B
2% 4 A (Fig. 1),
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1) ol sk 2ololMel 424
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AT 1R Bo 2aRslel PP 2ol
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= 8& Hole AEERA ‘?:}"‘ELE]‘”EHFig. 2-A,
B). ol2d 29te] Z44 FY A ETEL osteocal

cinel &t d4=AR e (Fig. 2-0), 22 194
FH 93] I8 2% MA3] gadte IS
Hol 2E%F 657711 #AHJN(Fig. 11). oA
THE 24 AEe Azl Angel wtal FolaE

2 Eilotd /& 1AL gAslden, &7 712
2 FolAEd & 8] Mol: AAL B
(Fig. 3-B, O).

4 osteocalcin® WL TH (YA RE Zuh
o 44 B9 AT 4F3 FeiA BEERe
A (Fig. 2-C), ;““L-J F44 Y9 MEMg
e 2% MM Hidte S Bt Su
44 3¢ HIEOJW Balsle AEE 2 A2zt
713o] A"l wel osteocaleine MEIF 7™
A BFE7] AFEle] A EZE 7] "] AEE o] 7
utzt 71 Aol e Wdo] MM Frleldth 2AE

32
o

594 #2 71do] FAHE o] BAEYWAM]
osteocalcin®] &7 FM & #FREH Y (Fig,
3-C). 4 17‘°’°] AGEEA #Z 71FY 9

osteocalcin®] &dL ZA 59U B} ey o,
2] 29 M Ee FolHEM Y osteocalcine
274 594 o} kA BFEJTHFig. 4-0).
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Radiograph of fracture healing of tibia. (A)
Post-fracture 1 day. (B) Post-fracture 6
weeks. Solid bony union was achieved
(mammography film, [60mAs, 30KVP, X2).



Intramembranous ossification on 1 day after
fracture. (A) H & E. Expression of BrdU
(B), osteocalcin (C) and TGase C(D) in pro-
liferating periosteal osteoprogenitor
cells(X100).

Intramembranous ossification on 1 day after
fracture. (A) H & E. (B) Expression of BrdU
in proliferating periosteal cells. Expression
of osteocalcin(C) and TGase C(D) in
periosteal cells. osteoblast and osteoid
matrix (X100).

Fig. 3.

Fig. 4.

Intramembranous ossification on 7 days after
fracture. (A) H & E. (B) Expression of BrdU
in proliferation periosteal cells. (C) Osteocal-
cin in periosteal cells, osteoblast and osteoid
matrix. (D) TGase C in periosteal cell and
osteoblast(X100).

A% 2F4 osteocalcine §F 712 % & =¥
MR Qle oM EAA #JAFAU /F
Aol 2R FolMEo APF -?r‘% AN E 2
A, ot EelM A7t e
ok3tA velhde FE e Eﬁiq(Flg. 5-C).

Intramembranous ossification on 2 weeks
after fracture. (A) H & E. (B) Expression of
BrdU in proliferation periosteal cells. (C)
Osteocalcin in chondrocyte, osteoid matrix
and osteocyte. (D) TGase C-positive hyper-
trophic chondrocyte in the central region of
callus(X100).

Fig. 5.

T TGase C& 2AF 1o 27t 29 41X
oAl okelA BEEASH (Fig, 2-D) 29 A X
Aol By e FFF 5Y7A g A&HAY F
ol Zol| Mol WHL FTAF 3UA s BEE o
FAF 257X e A BEE + dRen, A
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Fig. 6. Enchondral ossification on 7 days after frac-
ture. (B) Expression of BrdU in periphery of
chondroid callus. (C) Osteocalcin in chondro-
cyte, osteoid matrix and osteocyte. (D)
TGase C-positive hypertrophic chondrocyte
in the central region of callus(X100).

2AFe AAFE Fold /T 71FoM ] B #
Z5]A] st (Fig. 3-D, 4-D, 5-D).

