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o Skm Toss’ occurs. in mvemc chmcal situations mcludmg burns, tmuma, leg ulcem, skin S

' dlseases including epﬂermolysm bullosa and surgical wounds. Small skm lesions usnally _

- heal spontancously, but epidermal replacement is often required in large, persistent defects. o
. The conventional tcchmque of covering skin defects is by use of full- or sphit- thlckness skm o

! grafts Thcse skin grafts are r;omposed of ep:dexmal and dcrmal componcnts | N

: ()vcr thc past 16 years culture techmques have been dev:tsed to gmw the kerannocyhe'
" component of the ep:dmmls 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 cansed

by burns, chronic leg ulcers, trauma and cellulitis induced. dsfe:cts, as well as- surglcal N
fasczotomy induced defects.

111 Architecture of the epidermis

The epidermis consists of multiple layci's of keratinocytes. Mitosis occurs mainly in the
basal layer, which rests on the baserent 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 celis

at the surface of the epidermis protect the underlying hvmg Iaycrs from desiccation and
mechanical damage (4) . . _ _

One is able o identify th_rae-_diffex_fcnt zones of suprabasal keratinocytes in histological



_ sections of cp1dcrm1s Calls in the spinous laycrs are Iarger than ceils in the basal layer and
have abundant desmosomes. In the granular layer, the cytoplasm of keratmocytes contam
| keratinohyalin gram:lles, thought to ‘be involved in the aggregation of ﬁlamentous protcm
‘aggregates. In the outer cornified Iayers, the ‘cells have lost their nuclei and cytoplasmic

organelles. These cells are full of involucrin and keratin filaments and contain ainsoluble -

= protein envelope, about 120m t]mk wluch is closcly opposed to the inner smface of the' _
plasma membrane 5). ’ ' '

. The ﬁrst attempts in growmg skin-in the laboratory mvolved organ culture (6) and explants '
(4,7~ ‘)) From the explant bathed in culture medium, keratinocytes grew down. and over the _

surfaoe of the culture dish. This was followed by stratification and differentiation. The main
- disadvantages here were that the explants did not produce confluent stratified keraunacytg- R
shects for grafting and the fibroblasts derived from the explants, co:npeted wnh the -

kerannocytes for surface space on the culture dish.
11.1._2 The morphoiogy of -z':u!turec} 'keratihocyte grafis

Keratinocytes grown to confluence on plastic are found to consist of a sheet of up to 12 cell
layers lacking the clear histological division into strata of a normal epidermis. The basal
cells ave 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 1ayers there are anucleated cells with thickened cell envelopes but a.-:stmtum
cornenm is absent (10 - 12). Langerhans cells are absent whilst melanocytes survive and
proliferate in culture with keratinocytes (13) Kerannocynes play an active role in mducmg
melanocyte growth (14), -

113 Keratinocyte 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 VII collagens and epidermolysis aquista antigen (10). Aubbck
(11) showed the presence of pemphigus, bullous pemphigoid and HLLA 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 membrané resembling immature hemidesmosomes, After



| detachment ﬁ-om tho culun'c ﬂask, large mombrauo bound bicbs developed in thou‘ placo. L

' _1.114 Keratinoycyte aging

Neonatal foreskin has 50 - 60 populaﬁon doublings before senescence. The older the donor,

the fowu doublm,,s can tho heratmocytes undergo in cultare (16). The cell. cycle time of
. normal skin keratinocytes in vivo variés from 50 hours to more than 300 hours (17). In
“ oulm:ro, the doubhng time is more rapid in addmon toa iughor growth fraonon (77%) bemg :

. present compared to either normal or hypexpmhferatwo skin
L (18): |

| To what e.xteut do, the age of the donor, the ce]l type, the preparation of the ke;ratlnocylos for )
- culture, the growth factors and the growth medium used all play a role with respect to

* keratinocyte growi. potennal and ulumazely their ability to form confluv.. es:ratlﬁod }

' op1dermal sheets. These factors and others were mvesugated and the daia analysed.
Ll.S The applicahon_of kemtinooyt_e sheets -

-A major apphoatlon of keratinocyte sheets is in the treatment of extensive (moro than 40%

burn 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 burns
and SSG doqor sites. The rationale behind this is that the keratinocyte grafts speed up
“healing at these sites. Tonovative ways of using these cultured grafts in treating burn patients
is proposed and the results presented in this dissertation. Also an overall meﬂlodology with
respect to the application of the cultured keratinocyte shoets to skin dcfocts irrespective of
actiology is proposed and has been tested : '

Chronic indolent leg ulcers havo been treated in various ways in an attempt to obtain hoaling
Application of various antiseptxo solutions and dressings has been the mainstay of long term
conservative management. The cause should be found and treated appropnabely, if possible.
Split thickness skin grafts have been the surgical treatment of choice. This method has no_t
always proved successful due to poor tissue perfusion and sepsis. An alternate surgical
approach is the application of cultured keratinocyte allografts, These are appliza to a healthy



" clean waund bed in combmatxon w1€h Ieg elavauon and leg pmtecuon. Vanous researchers 3
~ have appﬁed these keratinocyte sheets widy fa.:rly good rezults -

" (24-27). Do these allograft keratmocytes covering the defect mmam there mdefimtely or .
afe thcy mplacad by the: pauents own keraunocytes? The soluuor: to this questzon has been " o

' emczdated in this d:ssertanon. Isit posmble to predict with any degree of aecuracy the Iength o .
of time that an ulocr of a specific size will ‘heal following the applwanon of a cultured. o

o keratmocyte sheet? "“us possﬂnhty has been mvesngamd here.

]i.I ﬁ Compusnte grafts

- Kemnnucyte sheets only repiaw the lost epxdemns, but what of the dermal component? An' .

. extenswn of keratmocyt, culture is the recent development of dermual equivalcnts, fomng o

coxnplex cultures in order to mimic skin. This is an attempt to reduce contractures and make »
for a more stable graft, Vanous substances such as bovine collagen (28), chondmmn 6
_sulphate (28) and human types 1 anid 3 collagen (29) have been tested. The problem appears a

to be durability following apphcauon to the wound bed. The keratinocyte sheet, Tequiring
_m:tnents, ‘may be’ required to be applied after the dermal eqmvalcnt has first becomg L

'_ vasculmsed. A model fora composue graft is proposed and mscussei

a)  The culturing of confluent seraified epidermal sheets in the laboratory which are sble -

to be wused ag subsututes for sk:m graﬂ;s in extenmve burns and other condmons T

msu!tmg in skm loss,

b) To bnng cuInnud keraunocyte shaets o the panent in an. academm hospltai m South "
Afnca. :

o) The most appropnate method of apphcauon of a culttn‘ed kerannocyte sheet to an

thus spcedmg l.‘!p healmg of the skm defect.

4 Thc' ult:mate aim is to create a technology that is reprodumble, s1mp1e gwmg_ .
' maxinum benifit to the pauent and thus reducing patwnt morb:dlty and mortalxty and

bcmg cost effecuve



e "I‘o im;»rove on exlstmg skin equwalents such as the addmon of adermal component. : PR

. Choosing the most appropriate substance as a dermal component, which will produce.
& durable, effective and cosmetically acoeptable compomte ‘graft, nltxmaﬁely obwm:mg T
. themeed to harvestmg large areas of the pauealts own skm for the, provxsmn of skm SR

' “_forsk:,ucover R

- Tha specxﬁc canmnons tx: whxch these conﬂuent snraufied kemnmzm sh eets were apphed-_' o
o mclude exte:nswe and small full tlm;kness bums and chmmc leg ulcem of vanous aetlologl.es



. CHAPTERTWO

In 1975 Rheinwaid and Green (1) successfully cultured keratmocyte sheets from smgle cell. | ”
. suspens:ons The cells, derived from trypmmzed skin biopsy spemmens, are grown in
. Dulbeco 5 Mnmmum Essential medium, Ham's F12 medium (in a ratio of 1 1), bovine calf
© serum and various mitogens. Boyce and Ham (2); usmg serum free medium and Bovine
~ Pitnitary Extract also produwd uniformly confluent stratified- kcratmocyte sheets. Usmg '
either of the abcrve methods, one can expand a lc:mz skin blopsy specimen to 2m? of culmred
- eylthelmm within about 6 1mks

'Ihese-ketatinocytc grafts or cultored epidermal grafts can be used as autografis or allografts
in the treatment of a nurber of skin conditions resulting in skin loss. They include burns, .
chronic 'gg ulcers, degloving i mgurms and fonomng removal of giant oongemtal naevi, o '

- name but a few.

2.5.1 'The regulation of epidermal cell proliferation

The epidermnis 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 of dividing keratinocytes, as - -
seen by analysing cell kinetics of murine epldenms One of the types, the stend cell, has the

- capacity for unlimited prohferauon These stem cells can cither give rise to other stem cells
or else to the second type of keratinocytes, called transit amplifying cells. These transit

amplifying cells are programmied tu undergo terminal dxfferentxatmn after a ﬁmte numbcr of

rounds of dlvismn
(5). '

Prohferauon in the epidermis dependé not only on the nature of the dividing celis, but also
upon the external signals to which they respond (30). ‘Various growth factors ha\?e beert
found whick influence the growth and proliferation of keratinocytes (31, 32). These factors
include transferrin, insulin, trifodothyronine, epidermal growth factor, hydrocortisone and



cholera toxin (32 33) Fxbronecnn, derived from 3'1‘3 murnine. fibmhlasts, actmg as feedcm o

o (1), canse the spreading of cells as well as strengthenmg the attachment of adjaccnt' |
. keraunocytes (34) : : o _

" Cholera toxin increases rhe proportlon of small oells in the colomes (33), but does aot appear 3

to speed up the time taken for confluence to occur (unpublished findings). Epidermal growth

 factor (EGF) and the siructurally related polypeptide, tansforming growih factor alpha

(TFG-&), both increase the life-span of keratinocytes (by affecting cell division and
mamratmn), and stimulate the lateral migration of the penpheral zone of dmdmg cells i in

. expandmg colonies (34), Growth factor stimulators, some as yet umdennﬁed are found in .
~ Bovine Pituitary Extract (35), (most natably type II basic fibroblast growth factor), bovine
calf seram and in medium conditioned by 3T3 murine fibroblast feeder cells (1). Human S
keratmocyte grow:h factor (KGF), derived from fibroblasts, appears to exert a parmmne .

effect on adjacent cplthehal cells, msultmg in their proliferation (36, 37) ' '

Keratint:cytes not only rcspond to grthh regulating molecules, but they' also express them.
- Coffey et al. (31) showed that cultures of pormal human keratinocytes synthesize TGF-o; .
The addition of EGF or TGF-0. to the medium induces TGF-¢ gene expression (31) TGF-
is present in and secreted by all living Iayers of notmal epndemns @1,

2.1.2 Differentiation of keratinocyte grafis in vitro and in vivo

Keratinocyte differentiation can be determined from their expression of keratin filament
proteins, envelope proteins (involucrin; and membrane glycoproteins (38). XKeratins 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 1 and type I classes based on their molecular weight and iso-electric poiot.

'The keratin profile of a tissue is closely related o its differentiated state (39),

In keratinocytes cultured in plastic, K1 and 10 expression is reduced suprabasally but
expression of hyperproliferation keratin 6 and 18 is induced (12, 40). Some cells also
express simple epithelial keratins {15, 40); some of these cells may be appendageal cells in
the onlture, Mucosal kerating 4 and 13 are also found, The cornified envelope Pprotein
precursor, involuorin, a marker of cellular differentiation, expressed in thie upper cell laycrs
in skm, is found in the epibasal layer in kesatinocyte cultures (12).



As one has seen a.hove, the follomng major factors affect keraunocyte Erﬂwth POtennal _—
vitro o | | |

S a Theageofdonor

B _'.Ccﬂtypeandshape(41,42 43). - L R
¢ . Growh factor stimulates and gmw;h factor depressams synthesized hy other oells or

o bykaraﬁnocytesthemselves I - - L
o) * The time &t which markers of cellular dtfferennanon (e g mvaluarin) are pmcluced_ .

| resulting in the maturation and terminal differenriation of the kcraﬂnccytes (44)

ey Cell size with respect to differentiation (45). T

fy - The time interval between harvesung and 1hs mwatio- '

B . The growth medmm used. ' "

;;_.

Some of 'these factors were 'investig’ﬂted and the data analysed. There dows mot appear to be
any oemparauve studies. companng keratinocytes obtained froim neonatal and older donors,
Is there a significant differsnce in their growth rates? Although it has been found that certain
growth factors appear to enhance multiplication and spreading of keratinocytes in cultyre, are
: they all neccssmy? Professos H. Green, himself, admits that BGF i; not entirely necessary -
for culturing keratinocytes in order to form confluent stratified sheets, Cholera toxin also
“does not significantly reduce the time interval between monoclonal colony formation and -
confluence (unpubhshed findmgs) ' '

Are antiblottcs and fungwldes addcd to contammated cultures, effective not only in kllling _

the contaminant but also in not diminishine the growth potential of the keratinocytes? Do
keratinocytes. obtained from primary cultares have a faster growth rate compared to B
keratinocytes obtained from skin biopsy specimens? Does monoclonal colony appearance

depend upon the time of harvesting to culturing? In this study one has ariempted to answer .
' these quesnons and pose a few more, : :

The methodology of obtammg and culturmg keraunocytt‘.s is similar to that descnbed by :

Rheinwald and Green (1). Th:s is summarized below aud spcc:ﬁc modtﬁcauons are
included. '



| Z.LE :‘Obﬁinin} and testmg keratmucytes

o '_ A sxte for ful? thiclm&ss donor skm measu:mg 2 4 x::n:n2 (figure 1) was chosen i the case 0f 7

o the hum pam;nt (appendxx 1 B). Aliograﬂ ‘;lan was obtatned from ne{matal or young adult R

- circnmeisions (appenix I-A) and excess skin from certain plastic- surgmal procudures, such o
- as breast reductions.  Either a blood sample or.a suspension of cultured keratmocytes derived

- _- fmm apart:cular donor, in the case of allografts, was tested for the presence of, or annl fies A

E : dmected against the Human Immunodefimency virns and tha Hepatms B wrus (app&nd:x

o VI[[) Only cell lines testmg saroncganvc for both wruses were used as aﬂografts, R

.2.2 Prwessmg of skmspecimen LI

__The skm speclmen was placed in a bactcnal petri dish and excess fascm weS mmoved thh n
 the 2id of fine toothed forceps and a scalpel blade. thm 2 hours of harvesting, the shin -

specmen was placed in a petri. d1sh containing 0. 17% h-ypsm and incubated at 37°C in'a- -~

- carbon dioxide incubator for 20.- 40 minuiss; or at 4°C in. a fridge over night, The

- epu.ienms separated from- the demns at the level of the stratum basale (figure 2) With the
~ aid of turved glass pipettes 5 - 10 x 10" basal celig/ml were scrapped off and placed into &
. culture dish containing growth ‘medium solution, (DMEM: Ham's F12, 1:1, and 10% bovmc- :
* calf seum) {appendix T A} and mitomycin treated murine fibroblast feeder cells, (append:x | QI
- B, (ﬁgure 3). Any remaining - basal keratmocytes still adherent to the ep:dermls were

~ removed by gentls suction of these p1eces of epxdenms mto and ont of a graduatect 10m1 o
: pxpette attached toa sucnon dewce : :

o Addmnnal skin spccnncna were cut up into Imm2 pleces and plaoed onto 6cn12 pctn dishes. S

Sticking to the surface of the dish. bemg achieved by air drying. These explants were

- cultured in the sams growth medium as the single kcraunocytes. _The cells denved from both

~ types of cultures wm used to initiate secondary and tertiary cultures. Harvesang was camed a
~ out when subwnﬂuent colomes werc presem

2.2.3  Culturing kéfatihbcytes N



. When monoclonal colomes first form (on average w1thm 2.7 days), (ﬁgm 4)’ grow th facmr_ S
3 supplements were added to the culture medium, whwh was changed every second day. But =
- asthe oolomee became subconfiuant, and the pH indicator changed more. qumk]y from a dark = o

_._pmk t0a yellow, (mdmating consumption of nutrignts w:lthin the medium) they were fed_ .
- every day. . Followmg the removal of the old medmm, 4ml more medium was added to g,c B

| _ _' _Qcmdishesandsnﬁ mommedmmwas addedtozhg 14cmdlsheq

__ .: _ | I-Iumanfibroblasns may :mually compete vnth the mult:plymg keranmcytes mr sm*fm.e spaoe_' o .
o _(ﬁgurc Sa) These ﬁbmfblasts were ramoved togethcr w;th the feeder cclls thh the a:d of S

few mmutcs bcfom the kerannocytes, thiss havmg 2 time ﬁlel"“'“d‘“Ilt action. Aﬁe’ “’“Sh‘“g :
__--.zthe mm ﬁﬁmqs mth phnsphate buffered salme new 31‘3 ﬁbroblasts were added,

If the human ﬁbroblams were 1ot pmhlem, then ihe ongmal feeders, belcmgmg to the

. mring stram J;, tendad to. detash ﬁ-om the smface of the petn dish long before oonﬂuencc- S

'_ _' -was machcd wnh the apemfic semm used (sinoe thms serum dependam}

e Afiaer cunﬂwence and strataﬁcanon have heen aclueved (ﬁgure Sb), (On average mtlun 24 6 EE |
" days), the epidermal sheet | was ready to be used as a graft. ‘The epidermal sheets were hﬂsed_ o

- off the suxfaﬂe of thepetri dmh by the addmon of Dlspase H for 40 mmutes

2.2.4 Preparatnon of keratmocyte sheet.s for graftmg

. The pcm dishes were placed cither in an mcubamr ar on 4 glass sheet, placed over a bowl of o

water gt 37°C. In the latter case a sterile green sheet was placed over the petri dxshes. At
- least once during the 40 minute time interval the stpasc T was swirled over the sheets in
. order to re-establish an even distribution. ‘The Dispase Il was removed and the epidermal

 sheet was washed in phosphute buffered saline. The petri dishes, thus containing epldermal SRR

o sheets and PBS wete placed on ice untﬂ grafnng took place (ﬁgure 10)



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-coﬁfluént?étratified kératinutyte sheets.



LGURE 2. . TRYPSIN TREATED SKIN - -
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FIGURE & (a)

FIGURE 4.

Monoclonal kératinocyte coionias 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
colonles are mitomicin treated 3T3 murine
fibroblast feeders, (mag. 100x).



T R '
| ' CONFLUENT FIBROBLASTS ~ = .~~~ =
o T T KERATINGCYTE SHEET

%:auae 5(b).'(mag.f1ox).'

