
DESCRIPTION AGENT FOR REGENERATING TYMPANIC MEMBRANE OR EXTERNAL
AUDITORY CANAL Technical Field 5 100011        The present invention
relates to a. tympanic membrane or ear canal regeneratich agent
comprising a combination of a gelatin sponge that carries basic
fibroblast growth factor (cFGF) and a covering material- 10
Packoreund Art (00021        Perforation of the tympanic membrane is
a symptom that. causes defeats such as ruptures and perforations in
the tympanic membrane; there are various causes thereof, and in .2a
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 hearinq. ability is usually achieved in al cases
after tympanic membrane, closure, vhich significantly contributes to
an incTeaoe in the patient's GOD, [0003]       in the presence of a
perforation in the tympanic membraneu not only the t2m.Lpanic
membrane is unable to capture adequate sound, but also hearing
(listening to wards) is furthcer interfered with by the cancelling
effect, in which. the sound that has directly entered the tympanic
cavity gobs in the 5o cochlea to ranch the round window and collides
with the sound that has entered the cochlea via the normal route,
Abbationally, the middle ear ezposes 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 sensorinenral hearing loss  end impaired labyrinthine function
due to internal. ear hypofumction. For these reasons, it is
preferable that the tympanic membrane be closed as much as possible. 



[0004] f.For tympanic membrane closuxb, a variety of therapies are
performed according to the size of the perforation, and basically the
majority of currently available therapies are surgery-based.
Generally, myrinecpdasty and tympanoplasty are performed, In the
former, skin incision in the postanticular F.: part and
collection/transplantation at aotologous tissue are essential; in the
latter, in addition to these procedures, ear canal abrasion is
essential. As the perforation of the tympanic m(bmane increases its
size, transplantation of apt:plc:John tissue (fascla temporalis) as a
substitute for the ms. tympanic membrane becomes more difficult to
perform as a. surgical tsmol7oilsTie. Hence, even when surgery
setdtfizxmled, hearing ability is not always be improved, Yony
seghelae such as postoperative tympanic membrane re-perforation,
foreihn sensation in the periauricular part, and tinnitus can occur,.
ef Furthermore, postopratively, the tympanic membrane becomes far
from the intact tympanic membrane because of latentihtion,
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 x(: increased
mental, physical and economic burdens on the patient_ [00051
Likewise, for ear canal soft tissue defects accompanied by bone
exposure, surhical treatment has been the only conventional. therapy;
treatments such as eytetnal incision in so the postauricular part and
collection of. aotolbgous tissue have been indis;genle, 10006
In recent years, regenerative medicine-oriented methods of tympanic
membrane regeneration using a bdocompatible as scaffold material that
carries a growth factor have been  proposed ;see, for example, Patent
Document aL In particelar, some cases of treatment have been repotted
wherein basic. fibroblast growth factor (eP(.4F) is used as the
growth factor, and a sheet-lika thin film such as a collagen membrane
or a S chitin membrane is used as the scaffold material (Non-patent
Documents 1 to 7), Also described is a molded product for ear canal.
reconstruction made of a cylindrical member of bFGFcontaining
collagen (Patent Document 2), 



[0007] loAs another method of regenaratinq the tympanic membrane that
does not rely on surgical operations, a method has been repotted. in
which the perforated portion of the tAmiparic membrane is covered
with the amnion. and bonded wath fibrin glue (Non-patent. Docnment
2). [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 euditoty ossicled because of the inability
to repair. [0009j        Meanwhile, gelatin sponges are used as a
surgical hemostatic, and are also used as a carrier tar sustained 25
release of drugs in the treatment of ear diseases (Patent Document.
3). [Prior Art Document a] [Patent Documents [0010] 30 Patent
Document 1: Pamphlet for international Patent. Publioatabn 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] 



