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(57) ABSTRACT 

Autologous cultured keratinocytes are grown on a biosyn 
thetic and biocompatible substratum following pre-seeding 
with autologous or allogenic dermal ?broblasts. The result 
ant composite material may then be applied on the neoder 
mis of arti?cial skin which had been previously engrafted on 
the patient. The composite material, and speci?cally Com 
posite Biocompatible Skin Graft (CBSG) material com 
prises autologous keratinocytes and allogenic or autologous 
dermal ?broblasts grown on Laserskin. A method for culti 
vating the CBSG includes the application of dermal ?bro 
blasts onto the substratum as a feeder layer and then the 
inoculation of autologous keratinocytes on the resultant 
structure. A method for engraftment comprises ?rst applying 
an arti?cial skin with a protective silicone membrane on a 

wound area, thereby allowing vasculariZation; and following 
vasculariZation, removing the silicone membrane and 
engrafting the CBSG material onto the vasculariZed arti?cial 
skin. 
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MATERIAL AND METHOD FOR ENGRAFTMENT 
OF A COMPOSITE BIOCOMPATIBLE SKIN 

GRAFT ON THE NEODERMIS OF ARTIFICIAL 
SKIN 

REFERENCE TO SPONSORSHIP 

[0001] This invention Was made under the joint sponsor 
ship of the Chinese University of Hong Kong of Shatin, 
Hong Kong SAR, and the Hospital Authority, also knoWn as 
the Prince of Wales Hospital of Shatin, Hong Kong SAR. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates to the cultivation of kerati 
nocytes and dermal ?broblasts on a biosynthetic membrane 
and subsequent engraftment of this type of membrane on the 
neodermis of arti?cial skin With particular application to 
humans. This invention also relates to fabricated graft mate 
rials. 

[0003] Prompt Wound coverage for protection and stabi 
liZation is essential for the treatment of burns. The 3T3 
cell-feeder layer technique developed by RheinWald and 
Green in the 1970s is the standard method for cultivation of 
autologous epidermal autograft or so-called cultivated epi 
dermal autograft material (“CEA”). A small piece of native 
skin from the patient can be cultured and expanded to 500 
times or more in siZe Within 3-4 Weeks. HoWever, the lack 
of dermis and the fragility of the cultured graft often result 
in unpredictable grafting success rates ranging from 
0%-80%, as reported by Tompkins et al. (1992) and HerZog 
et al. (1991). 

[0004] AllodermTM and IntegraTM are tWo currently popu 
lar examples of human skin substitute commercially avail 
able in the market. IntegraTM, a brand of arti?cial skin is sold 
by Integra LifeScience Corporation of NeW Jersey, USA, 
and has been approved by FDA for use in the USA since 
1996. Arti?cial skin is a bilayer biosynthetic sheet compris 
ing porous collagen-glycoaminoglycan integrated With a 
thin silicone membrane as an outer layer. The use of arti?cial 
skin such as Integra as a biocompatible acellular dermal 
replacement in deep and full-thickness burn Wounds is Well 
knoWn. 

[0005] It has been observed that Within about 14 to 21 days 
folloWing the grafting of Integra, there is full vasculariZation 
of the neodermis formed in the Integra. Thereafter an ultra 
thin split thickness skin graft must be harvested from a donor 
site in order to cover the neodermis immediately after the 
silicone membrane is removed. Substantial research effort 
has been undertaken in the past to determine the possibility 
of reliably grafting CEA on the neodermis, since an effective 
combination of CEA and Integra should eliminate the sec 
ond operative stage, the associated pain and scaring, as Well 
as a need for a second donor site, Which may not be available 
in extensively burned patients. If the grafted CEA does not 
‘take’ on the neodermis of Integra after the silicone mem 
brane is peeled off, it can be replaced by another CEA. 
Whereas, in the conventional application of Integra, another 
split thickness autograft must be harvested from a second or 
even a third donor site. There have been very limited initial 
anecdotal reports on experience With such a combination 
technique, such as Sheridan et al. 1999 and Pandya et al. 
1998. At the 10th Congress of International Society For 
Burn Injuries, November 1998 in Israel, the dif?culties With 
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the conventionally cultured graft anchoring onto the neo 
dermis of Integra Were addressed. The exact reasons for such 
dif?culties remain unknoWn. 

