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1 [DESCRIPTION] [Invention Title] SEM - SCLI D
OSTEOBLAST COWMPCOSI 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
uni on and a nethod for preparing the sane. Mire
specifically, the present invdntion relates to a

sem -solid osteobl ast conposition containing fibrin

f @PEBORFTIONGNn, whi ch provi des a therapeutic agent
containing a mxture of osteoblasts and fibrin,

c fpahitendiitldjei ng i njected into an affected part for
bone union in treatnent of severe bone fracture; and
a nmethod for preparing the 15sane. [Background Art]
Cenerally, a sinple bone fracture nmay be sufficiently

heahEdEVMDCESTEOBLASE CORPJSTAION GON DANNBIE FEBRIN FOR BONE
weeks, but a severe bone fracture or bone defect

I eRIDNEANPONRITEICHD PREPARING THE SaMBet hod of bone
grafting, preferred by nost physicians, is

aut ografting which invol ves collecting bone froma
part of the patient body, particularly iliac 2

Ck . . d by grafting to the affected. part of
tggg%%PP@%QQ hi s nmethod can provi de excellent results
due to grafting of the patient's own bone. However,
such autografting is di sadvantageously a surgica

t echni acconpanyi ery. severe pain,. an resent ”»
a var : g;@e o?ref'fg? e‘ﬁ%rgﬁm\r; Fe&%ﬁeﬁ nt\é 4% %Sgpg d° q“:‘(&\%&& ntposition
P S BABb ARy (SBE rBi b AN o BISRIL 7 GBIt I s0e, More

surgi_cal_operation for bonezgraftin , .and. thus a qug ..
pépeciticadly. therpresent ipvapionalelaies foof SaMmirsplat gylephlast conposition
| eading to increased nedical fees. In addition, there .

i sopgining fiban dan bene propoRRIChgroYjdaT & ithigapaytic REepfotpptaning a
and thus autografting suffers froma great deal of

dinhifkiure bf ¢steablasscandefibrin sepahde pE being ipeesod ningn sbigeted part for

for bone .
bone union in ireatment 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 fractare 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 bedy, particularly iliac
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10 inplantation. In the case of a spinal surgery
necessitating a great deal of bone grafting,

i ncidence of conplications caused by bone

autografting is reported to be as high as about 23%

Al'l ografting, which has been used to alleviate these
shortcom ngs exhibited by autografting, primarily

obt ai ns bones from corpses and i s advant ageous due

tone 15 need for an additional secondary surgery for
bone grafting, but suffers fromfatal disadvantages

such as weakening of bone sthength during a
sterilization process, occurrence of graft rejection,
aredt, fiolbdvaddi Uyl grafimfs to nifceafifdctsd part lof dhea tpatemu s THissaathed can
such as hepatitis and AIDS. In addition, allografting
Iresvidt e@elian tagiesdisuolprating obthelpatient isarwn bupeef Heodeser, such
i mrune reaction, bone absorption and refracture of
ahegrafiingc B digivamadsdogsly anewgickihteshrlique ddcompanying very severe
application thereof to a very narrow range.

Pains empde piebshis us &anétyt bf posantial eedblder ssogiatedn aeithb @esbable
decreased fromlate 1993 since Food & Drug

Adetrtenst bBteindemés antli sgidoen &ds ie g boas-hansstahrdgvne necessity of
ti ssue banks agai nst infection. 3 Meanwhile, bone

- dditionali saygieal ioperation fort iedb praftieg ad attu0s Iasperiddayt, time for

proposed by Huggins (1931), Friedenstein (1973), and

Ashiinliz4iibaGa] recoba dedlirash dapsagbmetionl fo&. | $n hdditidn, there is

bone marrow i nduce and facilitate bone formation.
Borsaffitiknt exrd By dbt Safting i6 Srctodly laid Gaks aufdradting QIffRLfrom a

"for healing bone fractures, but is also carried out

igfeat Ofsal NuEt HigRculyt o DRBere Jdaidr | pigis & bloRidhd SonBORE bone
grafting techni ques, this bone nmarrow injection does
R@plahia¥ieh.V EinSthe GasAbf Skipthal RedgSiyOikctRftatilN crdi@dedl of bone
and thus is advantageous due to no donor site
woAtiheli holdeod o SorfMiaatibeAdat Ay Wond i 5%t il feported to be as
effects. Thereafter, even though sone

Mot 13egul ts are published through great deal of

clinical application cases, bone marrow injection is

di sadvanioaGemis wWiith Ka bebbuded 3O Bistidid B1RESIHOSBOMBRS bhibited

by the reasons that considerable portions of results

Q?ta%"tdﬁﬁ’dﬂg@ kil € OREInS beids ffdAeEQPEI\WRE s advRftaddthl gae to no
0

bone marrow col |l ectable fromone site is limte

Red fer dh&dditictiab Bédob8a% tsidbely irtiRfle ia¥aRE, W suffers from fatal

ost eoprogenitor cells are present in bone marrow.