[0011j Non-patent Document it: Hakuba et al,, Journal of
Otolaryngology of Japan, Vol.110, No.4, p.261,2007    Non-patent
Document. 2: Hakmba at al,, Head. and Neck Surgery, 5 Vol.16, No,l,
p,9 -13, 2006 Non-patent Document 3: putal et al,, Journal of
Colaryngolngy of Japan, Vol_11.0, No.4, p.259, 2007 [Summary of the
Invention] Problems to Be Solved by the Invention ic [0012]
There is a strong demand for the development of a method of
regenerating the tympanic membrane and ear canal based on a
regenerative rbd[eal technique that makes it possible to repair even
large tympanic membrane perand ear canal m soft tissue defects, for
which treatment has traditionally 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 off the size and position of
the defective Sc- portion_ Means of Solvdnq the Problems [0013]
The present inventor conducted extensive investigations to accomplish
the above-described object, and took note of the m 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 perforatien or ear canal soft tissue defect in
localized to a planar portion only, repair would be possible;
however, the tympanic membrane is complex in shape and has ossicles
adhering thereto, so that it is increasingly  



difficult to cover the entire sr-face with a planar shest-like
material as the tympanic defect increases its size, The inability to
completely cover the defective portion would make it impossible to
repair. the tympanic membrane, or would result 5. in adhesion with
surrounding tissue, leaving sedueiae. The same applies to ear canal
soft tissue.        Forthe reasons above, the present inventor
chapped the conventional idea of using a sheet:-- like material, and
adopted a gelatin sponge as a scaffold matexial with a focus on the
lo use of a material that allows the entire defective portion to be
coveted sterically. Specifically, a gelatin sponge impregnated with
bFGF solution was indwell&d.in a way such that the sponge covered.
the:defective portion of the tympanic membrane or ear. canal. Because
the gelatin sponge is a 15 material obtained hy decomposing
ce1D-sden, having a larger number of gaps and a. higher degree of
freedom than collagen, it 4s characterized in that while functioning
as a. scaffold for cell. growth, it does not interfere with the
direction of cell elondation. Accordingly, the gelatin sponge aims to
allow 20 regenerating tissue to go into the gelatin sponge and
elongate there, 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 fized over the defective portion. While a technique is
known in which a base material for tissue regeneration is fixed to
surrounding tissue using a bibadhesive material, the present inventor
coveted the sponge so surface with a covering material, not merely-
as an adhesive agent, but for the purpp.se of insulating the
regenerating portion from the outside to create an environment
suitable for ., in vivo culture, From the same viewpoint, when the
merqin of tympanic membrane perfotations and ear canal soft tissue as
defects was old, it was freshened using a SUL:Ade:al knife or a
protein denaturant and the like.        As a result, even for
tympanic membrane perforations with a. defect. involving more than
2/3 of the membrane and ear canal soft tissue defects exceeding 2 cm
in wound diameter, for 5 which conventional methods are. not applied
, closure of the detect and an improvement in hearing ability were
noted in all cases, with no sequelae observed.        From the above,
the present inventor confirmed that by using a hIGF-carrying gelatin
sponge and a covering material 



io in combination, it is possible to regenerate the tympanic membrane
and ear canal inexpensively, conveniently, and safely, even for
patients with a severe tympanic membrane perforation or ear canal
soft tissue defect, for which treatment has conventionally
unavoidably relied ch surgicel operations, and If have developed the
present. invention, [0014] Accordingly, the present invention is as
described below:    [1] A. tympanic membrane or ear canal
regeneratich agent comprising' a. combination of a gelatin sponge
that carries 20 basic fibroblast growth factor and a. cevertng
material,  [2] The agent described in [1], wherein the covering
material is fibrin glue or a water-soluble polymeric polysaccharide
or a derivative the    [3] The agent described in [2], wherein the
water-soluble it poiymexic polysaccharide is chitin, chitosan or
alginic acid or a salt thereof.  i4j 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. so [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
pertorarion or ear canal soft. tissue defective portion in a patient
with a tympanic membrane in perforation or ear canal soft tissue
defect, and covering the  sponge with a covering material. I 61 The
method of regeneration described in [5], wherein the covering
material. is fibrin glue or a water-soluble polymeric polysaccharide
or a derivative thereof, a. :71 The method of regeneration described
in [61, wherein the water-soluble polymeric polysaccharide is
chitin., chitosan or algenic acid or a salt thereof, 181 The method
of regeneration described in any one of [5] to Ph wherein the margin
of the tympanic membrane pert oration 2.o or ear canal soft tissue
defect is freshened in advance, [91 A use of a covering materialiand
basic fibroblast growth factor carried, by a geiatin sponge for
producing a tympanic membrane or ear canal regeneration agent, 



