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1 [DESCRIPTION] [Invention Title] SEM -SCLI D
OSTEOBLAST COWVPOSI TI ON CONTAI NI NG FI BRIN FOR BONE 5
UNI ON AND METHOD PREPARI NG THE SAME [ Techni cal Fiel d]
The present invention relates to a sem-solid

ost eobl ast conposition 10 containing fibrin for bone
union and a nethod for preparing the sane. Mire
specifically, the present invehtion relates to a

sem -solid osteobl ast conposition containing fibrin
f JDRSGREPTROND, which provides a therapeutic agent
containing a mxture of osteoblasts and fibrin,
capakheo®Tithei ng injected into an affected part for
bone union in treatnment. of severe bone fracture; and
a nmethod for preparing the 15 sanme. [Background Art]
Cenerally, a sinple bone fracture nmay be sufficiently

heghaflSbY. 6 T TEBLAST ABNBOSITBONCONTATNSSBETBRIN FOR BONE

meeks but a severe bone fracture or bone defect
kch ﬁwm Bt ARG AHEES Apg; of bone
afting, pre erre by nost physicians, is
autograftlng whi ch invol ves collecting bone froma
part of the patient body, particularly iliac 2

- CH@S 23%1 d by grafting to the affected part of

hIS nmet hod can provi de excell ent
results due to grafting of the patient's own bone.
However, such

The present invention relates to a semi-solid osteoblast composition
containing fibrin for bone union and a method for preparing the same. More
specifically, the present invention relates to a semi-solid osteoblast composition
containing fibrin for bone union, which provides a therapeutic agent containing a
mixture of osteoblasts and fibrin, capable of being injected into an affected part for
bone union in treatment of severe bone fracture; and a method for preparing the

same.

[Background Art]

Generally, a simple bone fracture may be sufficiently healed by casting the
bone fracture for several weeks, but a severe bone fracture or bone defect requires
bone grafting.

A method of bone grafting, preferred by most physicians, is autografting

which involves collecting bone from a part of the patient body, particularly iliac
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autografting is disadvantageously a surgical

t echni que acconpanyi ng very severe pain, and

presents a variety of potential problens associated

with probable 5 occurrence of tenderness and sensory

| oss in a bone-harvested region, necessity of

addi tional surgical operation for bone grafting, and

thus a long period of tinme for hospitalization and

recovery |eading to increased nedical fees. In

addition, there is no sufficient extra bone for

grafting in the body and thuigautografting suffers

froma great deal of difficulty to secure donor

Péreéts foll Bkvel b9 \Wrifing 1 SR ffoted BRReof thd PRIcANt ALHIO Methdl can

the case of a spinal surgery necessitating a great

dedvidefexBaRAt reilaf due R gralftitl STARE Patitht’s 6WAIHosA! |l Sever, such

caused by bone auto grafting is reported to be as

h&lﬂ@%ré&m' k18 WisadviitagbbhsPO b dukdiel techBlighb ddesinmagme URef severe

to all ev?_at e these sho%tgcomg_rllgs exhi‘%i t ed 1%39 gr

apHingeAd t prégatsP ki Bﬁ{dgl' YofOpianti? HePRms 48Mised PRI probable

and is advantageous due to no .15 need for an

aslbnrb RIS (SRRAREREN] SIARESYssTi8ra RRtadledbll rélfon, Metessity of

suffers fromfatal disadvantages such as weakening of

bgidgical SRGIcH spdratia Br B6&Y brafidal b IRE QCRES Peﬁ(‘d of time for

occurrence of graft rejection, and probabilTty of

. m@ﬁﬂiﬁﬁoﬂhﬁmm}ﬁﬂh&ﬂg tinSRARE el feedS 1HGRAbA, there is
, a

and” AIDS. In addition | ografting has di sadvant ages

Sie SifBSientRRh BRSO & P8 BE bEG! shd thiMASABAS bhiPls from a

““bone absorption and refracture of the 20

f%‘gﬁtea%ngf NGIRARES SduR doRdst bRgs "’I@Pgﬁ&\ﬁaﬁl@ Mbone for]c bone

reof to a very narrow range.  Consequently, use o

t i Al Coh hELERBI FULIRT AR, deGEERRRE Af e deat 8F bone
1 ght ene

993 since Food & Drug "Admi nistration has t

%ﬁ%ﬂin@} RN bIRORPIEdR Y CaRE K bR U R aftih s G630 RA 10 be as
high as about 23%.

Allografting, which has been used to alleviate these shortcomings exhibited
by autografting, primarily obtains boves from corpses and is adfrautageous due to no
need for an additional secondary surgery for bone grafting, but suffers from fatal
disadvantages such as weakening of bone strength during a sterilization process,
occurrence of graft rejection, and probability of infection with contagious diseases
such as hepatitis and AIDS. In addition, allografting has disadvantages such as
poor bone-forming effects, immune reaction, bone absorption and refracture of the
corresponding bones, thus limiting application thereof to a vety narrow range.
Consequently, use of this surgical teohniqu; has been decreased from late 1993 since
Food & Drug Administration has tightened regulations on bone tissue banks against

mfection.
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Meanwhi | e, bone marrow injection is a techni que based

on assertion, proposed by Huggins (1931),

Friedenstein (1973), and Ashton (1980), wherein

ost eoprogenitor cells from bone marrow i nduce and
facilitate bone formation. Bone marrow injection is
generally carried out alone for healing bone 5

fractures, but is also carried out in conbination

with bone grafting. Unlike other bone grafting

techni ques, this bone marrow injection does not

i nvol ve surgical skin incisipn for donor parts and

thus i s advant ageous due to no donor site norbidity

and ndveamililecat ibons ormaebierifRciindeisefsf eeétmique based on
Thereafter, even though some excellent results are
passériishepropdied llgthg%Qﬁi (1980),dedddendteif | (1973 aknd Ashton (1980),
application cases, bone marrow injection is