[d3ag6a@ses ShcH I@‘Wéﬁkﬁﬂgbgf @bhe Birenbe BiY 8 stdrii@ation process,

present disclosure has been made I'n view of the above

RicBRt @B of 3R efectidn, AhdORbBAbiLit§ fof §ABtRINGHAR kbontagious diseases
di scl osure to provide a sem -solid osteobl ast

GBI 98 bpis GRAL ADE. NYnfddalton, EREcrPERS i IdBdRMheBs such as
met hod for preparing the sanme, having no clinical

Hodt boheioRting Wobts? ithiRE Falior fhoRd SRR Aa réfracture of the
corresponding bones, thus limiting application thereof fo a very narrow range.
Consequently, use of this surgical technique has been decreased from late 1993 since
Food & Drug Administration has tightened regulations on bone tissue banks against

mfection.



and fibrin mxture into a site where bone union is
sought, and capabl e of achieving 4 effective and
rapid bone union via injection of a conposition which
was shaped to a certain extent, in order to alleviate
probl ens associated with probability of bone tissue
formation in unwanted regions resulting from escape
of injected osteoblasts fromthe site for bone union
and then propagation thereof to other sites via the
bl ood stream which coul d be caused by injection of
an osteobl ast suspension alo i s anot her obj ect

fe. It
N L e e
SRR e P, PR ety (75 Sl oo,

B oS0 S B iy
ich.are

SRRy R0 £ B S L B oo
OBLOBL 354 A BN B e ot
0 e SBThGR SR b 2Bbe g i b

senj -solid osteobl gsf conposition for curing bone ...
¢ iR et dgner B R AeRiaEERs e 17 B gpre s morbidity and
met hod conprising: cultuging/ proliferating isolated
o@%@8%ﬂ§@¥%mf¥ﬁ@?ﬁ“ﬁ%ﬁ§%§¢§sue in Mninmm Essentia
Medi um Al pha Modi fication (al pha-MEM), to prepare, an
ost eob| Hsfealiers prrnsthorgh somre FRcRileRy TesHits regmbiipheg through great
ost eobl ast _suspension wi.th a coagul atiop factor to
pfcahat elimnicel applicaiom gaseh. -hops BIROMCIEGESR 15 gniageoRs gue to
coagul ation factor is_a mxture of thrombin and
f 1t PRsogpe theoghierlebasiss by the sgseng: thalhcopsidgmbly pertigns of results
t herapeutic agent include: dissolvin% | yophilized
t PtERes] Arei et icpegistentahesbetween, t amouy r@#wmﬁ cpliectable
100 U nL of the dissolved thronbin with the - .
oBbeBP 1% isdimitad a6 furthensisufeenilydireitad; nrgnhey 65 RFteenregenitor
fibrinogen in liquid al pha- MEM and then m xi ng 20

meesenon hgneMagPW he di ssol ved fibri nogen with
t he osteoblast m xed solution containing thronbin
m xed therein. I n accordance with an enbodi nent
of the present disclosure, the above and ot her
oBjisdessrelan be acconpl i shed by the provision of a
met hod for ?reparrng a sem -solid osteobl ast
ciephmd¢al Pooblesdnt ai ning fibrin for bone union,
conpri si ng: i sol ati ng osteoblasts froma bone
tissue and culturing/proliferating the isolated
ost eobl asts.in DVEM (Dul becco's Mdified Eagle's
Medi umpheRitord; INEYrdsbhindibsBulSERNMeki a8 i Yidw éf BBabove problems,
Mbdi fication) to prepare an osteobl ast suspension;
amd it is an object of the present disclosure to provide a semi-solid

osteoblast composition containing fibrin for bone union 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



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

t herapeutic agent Herein, the coagul ation factor is a
m xture of thronmbin and fibrinogen. Her ei n,
preparation steps of the therapeutic agent includes
di ssolving lyophilized thronmbin in liquid DVEM or a
-MEM and then mxing 1 to 100 11J/nL of the dissol ved
thrombin -with the osteobl ast m xed sol ution; and

di ssolving | yophilized fibrinogen in liquid DMEM or a
-MEM and then mixing 20 to 104 ng/roL of the

di ssol ved fibrinogen with the ost | @st 5£QE hich was
s 6fiaetiven dnTas; HEDS HIBTh, BE IO B odfhidiftion whic
accordance wi th anot he

SCEarnes o OEADT SR e, B st v
oS L8, e BRI o o
 Eimedrd iogt%olﬁliast%é rom B s gﬁrcgé‘lgmmgéggﬁ,%}g%aﬁm thereof to

