DESCRI PTI ON AGENT FOR REGENERATI NG TYMPANI C MEMBRANE OR EXTERNAL
AUDI TORY CANAL Technical Field 5 100011 The present invention
relates to a. tynpani c nenbrane or ear canal regeneratich agent
conprising a conbination of a gelatin sponge that carries basic
fibroblast growh factor (cFGF) and g.g@verihg material - 10
Packoreund Art (00021 Perforation of the tynpanic nenbrane is
a synptom that. causedCaBT eHtFs REGERERS [NGpT RS IanHEWERANGT &Ri ons i n

t he tynpani ¢ menbrane; there ar@r¥aii0uspeadsesfgreof, and in . 2a
cases of macroscopic dryness in the tynpanic cavity w thout active

i nf | anmmat i on,TSCPP$eEE *GéSi rabl e to close the perforation as early as
possi bl e. Fhegobargest advantage of tynpanic nmenbrane closure is an
increase in hearing ability. Provided that. the inner ear is not
di sordered, with nb*SPEEralt 20'FaET Ohs Présent© ion YRR e Eare n
-i nprovenent daft beadl n@geabidtilys b§emtsSukbyi achy evedmbmali easesas
af ter tynpani clr’rﬁnbr ane, closure, vhich signjificantly contributes to
an i ncTeaoe i fhe" pséiolngﬁtt%at(ﬁfrf%gﬂsm TibrqhyashedfrEdercetof a
perforation iFche dndrpanbeenenpmanetia1at only the t2m Lpanic
menbrane is unable to %ar?ture adequat e sound, but al so hearing

S

(lI'isteni ngwt 0 \%ﬂ?ld%Ljn(ji urthcer interfered with by the cancelling

effect, in whi0éh2]the sound that has directly entered the tynpanic

cavity gobs in the, 50 cochlea ranch the round wi ndow and col | des
with the sound th:%el}%ggagﬁ réroeffj%{’ﬁeagné)caﬁ)llé:am\a#barafnﬁelﬁo? a6t et
Abbat i onal | y,cathes mMaddicé seanclezposest Wiaseehliypdf drheieas icanak si de,

vvhichinturQ i k resj nce to infections and.is
ery Do SntamBaItd B UREK SR 21 33068, S UCERLONG: A08ai it o
causes sensordaaenaral mearbngriosisynend linnpaer edndaabyr cathineituoct i on

s, L0 11 ks ol BRI 00 B0k, UASSELERINErold J o)
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.

[0003]

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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[ 0004] f.For tynpanic nenbrane cl osuxb, a variety of therapies are
performed according to the size of the perforation, and basically the
majority of currently avail able therapies are surgery-based.

General ly, nyrinecpdasty and tynpanopl asty are perforned, In the

former, skininac'l qr}'n : ticular F,: r nd
col lection/t raansprﬁdfnt ae%ii %%g%leg§§%$of§%%§§?? sdsut?eggr EenT?a‘esrsn(‘aarllt raf; in the
latter, in addbPefworrttiont hése protedgresnsedrt ¢anatefayrase orhdts the

essential . A%,Lbg, RERLADA{SROL LI LYMRGOL o ITEBTBne ) ncreases i1

size, transplantation of apt:plc:John tissue enporalis) as a
substitute fdPOPhke ms. tynpani c menbrane becones nore difficult to

perfor massa. sur Q*o(}altygil | |c791-l31n§£ré-r?e cﬁ%gﬁiee, gcl\e/%?ry\@ﬁn o%urtggfé{,pies are

setdtfizxm ed, hearing ity is not always nproved, Yon

seghel ae sucheasopEst aperatinge teyhparfii¢enehbreneer eoperioor agndn,

forei hn sensabbomily the Rerdauyi culaiRarty Andithnnides.gans agcur, .
ef Furthernore, postopratively, the tynpanic nenbrane becones far

from the int &BF9TVHPpanFe: neRbPahe YheEHGSRIGT aPAY et HtBANoPlasty are

hypertrophy aedréhed.i ken tapdrbaani ngxaRiiidiy;idecl£aseSpodNese cular
operations are usually acco,rrpe;nl ed. by. hospitalized care for about

one day td’s&Fet di"WEBKkSSCIHEEY hgR T RMVRAek $O8 (fth 2850 XQ90snéf 8ade dire
mental , physieatniind ;eeonend aabuedens, aadt hespabi eftse [B0CS4ures, ear
Li kew se, for e anal soft tissue defects accog&ani_ed by bone

exposure, suffPeal®FFeatielit s been the O yee ofial tN% her apy;
treat ments stughpasieykabnale iiRersh o iiRsSOitde tpastaldritculian part and
col | ection OBUt§Pt°|bg us tis%ue have been iqdis; enl e, 10006

In recent years. t&yensrative tABGTCi FTEPEF P ehted Snet AU Gt ey hpartie
menbr ane regeperaticoneustag dcbdoconpatel bl ef as.1scabf pdcfarat esial t hat
carries a gr %hig C grhlg]{ivu% beﬁn Praposed ; see for .exang%]e, Pat ent
Document alL [n  parti cerar dSome cases SF" t FEAt mBhT have Been r&pot t ed
wher ei n basi beafirr ebliasty growbh factyor beeRipAFed. s Misgdsasuéhe such
growth facto heet-lika thin filmsuch as_a col | agen_nenbrane
or a S chiti %sn}gﬁ%rogﬁza?ﬁeustﬁpagl RETOEART of T Frd 8??%1°%’N§ﬁ¥ﬁhqrént
Docunents 1 senggtiocAl suo descrirbedrisilarmphded gprdoductifuor cear ocanal .

e ok Pl gggéfﬁ&%%c{pgggkgéély@%srt%pa%'i?r%g § A Bcomes
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 one 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

o]
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[ 0007] | oAs anot her nethod of regenarating the tynpani c nenbrane that
does not rely on surgical operations, a nmethod has been repotted. in
whi ch the perforated portion of the tAm paric nenbrane is covered
with the ami on. and bonded wath fibrin glue (Non-patent. Docnnent

2). [0008] Howeyer efficac en nal geperative
nedi ci ne- orlé%téﬁ ?%e&%ﬁ(ego?éa ﬁi?egp%gn%e |$8$y?gna? By A e
menbr ane perf%m%ﬂpaﬂgsaﬁdte@aUEEMahadeﬂeensremdnaaa Whenaplessace not

appl i ed for tympa !L&s@%fe%%}? $AL08" (han g‘ ZLQseCaeratsaHé' X Ié%tﬂ“gaﬁ??

defects that |nvo ve t euditoty ossicled because o e i na
to repair. [CGOQ9p sheet-lijearivii félmgalcht A @pnﬁgeseaﬂeﬂﬂaedeasraa

surgi cal hemstiat j,Cre@Ndnar & alsa H?%@%aéfﬁéﬂ QoA S %&ah%%%ﬁ

rel ease of drugs in the treatnent ear diseases (Patent Doc
3). [Prior Arfocpaeupent ta] 3] Pabén? Decumeed sl 0010}d8D PPateat for ear

Docunent 1: Ranphl @écérgrtrheﬁfamﬁaaen@% Patent - Rubl hoatabn tNgrqr-
2006/ 007417 Patent Docunent 2: P- A-2007- 125252 Pat ent Docunent 3:

Speci ficati oﬁ%ﬁlwq:aﬁpéh@gqxpdﬁﬁéaﬁ aWwPEBIT cati on No, 2007/ 0160648
35 [ Non- pat entpobogunent s]

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 involve the auditory ossicles
because of the inability to repair.