FIGURE 5.

Examples of serat1nocyte sheets and hUman fihroblast-
overgrowth .
5(a). An nxample of numan f1brob1ast 0vergrowth
The whorl pattern 1s_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
kératinocyte sheet is ready for use as a graft.



R

SR _::.__"'2.3 mm

2.3.1 THE DEVELOPMENT OF A SKIN GRAFT MODEL: o
| _ THE. HISTOLOGICAL APPEMCE OF THE B

QHLTUREB EPIDERMAL SHE}ETS

2.3.1 1 L M. Appeamnce

o .After wnﬂuencrs and su'anﬁcauon have been ach:eved and thc basal cells appeared small and BRI

L umform. the epldermal Shﬁﬂf was ready 0 be uscd as: a graft, “The eplth clia mnged m )
o ﬂuclmess ﬁ'om4 o 7. ce&lllayers, They were composedofabasallaycr thhsmall POIngnal- o

| ord cubmdal ceﬂs and sevaral “intermediate laye"s with progressively flattened. calls, and at =
. -_the surfaee, one or two upper layers where mxclel were pmsent (figures ﬁa and 6b)

2.3.1.2E w. Appearance . | _- S
L EIecn'on mwmscopic exammauon of these sheets conﬁ:m that dendntzc ce]ls (Laﬂgerhans _

_ cells] were usually abserd, but niot always and that a mnluiayered Malplghxan-type ep1thehum -
- with keratinocytes it watious stagcs of. diffemnnatmn could be. seen (ﬁgure 7). Basal cells

. were organised into a single layer of closely associated cells, with a distinct nucleus,

_' .'cytoplasmlc organelles and intermediate ﬁlaments, wat heimdesmosomes were absent at the
basai siue of the cells. ‘Intermediate layer' cells were rather e!ongated and oontmned _
NUMEroUs . organelles ‘tonofilaments and keratohyalin granules (ﬁgure . They were k
- separated from ¢ach other and from the basal ceiis by intercellular spaces with numerous.
| -mterdlgltanons of the plasma membrane, visible gap junctions and w1l defined desmosomes

(figure. 9). One or two “upper layers' with nucleated cells, 5 electron-dense cell S
envelope were seen at the snrfacc (ﬁgure 8). The abeve ﬁndmgx e mmkar to those found '
by Merick etal (46) : .
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FIGURE 6 (b)

FIGURE 6.

L.M. sections thru.gh a confluent stratified
keratinocyte'sheet. {a. mag. 100x and b. 400x) .
The number of layers vary from 4 to 7 cell -
layers thick. The basal keratinocytes'ére small,
round to cuboidal. Dispase II, which is used to
1ift the epidermal sheet from the surface of the
petridish, has the propensity of causing the

the basal cells to rdund'up. In the intermediate

region the cells are large and polygonal, while
at the surface, the cells are flattened.

15



FIGURE ?.

E.M. sectxrn through a strat1f1ed epldermal sheet.
in the Iiwer right hand corner 2 basal cells
containing a number of vesicles can be seen.

The more superf1C1al cells conta1n fewer vesicles
and more keratlnohyalin granules (mag. 1000x).

- N = nucleus
'_B = desmcsomes and 1nterd1g1tat1uns
'y = yessicle '
T =

-ton0f1laments

,3 15; .__



 FIGURE a

- E.H. sectlon through a surpfrflcial flattened

anuclear keratlnocyte. (mag. 15000x) Keratln'i$_
dep051ted within the celi ' '

e
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FIGURE 9.

E.M. sectlon 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
adjarai. cells to each other. Deswosomes are
particularly well developed in the ©Irmal epidermis
where they occur as interceilular bridges between
the cells. (mag. 15000x). T = tonofilaments.

L AT LR e
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FIGURE 10.

A cmﬂﬂuewt stratified kerat1n0cyte sheet floating
in phosphate buffered sallne It has lifted off the

surface of the petridish with the aid of dispase 1.



There does not appear 10 bea sxgmﬁcant difference in the growth rate between neonatal and

2.3.2 'The_tempoi‘alf girogressib'ﬁ- of cinltu_rés- tﬂ_straﬁﬁcation. |

older kerannocytes, when companng the ttme at whlch strahﬁcatmn is. machcd aftex ﬁrst

. plating out single cells.” |
- ‘Average time o Teach s&aﬁﬁcauan" ' :
2Aldays - for neonatal keratmocytes o

- 25days - - forolderkeratinocytes

e

233 _Fac‘turs affwing the pi'ogression to straﬁﬁcassion_f o

g -Momclonal colony appearance depends on the time of ham:sung te culmnng “The

. monoclonal colomes which farmed from day 4 and later, were first cultured at least
112 hours aftes sarvs 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

. day2 and 3 were derived from explants whoses cells were put down for culture wzthm_

2 neurs 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 hncs‘

~ if this time was more than 12 hours: monot.-lonal colomes fonned on average by 4 6

days,

if this ﬁmc was less than 12 hom's monoclonal colonies formed on averagc by 3 .

days; -
For all calls lines: (neonatal and older cell Imes)
if this time was more than 12 hcmrs' mornoclonal colonies formed on avarage by 43

~ days;

if this time was less than 12 hours: monoclnnai colomes formed on awragc by 2.7
days. '

" The 1'11timate viability of th_c cell line_jl_nay also be affected-.‘ _ .

| C‘ertam ceil lines (e.g cell lines Kit, Defratas, Lui and Reece) did not reqmre growth

factor supplements to form stratified sheets



el cultures mfectcd by bacbena had to be discarded, since anubmuc adnumstmum_ﬂf . L
-. '_was never complctely successﬁﬂ o . L o

_.Cell cultures mfected by ﬁmgx were mom amenabie 1o fungacxdes and mccwered to 0 g0 Cre
o on to fonn conﬂuent strauﬁed sheets. (e & cell hne Br) | - . -

_'_Secondaly cell culmrcs reached conﬂuence and simt:ﬁcauan faster (by 20 days an .
- 'W&gﬂ). than primary celI cultures (by 246 days on average) R

: Cryopreserved cells (appendm III) mnded 1‘5 taka longer ume m grow mt an d d1d not_: - B
| .always growwform conﬂuent sheets ST AR,
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TABLE 2.

PRIMARY COLONIES — cell lines o

- CellLine
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| me the data presented ohe sees that there isa rclanvely w1de vanatmn with respect to the

titme at which confluence and subsequent stratification occurs, This bemg from 10 days to 28 EE

o days, for the former, and from 17 days to 35 days for the Iatter

: 2.4.1 Muf‘ ,Jh_catlc"m t,:meis kera,tmocyte :sp.eéiﬁc. SRS

| le culture nigﬂlodology did not vary, thus 1t may be ﬁébncluded that there is an inter-
' individual variation between specific cell lines. The keratinocytes derived from a specific

‘cell line have an inbuilt “clock’, dictating the tate of cellular multiplication, This does not
appear to be age dependant, since the time to reach confluence for the. kerannocytes derived -

-'frommeadayoldforeslﬂns,vanedfrom10dayst020days. This confirms a finding by =~

vanou,. researchers, who have identified cultured keratinocytes having different cell cycle '.

“ times. They have shown that the smallest cells have the greatest clone formmg ablhty (4'7, B
48, 49) : :

2.42 The i_mpoi-tance of plating out concentration

Another factor to be considered is the plaring out concentration of keratinocytes._ A lower
concentration is said to speed up the time at which confluence is reached (50). Ata 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 roultiple population doublings and form stratified cultures with puor
cornification, Keratinocytes undergo a number of population doublings before senescence
‘depending on the age of the donor; neonatal foreskin having probably 50 - 60 population
tloubhngs but dwcltmng with donor age (16). :

2.4.2 Site of k.eratmocyte harvest

The skin from which the keratinocytes are derived is of importance, Retm«am‘ic'lﬂar skin and
foreskin produce numerous fibroblasts, which compete with the kerannocytes 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



 the a1d of EDTAJqucose. By addmg NUMmMerous fibroblast feeder ceLs at.an early stage m_ o
R kerannocyﬁe culture, the human fibroblasts bend nottobea competmve problem

' _2.4.4. The affect n_f trypsln EXPOSLIe aml@ tm_le before -w!tmring

- Trypsin may udversely affect keratinocyte growth and muItiplicatiim This is deduced from

~ the finding that there was at least a full 24 hour o 5 day delay in the formatlon of
* monoclonal colonies in those keratinocytes which were exposed to trypsin for more than 4
hours, Besides the long exposure time 1o trypsm (more than 12 hours), the relanvely longer
- time after hawestmg 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
' mgmﬁcantly affecung thc increased tnnc taken for monoclunal colany formatlon

N 245 .Keratinocyte‘ multjplication and igrthli fact_ors_. -

' A!thcugh the various growth factor ‘supplements enhance keratinocyte giov:th and
‘multiplication in specific ways, they did not appear to be required i in all the cell Lnes-
~ 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- bc due
to them being present in too smnall 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 kcratmocytc supernatant (1, 51 - 59);
interleukins 1, 3, 6 and 8, transforming growth factors alpha and beta (TGF-a TGE-8),
gramulocyte macrophage colony stimulating factur (GM—CSF), basic fibroblast growth factor
(b-FGF), platelet derived growth factor (PDGF), and tumour necrosis factor (TNF). Roles
for these growth factors have been proposed in the regulation of keratmocytc turnover and
immune function int nortnal and d:seased skin.

TGF - o is mltogcmc for kerannocytcs in vitro (55) and also enhances kerannucytc mlgranon
(60). The serum may contain antimitogenic substances such as TGF-B (61). which mh1“oits
kcraﬂnocytc muluphcahon in vitro, but enhances kerannocyte differentiation (62) and
fibronectin producnon (63). TGF-B (64) and a partially characterised factor (55) pmduced
by keratinocytes aceelerate epithelialization of split thickness wou_nds in pigs. IL-1 (66) and



6 (67) and b-FGE (68) are mlmgemc to kmunocytes 1L-3 L6 and GM—CSF summms

| 'haemopmemb, Iymphopoiesis and inflammatory and immiune cell chemotaxis and activation '_ o g

B : (69), they may gam access. to the circulation and moduiate systemc mﬂammamry reactions. o

: - .H..-ﬁ isa pyrogen, sumulates producuon of acutc phase protems by the: lwer ('70) and- o I
o _mcreased semmlevelsamfoundmbums (71)amipsonasxs (67) e
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| _'Theue cultured keratmocytc sheats have chmcal apphcatmns What is then- apphcanon to

- bwin therapy and nthar ‘conditions resulnng in slcm luas? Is ther(s R deference ‘between R
cultn...5 grown from the patient's own skin and those ,gmwn from donor skm? Is the surgical .

" ) method mvolved m the apphcatmn of the keranmcyte grafts operator dependant" '. -

B =1c1-1-843- 31
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. CHAPTERTHREE

| I-Iuman keraunocytascan .be ct'xlmred from 'sirig!e cell suspen#ioﬁs in order to form adnﬂuent | _
:mahfied epidermal sheets (1).’ They have been applicd to a variety of skin defects tither as

. culturod aatografts or as cultured allografts. The nlajonty of the experience gamed with

o reSpect to their use is in thcxr apphcanon to full t!ndmess burns and Ieg ulcers,

Ga]hco, O'Connor, et al (72) havc described a method for culnmng as well as the apphcahon

of these grafts to the wound bed. This report describes new methods for the prcparaﬁon and -

grafting of kcratmocytc sheets.

To ensure the best possible take, preparation is as xmponant as ensuring that one has a
healthy graft. In this chapter, sieps are onilined that should be followed if one is to
* successfully applv cultured confluent stratified keraunocybe sheets to areas of skin loss. This
is a user friendly model, but for the best results, attention must be paid to the details hxgh-
lighted in this chapter.

321 Frepmation of keratinocyte sheets for gfaﬂ:ing :

A site for donor skin measuring 2 - 4cm? (figure 1) chosen in the case of a burn patient -
(appendix II B). 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
buman immuncduficiency virus (appendix VIII). ‘The skir 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 follovied by placing skin specimen, covered by 0.17% trypsin, in
an incubator for 20 - 40 minutes, or at 4°C in a fridge over night. The epidémﬁs separated
from the dermis at the level of the stratum basale, With the aid of eurved glass pipettes 5 -
10 x 10° basal cellslml was scrapped off and placed into a culiure dish contasmng growth



'___.medmm solumn (DMEM I—Iams Fla (1 1) and 10% bovine calf scmm) and 3’1‘3 wuring |

._.-_ﬁbrohlast feeder cells (appendix I B).  When monoclonal colonies first formed (on average L

© within 27 days), growth facto: supplements (appendm I A) were added to the cultum

o -_medmm. whxch was changed every second day. s

o ".:-_Afber conﬂuenoe and su-auﬁcauon havc bccu acmeved (Oﬂ average Wlthm 24 ¢ days), Ehe

- epidermal sheetwasreadytobemtedasagmf.. Theemdermai sheemwmhftedoffthe_ |

o -sm‘fm of the petn dish by the addition of Dispase Il (appandm 1 A) for 40 mmutes The .-

 petri dishes were placed cither in an incubator or on & glass sheet, placed over a bowl of =

water at 37°C. . In the latter casc a sntmﬂe green sheet was placed over the petri dishes, At

L ',.'!east once during the 40 mmute time mterval the stpase II ‘was swirled over the sheeis in .
L . order to re—cstabhsh an even d:strihuuon The D1spas¢ IT was removed and. the epidermal

sheet was washed in phosphate buffered salire, The petn dishes, thus containing e;pidermal -
sheets and PBS were placed on ice untxl grafnng took place (ﬁgure 10). : '



FIGYURE 11.

Here one sees a keratinocyte sheet being lifted

out of the 9cm (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.

R PP S e aropond S

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 site 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 malleable aluminum bars,
covering one side with foam rubber and secured uwith
elastoplast.

FIGYRE 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 malleable aluminum bars,
covering one side with foam rubber and secured with
elastoplast.

FIGURE 4.

The elastomesh stocking has been applied over the
malleable aluminum bars.
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B 22 mmngmu; 'ﬁt_hickiiéss; hizf:ﬁ'wouﬁdﬂsf- SRR

'.The temoval of mﬂammamry_ nem-onc ﬁssue by chcmmal debndement exposes the_ e
 wnderlying vascular tissue, The patient was given a gencral anaesthefic, Debridement of the
" burns was carried out, until stight bleeding occurred. On any expoged subdenual sn*ucture'. L
. ,fnoevasculansataon occurs, nesultlng in the fo:mat:on of g;ranulatwn tissue,” Muscle fasma s o
highly vascular thus will ‘bieed following debridement. A solution of 1:100 000 of

' advenaline was applied to the wound bed with the eid of sbdominal swabs, When
. l..haemostasm was a(:hleved plpﬂl‘aclnm powder was . spnnkled into the graﬂ hed, (be 1t';' o

- granulauon tissue.or *vascnlar adipose tlssue) and the eXCess annl:uouc was mmoved by usmg' -
 dry swabs- to dust away excesswe powder ' - : S _

. | "I’hc epldermal sheet was hfted out ot the Petri dish thh thc aid of 2 blunt force;:s (ﬁgure S
11), in the case of the 9em sheet. The, 14cm cheet was placed on the remp;cnt site-with the .

aidof 4 forceps, thus requiring an agsistant, The basal surface of the epldmnal sheet was
| apphed to the surface of the burn wound, The: ep1dermal sheet was spread out to its
_ mmumum extent and stapled into placse (figune 12) ' B

In the cuse of tha compcrund graft, 1:3 meshed spht thlckncs.s skm autogmft was plarui over I

the culnn‘ed a.utologous or aliogcnmc epxdermal sheet. Tlus in turn was smpled th place

* The dresmng appliad were szmxlar i t.lom: descnbed by 1."-“1‘1’5= (73} and mcluded parat’ﬁn _

 gauze, conrse gauze, mthopaedw wool and erepe bandaga. Konday4or5 the dressing was
 wet and foul cmelling, infection has occurred and they must be Temoved. The burn wound.
- was thea covered with saline sosked 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 unfil oomplete )

healmg has occlm-ed

ﬁ#g Bios_ﬁrfa;.o.e' Tebhnoiogy Incorporated -



.' 3.2 3 Graftmg oi’ leg ulcers and other skm dek‘ects

- The state of the ulcer bed 1s mportant It must onntam healthy red gfanulaum nssue thatf: -
b]eeds shghtly whenrubbed ‘I‘he most recent pus swab mustbanegauva S

L P1p~er&c111m pnwdar is apphed an,d then dusted off Th:s is followed hy thc apphcamn Qf 3 = _; _'
o culmredepldelmal a]logmftsheettuthe ulcerbcdwuh themdofnonwmomeﬂ farceps. S S

One of2 types ofdressmgls applled

| a) - “Closed method - - paraffin gauze, coarse gauze, onhopae&c woal and crepe bandage"j f _."_j "
L .areappliedmthatorder. S =
b) . Open method - the modified Normch cage. Hcre the epldermal sheet, after bemg -

" placed on the ulcer bcd, is axpused to air. A sheet of parafﬁn gauze is tented above

| the’ graft ‘The grafted ulcer is pmtected from mechamcal damage by the apphcatmn-' o |

" of malleable aluminum bars which are padded with foam rubber. These bars are able
- tobe moulded into a protectiVe cage. Over the bars an e!ast.,mesh stockmg is apphed'
'(sce ﬁgu:es 13 and 14), (74) o - _ :

3.2.41 ]Follow-aup fol!owing grai‘tmg ot’ leg uicers and other skin
L defects L S

T the case of the closed inethbd ' thé dressings were removed at day 4 oi'.S'post'-graﬁiris:
Thereafter, the dressings were changed at every second day until cc:mplene hcahng of the '
ulcer had occlmed, the dressmg bmng the same as the mmal dressmg '

X the; grafung was can'ied out on an out-patient bas:s, then the pauent wés told to rewmain in-
' bed with the leg clevated for at least 5 days post-grafting, Folluwmg complete healmg, the _
. pauent WHS told to proteot the area of psewous ulceration from E



- any type oftrauma. Graduated elastic stockings were also prescnbed IR

' By makmg use of this grafung procedurc, one has achleVﬂd relau *ely good take-" as se-cn by |

visible skin formation both m the case of full thickness burns as well as in the case of a-'." '_ -

3 -vanety of lesmns, resultmg in skm Ioss m the: Ieg (Beder et al in press, (75 76)

: _.Besndes the adherence of the cultured. kemunocyte sheet 10 r.hc waund bed on }ustoiog:cal
exannnation onie sees the epidermis become. ,, ore stratiﬁed Tlus is ‘what i is meant by the:
- word 'take', Inmally no new dermis is present The new epithelivm of the wound is thlcker_":'
than normal epidermis although it appears thin and friable to the naked eye (120). Howevar,
it becomes thinner as it matures and acquires an attachment to the underlying connective
dssue. : o . ]

_ The use of a bo'wI of water heated to 37°C ¢ es fiie'i'cquirement of an incubator ¢close to

the opmnng theatre, Biosurface Technal' - .ne. (73) actually make use of a portable E
mcubator The km‘atmocyte sheets already lifted off from the culture fiask and attached to a

‘backing material, are thus transported to the operating theatre, This method was assessed,

but has 2 drawbacks Firsdly, the keratinocyte sheet being’ 9cm in digmeter, shrunk to less
tlian half that size on being placed on a paraffin ganze backing, ‘Secondly, by the time the
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, sracillin. It appears to improve percentage take, Piperacillin is toxic to ;Egmdgmm :
spp, which are common bactenal contaminants of burn wounds especially within the hospual
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 (77, 78) reject the use of topical antiseptics, since they are toxic to
keratinocytes at very low concentrations. But in this study the tnpmal ant:bwtm plperacﬂhn '
-did not appear te be toxic to cultured kerannocytes :

Other researchers tried to + mindeiac Gt ~itect of infection by grafting onto ﬁ'eshly exclsed |
muscle fascia or onio 2-3 day old granulatwn tissue (23). '



- {"'36. .

