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Because dermatitis herpetiformis is characterized by 
neutrophilic inflammation and destructive changes 
in the basement membrane zone, we studied the in 
situ expression of interstitial collagenase and strome­
lysin-1 in 11lesions. A prominent signal for collage­
nase mRNA was consistently detected in the basal 
keratinocyt~s of rete ridges surrounding the neutro­
philic abscesses in 10 of 11lesions, and the expression 
was independent of the age of the lesion and the 
migratory state of the basal k~ratinocytes. Expression 
of stromelysin-1 was detected in seven of 11 lesions 
and co-localized with collagenase. No expressi-on of 
the 92-kDa gelatinase mRNA or matrilysin protein 
was found in the vicinity of neutrophilic accumula­
tions or the damaged basen1ent membrane. Uroki-

D 
erma titis herpetiformis (DH) lesions are charac ter­
ized histologically by inflammatory changes and 
destruc tion of type IV colla gen and laminin in the 
b asem ent membrane zon e [1, 2], which leads to 
blister formation above the lamina d en sa [3]. 

Among th e matrix metalloproteinases, interstitiaJ collagenase de­
grades fibrilJar types I, II, III , and X collagens [4,5], but unlike 
many oth e r metalloeuzymes, it is not able to destroy components of 
the b asem ent membrane. We have previously d emonstrated that 
collagen ase expression is induced by cell- m atrix inte ractions in 
various types of skin ulcers, where tlus en zym.e is essential for the 
migra tio n ofkeratinocytes [6]. In DH, keratin ocytes may com e into 
contact w ith d ermal components through di scontinuities in the 
basem e nt m embran e [1]. Knowing that inflammatory agents such as 
cytokines m ay induce production of m e talloprote inases [7 ,8] and 
that strom elysins, gelatinases, and matrilys in , in particular , are 
capable of degrading basem en t m embran e components such as type 
IV collagen , laminin , and entactin [9 -11] , we inves tigated the 
possible ro le of these proteases in the pathogenesis of DH lesions. 
Because plasmin has b een implicated in the .in 11i11o activation of 
inte rstitial colJagenase and strom elysin, we also examined the role 

Manuscrip t received December 9, 1994; fin al revision received April 3, 
1995; accepted for publication April 7, 1995. 

Reprint requests to: Dr. Ulpu K. Saarialho-Kcre, Depa.rtment ofDerma­
tology, H elsinki University Central Hospital , Meilahdentic 2, FIN-00250 
Helsinki, l' inla.nd . 

Abbreviations: D H, dennatitis herpetiformis; uPA, urokinase- type plas­
minogen activator. 

nase-type plasminogen activator mRNA was found in 
basal keratinocytes in seven of nine samples. Collag­
enase, stromelysin-1, and urokinase-type plasmino­
gen activator were not expressed in normal-appear­
ing skin of patients with dermatitis herpetiformis. 
Our results suggest that in lesions of dermatitis her­
petiformis, collagenase and stromelysin-1 may be 
induced in basal keratinocytes by neutrophil cyto­
kines or by altered cell-matrix interactions through 
contact ofkeratinocytes with the matrix due to dam­
aged basement membrane. Stromelysin-1, in partic­
ular, may contribute to formation of blisters by de­
grading basement membrane components. KeJI words: 
metalloproteinaselkevatirwcytelbullolls disease. J Iuvest D er­
matol105:184-189, 1995 

in tlus di sease of urokinase- type plasminogen activator (uPA) , 
which converts the proen zym e plasminogen to active plasmin . 

W e report h ere that collagen ase mRNA is expressed by basal 
ke ratinocytes in DH lesions. In contra st to findings in d ermal 
wow1ds [6] and various blisterin g diseases [1 2] , coll agen ase exl'res­
sion is not limited to areas tbat show signs of reepithe liali zation but 
also characte rizes recent DH bliste rs. In most lesions, we aJso found 
expression ofstromelysin-1 and uPA mRNAs, which may contrib­
ute to the degradation of basemen t membrane components or m ay 
function as activators of latent collagen ase o r gelatinases. 

