[DESCRIPTION] [Invention Title] MANUFACTURING METHOD OF COLLAGEN GEL
COMPOSITION FOR BONE REGENERATION [Thchnical Field] The present invention relates to a
method for preparing a collagen gel composition for bone regeneration. More specifically, the present
invention is capable of promoting osteogenesis by imparting osteoconduc .1v ty, osteogenictty and
osteoblastic differentiation induction capacity through co-injection of hone marrow-derived nucleated
cells with a collagen-based matrix composition into bone-defective lesions of a subject. Further, the
present invention can ensure high quality of the product through the process and quality- control where
a matrix composition can be used for medical applications. In addition, the present invention enables
mass produgtipnref thegarpduct, use of the product alone or in combination with bone marrow-derived
nucleated cells of patients, if necessary, and convenient and low-cost application of the product to the
patient withiFﬁﬁ"é’r*i‘ér"(oﬁe?ﬁib?czl1 Bl time, as compared to conventional cell therapeutic agents. Therefore,

the present inventigngogamplishes signifisantiy improved qualiy iandy elbilityo R praduntand

thereby is very useful to enhapce customer satisfaction. [Background Art] Theesent invention is an
improvemen(t fer Rvreahn P&ty Appat ion No. 2006-0091325 (Patent Registration No. 0834711)

assigned to the presentapplicantand aititledasteogenesistpramuling calk compesiian deelbanre
regeneration and method for preparing the same". As iggglggggglly known ostegrgorosis Is.a

medical coRti8R thitre efitsAAS JraRRisr eBf HBHE na eXsity PESE estit fot fon

accompaniegl by gjigh)susegptibifignieingne frasbaes sesulting froipahel fiermatiomobidoradsedy,
numbers of tiny pores within the bone, similar ta that found in coayse pumice stones or spgnges. That
5, OsteopofSH i Gaag b BISHPIASUE bk 1568 ObIGhg tRATbl RafiBRABE hiany ) holds or

pores as campareadiogfolma hereoredectian afledpetmbss  thinning andoeakeningsofl w4rr<b> 2

bone microarehitecture,sing the bones.to hecome brittle and prone to breaking even with only light

knpact. Beﬁgﬂ%%sbgfé’fi‘pdﬂ? |s}fﬂ%€§r€%f &F At withobRSubjedtivi-BARY or za‘)}fﬁb%f?ns,%‘&op%e&éa t not

be aware thattheydnaveostegperosisdmntitheyt accitdentallypfaltior getthivand irhturpreasity beedk a

bone. Even wi hII:i?ht falls Fﬁ:og] e having osteoporosis may eﬁﬁverience Wrist fr%}ctuges, pelvic fr?ctures
c

and vertebfAPfrABurOWit sanfind'@bVbfe SRR bticutal pdivic Ficturé@and Vitébral
fractures ampsenverelymainful addirequire Surgicakoperations; iand ¢hebpatients havestnpuitanp wiith the

hardship of being sick jn bed even for several months. Even after complete recqvery from the surgery,
physical im}ﬁ;ﬁrrﬁ@?}{%éy Stif regriafrg%u%r 96{%%9%1%&%0@@ C&P‘%H}lﬁ‘ |’i83ti8h§10?b§§?eo'ﬂ%rr5%‘fs_
Bolles contiruously nnderge:decompositiopeainchteplacement pracessesi Thhavis, iemodedingavecurs
constantly in all hones. During bone remadelin d bone is destroyed and absorbed.by osteoclasts,
and new béﬁé{.s‘ﬂf%?riaﬁéé 69%2%50 asts” Ut%éngja%lg%rBﬁ%he%gc%le{ggrb@ngg%b%ﬁgga{t?gnxdﬁz 0%
imbalancedihomepstasdistof thebone dissues, this imagpledad ¢o dbendecuftitened afcostdoparosisnlt is
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[Background Art]
<2> The present invention is an improvement to Korean Patent Application
No. 2006-0091325 (Patent Registration No. 0834718) assigned to the present
applicant and entitled "steogenesis-promoting cell composition for bone
regeneration and method for preparing the same".
<3> As 1s generally known, osteoporosis is a medical condition that results
in a gradual loss of bone mass and density and as a result, 1s accompanied by
high susceptibility to bone fractures resulting from the formation of
increased numbers of tiny pores within the bone, similar to that found in
coarse pumice stones or sponges. That 1s, osteoporosis 1s a disease of

progressive bone loss involving the formation of many tiny holes or pores as

T

compared to normal bone, reduction of bone mass, thinning and weakening of



(amenorrhoea), neurasthenia, use of adrenocortical hormones or ant iconvulsants, hypoandrogenemia
in male gender, insufficient exercise, smoking, excessive drinking, Asian and Caucasian people
(Africans and Hispanic-Americans are at lower risk), early menopause (before age 45), excessive
caffeine and alcohol consumption, and diets low in calciun. The incidence of osteoporosis is higher
in Asian people than American people. Osteoporosis is estimated to affect more than 28,990,000
American people (80 percent of those affected are women). In the United States, 10 million individuals
already have osteoporosis. 18 million more have low bone mass, placing them at increased risk for
osteoporosis. One in two women and osteoporosis-related fracturestheirOne in ten African-
Americanshyoyver iherawe of 3@ has psteeparasishadditonalenednhidhas lowi bone dehsityotteat puts
them at risk of developing ostegporosis. Qsteoporosis is responsible for more than 1.5 million fractures
annually, iRCRIGIHE 3ﬁﬁfﬁbovﬂi§{f)ra%‘fdyes, ?%ﬁooﬁ“@é‘rﬁe'br Frattired 2500000 Wristtractures and
300,000 fractuses at othessitesibljetheddniteth Statesnb2.000,pR0fracilirg cases obecaweach jear,