[0006] LaserskinTM material is a thin and pliable biosyn 
thetic membrane comprising a 100% benZyl esteri?ed hyalu 
ronic acid derivative suitable for use as a substratum in the 
groWth of skin cells. The recommendation of the manufac 
turer is to seed human keratinocytes on Laserskin preseeded 
With irradiated 3T3 cells as feeder layer. When folloWing the 
manufacturer’s recommendation, it Was found that, after the 
initiation of the formation of keratinocyte colonies, the 
xenogenic 3T3 cells groWing on the Laserskin Were less 
likely to be Washed aWay than those groWing on a culture 
dish as in the conventional Green’s method during each 
?ushing procedure With phosphate-buffered saline. It is 
believed that the remaining 3T3 cells or debris might have 
sensitiZed the host to xenogenic antigen resulting in undes 
ired late graft rejection. What is needed is a cultivation and 
engraftment procedure With a biocompatible, durable human 
skin substitute. 

Related References 

[0007] The folloWing references, not all of Which are prior 
art for the purposes of a patent application, are hereby made 
of record and incorporated herein by reference for the 
purposes described in this text: 

[0008] 1) RheinWald J, Green H. “Serial cultivation of 
strain of human epidermal keratinocytes: The formation of 
keratiniZing colonies from single cells.” Cell 1975; 6: 331 
344. 

[0009] 2) Tompkins R G, Burke J F. “Burn Wound closure 
using permanent skin replacement material.” World J Sur 
gery 1992; 16: 47-52. 

[0010] 3) HerZog S R, Meyer A, Woodley D, Peterson H 
D. “Wound coverage With cultured autologous kerati 
nocytes: Use after burn Wound excision, including biopsy 
folloW-up.” J Trauma 1991; 28: 195-1999. 

[0011] 4) Yannas I V, Burke J F, Orgill D P, Skrabut E M. 
“Wound tissues can utiliZe a polymeric template to synthe 
siZe a functional extension of skin.” Science 1982; 215: 
174-176. 

[0012] 5) Heimbach D, Letterman A, Burke J et al. “Arti 
?cial dermis for major burns. A multi-center randomiZed 
clinical trial.” Ann Surgery 1988; 208: 313-320. 

[0013] 6) Sheridan R L, Heggerty M, Tompkins R G, 
Burke J F. “Arti?cial skin in massive burns-results at ten 
years.” Eur J Plast Surgery 1994; 17: 91-93. 

[0014] 7) Sheridan R L, Tompkins R G. “Skin substitutes 
in burns.” Burns 1999; 25: 97-103. 

[0015] 8) Pandya A N, WoodWard B, Parkhouse N. “The 
use of cultured autologous keratinocytes With Integra in the 
resurfacing of acute burns.” Plast Reconst Surgery 1998; 
102: 825-828. 

[0016] 9) Hultman C S, Brinson G M, Silitharm S, et al. 
“Allogenic ?broblasts used to groW cultured epidermal 
autografts persist in vivo and sensitiZe the graft recipient for 
accelerated second-set rejection.” J Trauma 1996; 41: 51-60. 
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[0017] 10) Lam P K, King W K, et al. “Development and 
evaluation of a neW composite Laserskin graft” Abstracts of 
the 10th Congress of International Society For Burn Injuries, 
Nov. 1-6, 1998, Jerusalem, Israel, p. 46. 

[0018] 11) Sato T, Kirimura Y, Mori Y. “The co-culture of 
dermal ?broblasts With human epidermal keratinocytes 
induces increased prostaglandin E2 production and 
cyclooxygenase 2 activity in ?broblasts.” J Investigative 
Dermatology 1997; 109: 334-339. 

[0019] 12) Pano R J, Rubin J R, Aaronson S A, Mason R. 
“Keratinocytes groWth factor and hepatocyte groWth factor/ 
scatter factor are heparin-binding groWth factors for alveolar 
type II cells in ?broblast-conditioned medium.” J Clin Invest 
1993; 92: 969-977. 

[0020] 13) Burd D A R, Greco R M, Regauer M T, et al. 
“Hyaluron and Wound healing: a neW perspective.” Br J 
Plast Surgery 1991; 44: 579-584. 

[0021] 14) Feinberg R N, Beebe D C. “Hyaluronate in 
vasoculogenesis.” Science 1983; 220: 1177-1179. 

[0022] 15) Alman D G. Practical Statistics for Medical 
Research Chapman & Hall, London 1991 pp. 211, 260-261. 

[0023] 16) Harris P A, Francesco F di, Barisoni D, Leigh 
I M, Navsaria H A. “Use of hyaluronic acid and cultured 
autologous keratinocytes and ?broblasts in extensive burns.” 
Lancet 1999; 353: 35-36. 

[0024] 17) Myers S R, Grady J, SoranZo C, Sander R, et 
al. “A hyaluronic acid membrane delivery system for cul 
tured keratinocytes: Clinical take rates in the porcine 
Kerato-Dermal model.” J Burn Care Rehabil 1977; 18: 
214-222. 

