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Skin loss occurs in diverse clinical situations including burns, trauma, leg ulcers, skin
diseases including epidermolysis bullosa and surgical wounds. Small skin lesions usually
heal spontaneously, but epidermal replacement is often required in large, persistent defects,
The conventional technique of covering skin defects is by use of full- or split- thickness skin
grafts. These skin grafts are composed of epidermal and dermal components.

Over the past 16 years culture techniques have been devised to grow the keratinocyte
component of the epidermis to form confluent stratified sheets to be used as keratinocyte-
allografts or autografts (1, 2). These keratinocyte grafts, derived from small biopsy
specimens. and expanded a few hundred times, can be used to cover the skin defects caused
by burns, chronic leg ulcers, trauma and cellulitis induced defects, as well as surgical
fasciotomy induced defects.

l.l.1 Architecture of the epidermis

The epidermis consists of multiple layers of keratinocytes. Mitosis occurs mainly in the
basal layer, which rests on the basement membrane. Mitoses are also known to occur in the
suprabasal cells, since extremely thin slices of epidermis taken above the basal layer from the
sole of the foot or the palm of the hand, take after grafting (3).

As the basal keratinocytes divide and differentiate, they are pushed upwards to the more
superficial layers of the epidermis. They progressively enlarge, lose their nucleus and most
cytoplasmic constituents and when reaching the most superficial layer, are no more than
squames containing mainly keratin. The accumulated layers of terminally differentiated cells
at the surface of the epidermis protect the underlying living layers from desiccation and
mechanical damage (4).

One is able to identify three different zones of suprabasal keratinocytes in histological



sections of epidermis, Cells in the spinous layers are larger than cells in the basal layer and
have abundant desmosomes. In the granular layer, the cytoplasm of keratinocytes contain
keratinohyalin granules, thought to be involved in the aggregation of filamentous protein
aggregates. In the outer cornified layers, the cells have lost their nuclei and cytoplasmic
organelles. These cells are full (If involucrin and keratin filaments and contain an insoluble
protein envelope, about 12nm thick, which is closely opposed to the inner surface of the
plasma membrane (5).

The first attempts in growing skin in the laboratory involved organ culture (6) and explants
(1,7 - 9). From the explant bathed in culture medium, keratinocytes grew down and over the
surface of the culture dish. This was followed by stratification and differentiation, The main
disadvantages here were that the explants did not produce confluent stratifiee keratinocyte
sheets for grafting and the fibroblasts derived. from the explants, competed with the
keratinocytes for surface space on the culture dish.

1.1.2 The morphology of cultured keratinoeyte grafts

Keratinocytes grown to confluence on plastic are found to consist of a sheet of up to 12 cell
layers lacking the dear histological division into strata of a normal epidermis. The basal
cells are flat as are those of the intermediate layers which show occasional keratohyalin
granules and a few membrane coated granules. Desmosomes are present between the cells
and microvillous processes on all cell surfaces except the attachment face of the basal layer.
In the upper layers there are anucleated cells with thickened cell envelopes but a stratum
corneum is absent (10 - 12), Langerhans cells are absent whilst melanocytes survive and
proliferate in culture with keratinocytes (13). Keratinocytes play an active role in inducing
melanocyte growth (14).

1.1.3 Keratlnocyte immunohistochemistry

Immunohistochemical studies have shown the presence of bullous pemphigoid antigen on the
basal aspect of the basal cells but the absence of other basement membrane components. such
as laminin, type IV and type vn collagens and epidermolysis aquista antigen (10). Aubock
(11) showed the presence of pemphigus, bullous pemphigoid and HLA class I antigens and
involucrin (an envelope protein). Surprisingly, vimentin, a mesenchymal marker, was found
in the basal cells of the cultured epidermis, Compton (15) showed the existence of electron
dense zones on the basal plasma membrane resembling immature hemidesmosomes, After



detachment from the culture flask.Iarge membrane bound blebs developed in their place.

Neonatal foreskin bas 50 - 60 population doublings before senescence. The older the donor,
the fewer doublings can the keratinocytes undergo in culture (16). The cell cycle time of
normal skin keratinocytes in vivo varies from 50 hours to more than 300 hours (17). In
culture, the doubling time is more rapid in addition to a higher growth fraction (77%) being
present compared to either normal or hyperproliferative skin
(18).

To what extent do, the age of the donor, me cell type, the preparation of the keratinocytes for
culture, the growth factors and the growth medium used all play a role with respect to
keratinocyte growth potential and ultimately their ability to form confh.l"'~.. stratified
epidermal sheets. These factors and others were investigated and the data analysed.

1.1.S The application of keratlnoeyte sheets

A major application of keratinocyte sheets is in the treatment of extensive (more than 40%
bum surface area (BSA», full thickness burns. Keratinocyte sheets can complement other
areas grafted with split thickness skin graft (SSG), in cases where not enough SSG is
available. To date, results using keratinocyte grafts have been variable (19 - 23).

The use of keratinocyte sheets in burns has been extended to covering partial thickness bums
and SSG donor sites. The rationale behind this ~s that the keratinocyte grafts speed up
healing at these sites. Innovative ways of using these cultured grafts in treating bum patients
is proposed and the results presented in this dissertation. Also an overall methodology with
respect to the application of the cultured keratinocyte sheets to skin defects irrespective of
aetiology is proposed and has been tested.

Chronic indolent leg ulcers have been treated in various ways in an attempt to obtain healing.
Application. of various antiseptic solutions and dressings has been the mainstay of long term
conservative management. The cause should be found and treated appropriately, if possible.
Split thickness skin grafts have been the surgical treatment of choice. This method has not
always proved successful due to poor tissue perfusion and sepsis. An alternate surgical
approach is the application of cultured keratinocyte allografts. These are applied to a healthy



clean wound bed in combination witt) leg elevation and leg protection. Various researchers
have applied these keratinocyte sheets w:k..~ falrly good rezults
(24 - 27). Do these allograft keratinocytes covering the defect remain there indefinitely or
are they replaced by the patients own keratinocytes? The solution to this question has been
elucidated in this dissertation. Is it possible to predict with any degree of accuracy the length
of time that an ulcer of a specific size will heal following the application of a cultured
keratinocyte sheet? T'ris possibility has been investigated here.

1I.~1.6Composite grafts

Keratinocyte sheets only replace the lost epidermis; but what of the dermal component? An
extension of keratinocyte culture is the recent development of dermal equivalents, forming
complex cultures in order to mimic skin. This is an attempt to reduce contractures and make
for a more stable graft. Various substances such as bovine collagen (28), chondroitin - 6 -
sulphate (28) and human types 1 and 3 collagen (29) have been tested. The problem appears
to be durability following application to the wound bed. The keratinocyte sheet, requiring
nutrients, may be required to be applied after the dermal equivalent has first become
vascularised, A model for a composite graft is proposed and discussed.

1.1:1 Ai

a} The culturing of confluent stratified epidermal sheets in the laboratory which are able
to be used as substitutes for skin grafts in extensive burns and other conditions
resulting in skin loss.

b) To bring cultured keratinocyte sheets to the patient in an academic hospital in South
Africa.

c) The most appropriate method of application of a cultured. keratinocyte sheet to an
area of skin loss, irrespective of aetiology that will result in visible skin formation,
thus speeding up healing of the skin defect.

d) The ultimate aim is to create a technology that is reproducible, simple. giving
maximum benifit to the patient and thus reducing patient morbidity and mortality and
being cost effective.



e) To improve on existing skin equivalents, such as the addition of a dermal component.
Choosing the most appropriate substance as a dermal component, which will produce
a durable, effective and cosmetically acceptable composite graft, ultimately obviating
the need to harvesting large areas of the padent's own skin for the provision of skin
for skin cover.

The specific conditions to which these confluent stratified keratinocyte sheets were applied
include extensive and small full thickness burns and chronic leg ulcers of various aetiologies.
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In 1975, Rheinwald and Green (1) successfully cultured keratinocyte sheets from single cell
suspensions. The cells, derived from trypsinlzed skin biopsy specimens, are grown in
Dulbeco's Minimum Essential medium, Ham's F12 medium (in a ratio. of 1:1), bovine calf
serum and VariDUS mitogens, Boyce and Ham (2), using serum free medium and Bovine
Pituitary Extract also produced uniformly confluent stratified keratinocyte sheets. Using
either of the above methods, one can expand a 1cm2 skin biopsy specimen to. 2m2 of cultured
epithelium within about 6 weeks,

These keratinocyte grafts 'Orcultured epidermal grafts can be used as auto grafts or allografts
in the treatment of a number of skin conditions resulting in skin lDSS. They include bums,
chronic l"~gulcers, degloving injuries and following removal of giant congenital naevi, to
name but a few.

2.1.11. The regulation of epidermal ccli proliferation

The epidermis can be used as a model to investigate certain basic processes which are found
in all regenerating tissues. There appears to.be 2 different types Df dividing keratinocytes, as
seen by analysing cell kinetics of murine epidermis. One of the types, the stem cell, has the
capacity for unlimited proliferation. These stem cells can either give rise to other stem cells
Dr else to the second type of keratinocytes, called transit amplifying cells. These transit
amplifying cells are programmed to undergo. terminal differentiation after a finite number of
rounds of division
(5),

Proliferation in the epidermis depends not only on the nature 0.1' the dividing cells, but also
upon the external signals to. which they respond (30). Various growth factors have been
found which influence the growth and proliferation of keratinocytes (31, 32). These factors
include transferrin, insulin, triiodothyronine, epidermal growth factor, hydrocortisone and
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cholera toxin (32, 33). Fibronectin, derived from 3T3 murine fibroblasts, acting as feeders
(1), cause the spreading of cells as well as strengthening the attachment of adjacent
kerarinocytes (34).

Cholera toxin increases the proportion of small cells in the colonies (33), but does not appear
to speed up the time taken for confluence to occur (unpublished findings). Epidermal growth
factor (EGF) and the structurally related polypeptide, transforming growth factor alpha
(TFG-&), both increase the life-span of keratinocytes (by affecting cell division and
maturation), and stimulate the lateral migration of the peripheral zone of dividing cells in
expanding colonies (34). Growth factor stimulators, some as yet unidentified, are found in
Bovine Pituitary Extract (35), (most notably type Il basic fibroblast growth factor), bovine
calf serum and in medium conditioned by 3T3 murine fibroblast feeder cells (1). Human
keratinocyte growth factor (KGF), derived from fibroblasts, appears to exert a paracrine
effect on adjacent epithelial cells, resulting in their proliferation (36, 37).

Keratinooytes not only respond to growth regulating molecules, but they also express them,
Coffey et aI. (31) showed that cultures of normal human keratinocytes synthesize TGF~~ .
The addition ofEGF or TGF·a to the medium induces TOP-a gene expression (31). TGF-a
is present in and secreted by all living layers of normal epidermis (31).

2.1.2 Differentiation of keratinevyte grafts in vitro and ill] vivo

Keratinocyte differentiation can be determined from their expression of keratin filament
proteins, envelope proteins (involucrin) and membrane glycoproteins (38), Keratins are
major structural proteins of all epithelial cells which are the most invariable characteristic of
the epithelial cell type (39). 19 distinct keratin polypeptides are expressed in man, which are
divided into type I and type II classes based on their molecular weight and iso-electric point.
The keratin profile of a tissue is closely related to its differentiated state (39).

In keratinocytes cultured in plastic, 1<.1and 10 expression is reduced suprabas ally but
expression of hyperproliferation keratin 6 and 16 is induced (12, 40). Some cells also
express simple epithelial keratins (15, 40); some of these cells may be appendageal cells in
the culture. Mucosal keratins 4 and 13 are also found. The cornified envelope protein
precursor, involucrin, a marker of cellular differentiation, expressed in the upper cell layers
in skin, is found in the epibasal layer in keratinocyte cultures (12).



As one has seen above, the following major factors affect keratinocyte growth potential in
vitro
a)
b)
c)

The age of donor.
Cell type and shape (41,42,43).
Growth factor stimulates and growth factor depressants synthesized. by other cells or
by keratinocytes themselves.
The time at which markers of cellular differentiation (e.g, Involucrin) are produced
resulting in the maturation and terminal ditferenriatlon of the keratinccytes (44).
Cell size with respect to differentiation (45).

d)

e)
t)
g)

The time interval between harvesting and the jn1t'atio'
The growth medium used.

""'!a...•

Some of these factors were investigated and the data analysed, There does "'\ot appear to be
any comparative studies comparmg keratinocytes obtained from neonatal and older donors,
Is there a significant difference in their growth rites? Although it has been found that certain
growth factors appear to enhance multiplication and spreading of keratinocytes in culture, are
they all necessary? Professor H. Green, himself, admits that EOF lz not entirely necessary
for culturing keratlnocytes in order to form confluent stratified sheets. Cholera toxin also
does not significantly reduce the time interval between monoclonal colony formation and
confluence (unpublished findings).

Ale antibiotics and fungicides added to contaminated cultures, effective not only in killing
the contaminant but also in not diminishin~ the growth potential of the keratinocytes? Do
keratinooytes obtained from primal), cultures have a faster growth rate compared to
keratinocytes obtained from skin biopsy specimens? Does monoclonal colony appearance
depend upon the time of harvesting to culturing? In this study one has attempted to answer
these questions and pose a few more.

The methodology of obtaining and culturing keratinocytes is similar to that described by
Rheinwald and Green (1). This is summarized below and specific modifications are
included.



A site for full thickness donor skin measuring 2 - 4 cm~ (figure 1) was chosen in the case of
the burn patitmt (appendix II B). Allograft skin was obtained from neonatal 0.1' young adult
circumcisions (appendix II A) and excess skin from certain plastic surgical procedures, .such
as. breast reductions, Either a blood sample or a suspension of cultured keratinocytes derived.
from a particular donor, in the case of allografts, was tested for the presence of, or antibodies
directed against the Human Immunodeficiency virus and the Hepatitis B virus (appendix
Vlll), Only cell lines testing seronegative for both viruses were used Mallografts.

2.2.2 Processing of skin specimen

The skin specimen was placed in a bacterial petri dish and excess fascia was removed with
the aid of. fine toothed forceps and a scalper blade. Within 2 hours of harvesting, the skin
specimen was placed in a petri dish containing 0.17% trypsin and incubated at 37QC in a
carbon dioxide incubator for 20 - 40 minutes; or at 4QC in a fridge over night The
epidermis separated from the dennis at the level of the stratum basale (figure 2). With the
aid of zurved glass pipettes 5 - 10 X 103 basal cells/ml were scrapped off and placed into a
culture dish containing growth medium solution, (DItAEM: Ham's F12, 1:1, and 10% bovine
calf IV. um) (appendix I A) and mitomycin treated murine fibroblast feeder cells, (appendix I
B), (figure 3). Any remaining basal keratinocytes still adherent to the epidermis were
removed by gentle suction of these pieces of epidermis into and out of a graduated lOml
pipette attached to a suction device.

Additional skin specimens were cut up into Imm2 pieces and placed onto 6cro2 petri dishes.
Sticking to the surface of the dish being achieved by air drying. These explants were
cultured in the same growth medium as the single keratinocytes, The cells derived from both
types of cultures were used to initiate secondary and tertiary cultures. Harvesting was carried
out when subconfluent colonies were present.

2.2.3 Culturing keratinocytes
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When monoclonal colonies first form (on average within 2.7 days), (figure 41•..,gr:o-wth factor
supplements were added to the culture medium, which was changed every second day. But
as the colonies became subconfluent, and the pH indicator changed more quickly from a dark
pink to a yellow, (indicating consumption of nutrients within the medium) they were fed
every day. Following the removal of the old medium, 4m1 more medium was added to the
9cm dishes and Sml.more medium was added to the 14cm dishes.

Human fibroblasts may initially compete with the multiplying keratinocytes for surface space
(figure Sa), These fibroblasts were removed together with the feeder cells with the aid of
EDTA/glucose, which caused the release of fibroblasts from the surface of the petri d® a
few minutes before the keratinocytes, thus having a time dependant action. After washing
the keratinocyte ....,olol1ieswith phosphate buffered saline, new 3T3 fibroblasts were added.

If the human fibroblasts were not a problem, then the original feeders, belonging to the
murine strain J2,. tended to detach from the surface of the petri dish long before confluence
was reached with the specific serum used (since this is serum dependant).

After confluence and stratification have been J.\.'rueved, (figure 51:», (on average within 24.6
days), the epidermal I;heet was ready to be used as a graft. The epidermal sheets were lifted
off the surface of the' petri dish by the addition of Dispase II for 40 minutes.

2.2.41 Preparation of keratinocyte sheets for grafting

The petri dishes were placed either in an incubator or on a glass sheet, placed over a bowl of
water at 37°C. In the latter case a sterile green sheet was placed over the petri dishes. At
least once during the 40 minute time interval the Dispase II was swirled over the sheets in
order to re-establish an even distribution. The Dispase n was removed and the epidermal
sheet was washed ill phosphate buffered saline. The petri dishes, thus containing epidermal
sheets and PBS were placed on ice until grafting took place (figure 10).
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FIGURE 1..
An example of a 4cm by 4cm partial thickness skin
biOpsy specimen. From it was derived autologous
keratinocytes for culture, which multiplied to
form confluent stratified keratinocyte sheets.
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FIGURE 4 (a)

FIGURE 4~
Monoclonal keratinocyte cOlonies surrounded by
mitomicin treated murine fibroblasts.
4(a). A monoclonal keratinocyte colony composed of

11 cells.' Two fibroblasts can be seen on
either side of this colony. (mag. 400x).

4(b). A number of expanding monoclonal keratino-
cyte colonies are seen~ Surrounding these
colonies are mitomicin treated 3T3 murine
fibroblast feeders. (mag. 100x).
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CONFLUENT FIBROBLASTS KERATINOCYTE SHEET

FIGURE 5(a).

FIGURE 5(b). (mag. 10x).

FIGURE 5.
Examples of keratinDcyte sheets and human fibroblast
overgrowth.
5(a). An example of human fibroblast overgrowth~

lhe whorl pattern is concentrations of human
fibroblasts that have formed confluent sheets,
preventing growth of human keratinocytes.

5{b). A confiuent stratified keratinocyte sheet.
Two large superficial cells can be seen. This
k~tatinocyte sheet is ready for use as a graft~

13b



2.3.1 TIEDEDEVELOPMENT OlF A SiGN GRAFT ~ifODEJL:
THE HiSTOLOGICA.L APPEARANCE OlF THE
CUlLtrURlED JElPIDlERMAL.SHElET§

After confluence and. stratification have been achieved. and the basal cells appeared small WId
uniform, the epidermal sheet was ready tn be used as a graft. The epithelia ranged in
thickness from 4 to 7 cell layers. They were composed of a basal layer with small polygonal
or cuboidal cells and several "intermedlate Iaye-s' with progressively flattened cells, and at
the surface, one or two 'upper layers' where nuclei were present (figures 6a and 6b).

2.3.1.2 E.M. Appearance

Electron microscopic examination of these sheets confirm that dendritic cells (Langerhans
cells) were usually absent, but not always and that a multilayered Malpighian-type epithelium
with keratinocytes at various stages of differentiation could be. seen (figure 7). Basal cells
were organised into a single layer of cl()se~~' associated cells, with a distinct nucleus,
cytoplasmic organelles and intermediate filaments, out hemidesmosomes were absent at the
basal siu~ of the cells. "Intermediate layer' cells were rather elongated and contained
numerous organelles, tonofilaments and keratohyalin granules. (figure 7), They were
separated from each other and from the basal cells by intercellular. spaces with numerous
interdigitations of the plasma membrane, visible gap junctioos and w~.ll defined desmosomes
(figure 9). One or two 'upper layers' with nucleated cells, ;/ electron-dense cell
envelope were seen at the surface (figure 8). The above findings ~t. l\ld!1Jarto those found
by Mericle et at. (46).



