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BIOCOMPATIBLE PERFORATED  MEMBRANES,  PROCESSES  FOR THEIR
PREPARATION, THEIR USE AS A SUPPORT IN THE IN VITRO GROWTH OF .
EPITHELIAL CELLS, THE ARTIFICIAL SKIN OBTAINED IN THIS MANNER, AND
ITS USE IN SKIN GRAFTS

5 Field of the invention

This invention relates to new biocompatible perforated membranes,
processes for their preparation, their use as a support in the in
vitro growth of epithelial cells, the artificial skin obtained in
this manner, and its use in skin grafts.
10 Prior art
The loss of cutaneous material for reasons of traumatic or
. pathological origin . is commonly resolved by the autotransplant-
ation technique, using skin explants from'donof areas.  To cover
larger areas these explants can be expanded by surgical rethods
15 such as the mesh grafting described by J. Mauchahal, J. Plast.
Surgery, 42, 88-91 (1989). These methods give positive results
only with swall-diwension lesions and patients with a satisfactory
general health profile. If elderly paciénts or fhc§e:in a state of
serioﬁs decline are treated, _unsatisféctory ;ésults are obtained
20 and numerous problems arise. to the extent that such procedures
cannot be used. In additioﬁ they do not allow a donor tissue
expansion of more than 10 times.
An important turning ﬁoint in the treatment of these 1lesions by.
reconstructive surgery was ﬁhe devglopment of the technique
25 invﬂl#ing the in vitro culture of keratinocytes (J. Rheinwald and
H. Green. Cell, 6, 331-34%, 1975). which allowed the in vitro

expansion of these cultures, to obtain epidermic cell membranes
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II$IUSE'IN SKIN GRAFTS 5 Field of the invention This invention

rel ates to new bi oconpati bl e perforated nenbranes, processes for their
preparation, their use as a support in the in vi.tro grgﬁ%h of .
epithelial cells, the artificial skin obtained in -  this hﬁbf% and its
use in skin grafts. 10 Prior art The | oss of cut

reasons of traumatic or 2 ' ThlsSheetHasBeenRTi

AT

potentially suitable for covering lesion areas.
fhis technique has beed widely used in clinical practice, mostly in
the case of patients suffering from burng {G.G. Gallico et al., M.
Engl. J. Med., 311, 34B8-451, 1984), but numercus problems arose
5 from its conception,.such as the failure to take of some grafts,
the fragility of the epithelial film and the consequent difficulty
in its handling by the_surgeon, the length of time :eqﬁired for
obtaining sufficient quantities of epidefmic cultures and the
difficulty of obtaining donor areas of sufficient size from
X0 patients with large areas of damaged body surface. The in vitro
epidermic cultures also require precise orientation ta enable the
graft to take. this being a particularly tvisky operation in view of
the fragility of in wvitro cultivated epidecmic film.
A different approach to these problems is described by Yannas et
15 al., Science, 215, 174-176 (1982), who use dermic substitutes in
the form of reabsﬁrbable porous . materials consisting of
coprecipitates of collagen and glycosaminoglycans {GAG), in
particular condroitin-b-sulphate, covered by_ a2 thiq silicone
membrane film. The characteristic of these materials is tha;. they
20 comprise ron-standardized pores intercommunicating in a manner
similar to a sponge. |
Zang et al., in Burns, 12, 540-543 (1986) propose a method, known
as microskin grafting. consisting of suto-grafting very small sgkin
portions, which then develop to merge into a single epithelium.
25 With this wmethod the naximum donor surface/coverable surface
expansion ratio obtainable is i:lé.

S. Boyce and J. Heanshorough in Surgery, 103, 421-43% (1988}
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describe the use of membranes formed from collagen and GAG to
promote on their surface the growth of keratinocytes, so reducing
the surface porosity of the marerial. A continuous non-porous
layer is also interposed to limit the epidevmic culture development

5 to the membrane sucrface. The possible antigenicity of these dermic
substituents, which can result in rejection of the graft, has not
yet been properly ascertained.

Object of the invention

The object of the present invention is to provide biocompatible
10 Dembranes which senable in wvitro culture  of keratinocytes, with
culture development in a much shorter time than that previocusly
possible. An impbrtant result of the membranes according to this
invention is the ability Lo obtain colonization by homelogous on
heterologous epithelial cells in a time which is surprisingly short
15 (6-10 days) compared with the time normally reqﬁired {20-40 days}
by traditional methods for preparing comparable areas of in ~itro
epidermis cultures.
This advantage regults in the preparation in a short time of an
artificial skin which allows very rapid coverage of an' area on
20 which an epithéiial transplantation is required, so reducing the
risks relating ta excessive organic liquid loss or infection.
A further object of the present invention is to provide
biocompatible nmembranes which allow rapid development. of
'keratinOCyte cultures with an excellent dJonor surface/coverable
25 surface ratio, of between 1:20 and 1:200. this being considerably
higher than previously obtainable with traditional sethods.

A furtber object of the present invention is to provide a
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bibcompatible and preferably bioresbsprbable artificial skin which
¢an be produced in a sﬁort time, is strong, and is easily handled
at the moment of transplantation, and which moreover can be spplied
to the site of the lesion independently of its original orientation
in the culture vessel, and can be easily stored. In this respect,
an advantage of the artificial skin according toc the present
invention is" that it can be easily cryopre;erved to allow the
creation of a bank of epithelial tissue, including heterologous.
The possibility of cryopreservation also considerably reduces or
eliminates, after at least two cycles.-thé'antigenic potential of
the surface antigens expressed by the epithelial cells,
Description

These and further objects are attained by the biocompatible
mepbranes according té the present invention, coasisting of
naterial of natural, synthetic or semis&nthetic origin and having a
thickness of between 10 and 500 py., and preferabiy between 20 and 40
i, characterised by comprising an ordered zcrics of .holes of a
defined and c¢onstant size between 10 and 1000 p, and preferably
between 40 and 7O ﬁ, separated from each . other by =2 constant
distaﬁce of between 50 and 1000 p, and preferably 80 u.

These membranés can. congist of biocompatible and preferably also

bioreabsorbable wmaterials of natural origin such as collagen or

coprecipitates of collagen and glycosaminoglycans, cellulose,

gelled polysaccharides such as chitin, chitosan, pectins or pectic
acids, agar. agarose, xanthan gum, gellan, alginic acid or
alginates, polymannans or polyglucans, starches, or natural

rubbers, either alone or in mixture with each other or with

-

Rhei nwal d and H G een, CEII 6, 331- 344 19757“
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polymers of synthétic or semisynthetic origin, in the pregeﬁce of
suitable precipitating or gelling agents such as metal salts,
pélycations or polyanions,
The membraneé can also consist of bigcompatible and preferably also
§ bioreabsorbable wmaterials of synthetic origin such as polylactic
acid, polyglycolic acid or cdpolymers thereof or their derivatives,
polydioxanones, palyphosphazenes, polysulbhones dr polyurethanesf
or semisynthetié derivatives of natural polymers_such as collagen
crosslinked with crosslinking agents such as dialdehydes or their

10 precursors, bicarboxylic acids or halides thereof, diamines, or
derivatives of cellulose, of alginie acid, of sta:ch; of chitin or
chitbsan. of gellan, of xanthan, of pectins or pectic acids, of
polyglucans, of polymannaas, of agar, of agarose, of natural
rubbers or of glycosamincglycans.

15 The membranes can also coﬁsisn of syntheﬁic polymers, even without
the biodégradability characteristic, such as silicone, silane or
siloxane rubbers, fluq;opol&mers such as  polyfluorocthylene,
polyfluoropropylene, polyfluoroethers._ polystyrene, vinyl
pquchloride. polyacrylate or derivaiivcs thereof, polyhydroxy-

éo acrylate, pol&hydroxymethécrylate. carboxyvinyl polymers and their
derivatives, waleic anhydride polymers and their derivatives,
polyvinylehloride, éolyvinylalcohol and its derivatives,
polyethylene and polypropylene.

The membranes preferably consist of Semisynthecic derivatives of

25 hyaluronic acid, in particular ester dexivatives thereef such as
those described in Examples 6, 7 and 24 of EPA 0216453 filed on

7.7.86, these being biocowpatible and biodegradable materials able
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fromits conception, such as the failure to take of sone grafts, t he
fragility of the epithelial filmand the consequent difficulty inits
handl i ng by the surgeon, the length of time required for  |ght&i ni ng
sufficient quantities of epidermc cultures and the difficulty of

obt ai ni ng donor areas of sufficient size from 10 patlents with larg

areas of damaged body surface. The in vifro : This @dres also
require precise orientation to enable the graf S being a
particularly risky operation in view of

~ to release hyaluronic acid on the site of their application, this

acid being well known to favour tissue reparative processes. A
Purther characteristic . which.makes these materials particulacly
suitahle for use according to the present invention is that they do
5 not produce intolerance phenomena, nhot being immunogenic.
The biocompatible membranes. consisting of one or more of the
aforesaid ﬁaterials have a thickness of between 10 and 500" p and
preferably betwecen 20 and 40 pu, and are characterised by the
presence of an ordered series of holes of defined and constant size
10 between 10 and 1000 p, and preferably between 40 and 70 .
separated from ¢ach other by a constant distance of between 50 and
1000 3, and preferably 80 n.
Continuous biocompatible membranes, consistihg of one or more of
the aforesaid materials, can be prepared by the ,conventional
15 methods described in the literature.
Thg perforated biocompatible membranes ac¢ording to the present
invention are obtained using mechanical perforation devices such as
suitably arranged punching machines, or methods involving the use
af thermal or uvllraviclet lasers gperating in a frequency band such
20 as to praduce holeé of the required size and distance apart in the
membrane. | |
The following example of the preparation of a perforated
biocompatible membrane according to the present invention is given
by way of illustration only.
25 EXAMPLE 1 |
A mewbrane of hyaluronic acid benzyl ester with 100% esterifi-

cation (as described in EPA 0216453 filed on 7.7.86) in the form of
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a square of 12 x 12 ¢a and 25 p thickness was perforated using a
cowputerized UV  Lager device operating at a frequency of 273 um
under the following operating conditions: working frequency 200 Hz,
output energy 250 mJ. Using a suitable screening system, holes
having a diameter of ~ 40 u were obtained at a distance apart of 80
p. as shown in Figures 1a and 1b.