[0025] 18) Hansbrough J F, Dore C, Hansbrough W N. 
“Clinical trials of living dermal tissue replacement placed 
beneath meshed, split-thickness skin grafts on excised burn 
Wounds.” J Burn Care Rehabil 1992; 13: 519-529. 

SUMMARY OF THE INVENTION 

[0026] According to the invention, autologous cultured 
keratinocytes groWn on a biocompatible substratum are 
engrafted on the neodermis of arti?cial skin covering a 
Wound. Autologous keratinocytes may be cultivated on a 
commercially available membrane such as LaserskinTM 
(available from Fidia Advanced Biopolymers Ltd., Abano 
Terme (PD), Italy) folloWing pre-seeding With autologous or 
allogenic dermal ?broblasts. The resultant composite mate 
rial may then be applied on the neodermis of arti?cial skin 
Which had been previously engrafted on the patient. The 
composite material, and speci?cally Composite Biocompat 
ible Skin Graft (CBSG) material comprises autologous 
keratinocytes and allogenic or autologous dermal ?broblasts 
groWn on the substratum. A method for fabricating the 
composite material includes the application of dermal ?bro 
blasts onto the substratum as a feeder layer and then inocu 
lating autologous keratinocytes on the resultant structure. A 
method for engraftment comprises ?rst applying an arti?cial 
skin With a protective silicone membrane on a Wound area, 

thereby alloWing vasculariZation; folloWing vasculariZation, 
removing the silicone membrane and engrafting the cultured 
composite material onto the vasculariZed arti?cial skin. 

[0027] Human ?broblasts used in the cultivation technique 
according to the invention Were found to achieve a role 
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similar to 3T3 cells in the initiation of keratinocyte colonies 
on Laserskin. Speci?cally, it Was found that the seeding 
ef?cacy of human keratinocytes Was increased to up to 95%. 
CBSG containing autologous keratinocytes and autologous 
dermal ?broblast or allogenic dermal ?broblasts or a com 
bination of autologous and allogenic dermal ?broblasts 
according to the invention, has been successfully applied to 
burn patients Whose Wounds Were previously grafted With 
allografts employing the engraftment techniques according 
to the invention. 

[0028] The purpose of this invention is to simplify burn 
treatment further and eventually to save lives of patients 
having extensive burns Where little or no autologous skin 
grafts can be repeatedly harvested in a short period of time. 
With the inventive technique, all dead skin tissue of a patient 
With extensive burns can be excised Within about three to 
seven days after injury. The Wound can be covered With 
arti?cial skin, such as IntegraTM or any dermal equivalent 
thereof, and only a small quantity of harvested normal skin 
Would be required to initiate skin culture, Which may there 
after be engrafted, according to the invention, on the neo 
dermis of the arti?cial skin, With resultant loWer rejection 
and infection incidences. 

[0029] CBSG material according to the invention offers 
notable advantages. First, the basal proteins (including the 
early basement membrane proteins such as collagen IV and 
?bronectin) of the cultured graft are protected from dispase 
treatment because the keratinocytes are directly cultivated 
on the pliable Laserskin. This is believed to enhance anchor 
age of the cultured keratinocytes on the neodermis of 
Integra. Second, in addition to acting as a feeder layer, the 
dermal ?broblasts in the inventive CBSG material evidently 
produce a number of proteins such as native collagen ?bers 
and ?bronectin Which is believed to facilitate the attachment 
of a cultured graft. Third, the cultured keratinocytes of the 
inventive CBSG can be grafted ?ve to seven days sooner 
than can traditionally-cultured keratinocytes. This is because 
cultured keratinocytes of the inventive CBSG are capable of 
being transferred and grafted at the sub-con?uent or less 
differentiated stage rather than at a later con?uent stage. 
Fourth, since there is minimal need for a donor site there is 
less likelihood of Widespread scarring related to donor site 
harvesting. Fifth, the cultured keratinocytes of CBSG can be 
handled much more easily than the conventional CEA 
during its application on the neodermis of the arti?cial skin. 
FeWer cultured cells are lost or damaged during the transfer 
and application of CBSG. This should improve the success 
rate of the cultured graft. Sixth, the inventive engraftment 
technique can result in higher demand and broader scope of 
clinical applications for arti?cial skin. 

[0030] The invention Will be better understood by refer 
ence to the folloWing detailed description in connection With 
the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] FIG. 1A-1C are schematic diagrams of cross 
sections of Type A, B and C embodiments of a cultured graft 
material according to the invention. 