[0009]

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]
[Patent Documents]
[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 Docunent it: Hakuba et al,, Journal of

O ol aryngol ogy of Japan, Vol.110, No.4, p.261, 2007 Non- pat ent
Docunent. 2: Haknba at al,, Head. and Neck Surgery, 5 Vol.16, No,lI,
p,9 -13, 2006 Non-patent Docunent 3: putal et al,, Journal of

Col aryngol ngy gﬁ frgpan, Vol 11.0, No.4, p.259, 2007 [Summary of the
| nvent i on] Pridbi& to Be Sol ved by the Invention ic [0012]

There i s a stwongademandciiesntt he dexmelzopneat. ofjcarnet hod of

regenerating the_t nic rane d r canal b d a
regenerative Oﬁtﬁgflé%rf ot%éD Nn?%tr}%ptaﬂat@%%gg’ [ ‘?O'B"gs&' g?g’ t%b%?epai r even
| ar ge t ynpaniNonapatrran@openartd 2ealakdraletmesof tHebdssue NbefkeStisgefor

whi ch treatment has fr adi {gi onal | ¥Ob|€avoi dably relied on surgical
operations.” Accor di ngol'y,’ t"i's’an object of the present invention to

provi de a noveh-pyrpaniPocneer aneFeaari canal - r effeerat orPtagentngology

capabl e of repairing defe¢is nggardless ohfythe size and position of
the defective Sc-bpo'rti on (l??eans' (')gﬂ)SoI vdng the Probl ems [0013]

The present ilfveneey cfonbaciednétpehsi ve investigations to acconplish

the above-desGribef abj gct soand Looknhatgept;4he mfact that all
conventional techniques are intended to repair defective portions by

al | owi ng surrl@GAding tissue to extend along. the base of a sheet-like

scaffold material hondedsto & {yAPaBh&,HJTRER! 8NE REEABHAIOR 0L & hod
canal . soft tissue defect. Because it ains to regenerate essentially

menbr anous t i°steICBTAABY| fHen toFPasi hdrealsARRtaNd RETnEtEr] &Psgd @ @

scaffol d seenggbAe e idRPAEEMAY tkahhonal thEeweviels iprevisedet hat the
tynpani ¢ nmenbrane perforatien or ear canal soft tissue defect in

| ocal i zed t o "&PPIANAC PORE DN BHPY - r BRI A fokt of B& possi Pidecar canal
however, the doyrpanis.dreabeanse irsrCoRpeX reftshapeaandrh@s: iessicl es

adhering thereto, so that it is increasingl , . o
unavoidably relied on surgical operations. Accordingly, 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 took note of the
25 fact that all conventional techniques are intended to repair
defective portions 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 it aims to regenerate essentially membranous 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 sr-face with a planar shest-Iike
material as the tynpanic defect increases its size, The inability to
conpletely cover the defective portion would nmake it inpossible to
repair. the tynpanic nmenbrane, or would result 5. in adhesion with
surroundi ng t.i ssue, | eavin seguei ae. The farre aggl ies to ear carlal
soft tissue. SHFTICULLEEP VST 48NS HEGVEV tHE PFrelehtPiPRGEntaFct—1ike

chapped t he eebtweinil apathé dgapehitdsidargca sSheetases likesimateriad , and

adopted a gel.atin .sponge as .a scaffold texial wth a focus on.th
lo use of a maf ﬁl%y tt%a‘fongillegﬁgyt%oeveéngﬁ?e e&%{%&{’ﬂ%"%&?{‘i V("J%u?do “B’z(e
covet ed steriicalhpassSpeeifd calpbyr ehgelyabamispengeanaproegrated msilt
bFGF sol ution_was indwel |l &.in_a way such_that p. ver.ed.

t he: def ect fvénp%r els(%r?no‘f'l%hes r§%r\é\%¥n§ %éﬁ%‘?l%neletgp%el%rs.oe%%rllggf é‘e%(':eause
t he gel ati n spoagerdlsea 1% grmat eprnal olfttarnedichy deconposi ng

celD sden, having e e g al aﬂglr f
freedom t han coll a%éjn,%fl?tfié%%c a%%((g:){eér ?gé In %%ﬁa?h I oerd?g%g ?cgntlhﬁag
as a. scaffokdnforticekl. idggowthpsitg doesenbtliket epfererlni ghdt héopted
direction of acgéiaﬁ'noegaﬁ OMks ACCOL I NG ¥ £118,106 R T D SROAYEaINE O
al low 20 regenérating tissue to go into t he gel atin sponge and

el ongat e tlhenee ehattheptehbml tthaal pblevst heer egerier defagfl tiespastion to

el ongat e al ong the base.of; aisheetsddke; natgsial gasacionkgphional _
fibrin glue or a?glnlc 25 acid or a

Furthernore, in this operation, _ ( (
salt thereof iasc@Epplededitd RiFE sporgerstire atEivednddt He SpangeuWas

covered and fhzed.ivepohhe dafechi Vg RRIFEEONve WirkeoR deahrl @yRphSic
known in which a base material for tissue regeneration is fixed to

surroundi ng fRESIRNUSING2E B Fddhe¥ioreshatet %2 ttheSi5e8ehf # nvent or

coveted the speBgR:ISALSHEASE S WHERoR&OEr LTI ARG hatind1Qt 18REE}Y-
as an adhesi ve age but for the ﬁurp .se of insulating the
tfe

nt :
regener at i ng "pBPET S BRBF THE RS 5rereat & TETIBRVE FBhmentagen,

sui tabl e for it, isncndrwered] 44 en FhomMyJhe esanectiiawpei £ ,a wWier rbhe
mer qi n of tyglgani c. menbrane perfotations and ear % n%{zﬁs#),ft ti.ssue_as
| i

defects was oPd, S§t WE8VFFestHef@§Sus?hg "a e SEEF AdE: Fegirign of

protein denatdrantlanattibe. | iak€ordingly, ABegdlesuht sp@wenalifls to allow
tynpani ¢ nenbrane perforati ons w e i nvol vin

th a.tdeti1 ct. X (2 nore than
213 of the meRBFATE dRd B4 taridl 980t 1t 1 i SEuESHErEC PEORE cdll FgO2ITTH
in wound di aretee, f0medr which canventitenakgaréhodsigaressuottcappl i ed
, closure of the dtet etho andh a23 [ wprgvegsvj%te\;i_gipgan{aitggiay lity were
noted in all °¢8883L° HPRIND Sl 86 B ed: Brom t he above,
t he present icoveatwionzanfirmed that by using a hl GF-carrying gelatin
sponge and a Coverfd¥%hg%%g£éfﬂin 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 a technique is known in which a base material for tissue
regeneration is fixed to surrounding tissue using a
biocadhesive material, the present inventor covered the sponge
30 surface with a covering material, 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 a surgical knife or a
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io in conbination, it is possible to regenerate the tynpanic nmenbrane
and ear canal inexpensively, conveniently, and safely, even for
patients with a severe tynpani c nenbrane perforation or ear cana

soft tissue defect, for which treatnment has conventionally

unavoi dably relied ch surgicel operatlons and |f have devel oped the
present. inveRCrom 64T Heordingly *the present invention is as
descri bed bel ow Askﬁkeéulﬁympan|ﬁomﬁnh@aﬂﬁ:mmmeaan@QﬁﬁEoratlons with

tich t i Sj ng' nbi f | at
hat oo i os “200BRGT O PPbY BT ASECGrO R Palt o CaR"EL < Reyart RgF oral

material, | %]ofﬁ*helsaagentieﬂ@cste; ielaedecﬂrnq 7] pmv\hen@lundtdmeantamel;l Agr
material is f br ue or ers squbIe poI nmer,i c sacchar.i
or a derlvatlbe chveR fﬁfn &' agen?iﬂéscrlb ]iﬁd[2]gpﬁ%%FePn ?%e

wat er - soIubI@efécpcnyhanlmmmnﬂwﬁmantharﬂderusgchnﬂunyx@hﬁtgsaadorn all

alginic acid S her eof qagent described in any one
of [1] to [3]C(glse ’fgfh % gﬁﬁwlﬁﬁ or° éh%ynpanlc menbr ane perforation

or ear canal soft.Fidmss$be daﬁectthagnbe@ntfL@@héNEUCOBEUF@P Ahaetiod
of regenerat h or C L - risi ri
g Iu@ngt ?nﬁ%ggggfﬁlh E?Qt_eln %ﬁé% Al 8\9%1‘{(/;5 glgge al

indwel ling a ge carries a erapeuti ca ective
anount of Masincchilpraiiiast gﬂrd\ﬁtnosamlcﬂ tonregenampani eharevbicanec

pertorarion Qr gar, n%am; S0f Eanéi Ssiedef eadiy) vecegcéal%tu@fl apatigent

with a tynpanlc menprane 1 n per oratlon or ear canal soft ssue
def ect, and co¢erfeg HeEhéensponiged W PV COVEPR NG MeTBFRt PerfeTaThen

met hod of regﬁnesétéémldgéﬁ{I&%@ubndééaot W@SEedth&h%rQQt\fxﬁerdtnﬂas
material. is fibrin glue or a water-sol ubl e pol yneri c pol ysacchari de

or a derlvatFV@VFPE&QRﬁi1YaunaWPEd?ﬁéYn%&%ﬂﬁﬁ 6F flegener atPomr deser i bl

in [61, whereinet heyariel- 804 Yleepol yiRIHG ROl ysaccharide is
chitin., chitosan or algenic acid or a salt thereof, 181 The method

of regenerati@ildéscribed in any one of [5] to Ph wherein the margin

of the tynpanic nemarenpey! abi-08erd: OrQEn€ddn Ganak 8&fdrille8SHEl ow:
defect is freshened in advance, [91 A use of _a coverlng naterlalland

basi ¢ fi broblddt gF¥NRQ?1FaE?TFrQE§rPFe%Prlﬁfnélgé?%ﬁq%¥a§
produci ng a tsapans cndTeNBEAREL Qi c8abf CaNRl1 alt eg efnsyrafel @Haﬁgﬁﬁr,les

20 basic fibroblast growth factor and a covering material.

