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suction-induced wound model: comparison between intact
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Summary We have investigated re-epithelialization following induction of suction blisters in humans in intact
blisters, open wounds, i.e. blister roofs removed immediately after blister induction, and calcipotriol-

pretreated open wounds. Intact blisters simulate blister healing in bullous disease, while open

wounds simulate re-epithelialization during wound healing. Re-epithelialization was clearly faster
in open wounds than in intact blisters, and was not affected by calcipotriol pretreatment. Bullous

pemphigoid antigen 2 (BP180), bullous pemphigoid antigen 1 (BP230), plectin/hemidesmosomal 1

protein (HD1), laminin 5, laminin a5, laminin b1, type VII collagen, tenascin-C, b4, avb5, a5
and a9 integrins were studied in intact blisters and open wounds by immunohistochemistry.

Hemidesmosomal plaque proteins BP230 and plectin/HD1, which connect the keratin cytoskeleton
to the hemidesmosome, appeared earlier at the leading edge in intact blisters than in open wounds.

Band-like immunostaining in the basement membrane for laminin 5, a5 and b1 chains was

continuous in blister bases, but partially discontinuous in open wound bases. The other antigens
studied showed similar expression in intact blisters and open wounds. BP180, BP230, plectin/HD1,

b4 integrin, laminin 5 and tenascin-C expression were further studied in calcipotriol-pretreated

open wounds. Calcipotriol did not affect the expression of these antigens. The immunohistochemical
results suggest that the keratin cytoskeleton is linked to the basal plasma membrane of migrating

basal cells via BP230 and plectin/HD1 earlier in the more slowly re-epithelializing blisters than in

open wounds. An intact laminin sheath may inhibit keratinocyte migration in intact blisters.
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Re-epithelialization of cutaneous wounds includes

keratinocyte proliferation, migration and differentia-

tion. Uninjured keratinocytes along the wound edges
are stimulated to proliferate and migrate laterally to

cover the wound bed.1 This requires the keratinocytes

to be released from their cell-adhering structures,
e.g. hemidesmosomes, which are multiprotein com-

plexes at the basal plasma membrane of basal

cells. Hemidesmosomes mediate stable keratinocyte

anchorage to the basement membrane.2,3 Keratino-

cytes use adhesion molecules, such as integrins, to
mediate cell±cell and cell±matrix interactions during

re-epithelialization. The association of the two sub-

units, a and b , is necessary for the functional
expression of integrin on the cell surface. Integrins

recognize matrix components, such as collagens,

fibronectin, tenascin and laminins.4 Laminins are the
major structural components of the cutaneous base-

ment membrane, but also function as signalling
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molecules modulating proliferation, migration and

differentiation. Laminins consist of three polypeptide
chains, a , b and g , which all have several isoforms.

Laminin 5, which is a component of anchoring

filaments, serves as a ligand for hemidesmosomal
a6b4 integrin.2,5

Calcipotriol is a vitamin D analogue that is used as

an antipsoriatic drug for its direct antiproliferative
effects on keratinocytes.6 It enhances the secretion and

activity of transforming growth factor (TGF)-b1, which

has antiproliferative effects on keratinocytes but is
also considered to promote re-epithelialization.7±9

Vitamin D inhibits cell migration.10 These data

suggest that calcipotriol might either retard or
enhance re-epithelialization. As the effects of this

extensively used drug on wound healing have not

been studied in humans in vivo, we decided to study its
effect on re-epithelialization.

