DESCRI PTI ON AGENT FOR REGENERATI NG TYMPANI C MEMBRANE OR EXTERNAL AUDI TORY
CANAL Technical Field 5 [0001] The present invention relates to a
tynpani ¢ nmenbrane or ear canal regeneration agent conprising a conbination
of a gelatin sponge that carries basic fibroblast gromh factor (bFG-) and
a covering material. 10 Background Art [0002] Perforation of the
tynpani c nenbrane is a synptom t hat DEaUBeRTIdaf ect s such as ruptures and

perforations in the tXEE@%"ﬂbRSﬁ%%EﬁEﬂiTIﬁ@g@ﬁgﬁ§$cVﬁgﬁﬁ%ﬂﬁaQﬁyses t her eof ,

and in 15 cases of macroscopi yness i n npani ¢ cavity w thout
active inflamuation, it seens U¥EEHNRD AUDTrAHYoSaNAhe perforation as early
as possible. ¢Ihg,{ angest,advantage of tynpani c nmenbrane closure is an

i ncrease in hear?ng ab? %ty. Provi ded that the inner ear is not disordered,
with no specil@P02D | esions present in the middle ear, an inprovenent in

e pecta ™ _ _ ‘ (
earing ability !smésg%éaqtaqmsyﬁ% Neakic£a3es @Hepgalkma&[ygﬁsggma”e

closure, which significantly contributes to an increase int rent's
QOL. [0003] 2Brncatid presericdioh 2o9sdr Foratisomdi A ehdinghpemicd wenbr ane,

not only the gLyspanieoeabiatechs: 11ABLe; L o-6A0bYLS: adeguate,soynd, - but

al so hearing (listening to words) is further interfered wth by the
cancel | i ng eflPBel) and ahreteaine Bardathat has directly entered the
tympani ¢ cgvisb¥k&afs.d Art he 30 cochl ea through the round w ndow and
collides with the sound that has entered the cochlea via the normal route.
Addi tional | y!9P®&l niddl e ear exposes directly to the ear canal side, which

in turn results irpaeakepash eStsd aeRahoc int@ehhoONSs andyhstdnl kgky to cause
otitis nmedia. A |OQ9% SESQSLEJggiggtkgfectuguzﬂ%ggégkgguggsufensorineura
heari ng | osg causes defec P es and p e

tympanic membrane; there are various causes thereof, and in

15 cases of macroscopic dryness in the tympanic cavity without
active inflammation, it seems desirable to close the
perforation as early as possible. The largest advantage of
tympanic membrane closure is an increase in hearing ability.
Provided that the inner ear is not disordered, with no special

20 lesions present in the middle ear, an improvement in hearing
ability is usually achieved in all cases after tympanic
membrane closure, which significantly contributes to an
increase in the patient’s QOL.

[G003]

25 In the presence of a perforation in the tympanic membrane,
not only the tympanic membrane is unable to capture adequate
sound, but also hearing {listening to words) is further
interfered with by the cancelling effect, in which the sound
that has directly entered the tympanic cavity goes in the

30 cochlea through the round window and collides with the sound
that has entered the cochlea via the normal route.
Additionally, the middle ear exposes directly to the ear canal
side, which in turn results in weakened resistance to
infections and is likely to cause otitis media. A long-

35 persisting infectious state causes sensorineural hearing loss
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and inpaired | abyrinthine function due to internal ear hypofunction. For
these reasons, it is preferable that the tynpani c nenbrane be cl osed as
much as possi bl e. [0004] For tynpani ¢ nenbrane closure, a variety of
t herapi es are perfornmed according to the size of the perforation, and
basically the majority of currently avail able therapies are surgery-based.
General |y, mgniéngopliastylandibynpandphasion afie perimerrdl d4r the former,
skin incisi on iLn theﬁ\igost uricul ar io part i?nd col |l ecti on/‘%lr anspl ant ati on

[

PLE BT B55TR ToRithTe Hfatt d ST FA AP I t hese

of aut ol ogous“tissue
procedures, égnpadmahenras bn ¢kossisentmath aAspdédreiperforati on of the

t ynpani ¢ menbyp, £ increases its size, transplantation of autol ogous tissue
(fascia tenporali's) as a substitute for the 15 tynpani c nenbrane becones
nore diffieult toiperfonmmas aesuragiecalofweehnhrqueridignce, tierapiwhesressur gery
| S perfor medy. DEaliad 80LIdity 15 A [fhyays e LIprgued., Mgy sequel ae such
as postoperaﬂ ve tynpani ¢ nmenbrane re-perfora i On, T orel gh "sensation in the
peri auri cul apapigallyahiie tiaieicrits cfacuocenly 20aFlattlkethoragies are

post operativ N apj r . r.f the.intact tynpanic
menbr ane becghg%e%gfg%(%ﬁt ?glg?%gﬁl, h?/%ﬁrrlt %%g%ggn%nfj h{éQ‘PrE.‘ﬁ?é’, 13 €5 i ng

ability decreastmmethese® tpertatimens akim dsgakign docohparstdubyciospi tal i zed
care for ahoukrONRaday; 1. SBKPE Alndtakea: f0S LRI, HAMBEKS: AUGh 9%25

increased nental, physical and econom c burdens on the patient. 005]
Li kewi se, foPs@fitiganaln okt letisxue idefedits oactorigmycedrpyedvone, esgposur e,

surgi cal trealmBntohasifiean theeanlky .conventi onal, Lhesany: (heeat ments such
as external incision in 30 the postauricular part and col |l ection of

aut ol ogous t FYERAEKaleyess LAGHeRsess ab esigepobsinsplantatiqn pdcent years,

regener ati vezpeslidgons- ©1dLt ¢da mBlhedspOfalikPani £ IBRPIANS BgepgL ation
usi ng a bioconpatible 35 scaffold material that carries a growmh factor
have been?’ pFafRi€ed PeBFaneopeesififplere phtfdicuboctmesefaym asnaparti cul ar,

some cases Oéuig’i@ﬁtln'e&ﬁhﬂl@\éé.b@%cé?@&é&dh@ﬂ%@g@rﬁaﬁ GdrisBrpbh ast growt h
factor (bFGF) is used as the growh factor, and a sheet-like thin film such

as a col | ageReHeMyr hel by dssiehiaivaYaerbridgreored us¥anasaelae afucH d
material ( Noas patseBpe POCIUREAYSpan 10 mdhbr M S @edpsefdedoh s R mEded product
for ear canal _reconstructi on nade of _a cylindrical nember of bFGFcontai ni ng

Collagen (Paf%ﬁﬁatﬁ88uH%ﬂ?m???rlaurlcular art, and tinnitus can occur.
z0 Furthermore, posteoperatively, the tympanic membrane becomes

far from the intact tympanic membrane because of latentiation,
hypertrophy and the like, and hearing ability decreases. These
operations are usually accompanied by hospitalized care for
about cone day to several weeks, posing drawbacks such as

25 increased mental, physical and economic burdens on the patient.
{0005]

Likewise, for ear canal soft tissue defects accompanied
by bone exposure, surgical treatment has been the only
conventional therapy; treatments such as external incision in

30 the postauricular part and collection of autologous tissue
have been indispensable.
[0006]

In recent years, regenerative medicine-oriented methods

of tympanic membrane regeneration using a biocompatible

35 scaffold material that carries a growth factor have been
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[ 0007] 10As anot her nethod of regenerating the tynpani c nenbrane that does
not rely on surgical operations, a nethod has been reported in which the
perforated portion of the tynpanic nmenbrane is covered with the amion and
bonded with fibrin glue (Non-patent Docunent 2). Is [0008] However,
the efficacy of conventional regenerative nedicine-oriented therapies is
limted to rekabomel \issapldort yRpaslie; pRbATAMecpRedtonati ans pandi@aarganal

defects; these therapies are not plied for t nic _defects larger than a
20 cer i n SFIES ATt el bt ELRALE (161 FE°T REPSALTS AP 553 11°6E because of
the inabilityibookksai grofi00@attor (bFGNRaimnhiskd, agelhat gnowporigescar e used
as a surgi calangeémssﬁte% i_f kanchigr ilaI $Q. Séad aa%oﬁé:a”i er I_ore %l%stai ned 25
rel ease of drugs in the jtrea fentof SESF Ui SedSes ?elgafnerrnll? BiSc direht 3).

[ Prior Art sDobuhentsbf&at st ubedt ursenhs] s¢0F00§ BtRavéntNdopanent 1:
bocument 2: JPERTS007 155780 Paent Dok hant o GIEe oot e For s pat ent
Appl i cati on Pabtl catdooat Nozt 120074 @ @364 8c85 nfdkbna b ateahe r Dot InfeRt S|
containing collagen (Patent Document 2).
[0007]

10 As another method of regenerating the tympanic membrane
that does not rely on surgical operations, a method has been
reported in which the perforated portion of the tympanic
membrane is covered with the amnion and bonded with fibrin
glue {Non-patent Document 2}.

15 {0008]

However, the efficacy of conventional regenerative
medicine-oriented therapies is limited to relatively small
tympanic membrane perforations and ear canal defects; these
therapies are not applied for tympanic defects larger than a

20 certain size and defects that inveolve the auditory ossicles
because of the inability to repair.

[0008]

Meanwhile, gelatin sponges are used as a surgical
hemostatic, and are also used as a carrier for sustained

25 release of drugs in the treatment of ear diseases (Patent
Document 3).