dwheeina obageoatmitdiiceell® froth Shotes Muttbwt edicet afdalfacilitate bone
basis, by the reasons that considerable portions of
rfosdhtich. BohanBefbvainfection i< gamtadlyRiriddRK AL \Weekbaling bone
the amount of bone marrow collectable fromone site

| Badbired, (Rl isdlsh Earfibd et nSdodibihdtioantikly béregrh®meNUBRke other
of osteoprogenitor cells are present in bone narrow.
Ttonk Praftihg Soehilues| KRChdicGakrrdi @jbish dbBeh@fiRfdve dhical skin
present invention has been made in view of the above
Z8cigio bedthor fRE dnd thiss 8 AdwRiResustiue itd'Bo AT RMRE morbidity and
invention to provide a sem -solid osteobl ast

mnmgﬂichmms@@aamiméﬂea@j n for bone union and a
nmet hod for preparing the same, having no clinical

graft rRjeRebQByt fohdH Qftd OfteDént 3uRS LRPULAE thndlgh great
fibrin mxture into a site where bone union is

SRADBA cliniedll apFiRANE cts, BohE MHdS injection is disadvantageous due to
its unsound theoretical basis, by the reasons that considerable portions of results
obtained are not consistent therebetween, the amount of bone marrow collectable

from one site is limited and further, significantly limited number of osteoprogenitor

cells are present in bone marrow.

[Disclosure]}

JTechnical Problem}

Therefore, the present invention has been made in view of the above
problems, and it is an object of the present invention to provide a semi-solid
osteoblast composition containing fibrin for bone ﬁ_nion and a method for
preparing the same, having no clinical graft rejection via injection of an osteoblasts

and fibrin mixture into a site where bone union is sought, and capable of achieving
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4 effective and rapid bone union via injection of a -
conposition which was shaped to a certain extent, in
order to alleviate problens associated with
probability of bone tissue formation in unwanted
regions resulting fromescape of injected

osteobl asts fromthe site for bone union and then
propagati on thereof to 5 other sites via the bl ood
stream which could be caused by injection of an

ost eobl ast suspension alone. It is another object of
the present invention to provjde a sem -solid

ost eobl ast conposition containing fibrin for bone

- wffeetivanand fapidobbriconniqur eyiarinjegtionhef aseoraposifiencwhich was

are capable of perform ng a surgical operation with .
Idhapéditonh dan@inicrenyhin coddretib|allsvigtea pbbilénhy iassagiased with
injected into a site where bone wunion is sought, and
WirbBdbikiyeofitapa hiseueoformativineni unyanedaeginho resvitiag Stomp pecape of
and effective injection of a m xed conposition of
Oifje2 il @tdoblatdirbilthé sitsidrimnt unioncarsi then pfoptagation thereof to
correspondi ng danaged regi ons upon utilizing

r gt kit vial the BPRodniteam, Sehivh i @ald ba ausal daningectipn of an
an aspect of the present invention, the above and
obdieiblasoRjspeiistorcalondie acconpl i shed by the provision

of a nethod for preparing a sem - solid osteoblast
CONPOSiTtii® NeroaiRk 2ot Boff thir presdnorintxomien utoi provide a semi-solid
conprising: 20 isolating osteoblasts froma bone

T bhsobast Nebnepdsitioni bedtainblgl fibtiat forgbotee unicwoland el method for

ost eobl asts in DMVEM (Dul becco's Modified Eagle's
k%gb&tﬁ*)g fHe dame, NARLK e bapableEsS parfdralingVe diucgival Alpptedion with
[

fication) to prepare an osteoblast suspension;
afehimal incision when osteoblasts and fibrin are injected into a site where bone
union is sought, and which are capable of achieving bone union via simple and

effective injection of a mixed composition of osteoblasts and fibrin without

incision of the corresponding damaged regions upon utilizing radiation.
[Technical Solution]

In accordance with an aspect of the present invention, the above and other
objects can be accomplished by the provision of a method for preparing a semi-
solid osteoblast composition containing fibrin for bone union, comprising:

isolating osteoblasts from a bone tissue and culturing/proliferating the
isolated osteoblasts in DMEM (Dulbecco’s Modified Eagle’s Medium) or a-
MEM (Minimum Essential Medium, Alpha Modification) to prepare an osteoblast

suspension; and
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5 mxing the resulting osteobl ast suspension with a
coagul ation factor to prepare an osteobl ast

t herapeutic agent. Herein, the coagul ation factor is
a mxture of thronmbin and fibrinogen. Herein,
preparati on steps of the therapeutic agent includes
di ssolving 5 lyophilized thronmbin in |liquid DVEM or
a -MEM and then mxing 1 to 100 U nL of the

di ssol ved thrombin with the osteobl ast ni xed
solution; and dissolving |yophilized fibrinogen in
liquid DMEM or a -MEM and then mxing 20 to 100
ng/ mL of the dissolved fibrirfnogen with the osteobl ast

-m xed 2?55%’ | iR rcRQRhE dddBldsh saspehsionTividich édagtRition fadlor to

In acc ce with another aspect of the present

ﬁ%wﬁﬁ%&ﬁwﬁ@%&ﬂed an osteobl ast

Itron prepared by the above-nentioned nethod

for p rIfe?ﬁﬁ,} 1;3% F?&}}@}?&Sﬁfﬁ%&ﬁs QehiaBe aSthronehip asd fibfogen.

