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Inhibition of Basal Cell Proliferation during Storage of
Detached Cultured Epidermal Keratinocyte Sheets
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Grafting of human cultured keratinocytes is a prom-
ising possibility for the treatment of large burned
skin areas. However, during the preparation of cul-
tures for grafting, a necessary step of detachment
from culture substratum is performed by incubation
with Dispase. In the present paper, we report studies
performed to determine whether prolonged storage
after detachment would have a detrimental effect on
keratinocyte proliferation. Our results show that the
number of bromodeoxyuridine-incorporating cells lo-
cated in the basal layer of the culture gradually di-
minishes during storage of detached cultured epider-
mal keratinocyte sheets. Furthermore, the rate of
[’H]thymidine incorporation in such detached cul-
tures is also progressively reduced. These observa-
tions indicate that the detachment and storage of
cultured epidermal keratinocyte sheets for grafting
impedes their cell proliferation capacity, as revealed
by DNA-synthesis measurements. Key words: Cell ad-
hesion; Burn; Dispase.
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Cultured epidermal keratinocyte (EK) sheets are
considered by many burn centres to be suitable ma-
terial for the temporary coverage of wounds when
used as keratinocyte allografts (1) or for permanent
coverage when used as autografts (2-4). Other uses
exist and involve supplementation of spliced full skin
autograft with cultures of keratinocytes, the assump-
tion being that beneficial diffusible products are se-
creted by these cultured epidermal cells (5). Thanks
to the various advantages afforded by EK cultures,
an increasing number of burn centres are employing
these relatively fragile sheets (6) which means that
clinical management needs to be studied, for exam-
ple in the use of topical antimicrobial agents (7).
Before the burned area is covered, the EK culture
is processed through several steps. Amongst these,
the necessary step of epidermal sheet detachment

from culture substratum by Dispase, as proposed by
Green et al. (8), has no detrimental effect on the
keratinocytes regarding cell proliferation. Indeed,
this enzyme does not damage cell membranes or
intercellular junctions, as Dispase is a powerful fi-
bronectinase and type IV collagenase (9). However,
when a detached epidermal sheet has to wait before
wound application, basal keratinocytes that have
grown in close contact with substratum and base-
ment membrane components are then located with-
out any anchorage on one surface of the EK sheet.

The aim of our study was to assess whether this
location of basal cells could have an injurious effect,
when prolonged for some hours, on their prolifer-
ation potential.

MATERIAL AND METHODS

Culture of keratinocytes

Epidermal keratinocyte suspensions were prepared by a
trypsinization method from healthy human skin specimens
removed during surgery. Briefly, the tissues were incu-
bated in a trypsin (0.25%, Difco, Detroit, Mich., USA)
solution for 60 min at 37°C. After detachment of the epi-
dermis from the dermis, a keratinocyte suspension was
prepared by numerous passages in a pipette. After centrifu-
gation, the EK were grown in the presence of a feeder layer
of mitomycin C-treated 3T3 cells (8). The culture medium
contained 1 part Ham’s F12 medium plus 3 parts Dulbec-
co’s modified Eagle medium. This was supplemented with
10% fetal calf serum (Gibco, Ghent), 5 pg/ml insulin
(Sigma, St. Louis, Mo., USA), 0.4 ug/ml hydrocortisone
(Sigma), 107" M cholera toxin (Sigma), 5 pg/ml transferrin
(Sigma), 2x107* M triiodothyronin (Sigma), 1.8x10* ade-
nine (Sigma) and 10 ng/ml epidermal growth factor (EGF)
(Gibco). At confluence, the EK were trypsinized with a
solution of trypsin (0.1%): EDTA (0.02%). They were
then plated on plastic 6 multiwell plates (2x1(° cells per
well) in the presence of the same feeder layer in order to
obtain 7-8 days later a secondary confluent EK culture.