15

FIGURE 6 (a)

FIGURE 6 (b)

Fl~UR~ 6.
L.M. sections thro~gti a confluent stratified
keratinocyte sheet. (d. mag~ 100x and b. 400x).
The number of layers vary from 4 to 7 cell
layers thick. The basal keratinocytes are small,
round to cuboidal. Dispase II, which is used to
lift the epidermal sheet from the surface of the
petridish, has the propensity of causing the
the basal cells to round up. In the intermediate
region the cells are large and polygonals while
at the surface, the cells are flattened.



FIGURE 7.
E.M. sectlcn through a stratified epidermal sheet.
In the 1 lwer right hand corner 2 basal cells
containing a number of vesicles can be seen.
The more superficial cells contain fewer vesicles
and more keratinohyalin granules. (mag. 1000x).

N = nucleus
o = desmosomes and interdigitativns
V = vessicle
T = tonofilaments
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FIGURE 8 ..
E.M. section through a surprrficiaI flattened
anuclear ktratinocyte. (mag. 15000x). Keratin is
1eposited within the cell.

FIGURE 9.
E.M. section through a round basal keratinocyte.
The basal keratinocyte contains a large nucleus and
nucleolus. This cell actively divides to produce
the suprabasal cells. Vacoules can be seen within
the cytoplasm. The surface projections contain (D),
desmosomes (maculae adherens) which connect
adj at ~j. cell s to each other. De s "I,O.solTiesare
purticularly well developed in the )rmal epidermis
where they occur as interce~lular bridges between
the cells. (mag. 15000x). T = tOnofilaments.

17
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FIGURE 10.
A confluent stratified keratinocyte sheet floating
in phosphate buffered saline.It has lifted off the
surface of the petridish with the aid of dispase II.
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There does not appear to be a significant difference in the growth tate between neonatal and
older keratinocytes, when comparing the time at which stratification is reached after first
plating out single cells.
Average time to reach stratification:
24.1days forneonatal keratinocytes
25 days for older keratinocytes

2.3.3. Factors affecting the progression to stratification

ri'} Monoelonal colony appearance depends on the time of harvesting to culturing. The
monoclonal colonies which formed from day 4 and later, were first cultured at least
12 hours afte, Uarv\~sting. Prior to culturing, the explants were kept in the fridge at 4°
C in 0.17% trypsin over night. Whereas the monoclonal colonies that formed from
day 2 and 3 were derived from explants whose cells were put down for culture within
2 nours after harvesting.
For neonatal cells lines:
if this time was more than 12 hours: monoclonal colonies formed on average by 4
days;
if this time was less than 12 hours: monoclonal colonies formed on average by 2.3
days;
For older cells lines:
if this time was more than 12 hours: monoclonal colonies formed on average by 4.6
days;
if this time was less than 12 hours: monoclonal colonies formed on average by 3
days;
For all cells lines: (neonatal and older cell lines)
if this time was more than 12 hours: monoclonal colonies formed on average by 4.3
days;
if this time was less than 12 hours: monoclonal colonies formed on average by 2.7
days,
The ultimate viability of the cell line may also be affected.

b. Certain cell lines (e.g, cell1ines Kit, Defrates, Lui and Reece) did not require growth
factor supplements to form stratified sheets,



c. Cell cultures infected by bacteria had to be discarded, since antibiotic. administration
was never completely successful.

d. Cell cultures infected by fungi were.more amenable to fungicides and recovered to go
on to form confluent stratified sheetsIe.g, cell line Br).

e. Secondary ceU cultures reached confluence and stratification faster (by 20 days on
average), than primary cell cultures (by 24.6 days on average) ..

f. Cryopreserved cells (appendix III) tended to take longer time to grow out and did not
always grow to form confluent sheets.



