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BIOCOMPATIBL.E PERFORATED ~EMBRANES. PEIOCESSES FOR THEIR 

PREPARATION. TJflilR USE AS A SUPPORT IN niE IN VITRO GROWTH OF 

EPI'IBEt.IAL CELLS. THE ARTIFICIAL SKIN OBTAINED IN THIS MANN5R. AND 

ITS US£ IN SKIN GRAFI'S 

5 Field of the invention 

This invention relates to new biocompatible perfo~ated membranes, 

processes for their preparation, their use as a support in the in 

vitro growth 0£ epithelial cells, the artificial skin obt.;rined 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 co11U11only resolved by the autotransplant-

ation technique~ using skin explants froa donor areas. To cover 

large~ az:eas these explants can be expanded by surgical ~ethods 

15 such as the mesh grafting descr'i.bed by J. Mauchahal, J. Plast. 

Sul'gery. 42, 38-91 ( 1989). These methods give positive results 

only wJ.Lh swall-diuiension lesions and patients with a satisf'actol"y 

general health pi:-ofile. If elderly patients or those in a state of 

serious decline are treated, unsatisfactory results are obtained 

20 and nUJ11erous problems arise. to the extent that such procedures 

cannot be used. In addition they do not ~llow a donor tissue 

expansion of more than 10 times. 

An impo:r:-tant ·tuming point in the treatment of these 1 es ions by . 

~econstructive surgery wa5 the development of the techn~que 

25 involving the in vitro culture of keratinocytes CJ. Rheinwald and 

H. Green. Cell. ~. 331-344, 1975}, which allowed the in vitro 

expansion of these cultures, to obtain epidermic cell mewbranes 
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potentially suitable for.covering lesion areas. 

This technique has been ..:idely used in clinical pt"'actic:e. mostly :in 

the case of patients suffering from burns {G.G. Gallico et al., M. 

Engl. J. Med .• J!!. 448-451. 1984). bue numerous problems arose 

5 from its conception •. such as the failure to take of some g~afts, 

the fragility of the epichelial film and 'th.e con:sequent dift'iculty 

in its handling by the surgeon, the length of time required for 

obtaining sufficient quantities of epidermic cultures and the 

difficulty of obtaining donor areas of sufficient stze f~om 

10 patients with large areas of damaged body surface. The in vitro 

epidermic cultures also require precise orientation to enable the 

graft to take. this being a particularly risky operation in view of 

the fragility of in vitro cultivated epide'C'1llie film. 

A different approach to these problems is described by Yannas et 

15 al.. Scienc:e. 215, 1711-1 i6 ( 1982). who use dermic: soubstitutes in 

the form of reabsorbable porous materials consisting of 

coprec;i.:pitat.es of collagen and glycosaminoglycans {GAG) • in 

particular condroitin-6-sulphate, covered by a thin silicone 

membrane film. l'he characteristic of these materials i~ t.h~t they 

20 comprise non-standardized pores intercommunicating in a ~anner 

$imilar to a sponge. 

Zang et al •• in Burns, 12. 540-543 (1986) propose a method. known 

as microskin g~afting. consisting of auto-grafting very small skin 

portions. which then develop to ~erge into a single epithelium. 

25 With this lllethod the %08Xi.DIWll donor suJ:"fece/cov~rable surlace 

expansion .t•at.io obtainable is 1: 15. 

s. Boyce and J. Hsnsborough in Surgery, 103, 421-43t (l988) 
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describe the use of membranes formed from collagen and GAG to 

promote on their surface tho growth of keratinocytes, so reducing 

the surface porosity of the ma~erial. A continuous non-porous 

layer is nlso interposed to limit the epide~~ic cultu~e devalop~ent 

5 to the membrane surface. nie possible eintigenicity of these dermic 

substi tuents. whi<:h can resu.1 t in rejection of the graft. has not 

yet been p~operly ascertained. 