 ‘Theise of. the grafung methodDIOgy described i in this paper has enablsd one o obtam IBSu!m -
: mn“arable o those obtmned by the Boston group (79) in ﬂw m‘ment Ofbum pﬂtlents Wlth e

Glﬂmfﬂ kerannocyte nutografts

' 'Thls paper attempts to bnng to tlm attennon of surgeons mvolved iu skin gmftmg, 2 mem o

- ..._.methodolngy usedfor grafung bulmmd kemtmocyte sheetsm any skin & cf ect, lmsme ot".:' o

| it aetiology

. _-:In tile foﬂomng 2 chaptem, the chmcal autcame of cu:'ltu;'ed kerannocyte sheets appli ed ta LT

-bums, chromc leg u]ccrs and other les.lons resultmg in skm Ioss. is assessed and the results'-

HEBDEnGH



. CHAPTERFOUR

: Pettems presenung with bumg damagmg more than half of the body surface area have too' B
- few- denor mtes 1o pmv;de enough spht skm gmfts to resurfaee the area. after surglcal :
: excxmon. S : S '

| Thc defimtmn of a full thlclmves bum 1mphes total destruction of the entlre skm and dennal :
appendages, obvm ng the posmbﬂty of epithelial Iegenetation, save from the margms

 (implying the need for skin grafting). The full-thickness bum may extend desp into the o
- undeﬂymg muscle, viscera and even bong (121)

 The use of cultured epidermal graftq (kerannocyte grafts) to treat patients vnth life- -
-ﬂlreatenmg burns - has been carried out since 1981 (19) with variable degrees of success.
Perusal of the literature shows that the succe#s rate. using this method to treat full tluckness
‘burnshasbeen limited (19, 20, 21 22, 23) : '

The first 2 cases whic':h 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 burns, 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 foilicles and sweat glands conmbuted greatly o
supplying multlplymg keratmocytee

Good “take' occurred when .n Clarke (80) used cultured allografts and cultuted autografis in the
following manner; highly meshed (6:1) split thickness autograft was applied to the wound -
bed over which cultured keratmocyte sheets were applied. Whether the skin covenng the
intexstistices was of cultwe origin or not, was not able to be determmed



: Madden (81) grafted panents w:th cultm‘ed allogenclc keraunocytc sheets‘ Percentage takc’_ i |
. varied from 0 - 50%. These full thlckness burns appeared to heal primarily by contracture - R
. and re—eplthehahzauon from the wound edges. In the cases whete cultured aucﬂ*afts were

applied to deep second degree burns, healing appeared to be speeded up by their use,_- e

‘compared to if they were left to heal alone. The allografts may have mducad healmg by S

o "secretmg gowth i‘actms even in the abserice of a physwal ‘take

o Many rcseamhem {77, '78) re_ject the use uf topical anuscpucs ‘singe they are toxm to.-f"':__ e
L keratme;:ytaes at very low concentrations. ‘But in'the study presented here, a tecbmque usmg'__

o 2 mpical anubiotw ‘was used wh1ch was not tOxlc to cultured keraunocytes. I report the o

o ueatmem; of 10 pattents using various combinatmns of culmred ‘epidermal sheets and the:r-'_'__ -
' ;apphcauon to the wound bed. Use of an anub:ot:c powder has reduced infection enablmg a B

- bctter and more rehabIe companson of auto-, allo-. and compound grafts



I I

Ten paeents. all mth full thickness bums are presented Please refer to appendxx v for 7_ | :" '

A patlem detalls The pauents rece;ved one of the followmg types of gmfts

421 Cultared allografts
422" Culmredautografts _ S S
. 42 3 nghly meshed sphit thwkness skm grafts applmd cver cultured allo grafts or -
T a,utogmfts (here called the compound graft). . | .

'I'he culture method used fo generate epldemai sheets from suspensmns of smgle'..
-_ keratnnooyhes:sthat descnbed by Rheinwald and Green (1) -

.2 1 Cultured a!lografbs

- Five patients were grafted with cultured allc‘t_,fafts.

 They were divided up into 2 groups. - -

a)  Those patients presenting with large areas of full thickness burn i injury - 3 pauents

b)  Those patients presenting with small areas oi full thickness burn injury - 2 patients.
Perceﬁtage “take' was assessed at day 14. “Take' implies visible skin formation both
clinically and histologivally. ' ' '

4.2.2 Cultured eutografts
Five patients received cultured autografis.
4.2.3 The compound grafts

Four patients were grafted with cultured ailograft or autograft over Wthh a hxghly meshed

split thickness autograft was applied. In one patient, a biopsy of the area grafted with a -
compound graft was taken for hlstologmal analysis.

I recognise that the patient numhers are low but there was a peoblem with respect to patient
avalability and foilow-up However, the numbers enrrelate well with thc numbers presented
mprev:ous stud1es (19, 21-23) |



: '4.3.1--_ _Cuimred'allogf#f“ |

The 3 panents, w1th extenswe bums, presented w1th 0o or low take at day 14 (see table 3
The 2 patients mth small burns had goad mws of healmg by day 14 pust graftmg (see table

B 3 graphl figure 16)

4.3.2 Cultured autografts

The results of the § patieats recexvmg cultured autografts TS set out m mble 5 graph 4 and' _' |
_ﬁgln'es 17 and 18 _

- 433 The cdmpound grﬁﬂs

' 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 grafr. (see figures
20 and 21).

Secnons of the bxopsy specimen taken from an urea grafted with the compound graft, show ;

skin in which the overiying epidermis shows disorganisation of the dermal - epidermal N

junction. Within the dermis steliate fibroblasts, haemosiderin and extra-vasated red blood
cells are noted. The latter are distributed around proliferating va_s'cular channels.

-4.3.4 Coinparison of graft types

Graph 6 portrays a companson between healmg rates of full thlckness burns to whxch various
types of cultured grafts were applied. The best take was seen in the case of the compound
groft, -

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, ore finds that there is a
significant difference. Cwitured autografts resuit in faster healing compared to cultured
allografts, Using the Mann Whitney test p = 0.0497. |



. 'Durmg t‘he course uf ﬂus study an mterestmg nmrelamn relahng 0 the peroentage taka was '
* 'noted between ‘patients presenting with smal full thickness bumns and leg ulcers Tnthecase .

- | of cultured al!ografts bemg applied to mlauvely small fuh tlualmess bums, pementage tak(: 15 T |

amble 1o lower Ieg ulcers nf smular size (‘?6)
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FIGURE 15.

Patient BH used to 111ustrate cultured epidermﬂl'

grafts acting as excellent b101091ca1 dr“551ngs.
A clean full thickness burn wound is shoun 17 days

after the applicatlﬂn of cultured epidermal allo—
_graf s.:




FIGURE 16 (a)

FIGURE 16.

‘Patient Mr E N used to 111ustrate the stages of
healing following the appl1cation of a cultured
epidermal allograft. _ :

a) The area of full thickness burn which is about
. to be grafted.

b) Four days after applylng the cultured epidermal

allagraft. The size of the granulation tissue
~has markedly decreased.

c) Sixteen days after grafting, 92% of the area
grafted is co.eredby newly formed skin.
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FIGURE 16 {c)-
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FIGURE 17 (b)

'FIGURE 17.

Patient sts L PA used to illustrate the stages
of healing follnwing the applicat1on of
cultured aut0grafts,___
a) At the time of grafting the cultured auto-
grafts to the anterior chest 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 applled alone,
was were a compound graft was applied
( See appendlx V page13afor the data 5heet
pertalnlng ta this patient ).

a8



FIGURE 18.

An example of a heallng full thlckness burn
i4 days after cultured autngraft appllcatlon
‘The anteriur upper arm was ‘grafted.

( See appendix Y pageisﬁ for the data sheet
pertainlng to thls pat1ent )
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 FIGURE 13 (a),

FIGURE 19 (c)

FIGURE 19. | | _

Patient Miss R M used to illustrate the stages

o) hea11ng followzng the. applzcatlon of a

compound graft. '

'a) Three days pOSt graftlng of the compound
graft reveals a dry clean graft, Thls is -

- the Tirst sign of take.,

b) 14 days after grafting. some of the overly—
ing SSG has sIoughed,_hut'1n: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 ¥ pagej24 for the data sheet
Pertaining'fd_this patient ).



FIBURE 20.

‘Patient Miss R M showing an area grafted with
a hlghly meshed split thickness skin graft
alone. The unacceptable cosmetlc appearance
_is seen. ' ' : -

e e e

€ T R L SO a5

e,

falkray

?ﬂ*

FIuURE 2. B

Patlentﬂlss R M, demnnstrating the compound
graft 23 days fullow1ng.app11catzon. This
graft is relatively smouth. Compare with
figure 20, ' '
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Tlnssmdyasannuualeompansonofthmedﬁerenttypesofculﬂ:redhemﬁnocytegraﬂsand_- B

their apphcauon t0 the wound bed of burn mjury pahcnts

) Thls techmque of keratmacyte graftmg has the obvmus advamag* of thc huge expansion of
_ the initial akm b10psy Green (82) has shown that starting from a small biopsy, 1cm2_

| 'lmtlally, a 160 fold amphﬁcatlon can be achleved in 2 weeks and up 2 further 10 fold |
_ mcreaseaftcr sub-culuvanun : - o

Culmred aliqgra_fts havé the ad-vaii_tage over ﬁut_qgraﬂ_s in that they ave readily _ai}aﬂabie' for

use on the newly burnt patient. Cultured sutografts require approximately three Weeks"bo" o |

form oonﬂuent stratified ep1dcrma1 sheets beforc they are mady for use as grafts (82)

4 4 1 The fate of allograft keratmocytes

As seen in this study,' the take of _culture.ﬂ uﬂ’ialgrafts in cxtensiva burns is significantly lese.
_cémparcd' to the take seen with cultured autografts (t_aBles & graphs 3 & 4). L-'niti_al Tepots
stated that cultured allografis 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 rei” - on of allogeneic skin. ‘But by the use of DNA" hybridization
techniques in sex mismatched donors and: reclpicnts, whereby the Y-chromosome of donor
origin was labelled (figure 22) it was 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 Llcers (Beder, ot
al. - 76). There appears to be an immunological rejection, pbstulated on the basis of MHC
class I antigens present on the keratinocytes themser ves (Gielen - 86), |

In spite of low “take' ral_a'es and eveual replacement by host keratinocytes (87, 88), one _
patient demonstrated that cultured allografts acted as good tempurary biological dressings,
possibly by preventing bacterial invasion, cmtammauon of the unoerlymg wound bed and
protem and electrolyte losses {fi gure 15) : : :

At the time when this study was carried out the use of cadaver skin as well as pig skin in
burn pahents was not permitted by law. Special government approval had to be ontamed
before these types of tempory biological cover could be used :
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In addimon, the culmred keratinocyte allografts and autografts appear o snmulaw the L

patient's own non-transplanted keratinocytes, present at the wound edges and dermal :

appendages, to muliiply faster and result in a more tapid skin covcrage of the wound than is -

expocted where no graft was applied. In this study, this was seen when cultured allogmfts
were applied to small full thickness burns (table & graph 3), Culture keratinocyte grafis
‘were also found to provide pain relief within 24 hours after graftmg Even on relatively
avasc:ular suhcutaneous fat the cultured keraunocytc grafts 'mok' as seen in ﬁgum V. 6

. Inthe 'absenr':e of 3 dcrmal comporﬂt wound contracture as part.of the process of wound

. healing i is mevnablm In humans wound coniracture acconts for appmmuately 10-20 pexcent

of wound closure of wonnds healmg by secondary mtenuon W1th spaclfic referenic= to
patient Mr E.N., (SEE FIG. 16), inspite of wound coutracture accounung for some degree of
wonnd closute, following wound healing he did not develope a claw-like hand posture . He -
had a good rangs of hand movements. The skin creases seen are due 1o the thin nature of the
newly formed skm ' ' ' '

442 The advantages of compound grafts

For compound grafts, hypertrophic scarring is suppressed (fignte 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 cosmemcally superior results compared to spht
thickness skin grafts used alone (80, 81) (figures 20 and 21).

- 443 The topical use of piperacillin

The percentage take of cultured autografts was good in this study (table 4). - The topical use
of the antibiotic piperacillin appeared tc 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 granulaﬁo’n tissue (20, 23). Piperacillin is toxic to
Pseudomonas spp. and to a wide variety of gram negative and gram positive bacteria, No
allergic phenomena were seen in the patients to which it was admmlstercd. When omitted,
take was greatly reduced

Before Piperacillin powder was applied Pseudotonas aeruginosa was cultured from burn
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wound areas which weze grafted with cultured keratinocyte grafis (refer to patients Mr M and

M:s;: R in appendix V). No or litde new skin formation ocoured (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 powder the rate- of 'take' mpmved

dramatically as seen by the results presented in the dissertution, Bmsurface “Technologies in -
~ Boston US.A, apply neomycin or a similar antibiotic to the burn wound before applying the.
' Gultured kumnocyne sheet (personal communications with Dr Kehinde), Ina. Jifferent grea

of bum in the case of Miss R, the burn wound was prepared with the application of

 Piperacillin powder and the take was 100 percent following the: application of a compound N |

 graft (see fig. 19). The small amount of P1paraclllm powder apphed and the fact that new

~ skin formaﬁon oocurﬁd following the application of cultured kcraunocyte sheets shows that_ '
this anubmttc was not toxic to the cmﬂtured kerannocyses '
- 4;4.1&9 Oﬂi_er factors determining ‘take'

In this study the percentage “take' was not elated to the age of the patient. A similar finding

- was seen in over 370 patients treated by Biosurface Technology in Boston as reported by

Odcsscy R. (79), bat this is contrary to the findings obtained by De Luca et al. (23). Other
factors determining _.take‘ of cultured keratinoeyte grafts include the followmg 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 biood 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 antiseptlc such as silver
sulfadiazine, Fusol or Betadine, kills the cultured graft, ‘If blood tracts under the cultured
epidermal skeet following grafting, the relatively firm application of the orthopaedic wool
and crepe bandage wiil remove the blood: from under this imperineable graft. Also, cuts
(holes) are made into the graft at regular intervals allowing excess blood to ec.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 groft, Finally the time interval after grafting when the paraffin gauze backing is first
removed, is of 1mportanoe, since if removed too soon, the cultured epidermal sheets are -
- damaged. :



| "_'-The dehuate nature of the cultured gafts was evidenced in one case whem the newly fonned S o
 skin ﬁnm cultured autogra.ft apphcanon pama!ly stnpped off (figure 18)." At day 14, the -

- newly fonneﬂ skm i more stable, a ﬁnding prewously reported (1 S) The instablhty of the s

B . ounured graft may be attributed to the reported: absence of type IV basement membrane S
E _mllagen and anchonng ﬁhrﬂs (10y although tlus xs tmntmversml (89) ' R

Other disadvantages of cultured graﬂs is that *hc newly fm sk:m is tandcr to much at one .. :
o month post grafnng However at 6 months, the keratinocyte grafts are smnlar to'skin m_. o
SR tluckness, dumbﬂny and texmrc but have a smaother and shmmr appearancg (90 15) .

o ’l’he results of the smdy dcmonstmtes that the cultured ep1thel1um can. succsssfully re- o "

- -ep1thehahze full thickness burn injury. But what of other skin condmons resulting i in'skin . "

| _ loss, Such as chronic stasis ulcers, arterial ulcers, dlabenc ulcers, wauma mduced skin defects" }
' and o~ on?  Would cultured keraunosyta allografts or autografts have- a role 10 play in.

. speeding up the]r rate of healing? Would these grafts be advantageaus in other re.spccts, swch -

~ aspgin rchef reduce hospnal stay and 1mprove quahty of hfe‘?

. f

. NOHERRED



CHAPTER FIVE

" An uloer isa d1scontmu1ty *n, or .,romon of the. skm. Chronm ulceratzon 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 8 number of different factors or their mtm'acuons '
(91, 92). -

| When one manages ulcers itis esScntlal to attempt 10 identify and treat the primary cause or
causes of the failure of wound healing. The cause of ieg tilcers are classzﬁeﬁ in table 1
- below, - -

5.1.1 Pathophysiology of venous stasis uicers

Burnand ard Browse (93) found that induced venous hypertension enlarged ths 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 is caused by free radicals, such as
superoxide OH' or singlet oxygen OH, generated by abnrmal enzyme reaction in ischaemic
and infected tissue. Arterial ulcers on the other hand a. due to occlusive vessel disease.
Both these types of ulcers are characterised by their chronic: ty and recurrence (91).