Lt o O SO I TR of

preparing the same, having construction as .descri bed
alvsteeblaiitsuspeabloe#l®éne grafting, having no clinica

graft rejection via injection of an osteobl asts ?Qd

fi brin Inisshother dbidcbofths prescnifliselesuso HePravifea s§rai-soli

sought, and capabl e of _achi eving, effective and ra
basteobilasio comipasitiof ewmtaiAng fEbin: %ﬁb&’é’?? i O h%ﬁ?ﬂ“"d for
shaped to a certain extent, in order to alleviate 6 ith
pmmwmﬁm;ﬁwsambaﬁéuﬁwmvHﬁﬁﬂﬂ%@@ﬂqﬂ%m%ﬁ‘bﬁﬁgm?fggﬁ%‘nlﬁu
formation in unwanted regions resultjng fhon1e3ﬁg%%_ b
ofminieicineticnswherb bsteablastsy and filidn are; @ectHd kP § ere bone
uni on and then propagation thereof to other sites vial and
t hmidy Dsosbught, @ad whibh ete capableafsachiening; bne AmGn VigrSIRR'e

ost eobl ast suspension alone. In addition, the @r sent.ﬂl t
di effekotiseirimjestiablofsa ined gPBPOSHGR it eFieqblasts, Fag) without
perform ng a surgical operation with mnimal Jngcision
whigcisiositod dixd erstespenving damagad onSHPeR HTAPHOY t o
where bone union is sought and which is capabl e of
achi eving bone union via sinple and effective

i njection of a m xed conposition of osteoblasts and
fibrin wi thout incision of the correspondi ng danmaged
regi ons upon utilizing radiation.



[ Description of the Draw ngs] The above and

ot her objects, features and ot her advantages of the

present invention will be nore clearly understood

fromthe follow ng detail ed description taken in

conjunction wth the acconpanyi ng draw ngs, in which:

Fig. 1 is a view show ng fibrin polynerization

cascade; Fig. 2 is a schenafg ¢ di agram show ng

pol yneri zation of a fibrin matrix; Fig. 3is a
[TeahpigalcYpdfttond howi ng a process for preparing a

seniy $0fisf 9sdcEOlRb@Sts 00368 4 fiBin CRRtaIifd Remi-Eddidi Bsteoblast

for bone uniion in accordance th the present
COMBQRHAT foR curing bone feacgre gvhegelrb%mﬁf,lg ISSWSWIFI% by a method
compliges:| Aule/rofifeiting idd1ste®@St1eeHIhBS fromMl X boHeetisaid & Minimum
i nt,roduction of 15 mm sized bane fracture |nt% a .
EsseghalYpiun AlphaMsfificaon (alpha-MigYyio prepace &n palenbigF syspension.
and %Fﬁiﬁ%Qhé"ﬁ@ﬁlﬁnéfoﬁt%blhdﬁjsﬁﬁiehﬂ&l fithan SRIFLIaEo ifdtor to prepare an
ost eo

| ast therapeutic agent containing a fibrip and.
osteblash BleEprutA agent whersin it HgeripRoratler ormipira g’ thfShibin and
ﬁbgﬁbg%'né q&ke&ﬁﬁﬁ]ﬁfﬁ@ﬁm{@l },t]ggsoomhfeqhaapdntie_fagamr mblodé:; dissolving
i 0. i s a phot.ograph o ti ssue secgtiqgn s

tyophieirabiny It o VER] apdiies bang ot Rt L of e
disbé]}a&it:ttlhlﬁﬁltbﬁf withS &l ?_ﬁgdtjlﬁt Qﬁia;e@ moﬁﬁﬂg?;t Aed apgulvirg Iyophilized

agent coptaining . a fibrin and,aqst ast_ m re
fibiapaeE i a1t IRSETME M AN o Mg 120 coiRin 40 ApllcRgig- of the
diskdlv& EbliRsRAr Mitkfth@ dsebbladt, mdRd solution contaifing . thrbribén anixed

phot ograph of a tissue section stained with Masson's
thetgilchrome, taken 6 weeks after injection of a fibrin

and P adceRRhASHItHThX EMb&IiméR: Jfahd prbdng disclosiRelukd hsve @hd other

15 mmsi zed bong(Lrac ure into 2 fore%%g%of a_.rabbit. lid
objeris < MEASFOTRISBEh AY (1R ProYiihpL & SHGIRPIoLY SEBRHRE @ semi-soli
0SBV Borhp iR ABhRIn dEbrin fF bnef W) 6RRprising:

isolating osteoblasts from a bone tissue and culturing/proliferating the isolated

osteoblasts in DMEM (Dulbecco’s Modified Eagle’s Medium) or o-MEM (Minimum

Essential Medium, Alpha Modification) to prepare an osteoblast suspension; and



15 union in accordance with the present invention and

a nethod for preparing the sane will be described in
nore detail with reference to the acconpanying
dr awi ngs. In order to overcone di sadvant ages

exhi bi ted by conventional therapies for treating
bone-rel ated di sorders and di seases, such as inplants
and bone grafting, a 20 technique of transplanting
aut ol ogous ost eobl asts havi ng no-adverse side effects
on an affected part, via cultgring of osteoblasts, as
an ultimate treatnent nethod, “has been devel oped, in

conj unc %]gﬂlgghg hreglﬁﬁﬁ%\éo\%e{éggfrasﬂ ggpagigﬁw ﬁ%‘oa%mfiﬁon factor to

t her api és. ieving earlier

b e el BRI L0, S sl ons can b
bone. di HeRgt{b{ RAEHsbh Siter1ER Hihs o bR yllAfinogen
v RS of Bk o OB oBRASc PP ARy dsovig
fg&g@gﬂzgehuﬁ‘oghbfﬁ%;@qgﬁd DIEALQP! FSIEM SARREL! WbBEON Yo 100