cont ai ni ng bone uni on. [ Advant ageous

Ef f ect §lerdif g%_g%(ﬁgﬁ daneofiiid frdpetiic 9BédtCincludes dissolving

ost eoblast ¢ osition containing fibrin for bone

Liyééﬂﬁhﬁid thSnhiheReRuid MMM G} aRFIEM NRidhaeh fgiking 1 to 100
pr epar

Ing the same, having construction as descri bed

%’ﬁ%ﬁ? of LhE NARL R Sed MRS nibid  ith) Ghe NGNdoBIhsh Gnikkd Nédtdtion; and

gra rejection via injection of an osteobl asts and
f di i ndNytoHiied Hofindeeti fnllighe TAVMENL HONe-MEMO#nd then mixing
sdé%gkt,éngﬁg cagabl e o0 achi%‘iﬁng effective and rapid

' 3 thRESIVEN FBfinSpeRONRIP B bsdsbbat GlixdBsolution
m%em%%ﬂ%gofttggﬁxt ent, iﬁg order to alleviate
pcro%%rﬁﬂgttﬁéﬁﬁﬁixﬁ}x%gtﬂgr&ﬂ. probability of bone tissue
formation 1n

In accordance with another aspect of the present invention, there is

provided an osteoblast composition prepared by the above-mentioned method for

preparing a semi-solid osteoblast composition containing fibrin for bone union.
[Advantageous Effects]

Tn accordance with a semi-solid osteoblast composition containing fibrin

for bone umion of the present invention and a method for preparing the same,

~ having construction as described above, it enables bone grafting, having no clinical

graft rejection via injection of an osteoblasts and fibrin mixture into a site where
bone union is sought, and capai)le of achieving effective and rapid bone union via
injection of a composition which was shaped to a cerfain extent, in order to
alleviate problems associated with probability of bone tissue formation in

unwanted regions resulting from escape of injected osteoblasts from the site for
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unwant ed regions resulting fromescape of injected
osteobl asts fromthe site for 6 bone union and then
propagati on thereof to other sites via the bl ood
stream which are caused by injection of an

ost eobl ast suspension alone. In addition, the present
i nventi on enabl es bone grafting which is capable of
perform ng a surgical operation-with mniml incision
when osteoblasts and 5 fibrin are injected into a
site where bone union is sought, and which is capable
of achi eving bone union via sinple and effective
injection of a m xed conposition of osteoblasts and

fidRbiukioM sPEkn 'tpli’t?}ilaéhﬁﬁ'h @ErebP 0 CORER SRQN Hid) ghel NBALR Gtream,

regi ons upon u zing radiation. 10 [Description of

t . i <Rt f eat ures
a‘ﬁ%‘:%%\é%aﬁg%ﬂvbg BfecBOPYE oBld3eduspltisRimlafone!

nt'ages of the presen i nvention wll

be nor ggggﬁﬁfoh}’ tHdHeeRt BREnidnOMable bhidd bRAMMOwhich is capable

det ai | descriptiion taken in conjunction wth tﬁe
-l " - . d
QRS M Neraicd VA Sl Rifon Wi Sreifits an
Eﬁl{}ﬁi@e'iﬁjﬁgﬂeﬁ%@@ %%&?@b Y¥BH iZRb RN afd whidh iR chpable of
mat riXx; Ig. 3is a flowchart showng a process for
- 0 I -
BCPRHE B 3 By oBPLANRE o SORRAR O comppoion of
h : i . . i )
bR s 61 e ol a8 QP ions oo

S
i ction of 15 mmsized bone fracture into
ggtg%ﬁneéalrg?n{ag l!il'a rabbit; 7

[Description of the Drawings]

The above and othef objects, features and other advantages of the present
invention will be more clearly understood from the following detailed description
taken in conjunction with the accompanying drawings, in which:

Fig. 1 is a view showing fibrin polymerization cascade;

Fig, 2 is a schematic diagram showing polymerization of a fibrin matrix;

Fig. 3 is a flow chart showing a process for preparing a semi-solid
osteoblast composition containing fibrin for bone union in accordance with the
present invention;

Fig. 4 is a photograph showing injection of a fibrin and osteoblast mixture

after iniroduction of 15 mm-sized bone fracture into a forearm of a rabbit;
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Fig. 5 is a radiograph taken 6 weeks after injection
of a sem-solid osteoblast therapeutic agent
containing a fibrin and osteoblast m xture foll ow ng
i ntroduction of 15 mmsized bone fracture into a
forearmof a rabbit; Fig. 6 is a photograph of a

ti ssue section stained with Hemat oxylin-Eosin, 5
taken 6 weeks after injection of a sem -solid

ost eobl ast therapeutic agent containing a fibrin and
ost eobl ast m xture follow ng introduction of 15
mm si zed bone fracture into7a forearmof a rabbit;
and Fig. 7 is a photograph of’ a tissue section

st ai nedfi%fi B]['is g@?ﬂﬁ%?%r%p%-#gd £ 1Y WRks AL IniBetRe s 2kERT-solid

injection o ost eobl ast m Xture 10

S8yl el i
%ﬁgﬁﬁcﬁ%ﬁloﬁS 05h &2 38he £ $itb1a3Breath bfth Mg f 1 brin

flor one union 1n accordance wth the present

i nventi ; i o . b s
b desyPye A PhotBurdifof Sfssht SRAbL Ml bt PRERath o osin,
21?%% %&eﬂg afflr@ %3 Ef‘ 2OGHRL-sJIR QURLGIAEE therapeutic agent

ages exhibite y conventional therapiées for

PP 905, 45L LS BRI U808 TRn RIS

t I i t.eabl asts havi

a%)\?lgr%%gaglé glggg?%g#ggg%&gﬁﬁ’a ec?:dspaﬂ/t n\%i 20 .
I turi f.ost , |t t t >

ot hot, ' ad habiHRRRh,ef® Mt bithy sl FER' Massor's

' PRI Bhiceh M6 T[:]e:f{g n&foaeg Eigjecﬁ&? 6P} Gftarin® and DY ast mixture

for-achreving ear r unfon, Tt I's necessary to
rrt‘oﬁowing introduction of 15 mm-sized bone fracture into a forearm of a rabbit.