Detachment of EK cultures

Confluent EK cultures were treated with Dispase 11
(Boehringer Mannheim) at 1.2 U/ml in a serum-free me-
dium for 1 h at 37°C (8). After detachment, the sheets were
rinsed twice in phosphate-buffered saline (PBS) and then
replaced in culture medium at 37°C and stored for 0 to 24 h
before testing the DNA synthesis.
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Fig. 1. Immunofluorescent staining of BrdU-positive nuclei
(a) and the same field observed by phase-contrast micros-
copy (b) of a perpendicular section from a detached EK
sheet (bar., 20 um).

5-Bromo-2'-deoxvuridine (BrdU) incorporation and
immunolabelling

After storage in their culture medium for 0, 2, 4.6, 8, 12 or
24 h, detached EK sheets were incubated in the same me-
dium containing 10 uM BrdU (Sigma) for 1 h at 37°C.
These sheets were then washed in PBS before fixation in
70% ethanol (1 h, 4°C) and embedding in paraffinwax.
Perpendicular sections (6 um) were immunolabelled for
the detection of BrdU incorporation: after rehydration,
cellular DNA was denatured with 2 N HCI (30 min, 37°C)
and neutralized with 2 washes in 0.1 M sodium tetraborate
solution (pH 8.5);: slides were then covered for 1 h at 37°C
in a humidified chamber with 75 ul of anti-BrdU mono-
clonal antibody (Becton Dickinson., Mountain View,
Calif., USA) at a 1: 10 dilution in PBS. After three washes
in PBS, slides were incubated in the same conditions with
FITC-conjugated F(ab’)2 fragment of rabbit IgG to mouse
IgG (Dakopatts, Denmark) at a 1:20 dilution in PBS.
After three washes in PBS, the sections were mounted in
Glycergel (Dakopatts) and fluorescent nuclei containing
cells were examined by epifluorescence microscopy under a
Zeiss Photomicroscope equipped with RS-III epicondensor
and alternatively localized using phase contrast micros-
copy. For the counting of the total number of nuclei and
labelling index determination (percentage of labelled nu-
clei), sections were stained lightly with propidium iodide
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(Sigma). A sufficient number of fields were screened in
order to be able to count at least 500 nuclei per section.

Thymidine incorporation assay

After 0, 2, 4, 6 or 8 h of detachment, the [*H]thymidine
incorporation of EK cultures was monitored by a 60 min
incubation at 37°C with 2 uCi/graft [methy/-"H|thymidine
(Amersham, Belgium), followed by beta scintillation
counting of the radioactivity incorporated into trichloroa-
cetic-precipitable cellular material (10).

Cell lysis measurement
EK lysis was checked by measurements of released lactate
dehydrogenase (LDH) activity as described elsewhere (11).

RESULTS

Localization of proliferating keratinocytes in a
confluent culture

The localization of proliferating cells was made pos-
sible by the immunofluorescent labelling of BrdU-
positive nuclei in perpendicular sections, together
with phase-contrast microscopy in recently detached
EK sheets (Fig. 1). The previously anchored basal
layer can be identified by its characteristic polygonal
cell shape obtained after detachment. We demon-
strate here that cells that are synthesizing DNA in an
EK culture are only present in the basal layer. This is
identical in cultures incubated with BrdU before
detachment and has been compared with the local-
ization in in vivo human epidermis where proliferat-
ing cells are predominantly shown in the first supra-
basal layer (not shown).

Labeling index
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Fig. 2. Labelling index determined by BrdU incorporation
in EK cultures obtained from four different skin specimens
and after increasing storage periods following detachment.
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Fig. 3. ['H]thymidine incorporation revealed after increas-
ing storage periods following detachment (@) or before
detachment (O) of the cultured EK sheets. Results are
expressed as means * SE of triplicates.