[2] The agent described in [1], wherein the covering material
is fibrin glue or a water-soluble polymeric polysaccharide or
a derivative thereof.

[3] The agent described in [2], wherein the water-soluble

25 polymeric polysaccharide is chitin, chitosan 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 method 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

6



[ 10] The use described in [91, wherein the covering material io is
fibrin glue or a water-sol ubl e pbaynbi c poi ysacbbaride or a
derivative thereof. 1111 The use described. in [10], wherein the

wat er - sol ubl e pol yneric pol ysaccharide is chitin., chitosan K
alginic acid or a salt thereof, 520 412 The use described in any one
of [8] to [1FP° @hetdi tﬁ%"‘?ﬁ%l Kot e tynpani c menbrane
perforation grjeare Qmalodsef tretgleseuet:dﬁt eeschasdeen(fry.eshenedn the

Ef fect of the | nvent i on Si ! gelatin s

ccaffol 4 mat SPTATTN FAE bober b oL Qe ATy eeuer e (ha CeRti paeric
defective porptollgaa@fhatﬁieletgrrmammmmmameeoeoft he ear canal to

achi eve corrprrlb[et eT}(j:overtzftl%ei oE the d%;@ft' Ve port |do ﬂd'wth'e%@,"i“ I%he
t ympani c me i'ssue regen B3 1S Erf V\ihﬁe advanci ng inthe s
gelatin spongetefhecvletbdleepoh;amndl pglxtsanherpcdeee@nt:hmMentqh@hosan or

repair of theq tgxgpgnalcg]dngg‘g; aggetoghgpeeotear canal is possible even in

cases of large~“or conplex Covering the gelatin
sponge surf acdélwlhh reetdboverf ngagmt%eatmn peeveits! dnypng awdof [5] to

infections, maki nghé iPOSHL aefgm 3P ﬁ{ee%%pgn:gco%nﬁygrtté”ﬂer}&oratlon

envi ronnent . |solate romthe “out si Furthernore, the
gel ati n sponge Gﬁdefr%g@és Sh?*dr*@l%ﬁ@ﬁsdgfﬂﬁtdll§a§p%‘§re§eﬁnlmaﬂ)’a\mcﬁhl nl

mont h, working,i B favoye gfctt@rlnegﬁgeéﬁ:taloanefbgét% teY PN MBIy ane
and ear canal soft tissue. Brief 'Description of the Drawin no 61
rla’t‘ip

"Fig, 11 A drifamicAy SHowieAgPan aeanplie IREGENERE Hl‘cﬂdurcégférfe AB1¢ he

tyrrpanl c nmenbrane.ysidg e%?ecérym%@l;[éné@é’@roﬁng Legeneration agent of
the present invention. A A large erfora(tgl on involving about 2/3

of the tymarﬁl@]n@%r%d%cﬁ&e@dew heNRERHT n~I6T CPHBT 174 mepanie!

menbr ane per fior at e, i@ uBr vi- sedid4sik-ngo BudeMPani ke MRITBHANE: ddHerS hONg
knife to forma fresh wound around, C, A bFGrecarryine gelatin sconce

I's indwel | ed 3 NeFRE> pist bP&FRYY portion and fixed with fibrin glue, 13

D. At 3 weeksiiafit ehe tuRatidBBtindd@nt Yﬂ@ﬁnlv&e@ﬂ@r@{&wﬁeéf%cﬁﬂdmﬁ i's
conpletely closed by epithelium E At 6 weeks after treatnment, the
epi t hel i um t MHYTEF | GHtAly S2beetnideg L Aore! 1k e SEhEP TP ant IHefhAEhe,

F. At 12 weeks af tert tuareatsent,

20 [12] The use described in any one of [9] 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 tympanic membrane or the ear canal to achieve complete
coverage of the defective portion. Additionally, tympanic
membrane tissue regenerates itself while advancing in the

30 gelatin sponge. Therefore, according toc the present invention,
repair of the tympanic membrane or the ear canal is possible
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 good culturing environment isolated from the outside.
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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 w th chol esteat oma renoved 25 therefrom B. A
gelatin sponge mass is inpregnated with brG, and the bEG- gelatin
sponge nmass is indwelled in a way such that the und i s ful .
Covered G The SpRgEoHEREe <P BT HOMPeR RPECAarer viodkpis and
t hgéeof ( olr t fcillsappe?n‘mag. vﬁzo i&..nll:ﬁlweek@rahr, eWOItk'l[’lﬁJ@t nmngavctrhefatge nic
acid or sa reof. an i.ke remaini on the surface ar
emoved; 1t ISR IRI TN (HEPHBURd HAs Bt oSl Elatly Serbsed,
and that regenesation has been achieved in nearly the sane state as
normal tissue,. . Enbody i I nyention; 35[00i 7]

The grow h%f %gtlgﬁwﬁ%éfq&yscg%@i%yttﬁg @g%ple{%}éc menbr ane/ ear canal
regener ation [@§éal of the present invention has a direct
proliferatingetfeet on.cells and:neoyasculail zatdhp.apiddty’ The

t ynpani c rren‘g[ratr%e ﬁ];s a 3 l{a?/er stlrﬁcture; ?o ens%}jee?ﬁat t he
essenti al sourrdeeenduictdi 6he f umrrnéa henaehiebised ttdet henganlilcegembiane
i's i mportant. 4,08 A Aot $31haysle SIRUShIL S i JHoweven, jgages of
breakage and spontaneous cure of the tynpanic nenbrane are often
encount er et iFEFeF At 1die 10 yApanicc aRerbriaiie oifs tihi TTRPERC MNP ERe 1S
epi thelial |ayeeqregenenated 40 whidig tt%ﬁg»ﬂ@mfnm?awwf%_rh@i&@tis
mai nt ai ned. _ For the regeneration thereof, prolifexation of
fibrof dasts &UasseatT'd19dand irai At BHENCE of P&l DI VGds kP etin tQurPrei ent
to support theednl fy@ld st-bled Ur €. ak e rdrdicspepsablyeraFiomdoiys is

vi ewpoi nt, bFG- has ideal features. Specifically, as is indicated b

the designati'dfi"Ehe?eof” BECREREAHRE BPFELt” aBfi St it mirREingitue.

fibrobl ast;sprml iAlteB atde3, aangr alrsathast t ltelgaeyrhpﬁhw méiﬂl?ﬂﬁid’lg ggzgd
vessel s and sup ing nutrients to surroundi ng tissuye, [0018]

the BFGE In B BFESHIt FroaMItALYac TR GYUEIHENSER iy BE GsteRks
The DFCF in tdteepr eseimennyefid opiandl Dim anhhasod Dge 1 hef@afming more
obtained. as _.a. natural product, or by isolated and rified using a
m cr oor gani s Ttwané‘élri‘eé“bﬁ?nﬁeng'rgﬁo i“f?&tkisog}ft’feeﬁc SHREFBYYS or
by chem cal | yeheodpi yidig u2Sbetos0lsogi Tahdne mode fyHagorel saa@aniss
the bE(Il F used . in the present invention, human bFGF or a honol ogue
thereof i< %pdfPeafarly preferable, A homol ogue of bfirC F means the
pcdypepti de 1F¥igor2]|a |drheliow,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 bFGF,
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 wound 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]