{Prior Art Documents]
[Batent Docﬁments]
[0010]

30 Patent Document 1: Pamphlet for International Patent
Publication No. 2006/007417
Patent Document 2: JP-A-2007-125252
Patent Document 3: Specification for US Patent Application
Publication No. 2007/0160648

35 [Non-patent Documents]



[0011] Non-patent Document 1: Hakuba et al., Journal of O ol aryngol ogy of
Japan, Vol . 110, No.4, p.261, 2007 Non- pat ent Docunent 2: Hakuba et al.,
Head and Neck Surgery, 5 Vol.16, No.1, p.9-13, 2006 Non-patent Docunent 3:
Futai et al., Journal of ol aryngol ogy of Japan, Vol.110, No.4, p.299,
2007 [ Summary of the Invention] Problens to Be Sol ved by the Invention 10
[ 0012] idtiere is a strong demand for the devel opnment of a nethod of
regenerating the tynmpani ¢ nenbrane and ear canal based_on a regenerative
nedi cal techHP’Euf@ttengtD?ﬁ’ﬁ‘@yl} pGLEPBI & 3 -r epAiT™3eveh | arge tynpanic
menbr ane per 6e6 4088186 Fasasanalvol 51 sof wotussp@adefg@cu's for which

treatnent has traditionally unavoi |y rel.ied_on. surg peratlons
Accor di ngl y, NPERESRh B‘b?“é%f‘to?: t 8?e‘§%rﬁl ¥ et i#0H %I%gb Pde¥a novel

t ynpani ¢ nenbeaned,ean. tanalo-negertreat i on agent capabl e of repal ring defects
regardl ess of the si ze and position of the defective 20 partion. ,Mans of
Sol vi ng the &P%H?aé:ﬁg [B‘Eﬁ"?]e%% 5 Eo“fﬁ’é Br Sen E?%%/nea O% %tgn FPdat &t ensi ve
i nvestigati ons Japaaccmaplmmh Ndsnecl,aloneQdeﬂm)ﬁl bed obj ect, and took note of
the 25 fact &?at aII rg/er}tl onal t.echni ques are intended to repair
defective po RIS by ar'low ng surrJoundi ng tissue to extend al ong the base
of a sheet - | Pkebkumf tol Bk ratlerdd dby bbrdEdvderaiant ynpani ¢ nmenbrane perforation
or ear canal 9{ ti ssue defect. Because it ains to regenerate essentially
menbr anous®’t | ssue] 30 the idea of using a sheet-like material as a scaffold
seenms to be appar glieky iatd ehabng Hewevdr foprtoei dedklopaent et ty mpambd

membr ane perggrpgrﬁe%grg{elrg %aE‘fnL&meLfct mb lh% Qﬁéeéfalr 'cﬁnéﬁctﬁééeéegnté) a

pl-anar portion o r wou € ‘possi owever e tynpanic
menbrane is C@g@t@atmegm@aénﬁemqw o @Pé@s adh@espgblhdret o, so that

it is increa§gﬁﬁgﬁ/even large tympanic membrane perforations and ear canal
15 soft tissue defects, for which treatment has traditionally
unavoidably relied on surgical operations. BAccordingly, it is
an object of the present invention to provide a novel tympanic
membrane/ear canal regeneration agent capable of repairing
defects regardless of the size and position of the defective
20 portion.
Means of Solving the Problems
[0013]
The present inventor conducted extensive investigations
to accomplish the above-described object, and tock note of the
25 fact that all conventiocnal technigues are intended to repair
defective portiens by allowing surrounding tissue to extend
along the base of a sheet-like scaffold material bonded to a
tympanic membrane perforation or ear canal soft tissue defect.
Because i1t aims to regenerate essentially membrancus tissue,
30 the idea of using a sheet-like material as a scaffold seems to
be apparently rational. However, provided that the tympanic
membrane perforation or ear canal soft tissue defect is
localized to a planar portion only, repair would be possible;
however, the tympanic membrane is complex in shape and has

35 ossicles adhering thereto, so that it is increasingly
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difficult to cover the entire surface with a planar sheet-like material as
the tynpanic defect increases its size. The inability to conpletely cover
the defective portion would nake it inpossible to repair the tynpanic
menbrane, or would result 5 in adhesion with surrounding tissue, |eaving
sequel ae. The sane applies to ear canal soft tissue. For the reasons

above, the pgesentiinvenbokrchanged: thessenpventitenal pidea ehetisingea
sheet-1ike material, and adopted a gelatin sponge as a scaffold nmateri al

with a focus"deiiRd 3% Wisetyrrapivafetsal PRREA2HT dWE W -enfif e defective
portion to bg,faVered StRhbtatd W cSPeEidrCakldctiregpbatidh w¥PAN@anake

i npregnated with bFG- solution was_ indwelled in a way such ;gat t he sponge
covered the Hef@PPPHEPIfoCi BFPH tHE TXSAAF CTRBrENe oM o¥af Taia .
Because the gelaatheBisPangs bSraoundifAgtErdsak, obdaiingdsdynddeeonpmsi ng

col | agen, having a Ia%r:%er nunber of %g{)s .and a hi gher degree of freedom
than col | age?™ EPPL Thdrater§ PRt HASWht | e functioning as a scaffol d
for cell growth, Fbrdaes reakohftadoker etiw phetder dinvesteorchahgeel the

el ongation. Accordingly, the gelatin sponge.ajns to _allow 20 _regenerating
tissue to goc?rh"ieéjgfﬁ‘ga%édﬁ?i ﬂgsﬁf&ﬁgeaa egl"%ﬁ Qe thEFe, 5 ﬁg?&%in to

al | ow t he regeranathngpdrgesde 4 crlfdopatmetakday wid basSecwef ca sheet - 11 ke
mat erial as conventional . Furthernore, .i.n this_operati fibei | ue or
al gini ¢ 2% adid < raam%aﬁrtlagh@f‘aeofa Wa%> appi ieglctlllf% ehf%%]goén éjrgéér”glat%e, and

t he sponge wes «woeeeed@ndchikxed overifiiheltief ectgevetpordpooge Wiile a
technique | s, KNoMR-L0 WD, PaPass TRLENIA] shaltissur Leggnerah! on | s
fixed to surrounding tissue uSing a biroadheSive material, the present
i-nvent or coversd thhespporgeo8Orslithaceéeiddativa poviaonngf neheetivapaniot nerel y

as an adhesiye,agent . . 5.1 hespulROSE,0f GLnakaLLOgd hie fegener at i ng

portion fromthe outside to create an environment suita le for in vivo
cul ture. Fromatdrsadapetalinedpby recopheninthecdapgiih RVEpIPRRIEESAENDr ane

perforati ons, g8k §aAka30k Inddrssugedndlekeetsodiis Rhil.cdihyes, freshened

using a surgical knife'or a protern dehaturant and the |i a

resul t, evenifdrs thapadicriredbimtdaperhblativoasionitg as defeet IPRv ol vi ng

more than 2/3,0f. hhe ey ane g0 eak canals-sef 4l ssueqdaiaghbs gxceeding 2
cmin wound dianmeter, for s which conventional nethods are not applied ,

closure of taelldefleasabiith -amPserFddvehenttienIhbarim§Panye iarswe? ¢ ldéted in

al | cases,, %é&ﬂ%ga%%%i%%u@b‘@@r@@Qnto the gel@fd NGoakeVEna thenpiesent
inventor confirnmed that by using a bFGF-carrying gelatin sponge and a
coveri ng mat BR§%g, rather than to allow the regenerating tissue to

elongate along the base of a sheet-like material as
conventional.
Furthermore, in this operation, fibrin glue or alginic
25 acid or a salt thereof was applied to the sponge surface, and
the sponge was covered and fixed over the defective portion.
While & technique is known in which a base material for tissue
regeneration is fixed to surrounding tissue using a
bicadhesive material, the present inventor covered the sponge
30 surface with a covering materizal, not merely as an adhesive
agent, but for the purpose of insulating the regenerating
portion from the outside to create an environment suitable for
in vivo culture. From the same viewpoint, when the margin of
tympanic membrane perforations and ear canal soft tissue

35 defects was old, it was freshened using & surgical knife or a
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io in conbination, it is possible to regenerate the tynpanic nenbrane and
ear canal inexpensively, conveniently, and safely, even for patients with a
severe tynpani ¢ nenbrane perforation or ear canal soft tissue defect, for
whi ch treatnent has conventionally unavoidably relied on surgica
operations, and is have devel oped the present invention. [0014]

Accordi ngly, pthe.ipr aseiturlam¥enhd el $i@s. descri bed bel ow [1] A tynpanic
menbrane or ear canal regeneration agent conprising a conbination of a

gel atin sponge t h&F BaF35ied 20VHASE FYBRBBIaBETYi0R ReFZE6E OaR dvidh

covering mat gridédect [R{olth@gagserd tdgacsihed ihe[ddnbraherfid ekbecgomering
material is fibrin glue or a water-soluble polynerjc polysaccharide or a
derivative tRetedfssue JefeciRec%ffEH "des T BEIYPH'Y S amGkferreifATt he

wat er - sol upl gh25h pehysaetichapohysasthats deod Spphidd 1, cchsisat ereal ginic

acid or a salt_thereaf. [4] The agent described in any one of [1] to [3],
wherein the A&fYitn ‘38$ %tl%\?lﬁﬁﬁ?lﬁe%r‘rﬁr%‘?ﬁe“ﬁ@r FIBJrla]tfiyoﬁ%? pé&@dcé{ﬁa%l]soft

ti ssue defectabhas heen dd eshenesk o3Qefbdd A met hod of regenerating the
tynpani ¢ nenbrane or ear canal, conprising.indwelling_a gelatin sponge that
carries a ther apeEFP‘E‘aﬁﬁ 8 f’f"%cﬁﬁ\?ggﬁﬁ%ﬂh TG Ph] CCO?‘FBFEGEA éiltatgl?gwt h

factor in a tyhpar prapnragenperdiarahi opprje ead £ avakr S10f tnalties Sae

defective portion i.nggjdpati.%nt V\Ath.glty{’g)ani ¢ Jenbrane §5 er.f oration or
€ g

ear canal Soft TILLHB HEbedt, ‘AP EI0EFI Wy TS S GE W FIPE *Eover i ng

material . [ S¢mtieemabtioshofcanageheegtdareivdegcredmsdniontls],, anlessigiv, he

covering material . is fibrin glue or a water-soluble polyneric .
. évernl for dlL1eNTsS Wl a sev$re t l'llll.?I me; Iﬁln ?I oration .
polysaccharlae or a derrvative thereof. 5 e metho régeneration

descri bed i nof6iar waeakigpfithéinmierdesotubl @rpshyatertireapotyts dashari de i s
chitin, chit I | i I r h T od of
regenerati ongﬁxg\%g%lgg%iﬂpn uglﬁsg%%%bq& QFE?ILJ’E (?th[ g{"?g%aérg %ﬂ%@pﬁépgliwn of the
t ynpani ¢ nenbeenaleyel poeditthbenpresart eaventaimml- soft tissue defect is
freshened in ggivance. [9] A use of a covering material and basic
fibroblast growmh factor carried by a gelatin sponge for producing a

t ynpani ¢ nmenbr ane Ageosdin@lanakhe exgeserat ioierggentis as described below:

[1] A tympanic membrane or ear canal regeneration agent
comprising a combination of a gelatin sponge that carries

20 basic fibroblast growth factor and a covering material.
[2] The agent described in [l], wherein the covering material
is fibrin glue cr a water-soluble polymeric polysaccharide or
a derivative thereof.
[3] The agent described in [2], wherein the water-soluble

25 polymeric polysaccharide is chitin, chiteosan or alginic acid

or a salt thereof.