The perforaﬁed .biocompaﬁible membranes according to the present
invention can be used advantageously for the in vitro culture of
epithelial cells, especially keratinocytes.

For this purpose the membranes can be fixed to the base of cell
culture vessels, to metal grids or to.any other structure suitable
for cell cultures at the aif/culture mediun incerfaée. using
sterile vaselin, steriie silicone or other cementing systems which
allow easy removal of the membrane, or by systers involving the use
of biological wmaterial such as collagen, fibrin or fibrin glue.
These membranes can be iqcubatéd in culture media suitable for the
growth of epitheliel cells either alone or in the presence of bther
cells, such as irfadiated fibroblasts, as described in the cited
literature, without within the time scheduled for growth and hole
colonization causing alteration in mechanical properties which
would compfamise their hesndleability and strenmgth within the
particular application,

Some of the tests carried out are described below to illustrate the

use of the membranes of the present invention.

'Exmmns 2

‘The following test was conducted to demonstrate the absence of any

iphibition by hyaluronic acid derivative memwbranes on the in vitro



siﬁilérlto a sponge. Zang et al., in Burns, 12, 540-543 (1986) propose

a nmet hod, known as mcroskin grafting, consisting of auto-grafting
very small skin portions, which then develop to nerge into a single |,
epithelium 25 Wth this nmethod the maxi num donor surface/coverable
surface expansion ratio obtainable is 1:15. S. BoyseSand J.

Hansborough in Surgery, 103, 421-431 (%988)
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growth of human keratinocyte cell cultures.
Membranes denoninated HYAFF 11 cut sterilely inte 2 x 2 cm  squares

and consisting of hyalurohic acid benzyl ester withllooz gsterifi-
cation {as described in EP 0216453 filed on 7.7.86) were applied to
s the base of the culture vessels by means of sterile silicone.
2 x 105 human keratinocytes were seeded onto these in a volume of
0.5 wml. in the presence of & x 107 1lethally irradiasted 373
fibroblasts at nhelsecond passage.
The capsules were. incubatéd at 37°C for 2 hours in a 5%. COZ
10 atmosphere to allow the cells to attach to the matrix. After this
period 5 ml of CEC culture medium (Green H. et al., J. Proc.
Nation. Acad. Sei., 76, 5665-5668, 1979) were nadded and the
capsules again incubated. The culture medium was change§ every 2
days. The cells were treated with trypsin 9 days after seeding and

15 c¢ounted. All experiments were conducted in duplicate.

RESULTS
No. of human keratinocytes . X inhibition
per plate (x 10-5)
Control 27 | o%
20 HYAFF 11 membrane 27 ' -0%

These results show that the biomaterial used hkas no “inhibiting
effect on keratinocyte cultures.
EXAMPLE 3

Growth of buman keratinocytes using the perforated biocompatible

25 membranes of the invention, obtaiped by the method described in
Example 1

HYAFF 11 membranes consisting of hyaluronic acid benzyl ester with
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of keratinocytes, so reducing the surface porosity of the material.
conti nuous non-porous layer is also interposed to limt the 5 epi der m,c
cul ture devel opnent to the nenbrane surface. The _congp§k;e,skin
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100X esterification (as described in EPA'0216Q53 filed on 7.7.86}
in the form of 3 x 3 cm sguares werc cemented to the base of 6 ¢m
diameter Petri capsules using sterile vaselin. Lethaily irradiated
3T3 fibroblasts were seeded on the mesbranes to a concentration of
700,000 cells per plate., under the conditions described in Example
2. After adhesion of the 3T3 cells, ie after zbout 24 hours, a
cell suspensién of human keratinocytes originating from secondary
cultures was added at a concentration of 38,000 cells per cﬁz. The
culture conditions were analogous to those described in Example 2.
The development of the:keratinocyte culture was followed daily
using_ a phase contrast microscope. Tﬁe development of inoculated
epithelial cells was observed on the membraﬁe. these having reached
confluence 8-.0 days after seeding.

Of particular importance is the fact that even on the second day
after seeding, numerous holes contain keratinocytes, their growth
being more active within the holes than on the surface. to totally
£ill them around the 6th day (Figures 2, 3 and 4}.

A further Ffact of great importance'is ‘that when analyzed by
histological techniques the cells within the holes demonstrate a
basaloid appearance documented by the findings of figures showing
frequent micosis {Figures 5 and 6). denoting high reproductive
vitality. These findings were confirmed by immunohistochemical
methods using specific antibodies (Mab).

The epitheliél célls grown within the holes can therefors be
considered overall to be in the active proliferation stage and thus
effectiveﬂg usable on transplantation areas.

The artificial skin according to the'present invention, ¢btained by

A



aphlidétion orientation and is less effective in reduci ng wound

contraction than autograft or xenograft. The possible antigenicity of
t hese derm c substituents, which can result in rejection of, E%

graft, has not yet been properly ascertai ned. Q&Bri‘lnvention
The object of the present invention is to provide bioconpati

nmenbranes which enable in vitro culture of keratinocyh@smwM&&anR

cul ture devel opnent in a nuch shorter tineqghan that . Fﬂlm mmm, lmll

the aforesaid procedures, therefore consists of a biocompatible and

preferably bioreabsorbable support membrane consisting of materials
of natural, synthetic or semisynthetic origin, and having a
thickness of between 1b.and 500 ¢, and preferably between 20 and 40

§ W, Characterised by comprising an ordered series of holes of a
defincd and constant size betﬁeen 10 and 1000 u, 5eparated from
each other by a cbnstént distance of between 50 and 1000 4y,
together with autologous or heterologous keratinocyte microcolonies
in the active proliferécion stage present within the holes.

10 This artificial ékin can be easily shaped by the operaior on the
basis of the areas to be treated, and has a mechanical strength
which enables it to be handled without difficulty and be sutured.
Once implanted on the lesion area, the keratinocyte micracoloniés
create growth nuclei of rapid-grOwing.epitheIial tissue, which in a

15 short time complelely re-epithelialize cthe area on which the
transplantation has been carried out.

It is used by withdrawing it from the culture vessel, removing
all traces of culture medium by a sterile physioclogical solution
and applying it to the arga to be treated without needing to pay

20 particular attention to the direction of application, és it is
equally effective if applied on 'eittier of dits two .sides. in
contrast to traditional keratinocyte cultures.

The srtificiel skin according to the present invention can be used
to cover even exténsive lesions of the'body surface of traumatic

25 origin such as burns, of surgical origin such as withdrawal areas
in plastic surgery, or pathological origin such as stasis ulcers or

bedsores.
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CLAINMS

1. Biocompatible membranes'éonsisting of onaterials of natural,
synthetic or semisynthetic origin, and having a thickness of
between 10 and 500 n. aod preferably between 20 and 40 u,

characterised by comprising an ordered series of holes of a defined

‘and copstant size between 10 and 1000 u, separated from each other

by a constant distance of between 50 and 1000 yu.

2. Biocompatible nembranés as claimed in claim 1, characterised in
that the hole size is between 40 and 70 .

3. Biocowpatible membranes as claimed in claim 1, characterised in

that the distance between holes is 80 u.

" 4. Biocompatible membranes as claimed in claim 1, characterised in

that the biocompatible material of natural origin is chosen from

the group consisting of collagen or éoprecipitates of collagen and

glycosaminoglycans, cellulose, gelled polysaccharides such as:

chitin, chitosan, pectins or peactic acids, zgar., agarose, xanthan
gum, gellan, alginic acid or alginates, polymannans or polyglucans,
starches and natural rubbers, either alone or in mixture with each

other or with polymers of synthetic or semisynthetic origin, in the

- presence of suitable precipitating or gelling agents such as =metal

salts, polycations or polyanions.

5. Biocompatible membranes as claiwmed in claim 1, characterised in
that the biocompatible material of synthetic origin is chosen from
the group consisting of polylactic acid, poiyglycolic acid or

copolymers  thereof or their derivatives, polydioxanones,

.polyphosphazenés.'polysulphones and polyurethanes.

6. Biocompatible mewmbrsnes as claimed in claim 1, characterised in
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that the biocompatible material of semigynthetic origin is chosen
from the group consisting of semisynthetic dérivatives of natural
polymers'such as collagen crosslinked with crosslinking agents such
as dialdehydes or their precursors, bicarboxylic a;ids or halides
thereof, diamines, and derivatives of cellulose, of alginic acid,
of starch, of hyaluronic acidl of chitin or chitinosan, of gellan,
oP. xanthan, of péctins or pectic acids, of pol}glucané. of
polymannans, of agar, of agarose, of natural rubbers or of
glycosaminoglycans.