) ! ] IS a mXxture O ost_eo_ as_ts an .
bk of f, R SRRAM, ALY bRl BLEGH o s
AR ST TEBeehIf ST AR, oSBT e miing
050 b B BB e B s

suf fer .from pr.obl e associ ated with probability of
b SRBEATILE IﬁﬁFﬁﬁﬁggﬁwﬁﬁmunmanted regi ons resulting
from escape of injected ostea&hasts9£ron1bone-fornin

sites Hnacoorienceyiiagaetheinemhedimett ph thi mEFsel; fisgogyrg there is
t Vf?lle?()egl SLEQAY: ddhfRitioh aprkparéd@yS@I¥l abdellentioned method for
~osteobl ast therapeutic agen,_contaLnjn% fibrinin.
apiepartgrfosmivselifl ostepblagcomnesiing coiziping TBRN fer bangamigp:

of a m xture of osteoblasts and fibrin and therefore,

can also nore rapidly and effectively treat a broader

range of bone fractures and severe bone di seases.

Fibrin glue is reported to pronote neovascul ari zation

i AAdwaageonlfdctsl( schl ag G Cinical Ot hopedi cs,

1988), and is very effective to enhance 20

applicability of nmethods used in grafting of inplant
materials for bone replacenent such as dem neralized .-
bone pdiderordaicsawith reSegrizield osteablast,copmosiign fogtaiming fibrin
coral granul es, upon perfornmng surgical grafting

ofebaté ariowdf thel presemidescioans and ®method for preparing the same,

having construction as described above, it enables bone grafiing, having no clinical
graft lrejection via injection of an osteoblasts and fibrin mixture into a site where
bone union is sought, and capable of achieving effective and rapid bone union via
injection of a composition which was shaped to a certain 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



In addition, fibrin glue serves as an effective
delivery vehicle of bio activators for a bone nmatrix.
As exanpl es of such bioactivators, nention nmay be
made of TG--04 (Transform ng grow h factor-beta-1)
and TGF-f3-rel ated BML3 (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, ipn tissue-engineering
applications (Huang Q Tissue” Engi neering 2002). The
aboxe lﬁgﬂghcgﬁl%g ﬁﬂﬁg@@éﬁfﬁe&t& G§ Gther kikdsi Ridlthee BleRH stream,
to a rapi one “uri Oon process in the present

COMRGSArt Eaﬂﬂeci W@e‘éﬁ@@ olf'féax?(bﬁ&)bﬁ?a%{ applraphuiel h fibrin

glue as a na mat er foll owed by application

100, P Tt PR preren disleare Shf B ohOeh B ia Aamabic
ﬁgf I%:é om%hé g M@g@oﬁgﬁhéﬁg%iwp?gg?ﬁ riferl;héﬂr bieoblasts and
R 0 S S R BB o o
PR LD 8 B3 55 s o

cRrhoblanR i Een Pl atofBERRRORL s ARG Kpigns upon

-

j oi.pt.s therearound. Upon revi ew ng
hP@E@P% M heal i ng processes of bone fracture
i nvol ves three phases, i.e., inflammtion, repair and

renpdel i ng phases, and these 20 stages are not

strictly diyvided hut.progress continuously with being
oiéﬁwﬁﬁﬁﬁﬂw?hgﬁﬁﬁ%Wﬁéen. The infl ammati on

phase is a stage in which cells in bone matrix, bl ood
vessel s, and al so soft tissues such as periostea and

e e
S A AR S g drtion

i berated.fromda ed necrotic.cel.ls leagd o
v aksBith SenTRTtiam I, e a¢qomPagYng AERRss: g'sﬁgmf]‘t her eby

causi ng_acute edema. Aftgr.the infl ammti on 5Sphase,
the swi Fithdioh Viey SROPERATIT R EROR FRssile Ly 1
ntiat IF?g?Z%a snc%\évmgﬁct; a lagrx afn:? gh?wmgt" oBélymerizaﬁon of a fibrin matrix;

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

Fig. 4isa photograpﬁ showing injection of 2 fibrin and osteoblast mixture

after introduction of 15 mm-sized bone fracture into a forearm of a rabbit;
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The repair phase is initiated with organi zati on of

hemat oma fornmed in the fractured sites. Henmatoma
creates a fibrin scaffold which then receives repair
cells. Then, growth factors or other proteins fornmed

by these repair cells induce 10 cell mgration and
proliferation, and formation of a repair matriXx,

which are the first step of bone fracture

restoration. Majority of cells creating bone tissues
during healing of bone fracture appear in the

fracture site together with granul ation tissues, and
formcal l uses, which are made up of fibrous tissues,
carti |IEigeSdac weliegrapioiaden @r aftee injegdonrad aisewmi-solid
M neralization of callus is initiated by 15 seri al
estoblas thefapestic egani conteiling a fitia ansh edtsoblash dxturss following
synt hesi zed by these osteogenic cells, contains a

