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The Invention relates to biocompatible membranes constructed of materials of natural, synthetic or semisynthetic origin, and
having a thickness of between 10 and 500 ym, characterised by containing an ordered series of holes of a constant size
between 10 and 1000 ym, separated from each other by a constant distance of between 50 and 1000 ym, and obtained by
perforation by mechanical, thermal laser or ultraviolet radiation means, they being suitable for use as a support for the in vitro
growth of epithelial cells, the invention also relating to the artificial skin obtained thereby and its use In grafts.
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ABSTRACT

The invention relates to biocompatible membranes constructed of
materials of natural, synthetic or semisynthetic origin, and having
a thickness of between 10 and 500;un,characterised by containing an
ordered series of holes of a constant size between 10 and 1000 pm,
separated from each other by a constant distance of between 50 and
1000 pm, and obtained by perforation by mechanical, thermal laser or
ultraviolet radiation means, they being suitable for use as a
support for the in vitro growth of epithelial cells, the invention

also relating to the 'artificial skin obtained thereby and its use

in grafts.
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BIOCOMPATIBLE PERFORATED MEMBRANES, PROCESSES  FOR THEIR
PREPARATION, AND USES THEREOF

Field of the invention

This invention relates to new biocompatible perforated membranes,
processes for their preparation, their use as a support in the 1in
vitro growth of epithelial cells, the artificial skin obtained 1n
this manner, and its use in skin grafts.

Prior art

The 1loss of cutaneous material for reasons of traumatic or
pathological origin is commonly resolved by the autotransplant-
ation technique, using skin explants from donor areas. To cover
larger areas these explants can be expanded by surgical methods
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 lesioﬁs 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
and numerous problems arise, to the extent that such procedures
cannot be used. 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 technique

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

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

expansion of these cultures, to obtain epidermic cell membranes
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potentially suitable for covering 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 arose

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 required for
obtaining sufficient quantities of epidefmic cultures and the
difficuity of obtaining ‘donor areas of .sufficient size fpom
patients with large areas of damaged body surface. The in vitro
epidermic cultures also pequire precise.orientatioh to enable the
graft to take, this being a particdlafly.risky operatiqn in‘view of

the fragility of in vitro cultivated epidermic film.

A different approach to thesé prbblemé isdescribed by.Yannas“etu
al., Science,‘215, 174*176 (1982),whousé dermic.'subStitutésin
the form \of‘ réabsorbabléporops. .matefials  .conSistipg ‘pof -
coprecipitates'- of collagen and ‘glycpsaminoglycans (GAG); -.in
particular condroitin-6-su1phate;_.00veréd by a thip .silicope
membrane film. Thé characteristic of.these materials7is.that they '
comprise  non~standérdized 'pores intercommunicating in a mannef
similar to a spdnge. ‘

Zahg et al., in Burns, 12, 540—543 (1986) propose a method, known

as microskin grafting, consisting of auto-grafting very small skin

portions, which then develop to merge into a single‘ epithelium.

With this_'method the maximum"donor surface/coverable surface
expansion ratio obtainable is 1:15.

S. Boyce and J. Hansborough in Surgery, 103, 421-431 (1988)
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describe the wuse of membranes formed from collagen and GAG to
promote on their surface the growth of keratinocytes, so redﬁcing
the surface porosity of the matefial. A continuous non-porous
layer is also interposed to limit the epidermic culture development
to the membrane surface. The possible entigenicity of these dermic
substituents, which can fesult 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

membranes which enable in vitro culture of keratinocytes, with
culture development in a much shorter time than that previously

possible. An important resu1t of.the membranes'eCcordihg to this

invention is the ability:to ebtain_COIOniZation by homologous - or -
heter01ogous:epithelial‘cells in'a:timeewhich"is'sufpriSinglyQShort-

(6-10 days) COmpared-withethe timejﬁerme11y:required'(ZOfHOf}days)

by traditioea1 metheds for-prepering_compafablelarees.ef ih;_9it£o,'\
epidermis cultures.-. ' .
This advantage. resulte inthe-preparatiOn in a short time eff“eh'"
artificial skin which.alloWSvepy'raeid'ceveregeeof..én'afeé‘;on
which an epithelial-tfaneplantatien is'reqUired;'eo 'fedueing  the,
rigks relating to excessiee orgenic liquia loss or ihfeetion.