[1l A polypectide consisting of substantially the same am no acid
sequence as a | bFST produped in a manmal . Here, "substantially the
sane am no acid sequence" neans an am no acid sequence that has 1 to
6 am no acids substituted by other kinds of am no acids, and that
possesses the bioactiyity of bFG FI| IEl A pol ypepti de wher ein a

suppl enent ary ani nBhadiT@Y th segirent LTS éﬁ&@d”ﬁ J-Hen & YRR 6T MRS 2 3R GT

O-term nus ofcaaab g’%&fe@@ﬂ?&d dfand RN prefedio ihkhentort @l AUSirect
and/ or C--termnus t he Eol ypeptide [I] above, A sup | ement gr%%ty

am no aci d s&enteriddng Bhectthar cohsi st¢ B?O‘iastcb‘liﬁ s & :
and $ that. dogestpataralf eetvidie biel #gi-QalyeactiMidryref tdenbbref thar

the biological activity of the polypeptide [1 0019 uman, bl1l5

pol ypept adé of*©1285HHi g ARTYS %ngég?gﬁri %H%F%%@%F%Q&ﬁ%%@nfﬁ%n,
as a honol ogumil0kshunan 1mep&ﬁﬂwtaE@rzﬁmmhhﬂnedlmaﬁmhp@uet(rh;}:)cpréor
exanpl e, the pol }/{geptl de of ltb'a mno_a gescrlsb% (lan %\%31 i_onal

Publ i cati on Bt ideSnaf @ta 8° App |S€8P| on Ng, “Jp<2 %46.9 may
be used. Thi stym@laypapﬁdndﬁans mteo\ﬂneneermoexachr@d whieree69- tipo Sivinpenic
cysteine (Cy nd the 03|t|on cy e| Je te
t he anino acf%]e"g%aﬁ%njc h"ﬂlrr%hn 0151!]—' Jtc)éghg %/%%‘y%gais% e?‘%zfgké‘gr)
As t he af orceméritlieotied Mmgbogmtaflmtuexaxmlr@t tnhendagptedde of 155 am no

aci ds described in_National Publicati I n a ent
Application No. 32F%§ath§0633§neratl§¥é gtg% gg po ef%gp!t)?d%gi S one
wherei n a seghentbdfsds armw aosa@ﬁﬁmdl sn@d@bedltteoam% A ek h¢riRs refm

human. bFGT. suffj c%ﬁhail, Sc% st g %/pc% §91%Ie11‘éz @g&ﬂ% %Qled§ncﬂ§ﬂ%n|¥§f>1e

added to thes an e3yp acids wit.h a segnent
consi sting offrbhn aMﬂdflampdsn’addchﬁFt basg heden1t é?ﬁ’ilmﬁgs 2&fegécrbed ias

Nat i onal Pﬁblirﬁﬁklaggdcgy lAkepn ngdr%%npéﬁ%fonbﬁ@g nhB- 68z 291923, may
be used, oartic reconbination 01 y preferabls. is
trai enrin ; gerdtiopapt stimulating flbroblast 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 thereof
may be used. The bFGF in the present invention and/or a
homologue thereof is obtained as a natural product, or by
isolated and purified using a microorganism or cultured cells
by gene recombination technology, or by chemically modifying

25 or biologically modifying the same. As the DbFGF used in the
present invention, human bFGF or a homologue thereof is
particularly preferable.

A homologue of LFGF means the polypeptide [I] or [II]
below.

30 [I] A polypeptide consisting of substantially the same
amino acid sequence as a DFGF produced in a mammal. Here,
“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 biocactivity of

35 bFGF. [II] A polypeptide wherein a supplementary amino acid

)



soTn the preparation of the present invention, one kinb of bFGF may
be used alone, or a ulu.raiitv of kinds may be used in conbination.
Furthernore, as stated above, a plurality of honol ogues of CH11lF

exi st, and these honpbhgues nay be used alone O used in conbination.
is P0211 Because t he abundance of bFGF in a |iving organism
i s extrenely 56RERT t15 12¢9pdr b9 didical e et ar a0 67 LRBMTRIC Pal fyPEGE
stably suppl Wmgutbe i epakatd 0N oof t& henepresentidiventjon.cthaki BEGF,
or a honol ogue tﬁger eof , produced using a. microorgani sms such, as

i o8y

Eacheri bhi a ¢3. i€ O o®WPhred Cel P8 gBnBRRIESDF AaY i T Pedfhdl ogy
be used_ \Whenseagset fadarpr educing bbbk ors arhompd aguent heredaids(i ABnd hi s

case, generally the afore tioned poly-peptide (1)) is inserted into
a ni croor gdni togo%%lrioﬁr gg?%ceﬁ‘ Ian‘e Bh%ﬂiﬁ(‘fgﬁlc?cﬁv&ﬁ&t ﬂfstth%FE% or

m cr oor gani smher beoldgirced eetisitiys ogetier aollypomeidsd t[l] aabove.

suppl enment ary, %qi(%?o acid seynent added to the N--term nus and/ or

Cet ermi nus of Obi ; or to the Nterm nus and/or 0O- 1:conl.:deo:: of

the pol ypeptide (IHueboweGEii®e.a pohgpaftordenent 1 omedhipol ypieptii de the
11. 11._ I's [0%%:%%ara'fi n O-Eh%hgholle%eengf irgveeln%tilorq' Egg]%t h%gg)yg ea%fah{‘llgg\ll'l
material for the ge atin spongpe i'n the present invention is not

parti cul arioy HEGH tede hvyevonmonley avedlaivee [dhe, can beamsked. tRer
exanple, a cr ain . i n i ganent ,

t endon, or s#ﬁ%gggi%g%?ng?% pti %g, Qéé (lﬁsré%%tﬁfggké mt;i(r%l g?ttgﬁneéll ike with
an aci d or alk@licather wdl [ytextaticoted Rdtehtwarelicaandnt ke |dké-can
be menti oned.sMNakgOpl Y ANkl nd 1o bpeikut; alse gelating uht
different materials ayn‘é%(rj]i TS%er erq{t B%@tlsl?tgaptbr%plei toi es _suchmasa% &
sclubdlity, rdleeéltResidBonerghiteirandCisoeingctiecl poiosttany Besteded in

appropri atg b(lc%@(}isthitp(l%%ktitute th-ghgm_ﬁ?d atdin §Q&’Lﬁ’t91°ceuégdh&{!ar¥ ReGF is
present invention may have been crosslinked to increase its water
resi stance, soas§iteted byl Eevitte S6rserve as a scaffold for

regenerating. tissye fif a@orbfLi0dnelf fdi@ntiet o1 €l Onert Beadefect in
t he tynpani c nenbrane or ear canal, as far as it _does not |ose, a

sof t ness t hatP@WaBPesIT Gipllab e2tid\Perages sieschéPadrithdasgreat | y
conpl ex mar gigaf chypanisC TR AN nper forali appanchdike Rar gim.qsof

ear 20 500843 may be used. This polypeptide is one wherein a segment
of 9 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-63-501953, may be used.

A particularly preferable bFGF is trafermin (genetical
recombination) .
[0020]

30 In the preparation 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 bFGF exist, and these homologues may be used
alone or used in combination.

35 [0021]
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si canal def.ecd.:. The nethod of crossiinking is not particularly
[imted; exanples include a nethod involving the use of a
crosslinking agent, vacuumthernmal dehydration, dry heating, y--ray
irradiation, ultraviolet ray irradiation, electron ray

irrsdiation,irradiation and the |ike 4, The _gel ati n _sponge. of
the present invent?or " figs™a 1%Fge? fﬁ‘dﬁ%r L’gﬁggf}rrhé‘ Eig}”erég, °§ﬁ896?'?e3r% a
hi gher degr eexatefi¢lpedom t hian scphlagenarBy beawiargbl hef darcgemaunier] yof
fine pores, Latin sponge, ,.used as a.scaffold mat;e.ri.a.L,.all
surroundi g corr (st BIDERs i BEeRSe B L U kaS T isder il R
regener at e t heGtynpani tomehbreanehandoeamprodnatd iusiaggood.craaygaihbns

is adistinct_differ Lom avenl ;.- I eper atjon agents
prepared usi nsglglgg Ls%e%[&%?f;%ﬂlsacacﬁﬁgl (gpncautlgrhlgg .cerég%cp?i%arh y, for
scaf f ol ds | i kecamghestiohi kectindg oggl bagerdrentirane, gtire fitirspuedwoies

not rege”er?‘tb%c;%t seld b e @@2@%%89 1 thes scald ol dne butyy QQ%S
regenerate itself either up%var y or downwardly,s does not “enabl e the
conpl et e coverfiongnettichedded eataprédpofrtliloasoinzettiidpant e arenbr ane

defect :Lar g%{ictrgéf%é’hi%ﬁr bal &, 8128q SO tNathEepald,0f r1e dnipani ¢
menbrane is inpossible, or adhesion to surroundino tissue occurs and

seguel ae alve Mierppradrgespri e Miverdotetlve iFagenetrdt Ycert ' itdadi | y

enter the sponge:epsie,990,celdi sadhgsion-aneh erabing haldihgsmean
25 pore dianeter of the fine pores of the gelatin. sponge of the

present i nvertiddAr e eGP RAIEE noF &0 aRE Vtt9&ipraf ErHite Ct hat

to prevent a dedushd AT icRet BE1 JPEMRARE C[MERRLARE Ore §aknsanal
regeneration rate due to low cell density, the nean dianeter' be
about 500 um3drTEBERtIReHePe! B erar 86 'ange is so about 100 to

about 400 pm(050026]