{4] The agent described in any one of [1] to [3], wherein the
margin of a tympanic membrane perforation or ear canal soft
tissue defect has been freshened.

30 [5] A methcd of regenerating the tympanic membrane or ear
canal, comprising indwelling a gelatin sponge that carries a
therapeutically effective amount of basic fibroblast growth
factor in a tympanic membrane perforation or ear canal soft
tissue defective portion in a patient with a tympanic membrane

35 perforation or ear canal soft tissue defect, and covering the
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[ 10] The use described in [9], wherein the covering material 15 is fibrin
glue or a water-soluble polyneric polysaccharide or a derivative thereof.

[ 11] The use described in [10], wherein the water-soluble polyneric

pol ysaccharide is chitin, chitosan or alginic acid or a salt thereof. 20

[ 12] The use described in any one of [9] to [11], wherein the margin of the

tynpani c menbsane perd of alblbepiQf rakreanal soft tissue defect has been
freshened. Effect of the Invention 0012;% 25By usi ng a gelatin sponge as a

scaf fol d mat &F] dlre Pethed REsEpdnETRo SR 195CaEPSA dovér! t M SERiPr 8'Uef ecti ve

portion of thevdnifBan€e MRITDE NG Hint fRuLr 6akdled-@odthlLyR16RMHLt e
coverage of the defective portion. Additionally, tynpanic nenbrane tissue

regener at es PeSERChipTide Qavan%'?’ﬁdatﬁv? I’F@eéﬁoﬁel atin sponge. Therefore,
accordi ng % o{therhpr asedd iofivedddrratli ePpaddscelivéded yepamx:er@&ﬁbﬂe@e or the

ear canal is possible even_in cases e .or. conpl ex ects
Covering the" ratSPhnu%]p%ﬁ@é@%ﬁ&&lﬁ??&ﬁ&%eﬁ 1Fré’Per‘§&|t°B?Ié\fé%ts

dryi ng and |ﬂi@0ﬁjc0961d rakingait thessbbl e to 35 create a good cul turing
envi r onnent ted fromthe ou rthernore, eI atin
sponge under yﬂ?gﬁf?"g ﬁﬁ%e%rggbﬁ%aqessclrﬁb‘?ﬁ'f\f@ FOYHPIE P fngﬁ{ h-° wor ki ng
in favor of [‘h:e, ageatt athieonapfirt loeE tyﬁmpenmmmenar;demlratml sof t

tissue. 5 Brlef Descrllptl(%n Qf t he Drgvxé n%stO%lr:hwr]etd[ 1 A dr awi ng

ﬁ T_Ccana ssue def adv ne
shomnng a exanp reatnent regenerati ng npan C nenbrane u5|ng

t he tynpani c{#efraneocf ege:neeaing)maagEMl aindt hesjpr ésenbblzmtelgtmtrh_ A A
L1 ge 10 pertotal 0 LINpLY! 0o, ahaul ghdaf Lhe,lodRanke, IR | noted.

B. The margin rane oration s using a
t ynpani c nerrmran‘emlencrsaacmalankhnfwener-ﬁbrqn agénpesh wound ar ound C A

bFGF-carryi ng (9]‘3'1%%' HséQ%g%Elbé} ngd %e!fr%ékh@heo%fv%%geq%%&&éf” and

fixed V\Athfl rin gl ue eks a r treatnent ani c
menbrane perforabiren §iiconphetraiar-ehbgek: Wlﬂlpfiexitﬁelpiouluma@hamds <weeks

after treat g%n&erli;,gglggltth@%bym thins slightly, becomng nore |ike the
t ynpani ¢ nmenbr ane . At 12 weeks after treatnent, the epithelium becones

still nore |ik¥ The weg rAsscryppdrinc [20] nefisrghe. the water-soluble
poelymeric polysaccharide is chitin, chitosar or alginic acid

or a salt thereof.

20 [12] The use described in any one of [8] to [11], wherein the
margin of the tympanic membrane perforation or ear canal soft
tissue defect has been freshened.

Effect of the Invention
[0015]

25 By using a gelatin sponge as a scaffold material, it is
possible to sterically cover the entire defective portion of
the tCympanic membrane or the ear canal to achleve complete
coverage of the defective portion. Additicnally, tympanic
membrane tissue regenerates 1tself while advancing in the

30 gelatin sponge. Therefore, according to the present inventiocon,
repair of the tympanic membrane or the ear canal is possibie
even in cases of large or complex defects.

Covering the gelatin sponge surface with a covering
material prevents drying and infections, making it possible to

35 create a goced culturing environment isclated from the ocutside.
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[Fig. 2] A drawing show ng an exanple treatnment for regenerating the ear
canal using the ear canal regeneration agent of the present invention. A A
soft tissue defect and bone exposure are noted in a wound with

chol esteat oma renpved 25 therefrom B. A gelatin sponge nmass is inpregnated
with bFGF, and the bFGF gelatin sponge mass is indwelled in a way such that -
the wound is full yueenered.e, Cchd hﬁl%@@ﬂg@d@%suﬁﬁerfdoé%dhyﬁiﬁchy@hgié‘ﬂd? aci d
or a salt thgreof or fibrin Iue%b eks after treatnent, the

al gi ni ¢ aci d“oT*EH 5t Her'edf %ﬂ@“TI?'ké’OF&&q i 2B tHe t86r face are
removed; it isgemtaittordhd hak thamddntdetinsnbesnd cemplketel ysqrtosed, and

t hat regeneration has been achieved in nearly the sane state as nornal
tissue. [l\/bdgl 1° ‘Enbodyi ng the Invention] 35 [0017] The growt h
factor bFGF Bsedf iDestheptinmpani chaverawangs ear canal regeneration agent of

t he present iwf@ti on has a direct proliferating effect on cells and
neovascul arii n ability. The tynpani c nenbrane has a 3-layer structure;
to ensure thaF:LgS tthe éssdmiyi ahowoundncexahpdie onesfumn:i 6oris exhibited to
the fullest, rportant to nmaeintain this. ayer. structure However,
cases of br ea‘lzi %neesrgﬁ po?lét% ?Jslccﬁnfae of"th SIW tan| RETbT ARECRFE of t en
encount er ed whesr@mtthe aq,etnqbanfctheerpbeaa@t iiswvehtiow t A. ohllarghe epit hel i al

| ayer reggpe @{f&a(tqommv%ﬂhﬁgrO@eera?w%g Byl 0l nBRLLR! BEd.

For the régeneration thereof ion o as a scaffold
and nai nt enanceedf B. Bihsodstgeamisuhéi timpenitonauyport pe e r3tliay ers

structure arﬁruf%dsﬂgﬂﬁfcat ggﬁ%ﬁ’{‘% tﬁ%&‘r%rgﬁ@vﬁ%hgiomﬂereo?é%ﬁ%@%h jeatures.

Specifically, as 15 ind esignation t as the
di rect acti ohredh swounpdl sdung - fl(br 8bbECSE-garalviferaglieghn spahasl §8 has the

action of indyging bl QthH’%'ij%"r'fgré‘@Qd ARk ¥h NG DUL LN Std %l%%ﬁoﬁméher cof

tissue. [0018] 20As th in the present invention, a honologue t
may be uséd. PTHY BFEFekH affierpkesaiment nyen itoRparty SeTR AR ogue t her eof

is obtained gs-fomatibhals R ?ygéelprclexeasal n%@@h@fh%purﬂ‘.f igd gUSLdIG: a
m croorgani smor cultured ce ene reconbi nation technol ogy, or by

cheni cal |y ndHF#yitRgaDBed Bhel %ﬁté’@llFWnﬁmnﬁyPhﬁg}tWrséﬁéomw fREe bFGF

used in the presemt t ?M;ea};ﬂcoaem@fw bf-Ga:0h 2 8y b egue ﬂﬂ&&ﬁ@ﬁtl S

particularly preferab A honol ogcue of bFGF neans the PLO ypeptide [1] or
[11] bel ow. the epithelium becomes ill more like the normal tympanic

20 membrane.
[Fig. 2} A drawing showing an example treatment for
regenerating the ear canal using the ear canal regeneration
agent of the present invention. A. A soft tissue defect and
bone exposure are noted in a wound with cholesteatoma removed

25 therefrom. B. A gelatin sponge mass is impregnated with bEGE,
and the bFGF gelatin sponge mass is indwelled in a way such
that the wound is fully covered. C. The sponge mass is fixed
with alginic acid or a salt thereof (or fibrin glue). D. At 2
weeks after treatment, the alginic acid or salt thereof and

30 the like remaining on the surface are removed; it is confirmed
that the weound has been completely closed, and that
regeneration has been achieved in nearly the same state as
normal tissue.
[Mode for Embodying the Invention]

35 {0017]