A further object :of. the present. invention..is_"to 'previde
biocompatible membrahes :which.aliow ~ rapid 'deveiopmenteeof
keratinocyfe cultures. with aneicellent -dener surfaoe/eoverable
surface ratio, of between 1:20 and 1:200, this being considerebly
higher than previeusly obtainable With.traditional metheds.

A further object of the present invention is to provide a
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biocompatible and preferably bioreabsorbable 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 original orientation

in the culture vessel, and can be easily stored. In this respect,
an advantage of the artificial skin according to the present
invention_‘is that it can be easily cryopreserved to allow the

creation of a bank of epithelial tiasue. including heterologous.

The possibility'of.cryopresefvation 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 biecompatible'

membranes according to the present invention, consisting of

L

material of natural, synthetic or semisynthetic origin and having a

thickness of* between 10 and-SOO p,fand preferably between-20¥andV40-

u, characterised by COmprising anaordered series of ‘holes“‘of .a 

defined and constant siZe between 10‘anda1000'p, and preferably |

between 40 and 70 p, separated from each other by a constant

distance of between 50 and 1000 u, énd:preferably:BO_p.
These membranes can consist Of-biocompatible and preferably also

bioreabsorbable materials 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

=3
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polymers of synthetic or semisynthetic origin, in the presence of

suitable precipitating or gelling agents such as etal salts,

polycations or polyanions.

The membranes can also consist of biocompatible and preferably also
bioreabsorbable materials of synthetic origin such as polylactic
acid, polyglycolic acid or copolymers'theréof or their derivatives,
polydioxanones,"polyphosphazenes, polysulphones Of polyurethanes,
or semisynthetic deriVativés of natural pblymers such as collagen
crosslinked with crosslinking agents such as dialdéhydes or:their
precursors, bicarboxylic acids or halides thereof, 'diaminés, 'cr
derivatives of cellulose, of aiginic.acid,.of.starch, Qf.chitin'or
chitosan, of 'gellah; of Xanthan,fof“peétins orpectic ~acids, of
polyglucans, of polymannéns,;.of’agar,'of,agarose,' bf 'natufal
rubbers or of glycosaminOglycans..; o -
The-mémbranescan also cbnéistfof syﬁtheti¢'pOlymérS,éven,'wi;hdut o
the biodegrédability-characterispic. sq¢h'as siiic§ne;. si1§né :or
siloxane rubbers, ‘fluorOpolymeré- éuchfasi. polyflﬁordéfhylené,  |
polyfluoropropylene,  polyfluoroethers,  polystyrens,  vinyl
961ychloridé}. polyacfyléte* ofdéfivatives”.thefedf*  polyhydr¢xy5'5

acrylate, polyhydroxyméthacrylate;icarbbgyVinyl_p01ymér3-and ftheir'

'derivatives, maleic anhydride 1polymers'[and ,theirf derivatives,.

polyvinylchloride,'. pblyﬁinylaICOhol and its:' derivati@es,‘
polyethylehe and-polypropylené;x ’. . -
The membranes.breferably'conSistvOf semisynthetic .derivativesi of
hyaluronic acid, in particﬁlar'estef'derivatives theréof such as
thoée described in ExampleS6,.7 énd 24 of EPA 0216453 filed on'-

7.7.86, these being biocompatible and biodegradable matefials able
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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 materials particularly
suitable for use according to the present invention is that they do
not produce intolerance phenomena, not being immunogenic.