147,000 to 250,000 cases of which are hiP fr&ctures a(??d 80% of WTch are %]a%s drt%}/ qugtt auma. By

age 80, abOt40HE 6 WOrid BHSridREL at st Biid YSBhral faktufd. Ahird of W&neR alt A sixth
of men willgxpeyiepesir hipfrasturBvey thettimeitiay aselin, theivjate 608185 tob%0ohtHe hipfracture
patients are unable to walk without the assistance ori{an ther perion even a erpig rteupair surgery and
such fractdPEAIENToWh to'be EBrEERd \%ﬁivﬂ‘fe &‘fg‘ﬁf S an Srapsatic’”

m%er{é Afious fherapeutic
approachescdevelopéeskto dreat ostpoporodis, genveatinnal iaklistied 6steoporesisittierapieshsatch as

by use of isphosphonates or selective estragen receptor modulators, (SERMs). primarily jocys.on the
suppressionr f Hone aﬁsorp fory and afé Khown 6 inhibit progressgofJ osteo%oross via the prevention of

a further losst oébonenmass; dn addition, Wiy usihg biomel grafting obautologels ostdeldiast-baséadr
therapeutic a}genf, bonqbunio or b(%g% regenerftion can be achieved i Iocg{lntraec%tures auscez(ij1 by
various factors'ift Iu@ﬁ?& Steoporosts brlin (fgf%) £ Feesigﬁg ‘é%rﬁfriné Jone Fegené(;rat?é)’n. 2 owever,
the conventignal thertapauticsnethodsiklock duethes psogeess lof asteniperosis bymreveriting bonk
absorption viﬁeinhoipitisog of the osteoclast activity, and therefore suffer from problems related to failure
of substantid yof%cil(i)taltlrig bone regeneration. Further, use of the above-mentioned bone graft
technigue or autolBgoiss estechlastshasendhezapeiatiormgentsis disaldveridgeoestin thatcedsdifficult to
achieve biglpgical hone, egencration (hroughaut extensive egions, Eepiough devslopment o el
therapeutic agen]ts has been driven in' 4 order to overcome disa vantages of bone regeneration
suffered by tie lelassicshdne: grattteotihighres bitds difficuleto lashievesy stemigoapplisafionteflabiherent
cells or the&ﬁ?&o‘f}k%&%aﬁ"}i” ng%d;%%%?;f%'r% Vg %9'%89&}%@8&@}%?9%5 begause k%dﬁz!ﬁ%ﬁeéé‘i'b'e to
carry out cell injection via the 'Hood stream since adherent cells may die if they are not adhered to an
adequate Substratesis Réviehingbfurthet details, of thescomventiendl schertfes, tharapentie methods
using bo“?o%‘l'é’%f@ﬁ%@@sbo% autografing Ortﬁﬁé‘{‘spé%@taq%@i %@U&O'Qﬁouﬁﬁ%@&%ﬁ?aﬁﬁ% a
therapeutic agents for local application have been used when bone defects or osteonecrosis took
place in locallleisions iar sthérwierbthhartapeutié methods usikg Horierabsoebtien inbitsitersisuetras
pisphospnanate ANdBIKSRAYe BARN dPaflihan Aane delects,nayR asoiEem I oHANRA broad
range of lesions such as osteoporosis. Bone allografting still suffers from problems such as
propagatioPSpeeRisility df disereiesisimsuffieid bt suppIPETirnpraftimate il Lt meHEs b tiidesired
immune reagan, sueh.as grafiiejection,and a difficulty jp, complaie irgepgration Qiifie.dmplagts into
self tissues of a subject. Meanwh le, hone aatografting solves or alleviates such problems suffered by
the allografttebHHigUs aBUE haddeatVErEaRRss such ad'a diffiemgest secliihg Suffitientdivarsites to
provide bouag for-hone ransplantationythgmorbidity ofithe dones sites and she ik cglh thegageutic
agent utilizing antologous osteoblasts is a therapeutic approach which was developed to solve the
problems aHA@MBAEVAGAHEE D HE catveltiial bioke graftbetgReEaad (P&HY®N 484 tehnique

which capahle.of achieying acal,Rone /a9aneralaRRYINased diets low in calcium.

proliferationofostegprogenitorcellsisolatedfrombonemarrow, differentiation of the osteoprogenitor cells

into 65teoblasts andtraRSpiAEticH of theoB8IcEhRsts iRISTRE thtget et hided MbotisT 1can

lregelnberati%obiwe\a%e@kbgfot_m ?b@vwlm%tl@ﬁed @oaf/%ﬁtonairtf@chngweﬁ%mb@gapg&%d fanly for
ocal bone regeneration and simply serve to fill an empty space of the bone, but suffer from
disadvantae® of d uH?t%e%a?\{)ohk&a%fiE FEY t@ﬁ/%i U tri%ﬂte@%r@ﬂ‘gﬁ%h&%t%dy}%r

example systemis: individuals already have osteoporosis. 18 million more hav

nave 10w pone

mass, placing them at increased risk for osteoporosis. One in two women and



hone deficiency due to osteoporosis and extensive bone deficiencyto osteonecrosts. Further.,
bane-absorption inhibitors used to treat osteoporosis have no bone regeneration-promoting ability and
thereby suffer from many limitations in the treatment of extensive bone damage caused by
osteoporosis. In order to overcome the above-mentioned problems and disadvantages of
conventional therapies, Korean Patent No. 0834718 assigned to the present applicant, discloses an
osteogenesis-promoting cell compos t ion for bone regeneration. However, the above conventional
art of the present applicant still suffers from a significant problem of a long-term culture period of cells.
More specifically, therapeutic methods using allografting, autograffing or transplantation of topical
autologous gsteablast-based therapewtici agerisioaveheen usedfontie dfeaiment lotlosal lrone
defects or necrosis. H.ovyev?r éal}?sdi cussed hereinbefore, the qllograft chnique uffergltfrom the
problems AR AY prSpagatieh sk grdictases Hhsifticiént SUSHITSE tralSplahits, E%%si e imfiune
responsesjand axdifficulty itheompleté reganeratiozvphtheitransplaads intaselbtissues; Meanwhile, the
autograft t chni(%Je solves or alleviates such pro Iergs uff redﬁ%/ th§ allogratting,oblgt has .
disadvantag®s stich a5 a iUty of S58Uritg dSHof it %Yeg(?&é PatiiSdgicar epidod8RGF the donor
sites and the likespomaiiddogbms asteobldstbaksed agll therapeaticlagentdsrmahéyapeautid mietgod