[0032] FIG. 2A-2C are schematic diagrams of cross 
sections of skin grafts illustrating the engraftment technique 
according to the invention. 
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DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

[0033] FIG. 1A, is What is herein termed a Type A 
composite skin graft material. In a speci?c embodiment it is 
formed by cultivating autologous keratinocytes on a com 
mercially-available biosynthetic substratum 14 of a deriva 
tive of benZyl esteri?ed hyaluronic acid. On the basal side 
and on the upper side of the substratum 14 layers of dermal 
?broblasts 12 are seeded and groWn. Over the dermal 
?broblasts 12 of the upper side, a layer of autologous 
keratinocytes 10 is groWn. The keratinocytes 10 are har 
vested from the target donor patient. The dermal ?broblasts 
can be autologous or allogenic. 

[0034] FIG. 1B is a Type B composite skin graft material. 
In a speci?c embodiment it is formed of a cultivation of 
autologous keratinocytes on commercially-available biosyn 
thetic substratum 14. On the upper side of the substratum 14 
there is a layer of dermal ?broblasts 12. Over the dermal 
?broblasts 12 of the upper side is a layer of autologous 
keratinocytes 10. The dermal ?broblasts can be autologous 
or allogenic. 

[0035] FIG. 1C is a Type C composite skin graft material. 
Originally intended as a control, it is, in a speci?c embodi 
ment, formed of a cultivation of autologous keratinocytes on 
substratum 14. On the upper side of the substratum 14 there 
is merely a layer of keratinocytes 10. 

[0036] FIG. 2A is an illustration of a ?rst stage in an 
engraftment method according to the invention. In FIG. 2A 
there is a Wound bed 26 of a patient on Day Zero prior to the 
commencement of treatment. An arti?cial skin substrate 20 
is applied upon the Wound bed 26. The arti?cial skin 
substrate 20 has a basal side and an upper side. It comprises 
a layer 24 of collagen-glycoaminoglycan on its basal side, 
thus in a position to be juxtaposed to the Wound bed 26. A 
covering membrane 22 of silicone is on the opposing upper 
side of the substrate 20. For a period of about fourteen days 
to about tWenty-one days, the Wound bed remains covered in 
order to alloW vasculariZation of the neodermis. Referring to 
FIG. 2B, at this point, the silicone membrane 22 is removed 
from the vasculariZed neodermis of arti?cial skin 24‘ in 
preparation for immediate further treatment. Referring to 
FIG. 2C, one of Type A, B or C composite skin graft 
material 28 is engrafted on the layer 24‘. In the speci?c 
embodiment, the material 28 comprises a substratum 34 
having thereon autologous cultivated keratinocytes 30 of the 
donor patient, typically having thereunder on the substratum 
a layer of dermal ?broblasts 32, depending on the type of 
graft material 28. 

[0037] The folloWing is a detailed discussion of the mate 
rials and results of actual clinical experiments. 

[0038] Laserskin 

[0039] Laserskin is a biosynthetic biocompatible substra 
tum for keratinocyte cultivation according to the invention. 
It is a form of thin and pliable biosynthetic membrane 
comprising a 100% benZyl esteri?ed hyaluronic acid deriva 
tive. Laserskin is commercially available from Fidia 
Advanced Biopolymers Ltd., Abano Terme (PD), Italy. 
Laserskin Was found to be useful to the inventors’ experi 
ments, although its preparation and application are not done 
according to the manufacturer’s conventional instructions. 
There is nothing to preclude the use of compatible 
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bioequivalents or human skin substitutes Would also Work in 
a similar fashion With the inventive CBSG. 

[0040] Keratinocyte and Fibroblast Culture Sources 

[0041] In the speci?c experiments undertaken, human 
keratinocytes and ?broblasts Were derived from human 
foreskin obtained from circumcision for the human part of 
study. Rat keratinocytes and ?broblasts Were obtained from 
Spraque DaWley rat (body Weight, 400-450 gm). The pri 
mary cultures of human and rat keratinocytes Were groWn on 
mitomycin C-treated 3T3 feeder layer. The secondary and 
tertiary cultures of human keratinocytes Were maintained in 
de?ned keratinocyte groWth medium (Gibco), Whereas rat 
keratinocytes Were continuously groWn on 3T3 feeder layer. 
Fibroblasts Were cultivated in DMEM supplemented With 
10% FBS. 

[0042] Comparison of Seeding Ef?cacy of Human Kera 
tinocytes on Laserskin 

[0043] Human dermal ?broblasts and 3T3 cells Were 
groWn separately on Laserskin With DMEM supplemented 
With 10% FBS. At sub-con?uency, the 3T3 cells Were treated 
With mitomycin-C (4 mg/ml) for 2 hours at 37° C., Whereas 
the human ?broblasts Were not treated. Human keratinocytes 
Were seeded (3><104 cells/cm2) on top of the Laserskin either 
pre-seeded With 3T3 cells or human ?broblasts. The kera 
tinocyte suspension Was instilled and concentrated on the 
Laserskin surface (0.5 ml/cm2). Thirty minutes after seed 
ing, DMEM supplemented With 10% FBS, insulin (4 
mg/ml), cholera toxin (6 ng/ml), and EGF (10 ng/ml) (per 
RheinWald et al. 75) Were added to the culture. 