TABLE 10
~~~MA~V COlONu~S u= b~rrru LQ)(]¥~®filt$

l
I. ..1 M©noc~oncd Subconi~uent I ConvhJ~nee I Stratlificanon I
Cellunel Colonies Coiord~$

Rain I 4 days 12days 16 days 27 days
I

Moses I .4 days
I

20 days 25 days 35 days

lE;se I 4 days If do1'Ys ] 1days 21 dayr

a days
I

-+ 10days I 14 days
Jonas I 3 days

Virginia I 3 days

10days 20 days

24 days

12daysGrobler i 4. days

Undiwe! 4. days . 8 days

14days

10days

17 days

2001oY5

B~aam 3 days I 10 days 1·3days 25 days

The obove date represents the 1a$i®s~grown» rat® row eoch cell Un®lJ
, as se®n in a single clUliture dish ..

N_.
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TABLE 2. P~~MA~VCOLON~[ES== ce;~~lines

Monoclonal I subconnuent
Confluence

.1
~tr(ltific(lti()11Call tina Colonies Colonies I

K: (8 days) doy3 15 days 20 days 30 days

B: (8 days day4 10 days 13 days 23 days

D: (8 days) day 4 10 days 13days 23 days

G: (8 days) day 4 10 days 13 days 20 days
I- dayS 18days 28 daysBR: (27 years) 35 days

Tim (3 months) dayJ 10days 16 days 26 days

N: (8 days) day 3 Baays 10 dQYs 20 days

Kit: (8 days) day 2 10days 14 days 24 days

Defredas: (8 days) doi2 . 10 days 14days 24 days

Lui (8 days) day 2 10 days 14 days 24 days

Reece (8 days) day 2 10 days 14 days 24 days

The cbove date represents ~hefasiest growth rate for each ceU line,
as seen in a single culture dish. I'\)
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From the data presented one sees that there is a relatively wide variation with respect to the
time at which confluence and subsequent stratification occurs. This being from 10 days to 28
days, for the former, and from 17 days to 35 days for the latter.

2.41.1 Mu~""A-'Uicationtime is keratlnocyte specific

The culture methodology did not vary, thus it may be concluded that there is an inter-
individual variation between specific cell lines. The keratinooytes derived from a specific
cell line have an inbuilt ...clock', dictating the rate of cellular multiplication, This does not
appear to be age dependant, since the time to reach confluence for the keratinocytes derived
from the 8 day old foreskins, varied from 10 days to 20 days. This confirms a finding by
variou.: researchers, who have identified cultured keratinocytes having different cell cycle
times. They have shown that the smallest cells have the greatest clone forming ability (47,
48,49).

2.4.2 The importance of plating out concentration

Another factor to be considered is the plating out concentration of keratinocytes, A lower
concentration is said to speed up the time at which confluence is reached (50). At a so called
ideal plating out concentration, keratinocytes grown on plastic, both in serum containing and
serum free medium, divided rapidly with a mean cell cycle time of 22 - 24 hours. The cells
pass through multiple population doublings and form stratified cultures with poor
cornification. Keratinocytes undergo a number of population doublings before senescence
depending on the age of the donor; neonatal foreskin having probably 50 - 60 population
doublings but declining with donor age (16).

The skin from which the keratinocytes are derived is of importance. Retro-auricular skin and
foreskin produce numerous fibroblasts, which compete with the keratinocytes for surface
space. Whereas breast skin appears to produce fewer fibroblasts and the keratinocytes can
form fairly large monoclonal colonies before the human fibroblasts have to be removed with
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the aid of EDTA/glucose. By adding numerous fibroblast feeder cells at an early stage in
keratinocyte culture, the human fibroblasts tend not to be a competitive problem.

Trypsin may ~dversely affect keratinocyte growth and multiplication, This is deduced from
the finding that there was at least a full 24 hour to 5 day delay in the formation of
monoclonal colonies in those keratinocytes which were exposed to trypsin for more than 4
hours. Besides the long exposure time to trypsin (more than 12 hours). the relatively longer
time after harvesting to placement of the cells into culture medium compared to those cells
which were put down within 2 - 4 hours after harvesting, may also be the cause for
significantly affecting the increased time taken for monoclonal colony formation.

204.5 Keratlnocyte multiplication and growth factors

Although the various growth factor supplements enhance keratinocyte growth and
multiplication in specific ways, they did not appear to be required in all the cell lines
cultured. This may be due to the fact that the bovine calf serum used may itself contain some
of these growth factors. The reason why some cell lines did not respond to them, may be due
to them being present in too small amounts, in a certain batch, or that certain keratinocytes,
from specific cell lines, are more responsive (receptor differences) than others to the various
concentrations of growth factors present within the serum. This has as yet to be proven.

Keratinocytes synthesize and respond to a wide range of growth factors and an increasing
number of these have been detected in the keratinocyte supernatant (31, 51 - 59);
interleukins 1, 3, 6 and 8, transforming growth factors alpha and beta (TOF-a, TOP-B),

granulocyte macrophage colony stimulating factur (OM-CSF), basic fibroblast growth factor
(b-FGF), platelet derived growth factor (PDGP), and tumour necrosis factor (TNF). Roles
for these growth factors have been proposed in the regulation of keratinocyte turnover and
immune function in normal and diseased skin.

TOP - ()(.is mitogenic for keratinocytes in vitro (55) and also enhances keratinucyte migration
(60). The serum may contain antimitogenic substances such as TOF-B (61) which inhibits
keratinocyte multiplication in vitro, but enhances keratinocyte differentiation (62) and
fibronectln production (63). TGF-B (64) and a partially characterised factor (-55)produced
by keratinocytes accelerate epithelialization of split thickness wounds in pigs. IL-l (66) and



6 (67) and b~FGF (68) are mitogenic to keratinocytes, IL-3~ll..-6 and GM-CSF stimulates
haemopoiesis, lymphopoiesis and inflammatory and immune cell chemotaxis and activation
(69), they may gain access. to the circulation and modulate systemic inflammatory reactions.
IL-6 is a pyrogen, stimulates production of acute phase proteins by the. liver (70) and
increased serum levels are found in bums (71) and psoriasis (67).



These cultured keratinocyte sheets have clinical applications. What is their application to
burn therapy and other conditions resulting in skin loss? Is there a difference between
cultu, ~Sgrown from the patient's own skin and those grown from donor skin? Is the surgical
method involved in the application of the keratinoeyte grafts operator dependant?
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Human keratinocytes can he cultured from single cell suspensions in order to form confluent
stratified epidermal sheets (1). They have been applied to a variety of skin defects dl~{eras
cultured autografts or as cultured allografts. The t.iajority of the experience gamed with
respect to their use is in their application to full thickness burns and leg ulcers,

Gallico, O'Connor, et al. (72) have described a method for culturing as well as the applicarion
of these grafts to the wound bed. This report describes new methods for the preparation and
grafting of keratinocyte sheets.

To ensure the best possible take, preparation is as important as ensuring that one has a
healthy graft. In this chapter, steps are outlined that should be followed if one is to
successfully apply cultured confluent stratified keratinocyte sheets to areas of skin loss. This
is a user friendly model, but for the best results, attention must be paid to the details high-
lighted in this chapter.

3.2 Mais;riaB and Methods

3.2.1 I-repal! atlon of keratinocyte sheets for grafting

A site for donor skin measuring 2 - 4cm2 (figure 1) chosen in the Case of a burn patient
(appendix ITB). Allograft skin was obtained from neonatal or young adult circumcisions
(appendix II A) and excess skin from certain plastic surgical procedures, such as breast
reductions. This allograft skin must test seronegative for the hepatitis B virus as well as the
human immunodeficiency virus (appendix VIII). The skin specimen was placed in a
bacterial petri dish and excess fascir was removed with the aid of a watch maker forceps and
a scalpel blade. This was followed by placing skin specimen, covered by 0.17% trypsin, in
an incubator for 20 - 40 minutes, 01" at 4t'C in a fridge over night. The epidermis separated

from the dennis at the level of the stratum basale, With the aid of curved glass pipettes 5 -
10 x 1<1basal cells/ml was scrapped off and placed into 8 culture dish containing growth



medium solution (DMEM: Ham's F12 (1:1) and 10% bovine calf serum) and 3T3 murine
fibroblast feeder cells (appendix I B). When monoclonal colonies first formed (all average
within 2.7 days), growth factor supplements (appendix I A) were added to the culture
medium, which was changed every second day.

Aftel~ confluence and stratification have been acnieved (on average within 24.6. days), the
epidermal sheet was ready to be used as a graf.. The epidermal sheet') were lifted off the
suriac,e of the petri dish by the addition of Dispase n (appendix I A) for 40 minutes. The
petri dishes were placed either in all incubator or on a glass sheet, placed over a bowl of
water at 37°C. In the latter case a sWrile green sheet was placed over the petri dishes, At
least voce during the 4Q minute time interval the Dispase nwas swirled over the sheets in
order to re-establish an even distribution. The Dispase Il was removed and the epidermal
sheet was washed in phosphate buffered saline, The petri dishes, thus containing epidermal
sheets and PBS were placed en ice until grafting took place (figure 10).
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FIGURE '11.

Here one sees a keratinocyte sheet being lifted
out of the gem (diameter) petridish with the
aid of 2 blunt forceps. Orientation of the sheet
is important. The basal surface must be applied to
the donor surface.

FIGURE 12.
Seen here, the keratinocyte sheet is applied first
to the paraffin gause and stretched out to its
maximum extent. Alternatively, it may first be
applied to the donor ~ite and the paraffin
gause is placed above it.
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FIGURE 13.
The modified Norwich cage. The paraffin gause is
tented over the leg ulcer which has been covered
with a cultured keratinocyte sheet allograft.
Over this has been placed m~~able aluminum bars,
covering one side with foam rubber and secured with
elastoplast.

FIGURE 14.
The elastomesh stocking has been applied over the
malleable aluminum bars.
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FIGURE 13.
The modified Norwich cage. The paraffin gause is
tented over the leg ulcer which has been covered
with a cultured keratinocyte sheet allograft.
Over this has been placed mrureable aluminum bars~
covering one side with foam rubber and secured with
elastoplast.

FIGURE 14.
The elastomesh stocking has been applied over the
malleable aluminum bars.
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3.2.2 GraftnJl1lgof fun tbickness burn wounds

The removal of inflammatory necrotic tissue by chemical debridement exposes the
underlying vascular tissue. The patient was given a general anaesthetic. Debridement of the
burns was carried out, until slight bleeding occurred. On any exposed subdermal structure
noevascularisation occurs, resulting in the: formation of granulation tissue. Muscle fascia IS
highly vascular thus will bleed following debridement. A solution of 1:100 000 of
adrenaline was applied to the wound. bed with the aid of abdominal swabs. When
haemostasis was achieved, piperaoillin powder was sprinkled into the graft bed, (be it
granulation tissue or vascular adipose PiSsue) and the excess antibiotic was removed by using
dry swabs to dust away excessive powder.

The epidermal sheet was. lifted out of the Petri dish with the aid of 2 blunt forceps (figure
11)~ in the case of the 9cm sheet. The 140m cheer was placed on the recipient site with the
aid of 4 forceps, thus requiring an assistant, The basal surface of the epidermal sheet was
applied to the surface of the burn wound. The epidermal sheet was spread out to its
maximum extent and stapled into place (figure 12).

In the case of the compound graft, 1::3 meshed split thickness skin autograft was plan; i over
the cultured autologous or allogeneic 'epidermal sheet. This in tum was stapled into place.

The dressing applied were similar to those described by BTI* (73) and included paraffin
gauze, coarse gauze, orthopaedic wool and crepe bandage. If on day 4 or 5 the dressing was
wet and foul smelling, infection has occurred. and they must be removed. The bun} wound
was then covered with saline soaked gauze. As long as the grafts were dry, the dressings
could be left in place, for up to 14 days and then changed every second day until complete
healing has occurred.

*::::: Biosurface Technology Incorporated



3.2.3 Graftil11lgof Begulcers and other ~kfindefecSS

The state of the ulcer bed is important. It must contain healthy red granulation tissue that
bleeds slightly when rubbed. The most recent pus swab must be negative.

Piperacillin powder is applied and then dusted off. This is followed by the application of a
cultured epidermal allograft sheet to the ulcer bed with the aid of non-toothed forceps.

One oi2 types of dressing is applied:
a) Closed method - paraffin gauze, coarse gauze, orthopaedic wool and crepe bandage

are applied in that order.
b) Open method - the modified Norwich cage. Here the epidermal sheet. after being

placed on the ulcer bed, is exposed to air. A sheet of paraffin gauze is tented above
the graft. The grafted ulcer is protected from mechanical damage by the 'appllcation
of malleable aluminum bars which are padded with foam rubber. These bars are able
to be moulded into a protective cage. Over the bars an elastce...iesh stocking is applied
(see figures 13 and 14), (74),

3.2.4) Follow..up followlng grafting of Megulcers and other Sku1l1l
defects

In the case of the closed method, the dressings were removed at day 4 or 5 post-grafting.
Thereafter, the dressings were changed at every second day until complete healing of the
ulcer had occurred, the dressing being the same as the initial dressing.

If the grafting was carried out on an out-patient basis, then the patient was told to remain in
bOOwith the leg elevated for at least S days post-grafting. Following complete healing, the
patient was told to protect the area of previous ulceration from
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any type of trauma. Graduated elastic stockings were also prescribed.

By making use of this grafting procedure. one has achieved relati. 'ely good "truce", as seen by
visible skin formation both ill the case of full thickness burns as well as in the case of a
variety of lesions, resulting in skin loss in the leg (Beder et al, in press, (75, 76).

Besides the adherence of the cultured keratinocyte sheet to the wound bed, on histological
examination one sees the epidermis becomv. t. .nore stratified. This is what is meant by the
word 'take', Initially no new dermis is present. The new epithelium of the wound is thicker
than normal epidermis although it appears thin and friable to the naked eye (120). However,
it becomes thinner as it matures and acquires an attachment to the underlying connective
tissue.

The use of a bowl of water heated to 37°C c' . es the requirement of an incubator close to
the operating theatre. Biosurface Technoi- .nc, (73) actually make use of a portable
incubator. The keratinocyte sheets already lifted off from the culture flask and attached to a
backing material, are thus transported to the operating theatre. This method was assessed,
but has 2 drawbacks. Firstly, the keratinocyte sheet being 9crn in diameter, shrunk to less
tl.an half that size on being placed on a paraffin gauze backing. Secondly, by the time tne
keratinocyte sheet reached the operating theatre, it had almost completely disintegrated.

An important component of this grafting procedure is the application of the antibiotic powder
pi, zraclllin. It appears to improve percentage take. Piperacillin is toxic to f§~udQmQnM
mw.....which are common bacterial contaminants of burn wounds especially within the hospital
environment. This antibiotic is also toxic to a wide variety of gram negative and gram
positive bacteria. No allergic phenomena were seen in patients to which it was administered.
Many researchers (,'17, 78) reject the use of topical antiseptics, since they are toxic to
keratinocytes at very low concentrations. But in this study the topical antibiotic piperacillin
did not appear to be (oxic to cultured keratinocytes.

Other researchers tried to ' :'~,:t\leJ.':'i.., t;,'"7 ~i:ect of infection .by grafting onto freshly excised
muscle fascia or onto 2-3 day old granulation tissue (23).
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The use of the grafting methodology described in this paper has enabled One to obtain results
cOtr~arable to those obtained by the Boston group (79) in the treatment of bum patients with
cultured keratinocyte autografts,

This paper attempts to bring to th\1 attention of surgeons involved ill skin grafting, a proven
methodology used for grafting cultured keratinoeyte sheets to any skin defect, irrespective of
its aetiology.

In the following 2. chapters, the clinical outcome of cultured kerarinocyte sheets applied to
burns. chronic Ieg ulcers and other lesions resulting in skin loss, is assessed and the results
analysed.
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CHAPTER JFOUR

41.0 1BI.EAL!N.G......JElLLL _ THlfCJ~lSESS PJIlRMS 'Y1lITlHf C__WL.TIllRlElJl
JEPID..EJRll1.4JLGRA1ET~

Patients presenting with bums damaging more than half of the body surface area have too
few donor sites to provide enough split skin grafts to resurface the area after surgical
excision.

The definition of a fun thicknes bum implies total destruction of the entire skin and dermal
appendages, obviat ug the possibilty of epithelial regeneration, save from the margins
(implying the need for skin grafting). The full-thickness burn may extend deep into the
underlying muscle, viscera and even bone (121),

The use of cultured epidermal grafts (keratinocyte grafts) to treat patients with life-
threatening burns has been carried out since 1981 (19) with variable degrees of success.
Perusal of the literature shows that the success rate using this method to treat full thickness
burns has been limited (19, 20, 21,22,23).

The first 2 cases which were grafted with cultured autografts resulted in approximately 50%
"take", as seen by visible skin formation (19). Subsequently in 1984, two children receiving
95% full thickness bums, had 60% ~80% 'take' (72). But controversies in the literature with
respect to "take" abound, A number of researchers (20, 21, 22, 23) have reported relatively
low percentage of "take" either at day 5 or at day 14 in the case of cultured autografts, Two
studies (22, 23), showed that "take" was better in patients younger than 18 years compared
with older patients. Apparent good results were seen in deep partial thickness burns (23).
But here dermal elements such as hair follicles and sweat glands contributed greatly to
supplying multiplying keratinocytes,

Good "take' occurred when Clarke (80) used cultured allografts and cultured autografts in the
following manner: highly meshed (6:1) split thickness autograft was applied to the wound
bed over which cultured keratinocyte sheets were applied. Whether the skin covering the
interstistices was of culture origin or not, was not able to be determined.
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Madden (81) grafted patients with cultured allogeneic keratinocyte sheets. Percentage rtake'
varied from 0 ~ 50%. These full thickness bums appeared to heal primarily by contracture
and re-epithelialization from the wound edges. III the cases where cultured allografts were
applied to deep second degree burns. healing appeared to be speeded up by their use,
compared to if they Were left to heal alone. T"le allografts may have induced healing by
secreting growth factors even in the absence of a phy~ical 'take' ..

Many researchers (77, 78) reject the use of topical antiseptics since they are toxic to
keratinocytes at very low concentrations. But in the study presented here, a technique using
a topical antibiotic was used which was not toxic to cultured keratinocytes, I report the
treatment of 10 patients using various combinations of cultured epidermal. sheets and their
application to the wound bed, Use of an antibiotic powder has reduced infection enabling a
better and more reliable comparison of auto-, allo-, and compound grafts.



Ten patients. all with full thickness burns are presented. Please refer to appendix V for
patient details. The patients received one of the following types of grafts:

4.2.1 Cultured allografts
4.2.2 Cultured autografts
4.2.3 Highly meshed split thickness skin grafts applied over cultured allografts or

auto grafts (here called the compound graft);

The culture method used to generate epidermal sheets from suspensions of single
keratinocytes is that described by Rheinwald and Green (1).

4.2.1 Cultured allografts

Five patients were grafted with cultured t.11. ~flaftS"
They were divided up into 2 groups,
a) Those patients presenting with large areas of full thickness burn injury - 3 patients.
b) Those patients presenting with small areas 0:1 full thickness bum injury - 2 patients.
Percentage 'take' was assessed at day 14. 'Take' implies visible skin formation both
clinically and histologically,

4.2.2 Cultured autografts

Five patients received cultured autografts.

4.2.3 The compound grafts

Four patients were grafted with cultured allograft or autograft, over which a highly meshed
split thickness autograft was applied. In one patient, a biopsy of the area grafted with a
compound graft was taken for histological analysis.

I recognise that the patient numbers are low but there was a problem with respect to patient
avalability and follow-up. However, the numbers correlate y(en with the numbers presented
in previous studies (19, 21-2'3).



4.3.1 Cultured allografts

The 3 patients, with extensive burns, presented with no or low take at day 14 (see table 3).
The 2 patients with small bums had good rates of healing by day 14 post grafting (see table
3, graph 1, figure 16).

4.3.2 Cultured! autografts

The results of the 5 patients receiving .cultured autografts are set out in table 5, graph 4 and
figures 17 and 18.

4.3.3 The compound grafts

The percentage 'take' by day 14 was good (see graph 5 & table 5). In the case of the patient,
Miss R.M., the compound graft on the right calf was compared with a similar area on the left
calf, which had been grafted with a 1:3 meshed split thickness autograft alone. The cosmetic
appearance of the compound graft is more acceptable than that of the latter graft (see figures
20 and 21).

Sections of the biopsy specimen taken from an urea grafted with the compound graft, show
skin in which the overlying epidermis shows disorganisation of the dermal ~ epidermal
junction. Within the dermis stellate fibroblasts, haemosiderin and extra-vasated red blood
cells are noted. The latter are distributed around proliferating vascular channels.

4.3\.4 Comparison of graft types

Graph 6 portrays a comparison between healing rates of full thickness bums to which various
types of cultured grafts were applied. The best take was seen in the case of the compound
graft.

Comparing the rate of healing up to 14 days post grafting of large full thickness burns after
the application of cultured autograftS and cultured allografts, one finds that there is a
significant difference. Cnltured autogratts resu.t in faster healing compared to cultured
allografts. Using the Mann Whitney test p = 0.0497.



During the course of this study an interesting correlation relating to the percentage take was
noted between pati~nts presenting with smal fun thickness burns and leg ulcers. In the case
of cultured. allografts being applied to relatively small full thickness burns, percentage take is
comparable to lower leg ulcers of similar size (76),



fi!,tient ~ .s.jz~ of Burn

M'rG. 46yrs 282cm2

MrB.H. 1yr 1240 cm2

MrJ. 24yrs 64cm2

MrRN. 23 yrs 25em2

MrE.N .. 34yrs 125 em2
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FIGURE 15.
Patient B H used to illustrate ccltured epidermal
grafts acting as excellent biological dressings.
A clean full thickness burn wound is showrr 17 days
after the application of cultured epidermal allo-
grafts.
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FIGURE 16 Ca)

FIGURE 16.
Patient Mr E N used to Illustrate ..the stages of
healing following the application of a cultured
epidermal allograft.
a) The area of full thickness burn which is about

to be grafted.
b) Four days aft~r applying the cultured epidermal

allograft. The size of the granulation tissue
has markedly decreased.

c) Sixteen days after grafting, 92% of the area
grafted is cQ.eredby newly formed skin.
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FIGURE 16 Cc}
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F1GURE 17 (a)

FIGURE 17.

Patient Miss L Z used to illustrate the stages
of healing following the application of
cultured autografts.
a) At the time of grafting the cultured auto-

grafts to the anterior :hest wall.
b) One month after grafting reveals the taken

cultured autografts. The brown spotted area,