Object of the invention 

'Ibe object of the p~esent in~ention is to provide biocompa~ible 

lO me~branes which enable in vj~ro culture of keratinocytes, with 

culture development in a much $horter time than that. previously 

possible. An important result of the ~embranes according to this 

invention is tbe abjlity Lo obta~n colonization by homologous or 

heterologous epithelial cells in a time which is surp~isingly short 

15 (6-10 days) compared with the t~me normally required (20-40 days) 

bf traditional methods for p~eparing comparable areas of in ~itro 

epidel"lllis cultures. 

This advantage re~ults in the preparation in a short time of an 

artificial skin ~hich allows very rapid co~erage of an· area on 

20 which an epithelial t~ansplantation is required. so reducing the 

risks ~elating to excessive organic liquid loss or infection. 

A further object of the present invention is to provide 

biocompetible meJllbranes which allow ~apid development of 

keratinocyte cultures with an excellent conor surface/coverable 

?.5 surface ratio, of between 1:20 and l:200. t~is being considerably 

higher than previously obtainable with traditional cethods. 

A further object of the present invention is to provide a 

.. 
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biocoU1patible and preferably bioreabsol."'bable artificial skin which 

can be p:r:'Oduced in a short t.imet 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 or~ginal orientation 

5 in the culture vessel. and can be easily stored. rn 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 tissue. including heterologaus. 

The possibility of ccyopresei-vation also considerably reduces or 

10 eliminates. afte~ 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 biocompatible 

membranes accot"ding to the present invention. co:isisting of 

15 material of' natural. synthetic or :semisynt:hetic origin and having a 

thickness of between 10 and 500 µ. and p~eferably between 20 and 40 

µ. c~a1·ac:Lerised by. comprising an ot"dered sci:-ics of holes ot a 

defined and constant si:ze between 10 and 1000 p, and preferably 

between 40 and 70 µ, sepa:rated from each other by a constant 

.2:0 distance or between 50 and 1000 µ. and preferably 80 µ. 

'Ibese 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 

~S acids. agar. agarose. xanthan · gur.u. gellan. algj,nic acid or 

alginates. polymannans or polyglucans. starches. er natural 

rubbers. either alone or in miKture with each other or with 



. ' 

5 

polyme:r:-s of synthetic or semisynthetic ot"igin, in the presence of' 

suitable p;recipitating or gelling agents such as metal salts. 

polycations o~ polyenions. 

The ~e~branes can also consist of bjocompatible and pr~ferably also 

5 bioreabsorbable mate~ials or synthetic origin such as p~lylactic 

acid. pol1glycolic acid or copolymers the~eof or their derivatives. 

polydioxanones. polyphosphazenes. pQlysulphones or polyurethanes. 

o~ semisyn.thet~c derivatives of natu~al polymers.such as collagen 

Cl'Osslinked with crosslinking agents such as dialdehydes or their 

10 precursors. biearboxylic acids or halides the~of, diamines. or 

de.rivatives or cellulose. of alginic acid. of starch, of chitin or 

chitosan. of gellan. of xantllan. or pectins or pectic acids. of 

polyglucans. of polymannai'ls. of agar. of agarose, of natural 

rubbers o~ of glycosaminoglycans. 

15 !he membranes can also consis1,. of synth.etic polymers, even without 

the biodegradability characteristic. such as silicone. sil~e o~ 

siloxane J:ubbei:-s. flu<?,~opolymers such as poly fl uorocthylene. 

polyfluol"Opropylene. polyfluoroethers. polystyrene. vinyl 

polychloride. polyaerylate or derivatives thereof. polyhydroxy-

20 acrylate, polyhydroxymethacrylate. carboxyvinyl polymers and their 

derivatives. Olaleic anhydride polymers ao'3 tb.e;i. I:' dcri vat'i ves, 

polyvinylchloride, polyvinylalcohol and its derivatives. 

polyethylene and polypropylene. 