512 Methods of treating chronic indolent leg ulcers

Ulcers can be treated conservatively, which i¢ usually the case, or suigically. Conventional
conservative management entails the use of a variety of antiseptic solutions (including Busol,
acetic acid and povidine - mdme), in combination with dauly dressing, pressure stockings,
bed - rest and leg elevation. The antiseptic solutions are toxic to hesling skin, and they
together with daily dressings are costly to the patient. One of the surgical methods involves



plymg split-thmlmess skm aunografts as the method of ohcnoe for Ieg ulcers. whml:s
however has met with varying degrees of success (92). The above surgical method involves
. suhlecung the patient to general anaesthesis, which has its potential risks, specxally inthe
age group in which these leg ulcers tend to oecur. Also one requues healing of a pamful _

 donor site as well as of the leg ulcer itself. Healing will not occur until the concentration of

. bacteria is reduced to below 10° organisms / gram of tissue, since this concentration nnphes'
tissue colonization and invasion, It must also be borne in mind that many mpical ageents ae
. foxit to granulatmn tissue, Thmfore axthough they counte:act mfecuon, they aIso ratard.- .
"wound hcalmg (77, '78) ' o S '

| 'As an a_lternatiw. 10 the above, the treatment of chronic leg nloers with cultured keratinocyté
allograft sheets is proposed after the initial infection has been treated successfully, With
 chronicity, the margins and base of the ulcer dovelope fibroblastic proliferation, scarring and -

- the accumulation of iymphocytes, macrophages and plasma cells (120). Following the |

_ removal of this mﬂammatory necrotic tissue by chemical debridement the underlying ussue :
is vascuIar. ‘Onto this bed the cultm'ed keratinocyte grafts were applxed 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 i in “this dissertation fulfi]]ed the above cntena and are thus

__ zep:esentauve for this Study. ' - -

The most common typé of venous abnormality affecting the venous drainage of the lower
limb is simple saphenofermoral incompetence, which leads to varices (91). Ulceration only
' ocours if the perforating veins also become incompetent, allowing ttansmission of pressure

from the deep to the superficial system, so that susiained 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 uicerating contannnated area. Th:s anows for favourablc healmg of the surgmal -
wound. : ' '

51.3 Risk factors affecting ulcer healing

Harrison has. shown that various risk factors (92) act as good prediction indicators with
respect (o 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; niultiple hospital admissions; multiple medications; problems
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with mmnbﬂlty, arthrms or multiple: falls, iocal leg problems, either ischnemic prewous
deep vein- thrombosxs oralong. (greater than 5 years) lustory of Ieg ulcerauon‘ and whether
or not thc patlent 11ved alone,

Theprcsemc of 3or less nskfactors resulted in 75% of the ulcers heahng Four or more risk
factors resulted in only. 12% healing: These risk factors would most certamly also apply in
' the case of cultured epldermal allografts apphed to vancosr and othe;t types of leg ulcers :

The time whxch it takes for a healthy skin wound to heal is proporuonal to the size of the _ o
wound. If adverse factors are present then this time is increased pmpomonally‘ Twelve of .
the 14 patients presentmg with lower leg skin loss had 4 or more risk factors that pre{hspose Lo

o poor Wnund healmg as assessed by Hamson (92)
514 Treatmg leg uleers with cultured keratinocyte allograﬂ’ts |

The first documented use of cultured keratinocyte autografts in the_‘treannent' of leg
ulceration was reported in 1983 by Hefton (24). The three ulcers ireated healed within'3 - 5
weeks post-grafting and remained healed for up to 2 years, Leigh (25) had similar results
after applying cultuved autografts to 12 chronic venous stasis leg ulcers. But the cultured
karatlnocyte sheets derived from the elderly | patients were found to be extremely fragile as
‘the cells are less pm}iferanve compared to younger cells in cuiture. In all cases there was
noticeable pam relief within 24 hours after apphcation of the cultured keratmocym sheefs
(26, 95). -

Due to the low colony forming zhility of these autologons 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 epithelinm growmg within the ulcerated area, whilst in 44% - there was 2
visible migration inwards of the epithelial edge and a reduction in ulcer size. In 27% no
effect was seen, Plulhps (27) found that 73% of the 36 skin ulcers of various aetiologies _'
healed completely in an average of 3.3 weeks when treated with keratinouyte allografts. No
significant difference in the mean-healing time of venous ulcers treated with fresh allografis
(23 days) or cryopreserved allografts (26 days) was noted in one comparative study 95).

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



hcalmg. An equatmn m tlus effact is proposed below. The agc of the pauenz with respact ©

. 'the rate- of healing has also not beeti mvestlgatcd prewausly Also in-this study the healing
rate of leg uleers of varicus aenologzes are compa.red as well as thc wabzhl;y and efﬁcacy of

. o cultured keratmcvcytes allograft sheets agamst conservanve management of chromc mdr:-lent E
_ _lowa' 1egu1¢m's. : . - . ' C '
815 Keratinocyte allograft survival

*In skin grafis the main antigen presenting cells are Langerhans cells, vhich form 5% of the
' total mixed ep1derma1 celt population, These cells present antigen to helper-T cells and may
-mmate rejection of a u'ansplant by expresmng class 1T hmtocompa.nb:hty molecules and

seweung cytolnnes Langerhans cells are Iost 7- 10 days after a single cell suspe.nsmn of -

“mixed epidermal cells is. cultured in vitro, as determined by the expression of HLA DR
 antigens (83) The mixed epidermal cell tymphocyte reaction is lost in parallel, which

appears to confirm the loss of the. Langexham cells, BEndothelial cells, which also have the

ability to express class I anngcns and thus play a role i rejection reactions, are also lost
during culture of keraunocytes from mixed suspensions, Clinically and h:stologmaliy no
overt mgns of cultured allograft checuon has been seen (Beder et al in press, 75).

o If chroric leg ulne.rs heal faster with the e of cultured ep1detmal allograft apphcauun, o
compared to conservauve managemcnt, what is inducing this increased healmg rate? Isita

- growth factor(s) in the medu:m in Wthh the cultared grafts were bathed durmg cellular
-multiplication, for example: an unknown factor in the bovine serum or in bovine pituitary
extract? Is it a factor(s) produced by ‘the mulnplymg keratinocytes themselves- in
concentrations niot normally present within normal skin? To determine the latter mdlrectly,_ o
one proceeded to determine if the actual transplanted allogenelc kcrannocytes sumved' L
' follovnng transplantauon and for how long. o

Aubbck implicd that keratinocyte allogr'afts survived indefinitely (1) but Burt (85) and =

. Brain (87) have shown that this is not the case in their studies of burns and- shavmgs, .

respectively. To see if the ﬁndmgs obtained by the above Tesearchers were comparable to
what occurred in the case of kerannocyte allografts apphed to leg ulcers, in sitn DNA
| hybndmauon was used



;In 1982 Coeke et al characﬁensed % sequence tlmt was repeated in tandem with 2()00 ‘-""Pies o

C ofthe Y chromasﬂme {96), ' This consututes 2 fi'fth of the DNA and is lﬂcated on the tip of _:_-
-Jle lﬂﬂg arm of the Y. cln'omasome Page of Boston has charactmsed a smn‘lar wqtm.. ¥ Fans
o __-_-.(parsonﬂl cammnnmamns) A stmple mproducible ‘methiod to detect this mulnple COpy_ : |
o human gene has been estabhshed on. Thercfare the sex of celis pmscnt in skin blopsy:-f_._ __
. B ..speclmcns taken from heahng leg ulcers nf femalc patteuts were. detemncd. “The ulcers had
 been grafted with mﬂtm'ed allogenelc keraunocytc sheets dmved fmm unrelated ma.le_-'_ﬁ'

o '._,f_danors, S



- A}*_”VASCULAR
L i_)_' . Venous (duetovenous hypertenszon)
L “_'iif)f " Arterial (1schaennc) | -
iif) Lymphatlc

By "'fvascunms |
S ) Collagen ﬂJSBaSBS
o HAEMATOLOGICAL .
o _-i)i Anaemlas

) l-‘nmary d.uc toa spemﬁc agent

| ) '. :1i) | Secondary complwanon of other cohdmons o

B METABOLR, |

Y4y . Disbetic -
CH) Numuonal dcficlency
 iid) Uraexma '

B SKIN MALIGNANCIES
' i) Primaty
B8 Smdarv

. G) PHYSICAL  AGENTS |
D Trauma- mcludmg bums -
N Drugs :

© Theabove table has been'mo'diﬁed from C. Khoo (91),

e



_-_'Fonriaeen patlents all vmh Iower leg skm loss, are presentcd (please refer to appendxx VI for e

' panent detm.ls, All were grafted thh cultured kemunocyte aﬂograft shects. The patienm = |
- grafwd presanﬂedwth one of the fo]lomng o . . . R

SR a)- Vmc)i'ls stasm’ulaeraﬂon;
. b) - Aretialuleration, . .

e Fascfatomymducedshndefects. B S
o -_".'d)_ _['Txaumainducedskmloss acoompmnedbycellulins and abscess fmmahon. o

-'ﬂne kcrannucytes were obtamed ﬁfom neonatai foreslan or from young adulis who had- .
- -'undergonu varmus plastsa surgical pmcedures (appcndzx m. 'I'hese kﬁraunocytcs wem -
~ grown into confluent stratified ‘epidermal sheets using the method described by Greenetal.
i (82). The donors had tested scronegauve for the Hepatms B virus as wcil as for thc I-IIV o

' '-'(appendleIII) (98)

1 recngmse that ihe pahent numbers aTe low, But there was a problem wzth rcspect to panent '_

| ava:labﬂzty and follow up, Also the numbers correlate qmet well with the numbers presented o |

in prcvious studxes (24-27 )

Thorough conservauve management mvelved applvmg betadme (medtcated mdme) dressmgs PR

 three times a day, ﬂayers consxsung of betadine, cotton gause and crepe bandage), untgl the
N mfccted siough had been removed. This was followed by the application of salme, paraﬁ‘in o
. gauw, cotton gauSc and crepe bandage. in that order, three times a day o '

- Pat:ents Mis M and Mr E (see figmes 23 and 24 rcspectwely) had numerous attempts at -

- skin graftmg with split thickness skin but the grafts did not take.Although arterial uloers are '_ _
usually found in a more dxstal pomtlon, pauem: Mrs M (sae ﬁg 23), was conmdercd to have a
: mcummt arbcnal ulccr. : :



5.2.1 Graftmg methndulogy ami folﬂow—up

| "--Forthe grafti

| ':refertuchapterzwoonpagggg T

5.2 z Bnojpsles used formsltu DNA hybndnz&tnm :

methodology of leg ralcers and other skm defects and thelr follow-upa please | a

- Thesa hmpsxes wcre taken fmm 6 femaie patients. Twopauems had biops1es takcn on day 4 Lo

" ._"Post graﬂms an& one each on days, 5. 8 and lﬁ pnst-gmftmg. The bmpmas, takﬂ.n under w

 local anaesthama, werc takcn from areas of: tha ulders that were clnucally healmg Half of .
. each biopsy specimen was mounted in paraffin and stained with the routine haematoxyhn and

- :_.e,osm stam “The ather half of each biopsy speﬂmcn wis- analyscd for thc pmsem of cells

- costaining the Y chromosome, using in situ DNA hybridization with'a biotinylated Y-probe B

o {gpDP 105) (appcndxx V). Normal maIe slcm and progtatic tissue, whzch had undergonc o

_ 'bemgn hypertmphy, were: nsed as positive controls. Normal female skm was used as a "
. _negatwe com:tol. The method is based on that descnbed by Burns 3. et al. (91) (See figure

o Each sect:on was scanncd for the presence of malc cells, wmch were detected by the ;mesence o
' of a black dot in the nucleus The black dot reprcsentmg thc Y~prob&

et e
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" FIGURE 22 (b)

FIGURE 22.

Examples of controls used to demonstrate the

presence of the male Y - chromOSOme.

aj A section through normal prostatic tissue._
ThEchrk dots 1nd1cate cells containing the'
the Y - chromosome This was used as a
control. {mag. f0x). . . _

b} A L.M. view. through normal male skln show—
ing cells staining purple brown.._Th;s was
used as a control [mag. 10x).



: 5,3.}1 .&v»rage heal'ngt:me

. __Culmd Kenatinocyte alingraft shcets were apphect to 17 fower 1eg skin defects: 14 skm
- _defects present for 4 weeks to 25 ycam, mcasunng from 3,50m2 1o 64cm2 healed eomplebely o

. within an average pmodof 181 daye. The smallet uleer took 3 days © heal and the Iargast o

o _me’?dayS.

_ _.__'gne pauent, Mrs E. ]‘s'I. was Iost to feilow-up when herz ulcers, measum,g 49@@ and 1 i _—

o had healed by 50% and 87.5% mspecuvely, hy 16 days NQ healmg Occurred i the case Qf o

.. MrS.,who presented wnh a sypnihtw ulcer, from whzch Methwﬂhn resistnt &aph;dggm o

o _-mw&s cultured

o Follow—up has raqged from 12 to 24 months, To datc, all of the above 14 uloea:s have'
' rcmamed healed exce.pt. for 2, one bemg a vcuous stasis ulcer and the o.he.r bemg a dmbelic R

' 5..3.2’ -'An_eqixatiﬁn-re'lating __time- to heai and- ulce.r size'- :

. Combming all the d:fferent types Qf u!cem a hls' tam companng days to heahng versus su:e" '
of the lower leg skin dc«fcct after apphcanon of e first cnltured epxdarmai allograft (CEAY
. was drawn (graph 7) The numbenng of each bar is from the youngest to the- oldest patient

“(1 through 10 13), From 1his. graph one can see that there appears to be no mgmﬁcant

- difference ‘mth respect 1o the pauent s age and the rate of healmg Overall graph 7b shows a

 linear relahonshp betweer: the above 2 pararneters.

From graph 7b, the followmg equatson to prcdmt the time it wﬂl take for an ulcer of a
'-'speclﬁcsmetohealmgwenbclow ' S :



Y= 22186 + 0.4387}(

| Where Y= 3 days taken f°f mmplete hﬁalmg to occur aﬁer applmanon of a smgle cultm‘ed' : B

epxdermalallosmﬁ»
...Xg_-_ s,zcofsmndefec;(am’)

The above equatmn is vahd for leg skm dexects up toa size of GScm"‘n Ahove tlus sizc its o

| "Valldlty cannot be guarantead.
53.3 Fimdnngs follomng the app!icahon ni‘ multane CEA

. The applicauon of a second cultured cpidermal allograﬂ: 10 the leg ulcer ’aeeded up heahng

by an average of 102 days. ‘This is seen in graph 8 of dayb 10 heahng Versus size of the o

-'lower leg skin defect after the apphcatmn of a first, second and in one case, a third culturcd_ B

epidermal allograft (see fignres 23 and 24), Within 12 subjects grafted the applxcatum of
- -CEA resulted n Pam relief thhm 24 48 hours after grafnng, : . -

'_ When ‘applied as the first or second CEA the quallty of the CEA did not appear to |

- . sigmficantl; alter the tate of healing,. Howe,ver. when a poor quality graft was apphed to one. - .

area of a lesion and 4 good quality geaft 1o 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

 26days for the Jatte area to heal (see figare 25),

) From tablc 14 one sees that onl‘ ..da to day 4 past—grafung, were donor kemtinocytes
 identified in biopsy specimens. Thercafter the donor keratinocytes were not 1dent1ﬁcd and E
appearedtohave been replaoed by the panent‘s own keraunocytes. o - |
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| LE@ ULCEF@S DUE TO A
FASCI@TOMY INDUCED SKHN DEFEC’T

| Patlent

Dumhon of
. Cons;e;w;ahve Rx

Tlme ‘?m hedlmg

S Mrs"J

- |sedays

190% healinrf 1 'l

- jdays - !efi' calf
.'*_(27 cm) -

15 days (16 cm“)

L
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LEG ULCERS DUE T@ TRAL@MA
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at Time‘ro heulmg | .
cs_ﬂ‘eﬁ’ TCE_A_ app_lzed
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. cm ) -

[MsoM

39 days — "
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e e —

e . LEG ULCERS DUE TO DIABETES
b Ciﬁem. | Durationof | Timefo hedling o
o Conservczhve Rx after CEA apphed_;_-__ |
Mrs R._ — 25 monihs | ]9 dcsys('lzcmz) 1
| Eékle-ll LE@ ULCEQS DUE “ﬂ“@ SYPHHi S
e Durci'ion of Tlme ‘m healmg S
Pcﬁleni_ o o
B Conservah-veRx cszer CEA cpphed
Awr s | - _s'years .. ?; ch;a)ling occurred
.Table 12.

' LEG ULCERS DUE TO VENOUS HYPERTENSEQN

Durahon of

Patient _' Tlm@ (s} healxng |
~" . | Conservailve Rx | after CEA cspplied |

Mrs MM 3 months 28 dcys (12._c_m _)'_ -
Mrs S §months ‘|30 days (54 cm?)
NIrE 15 mdnihs' 18 days (44 cm®) B —
Mr WM | 9 moni'hs 7 days (16 -y -
MrsEM |25 yec:rs | _iéda'ys* | —
Mrs N & months [adays GomD

* e It took 16 dqys for the two ulcers, measuring in size 40
em™ and 16 em™, o heal by 90% and 87.5%, respectively,
before the patient was lost to follow-up.
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GRAPH 7.

Comparing Lower Leg Skin Defect Types

ol Z

‘i 5- ' | AR
o7 [
571

: 0.:_#. -

 Time to Heal Gompletely [days]

S A— -~ |Trauma & |
 |Fasciotomy | /_ o[ |Celluliis |

- |induced - | |Venous | |Diabetic!| |Arterial | |induced |
- |Skin Defects | |Ulcers | [Ulcer | |Ulcers | |Skin Defects |

s



Doy f:;osi' grofifmg, on Whlch biopsy i'oken

| Feent |

Doy 4

Doy &

Doy16

- -Mis'gw; T

“(+ ve)

'SMwLB

'ﬂ (+ ve)

B Miss GM

| Mrss

| ;Mrs EM

Uniess mdlcai'ed 'i'he buopsy samples dld noi' coniom
mo!e cells Gﬂd thus were negoiavo

'UBLE14

_ iTable1¢ tabulates blapsy spec1mens taken at various days posf
- CEA application To each specimen a biotlnylated DHA probe,

' SpEleic for the ¥ chromosome ,was pdded.If detected then a =

black ‘dot was seen in the nucleus of o male oell bexng of

'donor orlgin.
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FIGURE 23 (b}

FIBURE 23

patient Mrs M used as an example to show the

a)

b)

'stages of heallng fullowing the appllcatlon of
‘a cultured keratinocyte allegraft to a chronic
arterial leg ulcer.

The leg ulcer before the first cultured
epidermal allograft was app11ed.
3 days after the first cultured epidermal

sheet was gpplied. - Two- areas of new skin -

formation is seen withxn the ulcer bed
itsalf New skin is also sean along the

margin of the ulcer.
27 days afteér the first cultured epidermal

allograft application. The. leg ulcer is .

covered by new skin. = In total 3 cultured

kerutinocyte sheets were applied

N See appendlxvl page 171for the data sheet

pertaining to this patient ).