which was dgvlgpad 1o solue (he. problemsyof thess bang arafl fechniguesoand 1 s kpown ase
technique which'is caﬁable o] acéhlévmg local boneregeneration By mass’ cultivation o os(feoprogenltor
cells isolateddrattithone niamow; eiffesentiatien of thesostéoprdgenlior cells Sntd estecislaghd i
transplantation of the thu“s-differentiat(zfj osteobl?é};sd&t)o he &agg% sions in nee ofhbonre ;
regenerati ﬁ.dﬂé\}v%v%?,sﬁ?e gﬁ%Sfoge(ﬁ? cefihase therap Utic pproagﬁslessaé)varﬁalgceouas in t%r?ns of
patient-spetificttiverapyy dttéxbibitehackhariety ofishartbpmings suchuas exXjyenswetiess;lwarmplicated
processes and lang-term,period of mere than,one. month for proguietion, ofherapeulic prodyefs, and
consequenq y gﬂ%ulty ofimmediate uSe of products on the spot where bone efects or fractdres of
patients areigvercameetisadvantagesiefibone tegererationcbycohycbdnadransplaatation tébhniques,
development.of gell-b herapeutic. dr h celerated, hu cfi uch, peutic
crigs takeL A Tongtens pertod ot hore e B Gk LA Aoas i SutlBEaR e g
disadvantages efkniited donof sitesthad theratiograftiechitieuelsufferspfrom the gisk associatedh with
possible in?%%ti , 1r}r%fS dgsreea egWI[Dti%cL%s%%gE%g?ni,cizg Ptrgeblnqg@]tzﬁlﬁ>Therefore, the present invention
has been made in View of the problems associated with conventional bone graft techniques as
discussed above, &mhit isaa first objectpéthecprasentigentionctopedvite artethodtferpreparing a
collagen gel Gomposiion.for hane:aanerationcamparsing, spleting bapgmagtowfpom gaimatissues
and isolating nucleated cells from the bone marrow; and mixing the nucleated cells and a bio-matrix
composed fsElpEs Pevlkgen @hd ajatitele< 1 ssAsaco NS CtO ftheprbseritinveliiBnistorniRaicéosteo
onductivity e o afipiy,fi o5\ eoRrogeBiiRL CRe A BICHIRY SelSkiiASS ofif cplipgsriiased

of osteoporosis via the prevention of a further loss of bone mass. In

addition, by using bone grafting or autologous osteoblast—based therapeutic
agents, bone union or bone regeneration can be achieved in local fractures
caused by various factors including osteoporosis or in target lesions
requiring bone regeneration.

However, the conventional therapeutic methods block further progress of
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osteoporosis by preventing bone absorption via inhibition of the osteoclast
activity, and therefore suffer from problems related to failure of
substantially facilitating bone regeneration. Further, use of the above-
mentioned bone graft technique or autologous osteoblast-based therapeutic
agents is disadvantageous in that it is difficult to achieve biological bone
regeneration throughout extensive regions.

<8> Even though development of cell therapeutic agents has been driven in



<16>A third object of the present invention is to provide an osteogenes s- promoting composition
which is capable of facilitating bone regeneration by isolation of bone marrow-derived nucleated cells
and co-transplantation of the nucleated cells and the matrix mixture into target sites in need of bone
regeneration. <17>A fourth object of the present invention is to provide an injectable composition
which is capable bone-regenerating cells, and purpdse, a bone matrix mi mass-produced on an
indostri of simultaneously imparting bone filler and a method of producing the same. For this including
collagen which is capable of being scale, is mixed with bone marrow-derived 7 A fifth object of the
presentachieve uniform composition and nucleated cci is to target sites in need of bone format
ion ir espegtiveroftshaperangemorphblogy afdere mefectdgsionst byninjecterefl apy the classic
osteogerie%sngromolingfcomposition Erepare cording to the.present invention into taérget lesions in
need of loc&iorie fofmatioh! fHetefors, itis Possible to teatd Vatfety o fiatturdreltad disedses.
<19> A sixtaiehiect of:-the presenthinventionds te provde aometlidadrforipreparingvacoliagen beld
composition for bon r_egeneéa%tion, which is suited fﬁr enhancir}& custom?r satisfaﬁtion via reé}'garkably

improved qUARFandPeliabilitF A4he prodactRSEhRicall€ofiiion] GO dcddrdantdithant bresent
invention, thie@boverand ofhereobjents an beldecomplished iy tepravisian of admeatbad for preparing

a collagend%el cgmﬁpqs‘gion for hone regeneration comprising collecting bone marrow from animal
tissues and1S814t g Gl t cells from the bone IllarFOW; and mixing the nucleated cells and a
bio-matrix composed afitiipe |fceltagen énd apatité. the conventional schemes, therapeutic