7. Biocompatible menmbranes as claimed in claim 6. characterised in
that the biocompatible membrane consists 6r hyaluronic acid benzyl
ester with 100X esterification.

8. A process for preparing biocowpatible membranes consisting of
materials of natural, synthetic or semisynthetic o;‘igin and having
a thickness of between 10 and 500 p, which comprise an ordered
series of holes of a defined and constant size between 10 and 1000
H. sepuraled frow each other by a constant distance of between 50
and 1000 p, characterised by perforating a continuous membrane via
a suitable screening system., using mechanical or laser perforation
devices.

9. A process for preparing biocompatiblé nenbranes as claimed in
ciaim 8, characterised in that the ﬁechanical perforation device is
a punch.

10. A process for preparing biocompatible membranes.as claimed in
claim 8. charecterised in that the laser perforation device is a UV
radlat1on laser. |

11. The use of biocompatible membranes consisting of materials of



hlgher t han previously obtai nable w

3a ~Surfaic:e Tati-o;-of “bet ween 1:20 aﬂul 200, th| S be| ng considerably -

obj ect of the present invention |s t

4

® N 0 b

w

T

¥ ib.9

Sheet Has Been Re| laced

BT

natural, synthetic or semisynthetic'origin. and_having a thickness
of between 10 and 500 i, and preferably between 20 and 40 p, for
the in vitro culture of epithelial cells, characterised in that the
epithelial cells are seeded on membranes comprising an ordered

series of holes of a defined and constant size between 10 and 1000

‘u, separated from each other by a constant distance of between 850

and 1000 u.

'12. The usc of biocompatible membranes as claimed in elaim 11.

characterised in that the epithelial cells are keratinocytes.

13. Artificial skin composed of a biocompatible support membrane
consisting of materials of natural, synthetic or semisynthetic
origin, and having a thickness of between 10 and S00 u, and
preferably between 20 and 40 p, which contains an ordered éeries of
holes of a defined and-conétant size between 10 and 1000 ﬁ.
separated from each other by a constant distance of between 50 and
1000 u, togetber with autologous or heterologous keratinocyte
microcolonies in the active.proliferatian stage present within said
holes. |

14. Aprtificial skin as claimed iﬂ claim 13, charactcriséd in that
the hole size is between 40 and 70u.

15. Artificiel skin es claimed in claim 13, cbaracterised in that
the distance between holes is 80 .

16. Artificial skin as claimed in claim 13, characterised in that
the biocompatible material of natural origin is chosen from the
group consisting of collagen or coprecipitates of collagen and
glycosaminoglycans, cellulose, gelled polysaccharides such as

chitin, chitosan, pectins or pectic acids, agar, agarose, xanthan

-



bi gtonpat irbive' and-preferabl y biroreabsorbable artificial skin-which- -can be --
produced in a short tine, is stronﬂmmmlunll l handl ed at the nonent
of transplantation, and whi ch noreo mlmd to the site of the

| esi on independently of its original*orfertattiof *in the culftyys ¥essel,

and can be easily stored. In this respect, an advant age of the
artificial skin according to the present invention is that it can be
easily cryopreserved to allow the creatign of a bank of epithelial

ti ssue, including heterol ogous. The poss?ﬁility of cryopreservation al so

consi derably reduces or

6 gum, gellano, alginic acid or alginates, polymanpans or
7 polyglucans, starches and natural rubSers. either alone or in
8 mixture with each other or with polymers _of synthetic or
9 semisynthetic origin, in the-presence of suitable-precipitatihé on
10 gelling agents such as metal salts, polycations or polyénions.

1 17. Actificial skin @s clsimed in claim 13, characterised in that’
2 the biocompatible marerial of synthetic origin is chosen from the
3 group consisting of polylactic acid, polyglycolic acid or
4 copolymers thereof or their derivatives, polydioxanones,
& polyphosphazenes, polysulphones and polyurethanes.

1 18. Artificial skin as claimed in claim 13, characterised in that
2 the biocompatible material of semisynthetic origin is chosen from
3 the pgroup consisting of semisynﬁhetic derivatives of natural
4 polymers such as collagen crosslinked with crosslinking agents such
S as dialdehydes 6@ their precufsors. bicarboxylic acids or halides
6 thereof, diamines, and derivatives of cellulose, of alginic acid,
7 of starch, of hyalufonic'aéid. of chitin or chitosan, of gellano,
g of =xanthan, of pecting - or pectic acids, of polyglucans. éf
9 polymannans, of agar, of agarose, of natural rubbers or of
10 glycosaminoglycans.

1 19. Actificial skin as cléimed in claim 18, characterised in that
2 the biocompatibie material consists of hyaluronic acid benzyl ester
3 with 100X esterification.

1 20. The use of the artificial skin claimed "in claim 13, for

2 transplantation in the case of loss of cutaneous areas.
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BIOCOMPATIBLE  PERFORATED MEMBRANES, PROCESSES FOR  THEIR.
PREPARATION, THEIR USE AS A SUPPORT IN THE IN_VITRO GROWTH OF
EPITHELIAL CELLS, THE ARTIFICIAL SEIN OBTAINED IN THIS MANNER, AND
IS USE IN SKIN GRAFTS

ABSTRACT | y

The invention relates to biocompatible membranes constructed of

'ma;erials of natural, synthetié or semisynthetic origin. and having

a thickness of between 10 and 500 u, characterised by containing an
ordered series of holeé of a constant size between 10 and 1000 1,
separated from each other by a constant distance of between 50 and
1000 y, and obtained by perforation by mechanical, thermal laser ov
ultraviolet radiation means, they being suitable for use a3 a
support for the in vitro growth of epithelial cells, the invention
also relating to the artificial skin obtained thereby and its wuse

in grafts.

(Fig. 1 a)
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chitosan, pectins or pectic acids, agar, agarose, xant han gum gell an,
al ginic acid or alginates. polymannans or pol ygl ucans, starches natur al
rubbers and m xtures thereof; b) bioresorbable materials of 3 VY kp39IC
origin selected fromthe group consisting of : ponIactlc aC|d
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c)~nhterd-als -of--synt-het ic ori gi n--sel ect-ed from the group consi-sting-----
‘of :silicone, silane or siloxane rubbers, polytetrafluorethyl ene,
5 oo .
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perfluoropolyethers pol ystirene or vinylpolychloride,

pol yacryl ate or derivatives thereof |, pol yhydr oxyacryl at e, T 1D C%
pol yhydr oxynet hacryl ate, carboxyvinyl polyners and their )
derivatives, naleic anhydride polyners and their derivatives, 5

pol yvi nyl chl ori de, polyvinlyal cohol and its derivatives

pol yet hyl ene _and pol ypropyl ene and m xture thereof, d) materials of
sem synt het i g el €tted from t -tonq$§¢
col | agen cr of § with crosslinkj _ ctmom t he

group consi SENE ?) di

Fig. 3
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10" - aeci-ds--or-hali-des thereof;wdianines,:aﬂd esters of hyal uroenic,

gel l ane, and al gi nic acid, havi ng a thi ckness of between 10 and 500
pm and hol es of a size bet ween 10 and 1000 [err], character, by .
bei ng perforated and by - the fact that said holes have a &”fhie and
constant size and form 15 an ordered series wherein they are separated
by a constant distance of between 50 and 1000 pm ' The nenbr anes

preferably consist of sem synthetic derivatives of
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hyat ur oric-aci- dy<i-nvparticul ar~ester derdvati-ves thereof such as -~ ~-
tthose described in Exanples 6, 7 and 24 of EPA 0216453 filed on
7.7.86, these being bioconpatible and bi odegradabl e rraterl al s_?(b %
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BIOCOMPATIBLE = PERFORATED MEMBRANES. PROCESSES FOR = THEIR

PREPARATION, THEIR USE AS A SUPPORT IN THE IN VITRO

EPITHELIAL CELLS, THE ARTIFICIAL SKIN OBTAINED IN THIS MANNER, AND

ITS USE IN SKIN GRAFTS

5 Field of the invention

This invention relates to new biocompatible perforated

processes for their preparation, their use as a support

GROWTH OF

LI

membranes,

in the in

vitro growth of epitheliél'cells; the artificial skin obtained in

this manner, and its use in skin grafts.

10 Prior art

The loss of cutaneous material for reasons of traumatic or

pathological origin is commonly resolved by the aﬁtotransplant-

ation technique, using skin explants from donor areas.

To cover

larger areas these explants can be expanded by surgical methods

15 such as the mesh grafting described by J. Mauchahal,

J. Plast.

Surgery, 42, 88-91 (1989). - These methods give positive results

only with small-dimension lesions and patients with a satisfactory

general health profile. If elderly patients:or those in

a state of

serious decline are treated, unsatisfactory results are obtained

20 and numerous problems arise, to the extent that such

25

procedures

cannot be wused. In addition they do not allow a donor tissue

expansion of more than 10 times.