[Best Mode]

Hereinafter, a semi-solid osteobiast composition containing fibrin for bone
union in accordance with the present invention and a method for preparing the
same will be described in more detail with reference to the accompanying
drawings.

In order to overcome disadvantages exhibited By conventional therapies for
treating bone-related disorders and diseases, such as implants and bone grafting, a
technique of transplanting autologous osieoblasts having no adverse side effects on
an affected part, via culturing of osteoblasts, as an ultimate treatment method, has

been developed, in conjunction with improvement in conventional therapies.
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osteobl asts with a matrix through which nore diverse

| esions can be treated, and thereby it is possible

to treat nore bone di seases that do not- share

therapeutic benefits with injection of a liquid
ost'eobl ast suspension consisting of osteoblasts 5

only. It can be said that the sem -solid osteobl ast

t herapeutic agent for bone union, which is a mxture

of osteoblasts and fibrin, is a nore advanced product

of an injection nmethod of a |liquid osteobl ast

suspensi on which is based on gell therapy. The
conventional injection nethod of a |iquid osteobl ast .
suspensHowgvashifoh achigvingesarli@r bongnaploantif nig necessary to mix
ost eobl asts al one, can only treat |imted types of
bosteotleftevith mamdtrimthroughf Which fpagendiyiersis| lesiensaenmoles teated, and
with probability of bone tissue formation in )
uthesetiyeid is qpisibls toetsedt thorg Hone rdizesses phatodo inej ebare dherapeuiic
ost eobl asts from bone-formng sites and then

. pbepdigatithrinjchiore of atliquid keteoldast suspehsion lenditiogf osteoblasts

stream In contrast, the sem -solid osteobl ast

t belyapeuti ¢ agent containing fibrin in accordance

with 15 the present invention is made up of a m xture

of ost eltbdanshes saiddhdti the isamasolid pterhidsd therapeatic sagent for bone
nore rapidly and effectively treat a broader range of
banion, Whivhtisiaesixture of estestdadiomel Gbrie a5 2 morgadvannedyproduct of
is reported to pronote neovascul arization in ani nal

med édjsctiop SodthaoiG ligilid nsteatlasDsuspensisi which isd889d omerll therapy.
is very effective to enhance 20 applicability of

mihb ocisventiarhl injeqtionfrétha] offa liquid esi¢oblest susperisionf which involves
bone repl acement, such as demi neralized bone powder,
biteaspldnvieg gbtastiasti ykine xgm palyitteet limitell typesad! tpna defeets and may
upon perform ng surgical grafting operation of such

metifferi fibs. pblems associated with probability of bone tissue formation in

unwanted regions resulting from escape of irgiécted osteoblasts from bone-forming
sites and then propagation thereof to other sites via the blood siream. In contrast,
the semi-solid osteoblast therapeutic agent containing fibrin in accordance with
the present invention is made up of a mixture of osteoblasts and fibrin and
therefore, can also more rapidly and effectively treat a broader range of bone
fractures and severe bone diseases.

Fibrin glue is reported to promote neovascularization in animal models
(Schilag G. Clinical Orthopedics, 1988), and is very effective to enhance
applicability of methods used in grafting of implant materials for bone
replacement, such as demineralized bone powder, bioactive glass, hydroxyapatite

and coral granules, upon performing surgical grafting operation of such materials.
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In addition, fibrin glue serves as an effective

delivery vehicle of bioactivators for a bone matri x.

As exanpl es of such bioactivators, nention nmay be

made of TG--0-1 (Transform ng grow h factor-beta-1)

and TGF-0-related BMP (Transform ng growth

factor-beta rel ated Bone norphogenetic protein). 5
Recently, fibrin glue has received a great deal of
attention as a matrix constituent material that
effectively delivers cells, in tissue-engineering
applications (Huang Q Tissug Engineering 2002). The
above-nentioned characteristics of fibrin glue |ead

to a rap gddine fbtinoflupr@eass am tdfecivesdalfivery vehicle of
conposition involving mxing osteoblasts with fibrin
gblvacivaters fat 4 bonerabieiki alAs ckahplewetsinh Hpgetivatats, orntion may
for bone 10 union. Referring to the drawings, Fig. 1

s be wadk iolf MGF-po| (Temkiotatdgoiowdsfisie-betadl) and MGF-R-related BMP
schematically shows pol ynerization of a fibrin
Metiahifordidg  heabtng fRtorleae folaed UBene i M@phédenatid Oprotein).
of the fracture regions should be preceded and

S Ribertiye Fibris Wi NasObcdthedof groarlded pF af@ition ks of matrix constituent
appropriate stress to 15 the bone fracture regions

S Ridridl Bt et els deBRRe cdllsaRiltishge-cipiie@riag Gp?li@ﬂond @uang Q.
usual I y acconpani ed by damage.to skin, nuscles, _

| g0 'Erfgine@ﬁ? DOUBS S ahS, abdeE-istioRdtl chahdtéidstics of fibrin glue

t herear ound. Upon review ng histol ogically, healing
PiR8asSEeapd bR GniohaFbetse in HHEY Ple¥d® coipBSitioh #@bving mixing
i.e., infllanmation, repair and renodeling phases, and

t BassbladtP whih FURH ALE 2 Almafikik ndidrial doMbWed bY Ubplication for bone
progress continuously with being overl apped :

t @ggbet ween. The i nflammati on phase is a stage in

which cells in bone matrix, blood

Referring to the drawings, Fig. 1 shows fibrin polymerization cascade,
and Fig. 2 schematically shows polymerization of a fibrin matrix.