[10] The use described in [91, wherein the covering material io is
fibrin glue or a water-soluble pbaymbic poiysacbbaride or a
derivative thereof.  1111 The use described. in [10], wherein the
water-soluble polymeric polysaccharide is chitin., chitosan OK
alginic acid or a salt thereof, 520 [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] 25By 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. ]sdditionally,
tympanic membrane tissue regenerates itself while advancing in the so
gelatin sponge. Therefore, according to the present invention.,
repair of the tympanic membrane or the ear canal is possible even in
cases of large or complex defeete.          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.         Furthermore, the
gelatin sponge undergoes hydrolysis and disappears in vivo within I
month, working in favor of the regeneration of the tympanic membrane
and ear canal soft tissue. Brief Description of the Drawings [no 61
;Fig, 11 A drawing showing an example treatment for regenerating the
tympanic membrane using the tympanic membrane regeneration agent of
the present invention. A. A large .10 perforation involving about 2/3
of the tympanic membrane is noted. B. The margin of the tctmepanic
membrane perforation is bruised using a tympanic membrane incisional
knife to form a fresh wound around, C, A bFGFecarryine gelatin sconce
Is indwelled in the perfbrated portion and fixed with fibrin glue, 13
D. At 3 weeks after treatment, the tympanic membrane perforation is
completely closed by epithelium. E. At 6 weeks after treatment, the
epithelium thins slightly, becoming more like the tympanic membrane,
F. At 12 weeks after treatment,  



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 brGF, and the bEGF gelatin
sponge mass is indwelled in a way such that the wound is fully
covered_ C, The sponge mass is fixed with alqinic acid or a salt.
thereof (or fibrin glue). D. At 2 weeks after treatment, the alginic
acid or salt thereof and the like remaining on the surface are
removed; it is confltTed 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[00i7]
The growth factor hFGF used in the tympanic membrane/ear canal
regeneration agent of the present invention has a direct
proliferating effect on cells and neovascularizatibn ability' The
tympanic membrane has a 3-layer structure; to ensure that the
essential sound conduction function is exhibited to the fullest, it
is important. to maintain this 3-layer structure. However, cases of
breakage and spontaneous cure of the tympanic membrane are often
encountered wherein the tympanic membrane is thin with only the
epithelial layer regenerated 10 while the 3-layer structure is net
maintained.        For the regeneration thereof, prolifexation of
fibrofdasts as a scaffold and maintenance of a bloodstream sufficient
to support the 3-leyer structure are indispensable. From this
viewpoint, bFGF has ideal features. Specifically, as is indicated by
the designation thereof, bFGF has the direct abtion of stimulating
fibroblast prolifetation, and also has the action of inducing blood
vessels and supplying nutrients to surrounding tissue, [0018I 20As
the bFGF in the present inventIon, a homologue thereof may be used-
The bFOF 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 teishnology, or
by chemically modifying 25 or biologically modifying tee same. Tss
the bE(IlF used in the present invention, human bFGF or a homologue
thereof is particularly preferable, A homologue of bfirCIF means the
pcdypeptide 111 or [It] below, 



[II A polypectide consisting of substantially the same amino acid
sequence as a IbFST produped 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 bioactiyity of bFG.FIII] A polypeptide wherein a
supplementary amino acid.  segment is added to the N--terminus and/or
0-terminus of a bFGH produced in a mammal, or to the N--terminus
and/or C--terminus of the polypeptide [I] above, A supplementary
amino acid segment means one that consists of 1 to 12 amino acids,
and $ that. does not affect the biological activity of the bE'Gft or
the biological activity of the polypeptide [1] [0019] Human b15 a
polypeptade of 146 amino acids preparation of the present invention,
as a homologue of human bFGF (the aforementioned homologue (I]), for
example, the polypeptide of 146 amino acids described in National
Publication of International Patent Application No, JP-2- 50446.9 may
be used. This polypaptide is one wherein each of the 69--position
cysteine (Cys) and the 81-position cysteine 25 (Cys) that constitute
the amino acid sequence of human bFGT is substituted by serine (Sar).
As the aforementioned homologuefor example, the )eptide of 155 amino
acids described in National Publication of International Patent
Application No. 32-63a 500943 may be used. This polypeptide is one
wherein a segment of 9 amino acids is added to the N-terminus of
human. bFGT.        Also, a polypetide of 147 amino acids with Met-
added to thes and the pe3ypeptof 157 a1no acids wit.h a segment
consisting of 11 amino acids added to the N-torminus, 25 described in
National Publication of international Patent on No. JP-63-501953, may
be used,        A oartic recombination). [0020] y preferabls. is
traiemrin ;genetical  