An important turning point in the treatment of these lesions by

reconstructive surgery was the development of the

H. Green, Cell. 6, 331-344, 1975), which allowed the

expansion of these cultures, to obtain epidermic cell

This ls the replacement sheet
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technique

involving the in vitro culture of keratinocytes (J. Rheinwald and

in wvitro

nembranes




,sefected from_Lhe_ngup~eeﬁsrsq-ng of di al dehydes, bicafboxylic 10

aci ds -or: halii HeBERUAGEME!ﬂT S#iEERi hes, and esters of hyal uronic,

gel l ane, , and &l girmrc—aci T, haV|ng a thi ckness of between 10 and 500
[errT.and:hoIvs of bet ween 10 and 1000 [err], characterised by
bei ng perforate the fact tha® said hol es have a defined and
constant sizela njordered series wherein they are separated
by a constant }di stance of |bet ween 50 and 1000 pm

potentially suitable for coveririg lesion areas.
This technique has been widely used in clinical practice, mostly in
the case of patients suffering from burns (G.G. Gallico et al., M.
Engl. J. Med., 311, 448-451, 1984), but numerous problems a.rose,
5 | from its conception, such as the -f‘ailure to take of some grafts,
the fragility of the epithelial film and the consequent difficulty
in its handling by the surgeon, the length of time requifed for
obtaining sufficient quantities of epidermic cultures and the
difficulty of | obtaining donor areas of sufficient size from
10 patient-s with large areas of damaged body surface. The in vitro
epidermic cultures also require preciée orientation to enable the
graft to take, this being a particularly risky operation in view. of
the fragility of in vitro cultivated epidermic film.
A different aprroach to thése problem_s is described by Yannas et
15 al., Science, 215, 174-176 (1982), who use dermic substitutes in
the form of reébsorbable porous materials consisting of
coprecipitates of collagen and -glycosaminoglycans (GAG), :;.n
particular condroitin-6-sulphate, covered by a thin silicone
membrane film. The charactéristic of these materials is that they
20 comprise non-standardized pores intercommunicating in a manner_"
similar to a sponge.
Zang et al., in Burns, 12, 540-543 (1986) propose a method, known
as micr;oskin grafting, consisting of auto-grafting very small skin
portions, which then develop to merge incb a single epithelium.
25 With this method the maximum donér surface/coverable surface
expansion ratio obtainable is 1:15.

S. Boyce and J. Hansborough in Surgery, 103, 421-431 (1988)

[
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g %EMF&W%EEEQ er derivatives t'heatec1c such-as
nd 24 of EPA 0216453_fi|ed on
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describe the use of membranes formed from collagen and GAG to
promote on their surface the growth of keratinocytes, so reducing
the surface porosity of the material. A continuous non-porous
layer is_also interposed to limit the epidermic culture development
to the membrane surface. The possible antigenicity of these dermic
substituents, which can result in rejection of the graft, has not
vet been properly ascertained.

Object of the invention

The object of the present invention is to provide biocompatible
rembranes which enable in vitro culture of keratinocytes, with
culture development in a much shorter time than that previously
possible. An important result of the membranes according to this
invention is the ability to obtain colonization by homologous or
heterologous epithelial cells in a time which is surprisingly short
(6-10 days) compared with the time normally required {20-40 days)
by tradltlonal methods for preparing comparable areas of in_ vitro
epidermis cultures.

This advantage results in the preparation in a short time of an
artificial skin which allows very rapid coverage of an area on
which an epithelial transplantation is required, so reducing the
risks relating to excessive organic liquid loss or infection.

A further object of the present invention is to provide
biocompatible membranes which allow rapid development of
keratinocyte cultures with an excellent dbnbr surface/coverable
surface ratio, of between 1:20 and 1:200, this being considerably
higher than previously obtainable with traditional methods.

A further object of the present invention is to provide a
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biocompatible and preferably bidreab_sorbable artificial skin which
can be produced in a short time, is strong, and is easily handled
at the moment of transplantation, and which moreover can be applied
to the site of the lesion independently of its origihal orientation
in the culture.vessel.-and can be.easily stored. In this Eespect.

an advantage of the artificial skin' according to the present.

ihventian is that it can be easily cryopreserved to allow the

- creation of a bank of epithelial tissue, including heterologous.

The pbssibility of cryopreservation also considerably reduces or
eliminates, after at least two cycles, the antigenic potential of
the surface antigens expressed by the epithelial cells.

Description

These and further objects are attained by the Dbiocompatible
membranes according to the présgnt invention, consisting of
material of natural, synthetic or semisynthetic origin'and having a
thickness of between 10 and 500 p, and preferably between 20 and 40
B, characterised by comprising an ordered series of holes of a
defined and constant size between 10 and 1000 p, and preferably
between 40 and 70 p, separated from each other by a constant
distance of between 50 and 1000 p, and preferably 80 u.

These membranes can consist of biocompatible and preferably also
bioreabsorbable materials of natural origin such as collagen or
coprecipitates of. collégen and glycosaminoglycans, cellulose,
gelled polysaccharides such as chitin, chitosan, pectins or pectic
acids, agar, agarose, xénthan gum, gellan, alginic acid or
alginates, polymannans or polyglucans, starches, or natural

rubbers, either alone or in mixture with each other or with



aforesald mat eg+e-s~—a tkness of between 10 and 500 [err] and
preferably bet BHHQ@E%ENTiﬁWE rY], and are characterised by the
-presence, of anio dered’serles bf { hol es of defi ned

between 10 apd q% qg ‘apd preferably betmegmsmégfh@mghk [err]
ach™ ot her t

separ at ed fronﬁec cpnst ant di Btance of: b
1000 [err], an ref-erabhy—86-p. Cont i nuous bioc
consi sting of dne or nore of the aforesaid materi

by the conventiomatr~—TI5 met hods descri bed i.n the Ilterature.

anes,
epared

polymers of synthetic or semisyhthetic origin, in the presencé of
suitable pfecipitating or gelling agents such as metal salts,
polycations or polyanions.
The membranes can also consist of biocompatible and preferably also
5 Sioreabsorbable matefials of syntﬁetic origin suchi as pglyiactic
acid, polyglycolic acid or copolymers thereof or théir derivatives,
pol&dioxaﬁones. polyphosphazenes, polysulphones or polyurethanes,
or semisynthetic_derivativés of natural polymers such as collagen
crosslinked with crosslinking agents such as dialdehyées or their

10 precurédrs. bicarboxylic acids or halides thereof, diamines, or
derivatives of cellulose, c¢f alginic acid, of starch, of chitin or
chitosan, of gellan, of xanthan, of pectins_or pectic acids, .of
polyglucans, of ﬁolymaﬂnans. of agar, of agarose, of natural
rubbers or of glycosaminoglycans.

15 The membranes can also consist of synthetié polymers, even without
the biodegradability characteristic, such as silicone, .silane or
siloxane rubbers, flquppolymers such as polyfluoroethylene,
polyfluoropropylene, polyfluoroethers, polystyrene, vinyl
polychloride, polyacrylate or derivatives thereof, polyhydroxy-

20 =acrylate,- polyhydroxymethacrylate, carboxyvinyl polymers and their.
derivatives, maleic anﬁgéride _polymers and theif derivatives,

. polyvinylchloride, polyvinylalcohol and its derivatives,
polyethylené and polypropylene.
The membranes ﬁréfefably consist of semisynthetic derivatives of

25 hyaluronic acid, in particﬁlar ester derivatives thereof such as
those described in Examples 6, 7 and 24 of EPA 0216453 filed on

7.7.86, these being biocompatible and biodegradable materials able



pranes according to the present
hani cal perforation devices such as
hes, or methods involving the use of

The perfor at ed hiwo '
i nvention are pbREFLACEMENT SYIEREC
sui tably, arrangeg ng nmach

therrmal or ultdayi ol gt bperating in a frequency band such 20 as to
produce hol es ¢f tﬁegr%%ﬁm% 5i ke and di st®nce apart in the _

menbr ane. T ' exanple of the preparation of a

per f or at ed _bi oconpati bl e nefbrane according to the present invention
is given —— ' ’ . :

to release hyaluronic acid on the site of their application, this

acid being well.known to favour tissue reparative processes. A

further characteristic which makes these méterials particularly

suitable for use a;qording to tbe present invention is that they do
5 not produce intblerance_phenomena; not being immunogenic.

" The biocompatible membrénés. consisting of one or more of the
aforesaid materiéls have a thickness of between 10 and 500 p and
preférably between 20 and 40 u, and are 'chafacterised by the
presence of an ordered-series of holes of defined and constant size

10 between 10_ and 1000 1, and preferably between 040 and 70 u,
separated fr&m each other by a constant distance of between 50 and
1000 p, and preferably 80 .

Continuous biocompatible membranes, consisting qf one or more of
the aforesaid materials, can be preparéd by the conventional

15 methods described in the literature.

The perforated biocompatible membranes according to the présent
invention are obtained using mechanical perforation devices such as
suitably arranged punching machines, or methods involving the use
of thermal or ultravioiét lasers operating in a frequency band such

20 as to produce holes of.thé required size and distance apart in the
membrane.,

The following @example of the prépargtion of a perforated
biocompatible membrane according to the ﬁresent invention is ' givén
by Qay of illustration_onlj. |

25 ' EXAMPLE 1
A membfane of hyaluronic acid benzyl ester with 100% esterifi-

cation (as described in EPA 0216453 filed on 7.7.86) in the form of



by "way of il ysthaticoR-8Rbdprmenzb EXAMPLE 1 A nmenbrane of hyal uronic
P

aci'd benzyl .eﬁ;tEfPMCEMEEDMEé§t rifi- cation (as described in EPA
0216453 fil edjoq~7-7-88yTT thejform of _ 7
25 OCT 1996 7

‘a square of 12 x 12 ca and 25 p thickness was perforated using a
computerized .UV "Laser device operating at a frequency of 273 um
under the following operating conditidns:'working frequency 200 Hz,
output energy 250 mJ. Using a suitable screening system. holes;

5 having a diameter of 40 p were obtained at a distance apart pf-80
u,.as shown in Figures la and 1b. .
The perforated biocompatiblé membranes according to the present
invention can be used advantageoﬁsly for the in vitro culgure of
epithelial cells, especially kebatinocytes.