methods wusing bone allografting, bone autografting or transplantation of
autologous osteoblast-based therapeutic agents for local application have
been used when bone defects or osteonecrosis took place in local lesions, or
otherwise therapeutic methods using bone-absorption 1nhibitors such as
bisphosphonate and the like have been used when bone defects have occurred
throughout a broad range of lesions such as osteoporosis. Bone allografting
still suffers from problems such as propagation possibility of diseases,
insufficient supply of implant materials, occurrence of undesired immune
reaction such as graft rejection, and a difficulty in complete regeneration
of the implants into self tissues of a subject. Meanwhile, bone autografting
solves or alleviates such problems suffered by the allograft technique, but
has disadvantages such as a difficulty of securing sufficient donor sites to
provide bone for bone transplantation, the morbidity of the donor sites and
the like. A cell therapeutic agent utilizing autologous osteoblasts 1s a
therapeutic approach which was developed to solve the problems and
disadvantages of the conventional bone graft techniques, and 1s known as a
technique which is capable of achieving local bone regeneration by mass
proliferation of osteoprogenitor cells isolated from bone marrow,
differentiation of the osteoprogenitor cells into osteoblasts and
transplantation of the osteoblasts into the target sites in need of bone
regeneration. However, all of the above-mentioned conventional techniques can
be applied only for local bone regeneration and simply serve to fill an empty
space of the bone, but suffer from disadvantages of difficulty to treat bone

deficiency extensively distributed throughout the body, for example systemic



[Advantageous Effects) <22>As illustrated hereinbefore, the present invent ion provides a method for
preparing a collagen gel composition for bone regeneration comprising collecting bone marrow from
animal tissues and isolating nucleated cells from the bone marrow; and mixing the nucleated cells and
a b o-matrix composed of type | collagen and apatite. <73>Further, the present invention enhances
osteoconductiity and cell affinity for osteoprogenitorcells or vascular cells, through use of a
collagen-based matrix mixture. <24>Further, the present invention provides an
osteogenesis-promoting composition which is capable of facilitating bone regeneration, by isolation of
bone marrow-derived nucleated cells and co-transplantation of the nucleated cells and the matrix

mixture intgJasgetesitesdncneed of b@n@slt%ggﬂﬁ:@tl@neﬁd%in@@iﬁ@nb@he piesentdnventian provides
an injectable composition anuICh is ca able smultaneousm y im artlng bone filler an

bone-regeRef&fiRg EaRsS and A et GEING e SAHTd OFor th pi?rp%rse@ta%sgﬁgi?ﬁ frix ure

including ceiegencapakle Qf;g@e@gamaﬁslapmduge@l ishhixed witli bone sharrewtderivédonucteated cells
of the patient and the mixture is then rendered ready, to Lﬁ?e fo(ithe atient i |§ eed of bone

regenerationithi @EhBH PEridaGHERE. hESEEHHEE RGO YRR ER S in
delivesy of the mafiix cofepositionandmmucleateshbeetsc iarget sitelslimpead] of bame fotmedtion {

irrespective of shape orphology,of bonedF;i fect lesio y Jectlon of an
osteogeneg%“b%h%ﬁﬁg Cg):% gsfﬁo’n pKO e are a%ccgrdlﬁng trb% e pl)gésen e%tlon mt% ta?ge??esmns in
need of Iocﬁj;helerﬁorman@ﬂ cEherefarepittiopessible-podneat s varidty ofdraotire-oelatbd dibeases.
<27>Finall the entlnventlonls significantly beneficialfor enhancing customer satisfaction via

remarkabl d%uallty and reliability of the product. [Description of Drawings)
However, the above conventional art of the present applicant still

suffers from a significant problem of a long-term culture period of cells.

<12> More specifically, therapeutic methods using allografting, autografting
or transplantation of topical autologous osteoblast-based therapeutic agents
have been used for the treatment of local bone defects or necrosis. However,
as discussed hereinbefore, the allograft technique suffers from the problems
such as propagation risk of diseases, insufficient supply of transplants,
possible immune responses, and a difficulty in complete regeneration of the
transplants Into self tissues. Meanwhile, the autograft technique solves or
alleviates such problems suffered by the allografting, but has disadvantages
such as a difficulty of securing donor sites, possible pathological episodes
of the donor sites and the like. An autologous osteoblast-based cell
therapeutic agent 1is a therapeutic method which was developed to solve the
problems of these bone graft techniques, and 1t is known as a technique which
is capable of achieving local bone regeneration by mass cultivation of
osteoprogenitor cells 1isolated from bone marrow, differentiation of the
osteoprogenitor cells into osteoblasts and transplantation of the thus-
differentiated osteoblasts into the target lesions in need of bone
regeneration. However, the autologous cell-based therapeutic approach is
advantageous in terms of patient-specific therapy, but exhibits a variety of
shortcomings such as expensiveness, complicated processes and long-term

o o~ P - SRS e . PR o~ PO A s - P
period of more than one month for production of therapeutic products, and

-

consequent ly difficulty of immediate use of products on the spot where Dbone



9 <28> FIG,lisaprocessflowchart collagengetcompositionforbone presentinvent illustratinga
methodforprepu_ regenerationwhichisappliedto <29> FIG.2isaphotographofa nudemousewith
scapularsubcutaneous injectionofimLofacollagengel accordance with the presentinvention;
compositionfor boneregenerationin

<i3>

<ld>

<16>

6

defects or fractures of patients are diagnosed.

In order to overcome disadvantages of bone regeneration by conventional
hone transplantation techniques, development of cell-based therapeutic drugs
has been accelerated, but production of such therapeutic drugs takes a long-
term period of more than one month. Further, the autograft technique has
disadvantages of limited donor sites and the allograft technique suffers from
the risk associated with possible infection of diseases.

[Disclosure]
[Technical Problem]

Therefore, the present invention has been made in view of the problems
associated with conventional bone graft techniques as discussed above, and it
is a first object of the present invention to provide a method for preparing
a collagen gel composition for bone regeneration comprising collecting bone
marrow from animal tissues and isolating nucleated cells from the bone
marrow; and mixing the nucleated cells and a bio-matrix composed of type I
collagen and apatite.