In the present study, we used the suction blister

method,11 where suction-induced blister formation
takes place within the lamina lucida layer of the

basement membrane, to study re-epithelialization.
We studied: (i) intact blisters; (ii) open wounds; and

(iii) calcipotriol-pretreated open wounds. Intact blisters

simulate blister healing in bullous disease and open
wounds simulate re-epithelialization during wound

healing. We studied the re-epithelialization rate and

the immunohistochemical expression of hemidesmo-
somal proteins, integrins and matrix components in

our re-epithelialization models. Some hemidesmosomal

proteins were also studied by body site, to ensure that
our results apply to the whole body surface, as regional

variation has previously been described in bullous

pemphigoid antigen with patient sera.12

To our knowledge, this is the first morphological

and immunohistochemical study in which human
blister healing has been compared with open wound

healing, and in which bullous pemphigoid antigen 2

(BP180), bullous pemphigoid antigen 1 (BP230),
(HD1) and a9 integrin have been studied in human

cutaneous wound healing.

Materials and methods

Tissues

All volunteers, aged 19±24 years, were healthy males

with no skin disease and using no systemic or topical
medication.

Part 1. Suction blisters were induced bilaterally on the

lower abdominal skin in six volunteers. In three

volunteers, the blister roofs were protected from
mechanical trauma with foamy plastic rings until the

biopsies were taken (Table 1). Only intact blister

samples were taken. In the other three volunteers,
the blister roofs were removed immediately after blister

induction (Table 1) and the open wounds were covered

with dry wound dressings until the biopsies were taken.
The biopsies were taken on the second, fourth and

ninth days after blister induction from all the six
volunteers.

Part 2. Three volunteers participated in a double-

blind study. Two areas of 8 � 8 cm were marked

bilaterally on the lower abdominal skin. Every
volunteer applied vehicle to the left-hand side and

50 mg g21 calcipotriol cream (Daivonexw cream,

Table 1. Number of samples studied per wound type

Wound type Day HE BP180 BP230 Plectin b4 avb5 a5 a9 Ln5 Lna5 Lnb1 VII Tn

Blister 2nd 3 3 3 3 3 3 2 1 3 2 2 2 3

Open wound 2nd 3 3 3 3 1 3 2 2 2 2 2 2 3
Blister 4th 3 3 3 3 3 3 2 2 2 2 2 2 3

Open wound 4th 3 2 2 2 1 2 2 2 2 2 2 2 2

Blister 9th 3 3 2 3 2 3 2 1 3

Open wound 9th 3 3 2 3 2 3 2 1 3
Vehicle

Open wound 2nd 2 2 2 2 2 2 1

Open wound 4th 3 3 3 3 3 2 3

Calcipotriol
Open wound 2nd 2 2 2 2 2 2 1

Open wound 4th 3 3 3 3 3 2 3

HE, haematoxylin-eosin; Plectin, plectin/HD1; b4, b4 integrin; avb5, avb5 integrin; a5, a5 integrin; a9, a9 integrin; Ln5, laminin 5; Lna5,
laminin a5 chain; Lnb1, laminin b1 chain; VII, VII collagen; Tn, tenascin-C; vehicle, pretreatment with vehicle; calcipotriol, pretreatment with

calcipotriol.
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LoÈvens, Copenhagen, Denmark) to the right-hand

side twice a day for 14 days. Compliance was assessed
with a diary and ranged from 26/28 to 28/28 days.

After 2 weeks' pretreatment, suction blisters were

induced on both sides and the blister roofs were
removed immediately. The wound areas were covered

with dry wound dressings. Biopsies were taken on the

second and fourth days after blister induction (Table 1).

Each volunteer served as his own control, as biopsies
were taken from both the calcipotriol- and the vehicle-

treated sides on each occasion in order to exclude any

interindividual variation between the two study groups.
In all cases, neither the investigator nor the subjects

were aware of the content of the cream used at each

Figure 1. Re-epithelialization rate in 4-day-old samples. Blisters (A) showed considerably slower re-epithelialization than open wounds (B).

Vehicle-pretreated (B) open wounds showed a re-epithelialization rate comparable with that in calcipotriol-pretreated (C) open wounds. (A±C)
e � epidermis, d � dermis, arrow � edge of the regenerating area, arrowhead � tip of the leading edge. Scale bar, 36 mm.
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side. The code was broken after the findings had been

analysed.