introdectionmifé b noh-sizsgdions frgctursdnion iquaemlof eatbhigen

fibers that provide conditions for deposition of
caIC|dﬁgpﬁn&pﬁmﬁe&mﬁhpf&&%ﬁsBﬂimh§géﬁﬂp@@eEﬂmﬂamﬂuaE0$ﬂ
this repair phase is not a stage in which bone union
takien [fe emecke npitart éjectiond of Mssem%-aohcbsmepbhgt itherapauiie agent
fracture calluses have weaker bone 20 strength than
coantaining Rofilerin asd ostsobladt eniefune &llosiing grodietionepdtie frinpgized
stage, such fracture calluses acquire the strength as
Bottei frictuere irito arfarearh oba rabbit] alues. As to the
renodel i ng stage, woven bones within calluses are

r epl aciéid. ¥y isred whetdgnaphl bfira Hizses seetivth wiwirerle &t Masson’s
and superfluous calluses are gradually 11 absorbed.-
Besledmen tikee 6 ewedlitss afddr ingudiion saft @ pEbrix amil nedteablgst imixture
can be seen that increased activity of radioi sotope

ol om gninro deetionroft IS anthr siet] hoae fiatterefinto afopearinarfgerdbbit.
period of time, even after conpletion of bone union

and recovery of functions of the fracture site to

normal state, as shown on the radiograph. 5Therefore,
[Beat Medeldel i ng stage continues for several years

after clinical union of bone fracture has occurred.

Fig. 3 shows a flow chart illustrating a process for
preparing a sem -solid osteobl ast conposition

cont ai Hemrinafieh) sisami-golidbastebinst cmmpositimoontdmiag fitwih fior bone
the present invention. 10Referring nowto Fig. 3, a
mmivhdd deosrdpicepwithnie prasem invadtiod aglt e abdthed for preparing the
conposi tion containing fibrin for bone union in

gano rwitinbe déstiibddhén pheseddtail nvighn trefefence ogp thies @scompanying
i sol ati ng osteoblasts froma bone tissue and
dtaviibgd, ng/ proliferating the isolated osteoblasts in

DMVEM ( Dul becco's Modi fied Eagle's Medium or a - VEM

(M ni nerieseivefdonldRlliadvantlep Behibikd By @averivhal thérapies for
prepare an osteobl ast suspension (S100); and m xi ng

trb&tinpeisdnelrblattd Qs okt and dBBSRE RALIOAS %lﬁnt@ and bone grafting, a
coagul ation factor to prepare an osteobl ast

tdeBhighe uf irgnspifihg GEAQIEbus osteoblasts 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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Herein, the coagul ation factor is a m xture of
thronmbin and fibrinogen. Herein, preparation steps of
the therapeutic agent include dissolving

20l yophi li zed thronbin in liquid DVEM or a - MEM and
then mxing 1 IUnL to 100 IWnL of the dissol ved
thrombin with the osteoblast m xed sol ution (S210);
and di ssolving lyophilized fibrinogen in |iquid DVEM
or a -1V1IEM and then 12 mxing 20 to 100 ng/nL of
the di ssolved fibrinogen with the osteoblast m xed
sol ution containing thronbin&xed therein (S220).
Meanwh ﬁﬁgiration.of t hr onbi n geternines a

pol yneHog"?l"groc"?i eying; PRLIET, bong, Jyuign, “I figeessary to mix
SorelgEs Sithss stets Srghel B TR ARG SO0 ceh e Fedted, and
RS T LB I AR
o 5 eSS SR S

sites when injected into a site for union of bone
ture, injection of the conposition into the
d..for ion_of a l0matri

and‘an ?gsfli he i ‘ﬁvgp%@sﬁﬁ@ Arigoblgst hErReeYisy pght At bone
by,osteoghlasts . is fgrnmed.. DVIo f.or. I nventi_on]
risies, fdretels 2 misteeod ogieoblasis apd Sibripis gopersRdN@ioed product of
MBI HERE P IR - NN -
V'_V[i'tltel conventional injection method of a liquid osteoblast suspension, which involves
transplanting osteoblasts alone, can only treat limited types of bone defects and may
suffer from problems associated with probability of bone tissue formation in
unwanted regions resulting from escape of injécted ostéoblasts from bone-forming
sites and then propagaﬁoﬁ thereof to other sites via the blood stream. In contrast,
the semi-solid osteoblast therapeutic agent confaining 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 aﬁd severe bone diseases.

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

and coral granules, upon performing surgical grafiing operation of such materials.
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1. ‘wi.th reference to the
acconpanyi ng dra . Firstly, osteoblasts
were isol ated fromtiie eSpondi hg tissues, and
cultured in DVEM or a :MEM fer -4 weeks-to proliferate
suf ficient nunbers of osteobltasts. Then, the
resul ting osteoblasts were Suspended in DVEM or a -
20MEM t o prepare a suspensi on of osteobl asts. _
After preparing a nmedical-grade fibrin glue set at
roomtenperature, fibrinogen was di ssol ved by addi ng
a proper quantity of liquid BVEMor a -MEMto a vi al
cont ai ning_l yophilized fibrinogen.__ 13 In_addition,,
£ hr onbilh AiOR, SinEe SFYER hladeirlve ey | vohicle
vantity of liquid DMEMor a. -MEM tQ vi al .
FeectivPrscior hLoRS BERDY | A REIARFch biosctvalays, mogtiog may

di ssol ved t hrombi n was .added | n a 5 yolu t he
Thegade Qo @OB G puRS orh ioi beger | LM TORsifelaied BMP
ost eobl ast suspension njxed with thronbin s mxed .
ViTransEprming, o eroavts u fecter-beta b relaide nBens pRSERIOgeBRSy Rypotein).
an ost eobl ast conposition. 30 New Zeal and

vikgeentlyfhsin glue heg preived argeat deakef ationkion ghp anaigx senstituent
were divided into_a control group for bone graftin
aneferia] thatssiestivsht %ﬂhvgwsa:a&fl@%sammmw @Sﬁcwi(%mg Q.