10 For this purpose the membranes can be fixed to the base of celi
culture vessels, to metal grids or to any other structure suitable
for cell cultures,_at the air/culture mediup interface, uéing
sterile vaselin, sterile silicéne or other cementing systems which
allow easy removal of the membrane, or by systems involving the usé

15 - of Dbiological material such as collagen, fibrin or fibrin glue.
These membranes can be incubated.in culture media suitable for the
growth of epithelial cells either alone or in the presence of other
cells, such as irradiated fibroblasts, as described in .the cited
literatﬁre, without within the time scheduled for growth and hole

20 colonization causing alteration in mechapital propepties which
would compromise their handleability and strength within the
particular_application.

Some of the tests carried out are described below to.illustrate the
use of the membranes of the present invention.

25 EXAMPLE 2 |
The following test was conducted to demonstrate the absence of any

inhibition by hyaluronic acid derivative membranes on the in wvitro



a square of 12 »=+2-cnrartlZ el ]. thickness was perforated using a
"conput er.i zed UV LaﬁerUdeV|cé pé'atlng at a frequency of 273 [err]
under "t he fol | owiing~6perati ng condiiti ons: working frequency 200 Hz,

out put energy 25 nﬁ? oLFi96a|syitabl e gcreening system holes 5
havi ng a di aneter wer e dbtjained al a distance apart of 80
[err], as shown il Iib.

menbr anes accor di

The perforated bioconpatible

10

cation (as described in EP 0216453 filed on 7.7.86)

g to the presen

growth of human keratinocyte ceIl_cultures.

Membranes denominated HYAFF 11 cut sterilely into 2 x 2 cm squares

and consisting of hyaluronic acid benzyl ester with 100X esterifi-
were applied tql_
the base of the culture vessels b& means of sterile silicone.
2 x loslhuman keratinocytes were séeded'opto these in a_volﬁme of

0.5 mi, in the presence of 4 x 105 lethally irradiated 3T3

fibroblasts at the second passage.
were incubated at 37°C for 2 hours

The capsules in a 5% CO.

2
atmosphere to allow the cells to attach to the matrix. After this
period 5 ml of CEC culture medium (Green H. et al.,  J. Proc.

Nation. Acad. Sci., 5665-5668, 1979) were added and the

76,

capsules again incubated. The culture medium was changed every 2

days. The cells were treated with trypsin 9 days after seeding and

15 counted. All experiments were conducted in duplicate.
RESULTS
No. of human keratinocyteé . iﬁhibition
per plate (x 10-5)

Control ) 27 (0)4
oo HYAFF 11 membrane 27 ] 0%

These results show tﬁaé the biomaterial used has no iﬁhibiting

effect on kerat;nocyte'éultures.

EXAMPLE 3 |

Growth of human keratinocyfes using the perforated biocompatible
25 membranes _of described in

the invention, obtained by the method

Example 1

HYAFF 11 membranes consisting of hyaluronic acid benzyl ester with



I nventi on can be—dsed iy ously for the in vitro culture of

‘epithelial cel sﬂﬂﬂéﬁéﬂ | E%ﬁ Erat'i%ocyt_es. 10 For this purpose the '
menbr anes can bpeffixed to the bagse of cell cul ture vessels, to netal
grids or to any athgs GETU9SsIr ¢ $uitable for cell cultures at the
air/culture mediuminterface, Wsiing sPerile vaselin, sterile silicone
or ot her cenent}i ng—systenms~Whi Ch - all ow easy renoval of the nenbrane,

or by systems iinvol ving the use_ 115 of biol ogical material such as
col lagen, fibrimor—fibrin glue. ' : .
100% esterification (as described in EPA 0216453 filed on 7.7.86)

in the form of 3 x 3 cm squares were cemented to the base of 6 cm
diameter Petri capsules usiné sterile vaselin. Lethally'irradiated
313 fibroblasts were seeded oh the membranes to a concentratioh of
‘s 700,000 cells per platé. under_thé conditions described in Example
2. After ‘adhesion of the.3f3 cells, ie after about 24 hours; a
cell suspension of human keratinocytes originating from sécondary
cultures was added at a concentration of 38.000 cells per cmz, The
_culture conditions were analogous to those described in Example 2.
10 Thé development of fhe keratinocyte culture was followed daily
using a phase contrast'microscope. The development of inoculated
epithelial cells.was observed on the membrane, these having reached
cqnfluepce.B—lo days after séeaing.'
O0f particular importance is the fact that even on the second 'day
15 - after seeding. numerous holes cbntain kerati;oc}tes. their growth
being more active within the holes than on che surface. to totally.
£fill them around the 6th day (Figures 2, 3 and 4).
A further fact of great importanée is that when analyzed by
histological techniques the cells_within the holes demonstrate a
20 basaloid ' appearance documented by the findings of figures -showing
freqﬁent mitosis (Figurés 5 and 6), denoting high reproductive
vitality. These findings were confirmed by immunohistochemical
methods using specific antibodies (Mab).
The epithelial cells gran within the holes can thereforé be
25 considered overall ﬁb.be in.the active proliferation stége and thus
. effective%g usable on transplantation areas.

The artificial skin according to the present invention, obtained by



These nenbr anes [FEHH

gromh of epith
cells; such as

literature, wt
col oni zation ¢

ed fn culture nmedia suitable for the
F|I- : h al one or in the presence of other
rfadiated fibroplpsts, as described in the cited

holit 2/ tdgh 1998 Life schedul'ed for. growth and hole 20
busing alteratipnjin nmechapnical properties which

woul d conproni s¢ trerr—tramdteadl ||ty and strength within the
parti cul ar appl {cation. . Sone} of the tests carried out are descri.bed
below to illustrate the use of the nenbranes of the present invention.

the aforesaid procedures, therefore consists of a biocompatible and

preferably bioreabsorbable support membrane consisting of materials -

of natural, synthetic or semisynthetic origin, and having a

thickness of between 10 and 500 p, and preferably between 20 and 40

5 M, characterised by comprising an orderéd series of -holes of a

defined and constant size between 10 and 1000 p, separated from

each other by a constant distance of between 50 and 1000 p,

together with autologous or heterologous keratinocyte microcolonies

in the active proliferation stage present within the holes.

10 This artifidial skin can be easily shaped by the operator on the

basis of the areas to be treated, and has a mechanical strength

which enables it to be handled without difficulty and be sutured.

Once implanted on the lesion area, the keratinocyte microcolonies

create growth nuclei of rapid-growing.epithelial tissue, which in a

15 shoft time completely"re-epithelialize the area on which the

20

25

transplantation has been carried out.

It  is used by withdrawing it from the culture vessel, removing
all traces of culture Qedium by a sterile 'physiological solution
and applying it to the area to be treated without needing 'to pay
particular - attention to;the direction of application, as it -is
equally effective if applied on either pf its two sides, in
contrast to traditional keratinocyte cultures.

The artificial skin according to thé present invention can be used

to cover even extensive lesions of the body surface of traumatic

- origin such as burns, of surgical origin such as withdrawal areas

in plastic surgery, or pathological origin such as stasis ulcers or

bedsores.



25 EXAMPLE 2
*absence .of an

the in vitro

test was conducted to denonstrate the

The follown
HAhib "T hyal uroni c acid derivative nmenbranes aon
8

iﬁ@@ﬂx o (g

CLAIMS
1. Biocompatible membranes consisting of materials of natural,

synthetic or semisynthetic origin, and having a thickness of

‘between 10 and 500 yp, and preferably  between 20 and 40 H,

characterised by comprising an ordered series of holes of a defined

'and'constaht size between 10 and 1000 u, separated from each other

by a constant distance of between 50 and ;000 M.

2. Biocompatible membranes as claimed in claim 1, characterised in
that the hole size is between 40 and 70 u. |

3. Biocompatible membraneé aé claimed in claim 1, characterised in
that the distance between holes is .80 p.

4. Biocompatible membranes as claimed in claim 1, characterised in
that the biocompatible material of natural origin is chosen from
the group consisfing of coilagen or copreéipitates of collagen and
glycosaminoglycans, cellulose, gelled polysaccharides such as
chitin, chitosan, pectins or pectic acids, sgar, agarose, xanthan
gum, gellan, alginic acid or alginates, polymannans or pélyglucans.
starches and natural rubbers, éither alone or in mixture with each

other or with polymers of synthetic or semisynthetic origin, in the

presence of suitable precipitating or gelling agents such as . metal

salts, polycationé or polyaniops.

5. Biocompatible membranes as claimed in claim 1, characterised 'in
that the biocompétible material of synthetic érigin is chosen from
the group consisting of polylactic acid, polyglycolic acid or
copolymers thereof or their derivatives, polydioxanones,
polypbosphazenes. polysulphones and polyurethanes.

6. Biocompatible membranes as claimed in claim 1, characterised in

. This Sheet Has Been. Replaced
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by neans of starifl e | i cone 2 X 10[exzr] human kerat| nocytes were
seeded onto these |n a vol une of 0.5 mM, in the presence of 4 x
10[err] |ethal Ly _irradated—ST3 fibroblasts at the second passage.