The choice of gelatin that serves as a raw material for
the gelatin sponge in the present invention is not
particularly limited; any commonly available 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, thermally extracted with
water, and the like can be mentioned. Not only one kind of
gelatin, but also gelatins with different materials and
different physical properties such as solubility, molecular

25 welght, and isoelectric 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

11



The gel atin sponge of thepresent: invention nmay contain anot her

bi oabsor babl e polyneric material, as far as function theieef is not
adversely influenced, Pioabsorbable DO.c materials include, for
exanple, synthetic polynmers such as ponIactic acid, polyglycolie
acid, poly-s- ca actone, |actl|e. acid- alic_acid _copol yner,

G ycol Lo et dPEShr EhaRttae 2GBTS el I arEl B PanR o Seione
copol yner, p@lrysthmk@ngca@ntpow@mhu ¢ haema), quﬁamnanyyﬂl@ehe,ng,
pol y- p- hydr oxy_aci d t di me}tpyl gxal at.e tet rage

oxal ate, pol Y- 07t ho r@sferlson’ DS Cat bonar %n Ty
car bonat e, pchh:vaql:ral:tannwXﬂdwuarm:ea,tlpol YRy - tﬂlkt hykeL gI ut amate and
pol y-L-al arbjlglI ﬁatura pol ymers such as pol ysacchari des such as
starch, alqinirc acid, 1o hyaluronib acid, chitdn, pectic acid and
derivatives theredhe aﬁblatplmtsepnge michhaspweatti npvegolilageas allzawen,
and fibrin i T t t t
vent i on can Be) @ o Sded By, “Tor etap! G Roshng PEadty an
aqueous sol uthen ofllgekati ﬁyulsawqigath@nb@t@ﬂ rerbert of Foratrvores,atke of
about 3000t goabout <1800 NAL BLeRRUL 10, SA0NS L0 ADOULI S
Tanetes, then casting the aqueous sol ution of gelatin. into a nold of
an appr oprip apersewelingnee ¥ rozencntemidat srawe gaabbut maxdng-8O C f or
about 30 to ﬁg.@é’fbl@@on}&#@r@%etgh@r{ee%%ﬁé'n:i(f %Brané’rawdngaﬁch&%aflr gsa€N
matt er under conditions for exa about 0,1 Tort.

concentrati of 8P°% WévaqUueddsigot tﬂ-ﬁséhn@‘f Gt PRCT sfﬁoﬁocﬁ?wtltoﬁél

softness of the-gelatibn spongepebtailedsdesreases:-socd Rabrkbi1d s
preferable that the 25 concentratlon be%%usted to, for exanple,

about 3 w woFBFeTieds. FHEHGEEREEY crE8sPFRKiNGSi éllffe@e§§8?§l‘ljd?%ss

l'inking capn helpejdonare:-as appEpprdaedobH028] rAgetdestgeliatin: spange
of the present invention, a .uQ00noaercial avail abl e henostatic, for

exanpl e, SpoRGEINYLNEgiBt ehelSPr Aakhark) FRRT 19958 P ne) el Eettdh
(registered tpagemsr k) ﬁaharalfagya &1 Uplid nprasgahie thekedmgsadn be

used, [0020] shape and size of the gelatin s onge of
t he present ng?W’@nPFoﬁh%rd@fﬁﬁgliﬁ%rpﬂr(’fﬁi’%r?)g/ q |tP’W8?réJoc “Eg‘b far as it
is 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 pym 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 ym or less. A more preferable range is
30 about 100 to about 400 um.
[0026]
The gelatin sponge of the present invention may contain
another biocabsorbable polymeric material, as far as the
function thereof is not adversely influenced. Such

35 bioabsorbable polymeric materials include, for example,

12



sufficiently large to cover the defective portion of the patient's
tynpani ¢ nenbrane or ear canal. focy,;(n The not hod of
allowing bFG- to be carried by the gelatin sponge thus prepared is
not particularly lindted; for exanple, an aqueous sol utien of bFG-
may be adrie b op.to th el atin_sponge, .or_the.gelatin
sponge may bgygagﬁlecynpg%y‘ﬁ%rés gﬁaﬁtgsoﬁm{lg?%%tphcqug%as %Oo]1yl9t1§83?30? YREE.
f003.11 .2 Q"ﬁhéytmmomcmecsl Fatoidbecddrgiwdlby thel gepaliynesponge
s not particulat]y lidhl eda s LA RS chbol o). 3UBUIL SyhiLpient to
regenerate the tynmpanic menbrane or ear canal; "if IS, for exanpl e,
about: 0,1 t&2abolactPoeOceylypeef ep@hbloptaboutcidl polwdut. ad0d, peply-
per adm ni st caty o3 4e.cd3 10321 4 hg bEGH LY el atin
sponge prepar at%on tﬁgsao tal’:) ned%ca al’'so %égfrgéiz:ye- Enleéh{?ﬂefr?e Rcey
desired, fre&2éYrtyiangthglger Pophee bpolyopr @xanplersf medzingtidre
preparation bBrEéﬁHﬂé@,nb$I§H¥ﬁglgﬁé é%lb%h@yé?%xQS&QDEéhéyi—%Lglé¥§%JE%E

1. hour 20 or nore, and then drying the preparation using a
freeze- dryi ngoracHIMFE W orL U luéaBa by 0] DABB]L-alanine THatpyapani ¢

menbrane/ ear peafadrd @deNe At sAGeMHi0E st Beopresept rdventi AN i 8. 4,
applicable in all cases, as far as the p:Eit;i3ant's tynpanic
menbr ane pér PERRLTVH CoRChdr Lanal, SHATIF] aste adef eeFivaiings thereof,

acconpani ed hydastdt¥enkneaf rHispgsidnf], aepridddn,i a1bhe 41 ddheriprin,
ear/external ear. Far exanple, cesee of tynpanic .nmenbrane
perforation PRSI Utfe '¢iFonic otitis nmedia, re-perforation after

tynpani ¢ nenbpar®) : xi closure surgery or tynpanoplasty, old traumatic
t ynpani ¢ nmenbr ane erfo%tj on,ﬁgerfo ation renmaini ng after tynpanic

nenbr ane i nci sinn P hpart CPRERbrand "FuBe® T Hdwe P T hg ForadtPet 1. 3

ncdi a W t hsebtousianm agd fdhe dxakele Exaiiph-engases frobmead Hanglesof t

ti ssue defect O%Q,é:llo%de th%f 5 with an ear canal soft 33 tissue defect

and ear canal’°bone expodtte &f ter Gat "CEAAF ! THolPést ext G Pesct i%n,

t ynpanopl ast wbout ea00canadbdutmpoo@seet ifon. aldldi340 seconds Theabout 5

tivieztic rrenbra,pe/e (8 cee-1.re-eror-34,-'-v -rent o% tﬁq-[ea pr esent

i nvention can pr eefsérg Py %aes]tdélgd%b%raﬁuc?ﬁflﬁrf?/luft&lonpg i EHES R TR 2

| ar ge tynpanincldrenbreanepperdforeati otzar aedr fcaual asobbout -i4sded egiodfror

whi ch t her api in
ch t ez?p—§3°u§brga§%ut 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 & Upjohn) and the like) can be used.
[{0029]
The shape and size of the gelatin sponge of the present