MATEI:UALS A ND METHODS 

Tissues l'ormalin-fLXed, parnftin-embedded biopsy specimens of DH 
were obtained from the Department of Dermatology, Helsinki University 
Hospital, Finland. Biopsies were taken from the lesions in different parts of 
the body after the diagnosis of Dl-1 had been confim1ed clinicaLly, his­
topathologica lly, and by immunofluorescence showing granular IgA depos­
its at the basement membrane zone. For comparison, two biopsy specimens 
from normal-looking skin of DH patients were obtained. Both of the 
patients had no rash; one .of them was treated with a glutein-free diet and 
dapsone, and the second one with the diet only. Granular deposits of lgA 
were seen by immunofluorescence in skin specimens of both pa tients. 

Iu Situ Hybridization !11 sit11 hybridization was perform ed on 5-IJ.m 
sections as described in detail [1 3]. All samples were treated with proteinase 
K and were washed in 0.1 M tJ·i ethanolamine buffer containing 0.25% acetic 
ac id . Sections were covered with 20-40 IJ.I of hybridiza tion bufte r contain­
ing 2.5-3 X 1.0'1 cpm/m l of 35S-Iabc led anti sense or sense RNA probe. 
Sections were in cubated at 55°C for 18 h in a humidified chamber. After 
hybridization, the slides were washed under stringent conditions, including 
treatment with R.Nase A to remove unhybridized probe, and were pro­
cessed for :1utoradiography as described [13). After l0-17 d of autoradio-

0022-202X/95/S09 .50 • SSD I0022-202X(95)00225-A • Copyright © 1995 by T he Society for In vestigative Dermatology, lnc. 

184 



VOL. 105, NO. 2 AUGUST 1995 COLLAGENASE IN DERMATIT IS I-IERPETIFORMIS 185 

Table I. Histologic Features and Distribution of Collagenase, Stromelysin-1, and uP A mRNAs in the 11 Samples Used 
in the Study" 

Signal for mR.N As in Basal Keratinocytes 

Sample 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

Collagenase 

+ 
++ 

+ 
++ 
+ 
+ 

++ 
+ 
+ 
+ 

Stromelysin 

+ 
+ 
+ 

+ 
+ 
+ 

++ 

'' + , intensity of signal: - , no signal detected: ND, nor determined. 

92-kDa 
uP A T IMP-1 Gelatinase Reepithelialization1

' 

ND NO NO + 
+ 

NO NO NO + 
+ NO 
+ 
+ NO NO + 
+ + 
+ 
+ + 

NO 
+ NO + 

I! Samples in which rccpithdia_lization was present also displayed other signs of o lder Dl-l lesions on light microscopy, such as tmilocul arity. 

graphic exposure, the photographic emulsion was developed, and the slides 
were stained with hematoxylin and eosin. 

RNA Probes The production and specificity of the antisense human 
interstitial co llagenase, stromelysin-1, 92-kDa gelatinase, and tissue inhibi­
tor ofmetalloproteinases (TIMP-1) probes have been described [14-16). An 
826-base pair fi·agment, corresponding to positions 835 to 1661 from the 5' 
end of the human uP A eDNA (American Type Culture Collection [17]), 
was generated by polymerase chain reaction and was designed with a T7 
RNA polymerase recognition clement at the 3' end and an SP6 polymerase 
recognition clement at the 5' end . Both sense and antisense probes were 
transcribed from this polymerase chain reaction product. In addition to 
sense uP A RNA probe, tissue sections in each experiment were hybridized 
with 3 5S-labeled sense RNA transcribed from a bovine tropoelastin eDNA. 
The validity of this probe as a negative control has been confirmed by 
Northern [13] and by i11 situ hybridization assays [14]. l11 uitro transcribed 
RNA was labe led to high specific activity with a r35S-UTP] (more than 1200 
Ci/mmol) , as described [6] . 