to the right of the area to which cultured
epidermal autografts were applied alone,
was were a compound graft was applied.
( .see appendix V page 132-for the data sheet

pertaining to this patient ).
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FIGURE 18.

An example of a healing full thickness burn
14 days after cultured autograft application.
The anteriar upper arm was grafted.
( See append Lx V page 13.1 for the data sheet

pertaining to this patient ).
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FIGURE 19 (a

FIGURE

FIGURE 19 (c)

FIGURE 190

Patient Miss R M used to illustrate the stages
0/ healing following the application of a
compound graft.
a) Three days post-grafting of the compound

graft reveals a dry clean graft. This is
the first sign of take.

b) 14 days after grafting some of the overly-
ing SSG has sloughed, but in its place new
skin is seen.

c) 23 days post-grafting reveals a smooth dark
brown skin which appears completely
different from surrounding grafted areas.
( See appendix V page 124 for the data sheet

pertaining to this patient )_



FIGURE 20.
Patient Miss R M showing an area grafted with
a highly meshed split thickness skin graft
alone. The unacceptable cosmetic appearance
is seen.

FIGURE 21.
PatientMiss R M, demonstrating the compound
graft 23 days following application. This
graft is relatively smouth. Compare with
figure 20.
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This study is an initial comparison of three different types of cultured keratinocyte grafts and
their application to the wound bed of bum injury patients.

This technique of keratinocyte grafting has the obvious advantage of the huge expansion of
the initial skin biopsy. Green (8?) has shown that starting from. a small biopsy, 1cm2

initially, a 100 fold amplification can be achieved in 2 weeks and up to a further 10 fold
increase after sub-cultivation.

Cultured. allografts have the advantage over autografts in that they are readily available for
use on the newly burnt patient. Cultured (7utografts require approximately three weeks to
form confluent stratified epidermal sheets before they are ready for use as grafts (82).

~.4.1 The fate of allograft keratinocytes

As seen in this study, the take of culture" ,,~lk,graftsin extensive burns is significantly less
compared to the take seen with cultured autografts (tables & graphs 3 & 4). ~nitial reports
stated that cultured allografts appeared to take since Langerhans cells are lost after 7 ~ 10
days in culture (83, 84). Langerhans cells are antigen presenting cells in skin which are
responsible for the re~- . .on of allogeneic skin. But by the use of DNA hybridization
techniques ill sex mismatched donors and recipients, whereby the Y-chromosome of donor
origin was labelled (figure 22) itwas shown that donor keratinocytes could only be detected
up to day 4 post-grafting on to full thickness bums (Burt, et al, - 85) and leg .Jcers (Beder, et
al, - 76). There appears to be an immunological rejection, postulated on the basis of MHC
class I antigens present on the kerarinocytes themseires (Gielen ~86).

In spite of low 'take' rates and eve uual replacement by host keratinocytes (87, 88), one
patient demonstrated that cultured allografts acted as good temporary biological dressings,
possibly by preventing bacterial invasion, contamination of the underlying wound bed and
protein and electrolyte losses (figure 15).

At the time when this study was carried out the use of cadaver skin as well as pig skin in
bum patients was not permitted by law. Special government approval had to be obtained
before these types of tempory biological cover could be used.
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In addition, the cultured keratinocyte allografts and antografts appear to stimulate the
patient's own non-transplanted keratinocytes, present at the wound edges and dermal
appendages, to multiply faster and result in a more rapid skin coverage of the wound than is
expected where no graft was applied. In this study, this was seen when cultured allografts
were applied to small fun thickness burns (table & graph 3). Culture,' keratinocyte grafts
were also found to pro" ide pain relief within 24 hours after grafting. EVen on relatively
avascular subcutaneous fat the cultured keratinocyte grafts 'took' as seen in figure V.6.

In the absence of a dermal comporent wound contracture as part of the process of wound
healing is inevitable. In humans wound contracture accents for approximately 10-20 percent
of wound closure of wounds healing by secondary intention. With specific referenc- to
patient Mr E.N., (SEE FIG. 16), inspite of wound contracture accounting for some degree of
wound closure, following wound healing he did not develope a claw-like hand posture , He
had a good range of hand movements. The skin creases seen are due to the thin nature of the
newly formed skin ..

41.4.2 The advantages of compound grafts

For compound grafts, hypertrophic scarring is suppressed (figure 21), This finding is similar
to that reported by De Luca (23). This study has gone one step further and compared 2 sites
to demonstrate that the compound graft gives cosmetically superior results compared to split
thickness skin grafts used alone (80~81) (figures 20 and 21).

41.41.3The topical use of plperaciltln

The percentage take of cultured autografts was good in this, study (table 4). The topical use
of the antibiotic piperacillin appeared to Improve percentage take. Other researchers tried to
overcome bacterial contamination by grafting cultured autografts onto cleanly desloughed
viable muscle fascia or 2 - 3 day old granulation tissue (20, 23). Piperaeillin is toxic to
~udomQnas S!,1!!.. and to a wide variety of gram negative and gram positive bacteria. No
allergic phenomena were seen in the patients to which it was administered, When omitted.
take was greatly reduced.

Before Piperacillin powder was applied Pseudomonl!li aeruginosa was cultured from burn



wound areas which were grafted with cultured keratinocyte grafts (refer to patients Mr M and
Miss R in appendix V). No or little new skin formatlon occured (see fig. V.2). This was In
spite of cleaning the wound with iodine solution and then washing this off with normal
saline. Following the application of Piperacillin POWd«;f the rate of 'take' improved
dramatically as seen by the results presented in the dissertadon. Biosurface Technologies in
Boston U.S.A, apply neomycin or a similar antibiotic to the burn wound before applying the
cultured keratinocyte sheet (personal communications with Dr Kehinde), In a different area
of bum in the case of Miss R, the bum wound was prepared with the application of
Piperacillin powder and the take was 100 percent following the application of a compound
graft (see fig. 19). The small amount of Piperacillin powder applied and the fact that new
skin formation oceured following the application of cultured keratinocyte sheets shows that
this antibiotic was not toxic to the cultured keratinocytes,

4.404 Other factors determining 'take!

In this study the percentage 'take' was not related to the age of the patient. A similar finding
, was seen in over 370 patients treated by Biosurface Technology in Boston as reported by
Odessey R. (79), but this is contrary to the findings obtained by De Luca et al. (23). Other
factors determining "take' of cultured keratinocyte grafts include the following: the time
from confluence to the time of grafting is crucial. If the keratinocyte graft is used too early,
it has a tendency tc disintegrate. Whereas, used too late, the viability of the basal
keratinocytes are greatly reduced, resulting in a poorer 'take', The quality of the graft bed,
with respect to the presence of bacterial contamination, pus, urine and blood will all hinder
graft take. Hence, the use of piperacillin on the graft bed prior to grafting, in order to reduce
the chances of bacterial contamination. But the application of any antiseptic such as saver
sulfadiazine, Eusol or Betadine, kills the cultured graft. If blood tracts under the cultured
epidermal sheet following grafting, the relatively firm application of the orthopaedic wool
and crepe bandage will remove the blood from under, this impermeable graft. Also, cuts
(holes) are made into the graft at regular intervals allowing excess blood to et,..ape from
under the graft. The first layer of dressing applied over the cultured graft must be non-
adherent thus reducing damage to the graft For this purpose paraffin gauze was used. Also,
the degree of pressure applied to the-graft site must be of such a nature as not to damage the
cultured graft. Finally the time interval after grafting when the paraffin gauze backing is first
removed, is of importance, since if removed too soon. the cultured epidermal sheets are
damaged.



The delicate nature of the cultured grafts was evidenced in one case where the newly formed
skin from cultured autograft application partially stripped off (figure 18). At day 14,. the
newly formed skin is more stable? a finding previously reported (15). The instability of the
cunured graft may be attributed to the reported absence of type IV basement membrane
collagen and anchoring fibrils (10) although this is controversial (89).

Other disadvantages of cultured grafts is thet "he newly formed skin is tender to touch at one
month post"grafting. However at 6 months, the keratinoeyte grafts are similar to skin grafts
in thickness. durability and texture, but have a smoother and shinier appearance (90~ 15),

The results of the study demonstrates that the cultured epithelium can. successfully re-
epithelialize full thickness bum injury. But what of other skin conditions resulting in skin
loss, such as chronic stasis ulcers, arterial ulcers, diabetic ulcers, trauma induced skin defects
and .,J on'! Would cultured keratinocyte allografts or autografts have a role to play in
speeding up their rate of healing? Would these grafts be advantageous in other respects, such
as pain relief, reduce hospital stay and improve quality of life?



5.~ HJEhJJNG~ClHIR_n~1fS'-...L.EiLULCERSAND OTHER. SJK1N..Jj)l_ElEE£T~
nsmG nlLTIJRlElOl KE.,R&TIW ..OCll'UlLL.DGRAttS_:..ThLC1LJUl!lI.NG
AN..ASSES.sM~QF IImmlmRm~

An ulcer is a discontinuity 3.n, or erosion of, the skin. Chronic ulceration of the leg affects
approximately 1% of European populations (91). This percentage is probably similar for the
South African Black population, An ulcer represents a failure of the normal processes of

skin healing. and is often the end result of a number of different factors or their interactions
(91,92).

When one manages ulcers it is essential to attempt to identify and treat the primary cause or
causes of the failure of wound healing. The cause of leg ulcers are classified in table 1
below.

5.:n.J Pathophysiology of venous stasis ulcers

Burnand and Browse (93) found that induced venous hypertension enlarged th""capillary bed,
allowing the escape of fibrinogen, which deposed as a 'cuff around the capillaries; the cuff
blocked the diffusion of oxygen and caused anoxic tissue necrosis. Angel and Colleagues
(94) have suggested that the final tissue destruction i) caused by free radicals, such as
superoxide OH"or singlet oxygen OB, generated by abn ormal enzyme reaction in ischaemio
and infected tissue. Arterial ulcers on the other hand ai, due to occlusive vessel disease.
Both these types of ulcers are characterised by their chronic' ty and recurrence (91).

5.Jl.2 Methods of treating chronic indolent neg ulcers

Ulcers can be treated conservatively, which is usually the case, or surgically. Conventional
conservative management entails the use of a variety of antiseptic solutions (including Eusol,
acetic acid and povidine - iodine), in combination with daily dressing, pressure stockings,
bed - rest and leg elevation. The antiseptic solutions are toxic to healing skirr, and they
together with daily dressings are costly to the patient. One of the surgical methods involves



applying split-thickness skin autografts as the method of choice for leg ulcers, whtch
however has met with varying degrees of success (92). The above surgical method involves
subjecting the patient to general anaesthesia, which has its potential risks, especially in the
age group in which these leg ulcers tend to occur. Also one requires healing of a painful
donor site as well as of the leg ulcer itself. Healing will not occur until the concentration of
bacteria is reduced to below lOS organisms / gram of tissue, since this concentration implies
tissue colonization and invasion. It must also be borne in mind that many topical agents are
toxic to granulation tissue. Therefore, although they counteract infection, they also retard
wound healing (77, 78).

As an alternative .o the above, the treatment of chronic leg ulcers with cultured keratinocyte
allograft sheets is proposed after the initial infection has been treated successfully. With
chronicity. the margins and base of the ulcer develope fibroblastic proliferation, scarring and
the accumulation of lymphocytes, macrophages and plasma cells (20). Following the
removal of this inflammatory necrotic tissue by chemical debrid ement the underlying tissue
is vascular. Onto this bed the cultured keratinocyte grafts were applied. In the text, an area
of lower leg skin loss is used as a synonomous term for chronic leg ulcer. Since all the
lower leg skin defects presented in this dissertation fulfilled the above criteria and are thus
representative for this study.

The most common type of venous abnormality affecting the venous drainage of the lower
limb is simple saphenofermoral incompetence, which leads to varices (91). Ulceration only
occurs if the perforating veins also become incompetent, allowing transmission of pressure
from the deep to the superficial system, so that sustained venous hypertension develops.
Specifically in this case of venous hypertensive ulcers, healing of skin is required before
definitive surgery can be carried out. Definitive surgery entails locating and tying off the
venous perforators. Healthy healed skin is required in this case so that the surgical incision is
not in an ulcerating contaminated area. This allows for favourable healing of the surgical
wound.

5.1.3 lRRSU{factors affecting ulcer heating

Harrison has shown that various risk factors (92.) act as good prediction indicators with
respect to outcome following split-skin grafting of varicose leg ulcers. The risk factors
include: the presence of major medical problems; especially ischaemic heart disease or
cerebro-vascular disease; multiple hospital admissions; multiple medications; problems



with immobility; arthritis or multiple falls; local leg problems; either ischaemic previous
deep vein thrombosis or a long (greater than 5 years) history of leg ulceration; and whether
or not the patient lived alone.

The presence of3 or less risk factors resulted in 75% of the ulcers healing. Four or more risk
factors resulted in only 12% healing. These risk factors would most certainly also apply in
the case of cultured epidermal allografts applied. to varicose and other types of leg ulcers.

The time which it takes for a healthy skin wound to heal is proportional to the size of the
wound. If adverse factors are present then this time is increased proportionally. Twelve of
the 14 patients presenting with lower leg skin loss had 4 or more risk factors that predispose
to poor wound healing as assessed by Harrison (92).

J.llA Treating Begulcers with cultured keratinocyte allografts

The first documented use of cultured keratinocyte autcgrafts in the treatment of leg
ulceration was reported in 1983 by Hefton (24). The three ulcers treated healed within 3 - 5
weeks post-grafting and remained healed for up to 2 years, Leigh (25) had similar results
after applying cultured autografts to 12 chronic venous stasis leg ulcers. But the cultured
keratinoeyte sheets derived from the elderly patients were found to be extremely fragile as
the cells are less proliferative compared to younger cells in culture. In all oases there was
noticeable pain relief within 24 hours after application of the cultured keratinocyte sheets
(26,95),

Due to the low colony forming ability of these autologous keratinocytes of the elderly
patients presenting with leg ulcers, cultured keratinocyte allografts were tested in the
treatment of chronic lower leg ulcers. 59 chronic venous ulcers and 11 rheumatoid ulcers
were treated with keratinocyte allografts (26). After removal of the dressings at 5 days, 29%
showed islands of epithelium growing within the ulcerated area, whilst in 44% • there was a
visible migration inwards of the epithelial edge and a reduction in ulcer size. In 27% no
effect was seen. Phillips (27) found that 73% of the 36 skin ulcers of various aetiologies
healed completely in an average of 3.3 weeks when treated with keratinocyte allografts, No
significant difference in the mean-healing time of venous ulcers treated with fresh allografts
(23 days) or cryopreserved allografts (26 days) was noted in one comparative study (95).

None of the above researchers have correlated the size of .ulcer with respect to the rate of



healing. An equation to this effect is proposed below. The age of the patient with respect to
the rate of healing has also not been investigated previously. Also in this study the healing
rate of leg ulcers of various aetiologies are compared, as well as the viability and efficacy of
cultured keratinocytes allograft sheets against conservative management of chronic indolent
lower leg ulcers.

In skir, grafts the main antigen presenting cells are Langerhans cells, \)'rhich form 5% of the
total mixed epidermal cell population. These cells present antigen to helper-T cells and may
initiate rejection of a transplant by expressing class II histocompatibility molecules and
secreting cytokines. Langerhans cells are lost 7 ~ 10 days after a single cell suspension of
mixed epidermal cells is cultured in vitro, as determined by the expression of HLA ·DR
antigens (83). The mixed epidermal cell lymphocyte reaction is lost in parallel. which
appears to confirm the loss of the Langerhans cells. Endothelial cells, which also have the
ability to express class II antigens and thus play a role in rejection reactions. are also lost
during culture of keratinocytes from mixed suspensions, Clinically and histologically no
overt signs of cultured allograft rejection has been seen (Beder et al ~in press, 75).

If chronic leg ulcers heal faster with the .use of cultured epidermal allograft application,
compared to conservative management, what is inducing this increased healing rate? Is it a
growth factorfs) in the medium in which the cultured grafts were bathed during cellular
multiplication, for example an unknown factor in the bovine serum or in bovine pituitary
extract? Is it a factor(s) produced by the multiplying keratinocytes themselves in
concentrations not normally present within normal skin? To determine the latter indirectly.
one proceeded to determine if the actual transplanted allogeneic keratinocytes survived
following transplantation and for how long.

Aubock implied that keratinocyte allografts. survived indefinitely (11) but Burt (85) and
Brain (87) have shown that this is not the case in their studies of burns and shavings,
respectively. To see if the findings obtained by the above researchers were comparable to
what occurred in the case of keratinocyte allografts applied to leg ulcers, in situ DNA
hybridization was used.



In 1982 Cooke et al characterised a sequence that was repeated in tandem with 20nO copies
of the Y chromosome (96). This constitutes a fifth of the DNA and is located on the tip of
the long arm of the Y chromosome. Page of Boston has characterised a similar sequence
(personal communications). A simple reproducible method to detect this multiple copy
human gene has been established (91). Therefore the sex of cells present in skin biopsy
specimens taken from healing leg ulcers of female patients were determined, The ulcers had
been grafted with cultured allogeneic keratinocyte sheets derived from unrelated male
donors,
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A) VASCULAR
i) Venous (due to venous hypertension)
H) Arterial (ischaemic)
iii) I ..ymphatic

B) VASCULfnS
i) Collagen diseases

C) HAEl\.1ATOLOGICAL
i) Anaemias

D) . INFECTIVE
i) Primacy ~due to a specific agent
it) Secondary ~complication of other conditions

E) IVIETABOLIC
i) Diabetic
ii) Nutritional deficiency
iii) Uraemia

F) SKINMALIGNANCrnS
i) Primary
ii) Secondary

G) PHYSICAL AGENTS
i) Trauma ~including burns
if) Drugs

The above table has been modified from C. Khoo (91).



Fourteen patients, all with Iower leg skin loss, are presented (please refer to appendix VI for
patient detaUsj• All were grafted with cultured keratinocyte allograft sheets. The patients
grafted presented with one of the following:

a) Venous stasis ulceration.
b) Arterial ulceration.
c) Fascbtomy induced skin defects.
d) Trauma induced skin loss accompanied by cellulitis and abscess formation,

The keratinocytes were obtained from neonatal foreskin or from young adults who had
undergene various plastic surgical vrocedures (appendix II). These keratinocytes were
grown into confluent stratified epidermal sheets using the method described by Green et al.
(82). The donors had tested seronegative for the Hepatitis B virus as well as for the HIV
(appendix VID), (98).

I recognise that the patient numbers are low, but there was a problem with respect to patient
availability and follow up. Also the numbers correlate quiet well with the numbers presented
in previous studies (24-27),

Thorough conservative management involved applying betadine (medicated iodine) dressings
three times a day, (layers consisting of betadine, cotton gause and crepe bandage), until the
infected slough had been removed. This was followed by the application of saline, paraffin
gause, cotton gause and crepe bandage, in that order, three times a day.

Patients Mrs M and Mr E (see figures 23 and 24 respectively), had numerous attempts at
skin grafting with split thickness skin but the grafts did not take.Although arterial ulcers are
usually found in a more distal position, patient Mrs M (see fig. 23), was considered to have a
recurrent arterial ulcer.
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For the grafting methodology of leg ulcers and other skin defects and their follow ...up, please
refer to chapter two on page 36.

These biopsies were taken from 6 female patients ••..two patients had biopsies taken on day 4
post grafting and one each on days, 5, 8 and 16 po;)t~grafting. The biopsies, taken under
local anaesthesia, were taken from areas .of·the ulcers that were clinically healing. Half of
each biopsy specimen was mounted in paraffin and stained with the routine haematoxylin and
eosin stain. The other half of each biopsy specimen was analysed for the presence of cells
containing the Y chromosome, using in situ DNA hybridization with a biotinylated Y~probe
(pDP 105), (appendix IV). Normal male skir: and prostatic tissue, which had undergone
benign hypertrophy, were used as positive controls. Normal female skin was used as a
negative control. The method is based on that described by Bums I. et at (97) (See figure
22).

Bach section was scanned for the presence of male cells, which were detected by the presence
of a black dot in the nucleus, The black dot representing the Yvprobe,
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fIGURE 22 (a)

FIGURE 22 (p)

FIGURE 22u

'/0,

Examples of controls used to demonstrate the
presence of the male Y - chromosome.
aj A section through normal prostatic tissue.

The dzrrkdots indicate cells containing the
the Y - chromosome. This was used as a
control. (mag. 10x).

b) A l.M. view through normal male skin show-
ing cells staining purple brown. This was
used as a control :mag. 10x).
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5.3 Jjl~_S!ijIt!
5.3.11 Av~nngeheaPng th1AC

Cultured kcratinocyte allograft sheets were applied to 17 lower leg skill defects. 14 skin
defects present for 4 weeks to 25 years, measuring from 3.5cm2 to 64cm2, healed completely
within an average period of 18.1 days. The smallest ulcer took 3 days to heal a.'1.d the largest
took 27 days,

One patient, Mrs R.M. was lost to follow-up when her 2 ulcers, measuring 40cm2 and .16cm2

had healed by 90% and 87.5% respectively, by 16 days. No healing occurred in the case of
M:r 13.,who presented with a SYPliilitic ulcer, from which, Methicillin resistant £mphylococcus.
j!tl1'el.)S was cultured.

Follow-up has ranged from 12 to 24 months. To date, all of the above 14 ulcers have
remained healed except for 2, one being a venous stasis ulcer and the other being a dh"betic
ulcer.

5.3.2 AlI1l equatlonrelatlng time to heal and «deer size

Combining all the different types of ulcers a his lam comparing days to healing versus size
of the lower leg skin defect after application of me first cultured epidermal allograft (CEA)
was drawn (graph 7). The numbering of each bar is from the youngest to the oldest patient
(1 through to 13). From this graph one can see that there appears to be no significant
difference with respect to the patient's age and the rate of healing, Overall, graph 7b shows a
linear relationship between the above 2 parameters.
From graph 7b, the following equation to predict the time it will take for an ulcer of a
specific size to heal i~given below:



Y ::::2.2186 +0.4387X
Where Y :::: days taken for complete healing to occur after application of a single cultured

epidermal allograft.
X == size of skin defect ~;m2)

The above equation is valid for leg skin defects up to a size of 63cm2, Above this size its