2 that the biocompaﬁ:ible material. of semisynthetic origin is choéen
3 from the group consistiﬁg Qf Semisynthetic de_rivat;ives of natural
4 polymers such as collagen crosslinked with cross_linking agents such
5 as dialdehydés or their precursors, bicarboxylic acids or halides
6 thereof, diamihes._ and derivatives of .c.:ellulose‘. 'oi' -alginic acid,
7 bf‘ stérch. of hyalurom‘._c_: _acid.. of chitin or chitinosan, of" gellan,
8 of xanthan, of pectins 'or. pectic acids, of polyglucans, of
9 polymannans. -of agar, 'of' agarose, of natural rubbers or of
10 glycosaminoglycans.

1 7. Biocompatible membranes as claimed in claim 6, characterised iﬁ
2 that the biocompatible membrane conéists of hyaluronic acid benzyl
3 ester with 100% esterification. |

1 8. A process for preparing biocompatible membranes consisting of
‘2 materials of ﬁatural. synthetic or semisy_nthetic origin and having
3 a thickness of between 10 and 500 y, which .comprise an ‘ordered
4 series of holes of a defined and censtant size bétween 10 and 1000
5 U, separated from each other by a constant distance of between 50
6 and 1000 n, chargctérised Sy perforating a continuous membrane via
7 a suitable screening system, using mechaniéal or laser perforation
8 devices.

1 9. A process for pr‘eparir\;g biocompatible membranes as claimed 1in
2 claim 8, characterised in that the mechanical perforation device is
3 a punch.

1 10. A process for preparing biocompatible membranes as claimed in
2 claim 8, characterised in that the laser perforation device is a UV
3 radiation laser.

1 11. The use of biocompatible membranes consisting of materials of

~
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2 natural, synthetic or semisynthetic origin;:and having a thicknéss
3 of between 10 and 500 u, énd preferably_be#ween 20 and 40 yu, for
4 the in vitfo culture of epithelial cells, charactérised in that the
5 epithelial cells are seeded on mémbranés comprising an ordered
6 series of holes of a défined and éonstant size between 10 and 1000
7 1, separated from_eacﬁ other by_a constanﬁ distance of between.-SO
8 and 1000'p.

1 12; fhe use of biocompatiblé_membranes as claimed in claim 11,
2 characterised in that the epithelial cells afe keratinocytes.

1 13. Artificial skin composed of a biocompatiblé support membrane
é consisting. of méterials of natural, _synthetic or semisyn;hetic
3 origin, and having a thickness of between 10 and 500 u, and
4 preferably between 20 and 40 u; which contains an ordered serieslof
5 holes of a defined and constant size between 10 and 1000 yu,
6 éeparated from each other by a constant distance of between 50 and.
7. 1000 p, together with autologous or heterologous keratinocyte
8 microcolonies in the active proliferation stage present within said
9 hqles.

1 14. Artificial skin as claimed in claim 13, characterised in that
2 the hole size is between 40 and 70n.

i 15. Artificial skin as claimed in claim 13, characterised in that
2 the distance between holes is 80 p.

1 16. Artificial skin as claimed in claim 13, characterised.in that
2 the' biocompatible material of natural origin is chosen from the
3 group consisting of coilagen or coprecipitates of collagen and
4 glycosaminoglycans, cellulose, gelled polysaccharides such as

5 chitin, chitosan, pectins or pectic acids, agar, agarose, xanthan
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JﬂUEVTE‘EuItur
u gEL Tpggaorated bi oconpati ble 25 nen%ranes o
y the netlhdd describet#in -

gum, pgellano, alginic acid or alginates. polymannans or

polyglucans, starches and natural rubbers, either alone or in

‘mixture with each other or with polymers of synthetic or

semisynthetic origin, in the presence of suitsable precipitating or

gelling agents such as me;gl éalts, polycations'or polyanions.:

17. Artificial skin as claimed in claim 13, characterised in that
the biocompatible material of synthetic origin is chosen from the
group consisting of polylactic acid, pqug;ycolic acid or
copolymers thereof or their derivatives, polydioxanones,
polyphosphazenes, polysulphones and polyurethanes. -

18. Artificial skin as claimed in claim 13, characterised in that
the biocompatible material of semisynthetic origin is chosen from
the group consisting of semisynthetic derivatives of natural
polymers such as collagen crosslinked with crosslinkirng agents such
as dialdehydes or their precursors, bicarboxylic acids or halides
thereof, diamines, and derivatives of cellulose, of alginic acid,
of stabch, of hyaluronic acid, of chitin or chitosan, of gellano,
of 'xanthan. of pectins or pectic acids, of polyglucans, of
polymannans, of agar, of agqfose. of. natural rubbers or of
glycosaminoglycans. |

19, Artificial skin as claimed in claim 18, charactenised in that
the biocompatible material consists of'hyaluronic acid benzyl ester
with 100% esterification.

20. The use of the artificial skin claimed in claim 13, 'for

transplantation in the case of loss of cutaneous areas.

1 BupLe s “""VLIIIMHIIIMIQHIIIHI il

27



Exanple 1
ester wt

S

h

10

i5

HYAFF 11 nenbranes consisting of hyaluronic acid benzyl
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BIOCOMPATIBLE PERFORATED MEMBRANES, PROCESSES FOR  THEIR
PREPARATION, THEIR USE AS A SUPPORT IN THE IN VITRO GROWTH OF
EPITHELIAL CELLS, THE ARTIFICIAL SEIN OBTAINED IN THIS MANNER, AND
ITS USE IN SKIN GRAFTS

ABSTRACT o

The invention relates to biocompatible membranes constructed of
materials of natural, synthetic or semisynthetic origin.. and having
a thickness of between 10 and 500 p, characterised by containing an

ordered series of holes of a constant size between 10 and 1000 u,

separated from each other by a constant distance of between 50 and

1000 u, and obtained by perforation by mechanical, thermal laser or
ultraviolet radiation means, they being suitable for use as a
support 'f'or the in vitro growth of epithelial cells, the invention
also relating to the artificial skin obtained thereby and its use

in grafts.

(Fig. 1 a) o qQOEﬁg\()‘—:L
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group consisting of : polylactic acfd, pol yglycolic acid or copol yners
"t her eof . or t helgeptiRhda¥eEtid X! gol ydi oxanones, ol yphosphazenes,
aﬂédpg§§¢@%tf9§ﬁ H “ﬁ N o o 0

pol ysul phone eq and m xture thereof; c¢) materials of
synthetic orilgih selected frgmijthe group consisting of : silicone, silane
or siloxane rjubbe@$p OOt W96af{l dor et hyl ene, per f | uor opol yet hers,

pol ystirene ar i nyl pol ychl orii de, pol yacryl ate or derivatives thereof |,

pol yhydr oxyagr yTate,
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pel yhydr oxynet hacryl ate, carboxyvi nyl pol yners and their derivatives,

- mal ei ¢ anhydri de. pol yners and their derivatives, pol yvi nyl chl ori de,
ponV|nIyaIcohoI and its derivatives polyethylene and pol ypropyl ene and
m xt.ure thereof, d) materials of semi synthetic origin, selected fromthe
group consisting of collagen crosslinked with crosslinking agents
selected fromthe §!£ cqnsi sting of 3dbal dehydes, bicarboxylic acids or
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"between.10 and REM ATEME ggstof a size 27 bet ween 10 and 1000 [err],
' Ed and by 28 the fact that said hol es

characteri sed {by
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wplmmmrshﬁnﬂey are separated by a constant distance

297 an ordered

30 of. betwee arre—-+006—fenrji. 1 2. The bi oconpati bl e nmenbranes
as clained in cllaiim % BE?‘%ggerlsed in 2 that. the thickness is

bet ween 20 and 40 [ e ﬁﬁ 1798 {3.] The bi oconpati bl e nmenbranes as cl ai ned
in claiml, charjacierised in 2 that the hole size is between 40 and 70
[err]. 1 4.1 The bi oconpati bl g nmenbranes as clained in claim1,
characterized i i stance_between holes is 80 [err]. 1

5. The bi oconpati bl e nenbranes as clai m&in claiml, characterised in

Fig. S

Fig. 6
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formed from collagen and GAG to promote on their surface the growth
of keratinocytes, so reducing the surface porosity of the material.
A continuous non-porous layer is also interpcsed to limit the

epidernic _culture development to the nembrane surface. The

composite skin replacement 't'hus__obtained has an unidirectional

application orientation and is less effective in reducing wound

REPLACE]EMR SHEETS.  SG Uostio-2, REPLALEMEN] dHibtl

2" M@Lgﬁﬂiﬁmbl*ﬂg@ﬂ%éﬁ@tmeedmnbrane cond¥%st s of uronic acid |3

) benzylm@,{_@{\ Wi t:pad@D%.estpeged itbatii on. 1 6. A ce‘se fE.Qf edarfi ng
the piggeanaiidl egedbraogmged..cl i ned 2 in cl corrprl Sifn
per f bratAmngaa corgd,ke@ou&orﬁagbdane via a 3 sui tpb yqt em
usi ng mechani cal | aser perforatfio® 4 = devices. 1 7. The pgrocess
for ALl I atible nenbrdnes as clained in~"2Z claim o,
char heDAE R praemnidined a$8-@53$5)r@ﬁscgnbeuemeceuses of membranes---

contraction than autograft of xenograft. The possible antigenicity -

of these dermic substituents, which can result in rejection of the
graft, has not yet been properly ascertained.

Object of the invention

The object of the present invention is to provide biocompatible

membranes which enable in vitro culture of keratinocytes, with

culture development in a much shorter time than that previously
possible. An important result of the membranes according to this
invention is the _ability' to obtain colonization by homologous or
heterologous epithelial cells. in a time which is surprisingly short
(6-10 days) compared with the time nofmally required (20-40 days)
by tr.adi.tional methods for preparing comparable areas of in vitro
epidernis cuitures.