[0044] In a control run, human keratinocytes Were also 
seeded on top of plain Laserskin (FIG. 1C). Ef?cacy Was 
exhibited as hereinafter noted. After incubation at 37° C. in 
a humidi?ed atmosphere With 5% CO2 for 24 hours, the 
non-seeded keratinocytes on the Laserskin Were gently 
rinsed off With PBS. The cells Were then counted With a 
hemocytometer. In order to quantify the number of ?bro 
blasts or 3T3 cells detached together With the non-seeded 
keratinocytes during the Washing of the Laserskin, the 
Laserskin Without keratinocytes but seeded With equivalent 
number of 3T3 cells or ?broblasts Were included as control. 

[0045] Comparison of Seeding Efficacy of Rat Kerati 
nocytes on Laserskin 

[0046] The seeding of rat keratinocytes on Laserskin Was 
performed according to a technique essentially the same as 
the seeding of human keratinocytes. Rat ?broblasts Were 
used to replace the human ?broblasts. 

[0047] Preparation of CBSG Graft for Use on Full-Thick 
ness Wounds 

[0048] Three different types of composite skin graft 
(CBSG) materials Were compared and tested in animals, 
speci?cally laboratory rats. Type A CBSG consisted of 
allogenic rat ?broblasts seeded onto the basal side of a 
Laserskin substratum. The ?broblasts Were stimulated to 
produce collagen and other proteins by feeding the ?bro 
blasts With DMEM supplemented With 10% FBS and 50 cm 
ascorbic acid. After ten days, the Laserskin substratum Was 
turned over and the upper side Was seeded With ?broblasts. 
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The ?broblasts on both sides Were then fed With DMEM 
supplemented With 10% FBS. When the ?broblasts on the 
upper side became sub-con?uent, rat keratinocytes Were 
seeded (3><104 cells/cm2) on top of the upper surface of 
CBSG material. The cells Were fed With DMEM supple 
mented With 10% FBS, insulin (4 mg/ml), cholera toxin (6 
ng/ml), EGF(10 ng/ml). The keratinocytes became sub 
con?uent and Were ready for grafting after only four to six 
days. 

[0049] TWo further types of CBSG materials Were pre 
pared. In Type B CBSG materials, the ?broblasts and 
keratinocytes Were groWn only on the upper side of the 
substratum. In Type C CBSG, keratinocytes alone Were 
seeded on the upper side. As Will be evident hereafter, all 
three types had a demonstrable ef?cacy. 

[0050] Grafting Procedures 

[0051] Using tWenty Spraque DaWley rats for the experi 
ment, three separate full-thickness Wounds, 2 cm in diameter 
each, Were created on the dorsal area of each animal. The 
CBSG sheets Were rinsed thoroughly With sterile PBS in a 
culture dish. They Were lifted from the culture dish and 
placed directly on the Wound so that the basal side of the 
CBSG Was in contact With the Wound. Non-adherent dress 
ing Was placed over the graft site. Each animal Was 
engrafted With the three different types of CBSG materials. 
The migration of the epithelium from the cut Wound edge 
Was prevented by application of a polypropylene ring. The 
entire dressing Was protected With porous thermal plastic. 
All grafts consisted of autologous keratinocytes and allo 
genic dermal ?broblasts. 

[0052] Data Analysis 

[0053] The ‘take’ rate of the CBSG materials Was ana 
lyZed With the Fisher Exact Test using Stat Xact (version 
2.05). In multiple comparisons, the p values Were further 
adjusted by the Bonferron method (i.e., multiplying the p 
value obtained from each test by k paired comparisons) in 
order to account for the so called ‘serial t test’. 

[0054] Results 

[0055] TWenty-four hours after the seeding on the CBSG 
substratum, the non-viable and unseeded keratinocytes Were 
carefully Washed aWay and concentrated for counting. There 
Were no detectable 3T3 cells or ?broblasts detached from the 
Laserskin during the Washing procedure. The seeding ef? 
cacy of keratinocytes Was calculated as: 

[Total keratinocytes count(before seeding) — 

non- seeded keratinocytes] 