FIGURE 23 (¢)



'FIGURE 24 (b)

FIGURE 24.

Patient Mr E used as an example to show thn
stages of hea1,1g following the application
of a cultured keratinocyte allograft to a
chronic leg ulcer. |
a) The leg ulcer showing islands of newly
formed skin_s-days aftep grafting with
an epidermal allograft culture |
b) 18 days after CEA appllcation a wellf
healed ulcer Is seen. - R _
c) A close- -up view of the healing ulcer (day 16)
(See appendix VI pageisqfor the data sheet
. pertaining to the above Dat1ent},
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'FIGURE 24 (c)



FIGURE 25 (a)

FIGURE 25.

Patient Miss D M used to compare the stages

of healing following the application of 2
types of keratinocyte allografts to a
trauma and cellulitis inddaced 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 goud quality CEA
was applied reveals more newly formed
skin compared to the part to which a
poor quality CEA was applied.
(See appendix YI page 155 for the data sheet
pertaining to the above patient).




FIGURE 25 (b)
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‘54 Discussion

Multiple CEA appiications appear to speed up ulcer healing. This is not sm'priﬁsing' in light of

the identified growth promoting faciors found in the supernatant of cultured keratinocytes

(31, 51 - 59). These factors probably accelerate multiplication of the patlent s awn margmal
kerannccytes as wcll as of those keratinocytes found in the dermal appcndage remnants,

' 5_.4.1 _ Gmw.th promoting substan_ces sec_reted by keraunocytes . '-

The cultured keratmocybes secrete basement mcmbranc proteins, (collagcn types IV VII
laminin, fibronectin. and basic protein antigen), and extracellnar matrix, which all aid cell
migration, as well as growth factors, which stimulates multiplication of the hosts
kecinoeytes (20, 51 - 59), These growth factors include: Interleukins 1, 3, 6 and 8,

- transforming growth factors alpha and beta (TGFo, TGER), granulocyte macrophage colony
‘stimulating factor (GM-vLst;, basic fibroblast growth factor (b-FGF), platelet derived growth
factor (FDGF), and tumour necrosis factor (TNF-or). These factors regulate cell division,
cell migration, cell differentiation and function of epldermal dermal and even
immunocompetent cells. There is growing evidence that some keratinocyte derived growth
factors are involved in wound healing (99, 100), b-FGF and TGF-t are angiogenic factors
stimulating endothelial cell migration and proliferation (101). TGF-8 and PDGF are both
chemoattractants to fibroblasts and stimulate their division and collagen prodaction,
furthermore, they augment dermal wound healing in rats (102, 163). A recently
characterised growth factor, derived from derma! fibroblasts, called keratinocyte gxnwm
factor (KGF), appears to exert & paracrine effect on adjacent epithelinl cells, resulting in their
proliferation (37). KGF may act by preventing the degradation of DNA in the keratinccyte
stem cells, as seen in the case of erythropoietin on erythroid progenitor ceils (104), thus
- resulting in more stem cells mmltiplying and not differentiating into transit amplifying cells.

542 Fate of caltured aflogeneic keratinocytes

This study which showed that only up to day 4 post—graﬂing (table 14), covld donor
keratinocytes be found in blopsy specimens for healing ulcers. grafted with CEA shees,
confious the ﬁndmg obtained by Burt et al. (85) and Van der Merwe et al (105) - in the case
of burns, and Brain et al (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 mrmally presents with leucocyte invasion and gpithelial 'v'acuolation',



a physlcal replaoement of the allograft, rather than a rejecuon appears to occur

5. w3 'JI‘he advantages of keratmocyte al!ograﬁ apphcntmn

1In spite of the above fi‘ndings, one sees in ﬁgurcs 23 b) and 24 a), that following CEA__

grafting, islands of newly fonned skin is present. Healing of the nlcer 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 negrmd ongm :

Healing rates followmg CEA apphcahm were comparable to thcn‘ cancaman counteapart&

_ In this study, followmg CEA apphcanon, no hypertrophic scar formntmn occurred wath nlcer _

healing. -This has also been seen when these grafts were apphed to split thwkness skin graft

 donor sites (23). Also pain relief was seen to oceur in patients within 24 hours after CEA

application, Th1s ﬁndmg has also been notcd by 2 other researchers (24 25)

Teepa .(95) founa that venous ulc:ers healed twice as fast as rheumnatoid vlcers (37 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 on average
(11 days) compared to the venous ulcers. Since the numbers of the various types of lower
- leg skin defects are small and one must also take into account the relative sizes of these
defects, these results wﬂl only be venfied when a larger number of pat:ents 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 actiologies
remained healed after a follow-up period lasting from 12 - 24 months. :

'5.4.4 Potential risks of kerat:inocytzé allograft application

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 spontanéously 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
‘0 be. Also, antibodies to foetal bovine serum have been detected in patients on which
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_eultured kcrannoeyte gmfts have been. applzed, but to date they have not pmduced any .

} problems of graft rejectmn, anaphylaxls, or serumn sickness (10?)

'I'hus before cultured kcratinocyte sheets e apphed to the patlent, the acmal keraunocyues of
donor origin st be tested for the presenee of the hepatitis B surface ant:gen and an antigen = . ;
- of the HIV, The donor's blood on the other hand must be tested for the presence of
~ antibedies to the human lmmunodeﬁcaency vnrus T!us was. camed ont for all cell lines used .

'_.mﬂnsstudy

| '53;5; | Elterpretatﬁen of resultfs_ -

_ A elm:eal tnal is dlfﬁcult to mtexpret because of mulufactonal mﬂuences upon the events of L
L graft take and wound healing.” Here one has tried to eliminate some of these influences, )
' first!y by the individual who- cultures the keratinocytes, developmg a grafting methodology _

- which he carried out himself in applmg the grafts to the wound bed. This gives one the

' -ms1ght into the fragnhty of the grafts and hopefully giving these grafts the ‘best opportunity to
take. The elumnatmn of infection by the use of the antibiotic piperaciltin, in a toplcal form, -

has gone a long way in eliminating wound infection, and thus producing better results with o
respect to take. Protection of the graft site, using the open or closed methods as described in e

- this paper, and met:culeus follow—up should enabie one to ach1eve the best results possible.

Whether better results wnll be achiEVed using a composne graft, where one has a dermai |

equivalent, is still under investigation. In. burns, all the dermal components ‘wer¢ present

within 6 months following cultured autograft application to viable fascia (15). Thus the
requirement of a dermal equivalent, which first requires vaseulanzauon before a cultured -

_ epldermls w111 sarvive above i 1t, is still debatable

The major advantages of using a eultured aliograft for the healing of lower leg skin defects

a) -Grafung can be eamed out on an out—panent bams, resultmg m no or tedueed hosmtal_

stay,

b) No general anaesthes:a is requued, with its potennal risks, espee!ally in the elf’x.;y

patient,

¢)  No painful donor sme, as is requxred in. the case of apphcatmn of a split. thlckness gkin

graft,




" ) d) : One does not reqmre healmg of both the domr s1te as well 18 of the l@g uloer

| Good healmg rates occurred espec:ally in those cases where thorough conservaﬁve_' c

management rcsulted inno hea!mg.

This method of trcatmg skm loss of vanous acuologxes appeats 0 be ot only cost cffecuvg;." »
* for the hospital and the patient, but also patient friendly. These foatures are felt to out-weigh .
* the fes short comings, Cultured keratinocyte allograft apphcat:on to all mlauvely stall sdin

g defccts must now be Gonmdercd asy wable alnamanvs ta spht thxckness sldn grafhng. S

- _‘Wauld a composxtcs gmft oomposed of an arnﬁcml dermis covered by a cultm‘ed epidmmal -

 sheet,i improve the results obtamed with cultured keratmocyte sheets alone? How Would one
" .go about construcnng such a graft? ‘What components would be- reqmred” “Would the
'composne graft strengthen the durab:hty of the healed skin and also prcvent conn'acmres?'.

| 'Ihese posmbxhtles have to he mvesugated fm'ther
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CHAPTERSIX

|  The problcm \mth culturcd conﬂuent strauﬁed keratmocytc shcets is attachment to thc wound o
 bed. If not firmly attacked, they tend to form blisters cspcmally if blood tracts bctwccn thc o o
'graft and the wound bed. Also it takes time for vascularization of thc graft to occur. Smcc_ B

fio dermal component is present ccntracturcs tcnd £0-0COUL.

- 6.L1 'T__h_-e iadvant_ages of the presence ofa dermis

Ketatinocyte grafts take better on dermis than on fascia, muscle or fat possibly due to the -
dermis being mmiore vascularized (108). Dermal aliografts of low immunoreactivity havc bccn- _

suc . sssfully wused to support the growth of keraunccytc sheets (109 - 112). B&ed on the

~ success of the above, dermal equivalents are now being. devcl_t_apcd to provide the
keratinooyte sheet with a stable base prior to grafting. The dermal equivalent should preve.'t

contractures cccumng fcllomng grafting. The artifs cial derm:s provides a lattice for the

" dermal fibroblasts to become embedded and to lay down recipient. ccllagen in a similar

manner to that dictated by the foréign collagen already present.

' '-6.1.2 - The use of collagencus substrate_s

Unfortunately collagenons substrates, ie. the dermal equit/alcrits, which: are stable ih vitra :
cnltures, are unstable and degrade rapidly on the wound bed. It is thought that the cvcrlymg

keratinocyte sheets have a poor survival rate due to not getting adequate nutrients from the

dermal equivalent. Tt 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 vasculanzcd placmg the cultured epzdcrmal shcct above it.

In spite of the above ﬁndings compaosite grafts appeamd to take wel! when transplanted on fo
full thickness burns in rats (113), and athymic nude mice 29). The dcrmal_cquwalent varied

in composition from simple type 1 collagen (113), human types 1 and 3 collagen (29), bovine i

collagen and chondroitin « 6 - sulphate all being impregnated with fibroblasts (28),
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An epidermis was regeneraxed w:lthout adnexal slructures on connective tissue that msembied o
~ undamaged dermis. However when transplanted onto full thxckness defects on plgs,
- substrate provoked an intense fom:gn bady reactlon (1 14)

Yannas (115) -used 8 hifghly pbmus cross linkcd couagen glymssanﬁnoglycian substrate -
 geeded with autologous dennal and epxd.errnal cells derived from a pig, - A confluent
epldmms was seen in vivo at 14 days and a new basement membrane, containing. the
_ collagen IV 7-8 domam, thought to be important in the- deve10pment of 1ts lattice-like

structure, was not detected nntil day 23. At 4 months fewer anchgnng filamients were seeit

comparcd to normal sk:m, but were. found to be of equal number at 1- 2 years

’I‘hc ebove wnﬁnns the chmcal ilndmgs of bulla formauon in grafted cultured autologous .
’ epldemus seen in patient Mr J, (see table 4, figure 18), with a cleavage plane 1mmcd1abaly_ g
~below the anchormg fibrils (1 16, 15, 112, 10), which remain attached to intact lamina densa
in the blister roof (116, 112 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 bhsters
vnth a clea.vage plane at the lamina luctda in nomm! skin (10)

Burn wounds grafted with cultured autologous keraunocytcs and fbroblasts attached to
collagcn - glycosaminoglycan substmte, had an epithelium with a normal stratified
- appearance overlying the remnanis of the substrate which had_dcvc}opgd 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 continnous with multiple
hemidesmosomes and a few anchoring fibrils. The basement membrane. developed an
undulating appearance with dermo-epidermal mterdlgltanons suggestwe of rete ndgcs at 4
weeks. :

Melanocytes which are generaily present in vitro in kemtindcync 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, rcpopulate the grafted epidermis within one week (12), with normal numbcrs found
between 2 months and 1 year (15),

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




. thc cellulanty decreased collagen content mcwasad the co]lagen bundles bemng just suh-'._
' ep1thclia1 and parallel m the epxdcrmm A bilayered dermis appeamd at 2 3 years, Decper ¥
elastic fibres appeared at 3 years, beconnng more diffuse at 4 - 5 years, at which. nme the o
‘initial random vascular pattern formed a superficial plexis pa.rallel to the ep1denms, scndmg -

' cap111ary arcadﬁs mto the papﬂlae betwcen the rete ndges

' Would a compomte graft composed of an arnhcml dermm (collagen gel chrondmmn—G— o

sulphate and GAGs) cuvered bya cultured epldcrmal sheet improve the results obtained w1th

'i’cnlnn*ed keraunocyte shcets alone? Posslbly, once the oom;»ositc graft has taken, it may o '_
- strengther e durabﬂlty of the heat.3 skm an,d also prevant contractures, These ptsssibﬂmes o
have to be investigated further. Thus in this paper a mmpomte graft is. proposed I!:s -

o oompﬂnents azedescnbed and the final pro:iuct is shoWn s
62 Methm!&
o 6.2-.1-' Construi:t_ion' ol’ thé cmﬁpmite 'graft_

-- _'_6.2.-1.-1 Co'm'p'onents |

- a) VITROGEN 100 Collagen a sterﬂe solutmn of punﬂed pepsm stabﬂxsed dermal _

bovme cu]]agcn dissolved in 0 012N HCL.
b) FIBROBLASTS : T
D) I\aﬁtomycm treated murine 3T3 ﬁbroblasts. _ SR
i) Human derived fibroblasts, being of autologous or allogcncxc ongm

c) KERATINOCYTES - being of human allog_enmc or au_tologous ongm.

6.2,1.2 Construction

2)

of 10X phosphate buffered saline sofution,

2. Adjust the pH of the solution to 7.4 ( - 0.2) by the ac dition of a few dmps of _.

0.IMHCL or 0.1M NaOH The pH of the sohmon can. be mommred by the
use ofa pH meter. :

1. Mnc Sml of- chzlled v1trogcn 100 Collagen mth lml of 0 IM NaOH and lml '_ |

ek kR 1y il TIES




R ._'A suspeusmn of human or munne ﬁbmblasts were nbtamed by n'eatmg a o S
. . wlmre d1sh ohtammg thesc cells with a solution of h'ypmn!EDTA To. thxs' S
S Suspenmn the growth medmm DMEM/Hams Fi2, cnntalmng Bovme calf .
© . serum, was added, 'ﬂns suSpension was spun down at 20 000 rpm for 5

. minutes. The supematant was temoved. The neutralized, isotonic Vitrogen -~

' '-'100 Collagen solution was added to the cell pcllet and mixed, by p1ppetmg the: L
_ '_solutlon up. and down. The collage solution / cell mixture was placed i ina - S
e '."_12cmpcm dlsh whlch was placed in the ca:rban d10x1de mcubator at 37°C It B
. mk 15 xmnutes forgelauontooccur. C ER SR

o Kcraunucytcs ﬁ‘om a 120111 culture dlsh containing keraunocyte colomes. _

o Wl‘llCh were subcouﬂuent, were obtamcd by treating soch a dlsh with
- trypsin/EDTA. ' The keratinocyte suspension, to which DMEWMS F12
- growth medium and Bovine calf serum was addled, was centrifuged at 20000
 1pm for 5 rmnute.s._ The supernatant was removed, - ‘The cells were
e ':resuspended in ‘he growth medium and. serum mcnucmed above, This

~ suspension was now placed on top of the collagen geél, which has been

- mpregnated with fibroblasts, ‘The keratinocytes settied down on the surface

- of the collagen gel grew auttofr"maconﬂuent stratlfied epxdermal sheet. .
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" a fibroblast embedded within the bovine collagen layer
& néuthaliied,isotoniﬁ'vitfogen 100.$ollagen gé1; di5-cm fhitk’ 
" FIGURE 26.

The cnmpbnénts.of'a compasite graft which
is ready for grafting. - - '
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a1r/11quid interfaCe»clcSe to- surface kerat1nocytes,._   o
B o enhance stratificatlon - ;7: . L

_; -fsingIe keratinocytws der1ved from subconfluent-__f

 ' }5¢01nnies are-Iaid down on the collagen gel, fn-

. order  to form confluent stratifxed ep1derma1
1sheets . : : ) _

NURG cuiture-petridish whoée'surfaCE'is o .f coilagén ge1(rat'téiI
negatively lonized : COIIaQen'br.bovine '

| - collagen) which is
~impregnated with

_ human fzbroblasts which'
: may be treated with

'mitomycin._

FIGURE 27.

The cnmpos1te graft w1th1n the cu*uure dlSh. S



FIGURE 28 (b)

FIGURE 28.

A comparison between 2 collagen gel layers of

different thicknesses..

a) The bovine collagsn gel layer, heing the
artificial dermal comporent, is seen in a
6em diameter culture dish..

b) The collagen gel layer is seen in a 9em
diameter culture dish. Th;s ‘thinner
layer would: prnbably he more permable for
nutrients to diffuse through to the aver-
lying cultured epldermal_Sheet-ln vivo.
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FIGURE 29.(b)

FIGURE 29. -

The _compositg_'sgin"graft,_

a) Appearance from above.

b} The red dots are growing keratinocyte
colonies. o |
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| FIGURE 30 {.)

FIGURE 30.

L.M. sectxons through a composite graft

a) The top surface is covered by a

- keratinocyte sheet. {mag. 10x}.

b} The bov1ne collagen base is 1mpregnated
with humsn fibroblasts. (mag. 40x}._

¢) The surface can be seen to be composed
of a confluent strat1f1ed keratinocyte
sheet which is at least 2 cell layers
thick. (mag. 100x).. '
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The bovine collagen gef acts as an m'uﬁclai dermis. It also acts as a lattice work for the

fibroblasts, enablmg them to secrete thelr own collagen and laymg it down in a uniform -

fashion. Thus the bovine collagen s_hould eventually be _replaoed by human collagen,
6.3 i Mnd:ficataons to the collagen gel

’I‘he ﬁgures (ﬁgure 31), of the compomte grafts show the overlying cultured cpldcrmal 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, Ifitis too thick
then the averlying keratinocyte sheet may not get an adequate nutrient supply from the blood
vesiels w1thm the donorbed.

6.3.2 'The clinical application of an ﬁrtif_icial dermis

Vascovali (117) applied a desmis of human collagen, chitosan and glycos‘aminoglycans' wa
patient after burn excision followed by autologous keratinocyte sheet 18 days later when the -
dermis was vasculansed. 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 burn patients after cadaver allograft removal. AtS5 - 6 days epithelial foci were evident and
at 9 days epithelial areas were well keratinized and beginning to desquamate, Take was
observed in & 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 & more recent
study (118) one nutograft and two allograft composite’ cultures of human keratinocytes on.
fibroblast coutaining 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 « 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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 CHAPTER SEVEN

- 7,]1. 1 -¥s the in vitro _modeﬁ_ h’n -appmpriate on_e?