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 combination.
Furthermore, as stated above, a plurality of homologues of CH11F
exist, and these homohgues may be used alone Or used in combination.
is P0211          Because the abundance of bFGF in a living organism
is extremely low, it. le particularly preferable for commercially
stably supplying the preparation of the present invention. that bFGF,
or a homologue thereof, produced using a. microorganism s such as
Eacheribhia co.mc or cultured cells by gene recombinaticm technology
be used_ When acne for producing bFGF or a homologue thereof (in this
case, generally the aforementioned poly-peptide (I)) is inserted into
a microorganism or cultured cells, the product from this JO
microorganism or cultured cells is generally one with a.
supplementary amino acid seyment added to the N--terminus and/or
Ceterminus of bid, or to the N-terminus and/or 0- 1:coml.:deo:: of
the polypeptide (I1 above, i.e., the aforementioned polypeptide
11.11- Is [0022]        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, ptib-, 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, Put also gelatins with
different materials and different physical prbpeities such as
sclubdlity, molecular 25 weight, 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 so allow it to serve as a scaffold for
regenerating. tissue for a. period sufficient to clone the defect in
the tympanic membrane or ear canal, as far as it does not lose, a
softness that enables complete coverage of the morphoaogically
complex margin of tympanic membrane perforation and the margin. of
ear 



si canal def.ecd.:. The method of crossiinking is not particularly
limited; examples include a method involving the use of a
crosslinking agent, vacuum thermal dehydration, dry heating, y--ray
irradiation, ultraviolet ray irradiation, electron ray
irrsdiation,irradiation and the like, 5 [0024 The gelatin sponge of
the present invention has a large number of fine pores, and offers a
higher degree of freedom than collagen. By having the Large number of
fine pores, gelatin sponge, 'used as a scaffold mat:e.ri.a.L, allows
surrounding cell- to enter the sponge easily, making it possible to
regenerate the tympanic membrane and ear canal in a good. way. This
is a distinct difference f:rom ccnvenl:.:Lonal regeneration agents
prepared using a sheet-like scaffold material. Specifically, for
scaffolds like a sheet-like 1.5 collagen membrane, the tissue does
not regenerate itself while advancing in the scaffold, but. does
regenerate itself either upwardly or downwardly,s does not enable the
complete covering of the defective portion of a twipanic membrane
defect :Larger than a certain size, so that repair of the tympanic
membrane is impossible, or adhesion to surroundino tissue occurs and
seguelae are ie-ft, [0025] in view of the fact that cells readily
enter the sponge ensure good cell adhesion,areferabie 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 mere preferarde range is so about 100 to
about 400 pm, 10026] 



The gelatin sponge of thepresent: invention may contain another
bioabsorbable polymeric material, as far as function theieef is not
adversely influenced, Pioabsorbable DOLc materials include, for
example,  synthetic polymers such as polylactic acid, polyglycolie
acid, poly-s-caprolactone, lactle acid-glycolic acid copolymer,
glycolic acid-s-caprolactone copolymer., lactic acid-xeaprolactone
copolymer, polycltric acid, polymalic acid, polya-cyanoacrylate,
poly-p-hydroxy acid, polytdimethylene oxalate, polytetramethylene
oxalate, poly-ortho-esters, poly-orthocarbonates, polyethylene
carbonate, polv-y-benzvi-L-lutarate, poly-y-methyl-L-glutamate, and
poly-L-alanine; natural polymers such as polysaccharides such as
starch, alqinic acid, lo hyaluronib acid, chitdn, pectic acid and
derivatives thereof, and proteins such as gelatin, collagen, albamin,
and fibrin, and the like. [00211 The gelatin sponge of the present
invention can be is produced by, for example, stirring and foaming an
aqueous solution of gelatin usinq a homogenizer at a rotation rate of
about 3000 to about 10000 rpm for about 10 seconds to about 5
Tanetes, then casting the aqueous solution of gelatin. into a mold of
an appropriate size, and frozen at about -40 to about. 20 --SO'C for
about 30 to about 120 minutes, thereafter freeze.- drying this frozen
matter under conditions of for example, about 0,1 Tort. 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, cross
linking can he performed as apprppriate. [0028] As the gelatin sponge
of the present invention, a .u000noaercialavailable hemostatic for
example, Spongel (:egistereb trademark) fAstellas Pharma), Gelfoam
(registered trademark) (Pharmacia. & Upjohn.) and the Like) can be
used, [0020]            The shape and size of the gelatin sponge of
the present is invention are not particularly litmlted, as. far as it
is  