validity cannot be guaranteed.

The application of a second cultured epidermal allograft to the leg ulcer peeded up healing
by an average of 10.2 days. This is seen in graph 8 of days to healing versus size of the
lower leg Skill defect after the application of a first, second and in one case, a third cultured
epidermal allograft (see figures 23 and 24). Within 12 subjects grafted, the application of
CEA resulted in pain relief within 24 - 48 hours. after grafting.

'When applied as the first or second CEA, the quality of the eEA did not appear to
Significantly alter the rate of healing. However, when a poor quality graft was applied to one
area of a lesion and a good quality graft to another area, a difference with respect to the rate
of healing was noted. In a single case studied it took 11 days for the former area to heal and
26 days for the latter area to heal (see figure 25).

From table 14, one sees that onI! ~p to day 4 post-grafting, were donor keratinoeytes
identified in biopsy specimens. Thereafter the donor keratinocytes were not identified and
appeared to have been replaced by the patient's own keratinocytes.



12£!~~~· lEG ULCERS DUE TO A 6~

fASCiOTOMV INDlJCED SKH~ DEFECT

~
Patierd

Duration of ! Tim~ tel healing
Conservative RX I after CEA applied1days - left thigh (3.5

cm2)

MrsJ 56 days 90% healing - 11
jdays .. left calf
(27 cm2)
-

MrsH 4 weeks 15 days (16 cn,:l)

I~9!~L~· lEG ljLCt~S [l)UE10
AJ~iE~~Al~NstUFf~C~fENCV

r---~

lPaUen~ Duration 01 Time to heeding
CC)nservdtive Rx after CEA applied

MrsM 2 months 27 days (63 cm~)
.

Mrs LB 4 YSlors 16 days (7.5 cm~)

!~~!~..go lEG Ul(';IERSDUE to TRAUMA
fOllOWED BYcauams AND SK~NlOSS

" IPatient
Duratic>n of Time to healing

Conservative Rx after CEA applied

41 doys and 23 days
MrsGM 4 weeks after eEA No.2 (28

cm2)
-

Mrs DM 39 days 31 days (60 cm4!)
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Patient
Duration of Time to healing

Conservative Rx after eEA applied

lMfS R 2.5 months 19days (12 cm~)

I;atien~ Duration of lime to healing
Conservative RX affer etA applied

Mr S 5 years
no healing occurred
(8 cm2)

I~Q!~..1g~
lEG ULCERS DUE TO VENOUS HVPERTENSION

Patient
Duration of Time to healing

Conservative RX after CEA applied

MrsMM 3 months 28 days (12cm2)

MrsS 6 months 30 days (54 cm~)
~-.
Mr E 1.5months 18 days (44 cmd!)

MrWM 9 months ( days (16 crn:t)

Mrs EM 25 years 116 dcys"

IMrsN 6months 3 dcys (4cm~)

I * ::::It took 16 doys for the two ulcers, meosurlna in size 40
em" end 16cm~, to heel hy 90%and 81.5%, respectively,
before the patient was lost to follow-up,
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GRAPH 10
Comparing Lower Leg Skin Defect TYPl9S
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Potient
Day post grafting, on which biopsy taken

Day 4 DayS Day16

Miss DM

Mrs La

MissGM

1 (+ve)

MrsM

MrsS

Mrs EM

Unlessindicafed$ the biopsy samples did not contain
male cells and thus were negative.

TABLE 14q

Table 14·tabulates biopsy specimens taken at various days post
CEA application.To each specimen a biotinylated DNA probe~
specific for the Y chromosome ,was ?dded~If detected, then a
black dot was seen in the nucleus of u male cell,being of
donor origin.
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FIGURE 23.
Patient Mrs M used as an example to show the
stages of healing following the application of
a cultured keratinocyte allograft to a chronic
arterial leg ulcer.
a) The leg ulcer before the first cultured

epidermal allograft was appliedn
b) 3 days after the first cultured epidermal

sheat was applied. Two areas of new skin
formation is seen within the ulcer bed
its~lf. New skin is also seen along the
margin of the ulcera

c) 27 d~ys after the first cultured epidermal
allograft application. The leg ulcer is
covered by new skin. In total 3 cultured
keratinocyte sheets were applied.
( See appendix VI page 171for the data sheet

_~ .~ ~ __J~_g_Lt_§j_n_Lng_:tQ_!JIJ$ ....[3 a tie n t ).
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FIGURE 23 (c)
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F tGU RE 24 (a)

r-"'-IGURE 24 (b)

FIGURE 24e

Patient Mr E used as an example to show the
stages of heal: 19 following the application
of a cultured keratinocyte allograft to a
chronic leg ulcer.
a) The leg ulcer showing islands 'of newly

formed skin 8 days after grafting with
an epidermal allograft culture.

b) 18 days after CEA application, a well
healed ulcer is seen.

c) A close-up view of the healing Ulcer {day 16}
(See appendix VI page 150for the data sheet
.pertaininq to the above patient).
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FIGURE 24 (c)
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FIGURE 25.
Patient Miss 0 M used to compare the stages
of healing following the application of 2
types of keratinocyte allografts to a
trauma and cellulitis induced leg ulcer.
a) The leg ulcer seen prior to grafting.
b) The leg ulcer after the good quality

graft was applied to the lateral side
(day 25) and a poor quality graft was
applied to the medial side (day 27).
The area to which the good quality CEA
was applied reveals more newly formed
skin compared to the part to which a
poor quality CEA was applied.
(See appendix VI page 155.for'the data sheet
pertaining.tothe above patient).
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Multiple CEA applications appear to speed up ulcer healing. This is not surprising in light of
the identified growth promoting factors found in the supernatant of cultured keratinoeytes
(31,51 - 59), These factors probably accelerate multiplication of the patient's own marginal
keratinoeytes as well as of those keratinocytes found in the dermal appendage remnants.

5.1$.11.Growth promoting substances secreted by keratlnoeytes

The cultured keratinocytes secrete basement membrane proteins, (collagen types IV p VIT,
laminin, fibronectin and basic protein antigen), and extracelluar matrix, which all aid cell
migration, as well as growth factors, which stimulates multiplication of the hosts
ker-itinocytes (20, 51 - 59). These growth factors include: Inrerleukins 1. 3, 6 and 8, .
transforming growth factors alpha and beta (TOFa, TGFB), granulocyte macrophage colony
stimulating factor (GM-\...~.t<~I basic fibroblast growth factor (b-FGF), platelet derived growth
factor (PDOF), and tumour necrosis factor (TNF-u). These factors regulate cell division,
cell migration, cell differentiation and function of epidermal, dermal and even
immunocompetent cells. There is growing evidence that some keratinocyte derived growth
factors are involved in wound healing (99, 100), b-FOF and TGF-u are angiogenic factors

stimulating endothelial cell migration and proliferation (101). TGF-B and PDOF are both
chemoattractants to fibroblasts and stimulate their division and collagen prPJ';'u\,'tion,
furthermore, they augment dermal wound healing in rats (102, 103). A recently
characterised growth factor, derived from dermal fibroblasts, called keratinocyte growth
factor (KOF), appears to exert a paracrine effect on adjacent epithelial cells, resulting in their
proliferation (37). KGF may act by preventing the degradation of DNA in the keratinocyte
stem cells, as seen in the case of erythropoietin on erythroid progenitor cells (104), thus
resulting in more stem cells multiplying and not differentiating into transit amplifying cells.

5.41.2 Fate of ealtured atlogenelc keratinocytes

This study which showed that only up to day 4 post-grafting (table 14), could donor
keratinocytes be found in biopsy specimens for healing ulcers grafted with CEA sheets,
confirms the finding obtained by Burt et al, (85) and Van der Merwe et al (105) - in the case
of bums, and Brain et a1 (87) - in the case of deep dermal wounds. Since no evidence of
rejection was noted either macroscopically, in the form of erythema or blistering, or
microscopically, which normally presents with leucocyte invasion and epithelial vacuolation,
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a physical replacement of the allograft, rather than a rejection, appears to occur.

In spite of the above findings, one sees in figures 23 b) and 24 a), that following CEA
grafting, islands of newly formed skin is present. Healing of the ulcer in this way was
completely different in patient Mr E., where previously it had healed only from the margins,
following conservative management. Many of the patients treated were of negroid origin.
Healing rates following CEA application were comparable to their caucasian counterparts.

In this study, following eEA application, no hypertrophic scar formation occurred with ulcer
healing. This has also been seen when these grafts were applied to split thickness skin graft
donor sites (23). Also pain relief was seen to occur in patients within 24 hours after CEA
application. This finding has also been noted by 2 other researchers (24, 25).

Teepe (95) founa ~ltatvenous ulcers healed twice as fast as rheumatoid ulcers (57 days). In
this present study, 7 venous ulcers healed within an average time of 15 days, compared to the
healing of, 1 diabetic ulcer (19 days), 2 arterial ulcers (21.5 days) and 2 trauma and cellulitis
induced skin defects (27 days). Only the 2 fasciotomy skin defects healed faster OIl average
(11 days) compared to the venous ulcers. Since the numbers of the various types IOf lower
leg skin defects are small and one must also take into account the relative sizes of these
defects, these results will only be verified when a larger number of patients are grafted (See
table 13 and graph 9).

Two venous ulcers re-occurred within one month and the one diabetic ulcer re-occurred
within 1 year after grafting. All the other 12 lower leg skin defects of various aetiologies
remained healed after a follow-up period lasting from 12 - 24 months.

S.41.'1lPotential risks of keratinoeyte allograft appllcation

Potentially there are risks attached to the clinical use of keratinocytes that have been cultured
in the presence of mitogens, with the possibility of spontaneous keratinocyte transformation
in vitro and subsequent malignancy after grafting. A spontaneously transformed keratinocyte
cell line has been reported (106) but such transformation appears to be rare. Langerhans
cells are a target for the human immunodeficiency virus (98) but keratinocytes do not appear
to be. Also, antibodies to foetal bovine serum have been detected in patients on which



cultured keratinocyte grafts have been applied, but to date they have not produced any
problems .of graft rejection, anaphylaxis, or serum sickness (107).

Thus before cultured keratinooyte sheets ~ applied to the patient, the actual keratinoeytes of
donor origin must be tested for the presence of the hepatitis B surface antigen and an. antigen
of the HIV. The donor's blood on the other hand must be tested for the presence of
antibodies to the human immunodeficiency virus. This was carried out for. all cell lines used
in this study.

5.4.5 Interpretation of results

A clinical trial is difficult to interpret because of multifactorial influences upon the events of
graft take and wound healing. Here one has tried to eliminate some of these influences,
firstly by the individual who cultures the keratinooytes, developing a grafting methodology
which he carried out himself in applying the grafts to the wound bed. This gives one the
insight into the fragility of the grafts and hopefully giving these grafts the best opportunity to
take. The elimination of infection by the use of the antibiotic piperacillin, in a topical form,
has gone a long way in eliminating wound infection, and thus producing better results with
respect to take. Protection of the graft site, using the open or closed methods as described in
this paper, and meticulous follow-up should enable one to achieve the best results possible.

Whether better results will be achieved using a composite graft, where one has a dermal
equivalent, is still under investigation. In bums, all the dermal components were present
within 6 months following cultured autograft application to viable fascia (15). Thus the
requirement of a dermal equivalent, which first requires vascularization before a cultured
epidermis will survive above it, is still debatable.

The major advantages of using a cultured allograft for the healing of lower leg skin defects
are:

a) Grafting can be carried out on an out-patient basis, resulting in no or reduced hospital
stay,

b) No general anaesthesia is required, with its potential risks, especially in the eJi'~_..y
patient,

c) No painful donor site, as is required in the case of application of a split thickness skin
graft,



d) One does motrequire healing of both the donor site as well as of the leg ulcer.
Good healing rates occurred especially in those cases where thorough conservative
management resulted inno healing.

This method oftteating skin loss of various aetiologies appears to he not only cost effective
for the hospital and the patient, but also patient friendly, These features are. felt to out-weigh
the feX'I short comings. Cultured keratinocyte allograft application to all relatively small skin
defects must now be considered as a viable altemarlve to split thickness skin grafting.

Would a composite graft, composed of an artificial dermis covered by a cultured epidermal
sheet, improve the results obtained with cultured keratinocyte sheets alone? How would one
go about constructing such a graft? What components would be required? Would the
composite graft strengthen the durability of the, healed skin and also prevent contractures?
These possibilities have to be investigated further,
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The problem with cultured confluent stratified keratinocyte sheets is attachment to the wound
bed. If not firmly attached, they tend to form blisters especially if blood tracts between the
graft and the wound bed. Also it takes time for vascularization of the graft to occur. Since
no dermal component is present contractures tend to occur.

6.1.1 The advantages of the presence of a dermis

Keratinocyte grafts take better on dermis than on fascia, muscle or fat possibly due to the
dermis being more vascularized (108). Dermal allografts of low immunoreactivity have been
SUt essfully used to support the growth of keratinocyte sheets (109 - 112). Ba~~4 on the
success of the above, dermal equivalents are now being developed to provide the
keratinocyte sheet with a stable base prior to grafting. The dermal equivalent should preveet
contractures occurring following grafting. The artificial dermis provides a lattice for the
dermal fibroblasts to become embedded and to lay down recipient collagen in a similar
manner to that dictated by the foreign collagen already present.

6.1.2 The use of collagenous substrates

Unfortunately collagenous substrates, i.e. the dermal equivalents, which are stable in vitro
cultures, are unstable and degrade rapidly on the wound bed. It is thought that the overlying
keratlnocyte sheets have a poor survival rate due to not getting adequate nutrients from the
dermal equivalent. It takes some time before the dermal equivalent becomes vascularized.
Therefore take may be improved by first placing the stable dermal equivalent on the wound
bed and after it is vascularized, placing the cultured epidermal sheet above it.

In spite of the above findings, composite grafts appeared to take well when transplanted on to
full thickness burns in rats (113), and athymic nude mice (29). The dermal equivalent varied
in composition from simple type 1 collagen (113), human types 1 and 3 collagen (29), bovine
collagen and chondroitin ..6 - sulphate all being impregnated with fibroblasts (28).

,



An epidermis was regenerated. without adnexal structures on connective tissue that resembled
undamaged dermis. However when transplanted onto full thickness defects on pigs, this
substrate provoked an intense foreign body reaction (114).

Yannas (115) used a highly porous cross linked collagen ~ glycosamfnoglycan substrate
seeded with autologous dermal and epidermal cells derived from a pig. A confluent
epidermis was seen in vivo at 14 days and a new basement membrane, containing the
collagen IV 7-S domain, thought to be important in the development of its Iatrice-like.
structure, was not detected until day 23. At 4 months fewer anchoring filaments were seen
compared to normal skin, but were found to be of equal number at 1 ~2 years.

The above confirms the clinical findings of bulla formation in grafted cultured autologous
epidermis seen in patient Mr J, (see table 4, figure 18), with a cleavage plane immediately
below the anchoring fibrils (116, 151 112, 10), which remain attached to intact lamina densa
in the blister roof (116, 11~ '. At 4 months it took 17 minutes for suction blisters to form
with a cleavage plane below the lamina densa, whereas it took 65 minutes to raise blisters
with a cleavage plane at the lamina lucida in normal skin (10).

Bum wounds grafted with cultured autologous keratinocytes and fibroblasts attached to
collagen - glycosaminoglycan substrate, had an epithelium with a normal stratified
appearance overlying the remnants of the substrate which had developed a vascular supply at
9 days post-grafting (28). Early anchoring fibril formation requires components from
keratinocytes and fibroblasts both of which were present in the composite culture. Thus at
the dermo-epidermal junction the lamina densa was continuous with multiple
hemidesmosomes and a few anchoring fibrils. The basement membrane developed an
undulating appearance with dermo-epidermal interdigitations suggestive of rete ridges at 4
weeks.

Melanocytes which are generaily present in vitro in keratinocyte cultures, have been
observed in grafted epidermis with visible re-pigmentation from a few weeks to several
months. Langerhans cells which after serial cultivation of keratinocytes, are not present in
vitro, repopulate the grafted epidermis within one week (12), with normal numbers found
between 2 months and 1 year (15).

Compton et al have followed up patients grafted with cultured epithelium for 5 years (15).
They found at 2 weeks inflammation in the granulation tissue had resolved. At 2 months, as



the cellularity decreased, collagen content increased, the collagen bundles being just sub-
epithelial and parallel to the epidermis. A bilayered dennis appeared at 2 ~3 years. Deeper
elastic fibres appeared at 3 years, becoming more diffuse at 4 - 5 years, at which time the
initial random vascular pattern formed a superficial plexus parallel to the epidermis, sending
capillary arcades into the papillae between the tete ridges.

Would a composite graft, composed of an artificial dermis (collagen gel, chrondroitin-6-
sulphate and GAGs) covered by a cultured epidermal sheet improve the results obtained with
cultured keratinocyte sheets alone? 'Possibly, once the composite graft has taken, it may
strengther .he durability of the heal, .j skin and also prevent contractures, These possibilities
have to be investigated further. Thus in this paper a composite graft is proposed. Its
components are described and the final product is shown.

6.2.1 Construction of the composite graft

15.2 Meth.oilli

6.2.1.1 Components

a) VITROGEN 100 Collagen - a sterile solution of purified, pepsin - stabilised. dermal
bovine collagen dissolved in O.012NBCL.

b) FmROBLASTS
i) Mitomycin treated murine 3T3 fibroblasts.
ii) Human derived fibroblasts, being of autologous or allogeneic origin.

G) KERATINOCYTES - being of human allogeneic or autologous origin.

6.2.ll..2Construction

a) Pr®m::atiQn Qfthe neutralized. isotonic VitrQgen iOQ CQllagen SQlution
1. Mix Sml of chilled vitrogen 100 Collagen with 1ml of O.1M NaOH and 1ml

of lOX phosphate buffered saline solution.
2. Adjust the pH of the solution to 7.4 (± - 0.2) by the ao ditlon of a few drops of

O.IM HCL or O.IM NaOH. The pH of the solution can be monitored by the
use of a pH meter.



b) Mixipg of the £9n~tituentti
1. A suspension of human or murine fibroblasts were obtained by treating a

<'.ilture dish obtaining these cells with a solution of trypsinlEDTA. To this
suspension the 1'rowth medium DMEM/Hatn's F12. containing Bovine calf
serum, Was added, This suspension was spun down at 20 000 rpm for 5
minutes. The supernatant was removed. The neutralized, isotonic Vitrogea
100 Collagen solution was added to the cell pellet and mixed, by pippeting the
solution up and down. The collage solution I cell mixture was placed in a
12cm petri dish, which was placed in the carbon dioxide incubator at 37°C. It
took 15minutes for gelation to occur.

2. Kerarinocytes from a 12cm culture dish containing keratinocyte colonies
which were subconfluent, were .obtained by treating such a dish with
trypsin/EDTA. The keratinocyte suspension, to which DMEM/Ham's F12
growth medium and Bovine calf serum was added, was centrifuged at 20 000
rpm for 5 minutes. The supernatant was removed. The cells were
resuspended in ·he growth medium and serum mentioned above. This
suspension was now placed on top of the collagen gel, which has been
impregnated with fibroblasts. The keratinoeytes settled down on the surface
of the collagen gel, grew out to fr -rn a confluent stratified epidermal sheet.
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confluent stratified epidermal sheet

-¢. ¢._,_. _. ~_.:;__ ~ _ __.J

a fibroblast embedded within the bovine collagen layer

a neutralized,isotonlc Vitrogen 100 Collagen gel~ 0.5 em thick

FIGURE 26 ..
The components of a composite graft which
is ready for grafting.

(

('
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r\

airlliquid

/
interface-close to surface keratinocytes,
enhance stratification

NUNC cUlture petridish whose surface 1s
negatively ionized COllagen gel (rat tail

collagen or bovine
collagen) which is
impregnated with
human fibroblasts which
m~y be treated with
mitomycin.

FIGURE 27~
The composite graft within the CU!ture dish.
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FIGURE 28 (a)

tIGURE 28 (b)
FIGURE 280
A comparison between 2 collagen gel layers of
different thicknesses.
a) The bovine collag~n gel layer, being the

artificial dermal conpor.cnt , is seen in a
6cm diameter culture disho

b) The collagen gel layer is seen in a gcm
diameter culture dish. This thinner
layer would prrbably be more permable for
nutrients to diffuse through to the over-
lying cultured epidermal sheet in vivo.
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FIGURE 29 (a)

'-'''rf)'~--''~*---~lrr--~"'_'~":-'":".-</l~~--'~-~·
If, "" 0 •

FIG URE 29.,(b )

FIGURE 29.
The
a}

b)

composite 'skin' graft.
Appearance from above.
The red dots are growing
colonies.

keratjnocyte
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FIGURE 30 l,:)

(\

FIGURE 30 fb)

()

FIGURE 30 ..
L.M. sections through a composite graft.
a) The top surface is covered by a

keratinocyte sheet. (mag. lOx).
b) The bovine collagen base is impregnated

with hum?" fibroblasts. (mag. 40x).
c) The surface can be seen to be composed

of a confluent stratified keratinocyte
sheet which is at least 2 cell layprs
thick.

o

GURE 30 (c)



The bovine collagen get acts as an artificial dennis. It also acts as a lattice work for the
fibroblasts, enabling them to secrete their own collagen and laying it down in a uniform
fashion. Thus the bovine collagen should eventually be replaced by human collagen.

6.3.1 ,Modifications to the collagen gel

The figures (figure 31), of the composite grafts show the overlying cultured epidermal sheet
lying above the collagen gel, in which fibroblasts are embedded. The thickness of the
collagen gel may be of importance when the graft is applied to the graft bed. If it is too thick
then the overlying keratinocyte sheet may not get an adequate nutrient supply from the blood
vessels within the donor bed.

6.3.2 The clinical application of an artificial dermis

Vascovali (117) applied a dermis of human collagen, chitosan and glycosaminoglycans io a
patient after bum excision followed by autologous keratinocyte sheet 18 days later when the
dermis was vascularised, 75% of the keratinocyte autograft was lost but in intact areas a
reconstructed full thickness skin was observed.

Hansborough (28) used a fibrovascular ingrowth, but with a non-porous surface on which
autologous keratinocytes were cultured. These composite cultures were placed on wounds of
4 bum patients after cadaver allograft removal. At 5 - 6 days epithelial foci were evident and
at 9 days epithelial areas were well keratinized and beginning to desquamate. Take was
observed in 9 of 13 grafts and at 4 weeks the surface was smooth with a good subjective
resistance to shear and a relat, ely normal epidermal and dermal structure. In a more recent
study (118) one autograft and two allograft composite' cultures of human keratinocytes on
fibroblast containing rat tail collagen gels were transplanted onto patients after tattoo
excision down to fat. They reported rapid take of all three grafts with good cosmetic
appearance and only 29% wound contraction in one case. A biopsy of one sex mismatched
allograft at 4 weeks showed a fully differentiated epidermis and t mature dermis. However
sound biological evidence of allograft survival was not provided. There is still controversy
about the requirement for a dermal substrate at all since long term follow-up of early patients
treated with keratinocyte autografts placed on muscle fascia without a substrate layer showed
the eventual development of a normal dermis 5 year post grafting (15). This will only be
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solved by direct comparison in controlled studies.



CHAfTlElRSlEVlEN

7.1. ~

7.JL11. Is the in vitro model an appropriate one?