30[I] A polypeptide consisting of substantially the sane am no acid
sequence as a bFGF produced in a mammal . Here, "substantially the sane
am no acid sequence" neans an am no acid sequence that has 1 to 6 am no
aci ds substituted by other kinds of am no acids, and that possesses the
bi oactivity of 35 bFG-. [I1] A polypeptide wherein a supplenmentary am no

acid segment is gdded L0 e P51 &N YSe AN @he CefrYall BURer@rafle PEGF
produced in a mamal, "or to the N-term nus and/or CGterm nus of the
pol ypepti de FRRahbegene misigiprea®htcdr framifscasi N EagHent Mk ansisrer t hat

consists of 1,50 A2 AThH®BCESon A 18 LA L98Sidriabiest ddhe;bi ol ogical
activity of the bFGF or the biological activity of the polypeptide [I]

above. [0019Fhe tympapi@epEirare| k3% apdr ypeiht iSdELeF TR46 CanF N &ciFB’t in t he

preparati on @fiethepiEesendodnaVestdiRitiodSrehdtabnl ogusrabibeaan 18ebFGF (the
af orenenti oned_honol ogue [1]), for exanple, the polypeptide of 146 am no

aci ds descri BBHI¢FN&Fi HhaimPeabii e dtd BAL BRI {TEE Rat 1 1GHEF PR Rppl i cati on

No. JP-2- 504468yd®Y chged!sid oribisydPahypapidtdacbss angawbereid each of the
69- posi tion cysteine (Q/gg and the 87- Eosi tion cxstei_ne | S s%,that
constitute thERHRITOTERPER e GGENTE BY SRGNEH BEEF TS E U0 SPT t F®F™DG serine
(Sfar). g mé8b e aEOEmmm%Eag@megeg@m@e[mhl,1aii}@_=rr g?@éﬁ&ﬁteﬂh;&

pol ypeptide of , 155 am. no acids described in Nationpal Publication o

| nt er nat i dﬂal‘”LPiGEéWte ﬁ\bg‘ﬁecratsitfiﬂc?\‘lb‘fe 3P- B2t %ngﬁb%‘nzﬁ? may be used. This

pol ypeptide i s onegosheneifeq@nesegiidi tbbrSofmprolacesioa afdded to the
N-term nus of .FU%SEFGF. Alcfo, a goI% eFlti de_ of ég? f’a,?n?eréo acids with
Met - added t 6*PH &r AF fu$CAERT T FEIPBRYP ‘%ﬁa g8 of & FHSEcids with a
seynent consbaffirgie(mfc ta ammtatméisa—adgled ﬂtaurclneréd-a_tm ripdusperﬁsﬁbdescri bed
7, N onal BURl A a2 SLR el £t e SORL ORHLEN MR o
traf erm n:fgenétcaald becombideat gom)ior 80204of, bFGEF has the direct
action of stimulating fibroblast proliferation, and also has
the action of inducing blood vessels and supplying nutrients
to surrounding tissue.
[0018]
20 As the bFGF in the present invention, a homologue therecf
may be used. The bFGF in the present invention and/or a
hemologue thereof is obtained as a natural product, or by
isolated and purified using a microorganism or cultured cells
by gene recombination techneclogy, or by chemically modifying
25 or biologically modifying the same. As the bFGF used in the
present invention, human bFGF or a homologue thereof is
particularly preferable.
A homologue of bFGF means the polypeptide [I] or [II]
below.
30 [I] A polypeptide consisting of substantially the same
amino acid sequence as a bFGF produced in a mammal. BHere,
“substantially the same amino acid sequence” means an amino
acid sequence that has 1 to 6 amino acids substituted by other
kinds of amino acids, and that possesses the bicactivity of

35 bFGF. [II] A polypeptide wherein a supplementary aminc acid
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30l n the preparation of the present invention, one kind of bFGF may be used
al one, or a plurality of kinds nmay be used in conbination. Furthernore, as
stated above, a plurality of honol ogues of bFG- exist, and these honol ogues
may be used al one or used in conbination. 35 [0021] Because t he

abundance of bFGF in a living organismis extrenely low, it is particularly

preferabl e foroeommescidldy cstahl w-supRindsndnting: Ri-@pahahioRrof ther present
i nvention that bFG-, or a honol ogue thereof, produced using a m croorgani sm

5 such as ESBFRFUCERI &1 dMamBRLlc AT (Pt &1 108 THy Yo R@d 8F dimieARE Meh

t echnol ogy bgr ugRdpo adgene] foovel oduelipe difcdraoy anilemakogue t her eof
(in this case, generally the aforenentioned_pol %pt de (1)) is inserted

into a mcrodPPERSHEHS Qe GRRlY CBFEELS (He IpF Bt APt iSe prd

m croor gani Seh doukt nstedhrgekt stlies vgenesaldly aonevinyt bratisaipplcement ary ami no
acid segnent added_ to the N-termnus and/qr Cterm nus of bFG-, or to the
N-termi nus ahdf? SFOECEETHT AGSTBFEY 19¢ pBT ygﬁ’gﬁoﬁaﬁl‘f‘? ][Igb?)@%‘fe i.e., the

af orenenti onegoyml ypeptide [11]. 15 [0022] The choice of gelatin that

serves as a raw mgterial_for the gelatin spange.in.the present jnvention is
not particularly FERFEGFCHany TSRy Hiaitabl & BHECCAR-Be dBel™® For
exanpl e, a cpude:realbagenh tobt arewahtbyntergatonngaa Honeplafud icfamanin tendon,
or skin of in i chicken, .sal non or e likewth an.,acid or

o kali e Ry B PR R PR TRl L et S R Y et o
only one ki ngdebfpegelidtisf 146t amiso agetiatdaxsribed O MNeéiemdl materi al s and

.di fferent . ph%l%f'aéatgggpgf tfn%srgé!tci%ngi ?e%!e"ﬁ ! lAE#inc loﬁcgéarJEzé-V\'ei ght, and
isoel ectric poi it may be used i n appropriate ends. [ 0023] The

gel ati n spong@tdfdedai rbd hesepr esivits pPolsarpitode ngy draveheesim eposséfi nked to

increase its ter resista oMV, I .Q:Ser scaffold
for regeneraﬁ{\%gﬁ%{ ngﬁgﬁ%no;&/gt%%% g@yéﬁf I c?é%tg\?oﬁogﬁgéégt%%tgg gct in the
t ynpani ¢ nenbfumne toat eagnaddate H@e frinasadid deasemmst ofokeman $&HENEsSs t hat

enabl es conpLet s ;GQYEL af.;tbe phol ogi cal l'y conplex margin of tynpanic
menbr ane per%or ation an tshelrrar(gglgr%r)of ear 35 canal defect. The nethod of

crosslinking is nés phetdiarkerentionsdnhergl:omeanpl bs forcrrierle  néhaod

i nvol ving the, 136, 0f a8 &f AsS| Lpkidg agentesMaguym 4 heraBhadehydration, dry
heating, y-ray i1rradiation, ultraviolet ray irradiation, electron ray

i rradiation, Poe¥mptier ff diiternalidrehePiwy. Application No. JP-63-

20 500843 may be used. This polypeptide is one wherein a segment

of 2 amino acids is added to the N-terminus of human bFGF.
Also, a polypeptide of 147 amino acids with Met- added to

the N-terminus, and the polypeptide of 157 amino acids with a

segment consisting of 11 amino acids added to the N-terminus,

25 described in National Publication of International Patent
Application No. JP-63-501%53, may be used.

& particularly preferable bFGF is trafermin (genetical
recombination) .
{0020]

30 In the preparaticn of the present invention, one kind of
bFGF may be used alone, or a plurality of kinds may be used in
combination. Furthermore, as stated above, a plurality of
homologues of bFGE exist, and these homologues may be used
alone or used in combination.

35 [0021]
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5 [0024] The gelatin sponge of the present invention has a | arge nunber of
fine pores, and offers a higher degree of freedomthan collagen. By having
the | arge nunber of fine pores, the gelatin sponge, when used as a scaffold
material, allows 10 surrounding cells to enter the sponge easily, making it
possi ble to regenerate the tynpani c nenbrane and ear canal in a good way.

This is a distincgedhfdLhBRCELEIRAE 0N HHIFONA! 2 NegENEr Ald0RsAgENt S
prepared using a sheet-like scaffold material. Specifically, for.scaffolds
li ke a sheetSTiHES1E tYi/l d§ens AR SR Wh ETEf Sihd 6 68% 9?6%‘%8@%”& ate
itsel f whil esghigneipgljifigt bee SEabhokehiobulr dReporegganeraicatibsetfatei t her
upwardly or downwardly. This does no% enab] e t he conpl ete coverjing of the
defective poPiFion°5f2 PEPARIRE CLHFEHBF arkr (GEFEL 11T a8 r ™ HER 428 ai n si ze,
so that repastictnfast hecrkicyipactia BenbiengedScépossi bkes or adhesion to
surroundi ng tissue oceurs agd fe%u?)l ae are Jﬁft. %0025% ln view of
the fact that®CEPrETERUIFT BB Phet epcifng b %eASUT & GoBE LT " %adhesi on,
it is preferabte crhat hdntd ogaantizb-epar ¢imditaiet essaf geherdine tperes of the

gelatin spon of the present inventi bhe about, 10. or nore, and it is
preferabl e t%g?refngng?’%r\geéﬁpogy?%p ueti (Sﬁ)n)l n% ﬁélsﬁltr?pdgﬁgg}}rfaenbr ane or ear
canal regeneraticergeaten duectidtbma cells demsi pyodudie fmmanttdisanet er be about

500 gmor |ess. A more preferable ran IS about 400 gm
[ 0026] ° mﬁré)oég%éﬁ"ﬁ O§p8HS€uro t gfsprlessé%{lgj?%\l/i&n%?gn‘s%ygcont ain
anot her bi oabsorlzabheapolapderi acivhtsepnatt, sagleflaro gdet Netdmmgison t hereof is

not adver sel y, 4 nfd kepcsd, SUSR Seibi 0ADSOrhAbLe, BOLYITEr by /Tt eLi al s
i'nclude, for exXanpl'e,  synthetic pdlyners such as polylactic acid,
pol ygl ycol i ctawiiduspof ytie- papyetricidenél) |aetviee act-d- ghgcolic acid

copol yrer, ggy&gﬂegt%gﬁﬁg?%%%}i%p ?Re copol ymer, lactic

aci d- Ecapr ol act one copo ycitric acid, polymalic acid, poly- &
a- cyanoacryl &2@22lpol y- 8- hydroxy aci d, pol ytrinethyl ene oxal ate,

pol yt et ramet hyl enggxal ate, oROLYrAhLNPRES RIS es POl Y @Rl hRcANERAESS,
pol yet hyl ene carbonate, poly-y-benzyl-L-glutamte,

pol y- y- met hytb¢ -asiiat afretrendandn paley Preagadhilpgenhturigl Pebl ymers such as
pol ysacchari gdes. suehy 85 1SitAkel; &\0icBhGo@S) Gvailable one can be used.
For example, a crude collagen obtained by treating a bone,

20 ligament, tendon, or skin of a bovine, pig, chicken, salmon or
the like with an acid or alkali, themmally extracted with
water, and the like can be mentioned. Not onty one kind of
gelatin, but also gelatins with different materials and
different physical properties such as solubility, molecular

25 weight, and iscelectric point may be used in appropriate
blends.