For healing -of bone fracture, immobilization of the fracture regions should
be preceded and sufficient supply of blood and application of appropriate stress to
the bone fracture regions should be ensured. Bone fracture, once occurred, is
usually accompanied by damage to skin, muscles, ligaments, blood vessels, nerves
and joints therearound.

Upon reviewing histologically, healing processes of bone fracture
involves three phases, i.e., inflammation, repair and remodeling phases, and these
stages are not strictly divided but progress continuously with being overlapped
therebetween.

The inflammation phase is a stage in which cells in bone matrix, blood

-vessels, and also soft tissues such as periostea and muscles around bone fracture
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vessel s, and al so soft tissues such as periostea and

muscl es around bone fracture 10 regions are damaged

due to fracture- causing trauma, resulting in

formation of hematoma in a nedullary cavity and

beneath the periosteum |Inflammatory derivatives

i berated from damaged necrotic cells l'ead to

vasodi | ation and exudation of blood plasna, thereby

causi ng acute edema. After the inflammtion 5 phase,

the switchover to a repair phase is followed with

initiation of new matrix forpation. The repair phase

isinitiated with organizati& of hematonma formed in

t rRET MSiedi 1o HRABMR B cAds@d! efundy, frédultiny in formation

§E§??%f§gmhiche§hgﬁ§f%ceives repa:.;igtggt cells. %ﬁgh,

QEQﬁ&Ew&ﬁfﬁﬂE§ﬂ£&mﬂ&?%&ﬁﬂfﬂ&?bﬁ&dﬁqmﬁqﬁﬁbMB&ﬁeSﬁﬁbnmmmmy
ce

repair s induce 10 cell mgration and

w?ﬁkf filsalibQed 2Beni UalRbéPmepfotid EdRAIgadMRS NaXodilation and

Ich are the first step of bone fracture _

{fiﬁﬁ&ftﬁ:ﬁﬁ ood&ﬁhﬁ:ﬁé}ﬂier@lﬁy SRiing 26hitedHEAE DAREr the $E@Sation
uring healing of bone fracture appear in the

fSHacd, Uhe SR VEPBEh Refaiiltdle W MOWBA ath inififRH T, nednthatrix

fform’ca Fuses, whi ch ‘are made up of fibrous tissues,

Kh@{.&;ﬁ e and woven bones, around the fracture site.
nera I zati on of callus is initiated by 15 serial :

act i onspypfy ﬁ%%@ Bl iRl with SRBnIBGsA 35 hatiteha fiSrmed in the

y e

synt hesi ze se osteogenic cells, contains a

lfi?{)oglﬁ'e@%, 27 Bimibaudl @Edds 8 HRAsEIBR Whith! thag@teives repair

ers at provide conditions for deposition of
ﬁ%!llg.' Ui, LEOHTR GG SrbRink T656d BPARESrepair cells induce
wever, I's repalr phase’1s not a stage in which :

bc%ﬂeﬁn.t’bg%tg&ll grﬁﬁrg P&?ﬁ&ﬁi@\% 'mh %&91? iodndF 4 %ﬁjrtrﬁﬁrix, which are the

resu ure ture calluses have weaker bone

é[?rsls EfeS?(%te Q?ﬁeeg%g%tlﬂ%] PRloriiRe Magﬁx’iﬁsof JOR" &AL bone tissues

uring g stage, su
during healing of bone fracture appear in the fracture site together with granulation

tissues, and form calluses, which are made up of fibrous tissues, cartilage and |
woven bones, around the fracture site. Mineralization of callus is initiated by
serial actions of osteogénic cells. The matrix, which is synthesized by these
osteogenic cells, contains a large number of regularly-spaced type I collagen fibers
that provide conditions for deposition of calcium phosphate complexes in these
spaces. However, this repair phase is not a stage in which bone union has been
completed, and thus the resulting immature fracture calluses have weaker bone
strength than normal bone tissues. Therefore, during the remodeling stage, such
fracture calluses acquire the strength as exhibited in normal bone tissues.

As to the remodeling stage, woven bones within calluses are replaced by

. mature lamellar bones, and unnecessary and superfluous calluses are gradually
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fracture calluses acquire the strength as exhi bited

. in normal bone tissues. As to the renbpdeling stage,

woven bones within calluses are replaced by nature

| amel | ar bones, and unnecessary and superfl uous

cal l uses are gradually 11 absorbed. Based on the
results of radioi sotope exam nation, it can be seen

that increased activity of radioisotope is naintained

in the fracture site for a prolonged period of tineg,
even after conpletion of bone union and recovery of
functions of the fracture sitfit(a normal state, as

shown on the radi ograph. 5 Therefore, the renodeling
S§RGMEONt BNLAS ohOlthes QIR of easidioiadtvps exhinitiatiah, it can be
uni on of bone fracture has occurred. Fig. 3 shows a

f deomv el @idredskd USHviBt dadivisRtdpe s mafmaingt Epiheifrghae site for a
sem -solid osteoblast conposition containing fibrin

f 1%1&%9& pEHIb @ B kitnea @08 HRACEmMplsfont bitborRr eEentand recovery of
invention. 10 Referring nowto Fig. 3, a nethod for
PERPAGHSNET e THetdd! dile BShemhilagite, @Orghownt b@nthe radiograph.
containing fibrin for bone union in accordance wth

t PerBiofS ShY renlJAXBRY 51@Be coRIRES R Scvepsll yebisndter clinical union of
ost eobl asts from a bone tissue and

ChddeUtdchfé REQddcfiged@t i ng the isol ated osteoblasts in

DMEM (Dul becco's Modified Eagle's Medium or a - MEM

(M ni My B SRitd @ foWedliatiudiafiha a asticsd fodiprepatind 2 semi-solid
prepare an osteobl ast suspension (5100); and m xi ng

t §8edtlit obinPGsifst @oMbasdg fibHE FBN bb¥ uMibh in &iccordance with the

coagul ation"factor to prepare an osteobl ast '
t heiaR aiehorgent  (S200) . Herein, the coagul ation

. factor 1s a mxture of thrombin and fibrinogen.