The biocompatible membranes, consisting of one or more of the
éforesaid materials have a thickness of between 10 and 500 pum and
preferably between 20 and 4oum, and are characterised by the
presence of an ordered series of holes of defined and constant size
between 10 and 1000 um, and preferably between 40 and 70 pm,
separated from each other by a constant distance of between 50 and
1000 pm, and preferably 80 pm.

Continuous biocompatible membranes, consisting of one or more of
the aforesaid materials, can be prepared by the conventional
methods described in the literature.

The 'perforated biocompatible membranes according to the present
invention are obtained using mechanical perforation devices such as
suitably arranged punching machines, or methods involving the use

of thermal or ultraviolet lasers operating in a frequency band such

as to produce holes 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 1is given
by way of illustration only.

EXAMPLE 1

A membrane 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 cm and 25pn]thickness was perforated using a
computerized UV Laser 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 40umwere obtained at a distance apart of 80

um, as shown in Figures la and 1b.

The perforated biocompatible 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 air/culture medium interface, using
sterile vaselin, sterile silicone or other cementing systems which
allow easy removal of the membrane, or by systems involving the use
of biological 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 bf other
cells, such as irradiated fibroblasts, as described in the cited
literature, without within the time scheduled for growth and hole
colonization causing alteration in mechanical properties 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.

EXAMPLE 2

The following test was conducted to demonstrate the absence of any

inhibition by hyaluronic acid derivative membranes on the in_vitro
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growth of human keratinocyte cell cultures.

Membranes denominated HYAFF 11 cut sterilely into 2 x 2 cm squares
and consisting of hyaluronic acid benzyl ester with 100% esterifi-
cation (as described in EP 0216453‘filed on 7.7.86) were applied to
the base of the culture vessels by means of sterile silicone.

2 x 10° human keratinocytes were seeded onto these in a volume of

0.5 ml, in the presence of l X 10° ‘lethally irradiated 3T3

fibroblasts at the second passage.

The capsules were incubated at 37°C for 2 hours in a 5%  CO

period 5 ml of CEC culture médiumi(Green'H. ,et al;, J. Proc.

Nation. Acad. Sci.,',76,  5665*5668,.1979) .Wérel added jand the

S

capsules again~incubated._.The.cultﬁfe medium;was chaﬁged'every'.2
days. The cells were'treated.with,trypsiﬁl9 days;after,séedihg and

counted. All experiments were conducted in duplicate. |

RESULTS
No. of ﬁumén.kerétiﬁocytes‘. 7 %inhibition,W:
per pléte-(x 10-5)@;  .
Control - | | 27.  “ ‘ ; '  | o%. 
HYAFF 11 membrane 27 -  _ N oy

These results show that the biomaterial used~.has--no_-inhibitiﬁg |

effect on keratinocyte-cﬁltures.~ .

EXAMPLE 3

Growth of human keratinocytes using the -pggforéted' biocompatible

membranes of the ipventiqq4~dbtained:by'the metho@~ deséribed in

- Example 1

HYAFF 11 membranes consisting of hyaluronic acid benzyl ester with

2

atmosphere to allow the cells to attach to the matrix. .Aftét"thigl‘
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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 using sterile vaselin. Lethally irradiated
3T3 fibroblasts were seeded on the membranes to a concentration of
700,000 cells per plate, under the conditions descfibed in Example
2. After adhesion of the.3T3 cells, ie after about 2Q “hours, a
cell suspension of human keratinocytes originating from. secondary
cultures was added at a.concentration'of 38,000 cells per cmz. The
culture conditions were snalogOus to those described in Example 2.

The development of the keratinocyte culture was f0110wed daily
using a phase contrast‘microscope. The development of inoculated

epithelial cells was observed on the'mémbrane.'these having reached

confluence 8-10 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

fill them around the 6th day (Figures 2, 3 and 4).

A further fact of great.impoftance is that when analyzed by

histological techniques the cells.within the holes -demonstrate a
basaloid appearance documented.by the findings of figufes showing
frequent mitosis (Figures 5 snd 6), denoting ‘high reproductive
vitality. These findings were confirmed by 'immunohiStochemical
methods using specific antibodies (Msb).