2) iz 28t 2olMel AH

FAE V1A BEF 5¢7 Hege2 3d 2
AX BREJTE A3U Z37F doluE R2eolA
o] ME F4E FAF 719 AARN MY gEst
A #F=HRAR, ol 44 AEEL & BrdU
Ao gt ;e szl AEEe ZAN2 B9
7Festdth(Fig, 6-B). Z4 299 dEHEC] 1
ANt AN &= e uet F4A v
HAEBMIZEL FAZ 71do FEH HY /2
£ 7139 FARHN AXNEA HAdm, 2 Az
A71= Fd AHD #l, osteocalcine B3t AZ
Aae] M2 FEEHAoY FAE 7|FAME
A3 BFEA gtor, FHF 15790 AFsA
AN FAE 71 fE71=0] A 2& BAY
F URT o] FF 71H2 osteocalcin Gl ¥4
27¢ BE9d(Fig. 6-0).

8 TGase CE osteocalcing] Lde] #3E &
FAF 12U ASHEEG o 94 $1x)8kn
t Asd dFAENAM #EE UG (Fig. 6-D).

ZEF 4571 ADFEA HNEEY F4e A9

Fig. 7. Radiographs during the course of the distrac-
tion osteogenesis of tibia. (A) 3 days after
operation just before distraction was started.
(B) After 7 days of distraction. 3 weeks (C)
and 7 weeks (D) after the completion of dis-
trac-tion(mammography film, 160mAs, 30
KVP, X2).
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Actively proliferating periosteal osteoprogeni-
for cells(A), and endosteal cells(B) after 1 day
of distraction. (C) Proliferating periosteal
osteoprogenitor cells after 7 days of distraction
(X200). (D) 3 weeks after the completion of
distraction, proliferation of cells was minmal
and the distraction gap was filled with newly
formed bone(X10).

ZatA AR ez d#EEgler (Fig. 8-C)
ARF 1FAA AFF 277 A 2
19593 O2F MM Zaste] A #8%F 3
A

ARE 43 FolEe Al AR Gt

old] Q1 F& 71HdlM #ZHUAG (Fig. 9-A).
SoM A osteocalcine TE3He] AA7|ZEERE
HlwA ZEA #EEdn(Fig. 9-B, O) A4 &
22F AMeE el Ad ¢8F 3FAA A%
F 47 dlle A #ZEHA edken, fF 712

e Rt s = & ||.?s gty g TP
. Expression of osteocalcin in distraction osteo-
genesis. (A) Expression of osteocalcin in
periosteal osteoprogenitor cells, osteoblast and
osteoid matrix after 1 day of distraction, (B)
after 5 days of distraction and (C) 7 days of
distraction. (D) 3 weeks after the completion of
distraction, osteocalcin was noted in osteoid
matrix and not noted in osteoblast(X200).

9] osteocalcin® 419 14AFE] FE= 7] A=
gte] 2lQde] g we} 1 F=rt S8l
A ¢#5 F 3F WA ARF 477 BeA &
A5 AHFig. 9-D). A ¢8F 37D A&F
45F) 7oA osteocalcine FZ7I AT FEEA
o guto] EYME ¢ EolEANME osteocal-
cing] &L #FF 5 gdivh AA A7 6FelE
A 4 2L AFH HHolA osteocalcing] TWHL

A9 A% 1A BRRYR AE Feol AF
@ Zojvtow Helo] Bud TP UA ADE
57975 vzt (Fig

10-B), °l& B A" ANse st
AHA Alzte] ZARFtel wpe} AA AL Aee &

A& BAY TGase Ce A A13H 1 z

2 FUY S48 FY AENM BEE] Alzsld
A 71zHERE okebAl FEAETIHEF 10-A) )
SEF 1FQA ARFE 2d)o|Felle Al BEE
2 ggghel, A AR 195 FHEREAE FolAE
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b pEom gaslel 4d 9EF 5F
(W ARF 6F) olFole BRER ek,