Part 3. Nineteen biopsies of normal skin were taken
from different body sites in 10 volunteers: proximal

extensor arm (five), proximal flexor arm (four),

extensor knee (two), popliteal fossa (two), scalp
(three) and upper chest (three).

In parts 1 and 2, every biopsy was cut in half in the

middle of the wounded area. Thus, all the sections
studied had a wounded area approximately 6 mm wide

with one re-epithelialization front on both sides or new

epidermis on the wounded area in the older samples.
All biopsies were snap-frozen in liquid nitrogen and

stored at 2 70 8C until used.

This study was done with the approval of the
research ethics committee of the Central Military

Hospital, Helsinki.

Antibodies

The following monoclonal antibodies were used: 1D1

(1 : 8) to BP180 antigen and IE5 (1 : 30) to BP230

antigen,13 HD-121 (1 : 20) to plectin/HD1 anti-
gen,14,15 AA3 (1 : 100) to b4 integrin (Chemicon,

Temecula, CA, U.S.A.16), P1F6 (1 : 800) to avb5

complex (Becton Dickinson, San Jose, CA, U.S.A.17),
BIE5 (1 : 5) to a5 integrin (Dr C.H.Damsky, Depart-

ment of Stomatology, University of California, San

Francisco, CA, U.S.A.18), P1D6 (1 : 1000) to a5
integrin (Chemicon), Y9A2 (1 : 2) to a9 integrin

(Dr D.Sheppard, Lung Biology Center, University of

California, San Francisco, CA, U.S.A.19), 4C7
(1 : 3000) to laminin a5 chain (Dr E.Engvall, La Jolla

Cancer Research Center, La Jolla, CA, U.S.A.20),

114DG10 (1 : 2000) to laminin b1 chain,21 NP32
(1 : 500) to collagen VII22 and BC-4 (1 : 5) to

tenascin-C (Dr L.Zardi, Istituto Nazionale per la Ricerca

sul Cancro, Genoa, Italy23,24). Polyclonal kalinin 4101
(1 : 400) was used to detect laminin 5.25

Light microscopy

The tissue specimens were sectioned at 6 mm and

stained with haematoxylin and eosin.

Immunohistochemistry

An indirect immunofluorescence technique was used.

The frozen tissue specimens were first sectioned at

6 mm and fixed in acetone precooled to 2 20 8C. The
sections were then incubated with the respective

primary antisera, followed by fluorescein isothio-

cyanate (FITC)-coupled goat antimouse IgG serum,
FITC-coupled goat antirat IgG serum or FITC-coupled

goat antirabbit IgG serum (Jackson Immunoresearch,

West Grove, PA, U.S.A.). The dermal structures in our
skin samples and other human tissue samples served as

positive controls in the immunohistochemical studies.

Staining controls also included wound samples pro-
cessed by omitting the specific antiserum. No staining

reactions were seen in these experiments (data not

shown).

Results

The normal open wound healing results (haematoxylin

and eosin stained and immunohistochemistry) include

the vehicle-pretreated open wound samples.

Haematoxylin and eosin staining

On the second and fourth days, re-epithelialization was

clearly faster in the open wounds (Fig. 1B) than in the

samples with intact blister roofs (Fig. 1A). On the ninth
day, all the wound bases in both open wounds and

Figure 2. BP180, BP230 and plectin/HD1 in regenerating epidermis. (A) No or negligible immunoreactivity for BP180 at the leading
regenerating edge (thick arrows) and at the wound base (arrowheads) in a 4-day-old open wound sample (re-epithelialization from left to right in

this figure). Weak immunoreactivity for BP180 in basal cell layer behind the leading edge (thin arrow). Broken line � upper pole of the

regenerating epidermis. (B) Strong cytoplasmic/pericellular and band-like basement membrane zone immunoreactivity for BP180 in the
regenerating area (arrows) in a 4-day-old blister sample (re-epithelialization from right to left in this figure). (C) Discontinuous band-like