A second object of the present invention is to enhance
osteoconductivity and cell affinity for osteoprogenitor cells or wvascular
cells, via use of a collagen-based matrix mixture.

A third object of the present invention is to provide an osteogenesis—
promoting composition which is capable of facilitating bone regeneration by
isolation of bone marrow-derived nucleated cells and co-transplantation of
the nucleated cells and the matrix mixture into target sites in need of bone
regeneration.

A fourth object of the present Invention is to provide an injectable
composition which i1s capable of simultaneously imparting bone filler and
bone-regenerating cells, and a method of producing the same. For this
purpose, a bone matrix mixture, including collagen which is capable of being
mass—produced on an industrial scale, is mixed with bone marrow—derived
nucleated cells of the patient and the mixture is then ready to use for the

patient in need of bone regeneration within a short period of time.



<30> FIG.3isanautoradiograph ofanudemouse taken9weeksafter scapular subcutaneous injection of 1
mL of a collagen gel composition for bone regeneration in accordance with the present invention;

FIG. 4 is a photograph showing histological staining results of a nude mouse taken 9 weeks after
scapular subcutaneous injection of 1 trL of a collagen gel composition for hone regeneration in
accordance with the present invent ion; <22>FIG. 54s an autoradiograph taken on Week 3 and 9 after
injection of a collagen gel composition for bone regeneration in accordance with the present invention,
following induction of a 10num long fracture in the rabbit forearm; and <33>FTC. 6 is an
autoradiograph taken on Week 3 and 9 after inject ion of a collagen gel composition for bone
regeneration in acgofdaricerwith thefpresent invantionydotlowingsinduetibneot aubs fumelatg fracture in

the rabbit forearm. (thest Mode% <.34>Hereé{[naft r, the prefi rre Oernl}qoc_ﬁi'lme} tgsofi Itlhe eor&sgptgggention
accomplistihgtife KHOVE- Ao 4 BoflEtd SRt BHEES Wilk be dbddFibed ihThore dETS Witk Taterence
to the accofmpadyiog drawigs.t <85>4 methed fardpreparingaacotiageongeld¢efnposition fosbohe
regeneration,.wr%ich is applied to the present inventian, is consttituted as shtawn in F&GS. Jtthr%ugh 6.
injection ol an osteogenesis-promoting tomposition prépared according 1o the
present invention into target lesions in need of local bone formation.
Therefore, it is possible to treat a variety of fracture-related diseases.
<19> A sixth object of the present invention is to provide a method for
preparing a collagen gel composition for bone regeneration, which is suited
for enhancing customer satisfaction via remarkably improved quality and
reliability of the product.
[Technical Solution]
<20> In accordance with the present invention, the above and other objects
can be accomplished by the provision of a method for preparing a collagen gel
composition for bone regeneration comprising collecting bone marrow from

animal tissues and isolating nucleated cells from the bone marrow; and mixing

the nucleated cells and a bio-matrix composed of type | collagen and apatite.



<36>In connection with description of the present invention hereinafter: if it is considered that
description of known functions or constructions related to the present invention may make the subject
matter of the present invention unclear, the detailed description thereof will be omitted. 10 <37>Terms
which will be described hereinafter are established taking into consider Lion functi n in the present
nvenr ion and may vary according to manufacturer'§intent ‘'on or a usual practice in the related art
Therefore, the terms used herein should be defined based on the context of the specification of the
present invention. <38>As shown in FIG. 1, bone marrow is first harvested from animal tissues and
nucleated cells are then isolated therefrom (Step of isolating nucleated cells). <39>Thereafter, the
thus-isolateggayglaated cellss agg rmjxed with a bio- matrix composed of type | collagen and apatite to
thereby prepare a collggﬁn gel composition for bone regeneration. <40>Apatite, a.common caliilum
nd

phogphate mineralSis 'd IR EGircBCOE PHESIRBrotSany 7S Witle Eidirittedf i Hhy fgriEdis

metamorphig rogksy khis;,compaungd-mayalsa b aetificially synthesized Apatitei maydepised as the
source material for phosphate fertilizers, creams, toothpastes, artificial bones and materials thereof.

When apafifd i€ Phissd Wies GG ot Hilve - mtitiorisd dpphidhtishd e trit&go ehbrfital

reaction, whishyhakes: itrpessible i@iaveid lapgdniermacelt cediure. sdlaPreterablyi:theciussptepared gel
composition is placed and mixed in a_syringe to which a connector OT the like means is connected.
<iris>The ¢&i€ obtaieast1i89s8R2oRstep of nucleated cells consist of autologous nucleated cells.

<23> Further, the present invention enhances osteoconductivity and cell
affinity for osteoprogenitor cells or vascular cells, through use of a
collagen-based matrix mixture.

24> Further, the present invention provides an osteogenesis—promoting
composition which is capable of facilitating bone regeneration, by isolation
of bone marrow-derived nucleated cells and co-transplantation of the
nucleated cells and the matrix mixture into target sites in need of bone
regeneration.

<25> In addition, the present invention provides an injectable composition
which 1is capable of simultaneously imparting bone filler and bone—
regenerating cells, and a method of producing the same. For this purpose, a
bone matrix mixture including collagen capable of being mass-produced 1is
mixed with bone marrow-derived nucleated cells of the patient and the mixture
1s then rendered ready to use for the patient in need of bone regeneration
within a short period of time.

26> Further, the present invention achieves uniform delivery of the matrix
composition and nucleated cells to target sites in need of bone formation
irrespective of shape and morphology of bone defect lesions, by injection of
an osteogenesis-promoting composition prepared according to the present
invention into target lesions in need of local bone formation. Therefore, it
is possible to treat a variety of fracture-related diseases.