The epithelial cells grown within the holes can therefore be
considered overall to be in the active prolifération stage and thus
effectively usable on tranSplantation areas.,

The artificial skin according to the present invention, obtained by
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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 pum, and preferably between 20 and 40
um, characterised by comprising an ordered series of holes of a
defined and constant size between 10 and 1000 pm, separated from
each other by a constant distance of between 50 and IOOO;uh,
together with autologous or heterologous keratinocyte microcolonies
in the active proliferation stage present within the holes.

This artificial 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 implanced on the lesion area, the keratinocyte microcolonies
create growth nuclei of rapid-growing epithelial tissue, which 1in a
short time completely re-epithelialize the 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 physiological solution
and applying it to the area to be treated without needing to pay
particular attention -to the direction of application, as 1t 1s
equally effective if applied on either of 1its two sides, 'in
contrast to traditional keratinocyte cultures.

The artificial skin according to the 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.
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The embodiments of the invention in which an exclusive property or privilege 1s

claimed are defined as follows:

1. A biocompatible membrane consisting of materials of natural, synthetic, or
semisynthetic origin and having a thickness of between 10 and 500 um, said membrane

comprising an ordered series of holes of a defined and constant size between 10 and 1000

um, said holes being separated from each other by a constant distance of between 50 and
1000 pum, said membrane enabling in vitro culture of epithelial cells within the holes and

on both sides of saild membrane.

2. The biocompatible membranes as claimed 1n claim 1, in which the hole size 1s

between 40 and 70 pm.

3. The biocompatible membrane as claimed in claim 1 or 2, in which the distance

between holes 1s 80 pm.

4. The biocompatible membrane according to claim 1, 2, or 3, which has a thickness
of 20-40pm.
5. The biocompatible membrane as claimed in any one of claims 1 to 4, in which the

material of natural origin is chosen from the group consisting of collagen, coprecipitates of
collagen and glycosaminoglycans, cellulose, gelled polysacchandes, natural rubbers, and
mixtures thereof, said biocompatible material of natural origin being optionally 1n mixture
with polymers of synthetic or semisynthetic origin in the presence of precipitating or

gelling agents.

6. The biocompatible membrane as claimed in claim 5, in which the gel]éd
polysaccharides are selected from the group consisting of chitin, chitosan, pectins, pectic
acids, agar, agarose, xanthan gum, gellan, alginic acid, alginates, polymannans,

polyglucans, and starches.

7. The biocompatible membrane as claimed in any one of claims 1 to 4, in which the
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material of synthetic origin is chosen from the group consisting of polylactic acid,
polyglycolic acid or copolymers thereof or their derivatives, polydioxanones,

polyphosphazenes, polysulphones, and polyurethanes.

8. The biocompatible membrane of any one of claims 1 to 4, m which the material of
synthetic origin is selected from the group consisting of silicone, a silane rubber, a siloxane
rubber, a fluoropolymer, a polystyrene, a vinyl polychloride, a polyacrylate, a
polyhydroxyacrylate, a polyhydroxymethacrylate, a carboxyvinyl polymer, a maleic
anhydride polymer, a polyvinylchlonde, a polyvinylalcohol, polyethylene, and

polypropylene.

9. The biocompatible membrane of claim 8, wherein said fluoropolymer 1s selected
‘from the group consisting of polyfluoroethylene, polyfluoropropylene, and a

polyfluoroether.

10.  The biocompatible membrane as claimed in any one of claims 1 to 4, 1n which the
material of semisynthetic origin is a semisynthetic derivative of natural polymers
crosslinked with crosslinking agents or is a derivative of a compound selected from the
group consisting of cellulose, alginic acid, starch, hyaluronic acid, chitin, chitinosan,
gellan, xanthan, pectins, pectin acids, polyglucans, polymannans, agar, agarose, natural

rubbers, and glycosaminoglycans.