Referring now to Fig. 3, a method for preparing a semi-solid osteoblast
composition containing fibrin for bone umion in accordance with the present
invention, compriseé isolating osteoblasts from a bone tissue and
culturing/proliferating the isolated osteoblasts in DMEM (Dulbecco’s Modified
Eagle’s Medium) or a-MEM (M:mmum Essential Medium, Alpha Modification)
to prepare an osteoblast suspension (S100); and mixing the resulting osteoblast
suspension with a coagulation factor to prepare an osteoblast therapeutic agent
(S200).

Herein, the coagulation factor is a mixture of thrombin and fibrinogen.

Herein, preparation steps of the therapeutic agent include dissolving
lyophilized thrombin in liquid DMEM or a-MEM and then mixing 1 [U/mL to
100 IU/mL of the dissolved thrombin with the osteoblast mixed solution (S210);

and dissolving lyophilized fibrinogen in liquid DMEM or o-MEM and then
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Herein, preparation steps of the therapeutic agent
i ncl ude dissolving 20 lyophilized thronbin in liquid

DVEM or a -MEM and then mixing 1 1UnlL to 100 1 U n

of the dissolved thrombin with the osteobl ast ni xed
solution (S210); and dissolving |yophilized

fibrinogen in liquid DMEMor a -MEM and then 12

m xing 20 to 100 ng/ nL of the dissolved fibrinogen

with the osteoblast m xed solution containing

thronbin m xed therein (S220). Meanwhile, a
concentration of thronmbin detgyrm nes a polynerization
time of fibrin. Therefore, the polynerization tine
ohixihd20 fo DENmpenT: eftihe eithswlivedi Mibtinogen avithethof osteoblhist snixed
to 3 sec, dependi ng upon the concentration of

t fohalvhl dontaldifi@ thbmbiasixad fereid ($220).ne concentrati on

such that the conposition of the  present invention

i s shapdeadvwhilR] & ¢eten@sicnaiflibohbinddemdagud pdliaarizaiion time
factors from |eaking fromlesion sites when injected

| ¥t Bbsin. Si Tierdfore, Y polypkrilaioa Hmaof dibein cahrjeeetiiced within a

the conposition into the affected site |eads to rapid

frapgatdfon Wiurd td 03 Nt d¥pending aporDfiid MBhcehirbiér) ofotheombin.
matri x for bone formation by osteoblasts is forned.

[ Madablp fwds NyRiliell O8] theedichation , sueh fiBst theOborBposition of the
sem -solid osteobl ast conposition containing 15

f hrBEdnd ih R0 RE shiiHe@No| fReRRE Qsldabiess \Whi RoadulaicaRlctrs from
of the present invention will be described in nore

defighy Moh Nedisd 811&NGAeh Gnjbbied aRIS0ARAS Yo Gnidh Y BgR. fracture,
FirstTy, osteoblasts were isolated fromthe

q%&ﬁw%%@ BothhSHEAS int@ ik affbltéd! ki@ 1datls RVEMI@ For@ation of a
-MEM for 4 weeks to proliferate sufficient nunbers of
matrix, and an optimal fibrin pore matrix for bone formation by osteoblasts is

formed.

[Modé for Invention]

Hereinafter, effects of a semi-solid osteoblast composition containing
fibrin for bone union in accordance with an example of the present invention will
be described in more detail with reference to the accompanying drawings.

Firstly, osteoblasis were isolated from the corresponding tissues, and
cultured in DMEM or «-MEM for 4 W'eeks to proliferate sufficient numbers of
osteoblasts. Then, the resulting osteoblasts were suspended in DMEM or a-
MEM to prepare a suspension of osteoblasts.

After preparing a medical-grade fibrin glue set al room temperature,
fibrinogen was dissolved by adding a proper quantity of liquid DMEM ot o -MEM

1o a vial containing lyophilized fibrinogen.
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osteobl asts. Then, the resulting osteoblasts were
suspended in DVEM or a - 20 MEMto prepare a

suspensi on of osteoblasts. After preparing a
nmedi cal -grade fibrin glue set at room tenperature,
fibrinogen was di ssolved by adding a proper quantity

of liquid DMEMor a -MEM to a vial containing

| yophilized fibrinogen. 13 1In addition, thronmbin was

al so di ssol ved by adding a proper quantity of liquid
DMEM or a -MEMto a vial containing the |yophilized
thronmbin. Then, the dissolvedijghronbin was added in a

1/5 volume to the liquid osteoblast suspension and .
m xed whal hddifiorAnthostisio bivas tlse ushitsabied byrvddeng aviprdper quantity
thronbin was mxed with an equal amount of .

f phliquid PMEN ! preldiM tha sl efntaining thedponthilized thrombin.
conposition. 30 New Zeal and white rabbits, weighing )
about 3Thay, thi dissgwed thmgmbaxwasvedded i ildedolumeotaathe liquid
control group for bone grafting, and an experi nment al '
gosiegbldsd suspepsixintandgnigedwndl- sol i d ost eobl ast

conmposition containing fibrin for bone union, each

10 gr ouAnastesblasti sugpankiohSmixad vithsthroxehio rvdisrmyixed with an equal
Henry's approach, a longitudinal incision was made in

t mmowitef Ghrinogeh to hepaBo0LE 0ft dre cetbyblast parspesiiarhaf t

of radius, and then 15 nmsized bone defect was made

usi ng a3GHew Zealandwhile babbitomedighing alsonb 3 &ig, difreglrding sex, were
periosteumfrom the bone defect area. 15 In the

cdivided| ingy @ugnntrobgesipl foxsbdmengrafiag, pnd\ahoxpesimental group for
collected fromlong bone and bone grafting was

C pafftirech sdihi-dofid oboblaste otipbeition aowtainifgdfitrined bbye union, each
suturing ' '

group consisting of 15 rabbits.