Effect of storage duration on the labelling index
(BrdU incorporation) of detached EK sheets

The labelling index was determined in detached EK
sheets obtained by the culture of keratinocytes de-
rived from four different skin specimens and after
progressively increased storage periods. These re-
sults are illustrated in Fig. 2. This labelling index
decreases progressively within 12 h after detachment
and no labelling can be detected after 24 h. Further-
more, the fluorescent nuclei observed after 8 and
12 h of storage appear to be very faintly labelled,
although all procedural conditions remain constant.

Radioactive thymidine incorporation after 0-8 h of
storage of detached EK sheets

The detachment of the confluent culture does not by
itself produce a significant modification in the de-
gree of [*H]thymidine incorporation, although it
seems to induce an increased variability. On the
other hand, an increased time after detachment (2,
4, 6 or 8 h) progressively inhibits [*H]thymidine in-
corporation (Fig. 3). According to these results, the
DNA synthesis could rapidly be reduced to less than
50% of that observed in non-detached EK cultures.
This inhibition is more rapidly obtained than the
decrease in the labelling index. This result has to be
related to our observation that the incorporation of
BrdU seems to be considerably reduced, though still
detectable, in basal keratinocytes of sheets stored
for 8 h or more after detachment. Indeed, since the
labelling index reflects the proportion of BrdU-posi-
tive cells, it does not depend on the rate of nucleo-
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tide incorporation, but depends on whether the in-
corporation still occurs or not.

In similar conditions. the released LDH activity
was determined after 0. 4 and 8 h of incubation and
revealed 1.1%, 6.3% and 11.4% respectively of
mean cell lysis.

DISCUSSION

The grafting of cultured human EK in various sit-
uations has afforded very satisfactory results (2-6)
and has therefore been adopted by many burns cen-
tres. However, utilization of EK means that con-
fluent cultures have to be harvested as thin epider-
mal sheets by detachment from culture substratum
with Dispase (8. 9). Since the preparation for graft-
ing of several sheets from confluent cultures cannot
be concomitant, it is often necessary to store the first
detached EK sheets during the processing of sub-
sequent cultures. the present work was therefore
performed to assess whether basal keratinocytes
originally anchored during the culture could still pro-
liferate after detachment with Dispase.

In culture, we show first that DNA-synthesizing
cells are located in the basal layer, in contrast with
the epidermis where a majority are found in the first
suprabasal layer (12, 13). When storage takes place
after detachment of the culture, the rapid decrease
in radioactive thymidine incorporation, coupled with
the decreased number of BrdU labelled cells, sug-
gests that, in our experiments using confluent EK
cultures, anchorage to substratum is necessary in
order to maintain the basal EK proliferation. This
dependence of human EK proliferation on cell-sub-
stratum adhesion has already been reported for iso-
lated cells cultured in suspension or on restricted
area of substratum contact (14). It was then sug-
gested that cell shape controls important EK func-
tions: the proliferation of a rounded cell is inhibited,
whereas it is preserved in a spread cell. It is there-
fore interesting to note that, despite the fact that our
results were obtained with detached confluent EK
cultures, the inhibition of basal cell proliferation
could also be the result of a change in the cell’s
shape. Indeed, Dispase detachment of EK cultures
induces fully spread basal cells to become more
spherical (15). Lastly, at first sight, these decreased
measurements cannot be explained solely by cell
lysis, since lysis is less than 12% after 8 h of detach-
ment. However, lysed cells could be those originally
proliferating in the basal layer, since numerous bleb
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formations are then borne by these cells as observed
by light and electron microscopy (not shown).
These preliminary observations demonstrate that
after detachment by Dispase, keratinocytes embed-
ded in a multilayer culture are progressively dis-
turbed by these conditions. Therefore, the storage of
detached cultured EK sheets has to be kept as short
as possible in order to preserve the basal cell’s prolif-
eration capacity. An alternative solution to these
problems of EK sheets detachment would be the use
of a wound covering made of epidermal and dermal
components transplanted en bloc (16). However,
this technique has not yet been demonstrated to be
the most suitable for rapid covering of large wounds

(6)-
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