27> Finally, the present invention 1is significantly beneficial for
enhancing customer satisfaction via remarkably i1mproved quality and
reliability of the product.

[Description of Drawings]



<43>The thus-isolated autoiogous nucleated cells are obtained by harvesting bone marrow with a size
of 2 to 5 mm from animal bone marrow, followed by washing to isolate desired nucleated cells.

<44 Further, the bio-matrix employs type | collagen free of terminal te op ptides thereof and apatite.
<45>0.24 mL of type | collagen and 26.93 mg of apatite are added per 0.106 56 mL of a suspension of
1><10 to 4><10 nucleated cells having osteogenic gapacity. 11 regeneration according to the present
invention as consti toted above, [Mode for Invention <47>EXAMPLES <48>Now, the present :mention
will be described in more detail with reference to the following examples. These examples are
provided only for illustrating the present invention and should not be construed as limiting the scope

and.gpi r it of the present inyentign, «49>r1a@>Example [Lisfpplication gf hone fegeneigiing a
composition to nude mice o ) . . .

collagen gel composition for bone regeneration which 1is applied to the
present invention;

<29> FIG. 2 is a photograph of a nude mouse with scapular subcutaneous
injection of 1 mL of a collagen gel composition for bone regeneration in
accordance with the present invention,;

<30> FIG. 3 is an autoradiograph of a nude mouse taken 9 weeks after
scapular subcutaneous injection of 1 mL of a collagen gel composition for
bone regeneration in accordance with the present invention;

31> FIG. 4 is a photograph showing histological staining results of a nude
mouse taken 9 weeks after scapular subcutaneous injection of 1 mL of a
collagen gel composition for bone regeneration in accordance with the present
invention;

<32 FIG. 5 is an autoradiograph taken on Week 3 and 9 after injection of a
collagen gel composition for bone regeneration in accordance with the present
invention, following induction of a 10mm long fracture in the rabbit forearm;
and

<33 FIG. 6 is an autoradiograph taken on Week 3 and 9 after injection of a
collagen gel composition for bone regeneration in accordance with the present
invention, following induction of a 15mm long fracture in the rabbit forearm.

[Best Model

<34> Hereinafter, the preferred embodiments of the present invention for
accomplishing the above-mentioned objects and effects will be described in
more detail with reference to the accompanying drawings.

<35> A method for preparing a collagen gel composition for bone
regeneration, which is applied to the present invention, is constituted as
shown in FIGS. 1 through 6.

<36> In connection with description of the present invention hereinafter, if
it is considered that description of known functions or constructions related
to the present invention may make the subject matter of the present invention

unclear, the detailed description thereof will be omitted.



<si>Bone marrow was collected from mouse tissues and nucleated cells were then isolated to prepare
a cell suspension. Type | collagen and apatite. were prepared as components for a bio-matrix.
<52>The cell suspension, type | collagen and apatite were mixed to prepare 1 ml of a collagen get
composition for bone regeneration. BA4Bic nude mice (n- 13, weighing about 23 g, rrespecrive of male
aridfemale) Were given scapular subcutaneous injeéfjon of 1 mL of the collagen gel composition for
bone regeneration. <54>0n Week 3, 6 and 9 after injection of the bone-regenerating collagen gel
composition, autorad4ography and naked-eye examination were carried out followed by histological
staining. FIG. 2 shows a photograph of a nude mouse with scapular subcutaneous injection of 1

m4 gollagen gel CQ@!@@Siﬂﬁ)fbfprvm)nebr@gﬁﬂefa&@ﬂ Heeamnbétseen:that shebbosie-degekerngtingtecollagen
gel composition was norm 1)8/ injected.into the target site as desired.. <56>FIG. 3 is an toragllograph

of a nude MSkiSE EARERE wdBkS Qfar staplifarSibeltan8sth iBctiBA JFY n\wlﬁréfoll%\gcé)ﬁ
compositionafaIrbengr kegenenationi dis @ﬁnab@men from 1. 3, \ta@cularatmmaMn v’\iasmmmed by

the cells which were externally mtroduc di |n E{% bone-regenera ng coll compo ition.
<57>FIG. 4 ¥howS ke HS odTSé%‘fal (?%feh%%% tg&erﬁge Shkter® Ecaf)lﬂﬁza
subcutane@ggdnfe@u@mogf @fm&l@gdd@@an gﬁj@@nmpsmon for bone regeneration. As can be seen from
FIG. 4, formation oIIagen g@ on were initinted by.the ﬁas WhICh re extern:illly lntroduced

into“the bone-reg fﬁ’ﬁ‘cbrﬂa &&%8‘&’&5% 4@99&?{5 /5% ,i%p ICAiGh OF
hone-regengemting kzwt@sm@mlt@ aneam}mal imodekwithinddction SGfea W3-nso langnfraaturkeated

ells).

<39 Thereafter, the thus-isolated nucleated cells are mixed with a bio-
matrix composed of type I collagen and apatite to thereby prepare a collagen
gel composition for bone regeneration.

<40> Apatite, a common calcium phosphate mineral, is a main source of
phosphorous and is widely distributed in many igneous and metamorphic rocks.
This compound may also be artificially synthesized. Apatite may be used as
the source material for phosphate fertilizers, creams, toothpastes,
artificial bones and materials thereof. When apatite is mixed with collagen
for the above-mentioned applications, they undergo chemical reaction, which
makes it possible to avoid long-term cell culture.

<4l> Preferably, the thus—prepared gel composition 1s placed and mixed in a
syringe to which a connector or the like means is connected.

<42> The cells obtained in the isolation step of nucleated cells consist of
autologous nucleated cells.