immunoreactivity for BP180 in a plain wound base (arrows) in a 2-day-old sample. (D) No immunoreactivity for BP230 at the leading edge (thick

arrows) in a 2-day-old open wound sample (re-epithelialization from right to left in this figure). Weak band-like positivity for BP230 behind the

leading edge in the regenerating area (thin arrows). (E) Distinct band-like and cytoplasmic positivity for BP230 in the regenerating area (arrows) in
a 2-day-old blister (re-epithelialization from right to left in this figure). (F) Distinct band-like immunoreactivity for BP230 in the basement

membrane zone in regenerating area (arrows) in a 4-day-old open wound sample (re-epithelialization from right to left in this figure). (G) No

immunoreactivity for plectin/HD1 in the leading edge of a 2-day-old open wound sample (arrows) (re-epithelialization from right to left in this

figure). (H) In contrast, distinct band-like immunoreactivity for plectin/HD1 in the regenerating area (arrows) in a 2-day-old blister, blister
roof (arrowheads). (A,B,D±H) Asterisk � tip of the leading edge (A±H) d � dermis (A,B,D±H) e � epidermis. Scale bar (A,B,D,E,G,H)

36 mm; (C,F) 22 mm.
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blisters were similarly covered by new acanthotic

epidermis. In our double-blind study, calcipotriol
pretreatment (Fig. 1C) for 14 days did not alter the

re-epithelialization rate on the fourth day in the open

wounds compared with the vehicle-pretreated open
wounds (Fig. 1B) in the same individuals. The regen-

erating epidermis in calcipotriol- and vehicle-pretreated
skin did not differ in the gross appearance of epidermal

cells and cellular differentiation.

BP180, BP230 and plectin/HD1

In normal-appearing skin, immunoreactivity for BP180

was detected as a strong band-like pattern in the

basement membrane zone (BMZ) and was often
accompanied by weak pericellular/cytoplasmic posi-

tivity in the basal cell layer. Cytoplasmic/pericellular

and band-like BMZ immunoreactivity for BP180

ranged from absent (Fig. 2A) to strong (Fig. 2B) at
the leading edge of regenerating epidermis in 2- and

4-day-old blisters and open wounds. Behind the leading

edge in the 4-day-old samples weak/strong band-like
BMZ immunoreactivity was detected and accompanied

by cytoplasmic/pericellular positivity in the basal cell
layer(s) in most cases. BP180 remnants were often seen

in 2-day-old blister roofs. In all but one case (Fig. 2C),

plain (i.e. not yet re-epithelialized) wound bases were
negative for BP180 in both wound types.

In normal-appearing skin, strong band-like immu-

noreactivity for BP230 was detected in the BMZ. The
tips of the re-epithelialization fronts in the 2-day-old

open wound samples showed no immunoreactivity

(Fig. 2D) or weak cytoplasmic immunoreactivity for
BP230. Behind the tip of the leading edge,

Table 2 Summary of immunofluorescence results in 2- and 4-day-old blisters and open wounds

Localization and intensity of staining

Molecule Blisters Open wounds

BP180

edge

base

Cytoplasmic/pericellular and
band-like BMZ positivity (2 to 11)

(2)

Cytoplasmic/pericellular and band-like BMZ positivity (2 to 11)

Discontinuous band-like positivity (1) in one sample, others (2)

BP230
edge

base

Band-like BMZ positivity (1/11)

(2)

2-day-old, cytoplasmic positivity (2/1); 4-day-old, band-like BMZ

positivity (1/11)

(2)

Plectin/HD1

edge

base

Band-like BMZ positivity (1/11)

(2)

2-day-old (2); 4-day-old, band-like BMZ positivity (1/11)

(2)

b4 integrin

edge

base

Diffuse positivity (1/11), polarization

in cells next to wound bed (11)
(2)