ost eobl ast conposition containing fibrin for bone _ |
uFissie, Eeginerring203) cBhes phevermeptioned ghapasiaristics of fibrin glue
According to a Henry's approach, a longitudinal .
ilned & errapidsbomadmion prosesst r Bgrpresnt corBpesitim fnyolving mixing
t hereby exposing shaft of radius, and then 15
rasteoblazis witho fibrinl ghuss avmsirvatiatonial, fellavesahy apmicpiégnefpr bone
by conpl ete renoval of the periosteumfromthe bone
dufiest ar ea.

be describedi}~

of

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

For healing of bone fracture, immobilization of the fracture regions should
be preceded and sufficient supply of blood and application of appropriate siress 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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- -15ln thé control group, cancellous bone was

previously collected fromlong bone and bone grafting

‘'was ‘carried out in-the bone defect area, -foll owed by

suturing skin and subcutaneous tissues. In
the experinental group, skin and subcutaneous tissues
were carefully sutured such that the bone defect area
beconmes a vacant space, and the osteobl ast
20conposition was injected three weeks |ater, as
shown in Fig. 4. After taking radi ographs at a
week 3, 6 and 9 frominitiati@n of experinent, bone
uni on was eval uated by assi gnnent of the

fgione spendimnggadoidnt (1) finctups- oxdansing saume, wedfing in formation
osteotony areas and bone defect area, respectively, -

i helemendi inga wpainllarydeyite @nd fbebeatle thenbenpstavat e Jrflagmgtory
the sum of the thus-gained points. Table 1 5Method,
tiervatiese tiberitety forh odamdged onesrbticacells detdriol sasodilation and
Poi nt Proxi mal osteotony area

exudation of blood plasma, thereby causing acute edema.  After the inflammation
phase, the switchover to a repair phase is followed with initiation of new matrix
formation.

The repair phase is initiated with organization of hematoma formed in the
fractured sites. Hematoma creates a fibrin scaffold which then receives repair
cells. Then, growth factors or other proteins formed by these repair cells induce
cell migration and proliferation, and formation of a repair mairix, which are the
first step of bone fracture restoration. Majority of cells creating bone tissues
during healing 6f 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 osteogemic cells. The matrix, which is synthesized by these
osteogenic cells, contains 2 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 umnecessary and superfluous calluses are gradually
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absorbed. Based on the resulis of radioisotope examination, it can be

seen that increased activity of radicisotope is maintained in the fracture site for a
prolonged period of time, even afier completion of bone union and recovery of
functions of the fracture site to normal state, as shown on the radiograph.
Therefore, the remodeling stage continues for several years after clinical union of
bone fracture has occwrred. |

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

Referring now to Fig. 3, a method for preparing a semi-solid osteoblast
composition containing fibrin for bone union in accordance with the present
invention, comprises isolating osteoblasts from a bone tissue and

culturing/proliferating the isolated osteoblasts in DMEM (Dulbecco’s Modified

Eagle’s Medium) or o -MEM (Mmlmum 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
(5200).
Herein, the coagulation factor is a mixture of thrombin and fibrinogen.
Herein, preparation steps of the therapeutic agent include dissolving
Iyophilized thrombin in liquid DMEM or a-MEM and then mixing 1 IU/mL to
100 TU/mL of the dissolved thrombin with the osteoblast mixed solution (5210);

and dissolving lyophilized fibrinogen in liguid DMEM or a-MEM and then
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12
mixing 20 to 100 mg/mL of the dissolved fibrinogen with the osteoblast mixed

solution containing thrombin mixed therein (8220).
Meanwhile, a concentration of thrombin determines a polymerization time
of fibrin. Therefore, the polymerization time of fibrin can be reduced within a

range of 4 hours to 3 sec, depending upon the concentration of thrombin.

' Thrombin was applied to the concentration such that the composition of the

present invention is shaped to prevent osteoblasts and coagulation factors from
leaking from lesion sites when injected into a site for union of bone fracture,
iﬁjection of the composition into the affected site leads to rapid formation of a
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, osteoblasts were isolated from the corresponding tissmes, and
cultured in DMEM or o-MEM for 4 v‘::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 at room temperature,
fibrinogen was dissolved by adding a proper quantity of liquid DMEM or o -MEM
1o a vial containing Iyophilized fibrinogen.



10

15

20

Nonuni on Nonunion Nonunion Table 2 Results after
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13
In addition, thrombin was also dissolved by adding a proper quantity

of liquid DMEM or o -MEM to a vial containing the {yophilized thrombin.