Assessment of Probe Specificity Expression of uPA mR.NA was 
studied in unstimulated HT-1080 cells, cultured as described [18]. RNA 
isolation and Northern hybridization were done as described [19], and the 
stringency conditions were similar to those for the iu situ hybridiza tion assay. 
T he autoradiogram showed that the uPA probe detects the appropriate 
2.4-kb mRNA in HT-1080 cell s. A weaker hybridization signal was 
detected in lipopolysaccharide-stimulated U93 7 cells [19) that were run 
simultaneously with HT-1080 mRNA. 

Antibodies Antihuman al( IV) collagen monoclonal antibody was sup­
plied by Dr. John A. McDonald (Mayo Clinic, Scottsdale, AZ). This 
antibody was raised against the NH 2-terminal domain of the molecule. 
Specificity of the antibody has been determined by enzyme-linked immu­
nosorbent assay aud immunoblotting [6] . PolyclonaJ afrinity-purified rabbit 
antilnunan 92-kDa gelatinase antibodies were supplied by Dr. William C. 
Parks (Washington University, St. Louis, MO) [6,20]. Afl:inity-purified 
polyclonal antiserum against matrilysin was provided by Dr. Howard 
Welgus (Washington University) . T he specificity of this antibody was 
confi rmed by Western ana lysis [21]. 

Immunohistochemistry On sections serial to those used for iu situ 

hybridization, immunostaining for type IV collagen and 92-kDa gclatinase 
was done by the peroxidase-antiperoxidase technique using diaminobenzi­
dine as chromogenic substra te, as described in detail [6,20). The matrilys in 
antibody was diluted 1:1000 and reacted at 4°C overnight. Controls were 
performed with rabbit preimmune serum or preimmunc mouse ascites fluid. 

RESULTS 

Tissues To assess whether collagenase and stromelysin-1 are 
expressed in DH, 11 samp les were studied using i11 situ hyb,;diza­
tion. [n addition, a subset of samples was examined for the expression 
of92-kDa gclatinase and uP A mRNA (Table 1). Four of 11 samples 
were histolog ically considered early multilocular blisters displaying 
multiple n eutrophilic papillary microabscesses. Seven were o lder 
specimens showing unilocular blisters with epide rmal regen eration 

at the edges or aligned flattened cells in the roof (Fig 2), although 
tlu-ee of these still had characteristic papillm·y microabscesses at tl1e 
periphery. Serial sections of a,ll samples were stained with antibod­
ies for type IV collagen to reveal any disruption in the basement 
membrane. T he localization of 92-kDa gelatinase and matrilysin 
protein was examined by immunohistochemistry in a subset of 
samp les (nine of 11 m1d five of 11 , respectively). 

Collagenase, Stromelysin-1, and uP A 1nRNA Arc Expressed 
by Basal Kcratinocytes A prominent signal for coll agenase was 
detected in basal keratinocytes in l 0 of 11 samples, regardless of the 
age of the blister (Figs 1A, 2A). T he on ly negative sample was an 
o lder unilocular blister, which sh owed reepithelialization at the 
bottom of the blister (data not shown). Coll agenase expression was 
not limited to regenerating epidermis, but was also d e tected in 
keratinocytes h aving no light-microscopic evidence of migration 
(Figs 1A,F, 2C). Type IV collagen staining was either absent or 
faint under keratinocytes expressing collagenase mRNA (Fig tF). 
A moderate signa l for collagenase was a lso found in stroma l cells in 
si.x ofll samples (data not shown). Lymphocytes m1d polymorpho­
nuclear le ukocytes were always negative. 

Expression of stromelysin-1 mRNA was found in basal kerati­
n ocytes in seven of 11 samples, regardless of the age of th e blister. 
Unlike in dermal wounds [15], stromelysin-1 was produced by the 
same populations of basal keratinocytes as was collagenase (Figs 
1B, 2B), whereas no stromelysin-1 mRNA was detected in the 
dermal su·oma of these lesions. 