The time intervals - from monoclonal colony formation to confluence, and from confluence
to stratification, are they acceptable? These lime intervals most probably can be shortened
by a few days, by carrying out the steps described in chapter two. This entails using smaller
plating-out concentrations. reducing time exposure to trypsin and reducing the time interval
between harvesting and culturing.

7.11.,].•1How does one know that this multilayered keratlnoeyte
sheet showed signs of stratification

The answer to this seen in the L.M. and E.M. histological appearance of the keratinocyte
sheet.
a) The basal layer being composed of small polygonal or cuboidal cells containing

numerous vesicles and no basal hemidesmosomes,
b) The intermediate layer cells being elongated and containing numerous organelles.
c) One or two layers of more flattened nucleated cells were seen in the upper layers.

By carrying out strict aseptic techniques prevents the cultured keratinocytes from becoming
contaminated by bacteria and/or fungi. 'What is important, is to use a cultured confluent
keratinocyte sheet that has recently reached maximum stratification. One does not want to
use an 'old' cultured keratinocyte sheet, since the number of actively multiplying
keratinocytes are reduced and the percentage take is reduced proportionately (refer to figure
25). Keratinocytes derived from older patients have fewer population doublings before
senescence compared to neonatal keratinocytes (16).

Certain growth factors affect keratinocyte multiplication and migration in \Iarious ways. The



most potent factor being keratinocyte growth factor (KGF) produced by fibroblasts. This
growth factor accelerates epithelialisation.

7.1l..2 Is the ellnlcal application aftbis method a useful! one?

With specific reference to burns, the efficacy of 3 types of grafts containing the cultured
keratinoeyte sheet, were demonstrated. The so called compound graft giving the best results
with respect to take, durability and cosmesis, The cultured keratinocyte autograft gave better
results with respect to percentage take compared to cultured keratinocyte allografts. Initially,
these latter 2 types of grafts had a tendency for blister formation, but with time the newly
formed skin became thicker and more durable. This correlated with the findings of Compton
et al. (15). To support the hypothesis proposed in.this dissertation that the compound grafts
may suppress hypertrophic scarring a large trial has to be undertaken.

Since infection is a major limiting factor with respect to culture i keratinocyte grafting, the
results were standardized by adhering to the grafting protocol, particular reference being paid
to the application of the antipseudomonal drug, piperacillin, The results obtained in the burn
patients treated with keratinocyte grafts correlated with those obtained in over 370 patients
treated by Biosurface Technology in Boston (79). At this centre the keratinocyte sheets were
cultured according to the method described by Rheinwald and Green (1).

Leg lesions other than bums, grafted with cultured allografts, gave pleasing results. These
results were able to be processed to produce a linear equation allowing one to predict the
time that it would take for a leg ulcer of a given size to heal following the single application
of a cultured keratinocyte allograft sheet.

The results following the application of cultured keratinocyte sheets to extensive full
thickness burns, .i\"~ulcers and other conditions resulting in skin loss, admirably demonstrate
that these sheets enhance the rate of hea ling as seen by visible skin formation. But do these
transplanted keratinocytes survive? In chapter five, it was demonstrated with the use of a Y-
chromosome probe that the allograft keratlnocytes could not be detected beyond day 4 post-
grafting. In spite of this finding they appeared to visibly enhance wound healing. The
postulated mechanism being that the keratinocytes impart some growth factor(s) which
stimulate the patients own keratinocytes to multiply faster than usual.

The above management of leg ulcers and extensive burns represents a Significant advance
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with respect to wound care. It appears to reduce morbidity and mortality. The draw-backs
concerning durability of the newly formed skin may possibly be overcome with the use cfthe
proposed composite graft described in the previous chapter. This composite graft Mint1Cfl. the
major skin components.

The composite graft should not only prevent contractures but should also provide a lattice
work in which fibroblasts, endothelial cells and other dermal cells can proliferate and secrete
structural and functional proteins.

Cell culture is rapidly opening up new pi' if I' .sly unimaginable fields of endeavour having
diverse applications. Not only. regarding gross clinical applications but also with regard to
furthering our understanding of basic cellular processes. This therefore will enable us •to
harness the cell for the benefit of mankind.

ClOL10GiO[JJEl



A) List of cUlture m.eclia:and sOlurtions:

1) Eagle 0 s llUnimal Essent.ial I4edium (Earl 0 z salts)
....Flot-l Labora. ,to.ri ~S'd

2) Dulbeec()D S MocUficatioll'l of Eagle a s lYlediWil-
FIOt" Labora:tories~

3) Hams Fl: Medium - Flow Laboratories"

4) Foetal calf serum (fortified witb iron) -
Hyclone Laboratories.

5) Bovine serum - Flow Laboratories.

6) Trypsin'" Sigma ....used at.0.17% in
calciUlll/magnssium free phosphate buffered
salin.e.

7) Ethylenediaminetetra acetic acid (EDTA) - BDH -
used at 0.1% in calcium/magnssiwn free
phosphate buffered saline.

8) Pencillin. - Novo Indusrt:rciesused at.100
~unit.s/rill..

9) &treptomycin ._Movo industries used at SOng/mi.

10) Fungiaone - GIBCO - used at lug/mI.

11) Mycostatin (Nystatin) - Squibb Laboratories -
used at 25 units/ml~
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12) Gentamycin... sigma ... used art lOOug/ml.

13) r,Xitomycin c - Sigma - used at 4ug/ml for 2 h:ro

1.4) Epidermal GroirJth Factor CEGi') ....Sigl1i\8l.USed at
lOug/ml.

15) Adenine - Boeh.. tt R4annh. used at 2.4:2mg/ml ..

16) Insulin - Sigma - used at 5ug/ml.

17) Hydrocot',tiso:ne ....sigma - used at o.5ug/ml.

18) Transferrin - Sigma - used at 5u9/ml~

20) ~inoleic acid - Highveld Biological used at
5ug/ml ..

21) Cholera t.oxir~- Sigma'" used at lOOng/ml.

22) calcium/magl'lEl}sium'" free phosphate buffered
~aline (CI1F"'Jl?BS)-8.09 NaCl~0. 29 l.{CI ~o..2g
IUI2P0J},::2.9Q
Na2Hpo4012n20: PH 1.2 made up to 1 litre.

23) Phosphate butfered saline (PBS) - a.og NaCl~)o29
ReI:
0.29 rot2P04~2.99 N&2HOP4.12H2o;O.13g
CaC12• 2H2();

O.lgMgC12.6H20;pH 7.2 made up to 1 litre.

24) petri dishes - various sizes - Nunclon.

25) Dispase II ...Si9l1l8l.pst Louj.S:l\~O" UaS.Ao
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26) Piperacillin-Ledele Isa:ndo
Transvaal, south Africao
The water used in both the preparation of culture
media and t.he 't'ISlSl.\inqof CU. Iture qlasst'1C1l_"e t'lTas
prodUced by eith®r ultra ....filtration almapOlishing
through a !;:J:illi"'Qsystem (mil1ipore) or)by double
glass distillation (pj.ssions) ..

sterilization of cult.ure glassware 'tla$ achieved
by autoclaving (Glaxo-Al1enbury) or in some
:i.nstances by i cb:Y-heat0 st.erilization at 180°C

for a minimum of 3 hra

Culture media and the various ot~Aersolutions
were filter sterilized. (Oo22'Um pore size) using 5%
CO2 in air, divided into relevant aliquots and
stored at 4°0 if to be used! immediately
othert1ise at -20°0 for up to 3 months.

B) Preparation of 3T3 feeder layers

Confluent ct.llt'~res of 3'1'3murine fibroblasts t1ere
in.cubatsd ",lith 4ug/m.l lIn.i,tomycinC for tt10 hours,
Which made them reproductively in.activ9o These
cu.J.tures received three washes with sterile PBS
follot-Jed by a furtber t'(:']O 't1ith culture medium
prior to being platad out as fseder supporto
Plating densit.y 'l':las '7. 5X105 cells/64cm pet.ri
dish.
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The )ceratinoc:yte 101911lines tlera used to form confluent
stratified epidermal ....like sheet.s Used as allografts or
autograftsa

~. ~1AC-derived from a term foetuso
2.. X"'derived from an eight. day old forsakinG
:3 " }i,ley-der;bredfrom an eight day old f~cesldn"
4. G-derived from an eight day old foreskin.
50 B-derived from an eight day old foreskin.
6_ D-derived from an eight day old fores11tino
7a Chinn....derived from a ten day old foreslcin.
13~ Tim-derived f1"C;{q!,a three 't'Jeekole! foreskino
9• S-deri ved from u 'ten day old foreskin 0

100 Lui-derived from a ten day old foreskin.
11. ReeCe-derived from a ten day old foreskin~
120 J-derived from a ten day old foreskin.
13. l\~t-darived f:rcoma ten day old foreskin.
14. C...derived from 1: tell'll day old foreskin.
15.. a-derived froll'll. a ten day old fOreskin.

All these cell l.i.nas tested seron8gative for t.he
Hepat.itis B virus as well as for the Human
Immu,nodeficiency Virtuh These cell linea ~lere all
frozen dotin in 1ml c:rcyopreservation tubes.
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1. Rain-23 year old. :black female·",
2. !·1oseS-42 year cld black mal~ ..
3. Else-35 year old black femaleb
ilL Jon.as"'24year old blaok male.
5. Virqinia-·19 year old black f~mal®.
6. Gro!oler-46 year olf1! '{<Illitemale •
.,. Lindit<le"'12 year old bl.ack female"
8. :Braam-lyear old white lInale"
9. Edwin~54 year old blaok mOlls.
10. Defont.es--42 year old t~hite male ..
11.. Dultred-18 year old Iolac]t :male.
12. Zuma""21year old black mals.
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Cells marlced for ccyoprese1."V~tion <t"1ereharvested from
sUbc.onfluent coltJnies ~ The fibrc~last fe~\!\dlen::~,("lere first
removed with ~he aid of EDTA/qlucose being ~ppliedfor 120
$Gcor.as" This ~aG follotled by 'It-Jasbing 'I''1ith PBS. The
oells '(-Jereremoved from the. surface of the culture dishes
'frlith th('-$ aid of Trypein/EDTA,v incw::;a't\ea in a cO2
incubator for 20 ....4fo.':minutes at :noco

The cells ,-1ere. spun down at 20 ltlPl!l\Q for 5 l.'!l:il "utes 0 The
superna't.ant wae: removed and cryopreservatiti:m :medium is
addedQ 10 OOG cells per mil1ilitre W$.1CS plt'~served in a
1ml Nunc cryopreser"'at.ion t.ube. The ccy()preservation
tubes "(;olarsst red. in a -70°C freezer"

Bovine calf serum-20%
Glycerine"'15%
Dulbeco's Modified Eagles II.{ediwn/E[am'IS F 1,2 meditl.lrl as
1:1-65%
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The hybx'.idization an.d detection of biotinylateCi. DNA probes
in fixed -tissues.

Viall.

Vial 2.

Vial 3.

vial 4.

Vial 5.

Vial 6.

Vial 7.

vial 8.

IV.1 ~,lt£l.\\:®E'iIDIJ'!

IVol.1 ~m~®ri~l~ r®~ire~
~r~ml~t!@~@f ~~ ~~@~eDo

DNase I::

(}.5 mg/ml in 100~1 119012

DNase I dilution. buffer:
10~i Tria HCI pH 7.5q 1mg/ml BSA

lQX :reaction buffer:
0.51'(£ Tria acr pH 7.5, 50ml·1 ]i-!gC12

Oeoxynucleotide solution:
O.3J@.1 dATP, o. 3;.ru·l dGTP q 0 e .3mt,,7 dCTP in 50 lIlMTria
Hel pH 7.5.

Bio-l1-dUTP~
o•3~1 in 50:roI·l Tris sci pH?$ 5

TTP:
) .3Illi-I

used
in
in

501 )1 Tria Hel pH 7.50
a control react.ion

Bio-l1-dUTP.

The TTP :may be
in place of

DNA polymerase I
3 uni ts/ul in O. 11·1 SOdiumphosph2.te )buffer pH.
7.2,
50%glycerol (v/v),1. O~i DT',lI

stop bUffer:
200m~1 EDTA



Vial 9.
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t:ontrolDNA
O.25l'1lg/ml lambda DNA in 50l1lR·1Tris Hel pH 7 "I}, f

lm!·l EDTA~

Vial 10.. Y ohromosomal DNA~
pDP 105 supplied by Dr ~~ JRali!seyof the
Oepartment of Human Genetics, South African
Inst.i tute for l<ledioal Research t11it.hpe:rmission
from Dr D Pageu

0,,06g '1111'.'is HCl,O.l.9g distilledEDTA,500ml



IV~.1"2 '" t!at©Eialf] g®ffiUi1"G)(@ iE@tt' lla~1b>E.il@l!!iS:l!.W,ffit.i@ll!l
~@~ ~i@~im11uto~ ~~ &E@~OO im ~i~e@
t:li.am\Ut@lID

a) lX phosphate bUffered saline (lX PBS):
7.6g of 130:m!,1 sodium chloride (HaCl)
19 of 1ml~diba6ic sodium phosphate (Na2HP04)
0.419 IOf 3lDt·1 monobasic sodium phosphate (NaH2P04>

b) Phosphate bUffered saline, EDTA {PSS-EnTA):
130 nilYlnaCl

7ml:1 Na21U?04
3ml·l NaH2P04
1.9g of 5ml~ EDTA

c) 20X SSPE:
210.384q of 306M sodium chloride
3L2.q of 0..2 14 sodillm phosphate pH 7..4
7.445g of 0.02X·l EDTA PH 7.4

e) Deionizedformam ide

f) 50% Dextran sulfab~: 2.59 of dext.ran sulfate in 5ml
PBS.

g) 50% formamids, O.lXPBS:
combine 2~ml deionized formamide,5ml lX PBS and 20ml
deionized or distille.t;l watElr A



110

IV" ]. 0 3 £~~ii!oltiall:'l &'®~:ll.E'c;)cft\'i@E ~h0 6510toeti@1Il
@i ~i~&'i~i~o~ ~i@ti~yl&to~ ~~~ ~r@~GB in
fi~o<ll1tios'V1e~

a) lie Phosphate buffered saline (lX PSS)
130lilIllHa.Cl
7lI1!II N0l2HPO 4
3mlXi NaH2:P04

b) Complex Dilution Buffer:
12.1149 of o , !tvi Tris (pH 7.4)
5.8449 of O.lM NaCl
Oo0136g Of O~lm.l ZnC12

c) Detection Buffer
12.114g of 100~4 Tris Hel pH 9.5
508449' of lOOmlVI NaCl

2.063g of lOm»iMgC12

d) Substra.te stock solution:
Sto~e at 4°C in the dark
50mg/ml 5- bromo 4 chloro -3-indolyl phosphate
(BCIP) in anhydrous dimethylformamide.

e) Chromogen stock solution:
Store at 4°C in the dark
Suspend 75mg nitroblue tetrazolium (NBT) in O.7ml
anhydrous dimethylformamide. 't"Jhensuspended, add
O.3m! deionized water to dissolve fully.

f) Rleaction mixture (make fresh for each use):
To 5m1 detection buffer (SOlution 3) add 22ul
chromogen ~tock solution, (NBTgsolution 5) an.d.mix.
Then add 16.50ul substrate stock solution,
(BCIP,solution 4).
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IV. :2 • 1 ~fmo nlGltl'dlom ti!OXi: rmi@tt 'tE'mI!Ilm!ati@IQl. @f IDl~

I9lt'@~ea:lwith Y!)!@i'h;irmyllil't061Etl'@©lo@ti~oo

IV.2.101 Intr.oduction

Nick translation is based on the introduction a;; !J.'l~nd(.l~dl
scissions or Unicl.csa .by pancreatic DNase. E.coll DN:rt
polymerase r then catalyzes the addi tion of nucleotidf::!
resides to the 3 V -hydroJr.yl terminus of a nick, l,dt:h the
simultaneous elimination of nncleotides from the 5~-
phosphoryl t.erminus a There is no net DNA synthesis 0 AS
nucleotides are removed from the 50-phosphoryl terminu~
and new ones are added to the 3D-hydroxyl terminusv the
nick is remoVed, or translated linearly along the strand.
In the presence of biotinylated nu.cleoticSle(s) piCe-existing
unmodif.ied nuoleotides in the DNA strand are replaced by
biotinylat.e,d analogeo

Enzo Diagnostics (119) prQvided the nick translation kit~
If:Thich fol1ot1s established protocols using 'Bio"'ll-dU'l'P,a
TTP analogue, as the biotinylated nucleotide. BecaUse
nick translation is a ternplPl.te dependent react.ion., ·the
number' of Ioiotinylate·d. nucl eot ides incorporated is
determined by the A-T composition of the DNA. With this
procedure 20-60% of -the ']l·lP resides are replaced with
Bio-11-dtn4P. Nick trav~lation is used for .biotinylating
double- stranded
is followed by

DNA greater th~n lkb.
DNA hybridization and

Nick translation
detection of the

biotinylated DNA probe.

Here is desnribed a procedure for det~otion I,r
biotinylated pHY:201 in situ on the Y chromosome in tissues
derived from healing ulcers 4,58 and 16 days after grafing
\d th cultured kerat.inocyte allograft sheets 0 The method
is based on that. described by Burns Jist 611(91).
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The following :reaction is JEor labelling lug: DNA. To t.he
e~~endo:rphcentrifuge tube add the fOllowing:

1. 0 20tll of 10. X .reaction buffer - vial :3 ~

.28 20'1.11deoXyn'UcleotiOle solution - vial '10
3. .20ul Bio-l1-dUTP - vial 5~
4. SuI Y chromosomal DNA- vial 10. (pDP 105)0

OR
5. 16ul Control DNA - vial 9.
Bring the "Volume te.') 168ul with dist.illed water.
To this 168ul add 16ul DNA polymerase I = vial 7.

Mix the following:
1. luIDNase I - vial 1.
.2. 49ul DNase I dilu·tion bu.ffer - vial .2 ..

This forms a 1:500 dilution.

c) R:li~ili'll~: ~Tille IDa].'Ul~i@lJA @©lIii).!tJfi;~:tl;m\~Cl~

1i!1'g):\t' tho Eli©it t,~&liilm].oti@llll lfem©t.i@lil

't'7:1t tid a5b'i.lmlt.e©! ll>>>lIOJ.!!lCll z

Mix the 174ul obtained. in part a) with loul of diluted
DNase I obtained in pal:t b) 0 This mbrture is mixed
carefully in an Eppendorph centrifuge for 1 :minut.e and
then incubated at 14°C for .2 hours.

This is followed by the addition of 2Sul stop buffer -
vial 8. NO't'1 one has a solution containing a tot.al of
308ul Q 't'lhich is cent.rifuged for· 2 minutes followed by

incubating a 6SoC for 10 minutes.
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To the 30anl solution add j() ..8ul of 3M sodium acetate ... pH
50:2 .. This is follot...red by the addition IiOIf100ul of gS%
ethanol ~ The solution is centrifuqecil for :3 Dlinut~s and
then stored at ""'?CoCfor 15 minuteso

The DNAIs recovered by c~n:t:cifugation for 5 n:inutes.. The
supernatanit:. is discardecio '.l'he pellet is ~]ashed t'Wlice with
700ul 80% ethanol.. Each t.im.4a thG solution is centrifuged
for 5 minu'ces and the super.na't.ant is removed"

l1'he pellet is

dessicato}.' for
Tris Hel pH
30ng/ml ..

d.ried by placing the tube in a vacutun
a short time. The DNA is dissolved in 10mr·1

7 5 p lmJ:1 EDTAl' getting a ooncentrat.ion of

In order to get the above concentration talt.e Sml of th~
above buffe;!' and t.ake off 20u1 and add 20u1 of t.he DNA
probe.

One now bas the DNAprobeg
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IVe, 2 ..2 otl'alo rn(!l.l'&:.l'iaO~ l.'m'li£i>ir" l6J.i f3l,a,t.iea ni.m@1@l€rto@'l!:.i@lill

e~ ~i©~ilill~lm~~~ ~~~ ~~@~00 im fi~®~
~i[!e~(%fl

1V0202.1 obtaining and preparing the
Ioiopsy specimens ..

punch biopsy specimens (2nmt) '\<1ere taken under local
anaesthesia at 4 g S8 and 16 day ir.d:ervals from areas of the
wound (leg ulcer) tbat were clinically healing.. These
biopsies "lere
't"1it:h cultured

ta.ken trom fell1aj.>iB patients 11Yn.O'trIeregrafted
kerat:inocyte sheets obtained from male

donor. The controls were male skin and prostatic ti~$ue
ab\..ained from an individu,al wh.o presen:tad. with benign
prostatic nypertophy ..

Sections (3uml were cut fl"om t.issue fixed in forma.l saline
and embedded in paraffin '(!11llto The sections were mount.ed
on slides that had been cleaned, waShed, air, dried and
coated 'With triethoxysilyl adhesive.

Sections of the same tissue t'\Yere sta.ined 'l;lith haematolcylin
and eosin a.fter (le'W't}.1xingand rehydrationo These sect.l.ons
were used for routine histologyo

\

The sections for in situ DNAbybridization were washed in
xylenep graded concentrat.lonk of alcohol fo1lowed by

distilled water 0 This was fOllowed by treating the
sections for 20 :minutes at 37°C ''\Tith Pro'cainase l{

(O.5mg/ml in PBS-EDTA).. The reaction is stopped by
washing the slide with SOlution 2 (paSo5~~ EDTA) for 10
seconds.
dried.

EiCcess liqrdd is ,;dped off and thoa slide is air

NO'VTthe tissue section is ready for :JMAhybridi2ation 0
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IV.2.2.k ~re~~~~@tic~ of t~®
8'a},)1)ri@.i8oi;;llollll ni2t~\\!\~€)

200ul deionized fo:rcmamide,
40ul 20X SSPE,
40\.11deionized water.

The above three components were heated to 650Cq This
was followed by the addition of 40ul of 50% dextran
sulfate. The test. tube t':Tascooled and SOul of the DNA
probe was added.

20ul of hybridization mixture was applied to each specimen
on a microscope slide and cover with a glass coverslip.
The covered slide was placed on to the 92°C heating
bloclt for 10 minutes, in order to denature the double.
stranded DNA.

The slides ~ere
hy1ol'idization 't"las
(~0-30oC)for 20
gently with PBS.

then t"emoved from t.he heating blocle and
allc't'ledto proceed at room tempeI:atur~
minutes. The coverslip was washed off
This was followed by the application of

200ul of 50% formamide,O.lX PBS, t.l' each slide, 'V'ihichvlere
ailowed to stand at room temperature for 10 minutes.

The slides were rinsed in sCIlut.ion 2 for 5 minutes at room
temperature. Excess mois1~ure was tapped off the slide.
The samples were now ready for visualization using a
biotin-recognizing signal de'tection generating system.
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The slides were
complex dilution
1-alk complex ..

removed
buffer

from
't'J'sre

~oulfrom 10 ml of
SJ.ll'ld lOul of DETEJl:(

each sl:I,de
lOQul of this well-mixed diluted complex

were added 0 Incubated at 370C for 30

minutes. 'rItas l'laS fo110t"1e61
under a t!:>t.e~dy stream. of PBSo

aid of f~lter paper.

by rinsing for 10 seconds
Gently blotted dry with the

The reaction mixture 'I:"1ereadded and the slides 1"1ere

incubated at room temperature, in the dark, for 30
minutes. Checked under the microscope for colour.
positj,ves appea;r'ed as dark bro'tm precipitates 0 The slides
'f;>Tere rinsed in 'f.1l'ater and counter-stained 'tilth 1%fast
qreen in lX PBSv if de~iJCe(io
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Data sheets and figU~~s of burn patients treated with
cultured keratinocyte sheets~ The data sheets were used
to obt:ain tables:3 - 5 and graphs :3...60 The f,j ?JUresaim
to illustrate the progr~ss of healing for each patient
referred to on the acgo:mpanying dat<llsheet ..



I,1iss lR M: 23 year allOt female (Black. :female
patient)

55%, of this 50% full thicknelSs
burn

ant.erolat.eral aspect. of lot1sr leg jJ to
which a CEA was appliedo Both arms and
legs as t'1ell as face and chast.o.

62. days
~~ G~~m~ wx~~©u~~~~~
Iril~Xl.Ol]i;~1tt &i"U)G~~ «.©m~.) Ii 1~4 cm2

OVer t.he cultured
epidermal allograft a
highly meshed <1~3)
au:tologol.ll$ SSG '{<lasappliedQ

once
~ERC~~~~@~~~~ P~R
.P..'P~Xnxc).~!Omg lOO~ ~een

post.-graftingo
at 14 days

COS~~IC ~~~~~~C~ O~
G~TE~ WITK CEAg

~lYil~
A smooth dark bro~m skin seen 23
days after grafting.
A comparative area grafted with
1: 3- :meshed SSG (aut09rrll ft) 011one ,
has a :marl~ed diamond :mashed
appearance 23 days afte~ grafting.
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1·1&ster B H
patient)

Ae 1 year old

~~ ~u~~c~ ~g

U'JCZt.Lll:$i~IJ.t'I@i::,y g Face, arms trunk upper half of both
anterior thi9hs~

D~YS ~~m X~J~~Y
TO G~TX~SG'lll

~~ G~~~D ~l~m©U&~~~~
in~IDEMivilJljzu,WGUJ1~ «@El ~ g Lower chest and anterior

abdominal t·;tall as 't"lellas
inner aspects of both arms
and. forearms· 0

once
~~RCi~$Gm ~$_~ ~~~
1ti?Pl!IC~l'IO»J'g 0%

Seven.tee.tl days after CEA applied the
areas, grafted 't<lere clean and failed to
grow any bacteria after repeated. swabs
"t'-lere tS.:!f'en0 lIn. the presence of a
nega:c..::.'us ndt.rogen balance ana. poor
oxygen'o;l,t.ion CEAs act as excellent~
temporary biological dressings.

coaME~IC ~pp~~c~ @~ ~~A
IG~Tl3D WI~R CNl21: red granulation tissue seeno

Pa,tient died :2 :months follo't..1ing burns I

due t.o respiratory distress syndt'ome
caused by smoke inhalationo
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l-1r R N : 23 years (.Bla.cltmale patient)

9% .... ~ full t.hickness bu.lt'l!lo
Tota.l B~. = 112.5 c.2~

Right a.rmand dorsum of ha.nd

Dllk~,€l1rmC~l I~~tlIlRY
'1'0 GblF~I~~ ~ 19 days
~~ ~~~il!) tJI~ CUXo~tcrUD
tsj]?)Il!)~:ru·~L lU,lW)~~!1i: (©B:tll» s

wrmlmlPZ 027 1Jr51£illiSrIDC&"iI l1K!l~LI~l!)g

25

P~~C~~~Gm ~~ ~~~
z::.lIlPE.,I~'l(IIOlDl8 100% occurrlnq

application.
8 days

22.2% (66.7% of full
thiclmesm. burn area)

H

~01lil~m~IC ~'l1ll~JCli\l lOll' ~ ~mur~ml!() tnC~lll! @J!5Z1g
Pink smooth skin.
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The dorsum of the hand of patient Mr R N,
a close-up view of the healed burn. The
2 scabs will falloff to reveal new
underlying sk.in..
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WC~II1»idi.~:a:@1:~g Arms and legs" Area on posterior
aspect of right calf 9'raft<edwith CEAe

D~Y~ ~~owX~JU~~
~o GmurTI~G,8 72 days

~lI}. ~~T~D tjX~ltr ~Ul1!Ijli1IJ1P{~!\J)

m1?JJ:ll))mlm~ ~J.tWSlru1.Jll'~ ¢ t(;j@';.~. s

once

~m~C~NT~G~ TA~ ~~~
~P~LIC~TIOMg 1101% seen at 14

despite the 't<'lound
days post-grafting
bed beinq infect-ad

CO~DnilJ!:iltC l!A~~lBl~,;zCllS 01/f J.iU'mi1},. GWU'TijlOl \:JXTlBC ©llEL\r;

smooth pi~k skin seen.
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FIGURE V.2
The right calf of p~tient Mr M. reveals a small
area of taken CEA seen 14 days foIling grafting.
When the dressings were removed on day 3, a
Pseudomonas aer.u~inosa infec~ion was noted.
Following this ase, all subsequent cases had
the grafted area treated with piperatillin
prior to grafting.

FIGURE V.3
An area on the left calf of patient Mrs E.
12 days after application of a compound
graft reveals a taken grlft.
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FIGURE V.2
The right calf of patient Mr M. reveals a small
area of taken CEA seen 14 days falling grafting.
~~hen the dre ss i nq s were removed on day 3, a
Pseudomonds aeruginosa infection was noted.
Following this case, all subsequent cases had
the grafted area treated with piperacillin
prior to grafting.

FIGURE V.3
An area on the left calf of patient Mrs E.
12 days after application of a compound
graft reveals a taken graft.
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!·l:rcsE : 35 yeaJr:"s(Black female patient)

wu~~s~~cm ~g 18% - all full thickness burn

l1)~YS 17ll\O~l :&~3W~

~O ~~Tlk)JGg 62 days

~~ Gruu>'Tilli> tJI~m ~\ilIL~il1MEi)
mlPIll)~m~L ~LOG~~ € cro2» ~ 64 -area on

posterior
thigh. and
(1:105)
SSG backing was applied.

aspect.
calf.

of right
A meshed

~ <Glimi'~ilji) tiiI'!lBr CULTUm!lD

~P~DEru~L AUTOG~T «~m2»g 127 -to the above
area.
baCking"

Part had SSG

once.

Of the area covered by the SSG backing
100% take seen 12 days after
grafting-156cm2•
Of the area covered by the cultured
autograft 320m2 showed visible skin
formation, this represents 50% of this
area grafted.

coa~mTIC~~p~~cre O~ ~~
G~TED ~ITB C~~g Area grafted with the

compound graft was bro~lil in
appearance with a diamond
mesh pat:tern. The area
grafted with a eRA alone was
pink in appearance.
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Nr J : 24 years (Black m~le patient)

LO~X~~~XO~g Both arms
~~~~.~~omI~~~~~
~o S~~~X~Gg 21 days
~~ G~T~~ WI'~©~~~~mm~
EPlli)Wm.:mxa l1LLOGmwT (@.m~) g 64 cm2 on anteriOl,'