The membranes prefe~ebly consist of semi5ynthetic derivatives of 

25 hyalut'Onic acid. in particular este~ derivatives thereof such as 

those descrl:bed in Examples 6, 7 and 24 of EPA 0216453 filed on 

7.7.86. these being biocompatible and biodegradable material$ able 
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to ~elease hyaluronic acid on the site of their application. this 

acid being well known to favour tissue reparativc processes. A 

further characteristic . which makes these iuaterials particulai:-ly 

suitable for use accordirlg to the present invention is tho.t they do 

5 not produce intolel"ance phenomena, not being immunogenic. 

The bioco~patible membranes. consisting of one or more of the 

afo~esaid materjals have a thickness of between 10 and 500· µ and 

preferably between 20 and 40 µ, and are cb&.I'acterised by the 

presence of an ordered series of holes of defined and constant size 

10 between 10 and 1000 µ, and preferably between 40 and 70 µ. 

separated from each othe~ by a constant distance of between 50 and 

1000 µ, a~d p~efP.rably 80 u. 

Continuo\lS biocompatible memb~anes, consisting of one or more of 

the aforesaid materials. can.be prepa1'ed by the. conventional 

15 methods described in the lite~ature. 

The perforated biocompatible membranes according to the present 

inventi.on ai:-e obtained using mechanical pe.i.·fo1·atioJ'J. devices such e.s 

suitably ar~anged punching ~achines. or methods involving the use 

of thermal or ull~aviolet lase~s operating in a frequency bEIIld such 
. 

20 as to produce holes or the required sfae and distance apa:i:-t in tbe 

membrane. 

The following example of the preparation of a perforated 

biocompatiblc membrane according to the p~esent invention is given 

by way of illustratton only. 

25 EXAMPLE l 

A memb~ane of hyaluronic acid benzyl ester with 100% esterifi-

cation (a.s 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 .25 ll thickness was perforated using a 

cocputerized UV Laser device operating at a frequency of 273 ~m 

under the following ope~ating conditions: working frequency 200 Hz. 

output energy 250 fJlJ. Using a suitable screening system. holes 

5 having; a diameter of · 40 µ were obtained at a distance apart of 80 

µ. as shown in Figures la and lb. 

The perforated biocompatible ~embranes according to the present 

invention can be used advantageously for- the in vitro culture of 

epithelial cells. especially keratinocytes. 

10 For this purpose the me~branes can be fixed to the base of cell 

culture vessels. to metal grids or to any othel" Stt"v.cture suit.able 

for cell cultuX"es at the air/culture mediu~ interface. using 

sterile vaselin, ~terile silicone or other cementing systems whi~h 

allow easy removal of the membranet. or by systell's involving the use 

15 of biolog!cal material such as collagen. fib~in or f~brin glue. 

These membranes can be incubated in culture media suitable for the 

g~owtb or epithelial cells either a1onP. or in the presence of othe~ 

cells. such as irradiated fibroblasts. as described in the cited 

literature. without wtthin the time scheduled for growth and hole 

20 colonization causing alteration in mechanical properties which 

would compromise their handleability and strength within the 

pa~ticular application. 

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

use of the m.eJObJ:"anes of' the present i11vention. 

25 EXAMPLE 2 

The following test was conducted to demonstrate the absence or any 

inhibition by hyaluronic acid derivative wembranes on the in vitro 
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growth of human keratinocyte cell cultures. 

Membranes denominated HYAFF l1 cut sterilcly .into 2 x 2 CJD squ~l.res 

and consisting of hyaluronic acid -benzyl ester with 100% esterifi­

cation {as desc~ibcd in EP 0216453 filed on 7,7.86) ~e~e applied to 

5 the base of the culture vessels by means of sterile silicone. 