<43> The thus-isolated autologous nucleated cells are obtained by harvesting
bone marrow with a size of 2 to 5 mm from animal bone marrow, followed by
washing to isolate desired nucleated cells.

<44> Further, the bio-matrix employs type I collagen free of terminal
telopeptides thereof and apatite.

<45> 0.24 mL of type 1 collagen and 26.93 mg of apatite are added per 0.106

) 5 6 ) .
mL of a suspension of 1IX10 to 4X10 nucleated cells having osteogenic

capacity.

<46> Hereinafter, preparation of a collagen gel composition for bone



<60>Bone marrow was collected from rabbit tissues and nucleated cells were then isolated to prepare
a cell suspension. Type | collagen and apatite were prepared as components for a bio=matrix. The
cell suspension, type | collagen and apatite were mixed to prepare 0.2 ni4 of a collagen gel
composition for bone regeneration_ <62>For this experiment, New Zealand white rabbits (n - 7,
weighing about 2.5 kg, irrespective of male and femhle) were assigned into an autograft control group
(a = 3) and an experimental group (n = 4) for transplantation of a collagen gel composition containing
marrow-derived nucleated cells. <63>According to Henry approach,the rabbitforearm wasincised
longitudinally to expose the radial shaft. Then, a 10mm long bone defect of the radial shaft of the rabbit
was createttusing-a saw andthenperiosteumpot the tbanedefect:inducedhiesion vdas theroughly!
removed. <64>For the co(ptrol group, the cancellous bone was previously collected from the ilium and
bone transplantatioh i< carried out on the bone-defective lesion, followed by suturing of skin and
subcutaneoliéctissties. k6srFamthe experimental group, a cell composition containing bone marrow-
deri<v >d nucleated \/E%S injected into a vacant space of the bone-defective lesion. <66>After
autoradiography was conducted on Week 3, 6 and 9 of the experiment, scores were assigned
accewding to a degdiee ofthenerient of tirecupper fradturéd pdetion; theé lowemfractutetiaportiontand the
bone-defective region. The,um % SPSARBIANT HalkES AR Fien e eypliAte.A dsarpe st
illustrating the present invention and should not be construed as limiting

the scope and spirit of the present invention.

<49>

<50> Example 1: Application of bone-regenerating composition to nude mice

<51 Bone marrow was collected from mouse tissues and nucleated cells were
then isolated to prepare a cell suspension. Type I collagen and apatite were
prepared as components for a bio-matrix.

<52> The cell suspension, type I collagen and apatite were mixed to prepare
1 mL of a collagen gel composition for bone regeneration.

<53> BALB/c nude mice (n = 13, weighing about 23 g, irrespective of male and
female) were given scapular subcutaneous injection of 1 mL of the collagen
gel composition for bone regeneration.

<54> On Week 3, 6 and 9 after injection of the bone-regenerating collagen
gel composition, autoradiography and naked-eye examination were carried out
followed by histological staining.

<55> FIG. 2 shows a photograph of a nude mouse with scapular subcutaneous
injection of 1 mbL collagen gel composition for bone regeneration. It can be
seen that the bone-regenerating collagen gel composition was normally
injected into the target site as desired.

<56> FIG. 3 1s an autoradiograph of a nude mouse taken 9 weeks after

scapular subcutaneous injection of 1 mL collagen gel composition for bone
regeneration. As can be seen from FIG. 3, vascular formation was initiated by
the cells which were externally introduced into the bone-regenerating
collagen gel composition.

<57> FIG. 4 shows the histological staining results of a nude mouse taken 9



13 FIG. 5 shows an autoradiogr.ph taken on Week 3 and 9 after injection of a collagen gel composition
for bone rege 10mn long fracture in the rabbi( forearm. results in the bone formation. ftl lowing
induction of a animal groups exhibited similar <68> <693Example 3: Application of hone--regenerating
composition to an animal model with induction of a 15mm long fracture <70>Bone marrow was
collected from rabbit tissues and nucleated cells weit& then isolated to prepare a cell suspension. Type
| collagen and apatite were prepared as components for a bio-matrix. <71>The cell suspension, type |
collagen and apatite were mixed to prepare 0.2 mt, of a collagen gel composition for bone
regeneration. <77>For this experiment, New Zealand white rabbits (n = 18, weighing about 2.5 kg,
irrespective@finale and emale)rweibcassigned intddwd groups] edcheongisting:of Soapirsatsoa
control groyp and an experimental group for transplantation ,cogagen eLcorgpqsitio.n containing
bone marrdWEdEAbEd FFcRERY EBNls ActdRdify to-Fk §/O§p%[ achthe ?ﬁ%‘b ford SH AN AN G4ed
longitudinally ithagxposk ihe radial shaft. Then,.adbntm lortg: bane defedt iohthesadiakshattafi the rabbit

was created usirglg a gaw and the periosteum of the bo?? defect-fnduced lesion was thoroughly
uce a

removed. intro into the bone-regenerating co gen gel composition.

<58>

<59> Example 2: Application of bone-regenerating composition to an animal
model with induction of a 10-mm long fracture

<60> Bone marrow was collected from rabbit tissues and nucleated cells were
then isolated to prepare a cell suspension. Type 1 collagen and apatite were
prepared as components for a bio—matrix.

<61> The cell suspension, type I collagen and apatite were mixed to prepare
0.2 mL of a collagen gel composition for bone regeneration.

<62> For this experiment, New Zealand white rabbits (n = 7, weighing about
2.5 kg, irrespective of male and female) were assigned into an autograft
control group (n = 3) and an experimental group (n = 4) for transplantation
of a collagen gel composition containing bone marrow-derived nucleated cells.

<63> According to Henry approach, the rabbit forearm was incised
longitudinally to expose the radial shaft. Then, a 10mm long bone defect of
the radial shaft of the rabbit was created using a saw and the periosteum of
the bone defect-induced lesion was thoroughly removed.