35 invention are not particularly limited, as far as it is
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conventional regenerative nedical technique are not fndicated"
Specifically, in patients with a tynpani c neMorane perforation 10
wherein note than 1/3, particularly nore than 2/5, of the tynpanic
menbrane is defective, repaif of the tynpanit nenbrane is possible.
In patients @%¥%99u§&1€aﬁa§%?%£ goéé Hjssggfggﬁ%%t anﬂﬂgo% QFXinum
di aneter of & cm of mere; p%rtl cu?aﬁyh’f orfore, ¥ epal r of e ear
canal is possiblient’lb ty00&b]c membrandve bEGaarlr.yi ng gel atin sponge
i s adj usted t[%0§0]3i ze |l arger than the defective portion of the

t ynmbani ¢ menbrane or ear canal, and is indwelled in a way such that
the ant ire defectThempohed of iadlecover &édGFHer ehe icArcase of tha etlhtin
margin 24 of s%taﬁggee‘rﬁgt bYEp UL 59Ny od a'r.%iégfaxrfyﬂ'lgmié@&; tshe BRI,
Be freshened to pronpte tissue regeneration- Methods of freshening

i ncl ude, for 2a@xamptels gometod oWherel mayhee epiddsediram of drhe margian

I's removed bycbrulSidgnhhe MG UsING apSHEdILal vknifs eh bhedld ke,
or by a treatnent with a. .25 drug having a protéin-denaturing

ef fect, such3d€lalumtrPanae@teate epletidni gh eBricentrati on of a | ocal
anesthetic. [pp31] This drug--based nethod is particularly effective
in cases where the ear canal is so narrow in shape that the margin of
the tynpani®c menbrdife 3pePPbraft iP6RTT s° dief FREGHE 1Yo the eghey? n3gponge is
first, a gel abiknpspongeacopt@imicad, al 4innupkacet;at @ni smdigwehblkedeidht
the defective portion, and, about 30 mnutes later, it. is renoved.
Thereafter, aneSthEAH the 496 PrAGEAISTETRYEr OCM3Gr FaRet's perfor M,
after which thenfenatapoed biBsskeapbut heoweng] noddicsepl pradt-o1wibt e)

| S renoved to the i mum possij hl e extent, whereby freshening can he
achi eved. about g&?th’rgt' h8$r faéJEFBFétB?tJtor?est%sent i nvention resides
in the facts t[fhas2the surface of the bFG-cartying gelatin spbhge
indwelled in the fe i.s covered wth a covering material, .5

the covering mater X FESEGCTIF/CRE BYLeh SPHUGHIT GROCaNe thus

bi oconpat i bl ebratesd alancansberadusedezasdfian.asIf ideBasc@deskeyenessing

sufficient tqQ keep_the hlSG--carryino gelatin spaonge fixed .on the
def ective porti Bﬁpfo?n%eﬁewyn%oarmeégﬂﬁg%r a%fge(%?n%a? TcEhab i And i &
capabl e of priovi:di ngittrgesurdace angduiad rsi derefot he spomogow 1 haur

culturing environnent suifable for the malls of regenerated tissue. b
bei ng isolated from the extermal ™ énvi't dnment - exXanples include fibrt
gl ue (bl ood frebhimegenr andothrdavisi.n extracts; commercially avail able
as Boi heal (r[%%%Ler ed trademark) (Astellas ?Marna), TISSESI, m
(registered. trademark.) (Baas:inn:), or Beriplast (registered

trademar k) (CSL Behra ng)panad diembecaneiehoraaasat¢garzepeodn (Fgent of the

exanpl e, cal ¢iumal gipates sodi upal gloar q)y Land yiater s solible

pol ymeri c polyeace exﬁl%%es suc agbc |%| n and cl{”]n?csar‘l. ?0% ] Eaia a

met hod of #pr epateny arvabgihé creabirdnsapdriqrealien umm 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

30 closure surgery or tympanoplasty, old traumatic tympanic

membrane perforation, 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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al ginate), and shaping it into a nenbrane form for exanple, 3,3 nm
of a 2% aqueous solution of sodiumalginate is uniformy casted in a
way such that the entire base of a Petri dish. of 10-m capacity
conmes into contact with this aqueous 25 solution. Sobseguently, 5 m
of a 3% aque ol ution of calciumchloride s uniformy.spread over
Che same. Pet PHoM ST Tt The AL 5T Ut S 51 SOPAnC AT g nat o
and the aquecasesolart.i on of ralcumchloride to conme into contact with
each ot her s%'ggg' ently, after which several mnutes are 30 waited,
After the remaining liquid 5s renoved, the dish is washed wth.
distilled water arithealtvoned. a octbyampeatraneous|npgenpertelyy ageal chiurmhe

| gi nat i s, ' '
alginate m?g%gég«gnﬂ S REEPALELanAbE8Fe RN NG (NG ?g?@i’&ﬂ%rh? ;[‘_%r o

separ at ed, ped into an appropriate size, and sterilized W
gas, wher eby PERecRlIQiwiite aciaddsar ymear chrepp e €4ra_rat 106ver | Py

material . [QA38] sort tism@etfggtCfB’LeWhrilghn@{eeﬂa-?@[esi1§s:ﬂﬂgQHi d, it can
be adm ni stered by drippinb several drops_thereof on the surface of
t he bFGF- car CPRE gelrat|i AESPERgeivadwelicaéd Feriiguaeteetiofeindicated.

portion, or ByesprasHing,iin Ysithgnds SPAYEr ¢ kWA PREmSEneaBd r EBLation
i ke, When the covering material. is a sheet-1ike substance, it can

be pl aced nvaehai" SWER that WHe BUfFfiaddastY i MFDERRar1yi A Gefatin
sponge i ndwelkhggah it thendedectd verdor tiegn rbsa LOET efe Bn]20030]
The present invention is hereinafter descrihed nore specifically by
means of the™ PTG ng BRAMIEs, WhiPéh SRohedr "I g FRAft e
present invertkdhe idefary MayincExanptasid $i60040] cdExamph erlmore,
Regener at i on. o£_t r%pgni G- menbrane 1) Patient.. selection_ . The
study subj ecP8 EbTITadd vaP| SuSBar| BFREWEY R e o Pied®t BORRa S
a tynpani cs meobsane perforation, and not to .,(!.n have an active
includjn

infection or infl i in the m | e ear/ external,.ear

cases of chronic oﬂllet itbgggréﬁrfy(lﬁ%?fjp%tal?egp%g(? el-spgg?%gta%dl SR 3f?3e?eq

t ynpani ¢ nenmbraper cllesutiee sdrigery verpdytipanopl @st yyfipar)g reasesn®for

old traumati ¢ gerfor ation of .the Hngani ¢ nmenbr ane gn:S,g cases of 25
a ed in that T¥He ernitire

. canal, ahd, 1s indwe ﬁbwaﬁ such .
perforations remai niig after tynpani ¢ nenbrane i1 ncisron. or tynpanic

menbr ane tubeeifadwaid ippgtior iot icbvareedi dewt t hinethaai @h apnod d)a@yich

the like. fheesize QfcLyopani G T8ADr ane PoLlopalion,di d ot et £ er,
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 so 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 {(discolored to white) is removed to the maximum

35 possible extent, whereby freshening can be achieved.
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The patients were divided, into three groups according to in the size
of tynpani c nenbrane perforation. Specifically, patients having a
t ynpani ¢ nmenbrane perforation involving less than 1/3, 1/3 to 2/3,
and nore than 2/ 3 of the entire tynpanic nenbrane were cl assified

under Grade Ipo3dy and 111, respectively, 25[0041]] 2) Method of
treatnment and foll ow up exam nati on After confirmng the
presence of a tynpani's Aehbreate pert odrat PO Hitd LPRE" By¥encaiars adt ithe

i nfections arddct ngeit @Re SoOakedWot ht rdocai e nhysk eahilhospdegd. was
inserted in t.hg eﬁ canalhi n way, such tg%t i é“ cane in contact with
the perforat é4°pori5n of ‘?Hj@%te)'fﬁph?lict?vﬁé rane 2ALDURT Y RPhGT e
| ater, under ra oheraseopey rdrerial gisedfint hige tpHapant cinmimhiang any
perforation S bruis usi,ng .a.t ni c nbr ane incisional knife or
the ii tce a\ggof%?aetﬁi% ﬁe’f‘ﬁ?%l("i’fl %%l‘)ﬁ??euﬁﬁn&gﬁﬁ 6f the péfforation
was renoved adbasivereisg. siffcieSubsedguent kye &rayekatinispaorgetin
(Spongel (registered trademark). _1\stellas). mss |lLarger than th
t ynmpani c rrentgi’#)g% épfejirxfegrg irrt%lﬁa vc\llgéfe??ﬁ)‘?ee rolﬁ%le%‘? O\?fvi ttﬁeb a(’#f:bi“%’g?rane
(regi stered trademardapl, Kaken sPhapamoeutfi pabyidiamgd thhesbECEecand yi ng
is gelatin,s ' led in such ;
per forat egl Optlgji(rg'i3 ?g%r%?%%l %ﬁéﬁf{%\gﬁ%ﬁnae%rlgﬁg@%\%seﬁ%ﬁ f%@ﬁ%no%/gr%éaab](%i fgo.r
| C). Ther eaf ttée, cthiss ofiasedenced tait hiservebal bairgpd solafedrfirongt e
(Beriplast (register - r.k).; Sehr.i ALt er fhe ment ,
8 E3il %ﬂvﬁi‘:@é}%te Y an%es ehEl _ﬁgﬁ%ﬁa%hﬂe (bh&8k

the patiente were instruc not to do anyt hi ng exerts
pressure on thBriNezans angudhradipi gorowd snasaimssgeRl hy aed labse as

bl owi ng., and.ngtat O(I@gkgu\ey@ @l-ab0n 8N ALNE] 12 LBLS AU | &qsgﬁty
washi ng and bathing. [00421 A checkup aft:’ r3 weaks revealed. firm

adheai on. 16f (FRe1YBLe6yEFrFRaTet elPattend gelkiiplspbngesisiaraing on

the surface; t\ﬂfagé}néﬂj)sé@@§ gaaheh |y 1emoved.using a8 Rosenppiebe gfyi
the like, a regenerated tynpanic nmenbrane was noted thereunder. i