2 x 105 human keratinocytes ~ere seeded onto these in a volume of 

0.5 ml. in the presence of 4 x 105 lethally ir~adiated 3T3 

fjbroblasts at the second passage. 

The capsules i,,rere. incubated at 37°'c t"or 2 hours in a 5% co
2 

10 atmosphere to allow the cells to attach to the matrix. After this 

period 5 ml of CcC culture medium (Green li. et al.. J. Proc. 

Nation. Acad. Sci.. 76. 5665-5668, 1979) wer;-e a.dded and the 

capsules again incubated. The culture medium was changed every 2 

days. The cells were treate.d with trypsin 9 days afte1• seeding and 

15 counted. All experiments were conducted in duplicate. 

RESULTS 

No. of hwnan ·keratinocytcs ., inhibition , .. 
per plate {x 10-5) 

Control 27 o~ 

20 HYAFF 11 membrane 27 0% 

'TI'lese results show that the bioQaterial used has no ·1nhibiting 

effect on keratinocyte cultures. 

EXAMPJ.R 3 

Growth of bu~an keratinocytes using the pe~ro.,rated bioco~patible 

25 metllbranes of the invention. obtained by the method described in 

Kxample 1 

HYAFF 11 membl."anes consisting of hyalui:-onic acid ben~yl ester with 

I 
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100% esterification {as desct>ibed in EPA.0216453 filed on 7_7,86) 

in the fot111 of 3 x 3 cm squares were cemented to. the base of 6 c~ 

diameter Petri capsules using sterile vaselin. Lethally irradiated 

3T3 fibroblasts were seeded on the membranes to a concentration of 

5 700,000 cells pet" plate. under the cooditions described in ~aulple 

2. After adhesion of the 3T3 cells. ie after about 24 hours. a 

cell suspension of human keratinocytes originating from secondary 

cult~rP.s was added at a concentration of 38,000 cells per cm2 . The 

culture conditions we:t"e analogous to those described in Ex81llple 2. 

10 The development of the keratinocyte culture was rollowed daily 

using a phase contrast microscope. The development of inoculated 

epithelial cells was obse~ved on the membrane, these having reached 

confluence 8-:o days afte~ seeding. 

Of particular importance is the fact that even on the second day 

15 after seeding. numerous holes conta~n keratinocytes. their growth 

being more acti\re within the holes than on the surface. to totally 

fill them arou~d the 6th day (Figui:-es 2, 3 end 4}. 

A further fact of great ilDPOrtance ·is that when analy~ed by 

histological techniques ehe cells within the holes demonstrate a 

.20 basaloid appearance documented by the findings of figures showing 

frequent 111itos;i.s (Figures 5 and 6). denoting high reproductive 

vitality. These findings we~e confirmed by illltllunohistochemical 

methods using specific antibodies (Mab). 

The e~ithelial cells grown within the bolas can therefore be 

25 considered o~erall to be in the active proliferatjon stage and thus 

effectively usable on transplantation areas­

" The ax-tific.ial skin according to the· present :.nvention. obtained by 
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the aforesaid procedures, theI:"efore consists of a biocompatible and 

p~eferably bioreabsorbable support meab~one consisting of materiais 

of natural. synthetic or semisynthetic origin, and h~ving a 

thickness of' between 10 and 500 µ, and pi:-eferabl.y between 20 and 40 

5 µ,. characterised by comp~ising an ordered series of holes of a 

defined and constant size between 10 Md 1000 lJ. sepal"ated from 

each other by a constant distance of between 50 and 1000 µ. 

together with autologous o~ heterologous kera~inocyte microcolonies 

in the active proliferation stage present within the holes. 

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

basis of the areas to be treated, and ha.s e. mechanical strength 

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

Once i~planted on the lesion area. the keratinocyte microcolonies 

Cl'eate growth nuclei of rapid-growing. epithelial tissue, which in a 

15 short time compleLely . ~e-epithelialize ~he area on which the 

t~ansplantation has been ca~ried out. 