sufficiently large to cover the defective portion of the patient's
tympanic membrane or ear canal. focy,;(n        The mothod of
allowing bFGF to be carried by the gelatin sponge thus prepared is
not particularly limdted; for example, an aqueous solutien of bFGF
may be adried drop by drop to the gelatin sponge, or the gelatin
sponge may be swollen by the addition to an aqueous solution of bFGF.
f003.11 .2 0The ;mount of bhiGlF to be carried by the gelatin sponge
is not particularly limited, as far as it is an amount sufflpient to
regenerate the tympanic membrane or ear canal; it is, for example,
about: 0,1 to about 1000 up, preferably about. 1 to about. 100 pg,
per administration site. 13 iD0321        The bFGF-carrying gelatin
sponge preparation thus obtained can also be freeze-dried. If
desired, freeze-drying is performed by, for example, freezing the
preparation in liquid nitrogen for 30 minutes or more or at -80C for
1. hour 20 or more, and then drying the preparation using a
freeze-drying machine for 1 to 3 days. [0033]        The tympanic
membrane/ear canal regeneration agent of the present invention is
applicable in all cases, as far as the p:Eit;i3ant's tympanic
membrane perforation or ear canal soft tissue defect is not
accompanied by actiYe infecfripns/lnflammatikm in the middle
ear/external ear. For example, cesee of tympanic .membrane
perforation include chronic otitis media, re-perforation after
tympanic membrane :xi closure surgery or tympanoplasty, old traumatic
tympanic membrane perforation, perforation remaining after tympanic
membrane incisinn or tympanic membrane tube indwelling for oti.t1.3
mcdia with effusion and the like. Example cases of ear canal soft
tissue defect include those, with an ear canal soft 33 tissue defect
and ear canal bone exposure after ear canal  cholesteatoma resection,
tympanoplastv or ear canal tumor resection. 100341        The
tivieztic membrane/ear cee-1 re-eror-34,-'-v -rent of the present
invention can preferably be used particularly for patients with a
large tympanic membrane perforation or ear canal soft t. isdefect for
which therapies using a 



conventional regenerative medical technique are not fndicated"
Specifically, in patients with a tympanic meMbrane perforation 10
wherein mote than 1/3, particularly more than 2/5, of the tympanic
membrane is defective, repaif of the tympanit membrane is possible.
In patients having an ear canal soft tissue defect having a maximum
diameter of a cm or mere, particularly 2  or more, repair of the ear
canal is possible. 15 [0055]        The bFGF-carrying gelatin sponge
is adjusted to a size larger than the defective portion of the
tymbanic membrane or ear canal, and is indwelled in a way such that
the ant ire defective portion is covered, Here, in case of an old
margin 24 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 alum'nP- 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 difflcuast to freshen? 37;
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 mergin (discolored to white)
IS removed to the maximum possible extent, whereby freshening can he
achieved.         A further feature of the present invention resides
in the fact that the surface of the bFGF-cartying gelatin spbhge
indwelled in the defect is covered with a covering material, .5 As
the covering material used in the present invention, any
biocompatible material can be used, as far as it has adhesiveness
sufficient to keep the hISGF-carryino gelatin sponge fixed on the
defective portion of the tympanic membrane or ear canal, and is
capable of providing the surface and m inside of the sponoe with a.
culturing environment suitable for the malls of regenerated tissue by
being isolated from the external environment; examples include fibrin
glue (blood fibrinogen and thrombin extracts; commercially available
as Boiheal (registered trademark) (Astellas ?Marna), TISSESI, m
(registered. trademark.) (Baas:inn:), or Beriplast (registered
trademark) (CSL Behring)), aldinic acid or a salt thereof (for
example, calcium alginate, sodium alginate), and water-soluble
polymeric polyeacetexides such as chitin and chitcsan. [0(DTfl 20Aa a
method of preparing an alginic acid sail. (calcium 



