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Abstract

Type VII collagen, a genetically distinct member of the colla-
gen family, is present in the cutaneous basement membrane
zone as an integral component of the anchoring fibrils. Wehave
recently isolated several cDNAs that correspond to human type
VII collagen sequences. Oneof these cDNAs(clone K-131) was
utilized to examine type VII collagen gene expression in cul-
tures of human cells by Northern analyses, in situ hybridiza-
tions and indirect immunofluorescence. Northern hybridiza-
tions revealed the presence of an - 9-kb mRNAtranscript, and
indicated a high level of expression in epidermal keratinocytes
as well as in an oral epidermoid carcinoma cell line (KB), while
the expression was considerably lower in skin fibroblasts and in
several virally or spontaneously transformed epithelial cell
lines. In situ hybridizations of cultured keratinocytes supported
the notion of a high level of gene expression. Indirect immuno-
fluorescence of skin from a 19-wk fetus revealed type VII colla-
gen gene expression at the dermal-epidermal basement mem-
brane zone. These results indicate that several different cell
types including epidermal keratinocytes and dermal fibroblasts
express the type VII collagen gene, but epidermal keratino-
cytes may be the primary cell source of type VII collagen in
developing human skin. (J. Clin. Invest. 1992. 89:163-168.)
Key words: cutaneous basement membrane zone * anchoring
fibrils * dystrophic epidermolysis bullosa

Introduction

The collagens comprise a family of closely related, yet geneti-
cally distinct macromolecules, and currently at least 15 differ-
ent vertebrate collagens have been identified (for review on
collagens, see refs. 1, 2). All collagen molecules consist of three
polypeptide subunits, known as a-chains, and there are as
many as 25 different genes within the human genome that
encode these polypeptides (1, 2). The genetically distinct colla-
gens have characteristic tissue distributions. For example, the
more abundant collagens, such as type I and type III collagens,
are widely distributed, while certain minor collagens have a
restricted anatomical location. Among the minor collagens is
type VII collagen, which is found in the basement membrane
zone beneath the stratified squamous epithelium (3). Specifi-
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cally, type VII collagen has been demonstrated by immuno-
localization studies to be a component of anchoring fibrils,
morphologically distinct structures extending perpendicularly
from the lamina densa to the upper papillary dermis (4, 5).

Type VII collagen is a homotrimer, [al(VII)]3, and each
a-chain consists of a central collagenous domain of - 145 kD
that is flanked by noncollagenous domains (3, 5). The tissue
form of type VII collagen has been suggested to be an antiparal-
lel dimer associated through an overlap region between the
individual molecules (6). These antiparallel dimers then aggre-
gate laterally to form anchoring fibrils that can be recognized in
transmission electron microscopy of the skin by their charac-
teristic banding pattern (7, 8).

The precise cellular origin of type VII collagen, which com-
prises the anchoring fibrils, is not known. Previous studies uti-
lizing indirect immunofluorescence and immunoprecipitation
with type VII collagen-specific antibodies have suggested that
both fibroblasts and keratinocytes, the two principal cell types
in the skin, synthesize type VII collagen (9, 10). However, elu-
cidation of type VII collagen gene expression at the mRNA
level has been hampered by the lack of availability of corre-
sponding DNAclones.

Wehave recently isolated cDNAclones that correspond to
human type VII collagen sequences (1 1). In this study, we uti-
lized one of these cDNAs to examine type VII collagen gene
expression in cultured human cells, including epidermal kera-
tinocytes and dermal fibroblasts, as well as several spontane-
ously or virally transformed cell lines. Furthermore, we have
examined type VII collagen gene expression in fetal human
skin by indirect immunofluorescence. The results demonstrate
the expression of the type VII collagen gene in keratinocytes
and fibroblasts in vitro, however, the epidermal keratinocytes
may be the major source of type VII collagen in vivo.

Methods

Cell cultures and skin specimens. Human adult epidermal keratino-
cytes were obtained from Clonetics Corp. (San Diego, CA). The cul-
tures were maintained in serum-free, low calcium (0.15 mM)keratino-
cyte growth medium supplemented with epidermal growth factor, hy-
drocortisone, insulin, and bovine pituitary extract (KGM, Clonetics
Corp.) (12). Human skin fibroblast strains, obtained from the Ameri-
can Type Culture Collection (Rockville, MD) or the HumanGenetic
Mutant Cell Repository (Camden, NJ), were cultured in DMEsupple-
mented with 2 mMglutamine, 50 ,g/ml streptomycin, 200 U/ml peni-
cillin-G, 20 mMN-2-hydroxyethyl-piperazine-2'-ethane sulfonic acid,
pH 7.4, and 10% FCS (13). A human oral epidermoid carcinoma KB
cell line (14) and a human amniotic epithelial WISHcell line (15) were
obtained from the American Type Culture Collection. Humankerati-
nocytes transformed either with human papilloma virus (cell line
HPK) or with ras oncogene (RHEK) were maintained in DMEsupple-
mented with 10%FCS(16). Cocultures of epidermal keratinocytes and
skin fibroblasts were established by seeding these cells in 4-cm2
chamber slides in a 10:1 ratio (104 keratinocytes and 103 fibroblasts).
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Skin biopsy specimens were obtained from a normal 19-wk fetus
and immediately frozen in liquid nitrogen.