- The nme mtervals - from monoclonal colony fonnatmn to mnﬂuenoe, and from conﬂuence_- _
to stratification, are they acceptable? These iime 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, reducmg time exposure to trypsm and rcducmg the time interval )
bctween harvesting and cultunng S R '

'7.1.1.1 How does one know that this mult‘layered !ceratmucyte'
' sheel shomd slgns of stratif'cation -

. The. answer to tl:us seen in the L.M. and E M hxsto!ogical appearanoc of the keraunocyte

sheet. :

8) The basal laye;r bemg composed of Small polygonal or cubmdal cells oontaming '
.. numerous vesicles and no basal hernidesmosomes.

b) - The intermediate layer cells being elongated and containing numerous arganalles.

¢) 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 andfor 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 mumber of actively multiplying
keratinocytes are reduced and the percentage take is reduced prbportidnately (vefer to figure
25). Keratinocytes derived from older patients have fewer population doublings bcfore
- senescence cumpamd to neonatal keratmccytes (16).

Certain growth factors affect k‘eratinocyte multiplication and migration in various ways. The
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most ponent factor bmng keratinocyte ngth factor (KGF) pmduced by ﬁbroblasts. Th1s
growth factosr accelerates eplthehahsanon '

| ‘7.1.2 Is ;thr_: clmlcal aﬁplicatitm of t-hi"s-'methoda” useful one?

With specific refererice to burns, the efficacy of 3 types of grafts containing the eultred
 keratinocyte sheet, were demonstrated. ‘The so called compound graft giving the best results
 with respect to take, durability and cosmesis, 'I'hc cultured keratinocyte autograft gavc better _
results with respect to percentage talcc comparcd to cultured kerannocytc allografts Ininally,' '
these latter 2 types of grafts had a tendency for blister formation, but with- time the newly
fmmed skin bet.ame thicker and more durable. This correlated with the ﬁndmgs of Compton
et al. {15). To support the hypothesis proposed in this dissertation that the oompound grafts
_may suppress hyperlmphm scarnng a8 large trial has 1o be undertaken '

Since mfecuon is a major limiting factor with respect to culture i kcratchytc graftmg, the
resulis were standardized by adhering to the g'rafnng protocol particular reference being. pmd .
to the application of the antipseudomonal drug, piperacitlin, The resulis obtained in the burn
patients treated with keratinocyte grafts comrelated with those obtained in over 370 patients
. treated by Biosurface Technology in Boston (79). At this centre the keratinocyte sheets were
cultured aceo:ﬂing to the method described by Rheinwald and Green (1),

Leg lesions other than burns, 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 sizs to heal followmg the single apphcalion o

of a cultured kcratmocyte allograft sheet.

The results following the application of cultured keratinocyte sheets to extensive full
thickness burns, icg ulcers and other conditions resulting in skin loss, admirably demonstratc
that these sheets enhance the rate of hea ‘mg 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 keratinocytes 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



o | with respectto wound cae. It appears o red.me morbxd:ty and mortahty 'I‘he dm*ﬂ-bacl:s_ o
‘concerning durability of the newly formed skin may possxbly be overcoms w:th thq mecfthe
- proposed composite graﬁ descnbed. in ihe prevmus chapter. Thls compnmte gmft miuucs !'hc' v

L -ma]or skm components. +
Th"' meoﬂw 8Tﬂfi should not only prevent contractunes but should also p:rowde a latuce -_ o
- work in which fibroblasts, endothahal cells and nthcr dennal cells can prohferahe and secrete - . b
sirucmral andfuncnonalprotems : : e coe

” ) Cell culture is rapldly openmg up new pnf i ;sly ummagmable ﬁclds of endﬂavour havmg : |

~ diverse appljcauons Not only regardmg gross. clinical applxcaﬁons but alsc with regard o
- furthering ‘our understandinig of basic celtular processes This thctafore wﬂ! enable ns.to
harness the cell for the beneﬁt of mankmd : . o |
-__mmaméuamf' 1
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'Liﬁt ﬁf-¢ﬁlﬁﬁre mediaféhﬁ'ﬁbiuti¢n3=j°' '.”

| Eagle's Mininal Essantial ﬁadium (Earivs salts) 'j'”
- Flow Labcratorlns._ o o

QDulhecaaﬂs Hodification Qf Eﬂgieﬂg Hﬂdium _ff'f*fﬁ“
 :F1aw Laboratories., . .

’fﬂaﬁéfFlﬁVﬁédiumr4;rlaw2ﬁabbfatafi§é;7ri

 Foata1 aalf Eerum {fortified with 1ron) - "Q.
' Hyclane Lahoratorlas._ - o

: 'Bwina- serum - --'!%'mw -'La.sborataﬁas_

;Trypsln - Sigma - use& at o. 17% in _
"'calcinm/magnesxum frea phosphata bufﬁered

.. &alihan :

-

oy
| _ _un1ts/m1._

9)

~10)

11)

':Ethylenedlaminetetra acatic ac;d (EDEA} - BDH -
used at 0.1% in.calcium/magnaslum free ' '
N phosphate buffered saline. :

Pencillin - Novo Indnstriea used at 100 R

'streptémycin"& Ndvb iﬁdﬁstriag useﬁ.at_sﬁugfﬁi}

Euﬁgiﬁone Q:Gisco'—-used-at 1ug/m1.'

_Eycostatin (Nystatin) - Squibb Laboratorias-  
used at 25 units}ml._ B '
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_.  ;_;4)_

15y
e
13;7
_.ié);

gy

'_511_

',325_

Gentmycin _“. sigma . _ uBGﬁ at lﬂoug/ml, o
_=Hitoﬁy¢in]éjh5Sigﬁa-;“uséd-at'aﬁgyﬁi*fdr7z7h£; *°”'

Epidernal Growth Factor (EGF} - Bigmg uﬁ@ﬂ at U
'Llﬂugfmlo-- _Ul ' . R

;hﬂgnihguﬂfBbéh‘“& Hﬁhﬂﬁ; u§Ed at'a.ééﬁgfﬁi;' '
- Insulin - Sigma - used at Sug/ml.
 Hyﬁroc¢:tiﬂ6né"u_Si§ma';'usedfét'6¢5ug7ﬁ1;

Transferrin - Sigma - used at Sug/ml. . -

mriéiddéﬁyrénin374}31gma:é used“at.zx'io'gﬁ; ;'

Linnlaic acid - Highveld Bzolagical used at

_Sugim1‘

Cholara toxin - Sigma - used at-lOOnQZﬁl:

Céldium/magnaaiﬁm'— frae'phosphate”hufféféd
saline (CHFmPBS) -8, 0g NaCl o, 2g ch'u 2g
"_K32P0432 1= O

__NazﬁPoé.lzhzo‘ PH 7. z madg up to 1 11tre. B

23)

Phosphata bufferad aaline (PBS) - 8 oY NaCl ) 2g

_ KCI"

0.2g KH2P04,2 9g Naznoy4.1znzo:o 13g
CaCly.2Ha0; -

. _0 1gMgc12 6H20;pH 7. 2 made up to 1 litra.

24)

.25).

Petri diShes'--various_sizes - Nunclon.

Dispase II.*ISigmaiust Louis,MO. U.8.A.
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_: _steri1isation af gulture gl&saWare Was 3Ghlavad _f  
By autoclaving (Glaxowallenbury) or in some_f :_
. instances: by ‘'dry-heat' ‘sterilization at 180°%

Piparac;lllnwﬁadale o Laboratoriae; t j  I§aﬁ§6ffL”

. Transveal, South Africa. - R
'fThe Watar‘uBEd in both- tha preparation of culture-fi-i
;'.media and ﬁha washing of culture glasswa e wasf;fﬂi
" produced by either uvltra-filtration and polishing_-fi,
o " through & Milli*ﬂ system.(millipore) or- by double[fff“
f“_:glass distillation (Fiasions). SR :

" for a minimum uf 3 hr.; B

fcultura ‘medla and tha varioua other solutions"*3:
were filter aterilized {0.22um pOre size) using 5%

"'092 in air, divided into relavant al;quots and -

 stored . at. 4% o if to be used immediataly “¥

-;'otherwisa at -30“6 for up to 3 months.', _

}ffB"

'f_whzch made them - reproductively 1nact1ve. Thaaa' 
. cultures received three washes with sterlle PBSV_
 followed by a further' two with culture me&ium';

; Prgparat1¢n7ofjsrs.feederglayeré;

Cnnfluent cnlt"res of 3?3 murine fibroblasts ware

incubated with 4ug7ml mitamy¢in ¢ fur twn hours,

prlor ‘to being  platad ont as feeder support,,

Plating . denaity wag 7.5X105 celis/64sm petri “

. dish.



'_;The karatinocyte cell 1inea wera-usad to form confluent
-~stratified apidermalwlike sheets used aa allografts or

S autograftsfs;;siua;;

A) -Posbal and noepatal cell 31z

”ﬁffi;7fz C-dexivad frum a tarm.faatusv;,f} U:-*~~.uw:;

. 2. R-derived fram an eight. day old foreskin, -

SREEE- 190 Mey-ﬂariVEd from an eight day old foreskin, .

4. G-derived from an eight day old foveskin.

.,. i5;f_“B—der1ved from an eight day old foreskin. S
-~ 6., D-derived from an eight day nld foraakin,.,__¥ 
7.  Chinn-derived from a ten day old foreskin. &
|  f?af-'Timrderived £renn. a thraa week old. foraakxn.'_
:'_9;: S-~derived from a ten day old foreskin. B '
© 10, lui-derived from & ten day old foreskin. -
- 11, Reece-derived from a ten day old foreskin.

12, J-~derived from a ten day old. fureskin.
_--13.'_K4t-der1VEd from a ten day. old foreskin.
” _14,'uc~deriveﬁ from ten day old foraskin.

15, H~darived_from,a_ten_day old foreskih;"'

- All 'these cell 11nea teated aeronagatmve for the )

'Hepatitis B virus as well as for the Human

' -Immunodeflciancy Virus.  These cell lines were all
. frozen down in 1m1 crvopresarvation tuhes.



;jl;f-*Rain-as year 01& hlack female, e
sza:__Mbses—ﬁa year old black. mala.

'th $@  7E1aa~35 year old- black famale.   ‘
- 4+ - Jonas-24 year old blauk male.”

6. Virginia-19 year ‘old black female. ;:: S

E j76;_  Grobler-46 year 61d white male.

| 7. Gindlue-12 year old hlack female;

_ *};9;x fEdwin"54 yaar old black male‘~~~._ o
10, Defontes-42 yaar o],d white malew .

__';1;s'nu1fréd—18 year old black male. ::' :
12Q Zuma..zl Yaar old black mle. P .. S



s "'9:“? o

_calla marked far cryopreservation wera harvasted from

'.isubcunfluant colunies." The . fibruhlast feﬁﬁers were first =
removed with the aid of EDT&/glucasa baing appllea for 130'_  -
$acondﬂ.: This @aa fclloaad by washing with pBEs, The-_;i5
.. cells . were removad from the surface of the culture dishes .
: _;w1th the- ;aid._.of Trypsin/EDTA, incuhﬂted in a coz-__ i

| _1ncubatmy for 204 minutes at 37°ﬂ,,

~ The. calls ‘were 'spun down at 20 rgm. for 5 minutes. The
N ’,supernatant wag removed ' and cryapraﬁervatiun medium is .
- _addad._f 10 noo cells per millilitra wore pweeervaé ina
CImy Nﬁnc cryopreser"ation tube. The .crymyresaxvation,
tubes were st. rad in a -70°C freezer. o

' Bovine calf serum-20%-

Glycerine—ls% - LR
‘Dulbeco's Hodif;ed Eagles Madium/ﬂam‘s F 12 medium ag’
| 1:1-65% - AR



i The hybridization and datectinn of biotinyiatea BNA probas o
- 1n fixed tissues, ; = e S _ -

- I?.l 1 ﬁmt@riala . '#équize& - “fgﬁ ”. '51§k'_:' 

tramﬂl&tiam of nma prnh@a. S

. Vial 1° DN&EE I‘ K
R ::_0 -3 mg/ml in 100mM 'Hg Clg

vial 2. I*DNase 1 ailution buffer.~*.' |
| o domd Tria HCI pH 7. 5, lmgfml Bex

vial 3. Qflax veaction buffer:
0.5H fris HCT pH 7.5,50m Mgciz |

'via1_4;__ D90xynucleotida solution.:.f] - : '
- 0.3mHl GATF,0. 3uY dGTE, 0,3mM dcmp in 50 mH wris
;Hcl pH 7. 5.. : :

vial 5. Bio-11~aume: |
~ 0.3uM in 50mM Tris HCl pH7.S
Vial 6. TTP: | . - o
- ).3uM in 5orw Tris HCl pH 7. 5. The TTP may be -

 used . in a control reactlon in place of
: 310-11-dUTP.- | ' -

vial 7, _ DNA polymerase I

'3 units/ul in 0 1M sodium phasphate buffer pH o

50% glycerol (vjv) 1.0my DTT _

vial 8. _Stop bugffer:
o 200m EDTA



vial 9.

}tantral DHA : - : SRR L
0. 25mg/m1 lambda mm :I.n SOmH 'rris m:el pH 7.*4,

. .. lm?:ﬁ EM&D T

 vial i0.

:.! chromosomal bEAr o L R
. pOP. 305~ auppliad by Dr ;si Ramse.y af the'_._j L
"'?Jnepartment “of ‘Human Ganatica, gouth kfr1can]°'ff

‘Institute for mediual Reaaardh with parmlsslon*Vj*a

.TQ,;fram Dr-D Page. s

iﬂuffer.~

"I._.:Q,Qﬁg 'J:*ris HCer.J,gg EDT&,BOM di,stj_]_le_d :

watar,pﬁ 7 5.
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IVul 2» mat@miaza r@guir@@ ﬁ@r hybri&isiﬂatianfﬁf

. mok hiatimylnt@ﬂ nma pm@mmm im ﬁiﬂaﬁ- -f-

tissu@g

_ﬁix thSphata huffelad saline (1x PBS),3~.”
769 of ‘130mM sodium chloride (Nacl)

© 1g of 7mM dibasic sedium phosphate (naznro4)

R z“o 47g of 3mm monabas;c sod;um phosphate (NaH2P04)

_ Ph°5phate buffered saline, Enm& (?BS"EBTA)’-:“f_éf;ﬁ f;:;; 
130 mM nacl s . RSN .

. TaN NagHPO,

 ¢)ft

e)

o

a)

3mi WaH,P0, -
~,_1 sg of smi EBTA

20X SSPE. o o .

. 210.384g of 3.6 sodlum chleride 5
31, 2g of 0.2 M‘aodium phosphata pH ?,4

_7 445g of 0. ozm EDTA PH 7.4

Deionized'formamidE.'-"

| 50% Dextran sulfate:2.59 of dextran sulfate in Sml
' PBS. o o - S

50%. Formamide, 0. 1Xpns- - }
 Combine 249ml- dexanized farmamide Sml 1x PBS and 20ml_-=-

deionized or dlstilled Watar.: _
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IV 1.3 Materialm 'ﬁaguifa& fox tﬁé 'ﬂé§aéEi@m.f .

o of. hyhridi&aﬂ miotinylataﬁ mma pr@h&a $m33 ff

o fix@ﬁ tigauea .

1X- Phoaphate buffared salina (1X PBS)

~130mM NacCl f_f
-;f7mM Nazﬂpﬁ4

iCampiax D11ution Buffer'5'
R 3-8 114g of o.hM Tris (pu 7. 4)
'5.844g of 0 1M Nacl R
S T alasg.of_o - niM] znc12_.s‘i

'-E.Detection Buffer . —
12,1149 of 100mM Tris 301 PH 9.5 |

. 5.844g of 100mH Nacl

d

e)

£}

2.063g of 10mM MgCly,

‘Substrate stock solution:

Store at 4“C in the dark

| -SOmgfml' 5- bromo “—“ 4 chlbro “3~1nﬂﬁlyl phosphata'
'(BCIP) in anhydrous dimethylformamide.-

Chromogen stock solution;
Store at 4% in the dark

- Buspend 75mg nitroblue 'tetrazolium (NBT)7'in'0 7m1_;
Hanhydrous dlmethylfnrmamida. When suspended add
- 3ml- daionlzed water to dissolve fully. : ’

'Raaction nmixture (maka freah for each use)._u
To Bml detection buffer (soclution 3) add zzul_
'chromogen stock sclution, . (NBm,solutxon 5} and mix.

Then -add_' 1s. 50u1 “_Bubgtrate  stock .3°1uti°ﬁ;'
(BCIP.salution 4). o AR
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IV 2. 1 Pho Motmoﬂ for mioh tomnozotiom og nma;*-

9mohoo with hiotimylat@d nuolootiﬂoo -

IV 2 1 1 ;axx;ﬂ_gzigg

chk translation is based on tha introduction of nandnm:'
'.oolssions - 'nicks“' by panoreatic' DNaseuE.col; DNR

polymerase :I _then catalyzes the addltion of nucleotida-""

- residaa to  the 3'-hyﬂroxy1 terminus of a niok, w:th thm: '
- simultaneous alxmznation of nucleotides from the 5%=
| phosphoryl terminus, : There 15 no nat,DNA synthesis.t As
'nuoieotldas are removed from the 5'~phosphory1 terminus
and’ “riew ones are added to the. 3‘—hydroxy1 terminus, tha
_o'n;ck__ia rencved, or translated ;ioearly along the ‘strand.
In itheoprésenco of'biotinylated_ﬁuolootide(si preéakistihé
unmodified nucleotides in the DNA strand are replaced by
biotinylated analoge. o R |

Enzo Diagnostics (119) provided the nick tranelation kit,
- which follows aatablishod protocols using Bio-ll—dUTP, a
TTP analogue, as the biotinylated nucleotide. Because
nick translation is = tenplate dependent reaction, the
 number of biotinylated nucleotides _incorporatad' 13}

determined by the A~T composition of the DNA. With this
procedure 20~60% of the TMP residés are replaced with
Bio-11-dUMP. ~ Nick translation is used for biotinylating

double~ strandéd DNA greater than lkb. Nick translation

is followed by DNA hybridlzation and datectian of the
_biotinylated DHA probe. '

Here - is desrribed ‘a 'prooedufe  for ‘detaction - of
biotinylated PHY2.1 in. situ on the ¥ ohromosome in tissues
derived from healing ulcers 4,58 and 16 days after grafing

with caltured keratinocyte allograft gheets. The method. .

is based on that described by Burns J,et al (97).



aj :Eiﬁk'tﬁamslaﬁiamiﬁaa@tiém_fT lT:

':Tha fbllqwing reactlon iz for labelling Iug DNA. _Td the “_”'

' ekwandorph centrifuge tubs’ add the.following°

* 1;: '20u1 of lﬂ X taaction buffer - vial 3.__*f*ﬂ~'
L2, 20ul- deaxynucleotide solution - vial 4. o
3. 20ul Bio~}1-dUTP ~ vial 5. . . .
'_'4;;,*au1 23 chramosomal DA - vial 10._gpnp?195);_.