Diffuse positivity (1/11), polarization in cells next to wound bed (11)

(2)

Laminin 5
edge

under regen. epid.

base

roof

Cytoplasmic positivity (2 to 11)

Continuous band-like staining (11)

Continuous band-like staining (11)

Discontinuous band-like/cytoplasmic
staining (1/11)

Cytoplasmic positivity (2 to 11)

Continuous band-like staining (11)

Discontinuous band-like staining (1/11)

Laminins a5 and b1

edge

under regen. epid.
base

roof

(2)

Continuous band-like staining (11)
Continuous band-like staining (11)

(2)

(2)

Continuous band-like staining (11)
Discontinuous band-like staining (1/11)

Tenascin-C

edge

base

under regen. epid.

Cytoplasmic positivity (2/1)

(11)

(11)

Cytoplasmic positivity (2/1)

(11)

(11)

Collagen VII

avb5 complex

a5 and a9 integrin

As in normal skin

(2) staining in regen. epid.

As in normal skin

(2) staining in regen. epid.

Intensity of the staining: (2), no or negligible; (1), weak; (11), strong. Regen. epid: regenerating epidermis, BMZ: basement membrane zone.
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Figure 3. b4 and avb5 integrin, type VII collagen and tenascin-C in regenerating skin. (A) Band-like basement membrane zone
immunoreactivity for b4 integrin at the leading edge (arrows) in a 2-day-old blister sample. Diffuse immunostaining in keratinocytes at the

leading edge. (B) No or negligible immunoreactivity for the avb5 complex in the regenerating epidermis (arrows) in a 2-day-old blister sample (re-

epithelialization from right to left in this figure). Blister roof (arrowheads). (C) Band-like immunoreactivity for type VII collagen in the blister floor

(thick arrows) and under the regenerating epidermis (thin arrows). No immunoreactivity for type VII collagen in the blister roof (arrowheads). (D)
Distinct immunoreactivity for tenascin-C in the upper dermis (arrows) in normal skin. Positivity in epidermal area is due to tangential sectioning

along adjacent dermal papillae. (E) Strong immunoreactivity for tenascin-C in the blister base (thick arrows) and under the regenerating epidermis

(thin arrows) (re-epithelialization from left to right in this figure). Faint cytoplasmic immunoreactivity in the lower epidermal cell layers in the

migrating epidermal tongue. Broken line � upper pole of the regenerating epidermis. Positivity in epidermal area is due to tangential sectioning
along adjacent dermal papillae. (B,C,E) Asterisk � tip of the leading edge; (A±E) d � dermis, e � epidermis. Scale bar (A) 22 mm; (B±E) 36 mm.
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Figure 4. Laminin 5, laminin b1 chain and laminin a5 chain in regenerating skin. (A) Intact band-like immunoreactivity for laminin 5 in the

blister floor (thick arrows) and under the regenerating epidermis (thin arrows) in a 2-day-old blister sample. Discontinuous positivity for laminin 5

in the blister roof (arrowheads). (B) Continuous band-like immunoreactivity for the laminin b1 chain in the blister floor (thick arrows) and under
the regenerating epidermis (thin arrows) in a 2-day-old blister sample. No immunoreactivity for laminin b1 chain in the blister roof (arrowheads).

(C) No immunoreactivity for laminin a5 chain in a 2-day-old open wound base (arrows). In calcipotriol-pretreated skin (D), the staining pattern for

laminin 5 was similar to that in vehicle-pretreated skin (E), in 2-day-old open wound samples; note cytoplasmic and band-like basement membrane

zone positivity at the leading front (arrows). (A,B,D,E) Asterisk � tip of the leading edge; (A±E) d � dermis; (A,B,D,E) e � epidermis. Scale
bar (A±C) 36 mm; (D,E) 26 mm.