: . ) | 9.
1D), In caseS*tHet® e ChEr foErrsn, vRasiNet 21 owed) byard siatgiresoluble

treatnent, theisase d pealsRhwascEepeat ed- cRDALL hhathidd®n . the
r egener at ed t[%grg?anl c nenbrane occurted.. as a thickened, vessel-tich

tissue, but i hl nned with the el apse of tine ;Pig. 1E), and becane
undLstingnpshebl e A4 & khens@rdrLLYAPAY GnMBIDIANE akhqabout (2:0P0LhHs

(Rg. 1R. [293§%ate), and shaping it into a membrane form, for example,
3.3 ml of a 2% aqueous 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. Subsequently, 5 ml of a 3% aqueous solution of
calcium chloride is uniformly spread over the same Petri dish
to allow the aqueous 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 into an appropriate size,
and sterilized with EO gas, whereby the alginic acid salt can

35 be prepared as a covering material.
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. 35Resul ts
performed by this nethod. on 31 ears in 26 subjects, The results are
shown in Table 1, The results were sunmari zed by perforation size

(G ade |

Tynpani ¢ nmenbrane regenerative treatnment was

to Ill) in ternms of the nunber of treatnents required to

achi eve closuwnezstclosure rate, degree of hearing ability inprov=ent,
treatnment tinme excvé]udi ng. anesthesia ti ,,a;ls thg presence or
hes “pati¥nt's

()
absence of sequel ae.°"'T

reS T8 Pormifve t'h S#offa gel atin

sponge i npr egaatetstwireh bphysippliogi ealersal dnesaltaneewd tdiothe UShNGice
bl I GF was ind ed in lo a perforated portion of the t ani.c .
nenbr ane ar eo\éﬁgﬁ\}\%%ﬂr?%T%f%ylﬂg [‘Jﬁﬁﬁﬁf]n abfe Jﬂd%%??(?c%{ iq%ﬁ ByfEiee
of Grade | st yopanen,( pr3hy ner@yrianpei enfsangt & orpr@yadekhdwr peisye Grade

(n=13)
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35

the like. When the covering material is a sheet-like substance,
it can be placed in a way such that the surface of the bFGF-
carrying gelatin sponge indwelled in the defective portion is
covered.

[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
[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
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 tympanoplasty (n=7), cases of old traumatic
perforation of the tympanic membrane (n=5), cases of
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
the size of tympanic membrane perforation. Specifically,
patients having a tympanic membrane perforation involving less
than 1/3, 1/3 to 2/3, and more than 2/3 of the entire tympanic
membrane were classified under Grade I, II, and III,
respectively.

{0041]
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Nunber of treatments (Mean) Closure rate Degree of hearing abiaity
"nprovenent (3-fraction nmethod) Treatnment time excludi ng anesthesi a

time

1-3 (1.0)' 6)(1.3) 10UL009 15.8 dB23.3

dB28.5 dB il nuijes 509 m nutes 2011lndnutee 40 secondssecondsseconds

10

15

20

25

30

35

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 socaked with 4% lidocaine hydrochloride
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
the margin of the perforation was removed around (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
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
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
covering material and gelatin sponge remaining on 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.

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]

3) Results
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NoneNone ;transient(transi ent Sequel aeNoneot orrhea n-2, otorrhea n=3,
tynpani ctynpani c recess n=11 Grede |I:[de IT'fi Gade perforation |ess
perforaticr '3 than 1/3 [Table 2] d assifdnation by size of tynpanic
menbrane perforation Nunber of treatnments C osure rate

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
physiological saline alone without using bFGF was indwelled in

10 a perforated portion of the tympanic membrane are shown in

Table 2.
[0044]
[Table 1]
Classification
bzy;;ZEiZf Grade I Grade II Grade III
el — (n=3) (n=15) (n=13)
perforation
gieagi;;?; 1 1-3 d
(Mean) (1.0) (1.6) (1.8)
Closure rate 100% 100% 100%
Degree of ' -
hearing ability
improvement 15.8 dB 23.3 dB 28.5 dB
(3-fraction
method)
Treatment time o . tes 50 9 minutes 20 11 minutes 40
excluding
7 , seconds seconds seconds
anesthesia tlme
None None
(transient (transient
Sequelae None otorrhea n=2, otorrhea n=3,
tympanic tympanic
B recess n=1) recess n=1)
Gradg I: Grade II: Grade.III:
perforation less perforation more

perforation 1/3-2/3

than 1/3 than 2/3

515

[0045]
[Table 2]
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v haaa.s,M? .., Gade IGade IdGade Il (n=0)(n=3)a-2) 4 tines4
times 0% Even in case of the gelatin sponge inpregnated
wi th physiol ogi cal saline alone without using bFf)F, a slight 5
tendency toward closure of the tainpanic nenbrane was noted. Th| S
shows that reégengcaiiQnrighk the tympsnan r ane 1s pri d even t
indwel l'ing a scaffegld alkone; closure seens to be gﬁSSI ble for very
smal | tynpani c nephsane perfor &@6fis] howeveéradfheh the t§ARsanie!
menbrane perf or at Qg was Large i©=2b coul d nof" 8 cl osed evi@r2when
the nunber of treatepts, i ncreased. Meanwhi | e, when bECF was
added, the tynpagigregbrane petfo = tion closed inatt—cases,
irrespective of .the size of tympanic membr aneé m;qsor st| on.4 T—hmssshows
t hat cell regeqﬁrah—Oﬂ—lﬁubj—eﬁ—t—o Frm—t—at—l—o
scaffol d al one;= £ fS "Fhdught that in. cases :
perforations that are Larger than a certal n size, addat don of a
growm h fact or;p3ugh as bFG- seems to be necessary and indi spensable,
Regar di ng the egree of hearing ability inprovenent, a nornal |evel.
was restored, irreBpctinveasd athéhsi geladfint gppad drrERghaiRs with
perforation; ﬂh%%%ﬂda‘insﬁl@e EBEE'H@J&)é QQ{r{?Ib'E‘é?d 3 Ydmami-c
menbr ane was observed, [0 anpl e 2 Regeneration or ear canal
soft tissué jgenpgpp%rnowgépe@ qqﬂ$e of the tympanlc 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
scaffold 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, a normal level was restored, irrespective of the
size of tympanic membrane perforation; regeneration of a
functionally normalized tympanic membrane was observed.
[0047]

Example 2 Regeneration of ear canal soft tissue

25 1) Patient selection

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

all of whom experienced a defect of ear canal soft tissue and
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The study. subjeclLs conprised patients after ear canal ohcl esteatom
resection (n-7), patients after tynpanoplasty (n-2), and a patient
after ear canal tunor resection (n-1), all of whom experienced a
defect of ear canal. soft tissue and exposure of eat canal bone. The

size of the iefibosuf‘&ofdbgrn@&al”%&@h th0048). 2} Mt had.of d1£afJrent

and foll owup exam nation After verifying the absence of
active infecti@hh8¥infaarmation. in. the wound, |ocal anesthesia. was
perroxmed. Undeng@ m croscope, the chol esteatona and tunor were
resebted frominside of the ear canal for patients with ear canal
chol est eat emet) oMo EaprimaPinBrd  foddaval® reeShi29t4und was made

using a surgical kiides QErifg g kgefﬁsea@y@f]tas;twvgh eat canal bone
exposure foll ow ng. tyrrpanopl asty, after which a eI atin soonae nmss

| arger than CAESHOLATE/WASIAMetigped wilth YBATE, ]é’ﬁd t HEPEERERAYFTi ng

gel atin spon@ermﬁﬁed\asumduiv\al }n@&irdsﬂzo@e weye sthohethadtdamadahher ki r
defecti ve port| on Ther this was cct')ver ed .sever a|