Then, the dissolved thrombin was added in a 1/5 volume to the fiquid
osteoblast suspension and mixed well.

An osteoblast suspension mixed with thrombin was mixed with an equal
amount of fibrinogen to prepare 50028 of an osteoblast composition.

30 New Zealand white rabbits, weighing about 3 kg, disregarding sex, were
divided into a control group for bone grafiing, and an experimental group for
grafting a semi-solid osteoblast composition containing fibrin for bone union, each
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 conirol group, cancellous bone was previously collected from long
bone and bone grafting was cartied 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 lafer, 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 point(s)

to proximal and distal osteotomy areas and bone defect area, respectively,
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14 &ood (6-7) 12 Fair

No ef

fect (0-1)

(4-5) - -

14

Poor

(2-3) - - 15

depending upon a degree of bone union thereof, and the sum of the thus-gained

points.
Table 1
Method for determining union of bone fracture for lesions
Point | Proximal osteotomy ; 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%)
1o Nonunjon Nonunion ] Nonunion
Table 2
Results after nine weeks of bone grafting in control and experimental
groups
Control group Experimental group
Excelient (8-9) 14 13
Good (6-7) __ 1 2
Fair (4-5) - -
Poor (2-3) - -
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Fig. 5 shows a radiograph taken 6 weeks after
injection of a seni-solid osteoblast therapeutic
agent containing a fibrin and osteobl ast m xture
followi ng introduction of 15 mmsized bone fracture
into the forearmof a rabbit and it can be 5seen that
conpl ete union of bone fracture was achi eved.

Fig. 6 shows a photograph of a tissue section stained
wi t h Hermat oxyl i nEosi n, taken 6 weeks after injection
of a sem -solid osteoblast therapeutic agent
containing a fibrin and osteddl ast mixture following

i ntroduction of 15 |ramsized bone fragture into the
Ny effigch (1) a rabbi ti-and _t here was obsdrved _a bone

i sl and 10f or ned al one. Fig. 7 shows a

phot ograph of a tissue section stained with Masson's
Trichrome, taken 6 weeks after injection of a fibrin

and ostFepbi alsdwsr xadiogaph kdkeni heyeekst afted igecton of a $6mi-solid
nm si zed bone fracture into the forearmof a rabbit,
ansttoblastctherdpemtioadent veutainires a dibkinapdnostendlast mittigredfoliowing
al ong predeterm ned patterns, 15thus representing
pniogdvesion of 15 ame-sizod bond fractansdnth dhaforsanm offa rbblibahd it can be
vessel s therebetween (a red elliptic dotted line).
Bearsthat completerubionce bont lrattnes waeschidved.nventi on, there

is provided bone grafting w thout inmunol ogi cal

rej ect iRl dbyhowsxa photogiapb lolf astissussdetiof istairied waitidl Hematoxylin-
injecting the mxture into affected parts for bone

(Hust) takeneh Wweeke afier Dijection ©f modend Gplid gsreeblasiuthedapeutic agent
severe bone fracture, and exhibiting effective and
rodpizinibg aefitih ol efidodliss miktard fililesingintrofiudion of 15 mm-sized
conposi tion which was shaped to a certain extent. 16
[Hond Wedctira lintdht ife@iint iof Y] rabbit and tif¥ee @R LERVed b WBne island
the foregoing, in accordance with a sem -solid

otreebhiand. conposition containing fibrin for bone

uni on of the present invention and a nethod for

preparipig ¥hshoS@ne phbygrap ¢4 Mished seutioasSstaAlRED MitkeWasson’s
above, it enabl es bone fracture reunion, having no.
Clridtireak, gikaht6 ri¢eRetdfn njedtibm] Ch | WtirDBnd Nosteoblast mixture
osteobl asts and fibrin mixture into a site where bone
UhaliowidgSintrotdedtion cind waPdbtEbale RadnireThidoghe fdreatd vPa rabbit,
and rapid bone union via injection of a conposition
VeihdGH cxBBe SHERERd tthat Toll &Fdnovis lﬁmaﬁmﬁ alor Pred@émiifed patterns,
all eviate problens associated with

thus representing progress of bone formation and formafion of blood vessels
therebetween (a red elliptic dotted line).

Thus, in éccordance with the present invention, there is provided bone
grafiing without immumological 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 exhibiiing effective and rapid bone union

effects via injection of a composition which was shaped to a certain extent.