It. is u.sed by withdr:awing it froai the culture vessel. removing 

all traces of culture mediwu by a sterile physiological solution 

and applying it to the area to be treated without needing to pay 

20 pa.rticula~ attention to' the direction or application. as it is 

equally effective if applied on either of its t.wo side$. in 

contrast to t~aditional keratinocyto cultures. 

The ax-tificial skin according to 1:he present invention can be used 

to cover even extensive lesions of" the body Si~rrace of traumatic 

25 · orlgin such as burns. of surgical origin such as withdrawal areas 

in plastic surgery. o:r pathological origin such as st.asis ulcer's or 

bedsores. 
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CLAIMS 

l 1. Biocompatible memb~anes consi8t1ng or ~aterials of natural. 

2 synthetic or semisynthetic origin, and having a thickness of 

3 between 10 and 500 · }l. and preferably between 20 and 40 µ, 

4 characterised by comprising an ordet"E!d se~ies of holes of a defined 

5. ·and co.osunt si<:e bet,ween 10 and lOOO p. separated from each other 

6 by a constant distance of between 50 and 1000 u. 

1 2. 5iocompatible membranes as claimed in claim 1. characterised in 

2 that the hole size is between 40 and 70 p. 

1 3. SiocoUJ.patible memb:renes as claimed in claim 1. characterised in 

2 that the distance between holes is 80 µ. 

l 4. Bioc()ll)patible membranes as claimed in claim l. characte~ised :i.n 

2 that the biocompatible material of nst\Jral origin is chosen from 

3 the group consisting of collagen or coprecipitates of collagen and 

4 glycosaminoglycans, cellulose, gelled polysaccharides such as 

5 chitin, chitosan. pectins or pectic acids, agar. aga4ose, xanthan 

6 gum, gellan. alginic acid or alg.luat.es. polymannans Ol"' polyglucans. 

7 starches and natural rubbe.rs, either al.one or in 11.1ixture with each 

8 other or with polyraers of synthetic or semisynthctic origin. in the 

9 p~esence of suitable precipitating or gelling agents such as ~etal 

10 salts. polycations or polyanions. 

1 5. Biocompatible membranes as claimed in claim 1. characterised in 

z that tho biocompatible •ate~ial of synthetic origin iR chosen ·r~om 

3 the group consisting or pclylactie acid. polyglycolic acid or 

4 copolymers . thereof or their derivati~es. polydioxanones. 

s . polyphosphazenes. P<>lysulphones and polyurethanes. 

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

.... ; 
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2 that the bioco~patible mate~ial of se~isynt~etic otigin is chosen 

3 from the ~roup consisting of' semisynthetic derivatives of natural 

4 polymers ·such as collagen crosslinked with crosslinking agents such 

5 as dialdehydes o~ thet~ px-ecu~sors. bica~bo~ylic acids o~ halides 

6 thereof. diamines. and derivatives of cellulose. of alginic acid. 
. . 

7 of starch. of hyaluronic acid. of chitin or chitinosan. of gellan, 

a of' xanthsn.. of pectins or pectic acids. of polyglucans. of 

9 polymannans. of a5at', of agal'ose. of natural rubbers or of 

10 glycosaminoglycans. 

l 7. Biocompatible ~emb~anes as claimed in claim 6. characterised in 

2 that the biocompatible memb~ane consis~s or hyaluronic acid benzyl 

3 ester with 100% esterification. 

l 8. A process for preparing biocompatible membranes consisting of 

2 111.aterials of nat~ral. synthetic or semisY'nthetic origin and having 

3 a thickness of between 10 and 500 µ. which comprise an ordered 

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

5 µ. s~paraLed fro~ each other by a con$tant distance of between 50 

6 and 1000 µ. characterised by pe~ro~ating a continuous ~embrane via 
. ' 

7 a suitable screening system. using wechanical or laser perforation 

8 devices. 