Total keratinocytes count(before seeding) X100% 

[0056] It is evident that the selected type of CBSG sub 
stratum provided a suitable culture template for the in vitro 
proliferation of keratinocytes. On a plain Laserskin substra 
tum, human keratinocytes shoWed a mean seeding ef?cacy 
of 75%. These human keratinocytes had a 95% seeding 
ef?cacy on Laserskin populated With human ?broblasts and 
a 98% on 3T3 cell-seeded Laserskin (Table 1). Rat kerati 
nocytes had a seeding ef?cacy of 36% on plain Laserskin. 
The respective seeding ef?cacies of rat keratinocytes on 
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3T3/Laserskin and on allogenic ?broblasts/Laserskin Were 
91% and 88%. The seeding ef?cacies of human/rat kerati 
nocytes groWing on 3T3 cell/Laserskin or on allogenic 
?broblasts/Laserskin Were signi?cantly (p<0.001) better 
than those seeded on plain Laserskin, as noted in the Fisher 
Exact Testing using Stat Xact (version 2.05) statistical 
package. 

[0057] It is believed that human/rat ?broblasts could 
achieve a role similar to that of the 3T3 cells in enhancing 
the seeding ef?cacies of keratinocytes groWing on Laserskin 
With respective p values of 0.445 and 0.646 using the same 
statistical package. 

[0058] The optical transparency of the Laserskin alloWed 
regular inspection of the grafted Wound bed as it healed. 
Skin biopsies Were taken from the center of the grafted area 
of the subject. It Was observed that the polypropylene ring 
prevented the migration of epithelium from the Wound edge 
as no epithelial cell Was found in the control rat Wound 
sutured With polypropylene ring alone up to day 21. In 
sixteen out of the tWenty (80%) animal Wounds covered With 
Type A CBSG, the keratinocytes formed a multi-layered 
epithelium that had a basal layer in contact With underlying 
connective tissue. The undersurface of epidermis did not 
shoW rete. Fibrovascular ingroWth of connective tissue into 
the Laserskin Was observed. Eight (40%) of the Type B 
CBSG sites and seven (35%) of the Type C CBSG sites 
shoWed re-epitheliaZation. Histologically there Was no 
observable epithelium in 3 (15%), 10 (50%), and 12 (55%) 
of the grafted CBSG sites of Types A, B and C respectively 
(Table 2). 
[0059] The graft take rate of Type A CBSG Was found to 
be signi?cantly higher than those of Types B and C CBSG 
in the Fisher Exact Test/Bonferron method analysis With 
respective p values of 0.0419 and 0.018. There Was no 
signi?cant difference (p>0.1) of the graft take rate betWeen 
Types B and C CBSG(table 2). Infection occurred in only 
one (5%) animal With a Type Aor C CBSG graft and in tWo 
(10%) animals With a Type B CBSG graft. 

[0060] A preliminary clinical trial of CBSG Was also 
conducted on tWo human burn patients (designated CLB & 
CKT). Three out of the ?ve (60%) grafted Wounds in patient 
CLB developed strati?ed epithelium (Table 3). The other 
tWo grafts Were lost because of the bacterial coloniZation at 
the adjacent tissues. All three skin biopsies from patient 
CKT shoWed complete epitheliZation With primitive rete 
ridge formation. There Was no severe immunologic reaction 
to the allogenic ?broblasts in these tWo patients or in the 
animal experiments. Clinically, the CBSG grafts Were 
durable. All grafts Were histologically con?rmed as a ‘take’ 
at tWo Weeks, and they remained clinically intact on the 
recipient Wound at eight Weeks post-grafting. No further 
biopsies Were taken of the patients. 

[0061] Discussion 

[0062] Problems encountered in cultivation of kerati 
nocytes on Laserskin type material can be attributed to 
limited experience on this neW product. Hyaluronic acid is 
a mucopolysaccharide With alternating [31-3 glucuronidic 
and [31-4 glycosaminidic bonds. Laserskin mainly consists 
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of 100% benZyl esteri?ed hyaluronic acid. A Weak electro 
static association exists between the keratinocytes and the 
Laserskin. Since the volume and surface area of human 
keratinocytes differ from those of rat keratinocytes, there is 
a variation of charge density of tWo cell populations. Con 
sequently they have different seeding efficacies on plain 
Laserskin. The species-speci?c difference Was abolished by 
cultivating keratinocytes on 3T3 cell/Laserskin because 3T3 
cells Were the dominant factors in?uencing keratinocyte 
attachment on Laserskin. 