10

15

20

10 probability of bone tissue formation in unwanted
regions resulting fromescape of injected osteobl asts
fromthe site for bone union and then propagation
thereof to other sites via the blood stream which
may be caused by injection of an osteobl ast

- suspension alone. In addition, the present invention

enabl es bone fracture reunion which is 15 capable of
perform ng a surgical operation with mnimal incision
when osteoblasts and fibrin are injected into a site
where bone union is sought, dfd which is capable of

hj evi pg hone_union via sinple and effective
?[iﬂ‘%@%ﬂggpﬂ%‘m}é‘hm?xed conposi tion of osteobl asts and
fibrin w thout incision of the correspondi ng danmaged
regi ons upon utilizing radiation system such as

X-ray. 20Al though the, preferred enbodi nents of the

pres ent‘é HpErTH; 5o the feragame. B @epﬁw Vigga Sersh-soif osteoblast
illustrative purposes, trlrﬁrgse skilled in the art will
FOPROSIIgn ccquirRIng Hibriy, Sorbang juminy ghibe PErIFRt GivSntoR) and a

substitutions, are possible, w thoyt departjng from
tipethed dorprepraing fhe same, haying fopmelation as GSCTipatt RAvE it eables
the acconpanying clainms. 17 [CLAIMS] [Claim1], A,

fRome; FagtBye: BURIORy hewing. 5o Glinicd grait) teisction i dpjecticn of an
for curing bgne fractuyre wherejn the conposition is
pqsgﬁxg}aé‘@ a,51§1 @Wmeé@ﬁﬁrﬁﬂgq \ﬁ]@ﬁ;re bone union is sought, and capable
culturing/proliferating isol ated, ostegblasts froma .
p¥rachieving rifachive,and rapid bengpaipn viavkgfictian Af gipgmposition which
Modi fjcation (al pha-MEM to prepare an osteobl ast | .
swan shaped fo afertain exiang wgordse 19 alayipteRyoblemsopsadated with

suspension W th a coagul ation factor to prepare an

- reeahilitysaf bope tisgye fermeatingdntunwinted apgionniegulting from escape of

coagul ation factor is a mxture of 10thronbin and
finisctedoréanblagisdran the fite for dwae amiconanst thps pefpagaféon thereof to

therapeutjc agent include: L
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 injectéd 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 a.ccompanying claims.
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di ssol ving | yophilized thronbin in Iiquid al pha- VEM
and then mxing 1 to 100 I U nL of the dissolved
thrombin with the osteoblast m xed sol ution; and

di ssolving | yophilized fibrinogen in Iiquid al pha- VEM
and then m xing 20 ng/nL 15to 100 ng/nL of the

di ssol ved fibrinogen with the osteobl ast m xed

sol ution containing thrombin,o xed therein. 18
SEM - SOLI D OSI EOBLAST CONPCé?%ION CONTAI NI NG FI BRI N
FOR BONE UNI ON AND METHOD PREPARI NG THE SAME 5
A@gLqug] Provi ded are a sem -solid osteobl ast
conposition containing fibrin for bone union and a
nmet hod for preparing the sanme. The nethod conprises
isolating ost eobl ast s fron1a bone tissue and

aﬁzﬂri % dﬂgcfrg{e b&?fﬁﬂﬁ dsﬁt(r@fb@ﬁt Q@fn%@ﬁju@ﬁtfér blEhng bone

CCO' s Eag Medi um) or &agr;

dsﬁ'ionl\{? fe#g%ed@y% Madichin gﬁg]ﬁgn) to

prepare an OStEO%ﬂ%St Sus S1 on m Xi n

gf'lﬁé/p%ﬁ% TRE00 Relu FAERFLAR Wobl £ baFOAGAT L Ytinimum

an osteo erapeuti ¢ agen

%cord o Ql\éqﬁlte gﬂeﬁ% g\@?q‘a}ﬁpﬁ% TiSRY- éf%@ %1 PphidCan osteoblast

achi eve bone grafting capable of 15 perform ng bone
FHIRSAS RS no clinical graft rejection and uniform
distribution.of ost?oblasts Via.inject

of . an
GREEEHINa e R OTIPRRIAS, SHEREREPR Wih C%L@%{Oéldfaﬁfar fe prepare an

for bone union, and effective and raj id bone union
Weigoblepis thampeniiy cagenbnwherel saidi caagiaiogsfasts| ise mixiure of

conposition into affected parts.
thrombin and fibrinogen,

wherein the preparation steps of the therapéutic agent include:

dissolving lyophilized thrombin in liquid alpha-MEM and then mixing 1 to 100
TU/mL of the dissolved thrombin with the osteoblast mixed solution; and
dissolving lyophilized fibrinogen in liquid alpha-MEM and then mixing 20 mg/mL
to 100 mg/ml of the dissolved fibrinogen with the osteoblast mixed solution

containing thrombin mixed therein.
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SEMI-SOLID OSTEOBLAST COMPOSITION CONTAINING FIBRIN FOR

BONE UNION AND METHOD PREPARING THE SAME

Abstract
Provided are a semi-solid osteoblast composition containing fibrin for bone union
and a method for preparing the same. The method comprises isolating osteoblasts

from a bone tissue and culturing/proliferating the isolated osteoblasts in DMEM

~ (Dulbecco's Modified Eagle's Medium) or &agr; -MEM Minimum Essential

Medium, Alpha Modification) to prepare an osteoblast suspension; and mixing the
resulting osteoblast suspension with an coagulation factor to prepare an osteoblast
therapeutic agent. In accordance with the present invention having the above-
mentioned construction, it 1s poésible to achieve bone grafting capable of
performing bone union having no clinical graft rejection and uniform distribution
of osteoblasts via Injection of an osteoblasts and fibrin mixture into affected parts
for bone union, and effective and rapid bone union via constant injection of a
semi-solid osteoblast composition into affected parts.

(Figure 3)