o 2

A7ix el A Az (growth factors) et AE
FE xSl 29 MY L E3o] FHE|o]
A T,
AAZ2 2" 2 fo gk 22EH
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WA dd F3d A3 R Fo=
He Bopell Z3slo] gk, McKibbin®
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ng X S A p e TUE Zie AEE 9 MR tE ey
Fig. 10. Expression TGase C in distraction osteoge- ety stgd vl 2 F e 24 o
nes.is. (A) Expression gf TGase C in oF W ZZo] TYA MIEES o3 Ay
periosteal osteoprogenitor cells and
osteoblast after 5 days of distracton, (B) d Rgo R o] ARE

g

after 7 days of distraction and (C) 7 days
after the completion of distraction(X200).

i UM

_?ﬂ

o

30,

rir

i

o

L

o
me ofN L ox 2
A )

e
ol
e e
B2

p
Lo ool do rju o 4 my Ho

2

jo ku rlo dm

o

b 12 do o

o
o
o
Ar Hz
fu)
B
)

dA TGase Cv Y HEoMe LHHG 7}8lA i
#agol Ad 98F 1FA ARFE 23 A A 3L

( Degree ) —— Periosteal osteoprogenitor cell
+++ -~ Endosteal osteoprogenitor cell

++ -

l."ll"lllllllllllllIlllllllllllll
Il‘l

— e \
L

I | I I I 1 I I 1
f 1 3 57D 2 4 6 8 12w
osteotomy ( Days )

(+++ ; strong, ++; moderate, + ; weak, - ; negative)
Fig. 11. Expression of BrdU in fracture healing
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3 AR e A3 E3 bisle] Ty F
37F AT gL BYRuL, ol Adrr 9
o o3 Aoz Ayso] A & Y& Foz Alsd
t}. Von der Mark®} Conrad™& 4 #9¢ 1
Aol & d42, agln FF 9 daEYel &
F¥FE AFY Fgol 9P FTZAY Hole =

F3lo] o3 2EAl Z FEEUR o
McKibbin® & ZHXRAl 49T 7149 4e 1
% BE 4% Frjxu Yk =& Lindholms™
& SEXH/A 7HBo] Arle FAEY FH Alele
€39 Ao vEgtgn sRAu, FHA Alelg]
FAYe R Q) 79 &8 L dHe PR §
del Z7iEln 414 e £ Fvksle Aol 7t
Z A77F AXE A #E de Aoz AgEd
. & A3 3 FE AAFTME AF HE
FLANN F 28 9] T 2F7TFE Abgsle A
F FER 33L& & U9 vl o)z Us) =

Wyt AU SRt $AM8tx, 712y = A
AD Aoz AEEAL

Osteocalcin® &3l g Hd x5 8td A7
= Az ARE g3l Pstod Adnl, FHeo 47,
o] ol =& Ao 4}, Vermeulen £
Vol ot TFE A E AMEE AFM, oste-
ocalcin® Fol Eo} FHFojAH B/REN-L ¥ o}
Het 4&Z 7|ddA s #sdon et a8
o] 7}& FA A FoNAM AFZA XA osteocal
cin® T disiMe AF3RA Fker}, o859
AZGE & Age] A u$ #A Aden A}
g5 B Agdxe A4 2E ey ¢ 4
d 29 Axe rHEe] ASZAE, ““01-*112 2 #F
71" A osteocalcin®] LHE
AT tEAME o BEE
(Fig.4-C, 6-C, 9-B,0C),

2 AdgoA #ad bz,
osteocalcin ¥4 W& Holes IY AEZEL F
Aol ARz 7ddte 1Y HE Hoe
43 9o AEEAA 7Hdsts Ao AlRY
At EFAFT 1dA, L8 FAse AEELS F
el A3 sle] BEEAoY ARZF N 7Y
e g ATdMe a8 2dd $4S Holx
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