[0063] The seeding efficacies of human and rat kerati 
nocytes (3><104 cells/cm2) Were 75% and 36% respectively 
on plain Laserskin. The manufacturer recommends seeding 
the human keratinocytes on Laserskin pre-seeded With irra 
diated 3T3 cells. Good seeding ef?ciencies of 98% (human 
keratinocytes) and 91% (rat keratinocytes) Were demon 
strated on Laserskin With Mitomycin-treated 3T3 cells. In 
Green’s method, keratinocytes are seeded on a 3T3 cell 
feeder layer which alloWs a rather loW seeding density of 
6-10><10 cells/cm2 for the primary culture. Asmaller seeding 
density of 2-5><104 cells/cm2 is feasible for the secondary 
and tertiary cultures. The utility of cultured epidermal 
autograft groWn on culture dish using Green’s feeder layer 
technique is limited by the persistent 3T3 ?broblasts Which 
sensitiZe the host to Xenogenic antigen resulting in late graft 
rejection. The 3T3 cells Were found less likely to be Washed 
aWay from the Laserskin. HoWever, allogenic ?broblasts can 
achieve a similar role as 3T3 cells in initiation of kerati 
nocyte colonization on Laserskin. 

[0064] It is evident that the CBSG material consisting of 
cultured keratinocytes and dermal ?broblasts is a good 
human skin substitute for freshly excised full-thickness 
Wounds Which Were previously grafted With allografts. 

TABLE 1 

Mean Seeding E?icacies of Human and Rat Keratinocytes 
on Laserskin. 15 determinations Were made. Seeding 

e?icacies of human/rat keratinocytes Were signi?cantly 
improved by 3T3 cells/?broblasts (p < 0.001). 
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[0066] 

TABLE 3 

Preliminary Clinical Trials on Composite Biocompatible Skin Graft. 

Grafted sites Graft Histology 

Left hand (2) v v 
Patient CLB Left arm X 

Left forearm v 
Left shoulder X 

Patient CKT Left arm v 

Left forearm (2) v v 

‘v’ = ‘take’; 
‘X’ = ‘not take’ 

[0067] Attempts Were made to graft freshly harvested 
epidermis onto the neodermis of Integra in animal experi 
ments. The dermal-epidermal separation Was performed 
With dispase. The epidermal graft Was not easily ‘taken’ by 
the neodermis Whereas thin split thickness autografts readily 
incorporated on the neodermis as in many clinical applica 
tions. It is believed that the presence of ?broblasts in the 
dermis of the thin autograft may play an essential role in the 
keratinocyte attachment and its proliferation on the neoder 
mis. It Was observed that, during Wound healing, cell-cell 
interactions betWeen epidermal keratinocytes and dermal 
?broblasts contributed to the organiZation of epidermis. 
Prostaglandin E2 (PGF2) is considered to be involved in the 
proliferation and differentiation of keratinocytes. The pro 
duction of PEG2 Was enhanced in the co-culture of kerati 
nocytes and ?broblasts, Whereas the PEG2 production Was 
negligible in monolayer cultures of keratinocytes or ?bro 
blasts. The ?broblasts also produced tWo soluble heparin 
binding groWth factors such as keratinocyte groWth factor 
and hepatocyte groWth factor/scatter factor that promote 
DNA synthesis and proliferation of keratinocytes. 
[0068] The combination of the inventive CBSG material 
including keratinocytes and dermal ?broblasts and Integra 
arti?cial skin Was applied to a 28-year old man With eXten 
sive hypertrophic burn scars and neck contracture. Multiple 
Wounds from scar eXcision With a total area of approxi 

Kegg?nytes Rat keratinocytes mately 250 cm2 Were covered With Integra. At the same time 
_ _ a skin biopsy Was taken for keratinocyte culture. TWo Weeks 

Flam Lasers?“ 75% 36% later, the top silicone layer of the arti?cial skin Was removed. 
Laserskm With 3T3 cells 98% 91% . . . . . 

Laserskin With human ?broblasts 95% _ The neodermis of the arti?cial skin was then covered With 
Laserskin with rat ?broblasts _ 88% the CBSG. At Days 6 and 14 after the application of CBSG, 

biopsies Were taken from center of one of the Wounds. The 
histology at Day 6 shoWed early epitheliZation With a feW 

[0065] squamous epithelial cells settling on top of the scaffolds of 

TABLE 2 

Evaluation of Composite Biocompatible Skin Graft on Animals 
Type A CBSG had a higher graft take rate than types B & C 

With respective p values of 0.0419 and 0.018. 

Type A(N = 20) Type B(N = 20) 
Keratinocytes + Keratinocytes + Type C(N = 20) 
Fibroblasts on Fibroblasts on Keratinocytes 

Results both sides upper side alone 

Grafted epithelium observed 16 (80%) 8 (40%) 7 (35%) 
No epithelium observed 3 (15%) 10 (50%) 12 (55%) 
Infection 1 (5%) 2 (10%) 1 (5%) 
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Integra and Laserskin. Most of the epithelium were single 
layer ?attened squamous cells. The biopsy taken on Day 14 
showed a viable 2- to 4-cell-thick squamous epithelium with 
minimal in?ammation. The wounds were completely epi 
theliZed within four weeks of the application of the CBSG. 
Biopsies taken from other wounds showed similar ?ndings. 