An epidermal signal for uPA mRNA was found in basal kerati­
nocytes in six of seven samples (Figs 1C, 211). The same samples 
also e:\.rpressed stromelysin-1 , in agreement with the i11 vitro results 
that both enzymes are induced by the same cytokines and growth 
factors [22]. Stromal signal for uP A was detected in two of seven 
samples in macrophage-like cells of perivascular inflammat01-y 
infiltrates. Sections hybL;dized wi.th sen se uPA RNA probe had 
only background signal (Fig 1D). 

In the specimens of norma l-.l ooking skin from two DH patients, 
which both displayed lgA deposits by immunofluorescence, no 
signa l for collagenase, stromelysin, or uPA was found. No signal 
was apparent on sections h ybridized with sense. RNA a ·anscL;bed 

li01n bovine tropoelastin DNA (Fig 21) . As reported earlier, 
coll agen ase, stromelysin-1, and uPA arc not expressed in the 
epidermis of healthy human skin [6, 15,23]. 

Expression of 92-kDa Gelatinase and TIMP-1 Express ion of 
92-kDa gelat:inase mllliA was not found in any of the eight samples 
analyzed, w hich agrees with previous results showing tl1at this 
enzyme is actively expressed by eosin ophils but that neutrophils 
conta in the protein [24]. [mmunohistochemistry revealed £1.int 
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Figure 1. Collagenase , stromelysin-1, and uP A mRNAs, .are expressed by basal keratinocytes in an early DH lesion. Serial sections were 
hyb ridized w ith collagenase (A), stromelysin-1 (B) , uP A antisense (C) and sense (D ) probes , o r processed fo r immunohistochemistry with 92-kDa gc latinase 
(E) and type IV co llagen antibodies (P), as described in Materials a11d Mctltods. A , collagenase (arro111s) and B. stromelysin-1 (arro111s ) m R.NA co-localize to basal 
ke rati nocytes in rete ri dges in the vicin ity of neutrophil abscesses. C, uP A mRN A is evident in basal kera tin ocytes (arro 111s) . D , a section hybridi zed with sense 
uPA mRNA is negati ve. E, immunos taitti11g for 92- kDa gclatinase reveals positive ncutrophils (i11sel c) in a pe rivascular infiltrate fro m the wulcrlined area, 
whereas most neutrophi ls in the microabscess arc negative. F, parall.el section to B is sta ined fo r type IV collagen antibody. Disruption of the basemem 
membrane is eviden t around neutro phil accumulations (mTo llls) , and staining is also fuintcr around the ti ps of re te ridges than in normal- looking skin . A strong 
nom1al im munostainmg reaction fo r type IV co llagen is detected around m ul tiple blood vesse ls (anm11heads). A -D, dark-field images; time fo r au toradiography 
was 13- 17 d. Bar: A -F, 16 JLm. 

staini ng for 92-kDa gelatin ase in three of seven sampl es in neutro­
plcils belonging to derm al perivascula r infiltra tes, but no t in neu­
trophilic microabscesses near the basem ent membrane (Fig 1E). 
However, we cannot exclude the possibili ry that the 92-kDa­
gelatinase-negative neutrophils had e mptied their contents before 

formin g the microabscess. Squam o us cell carcinomas w ere used as 
positive controls in the immunostaining experiments , and they 
di splayed numerous 92-kDa- gelatinase-positive neutrophils and 
eosinophils, as described previously (20) . 

Five samples w ere analyzed for the expression of T IMP-1 
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Figure 2. Collagenase and stromelysin-1 mRNA co-localize in an older DH lesion. Serial sections were hybridized with collagenase (A), stromelysin-1 