<64> For the control group, the cancellous bone was previously collected
from the ilium and bone transplantation was carried out on the bone-defective
lesion, followed by suturing of skin and subcutaneous tissues.

<65> For the experimental group, a cell composition containing bone marrow-
derived nucleated cells was injected into a vacant space of the bone-
defective lesion.

<66> After autoradiography was conducted on Week 3, 6 and 9 of the

experiment, scores were assigned according to a degree of bone union of the

upper fractured portion, the lower fractured portion and the bone-defective

9]

region. The sum of the corresponding values was given to evaluate a degree of

fracture union.



<74>For the control group, a bone-defective lesion was created in animals and washed with a 0.8%
saline solution, followed by suturing of skin and subcutaneous tissues. <75>For the experimental
group, a cell composit ion containing bone marrow- derived nucleated cells was injected into a vacant
space of the bone-defective lesion. <76>After autoradiography was conducted on Week 3, 6 and 9 of
the experiment, scores were assigned according to B3degree of bone union of the upper fractured
portion, the lower fractured portion and the bone-defective region. The sum of the corresponding
values was given to evaluate a degree of 14 Fracture union_ FIG. 6 shows an autoradi ograph taken
on Week 3 a collagen gel composition for hone regeneration, following induct ion of a. 15mm long
fracture in the fore@aiin. i wasvsonfirmedrthibthegxpekimentaligeaup extibits Significartbone of
formation, as c%lzparedjtoy the con;rcgl.grOLgP. <58>Althogghrtt%e (Pref?gfegc)‘gmbociii@&r}t%g the present
invention havebeeh tistiosed Brillstatve pifposés oS skifled it the art will appreciate that
various motifications, additions and Isubsfitutioris @re posbiblesnwithiowr departing: fromdheiscope and
spirit of therws\{leirgtbjo?na%hdeis&l)%ge 0irnmg1 em%c?companying claims.

<68>

<69> Example 3: Application of bone-regenerating composition to_an _animal

model with induction of a 15mm long fracture

<70> Bone marrow was collected from rabbit tissues and nucleated cells were
then i1solated to prepare a cell suspension. Type I collagen and apatite were
prepared as components for a bio-matrix.

<Tl> The cell suspension, type I collagen and apatite were mixed to prepare
0.2 mL of a collagen gel composition for bone regeneration.

<72 For this experiment, New Zealand white rabbits (n = 18, weighing about
2.5 kg, irrespective of male and female) were assigned into two groups, each
consisting of 9 animals: a control group and an experimental group for
transplantation of a collagen gel composition containing bone marrow—derived
nucleated cells.

<73> According to Henry approach, the rabbit forearm was incised
longitudinally to expose the radial shaft. Then, a 15mm long bone defect of
the radial shaft of the rabbit was created using a saw and the periosteum of
the bone defect-induced lesion was thoroughly removed.

<74> For the control group, a bone-defective lesion was created in animals
and washed with a 0.8% saline solution, followed by suturing of skin and
subcutaneous tissues.

<755 For the experimental group, a cell composition containing bone marrow-
derived nucleated cells was injected into a vacant space of the bone-
defective lesion.

<76> After autoradiography was conducted on Week 3, 6 and 9 of the
experiment, scores were assigned according to a degree of bone union of the
upper fractured portion, the lower fractured portion and the bone—defective

region. The sum of the corresponding values was given to evaluate a degree of



[CLAIMS] [Claim <80>A method for preuanng a col lagerifor bone regeneration ing <81>collecting
bone marrow from animal tissues and isolating nucleated cells from the bone marrow; and <82>mixing
the nucleated cells and a bio-matrix composed of type | collagen andite [Claim 2] The method
according to claim 1_ wherein the nucleated cells are autologous nucleated cells. [Claim 31 <84>The
method according to claim 2, wherein the isolated atiologous nucleated cells are obtained by
harvesting bone marrow with a size of 2 to 5 mm from animal bone marrow, and washing the bone
marrow to isolate nucleated cells, [Claim 4] <85>The method according to claim 1, wherein the
hio-matrix includes terminal t lopeptide-removed type | collagen and apat ire.

fracture union.

<77> FIG. 6 shows an autoradiograph taken on Week 3 and 9 after injection of
a collagen gel composition for bone regeneration, following induction of a
15mm  long fracture in the rabbit forearm. [t was confirmed that the
experimental group exhibits significant bone formation, as compared to the
control group.

<78> 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.



[Claim 5] <86>The method according to claim 4., wherein 0.24 riL of type 1 collagen and 26.93 mg- of
apatite are added per 0.106 mL of a suspension of 1/106 TO 4X106 nucleated cells having osteogenic
capacity.

15
[CLAIMS]
[Claim 1]
<80> A method for preparing a collagen gel composition for bone regeneration
comprising:
<81> collecting bone marrow from animal tissues and 1solating nucleated
cells from the bone marrow; and
82> mixing the nucleated cells and a bio-matrix composed of type I collagen
and apatite.
[Claim 2]
<83> The method according to claim 1, wherein the nucleated cells are
autologous nucleated cells.
[Claim 3]
<84> The method according to claim 2, wherein the 1isolated autologous

nucleated cells are obtained by harvesting bone marrow with a size of 2 to 5
mm from animal bone marrow, and washing the bone marrow to isolate nucleated
cells.
[Claim 4]
<85> The method according to claim 1, wherein the bio-matrix includes
terminal telopeptide-removed type [ collagen and apatite.
[Claim 5]

<86> The method according to claim 4, wherein 0.24 mL of type | collagen and

26.93 mg of apatite are added per 0.106 mL of a suspension of 1><1O6t0 4><106

nucleated cells having osteogenic capacity.