alginate), 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. Sobseguently, 5 ml
of a 3% aqueous solution of calcium chloride is uniformly spread over
the same Petri dish to allow the aqueous solution of sodlam alginate
and the aqueous solution of ralcum chloride to come into contact with
each other sufficiently, after which several minutes are 30 waited,
After the remaining liquid 5s 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 SO
gas, whereby the alginic acid salt can be prepared as a covering
material.  [0038]        When the covering material is liquid, it can
be administered by drippinb several drops thereof on the surface of
the bFGF-carrying gelatin sponge indwelled in the defective 5
portion, or by spraying it using a sprayer known per se, and the
like, When the covering material. is a sheet-like substance, it can
be placed in a way such that the surface of the bEGFcarrying gelatin
sponge indwelled in the defective portion is covered. 20 [0030]
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 Is (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 .,(!.n 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 25
perforations remaining after tympanic membrane incision. or tympanic
membrane tube indwailing for otitla media with effaaion (n.-10) and
the like. The size of tympanic membrane perforation did not matter. 



The patients were divided, into three groups according to in 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, 11, and III, respectively, 25[0041]  2) Method of
treatment and follow-up examination        After confirming the
presence of a tympanib membrane perforation and the absence of active
infections and incotton soaked with 4% lidocaine 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 ii tce and the epithelium of 20 the margin. of the perforation
was removed around ;Fig. il%). Subsequently, a gelatin sponge
(Spongel (registered trademark): 1\stellas) mass larger than the
tympanic membrane perforation was impregnated. with bECE (Fibleat
(registered trademark): Kaken Pharmaceutical), and the bECE-carrying
is gelatin sponge mass was indwelled in a way such that the
perforated portion of the tympanic membrane was fully covered  (Fig.
IC). Thereafter, this was fixed with several drops of fibrin glue
(Beriplast (registered trademark): CSL Sehring), After the treatment,
the patiente were instructed not to 26 do anything that exerts
pressure on their ears, such as vigorous nasal sucking and nose
blowing., and not to allow water to enter their eats during hair
washing and bathing. [00421 A checkup aft:' r3 weaks revealed. firm
adheaion. of the 25 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), In cases where the perforation was not closed by a single
treatment, the same treatment was repeated- anAt. that time, the
regenerated tympanic membrane occurted.. as a thickened, vessel-tich
tissue, but it thinned with the elapse of time ;Pig. 1E), and became
undLstingnisheble fro the normal tympanic membrane in about 2 months
(Rig. 1R). [0043) 



.35Results        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 to
achieve closure, closure rate, degree of hearing ability improv=ent,
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
blIGF was indwe led in lo a perforated portion of the tympanic
membrane are shown in Table 2, [0044] [Table Classification by size
of Grade I tympani (n-3) mera)rane erforation Grade II (ne15) Grade
III (n=13)  



Number of treatments (Mean)  Closure rate Degree of hearing abiaity
'mprovement (3-fraction method)  Treatment time excluding anesthesia
time                            1-3 (1.0)'6)(1.3) 10U1009 15.8 dB23.3
dB28.5 dB ilnuijes 509 minutes 2011mdnutee 40 secondssecondsseconds  



NoneNone ;transient(transient SequelaeNoneotorrhea n-2, otorrhea n=3,
tympanictympanic recess n=11 Grede I:[de IT'fi Grade perforation less
perforaticr '3 than 1/3 [Table 2]  Classifdnation by size of tympanic
membrane perforation  Number of treatments  Closure rate 



,,,,,,,,m.? ,,,, Grade IGrade IdGrade III (n=0)(n=3)a-2) 4 times4
times 0%           Even in case of the gelatin sponge impregnated
with physiological saline alone without using bFf)F, a slight 5
tendency toward closure of the taimpanic membrane was noted. This
shows that regeneration of the tympsnan 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 zo could not be closed even when
the number of treatment: increased.        Meanwhile, when bECF was
added, the tympanic membrane petfo -,tion closed in all cases,
irrespective of the size of tympanic membrane pertorstion. This shows
that cell 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, addatdon of a
growth factor such as bFGF seems to be necessary and indispensable,
Regarding the degree of hearing ability improvement, a normal level.
was restored, irrespective of the size of tympanic memhxane
perforation; regeneration of a functionally normalized tympanic
membrane was observed, [0047] Example 2 Regeneration or ear canal
soft tissue 1) Patient selection 