(B), 92-kDa gclatinase (G), and uP A (H) antisense and sense bovine tropoclasti.It (1) probes, as described in Mnlclinls n11d Methods. A, collagenase and B, stromelysin-1 

mRNAs are spatially correlated and expressed in basal keratinocytes of rete ridges ; the mmws mark the corresponding spots in each figure . C, in addition to basal 

kerati.Itocytes with no light-microscopic evidence of nt.i&rration or regeneration (n11·owltends), regenerating, aligned, flattened keratinocytes (mm111s) at the roof of a 

blister express collagenase (1:::). The 1111derlillcd area in A is shown in a lugher magnification in a dark-field (E) and bright-field (F) image. D, bright-field image of 

the area shown in B. G, no signal for 92-kDa gclati.Itase is seen in neuo·opluls. H, uP A mRNA is detected in basal and suprabasal kcratinocytes (am•ws) and in a 

detached rete ridge (r). /, a slide hyb1idized with the sense bovine tropoelasti.It probe is negative. Bnrs: A,B,G-1, 47 /.un; C-F, 23 f-1.111. 

mRNA. All samples showed abundant stromal signal, but TIMP-1 

mRNA never co-localized with collagenase mRNA in the basal 

keratinocytes (data not shown). 

Immunohistochemistry Manilysin has a broad substrate spec­

ificity, and it can degrade components of the basement membrane 

such as entactin [11) and possibly type IV collagen. Because it can 

function as a collagenase activator [25), we catTied out immuno­

staining analysis with rabbit polyclonal antibodies against matrily-

sin. All five samples exa1nined, however, were negative (data not 

shown). Samples of normal skin having abundant sweat glands 

were used as positive controls.:j: 

t Saarialho-Kere U, Welgus HG , Parks WC: Prominent and constitutive 

expression of matrilysin is characteristic of exocrine epithelium (abstr). J 
l11vesl Dermnto/ J 02:612, 1994. 
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In agreem ent with previous studies [1,2], immunostaining for 
type IV collagen revealed disruption of the basement membrane in 
all samples at the sites of neutrophilic accumulations or fully 
developed DH blisters (Fig 1F). The type IV collagen immunos­
taining was always localized at the floor of the blister, and was 
e ither fragmented or completely absent under collagenase-positive 
keratinocytes. 

DISCUSSION 

We report here that interstitial collagenase is expressed by basal 
keratinocytes in both early and o lder DH lesions and that the 
expression does not seem to require epidermal regeneration to take 
place (Table 1). Our novel results contrast with those obtained in 
chronic ulcers [6], acute wounds [26], and a variety of blistering 
diseases including subtypes of epidermolysis bullosa, porphyria, and 
pemphigus [12], in w hich keratinocyte migration in particular 
seems to be associated with collagenase expression . Furthermore, 
collagenase mRNA is encountered much more frequently in DH 
than in other bullous disorders [12 ,24]. However, also in DH, 
signal for collagenase mRNA was restricted to basal keratinocytes, 
confirming our previous data that only these cells, and not the more 
differentiated keratinocytes, are competent to respond to stimula­
tors of collagenase production. 

Recent studies have suggested that cytokines may be involved in 
the development of skin lesions in DH, where interleukin-8 is 
expressed in the epidennal basal layer of lesional skin [27]. Al­
though the pathogenesis of DH blisters is poorly understood, 
accumulation of neutrophils with subsequ ent inflammation m ay 
lead to degradation of .extracellular matrix components and to 
formation of vesicles through stimulation of local protease expres­
sion by cytokines. Neutrophils, for example, secrete inte rleukin-1 , 
but this stim ulates fibroblasts rather than keratinocytes to produce 
collagenase [28] . We detected collagenase mR.NA in half of the 
samples in plump stromal macrophage-like cells , but based on 
hemato:\:ylin and eosin staining only, we cannot exclude the 
presence of activated fibroblasts among the mRNA-containing 
cells. It is interesting that no collagenase is expressed in bullous 
pemphigoid samples [24] , which resemble DH lesions histologically 
except that the cells filling the blister are eosinophils. T he impor­
tance of the accumulation of neutrophi.l s is substantiated by the 
finding that normal-looking skin of DH patients does not show 
metalloenzyme or uPA mRNA expression. 