2 t
drops of fibrFA®gl c&ed §%‘?ﬂ‘ cing %I‘bﬁeﬁ%eeﬁ’érﬁﬁ“ﬁ‘ﬁe CRIRECI58)S THe
pati ents wer earnsitaictcedl &ordafomai Br fAO@aPI €kid1g tumothemd eafrssm@nd
not toallowwatrtoeterthelr ear |s.ro darin th|nq hai r
hashi no-ard FAeS i Rge Totie < SEi SR BRErE S Rher P el Rakids
reveal ed firmiEsader camadfbdre e&pwemrmgoﬂmbermcﬁlty&pdnq;elﬁtlyn sposge
remai ni ng on tnhe sur a‘,Ta s car fuI %ved usdrev% a Rosen

probe and thé ¢onp gi?es engr a{“ eé—"rrggﬁn% "epi UheRrum'and soft

ti ssue were nmpedgmit@ceumdbrbqﬁl,ganalﬂje bFiFt trer megenee Bt ioc spwasge
I nadequat e by,.a.s}, 093§ 4,41 £31 MENL, L4 DERAMELLL 83T FRAL , AR, S 2Rea] &d.

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 allow water to enter their ear canals

20 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 probe 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 treatment was performed by this
method on 10 patients. The results 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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[0050] :Jo 3) Results Ear canal regenerative treatnment was
performed by this nethod on 10 patients. The results are shown in
Table 3. The results were sumari zed by size of defect (Gade |I to
111) in terns of the nunber of treatnments required to achieve _
closure, 35 clipSureied @ 8, LE&AIERE LigRigxcauding anesthesia tine,
and the presence or absence of sequelae. 1,0051] i Thhia

Cl assificatioff&ade | Gade I1Gade |11 by wound size(n-6)(n-3)(rEl)
Nunber of 1-2fr31treatnents (1.3)(2.0) (Mean) C osure

mat e100%d.00%4-€ s i-re.—exel-udi i nut e 08

tH-es—40—15
Grade III

. ification
nest™
mnutes 10 a eoy éﬁhn size (n=6) (nﬁ%L_ (n=1)
gieagz;;?; =2 =3 .
(Mean) (1.3) (2.0) (1.0)
Closure rate 100% 100% 100%
Treatmen? i 7 minutes 30 8 minutes 40 15 minutes 10
excluding
\ , seconds seconds seconds
anesthesia time
Sequelae None None None
Maxinéifigﬁﬁ;:ter of Grace iLis Emacle] Th:
1.0-2.0 cm >2.0 cm

wound <1.0 cm

5 Industrial Applicability
[0052]

According tc 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 regeneration 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

15 whom treatment by conventional regeneration 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, so that the present
invention is highly favorable from a medical economic
viewpoint.

25 This application is based on a patent application No.
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secondssecondssehoodS ti ne Sequel aeNoneNoneNone G ade Maxi mum

di aneter of wound <1.0 dm Gade Il: 1,0-2,0 cmGade IIl: >2.0 cm S
i ndustrial Applicability [0052] According to the present

i nvention, tynpanic nenbrane Peifotations and ear canal soft tissue
defects can bgoge{elMat F eAled L0588, OUtPaL;eRl - bashs.f 06, abow) 1Q e
m nutes, w thout 10 being acconpanied by a. full surgical treatnent,
so that the rfe8derbf Hosphilfal pratirvwrangateediedtl L hb_pital visits is
obvi at ed. Because regeneration. of the tynpanic nenbrane/ear canal is
possi bl e irrespective of the size and cause of the defect, the
present inypntion is appdicable to patients for 25 whom treatnment by
conventional regenetation nedical techniques is net indicated.
Furthernore, the surgical technique involved is sinple, repeated
treat ment does not produce seguel ae, and regeneration of a fully
normal tynpani c nenbrane/ ear canal is possible, Additionally, bearing
ability is normalized just o after the treatnent, causing no

hi ndrance to daily. activities, Therefore, the nental, physical,
tenporal, and econoni c burdens on the patient are | essened, so that
the present invention is highly favorable froma nedi cal econom c.

vi ewpoi nt _ 25This application is based on a patent application No,
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2008-167744. filed in Japan (filing date June 26, 2008), the contents
of which are incorporated in full herein_ Cains 1. Atynpanic
menbrane or ear canal regeneration agent corprising a conbination of
a gelatin sponge that carries s basic fibroblast growh factor and a
coveri ng. nan&Hﬁg 2. The agent according to claiml, wherein the
covering material is fibrin glue or a watnb-sol uble polyneric

pol ysaccharide or a derivative thereof'. 20 3, The agent. according

to claim?2, wheneipnthe WALRS-8Q) UPI &..pQLyaer &Rk ysaschayede is
chitin, chitosan or alhinic acid or a salt thereof, 25 4, The agent

acdcrdi ng to EAPrHRE DR EPEAPHETICN00B 2 Wtdpreih THPEIRREYIh BEEraes

tynpani c menyane pesfpnatt o Qfcneakceanahasofdoddrssyensiefach  has
been freshened 5. A nethod of regenerating the tynpanic nenbrane or

ear canal, 20 conprising indwelling a gelatin sponge that carries a

t her apeuti cald.y retf ggdritvecaspuity ob basinc 1f | Prokli@sthgr emdrihact or.
in a. tynpanic nenbrane perforation or ear canal soft_tissue
def ective portdt6aifh i ﬁgPFéfhtg.l%i PR A "AHTPaR? thss RBAKESET f or at i on

or ear canal sofkatéissugedet ectderandt cayehiengot he aa sponge with a.
covering material. 6. The nethod of regeneration arcnrding to claim
5, wherein'®he covering material is fibrin glue or a. water-sol ubde
pol yneri c pol3ysaeehagdrie aacoaddey itvatiaen thewrofeind1le 7yatihe saetibhog
of regeneratio accordig% to claim .6, w@gyein t he wat er-sol ubl e id
pol yneric polRSHEERAT iRfe VPSS T, 1enTitoBan OP B nlE %ﬁ?ld‘l& “ar
salt. thereofar iess8lt Thermethod of regeneration according to any one
of claime 5 to 7, wherein the margin of the yTapani c nenbrane
perfora on or ear canal soft tissue de fen is freshened in advance,
15 4. The agent according to any one of claims 1 to 3, wherein

the margin of a tympanic membrane perforation or ear canal

soft tissue defect has been freshened.

5. A method of regenerating the tympanic membrane or ear canal,
20 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
perforation or ear canal soft tissue defect, and covering the

25 sponge with a covering material.

6. The method of regeneration according to claim 5, wherein
the covering material is fibrin glue or a water-soluble
polymeric polysaccharide or a derivative thereof.

30
7. The method of regeneration according to claim 6, wherein
the water-soluble polymeric polysaccharide is chitin, chitosan

or alginic acid or a salt thereof.

35 8. The method of regeneration according to any one of claims 5

24



9. A use of a covering material ;tang,' hasc fibroblast growth 5

factor carried by a gelatin sponge for producing a tyrpande nmenbrane
or ear canal regeneration agent, 10, The use according to claim?9,
wherein material is fibrin glue or a water-soluble is polysaccharide

or a derivatinest herefi, thé-]mar-g f U§ecrﬁscg9ﬁﬂéﬂg: h@nﬁfﬁl%‘é?!ﬁgrégeon
pol yneric pol ysaccharide i's chitin, chitosan or al ginic acid or

salt ther eof Orlzairrféarwéesaé%d%lcﬁSHg ot ety tonerasthepedi iy Bivepce,
wherein the margin of the tynpanic. nmenbrane periroration or ear

canal soft tissue defect has been freshened,
9. A use of a covering material and basic fibroblast growth

5 factor carried by a gelatin sponge for producing a tympanic

membrane or ear canal regeneration agent.

10. The use according to claim 9, wherein the covering
material is fibrin glue or a water-soluble polymeric

10 polysaccharide or a derivative thereof.

11. The use according to claim 10, wherein the water-soluble
polymeric polysaccharide is chitin, chitosan or alginic acid
or a salt thereof.

15
12. The use according to any one of claims 9 to 11, wherein
the margin of the tympanic membrane perforation or ear canal

soft tissue defect has been freshened.
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