According to a Henry’s approach, a longitudinal incision was made in the
forearm of the rabbits, thereby exposing shaft of radius, and then 15 mm-sized bone
defect was made using a saw, followed by complete removal of the periosteum from
the bone defect area.

In the control group, cancellous bone was previously collected from long
bone and bone grafting was carried out in the bone defect area, followed by suturing
skin and subcutaneous tissues.

In the experimental group, skin and subcutaneous tissues were carefully
sutured such that the bone defect area becomes a vacant space, and the osteoblast
composition was injected three weeks later, as shown in Fig. 4.

After taking radiographs at a ‘ week 3, 6 and 9 from initiation of
experiment, bone union was evaluated by assignment of the corresponding poini(s)

to proximal and distal osteotomy areas and bone defect area, respectively,
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ski n and subcutaneous tissues. In the experinental
group, skin and subcutaneous tissues were carefully
sutured such that the bone defect area becones a
vacant space, and the osteoblast 20 conposition was
injected three weeks later, as shown in Fig. 4. After
taki ng radi ographs at a week 3, 6 and 9 from
initiration of experinent, bone union was eval uated
by assi gnnent of the corresponding point(s) to
proxi mal and distal osteotony areas and bone defect
area, respectively, 14 depen@iing upon a degree of
bone uni on thereof, and the sum of the_thus-gajned )
pdependingTapisinea degea/of hore tiond ctherend, dnd ghe wrtef the thus-gained
bone fracture for |esions Point Proximl osteotony

Dpsintd ost eotony area MId portion of defect area 3

Uni on Uni on Union 2 Moderate bridge (> Mderate

bridge (> Moderate bridge (> 50% 50% 50% 1 MId
bridge (< 50%9 MId bridge (< 50%9 MId bridge (<

50ehled Nonuni on Nonuni on Nonunion Table 2 Results

after nine weeks of bone grafting in control and
exper i niviethd forldetepminipg union of bone fracture for lesions

Point | Proximal ostectomy Distal osteotomy area Mild portion of defect

area

3 Union Union Union

2 Moderate bridge (> | Moderate bridge (> |Moderate bridge (>

50%) 50%) ' 50%)

1 Mild bridge (< 50%) | Mild bridge (< 50%) | Mild bridge (< 50%)

0 Nonunion Nonimion _ Nonumnion

Tabie 2

Results after nine weeks of bone grafting in control and experimental

groups
Control group Experimental group
Excellent (8-9) 14 13
Good (6-7) 1 2
Fair (4-5) - -
Poor (2-3) - -
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Control group Experinental group Excellent (8-9) 14
13 Good (6-7) 1 2 Fair (4-5) - - Poor (2-3) - 15 1
No effect (0-1) -- J Fig. 5 shows a radi ograph taken
6 weeks after injection of a sem-solid osteobl ast

t herapeutic agent containing a fibrin and osteobl ast
m xture following introduction of 15 mm sized bone
fracture into the forearmof a rabbit and it can be

5 seen that conplete union of bone fracture was
achieved. Fig. 6 shows a photograph of a tissue
section stained with Hemat oxylln- Eosin, taken 6

\eeks after 1 njectign of a sem -sol1d ¢steobl ast
tl Ny @RRUL0-£) agent  gontaining a fibrinjand osteobl ast

mxXture tolfTow ng 1 ntroduction of I5 mmrsSized bone
fracture into the forearmof a rabbit and there was
observed a bone island 10 fornmed alone. Fig. 7 shows

a phot ogi2PNsiRfwsAa tABSHEISRGEA BNywsdkaiARH idifdn of a semi-solid
Masson's ~ Trichrone, taken 6 weeks after injection of

a obfebbla st tﬁ&@pﬁfﬁkﬁ%@hﬁ%n’rﬁhﬁl@% fibrih @hél Q¥eBBlast mixture following

i nt roducti on mm Ssi zed "bone fracture into the

iRl of19 AbRkiked béHRGrdckurs fito BR 68frh bFE thtbitahd it can be

col | agen was produced al ong predeterm ned patterns,

- 15ednWigt doRRIIS Bition 08 bBAOFEGSS s ABRRGed, Or Mati on and

formation-of blood vessel's therebetween (a red
el 1'i pti gigdef eths!d Mkograph of a tissue section stained with Hematoxylin-

Eosin, taken 6 weeks after injection of a semi-solid osteoblast therapeutic agent
containing a fibrin and osteoblast mixture following introduction of 15 mm-sized
bone fracture into the forearm of a rabbit and there was observed a bone island
formed alone.

Fig. 7 shows a phoiograph of a tissue section stained with Masson’s
Trichrome, taken 6 weeks after injection of a fibrin and osteoblast mixture
following introduction of 15 mm-sized bone fracture into the forearm of a rabbit,
and it can be confirmed that collagen was produced along predetermined patterns,
thus representing progress of bone formation and formation of blood vessels
therebetween (a red elliptic dotted line).