- OR . - o N |

- 5.  .16u1 COntrol DNA - vial 9,

- Bring the VDlume R 168ul with distilled water _
- To this.issul add 16ul DNA palyme:ase T -‘V1al_?g__

by ‘Dilution of D¥ase I

. Hix the following: -
3. 1lul DNase I - vial 1._ : -
- P 49ul Duase I dilutian buffer - vial 2._.

'This'fbrms]a 1:500 dilution.',

c) -ﬁixing the _solutiom_'damgtitute&
~ for tho niek translotion reastiom
with diluted Diase I |

Mix the 174ul obtained in"part-a) with 16ul of diluted
DiNase I. ahtaine& in paxt b). This mixture is mixed
carefully in an Eppendorph centrifuge for 1 mlnuta and
‘then 1ncubated &t 14°c for 2 houra. :

This is followed by tha addition of 28ul atop buffer -
vial e, Now - one ‘has a Balutlon containing a total of =

308ul; which is centrifuged for -2 minutes followed by
_ incuhating a 65°C for 10 minutes.



' To the 308ul soluti.on aad 30, sul of W soﬁium apetate pﬁ";: =
- B.2.  This is Pollowed by the addition of 70%ul of 95%}-]
"ethanol._, The smlution is- aantrifugad far 3 mznutes and-fV'

”then stored at -7o“c fbr 15 mxnutes._

-_ The DNA is racovered by centrifuamtion for 5 ninuteﬁ._ Tﬁénfjﬁr 
v:;Bupernatant is discarded. The pellet is ‘washed twice w;thlffax
700ul’ - 80% athanola " Each' tima the solutlon ig °3ntrifugeaf“fff{

1}5for 5 minutas and the supernatant ia ramoved, ERRT

: 'Thﬂ Fallat is dr;ed bY Plaalng the tuba. in & vauuum'ﬁ;f ,
_:ﬁessicatom far a shbrt time.; Qhe ENA is diasoivgﬁ in’ lomg

 Tria Hcl yH 7 5; kg EDTA, getting a cencentration afjf'
'_..30ng/m1, S S S

'~ 1In order %o get the ahova concentration take 5m1 oﬁ thaf"

g'ahova buffeﬂ and take off 20u1 and add zoul of tha DNA f'
 probe. - e B

one now has the DNA probe.
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IV 2.2 mha m&thoﬁ hybriﬂismtiam. am& aetaati@mf f?i 
o eE bi@timylmtaﬂ m pmma im fiﬂ@ﬂ el

 [1ftiamu@g

A .:::.-..-:tv.z 2. 1 obtaining Cand Prepa‘rmg the:‘.-" =
R o h1°PBY specimen8~'4<~.-ir AT

o Puﬁ&h" biopsy specimens' (2mm) -were taken under lo¢a1- jL f
:_*Ianaestheaza at.& 58 and: 16 d&y intervals froﬁ areas of the
" wound (leq ulcer) that were cllnlcally healing ‘These -

biopsies  were taken 1rom female patients who were grafted

"wnth cultured karatinooyte sheets obtained from ‘male

1'dmnnr.-_ The controls were, male skin and prostatic tissue

'_obuainaé from an individual who preaentad with benign 'f{;

"prastat;c hypertaphy._

 sect1ons (Bum) were cut frum tlssue fixed in farmal saline'

- and embaﬁdad in paragfin wax. The: aectinns were mounted

on slidas that had been claaned, washed, air, dried and[l
- caated with triethoxyailyl adhes;ve. a : :

Sactions “of the same tissue were stained vith haematoxylin

and eosin after dewsxing and. rahydration. These sections
were used for routina hiﬂtolagy - T T

The sebtions for in situ 1 ybridlzatzon were washeﬁ in o

. xylene,. graded: concentrations of . alcohol fnlloﬁed by

distilled water.  This was followed by treating the
mections  for 20 minutes at 37%¢ with Prntainase X
_ (0 Smg/ml in = PBS-EDTA),. fhe reactian ia stopped by

- washing “the’ slide with solution 2 (PBS SmH EDT&) for 10

. seconds, Exceas 11quid is wiped off and the mli&e is air -
dri_ed; . o o o

'-wbw-tﬁeitisaué-éection'iazraady“for}bﬂi_hybfidizatiahp_-



CIv.z.2a1 Prapamati@m S ef T the

hybri@isatiam.miatux@_:,_'
o The fﬁiiaﬂing]aamgbhents%wéra mixea,thaxoggnlygﬁff_.f
-_'200u1 deionizaﬁ fnxmamide, e
. 4oul 20% SSPE, e
_40u1 ﬂeioni:ad watar,
'The above three components were haated to 65°c,_ Thig’-_
:was _follaﬁed by the _addition of 40ul of . 50%. dextran“f

;sulfats. = The test' tube was. c0e1ed and soul of tha DN& ;; 

:ﬁprnhe waa added. .

'"fzv.z,z.a=;in;aitu-ﬁ¥b2£aiﬁatiosa;:_i

B '20u1 of hYbridization.mixtura weg applied to each speclmen:.

on . a microscope slide and cover with a glass coverslip.

The covered slide was placed on to the 92°C heating
'fhlack for 10 'mlnutes, in order to_dgnature_tha_doﬂbla o
'stranded DNA. ' ' e o '

'The slides were then temoved fram,tha heating hlock and
hybridizatlon vas allowed to proceed at room.tampe:atura
{20-30°) for 20 mlnutas.;' The coverslip'was washed off

: gently with PBS.. This was followed by the applicatlon of

200ul of 50% formamide,0.1X PBS, to each slide, which were

ailowed to stand at room temparatura for 10 minutes. o

The slides were riﬁsad in sblutipn'2"fdr'5’ﬁihuﬁ¢5;at oom |
- temperature. 'axcessﬁ moisture was tapped off the slide.
The sampleé“fwére' oY ready for .viéualizatian"usinq a
_biotin—recoghiﬁing'Bignal.ﬁetecticn generatingzsystem.j



Ivz 2. 4 thtiam . -giéfa.-; m@mmymaaa'__ B
' mmn im 5133@ tiasm@a T

'-The slidea ware. ramaveﬁ fram PES.- loﬁl ffém'lo'mi off; ;f~
_ jcﬂmp1ax &xrution ‘buffer ware remavad ‘and 10ul of DETEK[;!ff_
 i-alk complex.  100ul of this well-mixed diluted complex -

'_to each al de were addad. : Incuhate& at 37°c inrfsoff:;;

o minutes.-, Thla wae followed hy rins;ng for 10 seconds '3”f
 under a stesdy stream of PBS. Gently blott.ad dry with the'--. o

*j; aid of fllter papere;f_;,p;_.

:The reactian mixture ware added and the sliﬂaa wereﬁgy .

:_incubated at room temperature,- in the dark, for 30

minutes. . Checked ‘under the microscope  for colour.g¥;f 

- positives appaared ‘as. dark brown precipitates.= The slides =

ffwere rinsed in water and counter—ataxnad with 1% fast"f: -

.green in 1X PBS, 1f desired



fnata sheets and flguras of burn patients treated mithia‘f~*
E cultured karatinocyte shaets._ ‘The data sheets were: usadziff[r
fﬁ"to obtain tabies 3 - 5 and graphs 3 =~ 6. The figures aim;:”iﬂf
ko illustrate, the prograss “of - heallng'for each patient';; ;j

o greferred.to on the accampanying data Shaet



 ]fpaﬁxEmw, 2 "'ﬁiés”'a” H 23 year ald femala (Biack famale']ﬁ;;-
. ' Patlﬂnt} S _ R b

_-=*mugm suarmem nmmn .]’ sst, of th:a ;an& fu11 thicknasgj?vlfﬂ

burn

= --'zacammsa&xqgs-'f anterolateral aspect ‘of  lower leg, ko
R - vwhich : a CEA was applied. Both arms’ and

o _ lega as well as: face ang- chast. |
',{naxi FrOH xmanmz 70 GRRETEH@E ? } 62 aays-~_JL; DT

. AREA CRAFEED UITH CUL® .aj | _‘é‘f.?”
,.-;menmnman.am&neaagw gam 3s 144 en?

- over .. tha cultured_-_: .

' epidermal - “al 1ograft

__-__'“-'---'higmy _- meshed Sasm
- -antologous SSG S cWas -

o S applleds y
__;mamnﬁm ay TIHEQ ema %EE5£E”°'va-:U°n¢eg'; J_'5"“

fpgncsmmaﬁm TARR PER 1-?75*

: APPLICATIONS ._; 1008 - mesm - at 14  days .
ST post-gmfting«_ B T

'EIEA& ESmiM§$E %7cmAﬂo$'nSﬁ: 7_ '_fé{  RPN

SR MSR-‘!E'I.‘IG &Pﬁmﬁﬁﬁ QE’ ma T
. GRAFTED WITHE CBR: - ' A smooth dark brown skin seen 23" .
St days after grafting,
. A comparative area grafted w:l.th

- 133 meshed 886G {autograft) alone,
" bhas  a marked diawond - meshed

_ appearance 23 daya af‘l:er graftlng., -



'f'ﬁnﬁa GRAPTED TITH efﬁ'

g __Eﬁmiéﬁﬁs"u. Hﬁatar B " 1 year old (Eurnpean.mﬁlef?f
. .. Ppatient) SR | . | i

_.mumm puRFACE aaga: S ao%. 50% fv11 thickaess,ﬁf'

 %macn&Isamzome : Faaa,3 axms - trunk upper half of‘bothf“'

anterlor thighse

-.5nﬁﬁs FEOM Imwuax JT-T%"'
50 ﬁmnymxmws . 31 days

- EPADERIOE RLLOGRAFY qamﬁaa'  Lower chest and anterier

-and foreanma,

mumnsm oF wzmas cﬁn app&rans 1'j7 once
 PERCENMAGE TARE PER

| REPLICATION: __,,ug B

'._@xmam BEFLE % cﬁn or Bsas S0y

cowcmusxomaa', .”-Seventeem days after CEA ap lied ther
. . arsas grafted were clsan and failed to
- .grow any bacteria after repeated swabs

‘were taken. In the presence of a

. abdominal wall. as well as - _
~ innexr aspects. af both arms_&"._

‘negative nltrbgan balance and poor -

. oxygenation CEARs act as excellent.
temporary biolog;cal &rassings. . ' _

COBMETIC RPPEARANCE OF nasa R | R
_GRBEEEB WITR cmas N S red granulatmon tiasue seen._

| ForLoW-uUp: patient dled 2 months following burns;

due to raspiratory distress ~syndrome o

caused by smoke 1nha1atlon._ .



B pmxm O mrw m za yenrs. (Black male pauent) o
'Bmm amm mza ey, Lt opull thickmgs bu:m ;f R
' S : __' Total By, = 112, 5 om© -
-xmmmmmaa@zows _;1' Right arm and dnraum uf hand

- mﬁa FROM mmmw - -_ o
ss.'o emﬁrmes a9 days

' LREA CROFTED WITH CULTURED
| BPIDERUAL RLIOGRAYE (em)s - 25

| uMEER OF TINES CER mmmm o eme

" pEbcEwmIGE FARE PER

. oPpiIcamroN: 1008 ..--'i' i occurx:i.nq 8 f-da{yg "'_"."_a_ftezﬁ-_.” "
. ' ' application.__g S _.__' _.[_ )

B mm Esmnm‘m % cm oF BERs ': 22, 2% (66.7% of full -
u thicknasa burn area)

"Pink smooth:skin.iiw



FIGURE V.1

The dorsum of the hand of patient Mr R,
a clnse -up view of ihe healed burn. The
2-scahs will fall off to reveal new
underlylng sk1n.



. POWIEWFS  Mr M : 42 years (Black male patient) . .

: .3 1¢¢3§;$a$iQm§ff€ ﬁxma ﬂnﬁlxié§9-~ﬂhfaxéa on. posteridr i'7'

. aspect of raght calf grafted w;th GEA._3M7uf;

Z;g'nﬁwa wmom 1msnmv

. TO GRAPTING: 72 d&yé - ?;f?_ ;  '
:nilfxéﬁ& aﬁ#&wmn wiﬁ; @ﬁEWﬂRED.  ”; E T
,;--gwxnmmmmm RLLOGRANT | tonys f-;“3§ §ﬁ% '1
f  tﬁug33ﬁué@;wzﬁEs cma;mrénzmng ;1?:f §ﬁ€§'f
PERCENERGE TAKE PER.

APPLICATION: 1l. 1% sean at 14 days post-grafting__'
S - ' despite the wuund had being infectad

rxmgn Ewama@E'% GEA OF BSAs 4.5% 

mgmq-;;g ;._;::-.;'_-..'-.'.. Gﬁ’ ma W‘I‘ED WI'EH @EZH -
' smooth pinx skin seen. _ o



FIGURE v.2
The right calf of patient Mr M. reveals a small
area of taken CEA seen t4 days folling grafting.

when the dressings were removed on day 3, a
Pseudomonas aerudginosa infec:inn was noted.

Following this ase, all subsequent cases had
the grafted area treated with piperacillin
prior to grafting.

FIGURE ¥.3

An area on the left calf of patient Mrs E.

i2 days after application of a compound
graft reveals a taken griaft.
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FIGURE V.2

The right calf of patient Mr M. reveals a small
area of taken CEA seen 14 days folling grarting.
When the divessings were removed on day 3, a
Pseudomones aerudginosa infection was noted.

Following this case, all subsequent cases had
the grafted area treated with piperacillin
prior to grafting.

FIGURE ¥.3

An area on the left calf of patient MWrs E.

12 days after application of a compound
graft reveals a taken graft.

123
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_wagxﬁmwé_"- Mrs E 35 yeara (Black femmie patient)

BURM SURFACE ssmns

 socnsamerons
 DaYS ymam xmsuax
%o eanrmxme.

__'13%_~'a11*fu11_thicknass.burn_.l :

» Bgth legs

| 62 daysi

--nnmn @R&E@ED wxwm @BLTBREB. T T
prnnnman n&mosnar@ @ama;=.~ 64 om® »area on

poatarior aapact of right

_thigh and calf. a mashea' .

. (151.5) |
_SSG backing was applied.

'SREA GRAPTED WITHE CULTURED | _
EPIDERNAL AUTOGRAFT (om®)s = 127 om? ~to tha above

 ares. Part ‘had ' SSG |
backing. - : e

mumaﬁn_ow_sxmgs_cmglﬁnrmians"_ - once,

EERGEHTRGR TAKRE PER o |
O0f the area covered by the SSG backing

ﬁE?LIC&?IOH‘

100%  take aeén 12 days after
grafting-lsscm _ o o
0f the area’ coverad hy the cultured'_ 
autograft 32cm? showed ~visible skin

| fdrmaticn, this representa 50% of this
area grafted. : R

Fxmam'msmxmawﬁ_%~cma or BeR: - 45%

QOBHE'EIG .B i _-.':5. Ay
GRAFTED WITH CEA:

,i'ﬁ_.‘:'i:_' 0? m

Area  grafted  with the
compound graft was brown in

appearance - with a . diamond

~ mesh pattefn. The area
_grafted with a CEA alane was.
) plnk in appearance.-



rﬁamxnm@s : Mr J 24 yeara (Bladk‘male patient)

| :i BURH BURF&QE aREAs i.- 18% - all full thickneas burn

" DREA GRAFYED WITH CULE

' _nmm marsz m:mmz R
2O @aayﬁxm@ - 27 days f;iyfr

'.'EP:DE&H&L am&oamarm (am }s ;.f-64'f';cm?-.' on't*'anteriomﬁ1f S
- o . aspect - of right forxeawm
e e ,just abnve the wrxst.,q;:;.;,,f-f'
_ﬁRRF@ED Wi@ﬂ cﬂmmnmmn RO ERET R _: ' '

;;srznzmﬁam a¢;@¢:ﬁ;;-¢aa333 gas cmz applied S
_ L s o '_?n?erlor azm and forearm

Ry.. . o

'mumnﬁa ar wxﬂﬁs cma aprmxzms ﬂ_'- qﬁééff;'“

"ﬂrmmcﬂmwaag FAKE PER

'_jﬁyamxcamxams BRI o Of cultured allograft,sou_ at 14&:'
P days post. grafting. LT
0f  cultured autograft 93% at 14;!--

daya post graftinq. - o

yzmnn ssmxmamm % GE& OF BEAs  38.9% L

- cgn& LEHE ORIGIH. __' -Antograft_'confluent and stratified -
S - . at . 22  days from 1n1tiat1ng-
_-culturas. f;~-'-j o N
‘Allograft’ derived from _ cell Lma o
. Virginia  and took 24 days to
'_cultura.'f LT

. APPEARDNCE OF ARER - ' C
GRAPTED WITH CEA: = Smooth pink skin formed. : _

on day 14 part of the newly formed akin_
lifted off f£rom the graft bed, but

subsequently rTeattached. This may be
due . to - anchoring fibrils  being

'daficient in typa Iv collagen,' _ IR




5 2&@&3&@2*15_5Jmi§5 L_2°;'ié;ysaksﬁtﬁlﬁdk7?%@&@? pati$ﬁ§);[ff o

"7fgfwe11 as face.---

- ;EREB.GRBETEB WITE CULEURED S
70 «-_;:c.ﬁ-..' ggg g 108 ‘om?

| f;gﬁ GRAZTED UITE THE comyaumn
. GRAFE CGRR‘+ 353 HESHED

sem?
.jﬁﬁMBBR a@“&tﬁﬁ&,cﬁﬂ'Bﬁﬁnxﬁnsri'f _once

-_pﬁnemmwa@n FRKE Emm.' | R

APPLICATION: 1 days - post graftlng 92, 6% 'ftaké"

- - seen. Area grafted - with compoundf-
 graft-100% 'tak&" séen at 11 days post
' grafting. | - : o

. ;?xmnn~msmxmamE %.cma'aﬁ nsas, | 38.9%

e @OENETIG MEEMCE OF mzz @RWEED VITH cm :
Pink smocth skin, tender on palpation over site graftedf ¥

-with a cultured. epidermal autograft alone. Light brown
' skin seen at the compound graft site. Through the smnoth_
thin skin small blood vessels can be saen..:' : _
 The light brown skin appaars 'alightly thicker than the :
"pink skin. ' -

'5[ anterior chest wallf arma%ﬁﬁﬁﬁléééfﬁsV fff"



| PATIENS:  Nr E N 3 34 years (Black male patient) =

'5~jjma§s wagﬁ xmwumg

"fjwu @ma?mxmea ,' 33 daYs»when cultuxed allograft appliad'f-ﬁ-

'J'faasa eaarwsn WI@H aun@wasm

Em'mm BLIOGRAFY tm%s 1z‘icm2

' *;naxmxcamxoms .r;; a..;.@' (,50cmz_'éaen . éays ateer

; graftinq) - -
_ =90% seen 16 days af*tar gmftinq.