EPIDERMAL WOUND HEALING 999

q 2000 British Association of Dermatologists, British Journal of Dermatology, 142, 991±1002

discontinuous weak or strong band-like positivity for

BP230 was detected in the BMZ of regenerating
epidermis, sometimes accompanied by weak cyto-

plasmic positivity in the basal cell layer. In contrast,

the 2-day-old blister samples showed a stronger and
more continuous band-like staining pattern in the

regenerating skin, often accompanied by some cyto-

plasmic positivity (Fig. 2E). In 4-day-old open wounds
(Fig. 2F) and blisters, weak to strong band-like

immunoreactivity for BP230 was detected in the BMZ

in the regenerating area.
In normal-appearing skin, strong band-like immuno-

reactivity for plectin/HD1 was detected in the BMZ. In

some cases, weak pericellular/cytoplasmic positivity for
plectin/HD1 was observed in the epidermal cell layers

in both regenerating and normal skin. The leading

edges of new epidermis in the 2-day-old open wounds
were negative (Fig. 2G) or showed a very weak

discontinuous band-like positivity in the BMZ. In

contrast, the staining for plectin/HD1 in the 2-day-
old blisters was stronger and more continuous in the

BMZ of regenerating epidermis (Fig. 2H). The 4-day-old
open wounds and blisters showed distinct band-like

immunoreactivity for plectin/HD1 in the BMZ in

regenerating epidermis. On the ninth day, the immuno-
reactivities for plectin/HD1, BP180 and BP230 were

similar to those seen in normal skin.

b4, avb5, a5 and a9 integrins, type VII collagen and
tenascin-C

Weak/strong immunoreactivity for b4 integrin was

detected at the leading edge in the basal cell layer

and often also in the suprabasal cell layers in 2- and
4-day-old specimens (Fig. 3A). In addition, strong

band-like reactivity for the b4 integrin was detected

at the basal pole of basal keratinocytes at the leading
edge in most 2-day-old samples and in all 4-day-old

samples. The polarized immunostaining for b4 integrin

was often discontinuous on the second day, but became
continuous by the fourth day. On the ninth day, faint

pericellular positivity was detectable in the suprabasal

cell layers in contrast with the normal epidermis. The
b4 integrin staining pattern was similar in intact

blisters and open wounds. No or negligible immuno-

reactivity was detected for the avb5 complex (Fig. 3B),
a5 integrin in regenerating and normal epidermis and

for a9 integrin in regenerating epidermis. In some

specimens, weak immunoreactivity was detected for a9
integrin in the basal cell layer in normal epidermis. In

wounded skin, immunoreactivity for type VII collagen

(Fig. 3C) corresponded fully with that in normal skin.

Increased strong immunoreactivity was detected for
tenascin-C from day 2 to day 9 in the upper dermis

both under the regenerating/regenerated epidermis

and in the plain wound bases in open wound and
blister samples (Fig. 3D,E). In all but one 4-day-old

sample, the plain wound bases showed equally as

strong immunoreactivity as the upper dermis under the
regenerating/regenerated epidermis. In most cases,

faint cytoplasmic immunoreactivity for tenascin-C

was detected in the lower epidermal cell layers in
regenerating/regenerated epidermis (Fig. 3E).

Laminin 5, laminin a5 and laminin b1

Strong continuous band-like immunoreactivity for

laminin 5 (Fig. 4A), a5 and b1 (Fig. 4B) was detected
in the plain blister floor in 2- and 4-day-old intact

blisters. In open wound bases, the laminin 5, a5 and

b1 immunostaining was partially discontinuous. In
some open wound bases, there were also areas that

completely lacked laminin 5, a5 (Fig. 4C) and b1

immunoreactivity. Under the regenerating epidermis,
strong band-like BMZ immunoreactivity was detected

for laminin 5 (Fig. 4E), a5 and b1 (Fig. 4B) in both
wound types. No positivity was detected for laminin a5

or b1 (Fig. 4B) in epidermal cells at the leading front,

while weak to strong cytoplasmic positivity was often
detected for laminin 5 (Fig. 4E) at the leading front in

both wound types. In contrast to laminin a5 and b1

(Fig. 4B), strong or weak reactivity for laminin 5 was
often seen as a discontinuous linear or intracyto-

plasmic staining pattern in the blister roof in 2-day-old

blisters (Fig. 4A).
Calcipotriol pretreatment did not alter the staining

pattern for BP180, BP230, plectin/HD1, b4 integrin,

tenascin-C or laminin 5 (Fig. 4D,E) in either
regenerating or healthy areas. Staining for BP180,