Isolation of RNAand Northern hybridizations. Total RNAwas iso-
lated from cell cultures by a single-step method, as described previously
(17). RNAsamples were separated on 0.9% agarose gels containing 2.2
Mformaldehyde (18), transferred to Zeta probe nylon filters (BioRad
Laboratories, Richmond, CA) by vacuum transfer (VacuGene, XL;
LKB, Bromma, Sweden), and immobilized by heating at 80'C for 30
min. The filters were prehybridized and hybridized with cDNAs radio-
labeled by the random priming method using [132P]dCTP (19). After
hybridization at 420C, the filters were washed to a final stringency of
0.1 X SSC/0. 1%SDSat 650C when hybridized with the human probes
or at 550C when hybridized with the rat GAPDHcDNA. The radioac-
tive cDNA-mRNAhybrids were visualized by autoradiography by ex-
posure ofthe filters to x-ray films (X-Omat, Eastman Kodak Co., Roch-
ester, NY).

The following cDNAs were used for Northern hybridizations: For
detection of type VII collagen mRNA, a 1.9 kb cDNA (K-131) was
isolated from a keratinocyte Xgtl 1 cDNA expression library by im-
munoscreening with the IgG fraction of circulating serum antibodies in
a patient with acquired epidermolysis bullosa (1 1). This cDNA has
been shown to correspond to human type VII collagen sequences, and
the details are reported elsewhere (1 1). In some experiments, the radio-
active type VII collagen cDNAwas removed by boiling the filters twice
in 0.1 X SSC/0.5% SDSfor 10 min. Filters were then prehybridized and
rehybridized with a 1.8 kb human proal(I) collagen (20) or with a
human 2.3-kb bullous pemphigoid antigen (BPAG1) (21) cDNA. All
filters were also rehybridized with a cDNA for rat glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) (22).

In situ hybridizations. Cultured cells were fixed and permeabilized
in 100% ethanol for 15 min at -20°C, followed by fixation in 4%
paraformaldehyde in PBS at room temperature. The cell preparations
were then pretreated as described previously (23, 24). Before hybridiza-
tions, the samples were heated at 90°C for 5 min and cooled rapidly on
ice. Hybridizations were then carried out in a solution containing 50%
formamide, 10 mMDTT, 1 mg/ml salmon sperm DNA, 1 mg/ml
baker's yeast tRNA, 2 mg/ml BSA, and a labeled cRNA probe (see
below) in 2X SSC, for 3 h at 52°C. After hybridization, the specimens
were incubated with 50% formamide in 4X SSC and treated with
RNaseA (100 gg/ml; Sigma Chemical Co., St. Louis, MO) and RNase
Tl (1 gg/ml; Boehringer-Mannheim Diagnostics, Inc., Houston, TX)
in 2x SSCwith intermittent washes in 2X SSC. The specimens were
then dehydrated in ethanol and air dried. The 32P-cRNA-mRNA hy-
brids were detected by immersing the samples into autoradiography
emulsion (NTB-3; Eastman Kodak), diluted with an equal volume of
0.6 Mammonium acetate, and exposing them in a desiccant-contain-
ing box for 10-12 d at 4°C. The samples were developed with D-19
developer (Eastman Kodak), stained with hematoxylin, dehydrated
with ethanol, cleared in xylene, and mounted.

The type VII collagen cRNAprobe was generated from the linear-
ized K- 131 clone utilizing a commercial RNAtranscription kit (Strata-
gene Inc., La Jolla, CA). The transcribed RNAwas purified by phenol/
chloroform extraction, precipitated with 100% ethanol and resus-
pended in distilled water treated with diethyl pyrocarbonate.