[0023]
The gelatin sponge used in the present invention may have
been crosslinked to increase its water resistance, so as to

30 allow it to serve as a scaffold for regenerating tissue for a
period sufficient to close the defect in the tympanic membrane
or ear canal, as far as it does not lose a softness that
enables complete coverage of the morphologically complex
margin of tympanic membrane perforation and the margin of ear

35 canal defect. The method of crosslinking is not particularly
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/o hyaluronic acid, chitin, pectic acid and derivatives thereof, and
proteins such as gelatin, collagen, albumn, and fibrin, and the |iKke.

[ 0027] The gel atin sponge of the present invention can be 15 produced by,
for exanple, stirring and foam ng an aqueous solution of gelatin using a
honogeni zer at a rotation rate of about 3000 to about 10000 rpm for about

10 seconds t@ipbQul; SxAglékesnciiRnacastidsagibhe aayeons &l wiii gn of gelatin
into a nold of an agpropri ate size, and frozen at about -40 to about 20

-80C for aboGEoSOHiPEiahRAe E20v3AMHt el e FERYVE T 1PRe e e drPERREt hi s
frozen matt e(-gndarr-e@ndiitdnons1 faviboet exegnpkeadialtauh, Gelkctebh. rdf the
concentration of the aqueous sol ution of elgtin is too high, the softness
of the gel at tR*¥PGhd8 obt APK et e PEARR LS 6P WAk St is preferable that the
25 concentgatpormibe adjusted to, for exanple, about 3 ww¥or less. If
further crosslinki i s necessary, crosslinking .can be rforned as
appropri ate. [002§’F‘gA%61ta}jféng§P%‘¥en ogptél?‘uegé’r(??e?ﬁemﬁﬁeggé%‘? aﬁvé‘ﬁ?%‘?ﬁ a 30
conmer ci al | ynassdd alil eilkempstal iahd bofeexanplighe:Spenget (f egiesteat ed
trademark) (Astell Phar ,...Cel foam (,reqistered trademark Pharmaci a &
Upj ohn) and %PF%ﬁiiq?anngé’ﬁ¥%89 ?ﬁ%i@fgelnmber °£T%%m§ﬁ8 %gaﬁ%esize of
the gel atin gpoage epoidie pheserded3bsi avenitfifohd atsecemdbl pagltliogul ar | y
limted, as far_as ..t is . sufficient | ar t .Qver ective portion
of the pat? eREFE Y n‘fecllrsfeI: rane rolrcxeeasijoggﬁa%sc][q%%ﬁ%g%?g%&mt hod of

al  owi ng bFGpossidie tarrdgedebytd Hdegelmpamicsmeporrge khdseqpr eparddin s not
particularly,| (004 edy 1 9h EXAIMI & o1, AAUGRHS SRUELGR Ol RREE Y be added
drop by drop"t Thé ﬁela i h sponge, or the gelatin spongée may be swol | en by
the additi onregeravasgoragsnsel pisreredf upFGr2 OGS ik0Theadmddnt of bFGF to
be carried b%a%é?iaﬂ?'%&k@i?f%g¥¥§,l§or scaffolds like a sheet-like

15 collagen membrane, the tissue does not regenerate itself while
advancing in the scaffold, .but does regenerate itself either
upwardly or downwardly. This does not enable the complete
covering of the defective portion of a tympanic membrane
defect larger than a certain size, so that repair of the

20 tympanic membrane is impossible, or adhesion to surrounding
tissue occurs and sequelae are left.

[0025]
In view of the fact that cells readily enter the sponge
to ensure good cell adhesion, it is preferable that the mean

25 pore diameter of the fine pores of the gelatin sponge of the
present invention be about 10 pm or more, and it is preferable
that to prevent a reduction in the tympanic membrane or ear
canal regeneration rate due to low cell density, the mean
diameter be about 500 um or less. A more preferable range is

30 about 100 to about 400 pm.

[0026]

The gelatin sponge of the present invention may contain
another biocabsorbabie polymeric material, as far as the
function thereof is not adversely influenced. Such

35 biocabsorbable polymeric materials include, for example,
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not particularly limted, as far as it is an anmount sufficient to
regenerate the tynpani c nenbrane or ear canal; it is, for exanple, about
0.1 to about 1000 pg, preferably about 1 to about 100 pg, per

adm nistration site. 15 [0032] The bFGF-carrying gel atin sponge preparation
t hus obtai ned can al so be freeze-dried. If desired, freeze-drying is

performed bygsydiet@%apPl gherkl 8821 RG %Bﬁyﬁ&@@r@éicﬁ,npblﬂyélﬂi@l@cnééﬂ'&gen for
30 mnutes or nore or at -80C for 1 hour 20 or nore, and then drying the
preparation E%¥ﬁ§?§aPF%%¥EPBPyFﬁﬁi&ﬁcﬁ?ﬁ%‘ﬁéFoﬁ??dmédd%?§ﬂYF8683]

The tynpani cgidpidiiangsadl:-capabl J_gaBeEAId1gReageNctot: tbripr-esent invention
is applicable in all cases, _as far as the 25 gtieqﬁ's t ynpani ¢ nenbr ane
perforation BTPEHACEIRAICEOIYTET s FPEYHEFEET 2Fsndt® a@ﬁb%éﬁﬂléld Py ¥ct i ve

i nfections{iafdammatieraiy) theymddlecrar Aexd ergialyteafet HyaeneXagPlate,Ccases

of tynpani c nepbrane rforation include chronic otitis di
re-perforatiBﬁﬂgFFé?mggﬁﬂﬁﬁFcoﬁ%HﬁFﬁn%ggﬁTEFggﬂ?%xgﬁrg@?§£6¥gb9ﬁpanoplasty,
ol d traumati cattympansc pEetantepechobaidien, ppeyfobehk oh-T-eTai Ahage: af t er
tynpani ¢ menbrane incisjqn or t ani.c nenbrane. tube indwel l.ing for otitis
modi & with eP?GETGREBRA THE P FRE axanpl & dabes B T "EaHAL sof t i ssue
def ect i ncl ugelydroseswtit lhsapotataccanal dsofducB5as i ssurehded erimiandcefr canal

bone expogyr ¢, 2f,L81; €1 £ANAL, Cholest eat.om Legeellon. s faRagoplASty or

ear canal ‘fuidr Tesection. f 0 %] e ?ynpanlc nmenbr ane’/ éar’ cana

regener at i onaegentotefns heugbr eseqiativentélorgean prefménabind Hebused

particul arly ﬂ@rIEQE%EQtS wth a large tynpani c nmenbrane perforation or ear
a t . . . .

canal soft tissue defect for which therapies using a conventional

regenerativeld®dilcal technique are not indicated. Specifically, in patients

with a tynpanic n%ggrgggﬁggr%g&%%%gg ggewﬂggg%g ﬂgk%tgggqxﬁ(%efparticuIarIy

nore than 2/ 3, of the’t n ane i's defective, repair of the
t ynpani ¢ penbreaheedsbposirthbkesampye patieniny kadi heprimdean aatsalissoft tissue

def ect haVingofhﬂy%ﬁigynaéyé%gﬁtgéiﬁg alhgﬂaéghingeat & rotation rate of
about 3000 to about 10000 rpm for about 10 seconds to about 5
minutes, then casting the aqueous solution of gelatin into a
mold of an appropriate size, and frcozen at about -40 to about
20 —-80°C for sbout 30 to about 120 minutes, thereafter freeze-
drying this frozen matter under conditions of, for example,
about 0.1 Torr. If the concentration of the aqueous solution
of gelatin is too high, the softness of the gelatin sponge
obtained decreases, so that it is preferable that the
25 concentration be adjusted to, for example, about 3 w/w% or
less. If further crosslinking is necessary, crosslinking can
be performed as appropriate.
[0028]
As the gelatin sponge of the present invention, a
30 commercially available hemostatic {for example, Spongel
(registered trademark) (Astellas Pharma), Gelfoam {registered
trademark} (Pharmacia & Upjchn) and the like) can be used.
[0029]
The shape and size of the gelatin sponge of the present