BP230 and plectin/HD1 in specimens from all sites

showed similar levels of immunoreactivity.

Discussion

Re-epithelialization was considerably slower in intact

blisters than in roofless open wounds. This was

unexpected, as it has been demonstrated that occluded
wounds heal faster than non-occluded wounds.26 The

reasons for the slower re-epithelialization rate in intact

blisters are not known, but may include intact laminin
sheath in blister bases, contact inhibition by the

pressure of the blister fluid, difference in protease or
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cytokine expression or in interstitial fluid calcium

concentration, accumulation of inhibitory compounds
into the blister cavity and lack of inflammation in intact

blisters. Calcipotriol pretreatment had no effect on the

morphology of the regenerating epidermis, or on
BP180, BP230, plectin/HD1, b4 integrin, laminin 5

or tenascin-C expression in either regenerating or

normal epidermis. This was unexpected due to its
potent effects in psoriasis and its antiproliferative effect

in keratinocyte cultures.

Hemidesmosomal BP180 is thought to contribute to
hemidesmosome assembly. Its extracellular domain

extends to the lamina densa layer of the basement

membrane. BP180 gene defects cause dermoepidermal
cleavage in lamina lucida.2,3,27,28 Notable inter-

individual variation in BP180 expression was detected

at the leading edge in 2- and 4-day-old samples
regardless of the re-epithelialization rate and the

wound type. This may suggest that, at the leading

edge, BP180 is not directly involved in keratinocyte
attachment to the wound bed. This would be in keeping

with a recent study where the initial adhesion of
BP180-deficient keratinocytes to extracellular matrix

proteins, e.g. laminin 5 and fibronectin, was not

substantially impaired.29 In mucosal wounds, however,
band-like BMZ positivity has been described beneath

the entire length of the epithelial outgrowth.30 BP180

was often found in blister roofs, but only once in a
wound base. This is in line with an earlier suction

blister study using bullous pemphigoid sera, and

suggests that the basement membrane interactions of
the extracellular domain are of lower affinity than the

interactions of the cytoplasmic domain.31

BP230 and plectin/HD1 are located at the inner
hemidesmosomal plaque and are involved in the

linkage of the keratin cytoskeleton to the hemi-

desmosome. Plectin/HD1 gene mutations which cause
tissue separation at the level of the inner hemi-

desmosomal plaque, and BP230 knockout mice which

show skin blistering resulting from basal cell rupturing
parallel to and just above the cell base, demonstrate the

importance of these proteins in providing integrity

within basal keratinocytes.2,3,32 On the second day,
BP230 and plectin/HD1 were better expressed at the

leading edge in blisters than in open wounds. In view of

the faster re-epithelialization rate in open wounds, it is
interesting that a retardation of re-epithelialization was

noted in BP230 knockout mice.32 On the fourth day,

band-like BMZ immunoreactivity both in blisters and in
open wounds was detected for both plaque proteins at

the leading edge, suggesting keratin cytoskeleton

linkage to the basal plasma membrane of migrating

basal cells. BP180, BP230 and plectin/HD1 expression
showed no regional variation, and hence the results on

these proteins apply to the whole body surface. This

confirms that the decreased expression of BP230 and
plectin/HD1 recently detected in uninvolved dermatitis