Increased amounts of collagenase and elastase activity have been 
demonstrated in blister fluids of DH patients by enzyme assays 
[29,30]. In addition to keratinocyte collagenase, polymorphonu­
clear neutrophil collagenase may contribute to this activity. Most of 
the elastase activity may be derived from neutrophiJs, because 
although 92-kDa gelatinase and matrilysin are elastolytic, we were 
not able to detect any expression of these enzymes in the neutro­
philic microabscesses. 

Alternatively, contact of keratinocytes with extracellular matrh' 
11ia integrin receptors may lead to collagenase production, as has 
been suggested for dermal wounds [6]. Keratinocyte expression of 
collagenase is inhibited by laminin but stimulated by collagen types 
I and IV [31]. Destruction oflaminin, which occurs in D,M blisters 
[2), might thus be sufficient to induce coll agenase expression. As 
suggested previously [6,32], reconstitution of the basement mem­
brane zone may terminate collagenase expression . 

Stromelysin-1, a potent degrading enzyme of the basement 
membrane and an activator of tissue procollagenase [33], was 
expressed in basal keratinocytes in the majority ofDH samples. It is 
interesting that localization of the signal seemed to correlate with 
that for collagenase. Although cell cu lture studies have suggested 
that these enzymes are co-regulated, our previous ;, 11i11o data in 
cllionic ulcers and in several blistering diseases hav e not shown this 
type of co-loca lization . 

In addition to malignant neoplasms, uPA mRNA has been 
detected in migrating keratinocytes during wound hea ling [34] and 
in basal cells of psoriatic epidermis [23]. Apart from its capacity of 
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activating prostromelysin and procollagenase, it also leads to the 
formation of plasmin, which is capable of degrading m atrix com­
ponents such as ftbrin and fibronectin deposited at the dermal 
papillae in the early lesions of DH [35] . T hus, nPA may be needed 
to remodel the underlying basement membrane and dern1al stroma 
or to recruit m etalloen zym es. 

Disruption of both type IV collagen and laminin has been 
reported in DH [1 ,2]. Among the metalloenzymes capable of 
degrading basement membrane compon ents, we found no specific 
signal for 92-kDa gelatinase expression or matrilysin protein, which 
suggests that either stromelysin-1 or uPA may contribute to the 
basement membrane degradation or remodeling after attack by 
neutrophilic proteases. 

Our studies show that collagenase, stromelysin-1 , and uP A are 
expressed in basal kerat:inocytes of DH lesions in the vicinity of 
neutrophilic accumulations. Stromelysin-1, in particular, may con­
tribute to the fonnation of DH blisters by degrading basem ent 
membrane components. Furthermore, it m ay function together 
with uP A as an activator oflatent collagenase. The up-regulation of 
metalloenzymes may be produced by neutrophil cytoki.nes either 
d irectly or by cytokin e-induced regulation through the uPA­
plasmin system . Alternatively, altered contact of basal ke ratinocytes 
with the matri x components, through discontinuities in laminin or 
type IV collagen, may contribute to up-regulation of epidermal 
coll agenase in DH. 
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ANNOUNCEMENT 

T he Foundation R ene Touraine Scientific Meeting 1995 wil l be held Friday, N ovember 17, 
1995 in Paris at Ministere de l'Enseignement Supet;eur et de Ia R echerche, Amphithea tre 

Poincare, 1, rue Descartes, 75 005 Paris . 
The meeting, "Keratinocytes in Proliferation," will feature the following: C hristian I3rechot, 

Cell Cycle and Its Control; Caroline Dive, T he Apoptose; Stuart Yuspa, Epidermal Carci:no­
gesis; Fiona Watt, Control of Epidermal Cell Proliferation and Differentiation; I3emard 
Coulomb, Dermal Control of Epidermal Growth; Thomas Luger, Cytokines and N eurohOJ·­
mones : Regulatory Role in Inflammation and Keratonocyte Prolife ration ; Gerald Krueger, Ts 
Psoriasis a Keratinocyte Disease?; and Marc Fergusson, Wound H ealing: T he Control of 

Epithelialisa tion and Scarrin g. 