35 invention are not particularly ilimited, as far as it is
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particularly 2 cmor nore, repair of the ear canal is possible. 15 [0035]
The bFG--carrying gelatin sponge is adjusted to a size larger than the
defective portion of the tynpanic nenbrane or ear canal, and is indwelled
in a way such that the entire defective portion is covered. Here, in case
of an old margin 20 of the defective portion, it is desirable that the

margi n be frgghenednt oy Pr AR 8o tdSaUe tREGRIRICAL FOhorMebhasks ok fresheni ng
i nclude, for exanple, a nmethod wherein the epitheliumof the margin is

removed by bP#FEFIG St hERAYG REPRIARG 8T s¢A'gi@aflknife or the Iike, or by a
treatment W f{hp#ij25 drug having a protein-denaturing effect, such as
al um num acetate or a high caoncentration of a | ocal anest t’g&'{tl C hi s

| , . , T
dr ug- based net hod 1§ BaF9t GEartiPEPPeRIFR &9 Re codd inBY ih&%ar tanal i s
SO narrow knsghape thiat pidiprear gé mef phhei dyrpani TindeebE ahe peafpIation is

difficult to freshen; 30 first, el atin spo ont ai ni.n | upl num
acetate is i ADWETYSEYSi ﬁo%%c’&e‘f’ggﬁgﬁem%%? @rﬁigggn ,Opagéfu‘iir%b%ﬁi g%i‘? es |ater,
it is renovedeldthier epbhgs, caneré hgsiatin $pordd hbddeaismelhydgchheri de i s

performed, after which the denatured.tissu the margin (discolored to
white) is reﬁﬁ‘gjeﬁl%%f’h%n r%ﬁeﬁﬂ%%uﬁéggi%fﬁj&%f ent, whereby freshening can
be achi eved. [0§®0136] A further feature of the present invention

resides in the fagt that the_s e of the .bEG--carryi el atin_ sponge
i ndvel | ed 'Pn the defedfoit (?gv}éﬁf(ge%%vﬁ gﬁ %arcr&veg%ﬁga{r?a%ég?lg% ) S?Ohget%’e |
coveri ng nat ept agpautdedlaniyt Hemptesdents faverd iidnisamy dpoogbnpatfiiiblientat eri al
can be used, ,as_far as.it, . has adhesi sufficie t.Q nt

bFGF- carryi nﬁog]é?gaetnleﬁag?)otnhgee%f{f“?%n Co\réll%{{ﬁggr%?e;éé:c?%eé%lgﬁfi gﬁel(%f' ?ﬁlé t ynpani c
menbr ane or earmgianakpboand .ils toapabite 1600 provirdiehgratng shefitacle tand /0

i nsi de of thgbgggqgj% Y}%t .hbea}: g%ﬁylg%gitgg;{igjﬂggnent suitable for the cells of

regenerated tIssue by being isolated fromthe external environnent;
exanpl es imncllGdeZf i brin glue (blood fibrinogen and thronbin extracts;

comercial ly avai lgpl F@@%q.lﬁgg%] ({él%@iﬁt 564t Lagsmkhn(Astel | as Pharma),
TISSEEL I's (registered tradenar Baxter), or Beriplast (registered
trademar k) (CBtaBett icag)ylscalbgi Areezeciddied- a ISatiestiveh ebFegFodrEkammpl e,
cal ci um al gi pat g, - SOGLUM A HAAL LI 1N £1BL L1115 Ohubh £ ROLY IEBR | G
polysaccharlées such as chitin and chitosan. [0037]
liquid nitrogen for 30 minutes or more or at -80°C for 1 hour
20 or more, and then drying the preparation using a freeze-drying
machine for 1 te 3 days.
[0033}
The tympanic membrane/ear canal regeneration agent of the
present invention is applicable in all cases, as far as the
25 patient’s tympanic membrane perforation or ear canal soft
tissue defect is not accompanied by active
infections/inflammation in the middle ear/external ear. For
example, cases of tympanic membrane perforation include
chronic otitis media, re-perforation after tympanic membrane
36 closure surgery or tympanoplasty, old traumatic tympanic
membrane perferation, perforation remaining after tympanic
membrane incision or tympanic membrane tube indwelling for
otitis media with effusion and the like. Example cases of ear

canal soft tissue defect include those with an ear canal soft

35 tissue defect and ear canal bone exposure after ear canal
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20As a nethod of preparing an alginic acid salt (calciumalginate), and
shaping it into a nenbrane form for exanple, 3.3 m of a 2% aqueous
solution of sodiumalginate is uniformy casted in a way such that the
entire base of a Petri dish of 10-ml capacity cones into contact with this
aqueous 25 solution. Subsequently, 5 m of a 3% aqueous solution of calcium

chloride is uRbfasEbyosPreadcovat, thrpsadm Relrbr dashchganldumarct he aqueous

sol ution of sodi um al gi nate and the aqueous solution of calciumchloride to
come into coREITARth each other suffici ently, after which several minutes
are 30 waiteqoo#ft er t he remai ni ng liquid is renpoved, the dish is washed

with distilled vvat and al.|l owe 9 %/ Eaneousl Wnerebé | CI um
al gi nat e nenbrane T § bR &GS Ii‘_"élle aryi %@fa t hed s Fé?lré R e%g
shaped into aResppr Qﬁt‘rér&lﬁlemst:zﬂ pratersbey idd Zleddvpatrl‘tlECDl@BBy fnler eby the

alginic acid_salt can,35 repared as a coveri [] 0038]
When t he covB?Fhedltr‘?af“é%‘ ﬁagg?l PEPF M Can “he % nﬁﬁg erecf E)E)L/i dri ppi ng
several dropsatdiersedt oisdueedsfiedtaderokhidie thEGETar mping @gel atin sponge

ng?Wng egn:jnf:%)]heﬁznclg_ogg rer(?et%%r t%lve’ medlggl stp L nlga Iatreuﬁ&){]gl %JEQ{Q.A/GI‘ known

, e covering nateri ar?i's “a sheet =11 Ke Subst ance,
it can be pl apecdlﬁmaalmyuscpahlexht&t wihk sunirpesiofmdanipeaheGlodioryihen gel atin

SPonge ! MAekbet AN bl GELESY Y HRELON P aeRuCtiEt 219, IO The

present inventron IS hereina escri nore specl |cal y means of
t he fol |l ow ngyfpems esmbwdriechs @@ﬁveltew‘,a deepadte PE nilte ttbi@PWJe:sent i nvention

| n any way. 25 155,404QL . BRMpLE; JniRegepEL AtdoRaPf cdiiiPaptc membrane
1) Patient selection

tissue defect having a maximum diameter of 1 cm or more,

particularly 2 cm or more, repalr of the ear canal is possible.

15 [0035}

The bFGF-carrying gelatin sponge is adjusted to a size
larger than the defective portion of the tympanic membrane or
ear canal, and is indwelled in a way such that the entire
defective portion is covered. Here, in case of an old margin

20 of the defective portion, it is desirable that the margin be
freshened to promote tissue regeneration. Methods of
freshening include, for example, a method wherein the
epithelium of the margin is removed by bruising the margin
using a surgical knife or the like, or by a treatment with a

25 drug having a protein-denaturing effect, such as aluminum
acetate or a high concentration of a local anesthetic.

This drug-based method is particularly effective in cases
where the ear canal is $0 narrow in shape that the margin of
the tympanic membrane perforation is difficult to freshen:;

30 first, a gelatin sponge containing aluminum acetate is
indwelled in the defective portion, and, about 30 minutes
later, it is removed. Thereafter, anesthesia with 4% lidocaine
hydrochloride is performed, after which the denatured tissue
of the margin (discclored to white) is removed to the maximum

35 possible extent, whereby freshening can be achieved.
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The study subjects conprised various patients who were confirned to have a
t ynpani ¢ nenbrane perforation, and not to 20 have an active infection or
inflanmmation in the mddle ear/external ear, including cases of chronic
otitis media (n=9), cases of re-perforation after tynpanic nenbrane cl osure
surgery or tynpanopl asty (n=7), cases of old traumatic perforation of the
tynpani ¢ nenb®@¥e (n=5), cases of 25 perforations remaining after tynpanic

menbrane incisi OnAOEuh}'r?}a%Si; ”féﬁb'fa@ﬁe %eh?dWén'tQanPésr%g%%tlé diRdi a

wi th effusion (n=10) an The size of tynpanic nmenbrane
perforation ##et fdetnbhe eurfyhe Cﬁ%\tﬁhénbgGENé’laérmlw dedal it crohgee groups

accordi ng t0;3Q,41NeaSt 26 Y qbYOPANIL BRI ARS RS fQRaLEQD nadReShAT I cal ly,
patients having a tynpanic nenbrane perforation involving |ess than 1/3,

1/3 to 2/ 37 Andthfocevery ZrBepiat meednit rdet PRpHHItc LAERDOTe ARY e

classified UBg@éorr?a@gﬁlé :maltlerlﬁﬂ%alnl be h&spegti vel s 36 }{159.941] 2) Method
of treatnent and foll|l ow up exam nation After confirmng the presence

of a tynpani 8dhETiEaRes pRIffaFatTortcaklcr HécabEBRhc BV 188198 tHAf ect i ons and

i nflammati onsp&id 9nxs@akednyl §brdibdocaiing by chivapiti: BewBsaddserted
in the ear canal in a way such that it canme in contact with the perforated

portion of the 3mpanttr r?é’ﬁibf-an%ap%Su?f B AiReSheatiFfachdar a

m croscopegg lﬂﬁld@-l’oglb ﬂh@fsﬁolﬁgetx}/:[mal&l Euﬂ?ﬁrmmqnéxﬁﬁﬂ{énﬁl@atl @J&ht\&ﬁsebﬂm ﬁefj
using a tynpanic rane incisional, knife or the like, and the eplt el ium
of /o the mafdf rFegﬁ St ik 1RAEPEFatTOHRaRe rgf éHgaJrﬁﬂJﬁ‘&eEiFﬁj’m