'_f'jrxﬁgm;ﬁswzﬁa?x-%_cﬁa'agﬁms&é. f:i 6.25% 112 5% el

thlckneas burn)

PRE :ﬁgcs oy BREA eaa&wsm wxwm'cﬁns.
: ,P:mk and amoci:h. . '

_Cmmﬁfmxmﬁiuasns={, o em



FIGURE V.4 (b)

FIGURE V.4
The dorsum of the Ieft ‘hand of patient ﬁr E.N.

before (Fxgure ¥.4 (a)) and after (F:gure Y. 4 (b))_

cultured epidermal allograft application. Figure

¥.4 (b) shows amarked reduct1on in the size . of the

~vremaining burn wound 4 days after grafting.




".\ 9am1Emws;  L Mr G 46

: f}1é9f.f7f "
:yﬁars'(Eurbpean%ﬁg;g;ﬁaﬁiénﬁj,”

?'_'$0¢§&i§&$ﬁaﬁg  3;  W“m1e body except part of hack anﬁ
e T _flanka, = . . o

' Dﬁﬂ& ﬁaam xmaunr

jwo ennxwxmes L ¢ "14'd$§s72"

’7ﬁasa ema&wan mxwm cn&wumgﬁ

_fvpgmcxmwaem EEKE Emm
- APPLICAWION:

2820

:»g,awﬂﬂmmmg;cmanﬁyrmxﬁb;':~,;-Jgncé'fg-

. :20% at 14 days after graftinq o
. only the area grafted with a CEA

appliad to right anteriox thlgh-

| ravealed some new skin.

‘FINAL ESTIMATE % CEA OF

. LXMITING FACTORS:

B8R "*jsgzs% -

| Contaminatzon _:bf__ grafﬁed.,argag';' }
with ~ faeces. . = Also . the- ._‘*=
daisinfectant Eugol vwas applied

1nadvertent1y to snme of the areas_

'graftad

. COBMETIC ar@namnmc: ow annm,snnrmﬁn mxwm cans .
?ink smaoth skin v1sib1e.

?0&&0@*093 o Patiant died 6 weeks after austaining f:
: hia burns. :



-g3 é§ﬁI§$E§ff H;ss,v 19 yeara {Black famale patient)
. BuEm ammms E 30% - a1l fu,ll thic}cness burn

o mmmmzom Buttm...... _mi extentof mth :.egs |

o mw mora mmw

7 ?m mms zx days s

m cnavrED YITH cmm:mn e e [
Ez’rmmxa nm@mﬁ sar:a%s _-"f_.w"':l.szmg half of «;his-.:__

f;jarea,

:: 796cm ;  was graftad w;thf'" o

& the compound graft.. S

mER DF Tms cm ﬁﬁgﬁxgmg nnce I S

'-ﬁ.ayazxggixdgé-ffw_g!g 97% at 14 daya after applying CEA_l;;"

alﬁngm ) : o
: At 14 days 100% of area grafted :
o with the eompaund graft._ o
) Flm Es@mﬂﬂ % m QF BS&g ._ . 16.7% L
IIQ'E¢MITIE@ F§¢wb$8E _' _:iihgr patiant conatantly urinated'
Coo QVQr har 1egs. L . .

| COSHETIC DPPRARANCE OF AREA’ SRAFESD WW cEAs o
Half the areq grafted was hrown ‘and smooth. This area

received a the compound graft. The other-half, which;-f"'

- received a CEa.only, was pink and amcoth,_.f

EQLLOW—UEs   " o Patient died 2 months aftar sustain
| T her burns‘ |
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FIGURE V.5 L

FIGURE ¥.5

The anterior aspect of the left calf af_paiient
Miss V. grafted with a cultured epidermal auto-

graft. Figufe v.5 (a}) shows the aréa-grafted
following a sloughectomy. Figure ¥.5 {b) teken
7 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 te *he CEA being more securely
attached to the grafted bed in these regions.
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FIGURE V.6 ()

FIGURE V.6

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



'_EEEEQISQE&

T_Data shaeta an& fiquras of yatients with Leg akin ﬂafacts  ; .J
'ftreated wmth cultured epldermal allografts. The data gheets

| were used to obtain tables 7-14 and-grapha'71, 7b, 8 and 9

~The fig“fﬂﬁ ain to illustrata ‘the progress of healing for

Igeach patiant referred tn on- the accampanying da*a sheat.



7:7[pamvxaua monmmzwzns am
L PREATMENTS

';j_rnmzﬁmws ;; mra E m sn years (Blaak female patiant}
'h}hﬂﬁxenaaw @? mﬁﬁ uma@as;;fﬁjj venoua hypertenﬂiun
: numamxam ow mg@ ULCER: u]§'¢. ;as yeara Lﬁ}jf?*?f“:

. ; nxmxmazom@ oy mB@ umcmmgia _3FTHo ulcers  on medial- aspect:3  L

. of. right lowar 1eg ne s
=;3Q;_$cm by @cm flﬁcm

"ﬂ  e0&BleamIVE#  7 Batydina dressinqs - daily
'dfjsuasxcam~3335 ’ﬁii;fa“k? S

" wyum o cummummm EPIDERMBL

. ALEOGRAFT aﬁ@&@ﬁ&ﬂ:@m:_;jgf' 9/7/9&

| HUMBER OF APPLICLATIONS OF cma

. {DESTINGULISHING BRTUEEN n@oonl'"”

';;*amn upoamn QU&LITY e&&&z A singla appllcation_ af a“ ';;;5l

_ _ IR 'guod quality‘-graf
. PERCENERGR YARE ATIER BACE S L
'-enn ﬁwpnxcamxoma 'if;_ _,16 . daya : aftar - CBA-
_ _ o : application. the . two ulcerg .
-_“decreased in size to dem?
(908 Vtaker) . and 2om
_ o S o o (37:5%‘take'} respactivaly.‘ .
‘SOMBER 07 BAYS roR commmawm L
HE&LIH@‘T& accuns S The patient was lost to
-'_._ . R -'.;.falloWbup._.lﬂ_ D
- csmm axmz USED: __fjf_" Hamilton | | |
' 30&50Wmur~ ff“~ The patlent was last to follow»up.

::BIOPQY TREENS o Ya@, 8 mum 'aﬁt&r CE& WES applied. _



FIGURE VI.1 (b)

FIGURE ¥I.1

Yfenous hypertensiVE uIcers present on
the medial aspect of the right: leg of
~patient Mrs E.M.. Figure ¥I.1 (a)

The leg ulcer befare CEA applxcatinn.;
Figure ¥I.1 (b) 16 days 1ater reveals

a smaller ulcer.
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FIGURE VI.1 (b)

FIGURE YI.1

Venous hypertensive ulcers present on
the medial aspect of the right leg of
patient Hrs E.h.. Figure ¥I.1 (a)
The leg ulcer before CEA application.
Figure VI.1 (b} 16 days ldter reveals
a smaller ulcer. ' :



 BAEIEW:  Mr WH : 56 years (Black male patient)

| BBFIOLOGY OF LEG ULCER:  vemous hypertension

'_JPuﬁﬁﬁxdﬁﬁeﬁaﬁﬁﬁiﬁﬁsﬁ@sé;'i“ifféiﬁantng-,.1 ST

'fibimmwsioﬁs;oﬁjﬁﬁé"ﬂiéﬁagf“- ‘left ley, medial aspect

4cm by 4cm (1scm3)

7"!9@&@1@9& mnnamxwxﬁa a@

1ﬁﬂmmEEEWRmIVB  __ : Daily - hata&ine'ﬁﬁ drasslngs;3j:g.:__
oot e ~last @

R cgntinuausly for tha
- mon‘l:hsu S ' '

'mxmx oF cu&mungu prnmnman

_ammosn&rm APPLIGAFIONS _:;:" 9_:-=m§htﬁsf_ after
- B 'appeﬁramernff{ﬂcer*

-'--IMER O? RPMGML‘IQHS QE‘ c&m
{DIB&L’IE@UIBM BE'E?IEER& ‘(%OOD“

 AWD "EGORU gua&xwr cEA;s : single i application
: : R "poor quallty° graft*

 PERCEWEAGE TAXE arrER mac®
:_cm& arpmmcawxomn o | :'-100%-_;_:f- E

- .mumnﬁﬁ oF n&w&_rom'@dﬂpmﬁws o
HEALING TO OCCUR; - . .7 days

 firet

_of' a

FOLIOW-UP: = To date the ulcer has remained healéd



FIGUREuVi.z (b)

'FIGURE V.2

The medial: aspect of the left leg of pat1ent
Mr ¥.N. shows a venous hypertensive ulcer.
Figure vl.z”(é) 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
healed ulcer will fall of in time.
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. PARINME: . . Mye N : 65 years (European female patienty . -

: .mmm’ -
:_.-comsmmwamzvas

*;yﬁpngvxou@ mnnanamzﬁa @E

'=.“}"sna@x¢n&—as@s Slngle f applicatlan 'Ef}fﬁbnt.fdid“.nbﬁ”'  |

‘taka’

-:;”Txmg oF cummumzb Rm;}gw;f}_fiﬁ=hi IR S

'_-nmnoanaﬂw ﬁrpmxcnmxoma ,ff" 8 months after ulcer first:j'
. arose ' o '

) mumamm OF a&@m&c&mxoms ow [0

mmwm@ummm BE'MIEEH - L S - :
'_nmn.upooma gunnxmg c@&?z L One ’gaod‘ quality CER._-'

"'  cEL&_nImE'onG1maf.. b."Dulfrad“~ Iazyear'old,fanSkin__

-Eﬁmcﬁmwasm TAKE n&mmm EneR ” e

cﬁa aprnxcnmxoma | ~;-[-_ 1&0%‘take within 3 days.

fmumsmn oF DAYS ¥oR compimTE

' ﬂaanxma wo occu3° ; _~:;;;,_ 3 days

| ._mmweuss_ o '-  Patient 'ia.st. to_;-.fss_l_:.'nw-_-'up o



FIGURE ¥1.3 (b)

FIGURE ¥i. 3
Two ulcers on the medlal aSpect of the left
leg of patlent Mrs N. treated with CEAs.

Figure vI.3 (a) shows the ulcers prior to GEA
appllcatlon. Cellunlitis is- also pr&sent. '
Figure ¥I.3 (b) ‘shows the healed ulcers 3 days

after CEA applxcat1on._




e e
'ﬁﬂﬁtﬁﬁﬁiﬁfl Hrs m bz yeara (Black famale patient} _'” |
'-_imzomy om 15@ m.cmm " arterial - . insufficiency

 Present _on lateral asgect ofL o

S right ca.lf.. L

:_numamzam aﬁ mm@ U&c@&z;};fffiiz monthe

| *Hjtﬁngth - Qcm - B o
o Breadth - = TGm, n&rrawast_:
“kj part of hraadth - 2Gm : C

:lDIMENBION& OF LEG Uﬂ

; meous Eﬁommxsa om' Lo _ _
L CREDFMENEE ' A
;; GGMSERHQEZVEs y f; 10 days of Bataﬂmne dressings, o

~ three times a day,
L Nb vis;hla haaling noted.
"'--smxcm.-ss@s o nii. S L :

' 9INE OF CULTURED ZRIDERMAL

m&a ow Mm.xcmxoms OE am

: . 'ma@m MEM@REEQH% o 10 .I dayg o tho:mugh L
o e L aonservativa management._ :

{DISTINGULISHING BETUREN ﬂmnﬂ o ' . B
_amn ﬂpaunﬂ QUALI@E GE&)°-' ;Three ‘gcod“ quallty grafts
- _ _ - ‘second ~CEA - applled 3 days
after first CEA. -

Third = CEA applied 7 days _

'-  after second. CEA.

. mmsmmm 's.'m mnn Em T R
cE& aﬂpmxcawxams _ _ -fFirstéCEa- ﬂthree dayas after -
: DR S - application  45% of area
' grafted pshowed new  skin
- formation.  Three patches of

- new skin seen as well -as

0.50m. margin present.

Becond . CEA~10 days after
“initial CZBA, 80% of ulcer
h@l&d. e . -. - . . L

NUMBER OF DAYS TOR GOEELETB R '
REALING 70 occnu; L __2? days

romw-np.  ‘To aate nlcexr has remained bealed.

BIOPBY TARENS "_*Yes, " an  day 8 post girst CEA -
- application. o - . S



FIGURE uxu4u(b)

FIGURE VI.3

Thé:healing arterial leg ulcer of patient
Mrs M. - o . |
Figure VvI.4 (a) 7 days after-secqnd7CEn -
application and 10 days after first CEA
application. The ulcer has decreased

in size and the lower part has healed
completely. S
Figure VI.4 (b) is a close-up view of the
healed lower part of the ulcer. |



"f _EéﬁIﬁﬁT‘ 7? Mra s ?5 yaars (European femala patient)
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FIGUE“ VI"

A venous hyperten51ve ulcer on’ the med:al aspect
of the left leg on the patient Mrs S.. -16 days -
after graftlng w1th a CEA reveals a hea11ng ulcer.
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FIGURE VI.6 (b)

FIGURE VI.6 o

The diabetic ulcer of patient Mrs R. present
on the dorsum of the left foot, just pfoximal
the three lateral toes. C
Figure VI.6 (a) The ulcer Just prior to
grafting.

Figure VI.6 (b) The ulcer 4 days after CEA
gpplication.

Figure ¥I.6 (c) 19 days after first CEA
-app11cation reveals the healed non-infected

part of the ulcer. The right unhealed
part of the ulcer contains infected necrntlc
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FIGURE V1.6 (c)
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FIGunE_ﬁi.?V(b)

FIGURE “I 7

The traUma and cellulitis induced skin defect
of patient Miss D.M., present below the rxght
knee, - Fxgure ¥1.7 (a) The skin defect prior
to grafiing. Flgure v1,7-(b) 4 days after
applying a poor quality GEAito the medial
half of the defect. Figure VYI.7 (c) 26 days
after poor quality CEA application and 11

days after good quality CEA appllcation to snh o

the respective areas. Figure V1.7 (d) n |
close-up of (c) showing the heallng ulcer.

The left side, to which the good quality

CEA was applzed has healed almost completely.:
Figure V1.7 {e) The healed leg skin defect,
Figure ¥1.7 (f) A close-up of (e).
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FIGURE VI.7 (d)



FIGURE VI.7 (f)
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FIGURE ¥I.8 (b)
FIGURE ¥1.§ |
The trauma and celiulitis induced skin defect
of Miss 6.M. situated below the left knee.
Figure VI.& {a) The skin defect before graft-
ing. Figure YI.8 (b) 18 days after first CEA
application reveals a healing margin.

Figure vi.8 (c) 25 days after first CEA applis
“cation shows a healing ulcer but also break-
down in the top right hand corner. _ .
Figure VI.8 (d) 41 days after First CEA
applicatioh,révéaIS'a healed ulcer. Ihtefﬁena '
ing sepsis ﬂccbunted for the relatively long
healing time, ' | ' |



FIGURE VI.8 (&)
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GURE ¥1.9 (a})
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FIGURE YI.9 (b)

FIGURE ¥I.9

A fasciotomy induced skin defect on the medial
aspect of the right calf of patient My H.,
which was covered with CEAs.

Figure VI.9 (a) The defect pbefore grafting.
Figure ¥I.9 (b) The almost completely healed
fasciotomy induced skin defect 13 days after
the second CEA application. _
Figure V1.9 (c) 15 days'after second CEA
application reveals a healed fasciotomy

skin defect.
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FIGURE VI.9 (¢)
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FIGURE ¥1.10 (b)

FIGURE VI.10

‘A fasciotomy induced skin defect onn the medial

aspect of the left leg of pat1ent Mr d which
was grafted with a CEA.

Figure VI.10 (a) The extent of the defect.

'Figure V1,10 (b) 3 days following CEA appli-

cation reveals a closad fasciotomy wound on.
the thlgh

 ?5Q-




FIGURE ¥1.10 (b)

FIGURE ¥I.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)  The extent of the defect.
Figure ¥YI.10 (b) 3 days following CEA appli-
cation reveals a closed fasciotomy wound on
the thigh.
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FIGURE v:;io.(c)

11 days after CEA appllcatlon reveals that
Lhe skln defect has healed by 90%
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FIGURE VI.i1 (b)

'FIGURE vI.11

A ulcer caused by arterial insufficiéncy o the

right leg of patient Mrs L.B..
Figure ¥I.11 (a) The ulcer before first CEA
application. = S

Figure ¥I.11 (b) 9 days after. first CEA applxv

cation shows 80% heallng of the ulcer.
Figure V1.1t (¢) A close- up view of flg VI 11




FIGURE VI.11 {ana

FIGURE VI.11 (b)

"FIGURE VI.11

A ulcer caused by arterial insufficiency on the
right leg of patient Mrs L.B..

Figure ¥I1.1§ (a) ?he ulcer before First CEA
appiication. -~ = .

Figure YI,11 (b) 9-days after first CEA appli-
cation shows 80% heallng of the ulcer.

Figure vI.11 {(c) A close-up vxew of- flg. VI 11
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FIGURE VI.11 {¢)



FIGURE ¥1.12 (b)

FIGURE VI.12

An arterial insufficiency ulcer on the lateral
aspect of the right calf of patiént'Mrs M.M. .
Figure ¥1.12 (a) The ulcer before first CER
&pplicatiOn; ' ' S :
Figure ¥I.12 (b) 4 days after the first CEA
was applied reveals new skin formetion.
Figure ¥I.12 (c) 8 days after second CEA
application (18 days after first CEA), shows
the ulcer well on its way to being healed,
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FIGURE ¥1.12 (c)
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