aspect of right foreao!
just above the "neist.

S~~ED ~l~~ CULT~~D
~p:li:D~mm~ .~Ti320G~~ «on2» s 218 cm2 appli~d toant.erior arHl. and forearm.

CR.) •

pmRC~~~AG~ ~~ ~ER
APPXDXC4\TXOt§lg Of cultured allograft, 50S:; at. 14

days post. grafting ..
Of cultured atutograf'c,98% at 14
daylS post. grafting.

Autograft
at 22
cultures.
Allograft
Virginia
cult.ure.

confluent and stratified
days from initiating

derived from cell 11ne
and 'too]c .2 4: Ol.ays to

z}'1Pp~cm Ol'P ~~
GllRU'TlllD'WITE CE~g smooth pink sldn formed.

llUlX·aaUUf.:Ss On day 14 part:. of the net"1lY formed akin
lifted off from the graft beaq but
subsequently t:eattached. This llna,y be
due to anchoring fibrils being
deficient in type tv collagen.
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JI.!iSE! L Z : 12 years (Black femala pat.ient.)

.(\6%,of this 40% t'if&S full 'thickness

burn

Anterior chest wall~ arms and. legs as
well as face.

E)ay~ lJ'lROlXi ID13UlR'St'

1J£l@ (3~TXDl'G!:

~A G~T~D ~ITH CULTURED
~PIDW~~ ~U~OG~~~ «©D~»g 108 cm2

~ G~T~1!) 'W'!Tl1i TU C:OR-lOO'OO)'IDl

S~T «CD + Jl. 83 rmSltli1!ilD ~~G» ft 50m2

11 days post grafting 920 6~ u1:a]te 0

Area grafted with compoundseen.
graft. ....1.00% 0 talee& seen at 11 days post:
graft.ing.

38.9%

Pink
with
skin
thin
The

smooth skin, tender, on palpation over site ~rafted
a cultured epiderm~l autogJcaft alone. Light brown
seen at the compound graft site. Through the smooth

skin small blood vessels can be seen.
light brown sldn appears slightly thicker than the

pink skin.
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~1:rcE 1\1 : 34 years (Black male pat.ient)

40%. 20% full thicknes$

M~S Wm.OBR XMJWl!

Vf.0 ~~li'TI~~: 38 days~when cultured allograft applied

2.UmZ1 ~~Tmil)·WX'l\?ml CE1lo~'ij'JM)P)
m1.9Xl!)1!U~&uu, .iJi.LliO@RU'li' «m~.»8

w~~cm~~G~~a~ ~~~
2\1?~ll".6AC..i;).~XOl§yg 40% (=50cm2 seen 4. days after

grafting)
90%,seen 16 days afte.r grafting.

(12,,5% full
thickness burn)

COS~ETIC ~PPE~C~ OF ~~ ~~~~D crI~mC~g
Pink and smooth.

SM
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\i

FIGURE V.4 (b)

FIGURE \(..4
The dorsum of the left hand of patient Mr E.N.
before (Figure V.4 (a») and after (figure V.4 (b)
cultured epidermal allograft applitation. Figure
V.4 (b) shows amarked reduction in the size of the
remaining burn wound 4 days after grafting.
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Mr G : 46 years (EUropean male patient)

t~~ole body except part of back and
flanlts.

ll)~'Sf/ili! )],OOJ::t ITh.'tJU~'3t'

~O G~~I~t;s}g 14 days

~~ ~~T~~ WI~~ ~U&~~~
1l1JElIll):mJll~l:L"';)Eal.{i.LLO~~'.[l «©n~» g

oncs

PERCE~A~m TA~ ~~~
~PPLJt:CATIONg 20% at 14 days after grafting

only the area grafted ",Iit.ha eEA
applied to rigl1t ant.erio:t·thigh
:r:evealedsome netrl skin ~

6.25%

Contamination Of grafted areas
Also tbe

't1Yas applied.
v.rith faeces.
disinfeotant Eusol
inadvertently to some of the areas
grafted.

cos~,mTIC l1P!'lli:~Cil O:m'~6\\ Gl!UhllrTED v.1ITE C:w.\ll

Pink smooth skin visible.

Patient died 6 weeks after sustaining
his burns.
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!l)211t'&l 1'?jlWJDJi IJ;.q,~11Jw/''Sf

IJtIO GD...lfi!!i!X)J}'l'G& 23~days

~. ~~~~l!) WltlJtlm ~T!1I&i!!i!W.Jilll)

~~].])~m·:!2hlL ~1!J'1'OG~T «@Q:& » S half of this
area,
960m2 was grafted with
a ths compound graft.

once

~EmC~~~G~ .~~ ~~~
1k.)1)~Xa:tC~!fXO~g 97% at. 14 days aft.er applying CEA

alone~
At 14 days 100% 0]: area gJrafted
with the compound qraft.

The patient constantly urinated
over her legs.

CO~R~~IC ~~~~~~C~ O~ ~ G~~ED WITW CE~~

Half the area grafted was brotin and smooth. This area
received a the compound graft. The other half, t..rhich
received a CEA only, was pink and smcoth~

patient died 2 months after sustain:5.ng
her burns"



FIGURE V.S (a)

FIGURE V~5 :~)

FIGURE V.5
THe anterior aspect of the left calf of patient
Miss V. grafted with a cultured epidermal auto-
graft. Figure V.5 (a) shows the area grafted
following a sloughectomy. Figure W.5 (L) trken
1 days after grafting, reveals islands of newly
formed skin. These islands appear to be pre-
dominantly located close to the staples. This
could be due to +he CEA being more securely
attached to the ~rafted bed in these regionse



FIGURE V.6 (a)

FIGURE V.6 (h)

FIGURE V.6
The posterior aspect of the left calf of patient
Miss Ve grafted with a compound graft. Figure
V.6 (a) w~s taken just after grafting. To the
open areas cultured epidermal autografts were
applied. Figure V.6 (b) reveals new skin forma-
tion 12 days after grafting. 100% take \s seeh
in the area to which the compound graft was
applied. 65% of the area covered bv the CEA
shows visible skin formation.



~3.3

Data sheets and fi9Ures of. l~~tients ~:lYithle9 sldn. dafe.cts
treal'ted 't"1itbcultured epidermal allografts. The dat.a sheets
were used to o~tain tables 7~1~ and qraph$ 71, tbq 8 ana 9.•
The figures aim to illustrate th.eprogress of healing- for
each patient :referred to on the accompanying de:r'?a sheetu
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H!fIOWG'lZ 1OJ?lJ:!lill(tl UOO~~g venous h}ttpertens.ion

lJ)ilJ~IJiIIOm ow &.~e 1l1WE11l8 25 years
lJ)I~m~~Xom®O~ ~~~ ilJ~~~2 Two ulcers on medial aspect

of right lower lag me!surinq
10em by .J2,CIil 2(40cm) and
4cm by 4cm (160m )

ll?~VIOlOlSl D10ll)~X'2Xil$a (YJ"l!'
~M~TWm~J
CO~~~laV~iJl'XVI~ lBetadiine Olressings - da.ily

t$\tBRGIC./iUa""'lallSG g nil

iJl.Cltm O~ CULTUIlUllJ!j) l1l~Xli)mru·m&
~OOGlruU'T 2d.!?l'?LltOA~J.t1tOl\!IS 9/1/90

~mE~ OW ~~~~X~~TIO~~@~ C~
«)!)XSTI~lG1ijX~l!lIn~0 ~ll!lTtm~~Y 0 OOOlrbQ
~ Wl'?oom,g Ql1UUDX~1f' CED..) ~ A single application of a

ggood qualit.yO qltaf~~
l'?EnC2~~l!:.G~ '.[I~roi ,UT~IfI' lm).Cl!E
CE1ik ~PPLICAT!Ol.'il'g 16 days after CEA

application the two ~lcer~
decreased in size to 4cm2(90% 9 i;ake° ) and 2cm
(81.S%otake.°) respectively"

~ilJ~mEaO~ lJ)AY~~o~ CO~l'?~~~m
)EIlF.llU:sI~Glwo OCCU~g The patient. was lost to

follow-up~
CliilLL LIDm 1tJSElJ)~
FOLWW"'UPg

Hamilton
'l'be patient was lost to follo~·l"'Up.

te~ r 8 days a.fter CEA t1TaS applled0



FIGURE VI. 1 (a)

FIGURE V1..1 (b)

FIGURE V1.1

Venous hypertensive ulcers present on
the medial aspect of the right leg of
patient Mrs E.M •• Figure VI.1 (a)
The leg ulcer before CEA application.
Figure \11.1 (b) 16 days ldter reveals
a smaller ulcer.

135



FIGURE VIe 1 .Ga)

FIGURE VL1 (b)

FIGURE \{1.1

Venous hypertensive ulcers present on
the medial aspect of the right leg of
pattent r~r!;E.M •• figure VL1 (a)
The leg ulcer before CEA application.
Figure VI.1 (b) 16 days later reveals
a smaller ulcer.

135
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].lr t'J M :: 56 years (Black male patient.)

9 months

rAft leq, medial a.spect
4cm by 4cm (160m2)

~~-JiilW!OVIt:\ E:lOIDl.i.U.aX'lI~mJ Ol:?
1jtIl'iU1~Ijj!D~ 3

COl.i!~mlm.~~I'Wlill g Daily betadine
cOll'.rti:nuously for
months.

dressings,
tho last 2

TI~m OF CULTU~~ mpXD~~~
~LU>G~'l ,~l?~x,IC~"l:itOl~:jg 9 months after

appearance of ulcer
first

~'ijl3DER OJ? ~~~JYI~GJJ:IXtlll§1~ 01' O~~

«~X~~I~G~I~HXm~~~~~W oGOOD~
~~ apoo~o @u~x~tr C~~»g single application

'poor qualityU graft
of

pm~CEX~~G~ TA~ ~~E~ m~c~
C~ ~P~LIC~TIOMg 100%

MmmlElJil Ol? 10111f'tSJ !'o~ CO~·Zl?LETm

H~Llm~ ~O OCCU~g 7 days

lfOLLOW.,.UP g To dat.e t:he ulcer has remained healed

•
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FIGURE VIo2 (a)

FIGURE VI.2 (b)

FIGURE VI.2

The medial aspect of the left leg of patient
Mr W.N. shows a venous hypertensive ulcer.
Figure VI.2 (a) shows the ulcer prior to
CEA application.
Figure VI.2 (b) shows the healed ulcer 7 days
later. The scab over the central part of the
h~aled ulcer will fall of in time.
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Mrs N ; 55 years (European female patient)

venous hypertension

6 months

PmiiVlOU® tZOl)~I!H,iXm~ Oir

T~Elb.Tl:~R~j

CON~mJaV.lih'!lXWmS Intermit-ant.)'oetad.inadressings

single
'take 0 •

application but did not

~x~ @~ CU&~U~~ ~~x~~~~
'&LLOG~T .i1}.19P)1XCA~X01~h 6 months after ulcer first

arose

~~~~ OF ~~~)1XC~TXO~~O~ C~~
(DXlStr.!l!XNG1!JISllllIX~l@l mlE'X't'Jlii.lW~;:r0 OOOD 0

~ O~O~O @U~X~Y C~~»g One 'good9 quality CEA.

Dulfred - 18 year old foresltin

~~~C~~AG~ T~~ ~T~~ ~~©~
CI~ ~PW)1XC~~IO~$ 100% t.ales t1ithin 3 days~

~~m~ OF DA~S FO~ COMPLET~
HEALI~G ~O OaCU~g 3 days

FOLLOW=UPg Patient lost to follo~-up
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FIGURE VI.3 (a)

FIGURE VL3 (b)

FIGURE \fI.3

Two ulcers on the medial aspect of the left
leg of patient Mrs N. treated with CEAsM
figure \fI.3 (a) shows the ulcers prior to tEA
application. Cellulitis is also present.
Figure VI.3 (b) shows the healed ulcers 3 days
after CEA application.
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~Irs »7 : 52 years. (Black .female patient)
Arterial insufficiency
Present on lateral aspect of
right oalf~

Length = Scm
Breadth. 1em, narro't~est
part of breadth - 20m

~Xilr~rxous l1~OJl)~LI~IE~ (i):!1
~u..~~J:;m~n3
COW~Em.V~IJiiI.Wg 10 days of BetadiJ!').edressings,

three times a dlay ..
No visible healing notedo

TIME O~ CUL~URED ~~IDE~I~
Z1LK.OG~~ 2.1~~LlCi.,\,}!IO~ s 10 days thor,(jtugh

conservative management.
Mm·n:'Sli,'ll~ O~ ~~~~LXCATIOMS lOll' @D
«DIS~XW@UIS~I~G ~w~~~ O®QOJl)O
~ apoo~u gU~LI~Y CB~»g Three ~qoodO quality

. Second CEA applied
after first CEA.
Third CEA app1ied
after second CEA.

grafts
:3 days

7 days

PERCE~~G~ 1Jii~ ~~ER ~AC~
CE~ ~P~LIC~~IO~g First-CEA- tllree days after

application 45% of area
grafted sh.o't'lsd nesr skin
.for.mationo Three patches of
new skin seen as well as
O.5Cl'l1 margin. present.
Second C.EA-l0 days after
initial CEA, 80% of ulcer
healed.

~·aBm~O~ ~a~s~o~ COMPL~~~
EE~I~G ~o OCCU~g 27 days
l?OLWW=UPg
~IC'J2l~1f 'Faxm~~g

To date ulcer has remained healed.
Yes, on day
appliCation.

8 post first CEA



FIGURE VIA (a)

FIGURE '-'104 (b)

FIGURE VI.4

The·,:healing a,ril}et?ialleg ulcer of patient
t4rs M..

Figure '-'1.4Ca) 7 days after second tEA
appljcation and 10 days after first CEA
application. The ulcer has decreased
in size and the lower part has healeJ
completelYr
Figure VI.4 (b) is a close-up view of the
healed lower part of the ulcer ..
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M:t'sS : 75 ye.ars (EUrOpean female patient)
venous hyperten~ion

~~wxou~MO~~X~X~~ O~
'Erus~~J:.mH 3
COJi)!ISm:RV21i]!:ll:W2lSg

Lengtb =' Scm
Breadth 6cm, at narrowest
point - 2cm

Betadine dressings applied three
times a a day for 6 monthso

~I~m OW CUL~U~D ~PXD~ru·~&
aL&oG~~ ~pp~XC$i]!XO~g 6 months after ulcer first.

appeared 0

Second eRA applied 15 days
after first CEAo

l'rolt·mEl\l 017 .&~lll'L:JJ:C&~X:O~l§l @E' cm1JA
«l!)XaTI~GUISEXR1~lii!~'Jfflml~~J Q GOOD 0

~m g~OR~ ~UZUoXIijli"2'Cl!L'1.~g Tt'lo gqood~ quality grafts
applJ.ed.

Dulfred is year old foreskin -
first. CEA.
Tim a day old foreskin - second
CEA

~~~CE~21G~ ~~ .&F1ijli~R~~c~
Cb Z1~~LIC1!},.lJ.tIX:OJ;.yg

~E~ OF ~A~~ ~OR ©omp~~~
HE~I~~ ~O OCCURg

50% e take V 15 days after'
first eEA applied.
90% °talce9 of original area
grafted 13 days after second
eRA applicatiC:Jn.

30 days after £1:"'~ csa
applicat.ion

The ulcer has remained healed for up to
one year.
Yes, 8
applied.

days after first CRA was
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FIGURS vr.s
A venOus hypertensive Olcar on the medial aspect
of the left leg on the patient ~1r.sSo 0 16 days
after grafting with a CEA reveals a healing ulcero
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Venous hypertension
This venous st.asis ulcer was
present on the !nadial aspect
of left leg jus.t above the
medial malleolus~
15 months
L$ngt.h .....11cm
Breadth .....4Cln

~MWXOU~ !1Cii)li}.Xo:KIJLII~~¢ilJ;?
TU&T~,m~3
OO~~~lJ5~Wli1ll'XUg 9 t"leeks of

tt"1l.cea day ..
Previous application of SS(:r 12 't1ee]t,s
previously resulted in partial healing
but sUbseqUent break dO't~D

'TIDmO~ ©U~TURED mpI~E~
nL~G~~ ~~~~I~TIOMg 9 t'lTseks after complets break

dovm following SSG
applicatiol1lQ

mJ):·7lPJma ow ~~'elU.If".p..'1lIOmtal ¢'lI17 cm2%
(EllI~~IR~~\),I$i!1!I);,;lG WX\l~lift,y I) OOODU
~m PJJ'ooa~ gU2i1l.ltlIT'!C~~ ~ Single

°gQodo
applioatioXl

quality CEA.
of

Br-der:i.ved !Com au.ricle of a 27
year old male.

PE~C~MT~G~ T~li05~TE~ ~C~
C~~ ~P~~!C~TIOm$ 100% °take ° 18 days after

CEA appl:J.ca.tionQ

MID·naDiR 011' DAY~ FOR CO~~JlPLJil.i'l))5
~IALIMG TO OCCURg 18 days

To dats the ulcer has remained heal.ed.
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~~ S : 50 years (European male yatient)

syphilis
5 years
4em by 4em~X~~~IX©>)}!I orr XDllil@i Ill1XDCIiSJp,&g

~~VXOIll1~ ~CO~LXTXiS @P
'JLIU~'.li1~·m~8
cO;Q:)'$~aV2}.I1j1lXW;

single ;:..pplicat:tolll of SSG 12u 't'Jhich h.ad
slougrh.ed

~x~,m Olir ~1ll1l\i~\llf~~JJ;» .llilJiilXli)llilmmL
~LOG~11j1l ~~PLX~I1j1lXOMg 1 week after SSG atte~ptedo
~~w~ ©~ ~~~mXC~~XOM~ O~ C~
«~xeI1j1lX~GIll1I$~X~G~i~i~ o@OOli)o
&'1l!) O~OO~D QU~)\:,X'X''li' CJll'&l.) g single

°qoudO
applicat.ion

quality CEAo
of

Open m.ethod
Norwich. cage.
This enables
progrl!;:ss of
the CEA.

using the modified
one to visualise t.he

the area grafted 't'1i th

~~~©llil~~G~ I1j1ln~ ~T~m ~~c~
ClE21 alill~LtC~TI()~,~ 0%
1Dn1l1mllil~ OF lThl1'S!lB:m'O~ CO~'lP&ml1j1lml
~ING ~O oc~um: o days

All attempts at healing have failed to
da.te.
The limiting factors being t.he nature
of t.he ulcer (SYPhilitic) and the
presence of a Methicillin resistant.
ftta!LhJrloQocqU@ aureus infection in t.he
ulcer bed.
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Dia1o~t.ic
dorsum
above
toes..

ulcer present on
of laft foot just

the lateral three

W~~~l@M O~ ~~. ~~©m~g

~ADm~~XO~$ @P ~~ ~~m~g
2..5 months
Lsngth = 150m
Braad:th - 2ea

p~vxove ~O~~XTIES o~
~U.aMlj.'ll·m~$
CON$maV~~IWEg Daily Betadin2 dressings for 1..5

months

':ll.':JJ:~·mow CUltl'EUU)jj) illi~Ili)iim.ml1
~~S~~ ~~PLX~~!IO~g mon:ths aft.er ulcer

occu:rcr~nceo
WlJn·:mlWlPi. f!>Ll' ~l1?'LI~'EIO~;YSl· OlP Clim.
(~X~~It__~~EING ~ETt~~~ oGOOD°
~1)jj)opooau gU~LI~~ C~)g ~~C fgood~ quality CEA

appliec.lo
The second CEA applied three
days after first CEAo

~~RC~~~~G~~~ ~~~~ ~c~
CE~ ~PPLIC~~lOMg Three days after first CEA

applied no ne,{;1 skin
formation e'-een.. Two days
after second CEA applied a
margin of nst"1skin seen.