Subsequent | yextegrllathwispeage; (Spopges {i@gidst efesh o E;aderrmﬂ@bd Astel | as)
nass | arger % an. t he t rg%anl cagenbrane erforatlon nated W th

bFGF (Fi bl ast {1 &§9Pe -xa erfoﬁﬁ‘SFﬁJa tFX% §n85the
bFGF- car ryi ngolieajell aégista&aﬁgaMrQrmsmst@\mhkeﬁuamaa \/\mtsmmh that the

perforated rti.o of the nb ane f covered Fig. 10).
Ther eaf t er’? ?ﬁe%l REH Efe(?te&hn?ﬁp \feraF tjrops o%p}fjl rihe (e eri pl ast
(register ed t radtenmikk) (CISBeBehngnNg) alditrer achd ¢r eatsratélntthéﬂm@fpafcbnent S
were instructed d. nat to 1 20 d%lanX t.hi ngot hat ax%g ressur eteorn stot_E i{. ears,
such as vi gorousp Nasar  Suckin mose bl swion g, Frd not to aIIow water to
enter their patsnauici p‘glquchwasdinmg;uahda@aihhrtmg ajd@2fopacheckup after 3
weeks reveal ?Qoﬁjr m adhesi on of the

20 As a method of preparing an alginic acid salt (calcium
alginate), and shaping it into a membrane form, for example,
3.3 ml of a 2% aquecus solution of sodium alginate is
uniformly casted in a way such that the entire base of a Petri
dish of 10-ml capacity comes into contact with this aqueous

25 solution. Subseguently, 5 ml of a 3% aqueous solution of
calcium chloride is uniformly spread over the same Petri dish
to allow the aguecus solution of sodium alginate and the
aqueous solution of calcium chloride to come into contact with
each other sufficiently, after which several minutes are

30 waited. After the remaining liquid is removed, the dish is .
washed with distilled water and allowed to dry spontaneously,
whereby a calcium alginate membrane is prepared. After drying,
the membrane is separated, shaped intc an appropriate size,
and sterilized with EO gas, whereby the alginic acid salt can

35 be prepared as a covering material.

le



25 covering material and gel atin sponge renmaining on the surface; when this
was carefully renoved using a Rosen probe and the |like, a regenerated

t ynpani ¢ nmenbrane was noted thereunder (Fig. 1D). In cases where the
perforation was not closed by a single treatnment, the sane treatnment was
repeated. 30At that time, the regenerated tynpani c nenbrane occurred as a

t hi ckened, veEd&®l-rich tissue, but it thinned with the el apse of tine (Fig.

1E), and becane updistiROubsbab]e nbeomdingsnoramly,t Yapad genenbrane in
about 2 nonths (Fig. 1F). [0043] 35 3) Results 'I:E)ggpanlc menbr ane
B1-"%a

regener at i ve@igdeRertd Wys GpERRoranEaveAt RirsPeetfEGoon° Fer{3ree

subj ects. Ther r@:%UbF§F4'HaQr§Bﬁ’r¥Wt;él%_tl_ﬁbép%nlge Thesdiasdl 15 RS GeSedlBil zed by
perforation size (Gade | tol]1) in terns of the nunber of treatpments

required 5 tRPHERNever AYoSEFaYingd ddurelt%te SPHRYTed B REdr iShig M lity
i mprovenent , tid eakBeNtynehMen&Xxe)wding ranest besia d isABet-allidket BEbPIRSENCE OF
absence of sequelae. The results fromfive patients in %om a ﬁel atin
sponge i npr eghdP@dP6i RIRSERY 47 oF IGYe AR difehie “BF oHE TREE ULt §s PR bFGE was
i ndwel | ed i ncdorvanpegd itahedppadd iioawel1ddant yipattifecaevd paieian eisshown in
Table 2. [0044] [Table 1] dassification by size of tynpanic nenbrane
perforation & dy

10 [0039]

The present invention is hereinafter described more
specifically by means of the following Examples, which,
however, do not limit the present invention in any way.
Examples

15 [0040)
Example 1 Regeneration of tympanic membrane
1) Patient selection

The study subjects comprised various patients who were

confirmed to have a tympanic membrane perforation, and not to

20 have an active infection or inflammation in the middle
ear/external ear, including cases of chronic otitis media
(n=9), cases of re-perforation after tympanic membrane closure
surgery or tympancoplasty (n=7), cases of old traumatic
perforation ¢f the tympanic membrane {n=5), cases of

25 perforations remaining after tympanic membrane incision or
tympanic membrane tube indwelling for otitis media with
effusion {(n=10) and the like. The size of tympanic membrane
perforation did not matter.

The patients were divided into three groups according to

30 the size of tympanic membrane perforation. Specifically,
patients having a tympanic membrane perforaticn invelving less
than 1/3, 1/3 to 2/3, and mcre than 2/3 of the entire tympanic
membrane were classified under Grade I, 1I, and II1I,
respectively.

35 [0041]
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(n=3) Gade IlGade Ill (n=15)(n=13) Degree of hearing ability inprovenent
(3-fraction met hod) Treatnent tine excluding anesthesia tine 15.8 dB
23.3 dB 28.5 dB 8 mnutes 50 seconds 9 mnutes 20

2) Method of treatment and follow-up examination

After confirming the presence of a tympanic membrane
perforation and the absence of active infections and
inflammation, cotton scaked with 4% lidccaine hydrochloride

5 was inserted in the ear canal in a way such that it came in
contact with the perforated portion of the tympanic membrane.
About 15 minutes later, under a microscope, the margin of the
tympanic membrane perforation was bruised using a tympanic
membrane incisional knife or the like, and the epithelium of

10 the margin of the perforation was removed arcund (Fig. 1B).
Subsequently, a gelatin sponge {Spongel (registered
trademark): Astellas) mass larger than the tympanic membrane
perforation was impregnated with bFGF (Fiblast (registered
trademark): Kaken Pharmaceutical), and the bFGF-carrying

15 gelatin sponge mass was indwelled in a way such that the
perforated portion of the tympanic membrane was fully covered
(Fig. 1C). Thereafter, this was fixed with several drops of
fibrin glue (Beriplast (registered trademark): CSL Behring).

After the treatment, the patients were instructed not to

20 do anything that exerts pressure on their ears, such as
vigorous nasal sucking and nose blowing, and not to allow
water to enter their ears during hair washing and bathing.
[0042]

A checkup after 3 weeks revealed firm adhesion of the

25 covering material and gelatin sponge remaining cn the surface;
when this was carefully removed using a Rosen probe and the
like, a regenerated tympanic membrane was noted thereunder
(Fig. 1D). 1In cases where the perforation was not closed by a
single treatment, the same treatment was repeated.

30 At that time, the regenerated tympanic membrane occurred
as a thickened, vessel-rich tissue, but it thinned with the
elapse of time (Fig. 1E), and became undistinguishable from
the normal tympanic membrane in about 2 months (Fig. 1F).
[0043]

35 3} Results
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seconds 11 m nutes 40 seconds Sequel aeNone None (transient otorrhea n=2,
tynpani c recess n=1) None (transient otorrhea n=3, tynpanic recess n=1) 15
Grade |: perforation |ess

Tympanic membrane regenerative treatment was performed by
this method on 31 ears in 26 subjects. The results are shown
in Table 1. The results were summarized by perforation size
{Grade I to III) in terms of the number of treatments required

5 to achieve closure, closure rate, degree of hearing ability
improvement, treatment time excluding anesthesia time, and the
presence or absence of sequelae. The results from five
patients in whom a gelatin sponge impregnated with
physioclogical saline alone without using bFGF was indwelled in

i0 - a perforated pertion of the tympanic membrane are shown in

Table 2.
[0044]
[Table 11
Classification
bzy;;Ziizf Grade I Grade 11X Grade IIIX
membrane (=3} (n=15) (n=13}
perforation
(Mean) {(1L.0) (1.6) (1.8)
Closure rate 100% 100% 100%
begree of
hearing ability
improvement 15.8 dB 23.3 dB 28.5 dB
(3-fraction
method)
Treatmentltlme 8 minutes 50 9 minutes 20 11 minutes 40
excluding
. . seconds seconds seconds
anesthesia time
None None
(transient {transient
Sequelae None otorrhea n=2, otorrhea n=3,
tympanic tympanic
recess n=1) recess n=1)
Gradg I: Grade II: Grade'III:
perforation less foration 1/3-2/3 perforation more
than 1/3 perto than 2/3
15
[0045]
[Table 2]

19



than 1/3 [0045] [Table 2] G ade Il: perforation 1/3-2/3 G ade I11:
perforation nore than 2/3 Cl assification by size of tynpanic nenbrane
perforation G ade IGade I1Gade Il (n=0)(n=3)(n=2) Nunber of4 tines4
times :

Classificalion
by size of
tympanic
membrane
perforation
Number of
treatments -

Grade I Grade II Grade III
{(n=0} {(n=3) {n=2)

4 times 4 times

oe

0

o\®

Closure rate 0]

[0046]

Even in case of the gelatin sponge impregnated with

physiological saline alone without using bFGF, a slight

5 tendéncy toward closure of the tympanic membrane was noted.
This shows that regeneration of the tympanic membrane is
promoted even by indwelling a scaffold alone; closure seems to
be possible for very small tympanic membrane perforations;
however, when the tympanic membrane perforation was large, it

10 could not be closed even when the number of treatments was
increased.

Meanwhile, when bFGF was added, the tympanic membrane
perforation closed in all cases, irrespective of the size of
tympanic membrane perforation. This shows that cell

15 regeneration is subject to limitations with the use of a
scaffoid alone; it is thought that in cases of tympanic
membrane perforations that are larger than a certain size,
addition of a growth factor such as bFGF seems to be necessary
and indispensable. Regarding the degree of hearing ability

20 improvement, & normal level was restored, irrespective cf the
size of tympanic membrane perforation; regeneration of a
functionally normalized tympanic membrane was observed.