Indirect immunofluorescence. Cultured cells on chamber slides
were fixed in cold (-20°C) ethanol, or 5-,gm-thick frozen tissue sec-
tions were rinsed with Tris-buffered saline (TBS, pH 7.6) and preincu-
bated for 60 min with TBS containing 1% BSA. The samples were
exposed overnight at 4°C to a monoclonal anti-type VII collagen anti-
body L3D (kindly provided by Dr. David Woodley) (25). The sections
were washed in TBS for 60 min with five changes and incubated with
fluorescein isothiocyanate (FHTC)-conjugated or with tetramethylrho-
damine isothiocyanate (TRITC)-conjugated secondary antibodies
(Miles Laboratories, Inc., Elkhardt, IN). After a 60-min incubation at
room temperature, the sections were washed with TBS for 60 min,
rinsed with distilled water, and examined with a fluorescence micro-
scope equipped with filters for detection of FITC and TRITC.

Results

Detection of type VII collagen mRNAtranscripts in cultured
cells by Northern analyses. Northern hybridizations with RNA
isolated from cultured human cells were performed with a re-

cently developed human type VII collagen cDNA, K-13 1. As
reported elsewhere (1 1), this 1.9-kb cDNAencodes a protein
with epitopes that are recognized by antibodies to type VII
collagen in Western immunoblot analysis. The protein seg-

ment encoded by K- 131 consists of a carboxyl-terminal region
characterized by repeating glycine-X-Y triplets, as deduced
from nucleotide sequences (Fig. 1). The 5' end of the clone
encodes a noncollagenous domain, and the junction between
the noncollagenous and collagenous segments contains a de-
duced amino acid sequence that has a high degree of homology
with a peptide sequence found in type VII collagen (1 1, 26).
These features unequivocally identified the clone K-131 as a

human type VII collagen cDNA (1 1).
Hybridization of total RNA from cultured keratinocytes

with the type VII collagen cDNArevealed a single mRNA(Fig.
2 A, lane a), and an mRNAtranscript of the same size was

detected with RNA isolated from cultured skin fibroblasts
(lane d) or HPK cells (lane c), while no hybridization signal
could be detected with RNAfrom RHEKcells (lane b) when
examined in parallel (Fig. 2 A). In an independent experiment
(Fig. 2 C), Northern analysis of RNAisolated from WISHcells
(lane a) or KB cells (lane b) revealed a clearly detectable signal,
but the mRNAabundance was lower in WISHcells. The differ-
ences in type VII collagen mRNAlevels were not due to un-

even loading of RNA, because hybridization of the same filters
with a GAPDHcDNA yielded a signal of approximately the
same intensity in all lanes (Fig. 2 B and C). Thus, human
keratinocytes and skin fibroblasts actively express the type VII
collagen gene. Also, KB cells contained a relatively high abun-
dance of type VII collagen mRNAs, while a lower level of ex-

pression could be detected in other transformed cell lines.
The size of the type VII collagen mRNA, 9 kb, was esti-

mated from the relative mobilities of the mRNAfor 230-kD
bullous pemphigoid antigen (- 9 kb; ref. 21) in keratinocytes
(lane a) or the two transcripts for human proa l(I) collagen
(5.8 and 4.8 kb; ref. 27) in fibroblasts (lane d) when the original
filters were rehybridized with the corresponding cDNAs
(Fig. 2 A).

HUMANTYPEVII COLLAGENcDNA

,-QPRPEPCPVYCPKGQKGEPGEMG-,

-RGPMRHQILPGNTDS-Fl
5, NON-COLLAGENOUSDOMAIN

0.1 kb

,-GLPGSPGPQGPVGP-,

I
COLLAGENOUS

DOMAIN
3t

CLONEK-131

Figure 1. Schematic representation of the human type VII collagen
cDNAclone K- 13 1. This 1.9-kb cDNAconsists of a noncollagenous
(a) and a collagenous (i) domain. The amino acid sequences deduced
from nucleotide sequences at the 5' and 3' ends of the clone, as well
as at the junction between the noncollagenous and collagenous do-
mains, are indicated. Note the presence of glycine (G) in every third
position in the collagenous portion of the molecule.
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a a b c d d Figure 2. Detection of
a b type VII collagen mRNAs

9.0 kb-.1 _ 1 by Northern hybridiza-
O 4 VC1VII tions with the cDNA

_-5. 8 kb clone K- 1 3 1. (A) Total
* -4.8 kb RNA(30 Ag/lane) isolated

28S from cultures of epider-
mal keratinocytes (lane

1t85 ~ a), ras oncogene trans-
formed human epidermal
keratinocytes (RHEK,
lane b), human papilloma