The study. subjecLs comprised patients after ear canal ohclesteatoma
resection (n-7), patients after tympanoplasty (n-2), and a patient
after ear canal tumor resection (n-1), all of whom experienced a
defect of ear canal. soft tissue and  exposure of eat canal bone. The
size of the im).."ec, did not. matter, [0048] 2) Method of treatment
and follow-up examination        After verifying the absence of
active infectihns/infaarmation. in. the wound, local anesthesia. was
perroxmed. Under a microscope, the cholesteatoma and tumor were
resebted from inside of the ear canal for patients with ear canal
cholesteatema or an ear canal tumor., and a fresh 10 wound was made
using a surgical knife or the like for patients with eat canal bone
exposure following tympanoplasty, after which a gelatin soonae mass
larger than the wound was   c=rated with baTE, and the bFGFecarrying
gelatin sponge mass was indwelled in a. way such thatDred the 15
defective portion (Fie. 28), Thereafter, this was covered several
drops of fibrin glue or a calcium alginate membrane (Fig. 20). The
patients were instructed to refrain from picking    their ea.rs and
not to allow water to enter their ear canals ro daring bat.hinq. hair
washino and face washing. [004H        Checkups after 2 or 3 weeks
revealed firm Esahe: on of the covering material and gelatin sponge
remaining on the surface,' when this was carefulmoved using a Rosen
probe and the completely regenerated ear canal epiuhenrum and soft
tissue were noted thereunder (Fig. 215), If the regeneratioc. was
inadequate by a single ,treatment, the same treatment was repeated. 



[0050] :Jo 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
111) in terms of the number of treatments required to achieve
closure, 35 closure: rate, treatment time excauding anesthesia time,
and  the presence or absence of sequelae. 1,0051] iThhia
ClassificationGrade IGrade IIGrade III by wound size(n-6)(n-3)(rEl)
Number of 1-21-3 treatments (1.3)(2.0) (Mean) Closure
mate100%100%100% Treatment time. excludingminutes 308 minutes 40 15
minutes 10 anesthesia 



secondssecondssehoodS time SequelaeNoneNoneNone Grade Maximum
diameter of wound <1.0 dm  Grade II: 1,0-2,0 cm Grade III: >2.0 cm  S
industrial Applicability [0052]        According to the present
invention, tympanic membrane Peifotations 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 inypntion is appdicable to patients for 25 whom treatment by
conventional regenetation medical techniques is net indicated.
Furthermore, the surgical technique involved is simple, repeated
treatment does not produce seguelae, and regeneration of a fully
normal tympanic membrane/ear canal is possible, Additionally, bearing
ability is normalized just o 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_ 25This application is based on a patent application No, 



2008-167744. filed in Japan (filing date June 26, 2008), the contents
of which are incorporated in full herein_  Claims   1. A tympanic
membrane or ear canal regeneration agent corprising a combination of
a gelatin sponge that carries s basic fibroblast growth factor and a
covering. material  2. The agent according to claim l, wherein the
covering material is fibrin glue or a watnb-soluble polymeric
polysaccharide or a derivative thereof'. 20 3, The agent. according
to claim 2, wherein the water-soluble polymeric polysaccharide is
chitin, chitosan or alhinic acid or a salt thereof, 25 4, The agent
acdcrding to any one of claims I 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 meshbane perforation
or ear canal soft tissue defect, and covering the aa sponge with a.
covering material.  6. The method of regeneration arcnrding to claim
5, wherein the covering material is fibrin glue or a. water-solubde
polymeric polysaccharide or a derivative thereof. 312 7, The method
of regeneration according to claim. 6, wherein the water-soluble
polymeric polysaccharide is chitin, chitoban or alginic acid or a.
salt. thereof. is 8. The method of regeneration according to any one
of claims 5  to 7, wherein the margin of the yTapanic membrane
perfora on or ear canal soft tissue de fen is freshened in advance, 



9. A use of a covering material ;tang,' hasc fibroblast growth 5
factor carried by a gelatin sponge for producing a tyrpande membrane
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 derivative thereof,   11. The use according to claimerein the
polymeric polysaccharide is chitin, chitosan or alginic acid or a
salt thereof, 12 The use according to any one of otaims 9 to 11,
wherein the margin of the tympanic. membrane periroration or ear
canal soft tissue defect has been freshened, 