{0047]
Example 2 Regeneration of ear canal soft tissue

zs 1} Patient selection

The study subiects comprised patients after ear canal
cholesteatoma resection (n=7), patients after tympanoplasty
(n=2), and & patient after ear canal tumor resection (n=1),

all of whom experienced a defect of ear canal soft tissue and

20



treatments C osure rate0% 0% [ 0046] Even in case of the gelatin
sponge i npregnated with physiol ogi cal saline alone w thout using bFG-, a
slight s tendency toward closure of the tynpanic nenbrane was noted. This
shows that regeneration of the tynpanic nmenbrane is pronoted even by

indwel ling a scaffold al one; closure seens to be possible for very snmall

t ynpani ¢ nendanerpesf erat consl bhowevdhe when dfhéeh¢ ydgdacit cdgniatane
perforation I\[{\'_ﬁsaelrarge, it io could not be closed even when the nunber of
treatnments was i ncreased. Meanwhi | e, when bFGF was added, the
tynpani ¢ nenbd®@®é perforation closed in all cases, irrespective of the size

of tynpanic ir)e;q%gﬁgg &lﬁrtfrghgr%..ﬁn'anghkfll%@g %%&ﬁ&'nﬁ%umi S regeneration is

subject to li'm ons Wt e use of a scaf d alone; it is thought that
in cases of tynpaffceneebiinenpahkorbsdrmesofhadtiziee l.arger than a certain

size, addl 1Ol Qh 580 OB ALY s3UOH 3RUREE REAMARL SRR geRgssary and

i ndi spensabl e. Regarding the degree of hearing ability 20 inprovenent, a
nor mal | evel pawformedt olader ia maspeetiife 6he tHwleszealygina papakiftemenbr ane

perforation; &.e0eneLald PBrah fndidaChEonal k¥ -notiml irged,dvmRani &5 frerbrane
was observed. [0047] Exanple 2 Regeneration of ear canal soft tissue 25 1)

Pati ent sel egdl ganal cholphseatedy OSub) ets CeBRbriFey  patd énttgealt er ear

canal chol,£s{&al0WRs IRSRCLLRg (DTlkqi PRL eNEs &f ek tympanepbasishdn=2),
and a patient after ear canal tunor resection (n=1), all of whom
experi enced % idefa&t CHialefPne fiIFCSEEEt T2 1O¥HRI dndraBRpbRtive 6ft®ar canal

bone. The siggi of at &1 Hahechotlid 3t MBEJBT thiP04R] wihndhidrod of treat nent

and foll owup exam nation , )
' impregnated with bFGF, and the bFGF-carrying gelatin sponge

mass was indwelled in a way such that it fully covered the

15 defective portion {(Fig. 2B}. Thereafter, this was covered with
several drops of fibrin glue or a calcium alginate membrane
(Fig. 2C).

The patients were instructed to refrain from picking
their ears, and not to allcow water to enter their ear canals

2¢ during bathing, hair washing and face washing.
[0049)

Checkups after 2 or 3 weeks revealed firm adhesion of the
covering material and gelatin sponge remaining on the surface;
when this was carefully removed using a Rosen prcobe and the

25 like, completely regenerated ear cénal epithelium and soft
tissue were noted thereunder (Fig. 2D). If the regeneration
was inadequate by a single treatment, the same treatment was
repeated.

[0050]

30 3) Results

Ear canal regenerative Lreatment was pericrmed by this
method on 10 patients. The resulis are shown in Table 3. The
results were summarized by size of defect (Grade I to III) in
terms of the number of treatments required to achieve closure,

35 closure rate, treatment time excluding anesthesia time, and
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S5After verifying the absence of active infections/inflammtion in the
wound, | ocal anesthesia was perfornmed. Under a m croscope, the

chol esteat oma and tunor were resected frominside of the ear canal for
patients with ear canal chol esteatoma or an ear canal tunor, and a fresh io
wound was made using a surgical knife or the like for patients with ear
canal bone exposuresecfiot |owabgetgmpdnepliasitag. after which a gel atin sponge
mass | arger gg@gh}t he wound was i npregnated with bFG-, and the bFG--carrying
gelatin sponge mass was indwelled in a way such that it fully covered the
is defectivelporta én (Fig. 2B). Thereafter, this was covered with several

drops of fibrEM@lU8cH¥idh cal CEHRARYI nat € gesay ahe (Fl Oerade 111 The
patients were Hw%ﬁﬁgztsgqet o refgaigy from pi cki,ngy their earg=13nd not to
al | ow wat er ng and

f ace washi ng. [Qpez}a% cnts Checkups after 2 ar33 weeks revdaled firm
adhesi on of the _CQYERI Ng materl &1-3and gel ati r(2s@bnge r emai fﬂ Ry on t he

surface; when H-S—was—carefuH cHovea—ustiy Rosen—pro (g.llu the 25
i ke, conp Iefp?% $%ﬁpﬁ%ﬁafpd paﬂopﬁnal pnlfhp*aﬁwxnnd cnff% I&sue _were

noted ther eunaé?at(nlﬂi“ } fnitliees QENEKALE Q480 | Nadequatiesbyo a singl e
treatment, the $&FEYY Jff’é’at ment g\@&,r{d%peat ed. S[egggg)g 30 3) Mdtss Ear
canal regeneraissFectreiinen as_pe ned _b et hod on pat i ent s.
The results are Smahagn Tabl e fﬂorﬁhe resultste summrl ﬂe&by si ze of
defect (G ade | tasdakde)Tin terns of er of tre reqwred to
achi eve cl osunsxindh eiasuee gmte, ‘férqﬁ ?r%m tinme excl est hesia time,
and the presenceuas ahsense of seque e fbos51] [TabI & osure

rat e100%4.00%400% Tr eat nent ti nme

5 Industrial Applicability
[0052]

According to the present invention, tympanic membrane
perforations and ear canal soft tissue defects can be merely
treated on an outpatient basis for about 10 minutes, without

10 being accompanied by a full surgical treatment, so that the
need for hospitalization and frequent hospital visits is
obviated. Because regeneraticn of the tympanic membrane/ear
canal is possible irrespective of the size and cause of the
defect, the present invention is applicable to patients for

i5 whom treatment by conventional regeneraticn medical techniques
is not indicated. Furthermore, the surgical technique involved
is simple, repeated treatment does not produce sequelae, and
regeneration of a fully normal tympanic membrane/ear canal is
possible. Additionally, hearing ability is normalized just

20 after the treatment, causing no hindrance to daily activities.
Therefore, the mental, physical, temporal, and economic
burdens on the patient are lessened, sc that the present
inventicn is highly favorable from a medical economic
viewpoilnt. |

25 This application is based on a patent application No.
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7 mnutes 30 excluding seconds anesthesia time 8 mnutes 40 15 m nutes 10

secondsseconds Sequel aeNoneNoneNone Grade |: Maxi num di aneter of wound <1.0
cm Gade Il: 1.0-2.0 cmGade Il1l: >2.0 am 5 Industrial Applicability
[ 0052] According to the present invention, tynpanic nmenbrane

perforations and ear canal soft tissue defects can be nerely treated on an
out pati ent bagits-1kor4alFaledlin Mapehesfilddaate: June 26, 2008), the

contents of which are incorporated in full herein.
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/c] being acconpanied by a full surgical treatnent, so that the need for
hospitalization and frequent hospital visits is obviated. Because
regeneration of the tynpanic nenbrane/ear canal is possible irrespective of
the size and cause of the defect, the present invention is applicable to
patients for 15 whomtreatnent by conventional regeneration nedica
techniques is not indicated. Furthernore, the surgical technique involved
is sinple, repeated treatnent does not produce sequel ae, and regeneration
of a ful I%.&bRfal tynpanic menbrane/ear canal is possible. Additionally,
hearing ability is normalized just 20 after the treatnent causi ng no
hindrancgh;g da|I% activities. Therefore, the g S|cal t enpor al ,
and econ RRRLC ST HR FalF ettt &Pé‘aile’é%ﬁ%ﬁra 6°f‘rﬁa SR hEPrRESenng

i nvent i ore icontiiighd tyi dravdr abyelét dm sporde ctha € conam €s \Hapoififor A HEtS

applicati .Sy, b n pat t . 2008-167744 filed in
Japan (fi#¥é¥?%a?%§gggngﬂ 8 %%8§%QBF%éﬂg%n Qfs of which are incorporated
in full herein. Cdainms 1. A tynpanic nmenbrane or ear canal regeneration

agent conprifiddgane0dbEsakE ARG O A L&l 3l @hépgmgetﬁé%m@ﬂﬂge&att@fal
fibroblast growh factor and a covering material. .2. The agent according

to clai mis eFER Eine %v%rw%ew%%wlaile BOLYBRIH CgPQd Y& CEhmdticle 91 ubl e
pol ymeri iz pdysasehaei dreoec&.derivative thereof. 3. The agent according
to claim?2, wherein the water-sol uble polyneric polysaccharide is chitin,
chitosan or alginic acid or a salt thereof. 4. The agent according to any
one of cl&i Mméhd &geBt mheoeﬁdnghéqmmkﬁﬂmcﬁ ahgnpani theewbritare spanfidreat | on
or ear ¢ t e f vering
mator ] al T Roers BB a e LIS, Pl B e I AR B ST O
produ0|n@wﬁ%%ﬁqﬁ#@éeﬁﬁﬂbrane or ear canal regeneration agent. 6. The use
according to claim5, wherein the covering material is fibrin glue or a

wat er - sol ubl poI nerlc pol ysaccharide or a_derivative thereof. 7. The use
accordind td Fhe a0, ARRETa TG e e PREOP ibF b2 pBFy her? ¢ paihAERichdiiade i s
chitin, @drnﬁgzs:arfufcni tgtngalamles ra@xmdr@ﬁeq.aaaﬂdretth&sze@fr caBcahhkg ssetadead ng

to any on f clalns 5 [0e in the margin of the tynpanic nenbrane
perforatfgﬁpor e%?sc%%e ?P § ue defect has been freshened.

5. Ause of a coveringmaterial and basic fibroblast growth factor
carried by a gelatin sponge for producing a tympanic membrane

or ear canal regeneration agent.

6. The use according to claim 5, wherein the covering material
is fibrin glue or a water-soluble polymeric polysaccharide or

a derivative thereof.

7. The use according to claim 6, wherein the water-soluble
polymeric polysaccharide is chitin, chitosan or alginic acid or

a salt thereof.
8. The use according to any one of claims 5 to 7, wherein the

margin of the tympanic membrane perforation or ear canal soft

tissue defect has been freshened.
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