11.  The biocompatible membrane as claimed in claim 10, in which the semisynthetic

derivative of a natural polymer 1s collagen.

12.  The biocompatible membrane as claimed in claim 10 or 11, in which the
crosslinking agent is selected from the group consisting of dialdehydes, dialdehyde

precursors, bicarboxylic acids, halides of bicarboxylic acids, and diamines.

13.  The biocompatible membrane as claimed in claim 10, in which the biocompatible

membrane consists of hyaluronic acid benzyl ester with 100% esterification.
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14.  The biocompatible membrane as claimed in any one of claims 1 to 13, wherein the

epithelial cells are keratinocytes.

15.  Artificial skin composed of the biocompatible membrane of any one of claims 1 to
14, together with microcolonies of autologous or heterologous keratinocytes 1n an active

proliferation stage present within said holes and on both sides of said membrane.

16.  The artificial skin according to claim 15, for use in transplantion in case of

cutaneous loss.

17. A process for preparing the artificial skin of claim 15 or 16, comprising;
a) perforating via a screening system using a mechanical or ]aser perforation device, a
continuous biocompatible membrane that can support the in vitro cultivation of epithehal

cells comprising a natural, synthetic, or semisynthetic material having a thickness of

between 10 and 500 um thereby obtaining an ordered series of holes having a diameter
between 10 and 1000 um, said holes being separated from each other by a constant

distance of between 50 and 1000 um, wherein epithelial cells can be cultured in vitro

within said holes and on both sides of said membrane and
b) seeding the perforated biocompatible membrane of step a) with autologous or
heterologous epithelial cells in an active proliferation stage and cultivating said epithehal

cells thereon 1n vitro.

18.  The process of claim 17, wherein said mechanical perforation device 1s a punch.

19.  The process of claim 17, wherein said laser perforation device is a UV radiation

laser.

20 The process of claim 17, 18, or 19, wherein said epithelial cells are keratinocytes.

21.  The process according to any one of claims 17 to 20, further comprising

cryopreserving said artificial skin.
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22. A process for preparing the biocompatible membrane of any one of claims 1 to 14,
comprising perforating via a screening system using a mechanical or laser perforation
device, a continuous membrane that can support the in vitro cultivation of epithelial cells

comprising a natural, synthetic, or semisynthetic material having a thickness of between 10

and 500 um thereby obtaining an ordered series of holes having a diameter between 10 and

1000 pm, said holes being separated from each other by a constant distance of between 50

and 1000 pm.

23. The process according to claim 22, wherein said mechanical perforation device 1s a

punch.

24.  The process according to claim 22, wherein said laser perforation device 1s a UV

radiation laser.



N\
¥
N
3
»

LN

¢
*I

gy
st

v b

L% 4

-
.l

vl s = iy .
et .

Aoy

ST
i
e w k
"".-
v ——
-~

.4 3
J-"

> v,
.

.,
by
.

r‘f';:} D
4

v

v
W
D v,
" L AR
. s = -

s

»

&

s R G

- ragdn R B e
- .L\?" "5 - .
e ‘s .

L}
Y . .
*'5 -~y

DAY
l‘l'-o-.

r,
A

'y 45

r d

b 3

1‘!#"'“-%




"o
\a
L

N
3

A .
- e By 4
.

« 2!

i w e Ay g e P e g S

. .
{
4
;
{
u{



Fig. 2

Fig. 3




e,
-

.




-~~~

At m—

-4

Jrp——— VY

Fig. >

[ |




}.

T L e
R AP 4 1
(PR N

-
-

. 8
AR

S
L

.

N

U

..
3]

e

N Ot W aa.
_.‘~."..'~ ,“‘l-;(c"'p g
A
AL Dl SN

Ay
1 -
s

N
‘a

v T

) / T v y 3 Ra’r
' 3 . ‘ . .. . o ) . v . ‘.Q‘PJN o
Rl e, n | ' ‘( 3 d - : . —

r e

N Y H . : VAL LS




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - abstract drawing