herpetiformis skin is not due to regional variation, as

the same antibody dilutions were used in both
studies.33

The b4, avb5 and a5 integrins were studied because

a difference in their expression between the two wound
types could explain the retarded re-epithelialization

rate in intact blisters, and a9 integrin because its role

has not been studied previously in human wound
healing. The expression of hemidesmosomal b4 integ-

rin in open wounds and intact blisters was comparable

with the b4 expression earlier reported in full-thickness
skin wounds.34 The a5 subunit of the fibronectin

receptor a5b1 integrin has been shown to be

upregulated in full-thickness wounds.34 Using the
same antibody, we detected negligible positivity for a5

in regenerating and normal epidermis in both wound
types. This is in line with an earlier suction blister

study, where weak positivity for a5, but no upregu-

lation, was detected in the basal layer in both
regenerating and normal epidermis.35 The difference

in the a5 staining intensity may be due to different

affinities of the used antibodies. Our results suggest
that b4 expression at the leading edge is independent of

the composition of the wound bed, and that a5 is

upregulated only upon contact with dermal structures
in vivo. Our results for the vitronectin receptor avb5

confirm the earlier assumptions that only major dermal

trauma upregulates avb5 in regenerating epidermis in
vivo.36±38 In contrast to the earlier studies using mouse

tissues, the a9 subunit of tenascin-C binding a9b1

integrin was poorly expressed in normal epidermis and
was not upregulated in healing skin.39±41 Our results

for type VII collagen suggest that, in contrast to blister

healing in dermatitis herpetiformis, type VII collagen is
not a target for degrading proteases during blister or

open wound healing.42 Tenascin-C is a large glyco-

protein of the extracellular matrix and may have an
antiadhesive effect.43 During wound healing, tenascin-

C has been shown to be upregulated beneath the

regenerating epidermis.44 In our study, the intensity
and distribution of the increased tenascin-C immuno-

staining was the same both in plain open wound and

plain blister bases and beneath the regenerating
epidermis. This suggests that the keratinocyte-derived

cytokines in suction blister fluid do not affect
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tenascin-C synthesis in the upper dermis to a consider-

able extent, and that dermoepidermal cleavage leads to
increased tenascin-C expression of dermal origin. The

recently described tenascin-C synthesis by regenerating

keratinocytes was limited in our samples to an extent
which could not be distinguished by immuno-

histochemistry from the tenascin-C expression of

dermal origin.44

The laminin antibodies used recognize all laminin

isoforms currently thought to be located in the human

cutaneous basement membrane, i.e. laminin 5
(a3b3g2), laminin 6 (a3b1g1), and laminin 10

(a5b1g1).2,20,45 Our results for laminin 5 are parallel

to an earlier suction blister study where laminin g2
chain synthesis was shown at the leading edge.46

However, no distinction between open wounds and

intact blisters was done in that study. In contrast with
laminin 5, we did not detect laminin a5 or laminin b1

at the leading edge or in the blister roof. This suggests

that laminin 10 and laminin 6 are not synthesized at
the leading edge of either wound type. This also

suggests that laminin 10 has greater affinity with the
basement membrane than with its potential keratino-

cyte receptors, e.g. a3b1 integrin,47 and that laminin 6

has greater affinity with the basement membrane than
with the laminin 5 subunit of the laminin 5±6 complex

or, if the complex is not split during blister formation,

that the laminin 5±6 complex has greater affinity with
the basement membrane than with its keratinocyte

receptors, a3b1 and a6b4 integrins.2,5,48 Whether

exogenous or endogenous laminin 5 promotes or
inhibits keratinocyte migration has remained

unclear.49,50 In our study, the band-like immuno-

staining for laminin 5, laminin a5 and b1 chains
was always continuous in the blister bases while in the

open wound bases it was partially discontinuous.

The fragmentation could be due to the action of
various proteases released from the inflammatory

cells present in the wound base. It is possible that

the intact laminin sheath may have inhibitory effects
on the re-epithelialization rate.
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