Thus, in accordance with the present invention, there is provided bone
grafting without immunological rejection by mixing osteoblasts with fibrin and
injecting the mixture into affected parts for bone union, when bone union does not
progress due to severe bone fracture, and exhibiting effective and rapid bone union

effects via injection of a composition which was shaped to a certain extent,
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Thus, in accordance wth the present invention, there

is provided bone grafting w thout i nmunol ogica

rejection by m xing osteoblasts with fibrin and

injecting the mxture into affected parts for bone

uni on, when bone uni on does not 20 progress due to

severe bone fracture, and exhibiting effective and

rapi d bone union effects via injection of a

conmposition which was shaped to a certain extent. 16

[I ndustrial Applicability] As apparent fromthe
foregoing, in accordance withy ? sem -solid osteobl ast
conmposition containing fibrin for bone union of the
pibslesitiali Aprdwbbitityland a 5 nethod for preparing the

same, having formul ati on as descri bed above, it

enabl es bone fracture reunion, having no clinica

graft rejection via injection of an osteoblasts and
fibrin disxapparentifivinothe feiepainpliemecdrdanee writhomseinsi-solid osteoblast
sought, and capable of achieving effective and rapid
benmposition conining didtrinoforobore oxiopasfi theoprevdmt Glaventias and a
shaped to a certain extent, in order to alleviate

p medtheehfor gscpacing thedsame, hadifg fernbddiioni dsydesdritedradove, it enables
tissue formation in unwanted regions resulting from

e boap dravture | wjmiohe daviay emblclisicsl rafinrdjbetioni v frgection of an
bone uni on and then propagati on thereof to other

S iobtesblusta ahd) Ebtih auistusd inta msiteveihere ioay dnéorcia seeghtpynd capable
i njection of an osteobl ast suspen3|on alone. In
addliathieving teffectprecamdndapidrbome tunivn wa ddjeetonbafrecémpasitivrewhich
reunion which is 15 capable of perform ng a surgica

ok ashapstl W thcafiaii BEtknt] 6 i@der oWl Rvias pasbikdms tassochatsd with
fibrin are injected into a site where bone union is

S priPabilitp bfibov fidsut forfafiab ireunwintal Fegtiis Resultinzetromi sdtape of
via sinple and effective injection of a m xed

Cdijpa&d bitesblasts from the site for bone union and then propagation thereof to

other sites via the blood stream, which may be caused by injection of an osteoblast
suspension alone. |

In addition, the present invention enables bone fracture reunion which is
capable of performing a surgical operation with minimal incision when osteoblasts
and fibrin are injecied into a site where bone union is sought, and which is capable
of achieving bone union via simple and effective injection of a mixed composition
of osteoblasts and fibrin without incision of the corresponding damaged regions
upon utilizing radiation system such as X-ray.

Although the preferred embodiments of the present invention have been
disclosed for illustrative purposes, those skilled in the art will appreciate that
various modifications, additions and substitutions are possible, without departing

from the scope and spirit of the invention as disclosed in the accompanying claims.
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of osteoblasts and fibrin wi thout incision of the
correspondi ng damaged regions wupon utilizing

radi ati on system such as X-ray. 20 Although the
preferred enbodi nents of the present invention have
been disclosed for illustrative purposes, those
skilled in the art will appreciate that various

nodi fi cations, additions and substitutions are
possi bl e, wi thout departing fromthe scope and
spirit of the invention as disclosed in the
acconpanyi ng claims. 17 bZB] [Caim1l] A nethod
for preparing a sem - SO|Id 0s bl ast conposition
cooramyispg fibrin for bone union, conprising: 5

I sol ati ng osteoblasts froma bone tissue and
culturing/proliferating the isolated osteoblasts in
DVEM (Dul becco's Modi fied Eagle's Mediunm) or a - MEM
( RiUMAEsRedd Bt pMpaisiTh s@ﬂnﬂ?@d@écfbﬂ&ﬁéézﬁﬁﬁmﬁdﬁ containing

prepare an osteoblast suspension; and m xing the.

I @Bkih bR HRRD badprigaepensi on Wi th a coagul ation
factor to 10 prepare an osteobl ast therapeutic

agent. jdolafinp dleobldSis"BE6MO4 1BGE UstieNSnd emﬁhﬁigmrahfemnng the

wherein the coagul ation factor is a m xture of

U igoRadd Bsefbladts bh I IOGAN . (Dlfhelbbd 8 Mbdified Mugled |M5Hlum) or a-

according to claim2, wherein preparation st eps of

t t |
M g AT R S o st

endlbiida@ 1 to 100 N'nL of the dissolved thronbin
WI t he "ost eobl ast mi xed

mixing the resulting osteoblast suspension with a coagulatlon factor to

prepate an osteoblast therapeutic agent.

[Claim 2] The method according to claim 1, wherein the coagulation factor is a

mixture of thrombin and fibrinogen.

[Claim 3] The method according to claim 2, wherein preparation steps of the
therapeutic agent includes:

dissolving lyophilized thrombin in liquid DMEM or o -MEM and then
mixing 1 to 100 IU/mL of the dissolved thrombin with the osteoblast mixed
solution; and _ |

dissolving lyophilized fibrinogen in liquid DMEM or a -MEM and then
mixing 20 mg/ml. to 100 mg/mL of the dissolved fibrinogen with the osteoblast

mixed solution containing thrombin mixed therein.



solution; and 20 dissolving |yophilized fibrinogen in
liquid DMEM or a -MEM and then mxing 20 ng/nL to
100 ng/ nL of the dissolved fibrinogen with the

ost eobl ast m xed sol ution containing thrombin m xed
therein. 18 [d aim4] An osteobl ast conposition
prepared by the nethod for preparing a sem -solid
ost eobl ast conposition containing fibrin for bone
union in accordance wth claim1.

18
[Claim 4] An osteoblast composition prepared by the method for preparing
a semi-solid osteoblast composition containing fibrin for bone union in accordance

with claim 1,