l 9. A pX"Ocess for preparin~ bioeompatible membranes as claimed in 

2 claim a. characterised in that the mechanical perfo~ation device is 

3 a punch • 

. 1 10. .A p:r:"Oc:ess for preparing biocoDlpa.tible membranes as c?.aiuied in 

2 claim 8. cha~acterised in that tbe 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 o~ semisynthetic origin. and having a thickness 

3 of between 10 and 500 .µ. and pt>eferably between 20 and 40 µ. for 

4 the in vitro culture of epithelial cells. characterised in that the 

5 epithelial cells are seeded on membranes comp~ising an ox-de~d 

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

7 µ. separated f~om eacb other by a constant distance of between 50 

a and 1000 µ. 

1 12. The use of biocompatible membranes as claimed in r.laim 11. 

2 characterised in that the epithelial cells are keratinocytes. 

1 13.. Artif'icial skin composed of a biocompatible support membrane 

2 consisting or materials or natural. synthetic or semisynthetic 

3 origin. and having a thickness of between 10 and 500 µ. and 

4 preferably between 20 and 40 p, which contains iill\ ordered series or 

s holes of a defined and constant si~e between 10 and 1000 µ, 

6 separated rrom each other by a constant d:i.stance of between 50 and 

7 1000 µ 1 together with autologous or heterologous keratinocyte 

8 mic~ocolonies in the active prolifer~lion ~tage p~esent within said 

9 holes. 

1 14. Artificial skin as claimed in claim 13. charactc~~sed in that 

2 the hole size is between 40 and 70\l. 

i 15. Artificial skin as clai&cd in claim 13. cha~acterised in that 

2 the distance between holes is 80 µ. 

1 16. Artificial skin as claimed in clai~ 13, characterised in that 

2 the biocompatible ~~te~ial of natural o~igin is chosen from the 

a group consisting or collagen or coprecipitates of collagen end 

4 glycosaminoglycans. cellulose. gelled polysacchar.:i.des such as 

s chitin. chitosan. pectins or pectic acids. agar. agarose. xan~han 
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6 gum, gellano. alginic acid o.r alginates. polymannans or 

1 polyglucans. starches and natural rubbers, either alone o~ in 

a •ixture with each other or with polymers of synthetic or 

9 sem1syntbetic origin, in the presence of suitable precipitating o~ 

10 gelling agents such as met~ salts, polycations o~ polyanions. 

~ 17. Arti£'icial skin o.s cla;i.med in claim 13. characterised in that· 

2 the biocompatible ~aterial of synthetic origin is chosen from the 

3 group consisting of polylactic acid. polyglycolic acid or 

4 copolymers thereof or their derivatives, polydioxanones, 

s po~yphosphazenes, polysulphones and polY"Urethanes. 

1 18. Artificial skin as claimed in clai~ 13, characte~ised in that 

2 the biocompatible material of semi.synthetic origin is chosen from 

3 the group consisting of semisynthetic der~vatives of natural 

4 polynters such as collagen crosslinked. with cl'Osslinking agents such 

S as dialdehydes o~ tbeir precursors. bicarboxylic acids o~ haltdes 

6 thereof. diamines, and derivatives of cellulose. of alginic acid. 

7 or starch. ur hyalui-onic acid. of chitin or ehitosan, of gellano. 

a of x.anthan. of pectins · or pectic acids. of polyglucans. of 

9 polY'IJannans. or agar. or agarose. of natural rubbers or of 

10 glycosa.uiinoglyce.ns. 

1 19. Artificial skin as claimed in claim 18. cha.r~cterised l.n that 

2 the biocompetible material consists of hyaluronic acid ben£yl ester 

3 with 100% esterification. 

l. 20. The use of the artif:lcial skin claimed ·in clail.D 13. for 

2 e~ansplantation in the case of loss of cutaneous areas. 