~~wn O~ D~Y~ Fan CO~PLEW~
U[i:},l1IDiGlTO OCC11JliU 19 days

The area grafted has remained healed
for up t~o 1 year.

Neonatal foreskin
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FIGURE \/L6 (a)

FIGURE VI.6 (Il)

FIGURE \/1.6

The diabetic ulcer of patient Mrs R. present
on the dorsum of the left foot, just proximal
the three lateral toes.
Figure \/1.6 Ca) the ulcer just prior to
grafting.
Figure \/1.6 (b) The ulcer 4 days after CfA
application.
Figure \/1.6 (c) 19 days after first CEA
application reveals the healed non-infected
part of the ulcer. The right unhealed
part of tha ulcer contains infected necrotic



FIGURE 111.6 (c)
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Miss D M ~ 32 years (Black female patient)

11)I1.tmmta!XIOlW1~O~( ll'.!m~ \l,1WRllrt&

1.?$OOVIOUS !,~OlOLalDl:TX1JilfS 01!?
~1~A~~~11
COm~JlJ.aV.Th':i£lIWIl

BU~~IC~~~SGz nil

Skin loss
knee due
t-lhich 't"las
cellulitis
formation.
Drainage procedure
in sltin. loss ..

just below the
to an. accident

follo'ii'led by
and abscess

resulted

39 days
12 cm2 by 50m2 (60cm2)

Daily Betadine dressings

~:1tr.,ID\5 Olr C\t1~'FTaUll) t51J.l!IDEmm.!Ca
~LLO~~T ~~~!CaIC~~IO~g First and. second CEA applied

at 39 and 41 days
respectively.

~~·m~~ O~ ~~~LIC~TXO~8 ow ©E&
«Dlij~IWGotsalweBE~~E~ D~OODa
~ a~ooag Q~~XTY CB~)g Half the skin defect was

grafted with a UpoorQ
quality CEA and the other
half was grafted with a
'gOOd' quality CEA.
The first type of CEA '{"las
applied two days before the
second type of CEA.

l?mlRC~~'1i'ZMilm'X');"lrorll MJf'JJ!~R l!5Zl.CIlllr
C~ ~P~LIC~TXONg

~r0m3En oX? )l)~'3l'S~OR CO~l~~il~li
D1iUeI~G I!'O OCCDlll s

26 days after the °poor °
qual,ity graft. t1TaS applied,
80% of this area grafted
showed visible skin
formation.
11 daysquality
net'1 skin
this area

after the o good °
graft was applied
was seen in 90% of

grafted~

Approlt. 3], days", ac(':!ordil'lg
to the patient, tino a'ttended
the clinic after this date.

The lesion has remained healed for over
3 years ..
Yes, four days after first CEA was
applied.
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FIGURE VI.l

FIGURE VI.7 (b)

FIGURE VI.7
The trauma and cellulitis induced skin defect
of patient Miss D.M., p~esent below the right
knee. Figure VI.7 (a) The skin defect prior
to grafting. Figure VI.7 (b) 4 days after
applying a poor quality CEAito the medial
half of the defect. Figure VI.7 Cc) 26 days
after poor quality CEA application and 11
days after good quality tEA application to . ,
the respective areas. Figure VI.7 (d) A
close-up of Cc) showing tle healing ulcer.
The left side, to which the good quality
CEA was applied has he~led almost completely.
Figure VI.7 (e) The healed leg skin defect.
FigUre VI.7 (f) A close-up of (e).



151

FIGURE VI..? ~c)

FIGURE VI.7 (d)
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FIGURE \lL7 (e)

':::J l'

(:~

,,,,,~o:'~~:~/',:~'~ol'

FIGURE VL7 (f)
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~'l1\':OOOG1Z OF ~~ UWlI£~g Cellulitis and knee abscess
~ith res~lting skin loss
fCJl10tdnq the drainage
procedu.rso

~~~1\':~W CW ~s ~~m~g ~ weeks
ro>x~mlilMImI@~~01" Jt.alG'(G)1;C~~g 'j em by 4z em (28 Cll2)
~U"1I(;btor~ t20lJ)Zl&X'lXm~ 011
TMATli,m~~
COD'SSW~'W~~I~g Daily Betadine dressings
~~Glc~=~~eg nil
~xx;m 017 C1ijJ1,~U~ll/) m~I]jj)mm~
1hltoWIGl~')Jj'0Ji.3~~1ll>~I®~lO~ II First graft applied on

12/6/90
Second graft applied on
4/7/90

~»m~~ OW~~PLIC~Tlo~e O~ @2~
(DISTI~GUISHING BE~1EBm °IGlOODB~ ~pooaQ gU~~IT1Z C~»g Tt10 ~goodO quality grafts

applied
P~RCE1~~G~ ~~ ~~m~ ~~c~
C!lA ~PPlMXCATlom: 67.9.% occurring 18 da,ys

after first CEA
applied ..
Complete bealing occurred 23
days afte~ second CEA
application.

Im,mE~ OF lDZ~1f1illwon CO~·2PLETE
~E~LING TO occuag 41 days after first CEa

appliedo
But 23 days after applying
the second CElt.

The lesion remained healed to date.
Cll!lLlli LIl1';J1i DS)Ell):l

~IOjlJlSY '1!MJJWs YaSg five days after first CEA was
applied.



154

""" ;,

Lr ""
t
L
FIGURE "1.8 (a)

FIGURE VL8 (0)

FIGURE V1.8

The trauma and cellulitis induced skin defect
of Miss GaM. situated below the left knee.
Figure V1.8 (a) The skin defect before graft-
ing. Figure VI.8 (b) 18 days aft~r first tEA
application reveals a healing m~rgina
Figure via8 (c) 25 days after first etA appli~
cation shows a healing ulcer but also break-
down in the top right hand corner.
Figure Vl.8 (d) 41 days after first CEA
application reveals a healed ulcer. Interven~
ing sepsis accounted for the relatively long
healing time.
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FIGURE VLa (c)

FIGURE V1.8 (d)
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l"as:.cioto:my
c1lS'f(~ct. on
l"k9'ht. calf ...

4 week~ prior
all'lplic~t.ioItli~

induced s]t1.n
medial aspeot of

to

Dl~~w~x@m~O~ ~~ ~~ag Length - scm
Breadtb - 20m at i.ta maximum
alJ:ten~o

p~wxo~~~O~~LX~X~S O~
~UA~ilOlW.li)'a
COi;JIl\i)ltV~'lJ!:WII ~1ice daily Be'tadine dressings;
~'ij~(;}XCZ~"'w;Sg :nil
~~E~ O~ CU&~~~ m~x~~~&
~LO~~~ ~W~LXC~~IO~g
~m1lll~ O~ Z1~PLIC..i1'JfIOJ~~ OlI ~l"2ln
«DI~TXWGUIS~I~G m~~1lll~ OGOona
.rui.'1) e ll?~Ola~ @UZU,Xi,i1i1fCD) z 'l't10, both being of egooclJ.9

quality ..
~W~C~~AGi ~l~ ~Twm ~CE
CiJ.ilAZ1l?~LXCl1~IO~g First CEA-healing

Sleen 1 mcmt.h
resulting in skin
being 30% amallo

Second CEA applied 1 month
after the first, revealed in
90% of t.he ~ri9'inal sldn.
defect. being healed 12 days
later.

margin
lateX',
defect

~Em O~ DAY~ ~O~ CO~k£ETE
ME~LI~GTO occum~ 15 days from second graft

applicatioI'lo
1.5 months f~om first eEA
application ..

To date the lesion has remained healed.
y.qith time the new sldn and underlying
connective tissue s ..rengthened.



165

Mrs W M .~63 years (~lack female patient)
venous hypertension

~u~~x~~ ~~ ~~ U~C~~3

li)IJ;·mW~I01lJ~ . COlJ?:&mlG illI~llE~g

}?UW:B:O'lU'lillRlO~~:!~!cE~ ow
~MiffATtmll-n3
CO~BmRVZh':[lIQg

3 months
4c:m by 3Clii!q
medial aspect
lo't'Jerleg.

present on the
of the right

Daily betadine dressings
for 3 months ..

appl:.".:Q

~J!:n·m Oiir CULT1lJUD ~~Xll)~lru}miY
~LLCGP~~ ~PPLIC~TIO~g 3 months
~~mE~ O~ ~~~LIC~~Iom~ O~ C~~
(li)I~~A~GUX~~ImG ~~~~w o GOOll)0
2Um G POORa gU~L:t~Y em!\.) s 'l'tdce,

t1ith a
follo't\l'ed
graft..

Jj?lElm.CE~AGlEl ~~. zur~llilm llll~~
CE2a ~~~lYX~TIO~.x s

w~mlElID. ow lDin'Sl'ml 'l 1m. COD1PLllil'l'm
~~~X~G ~O CCC1lJ~g

10 days ap(:,rt.~ First
good quality; graft
by a 0poor quality'

Aftar first CEA application,
50% ot.ake° - 4: days latero
Aft.er second C~\
applioation, 70% 'take' at g
days and 97.9% B take ° at 12
days.

28 days (15 days after
second CEA application)

Ulcer has relUa.ined healed for Piver 3
year.s.

Hamilton Which took 20 days to
become confluent and stratified
and thus ready to be used as a
graft.
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FIGURE "1.9 (a)

FIGURE "1.9 (b)

FIGURE "1.9

A fasciotomy induced skin defect on the medial
aspect of the right calf of patient Mr H.,
which was covered with tEAs.
Fieure VI.9 (a) The defect Defore grafting.
Figure "l.9 (b) The almost completely healed
fasciotomy induced skin defect 13 days after
the second CEA application.
~igure VI.9 (c) 15 days aft~r second tEA
application reveals a healed fasciotomy
skin defect.
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FIGURE VL9 (c)
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:£;b:' J ; 34 years (Blac]t male patient)
sJdn

l?RlBVIOU~ R·20Jt)AIoI!f:rtlW.l!SOll'
OJl.'llmi8GJl:~1SlR~'l'a
CO~Bl~~VI1~IW8 Daily

days

~x~ ow CULTu~n ~~:rcD~m~
~wsruw'Jl:l ~E>Ji)LIC]l;).'i'IOmg

FasciotontY
def'ec"t

in.duced

5.6 dCJ.ys

TtiO fasciotomy induced skin
defeot.~
- Le~t Thigh Oo5cm by 7em =
3.5cm
Left2 calf' 3em by gem ==
270m.

Bet.adine dressing for 56

~rol:Jm~i.TJ. O!i' 1}.?~~ICl1Tlcn1lill OW CBl1
CDI~TIWIGUl~lRr:lI:MG WETWEllilli\1 0 (ilOOl1)II~~ ~woon~ gu~:rcT~ at~»~ A single application of a

°pooX' quality' CEA.
li)~m.cn~O-~G! TZ}.Q .M''l'lillm. Nlz}'CE
(Cl~t;:. l1i?l?&:rcCn.TIC~g

~~Em ow Da~~YO~ COM~LmT~
HEALING ~O OCCttR8

Left thigh-
3 days
application.
Left calf
days following

complete GtakeU
follo\'Jing

90% vtakeC 11
application.

Left thigh - 3 daysLeft calf ~ the patient did
not. return for follOW-up.

The patient did not
follo't'Y-Up"

forr~t:urn



FIGURE VL1:0 Ca)

FIGURE \11.10 (b)

FIGURE V1.lO

A fasciotomy induced skin defect on the medial
aspect of the left leg of patient Mr J. which
was grafted with a CEA.
Figure \11.10 (a)
Figure \11010 (b)

The extent of the defect.
3 days following CEA appli-

cation reveals a closed fasclotomy wound on
the thigho
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fIGURE VI.tO (a)

FIGURE VI.10 (b)

FIGURE VI.10
A fasciotomy induced skin defect on the medial
aspect of the left leg of patient Mr J. which
was grafted with a CEA.
Figure VI.10 (a)
Figure VI~10 (b)

The extent of the defect.
3 days following CEA appli-

cation reveals a closed fasciotomy wound on
the thigh.
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FIGURE VI.10 (cl

11 days after CEA application reveals that
the skin defect has healed by 90%.
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Mrs L Ja : 52 years (Black temale patient)
MTXOU $'f 1017 llil)5@l t5M::lill1?l s

J))u~~IlOlm 01:7lQlllGl!/1X&~~ag
)j):lUm~~IOMBl ow X,il~ llJEaCl]ii1g

lPUVXOU$ raoDZlLI'l'IllEl$ Oiir
t.lm2\~Dm~ 3com~~aWn'f!~g

4 years
2.5cm by 3cm ..Co '. :1t~1il::Il.)

DailYyears
Bet.adinel for

GJLllD 011 (mL~\UMlOl ~~jJ:l!)lBru·~
!l.LWGruu'!l~ Zr~P~Ll~'ltlJJ:omg 4 years after ulcer first

appeared
~li5~ eli? ~~~LIC.i.\TXOllif~ Oli!'CEl~
«DxaTjJ:llifG1lJX~HIllifGmE~EW 0saODU

~ a ~oo~t0 gU~EaXIJt''SZClmA~~ Two ugood U qu.!!1 ity CEA
applied within an :i.nterval
of 4 days.

l?ERCElI>lTAGE T~ ~lii'~BlPJ. llU}.tm'lr
c~a ~~~LJCC&TJJj\1}~g Four days after the first.

eRA applied.. the ulcer area
had decreased in size by
45%.
Five days a·fter application
of second CEA (9 days after
applying first CRA) 80% of
ulcer had healed.

mnmll5R Ow DZ1,'fIIDE'Olll!. Co~all?lW!3TE
BE~LjJ:mG ~o OCCU~8 10 days

~~O ; one at 4 days and one at 16 days.
'1'0date the lesion has remained haaledo
Prior to CEA applicati.on the leg ulcer
was painful, but after CEA application
the pain disappeared.
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FIGURE vr. 11 (a)

FIGURE VI.11 (b)

fIGURE \fLtt

A ulcer caused by arterial insufficiency o~ the
right leg of patient Mrs L.B ••
Figure VI..11 (e ) The .ul.cer before first CEA
application.
Figure VI.11 (b) 9 days after first CEA appli.
cation shows 80% healing of the ulcer.
Figure VI.11 (c) A close-up view of fig. VI.11.



FIGURE VLU Ca)

FIGURE VI.11 (b)

FIGURE Via 11

A ulcer caused by arterial insufficiency on the
right leg of patient Mrs l.B ••
Figure V1.11 Ca) The .u.l cer before first CEA
application.
figure VI~11 (b) 9 days after first CEA appli-
cation shows 80% healing of the ulcer.
Figure Vl.11 (c) A close-up view of fig. VI.11.
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FIGURE VL11 (c)



166

FIGURE VI.12 (a)

FIGURE VI.12 (b)

FIGURE VI.12
An arterial insufficiency ulcer on the lateral
aspect of the right calf of patient Mrs M.M •.
Figure VI.12 Ca) The ulcer before first CEA
application~
Figure VI.12 (b) 4 1ays after the first CEA
was applied reveals new skin form~tion.
Figure VI.12 (c) 8 days after second CEA
application (18 days after first CEA), shows
the ulcer ~ell on its way to being healed.
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fIGURE VI.12 (c)
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APPENDIX VII

Clearance certificate protocol.
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APPENDIX "I II

An example of results for patients tested for
Hepatitis B virus and the Hl'\{o
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a
G "11 HIV-1 ANTIBC)OIES I HIV·' rEENL1CCAME r--:g:_"'ls""'ER-l~. ~-----------------------------------------------------------,

I ~~f~:':~~;~:~~~,
ISM 0(

(ErA)
(FIE)

Pos!tlve/Positieio
lndlrect (iourescent antibody test
Indirekte flouressensie teenliggaamtoets

(IFA)
(1FT) . D o

L- ~ , ~ __

INTERPRETATION INTERPRETASIE
The presence of HIY·' antibodies J$ nQl dlagn~tlc:: of AIDS, c-ut
merely Indkates exposure \0 the human irnmur.(X!eliciency ,.inn.

Die \eenwoordl~hl;'kJ "an H!V"1 ~nllgg~me Is"Ie dr3~nCSlle$~an
VK:'S nle en dul slegs Of' Olootstelli"l'l UN dhl mensur.e
Immuufl$elxekvlrus.

WESTERN seer I "WESTERN" ~- KLAD

[J 0 0 0 1
p 18 P 31 P 51 P 66

I

Negat!velNegatief 4-

p 24 [J gp 41 0 P 55 0 0 J
INTERPRErASIE

The presence of antibodies to GIl41 dod P24 i$ Indicativ\! of
exposur e to HIV·1. The G;'41 is $pm:;i(ic',';11 HIY·1and the deu-cncn
of antlbodles to rhis protein It I>mmtlallor the di~8nosis of H1V·1
inlli!ction. As 'f.e Pl4 i~ sharec by uiher human retrcvlruses, it is
there(t)f~ non·~perlflc. AntIbodies ,'gal"~11 thi~ protein alone ata
not diag"o~lic of HIV Inler:tion. FlJrthetr,Ilore. antibodie:: te P24
may disappear with the onset 01AIDS.

DI~ teerowoprdlght'id van tet!nllgiiame teen CP41 en 1'24 dul 00
blootstelfing aan HIY.1. Die GN1 \$ ~PI!$ifiekvir HIV·' 1m dfe
o~poring van teenliggatrll;: teen hierdle proteien is noodsa~l,nk ...ir
die diagnose van HIV·' inlek$ie. Nlnge$len die P24 deu~ ander
mentllke tt:ttoviru~~e gedet!1 ....;ord, is ait derhalwe nte-spesifiek,
TeenligRanll~ slegs teen hierdie protE:ien ;s "ie diagnostics vir HIY.
In(ek~le nle, Daarby kan teenliggarne teen P24 verdwyrl wanmer
VIGS onlwikkel.

S!P()IOCV '1187
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