This advantage r‘esu_lts in the preparation in a short time of an
artificial skin which allows very rapid coverage of an area on
which an epithelial transplantation-is required, s.d reducing the
risks relating to excessive organic liquid loss or infection.

A further object of the present .invention is to provide

_biocompatible membranes which allow rapid development of

keratinocyte cultures with an excellent donor suff‘ace/coverable

This Sheet Has Been Rep lace




. a punlch. 1 8. The procéss for preparing biocoips
clainmed 2 in claim6. characterised in that the®
device is a 3 WV radi ation | aser.

3a :
surface ratio, of between 1:20 and 1:200, this being considerably

higher than previously obtainable with traditional rethods.

A further object of the present invention is to provide a

This Sheet Has Been Re
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13 9. Artificial
in claim1 and of

.keratinocytes or other epithelial cells in the active]pjoli
present within the holes of said bioconpdtible nenbrapes:

AETLAUEMENT SHEET
skin conposed of the bioconpatible ranes as cla] ngd
m cr ocol oni es of autol ogous or hetegofo P?%‘Em

ration

biocozpatible and preferably bioreabsorbeb

can te produéed in a short time, is strohg, end is easily handled

at tha cozent of transplantation, and which moreovesr caﬁ be applisd
to tha site of the lesion indepencdently of its original orientaticn
in the culthre vessel, and can be easily stored. Ia this resgect,

an advantagz of ths artificial skin accordirng to ths present
invention is that it can be easily cryopreservsd to allow the
creation of a bank of epithelial tissue, including hesterologous.

The possibiliﬁy of cryopreservation also codside:ably reduces or

eliminztes, after at leést two cycles, the antizsaic potential of

the surface antigsns expressed 6y the epithelial cslls

Description

These and further objects are attained by the biocompatible

cezbranes according to ths present invention, forcad by materials

beloﬂ=1ng to one of the following classes:

a) materials of natdral origin selected from the group consisting
of: collagen or coprecipitates ‘of collagen and
glycosaminoglycans, cellulose, gelled polysaccﬁarides such s
chitin, chitosan, pesctins or pectic acids, agar, agarose,.
xanthan gun. gellan, alginic ecid or alginates, polyzannans oc
polyslucans, starches natural rubbers and mixturss thereof;

b) bioresorbeble paterials of synthatlc origin selected froa the
group consisting of : polylactic acid, polyglycolic acid or
copolyaers thereof or their derivatives, golydioxanones,
pol 5aHosoHazen=s. polysulphones and nolyuret:a:=s end pixturs
thereof';

c) patarials of synthetic origin selected froam thes group consisting
of:silicone, silane or siloxane rubbers, pol_ytetraﬂuorethylene,

Sheet Has Been Replaced -
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13 9. Artificial skin conposed of the bioconpati bl i med
“in claim1l and of mcrocolonies of autol ogous or he v
.ker.ati nocytes or other epithelial cells in the actipje}proliferation |stage

present within the holes of said bioconpatible nenbfahesqgpgc 1997

5

perf‘lﬁoropdiyethers. po.lyst'it'ene or vinylpolychloride,
polyé.crylate or deriva.tives. thereof" » polyhydroxyacrylate,
bolyhydroxymethacrylate.' ‘carboxyvinylpolymers and  their
derivatives, maleic anhy_dﬁde polymers and their derivaﬁix)es.
5 polyvinylchloride, .polyvin.lyalcohol and its derivatives ,
polyethylene and polypropylene and mixture thereof,
d). materials of.semisynthetic origin, selected from the group
consisting of 'collagen crosslinked with crosslinking agents
selec.ted from the group consisting of dialdehydes, bicarboxylic
10 acids 6_1' halides thereof, diamines, and esters of hyalur_driic.
gellane, and alginic acid, | o o 1
having a thickness of between 10 and 500 um and holes of a size |
between 10 and 1000 um, characterised by being perforated and by
the fact that said holes f.ave a defined and constanﬁ size and form
15 an ordered series wherein they afe sepéréted by a constant distance
of between 50 and 1000 pm. |
The mémb_ranes preférably consist of semisyntheti'c derivatives of
| hyéluronic acid, in 'pa.r.ticular ester derivatives thereof such as
those described in Examples 6, .7 and 24 of EPA.02,16453 filed on

20 - 7.7.86, these being biocompatible and biodegradable materials able

This Sheet Has Been R<’ilaced




2- natural

2 , synthetic or‘seni e ori gin and,riﬁﬁiizﬁ+—4ﬂm4ﬂqma;
of between 10 and 500 [err],mﬁwﬁl!&mg[miﬂ/ et weer GENENT SHEET
4 the in vitro culture of ep ) S

cells are seeded on nenbranes .conprisiin %m?é%fd

epi t heli al

CLAIMS

1.

har acfefTsea T 1Tt

11

n

—

1%

Biocompatible membranes formed by materials belonging to one of
the following classéS{

materials of nafural origin selected from the group consisting
ofﬁ ~ collagen or éoprecipitates | of collagen and
glycosaminoglycans, cellulose, gelled polysaccharides such as

chitin, chitosan, pectins or pectic acids, agar, agarose,

xanthan gum, gellan, alginic-acid or alginates, polymannans or

_ polyglucans, starches natural rubbers and mixtures thereof;

b

c)

d)

bioresorbable:materials of synthetic origin seieéted from the
group consisfing of : polylactiﬁ aci&. polyglycolic aéid or
copolymers thereof or théir ﬁerivatives. éolydioxénones.
polyphosphazenes, polysulphonés and .polyurethanes and mixture
thereof;

caterials of synthetic origin selected from the group consisting
of: silicone, silané or siloxane rubbers;bolytetrafiuorethylene.
perfluoropolyethers, polystirene or vinylpolychloride,
polyacrylate or derivati&es thereof , polyhydroxyacrylate,
polyhydroxymethacrylate, carboxyvinylpolymers and theif
derivatives, maleic anhyd;idé polymers and their derivatives,
polyvinylchloride..polyvinlyélcohol and its derivatiVes_
polyethylene and polypropylené_and mixture thereof,

materials of semisynthetic origin, seieéted from the group
consisting of collagen crosslinked with crosslinking. agents

selected from the group consisting of dialdehydes, bicarboxylic

.acids or halides thereof, diamines, and esters of hyaluronic.

Sheet Has Been RTlaced
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6 serles of holes of a deflned anc

‘ separ at ed fronleach stant di st y
-and. 1000 [err]. 1 12. The f/"@ tible nerp -
[ , 2 characterised tn helial jcdlls are

[err],

jze between 10 and 1000 7

Elafiatrr} né%yt es. 1 13. Artifici aI skin corrposed of la [bi AMDDECI WAV e
support nenbrane 2 consisting . of materials of ratjural, synthe
sen1synthet|c origin, and . ing a thicknesg of between 10 atd
gggere . esge%ﬂqnpre%fdeéfﬂnhb&\ﬁee” 20 and 40 [ en ' '
25 having a thickness of between 10 and 500 pm end holes of a size
27 between 10 and 1000 pm, characterised by being perforated and by
28 the fact that said holes have a defined and constant size and forﬁ |
29 " an ordered series wherein they aré separated by a constant distance
30 of between 50 and 1000 pm.
1 2. The biocompatible membranes as claimed in élaim 1..characterised in
2 that the thickness is between 20 and 40 pm.
1 3. The biocowpatible membranes as claimed.in claim 1, characterised in
2 that the hole size is between 40 and 70 um.
1 4. The biocompatible membranes as cléimed in claim 1, characterized in
2 that the distance between holes is 80 um.
1 5. The biocompatible gembranes as claimed in claim 1, characterised in
2 that the biocompatible membrane consists of hyaluronic acid
3 benzyl ester with 100% esterification.
1 6. A'process for preéaring the biocompatible membranes as claiméd
2 in claim 1 "éomprisin_g perforating a _continﬁous membrane via a
3 suitable screening system, using mechaniéal or laser perforation
4 devices. |
1 7. Tﬁé process for preparing biocompafible-membranes as claimed in
2 claim 6, characterised in that tﬁe méchanical perforation device is
3 a punch.
1 8. The process for preparing biocompatible membranes as claimed
_'2 in claim 6, cﬁaracterised in that thé iaser perforation dsvice is a
3 UV radiation laser. -
heet Has Been Replaced
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5° holes of a defined—an d' nncfan't size between 10 and 1000 [err],
6 separated from each ot her const ant di stance of between 50 and 7

1000 [err], together ,“J HI’MEM”"" het er-offg P Reemie 8
m crocol onies in the actlv t age pr e$8H LS

REPLACENE)
holes., 1 14. Artificial skin as dai*ned in clai 2, characterisgdfin
that 2 the hole size is between 40 and 70[err]. 1 1510 peeitd9zi pl § skin
as claimed in claim13, characteri sed1i3n t hat

9. Artificial skin composed of the biocompatiblé Eeabranes as claimed
in claim 1 and of microcolonies of autologous. of-hetérologous
'keratinocytes or other epithelial cells in the active proliferation

stage present within the holes of said biocompatible membranes.