A
BPG J-.o-GAPDH virus transformed epider-
BPAG1 al V11 |aIC mal keratinocytes (HPK,

lane c), or skin fibroblasts
(lane d) was fractionated
on 0.9% agarose gel,
transferred to nylon filter,

l*a W I and hybridized first with
B GAPDH the human type VII col-

lagen cDNA (middle
panel). Subsequently, the
RNAin lane a was rehy-

bridized with a cDNAcorresponding to human bullous pemphigoid antigen-l (230-kD protein) that recognizes an - 9.0-kb mRNA(left panel).
The RNAin lane dwas rehybridized with a proalI (I) collagen cDNAthat recognizes two transcripts of 5.8 and 4.8 kb, respectively (right panel).
In comparison to these markers, the size of type VII collagen mRNAsis - 9 kb. (B) Rehybridization of the same filter with a GAPDHcDNA
indicates that there are relatively small differences in the loading of the total RNAin lanes a-d. (C) Total RNA(30 Atg/lane) isolated from
WISH cells (lane a) or KB cells (lane b) also revealed the presence of type VII collagen mRNAswhen hybridized with the K- l 31 cDNA. Rehy-
bridization with the GAPDHcDNAserved as an interval control for RNAloading.

Detection of type VII collagen mRNAsin keratinocytes by
in situ hybridization. The expression of the type VII collagen
gene in keratinocytes was also verified by in situ hybridizations
of cultured cells. Specifically, an abundance of grains was
found to be topographically localized within the cytoplasm of
keratinocytes (Fig. 3 A). When co-cultures containing a mix-
ture of keratinocytes and fibroblasts were examined, individual
fibroblasts, distinguished from keratinocytes by their elon-
gated, spindle-shaped appearance in phase contrast micro-
scope, contained few, if any, autoradiographic grains suggest-
ing a low level of expression (Fig. 3 B). However, keratinocytes,
particularly when in close cell-cell contact, appeared to express
relatively high levels of type VII collagen mRNAs(Fig. 3 B).

Indirect immunofluorescence of cultured cells with anti-
type VII collagen antibodies. To examine type VII collagen
gene expression by cultured cells at the protein level, indirect
immunofluorescence with a monoclonal anti-type VII colla-
gen antibody (25) was performed. Staining of keratinocyte cul-
tures revealed a clearly detectable immunofluorescence signal
in the cytoplasm of individual keratinocytes in a granular stain-
ing pattern (Fig. 4 A). Parallel staining of skin fibroblast cul-
tures revealed a significantly lower, yet clearly detectable, im-
munofluorescence signal, suggesting that type VII collagen is
synthesized by fibroblasts at a relatively low level (Fig. 4 B).
Incubation of keratinocytes and fibroblasts in co-cultures re-
vealed that the individual cells expressed enhanced levels of
type VII collagen epitopes, as judged by parallel staining of
cultures containing keratinocytes or fibroblasts alone (see Fig.
4 C in comparison to Figs. 4 A and B). These observations
suggest that cell-cell interactions may play a role in enhancing
the expression of type VII collagen epitopes in these cells.

Indirect immunofluorescence was also performed on
WISHand KB cells in culture. Both of these cell lines demon-

strated clearly detectable immunofluorescence, suggesting syn-
thesis of type VII collagen in these cells (Figs. 4 D and E).
However, in parallel with the mRNAlevels, the signal observed
in KB cell cultures was significantly higher than in WISHcells
when these two cell types were examined in parallel.

Type VII collagen gene expression in fetal skin. Previous
studies have demonstrated that type VII collagen epitopes are
present in the adult human skin at the dermal-epidermal base-
ment membrane zone (28, 29). In this study, skin from a 1 9-wk
fetus was examined by indirect immunofluorescence, which
demonstrated the presence of type VII collagen epitopes in a
linear pattern (Fig. 5). No immunosignal could be detected in
the more superficial layers of epidermis or within the dermis.
Thus, basal keratinocytes appear to be the primary source of
type VII collagen in developing fetal skin.

Discussion

Type VII collagen, a relatively low abundance protein among
the collagenous molecules, is an integral component of anchor-
ing fibrils (3-5). Previous characterization of type VII collagen
by biochemical and immunochemical means has suggested
that type VII collagen molecules consist of three identical a-
chains, a I(VII) (3). Each a-chain is thought to contain a large
central collagenous domain flanked by noncollagenous seg-
ments at both the amino- and carboxyl-terminal ends. Pre-
vious studies have suggested that the large noncollagenous glob-
ular domain (NC- 1) of the type VII collagen molecule resides
in the carboxylterminus (3, 5). However, recent cloning of type
VII collagen sequences has provided evidence that NC- 1 may
in fact be located at the amino-terminus, and the carboxyl-ter-
minal domain (NC-2) is relatively small (1 1, and A. Christiano,
unpublished).
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Figure 3. In situ hybridizations of cultures of epidermal keratinocytes
(A) or co-cultures containing keratinocytes, and dermal fibroblasts (B)
with a clone K- 131 cRNA. Note the presence of autoradiographic
grains representative of type VII collagen mRNAsin the cytoplasm
of cultured keratinocytes (A). In cocultures, clustered keratinocytes
appear to express relatively high levels of type VII collagen mRNAs,
while individual fibroblasts (arrows) have only a few autoradiographic
grains (B). Magnifications: Bar in (A), 50,um; Bar in (B), 25 Mm.