[0069] The invention has now been eXplained with refer 
ence to speci?c embodiments. Other embodiments will be 
evident to those of ordinary skill in the art. It is therefor not 
intended that this invention be limited, eXcept as indicated 
by the appended claims. 

What is claimed is: 
1. A method for cultivation of graftable skin comprising: 

growing a layer of dermal ?broblasts upon at least an 
upper side of a biosynthetic substratum of a derivative 
of benZyl esteri?ed hyaluronic acid; and, after said 
dermal ?broblast layer becomes at least sub-con?uent, 

growing a layer of keratinocytes over said dermal ?bro 
blasts upon said upper side of said substratum to form 
a composite skin graft material, said keratinocytes 
being harvested from a target donor patient. 

2. The method according to claim 1 wherein said dermal 
?broblasts are allogenic. 

3. The method according to claim 1 wherein said dermal 
?broblasts are autologous. 

4. A method for cultivation of graftable skin comprising: 

growing a ?rst layer of dermal ?broblasts upon a ?rst 
basal side of a biosynthetic substratum of a derivative 
of benZyl esteri?ed hyaluronic acid; 

growing second layer of dermal ?broblasts upon a second 
upper side of said biosynthetic substratum; and 

after said second dermal ?broblast layer becomes at least 
sub-con?uent, growing a layer of keratinocytes over 
said dermal ?broblasts upon said upper side of said 
substratum to form a composite skin material, said 
keratinocytes having been harvested from a target 
donor patient. 

5. The method according to claim 4 wherein said dermal 
?broblasts are allogenic. 

6. The method according to claim 4 wherein said dermal 
?broblasts are autologous. 

7. A method for cultivation of graftable skin comprising: 

growing a layer of keratinocytes upon an upper side of a 
substratum of a biosynthetic substratum of a derivative 
of benZyl esteri?ed hyaluronic acid to form a composite 
skin graft material, said keratinocytes having been 
harvested from a target donor patient. 

8. A graftable skin material compromising a composite of: 

a biosynthetic substratum of a derivative of benZyl esteri 
?ed hyaluronic acid; 

a layer of dermal ?broblasts upon at least an upper side of 
said biosynthetic substratum; and 

a layer of keratinocytes over said dermal ?broblasts upon 
said upper side of said substratum, said keratinocytes 
having been harvested from a target donor patient. 
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9. The material according to claim 8 wherein said dermal 
?broblasts are allogenic. 

10. The material according to claim 8 wherein said dermal 
?broblasts are autologous. 

11. A graftable skin material comprising a composite of: 

a biosynthetic substratum of a derivative of benZyl esteri 
?ed hyaluronic acid; 

a ?rst layer of dermal ?broblasts upon a ?rst basal side of 
said biosynthetic substratum; 

a second layer of dermal ?broblasts upon a second upper 
side of said biosynthetic substratum; and 

a layer of keratinocytes over said dermal ?broblasts upon 
said upper side of said substratum, said keratinocytes 
having been harvested from a target donor patient. 

12. The material according to claim 11 wherein said 
dermal ?broblasts are allogenic. 

13. The material according to claim 11 wherein said 
dermal ?broblasts are autologous. 

14. A graftable skin material comprising: 

a substratum of a biosynthetic substratum of a derivative 
of benZyl esteri?ed hyaluronic acid; and 

a layer of keratinocytes upon an upper side of said 
substratum, said keratinocytes having been harvested 
from a target donor patient. 

15. A method for grafting a graftable skin material com 
prising the steps of: 

applying an arti?cial skin substrate upon a wound bed of 
a recipient patient; said arti?cial skin substrate com 
prising a layer of collagen-glycoaminoglycan on a 
basal side to be juxtaposed to said wound bed and a 
covering membrane of silicone on an opposing upper 
side; 

allowing a suf?cient time to form a vasculariZed wound 
bed under said collagen-glycoaminoglycan; thereupon 

removing said silicone membrane; and thereupon 

applying a basal side of a sheet of cultivated skin material 
over said collagen-glycoaminoglycan, said cultivated 
skin material comprising at least a layer of kerati 
nocytes upon an upper side of a substratum, said 
keratinocytes being harvested from a target donor 
patient. 

16. The method according to claim 15 wherein said 
cultivated skin material further comprises a layer of dermal 
?broblasts upon at least an upper side of a biosynthetic 
substratum and wherein said layer of keratinocytes is over 
said dermal ?broblasts. 

17. The method according to claim 16 wherein said 
cultivated skin material further comprises a layer of dermal 
?broblasts upon said basal side of said biosynthetic substra 
tum. 