This Sheet Has Been R

i




REPLALENES S i A

tng BReTROLPRE 1o
cI ai mpd® QleEp® m 18

mat er iall Brawiag§} aP2&5; ?ii"g'r&
col | aqeﬁl wswébreci’i‘ymd tes

qbossio-2 1PaS REPLACEM
[err]. 1 16. Artifici S uaENT SHEET

n that 2 the bioconmpati
n from the 3 group consl 55i4n§]UN01993
ggen and 4 gl ycosam nqggliycans

cel luljose, gelled polysaccharides}~such as 5 chitin, hi t osan,
pect i r%s @Awfg®§|g;}:@ﬁl‘fﬂé ........... B xant ha
11171 10daveei 1 08309 Hescoibe the use of membranes

formed from collagen and GAG to promote on their surf‘ace the growth
of keratinocytes, so reducing the surface porosity of the material.
A contlnuous non-porous layer is also 1nterpcsed to l:Lm:Lt the
5 . epldermlc culture development to the membrane surface. The
composite skin repla'cement:' thus obtained has an unidi;ectional
application orientation and i.s less effecf.ive in reducing wouno
contraction than autograft or xenograft. The possible antigenicity
of these dermic substituents, which can result in rejection of the
10 | graft, has not yet been properly ascertained. | | |

Object of the invention

. The object of .th.e present invention is to provide biocompatible
membranes which enable in vitro culture of_ k.eratinocytes. with
culture development in a much shorter time than that previously

15 possible. An :meort:ant result of the membranes according to this
invention is the ability to obtain colonization by homologous or.
heterologous epithelial.cells in a time which is surprisingly short
(6-10 days) compared with the t'ime normally required (_20-130 days)
by traditional methods for preparing comparable areas of in vitro

20 epidermis cu_ltures._

This advantage results in the preparation in a short time of an
artificial skin which allows very rapid coverage of an area on
which an epithelial transpl.ant'ati'on is required, so reducing the
risks relating to excessive organic liquid 1055 or infection.

25 A f‘urther object of the present invention is to provide
biocompatible membranes which allow rapid cevelopment of

" keratinocyte cultures with an excellent donor surface/coverable
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surface ratio, of between 1:20 and 1:200, this being considerably

higher than previously obtainable with traditional methods.

A further object of the present invention is to provide a




8. m'xture wth each other' or wth polymers of synthetic or 9
sem synthetic origin, in the presence of suitable precipitating or 10
gelling agents such as netal salts, polycations or polyanions. 1 17.
Artificial skin as clainmed in claim 13, characterised in that 2 the

bi oconpati bl e nat er gl . nl. sk zﬁltd' g Ehlg.»'lgO+isor8bo°s%?gﬁﬂlre°£@tﬁ?ﬁial ?éké)'glr@#g}

consisting of polylacti¢ aci acl

thereol or  thel i dey LXakkxPSn o sl 1hQXA0RERng, saPPd YRLATPRAZENES:

pol ysul phones and polyurethane
at tha :o&ent of transplantetion, and which moreovsr can be applied

to the site of the lesion in ently of its original orientaticn

in the culture vesssl, and can be easily stored. In this resgect,
an advantage of the artificial skin accordinz to ths present
invention is that it can be easily cryopreserved to allow tha

creation of a bank of epithelial tissue, including heterologous.

The possibility of cryopreservation also consicerzbly reduces or

eliminates, after at least two cycles, the antigsnic potential of
the surface antlgars exoressed by the epithelial czlls,
 Description

These end further objects are attained by the biocompatible
eembranes accordinz to the present invention, forzed by materials
belonging to one of th= following classes:

a) materials of natural origin selected from tha group consisting
of{_ collagen oE coprecipitates  of collagen and
glycosaminoglycens, cellulose, gelled polysaccharidss such zs
chitin, chitosan, pectins or pectic acids, eger, agarose,
xanthan gua, gellan, alginic acid or alginates, polyzannans or
polyglucans, sta:chés natural rubbers and nix;ures thereof;

b) bioresorbeble paterials of synthestic orlgln szlected from the
group consisting of : polylactic acid, polyzlycolic acid or
copolyaers thersof or their derivatives, zolydioxanones,
polyphosphazenes, polysulphones and nolyuret"-"“s end pixturs
thereof’;

c) materials of synthetic origin selected froa the group consist irg

of:silicone, silane or siloxane rubbers, polytetrafluorethylene, [~

REPLACEMENT SHEET
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1 18 Artificial skin as clainmed in claim13, characterlsedxln :erp@EMEN‘E SHEéT ‘

bi oconpati bl e material of semsynthetic origin is chosen: fr0n1 S—t-tre—group
-consi sting of sem synthetic derivatives of natural 4 polyneﬂséﬁgdggﬁs$98

col l agen crosslinked with crosslinking agents such 5 as diialid 0
their precursors, bicarboxylic acids or halides 6 thereof, cij_a_m_n.es.,__a.n.d—
derivatives of cellulose, of alginic Aci d, 7 of starch, of} hyal uronic
acid, of chitin or chitosan, of gellano, 8 of xant han, of lpeet+ns—ot

pectic acids, of polyglucans, of 9 pol ymannans, of agar, of agarose, of
natural rubbers or of :

perfluoropolyethers. polystirené or vinylpoiycﬁl.oride.
polyacrylate or derivatives thereof , polyhydfoxyacrylate.
polyhydroxymethacrylate, carboxyvinylpolymers and their
deriQatives. maleic anhydride polymers and their derivatives,
5 polyvinylchloride, polyvinlyalcohol and its derivatives ,
polyethylene and polypropylene and mixture thereof,

d) materials of semisfnthefic_ origin, selected fr.om the group
consisting of  collagen crosslinked with ‘crosslinki.ng agents
selected from the group consisting of dialdehydes, bicarboxylic

10 acids or halide.s thereof, diamines, aﬁd esters of hyaluronic,
gellane, and alginic acid,

having a thickness .of between 10 and 500 ym and holes of a size

.between 10 and 1000 um, characterised by. being perf‘orated and by

the fact that said holes ‘have a defined a.ﬁd constant 'size and form

15  an ordered series wherein they are separated by a constant distance
of between 50 and 1000 pm.

The membranes preferably cpnsist of semisynthétiﬁ derivatives of

hyaluronic acid, in particular ester derivatives thereof such as

‘those described in Examples 6, 7 and 24 of EP.-\: 0216453 filed on

20 7.7.86, these being biocompatible and biodegradsble materials able

e mapr —y——— e
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acid benzyl ester 3 with 100% estetifScatifdn.® 1* 20. T1ei use "'of thej !

JU7T

artificial skin claimed in claim 13, for 2 transplantatiqn,ijypheegase;
of loss of cutaneous areas. = 13 : '

CLAIMS

1. Biocompatible membranes-formed by materials Eelonging to oﬁe of
the following ciassésg

a) materials of natural originrgelected from the group cohsisting
of: collagen - or .coprécipitates | of collagen ;nd
glycosaminoglycans, cellulose, gelled polysaccharides such as
chitin.'chitoséh. pectiné or pectic acids, agar, agarose,

- xenthan gum, gellan, .alginic acid or. alginates, polymannahé of
- polyglucans, starches natufél rubbers and mi#tures thereof’;

b) bioresorbable materiéls of_synthetic-origin selected from the
group consiséing of : polylactic acid, polyglycolic acid or
copolymers thereof or their derivatiyes. polydioxanones,
polyphosphazenes, pol&sulphones énd polyurethanes and mixture
thereof'; |

c) materials of synthétic origin selected from the group consisting
of: silicone, silahe or sildxane rubbers.bolytetrafluorethylena.
perfluoropolyethers.. polystirene or vinylpolychloride,
polyacfylate or derivafives thereof . pothydroxyac;ylate.
polyhydroxymethacrylate, carboxyvinylpolymers and their
derivatives, maleic anhydride.polymers and their derivatives,
polyvinylchloride, polyvinlyalcohol and its derivatives.
polyethylene:énd polypropylene apd mixture thereof,

d) materials of seﬁisynthé;ic origin, seleéted_from the gfoup
consisting of collagen crdssiinked with crosslinking agents
selected from thé gréup cpnsisting'of dialdehydes..bicarboxylic

acids or halides thereof, diamines, and esters of hyaluronic,
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gellane, and alginic acid,

having a thickness of between 10 and 500 pm and holes of a size

between 10 and 1000 pum, characterised by beihg perforated and by

thé fact that said holes have a defined and constant size and form

an ordered series wherein they are separated by a constant distance

of between 50'ahd 1000 ym.

2. The biocompatible membraneé as claimed in claim 1, characterised in
that the thickness is betﬁeen 20 and 40 pm.

3. The biocompatible membrahes_as claimed-in clain 1, characterised in
that the hole size is between 40 and 70 pm.

4, The biocompatible membfanes as claimed in claim 1, charactefized in
that the distance between holes is 80 um.

5. The biocogpatible membranes as claimed in claim 1, characterised in
thaf'the biocompatible membrane consists of hyaluronic acid

benzyl ester with 100% esterification. |

6. A ﬁrocess for preparing the.biocompatible membranes-as claimed

in claim 1 comprising perforating a continuous membrane via a
suitable screening system; using mecﬁanical or 1a$er perforation
devices.

7. The process for preparing biocompatible membranes as claimed in

" claim 6, characterised in that the mechanical perforation device is

a punch.
8. The process for preparing biocompatible membranes as claimed
in claim 6, characterised in that the laser perforation device is a

UV radiation laser.
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9. Artificial skin'comppséd of the biocompatible meabranes as claimed
in claim 1 and of microcolonies of autologous or heterologous
keratinocytes or other epithelial cells in the active proliferation

stage present within the holes of said biocompatible membranes. .