Elucidation of type VII collagen gene expression at the
mRNAlevel has previously been hampered by the lack of ap-
propriate DNAprobes. Although type VII collagen expression
has been detected in several cell lines by indirect immunofluo-
rescence (9, 10, 28, 29), precise quantitation has been relatively
difficult due to the paucity of type VII collagen in most cell
types studied. Nevertheless, previous studies have suggested
that both human epidermal keratinocytes and dermal fibro-
blasts are capable of synthesizing type VII collagen (9). In this
study, we have examined type VII collagen gene expression
more precisely at the mRNAlevel. This approach has been
facilitated by the isolation of type VII collagen cDNA clones
(1 1). The clone used in this study (K-l1 3 1) encompasses both a
noncollagenous and a collagenous domain, and it has been
demonstrated that this cDNA clearly corresponds to type VII
collagen sequences (1 1).

Northern hybridizations with the cDNAK-l1 31 recognized
an mRNAtranscript that was estimated to be -9 kb in size.
This estimation was based on hybridizations of the same
Northern filters containing RNAfrom epidermal keratinocpytes
with a bullous pemphigoid antigen-l1 (2 30-kD protein) cDNA
that recognized a transcript of -9.0 kb (2 1), and subsequent
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hybridizations of filters containing RNAfrom skin fibroblasts
that revealed the presence of proal(I) collagen mRNAs5.8 and
4.8 kb, respectively (27). The - 9-kb type VII collagen mRNA
would maximally encode a polypeptide of - 2,900 amino
acids, allowing for the presence of small 5' and 3' untranslated
regions in the mRNA.Such a polypeptide would have a molec-
ular mass of - 290 kD (with an average molecular mass of 100
D for each amino acid). This size is slightly smaller than the
estimated molecular mass of individual proa l(VII) chains,
300-350 kD (3). The difference in size could be explained by
posttranslational modification of the polypeptides, including
N-glycosylation of the noncollagenous portion of the protein
(30), as well as the synthesis of hydroxyproline and hydroxyly-
sine, with subsequent O-glycosylation of hydroxylysyl residues,
in the collagenous domain (31). Thus, the estimated size of
type VII collagen mRNAs, - 9 kb, is compatible with the esti-
mated size of proa l(VII) polypeptides.

Previous studies have suggested that type VII collagen is
synthesized both by epidermal keratinocytes and dermal fibro-
blasts (9, 29), but the relative levels of gene expression and the
potential contribution of these cell types to the synthesis of
anchoring fibrils have not been elucidated. Our results indicate
that total RNAisolated from epidermal keratinocytes contains
significantly higher levels of type VII collagen mRNAsthan
RNAisolated from dermal fibroblasts, when examined in paral-
lel hybridizations (see Fig. 2). This impression was corrobo-
rated by parallel immunofluorescence staining of these cell cul-
tures (Fig. 4). Interestingly, the apparent intensity of the immu-
nofluorescence signal was enhanced in co-cultures containing a
mixture of keratinocytes and fibroblasts (Fig. 4). This conclu-
sion supports recent observations by Konig and Bruckner-Tu-
derman (29) demonstrating that primary skin explants under
culture conditions supporting growth of both cell types, or
mixed co-cultures of purified fibroblasts and keratinocytes, ex-
hibited clearly enhanced synthesis of type VII collagen. These
authors concluded that epithelial-mesenchymal interactions
are necessary for efficient synthesis of type VII collagen and
biogenesis of the anchoring fibrils (29). The mechanisms lead-
ing to enhanced type VII collagen synthesis in these co-cultures
are not clear. However, in situ hybridizations of cultured cells

Figure 4. Detection of type VII collagen epitopes in cultured cells by
indirect immunofluorescence with a monoclonal antibody L3D. Note
the presence of clearly detectable staining in a granular pattern in the
cytoplasm of epidermal keratinocytes (A), while the signal is low in
dermal fibroblasts (B). Coculture of keratinocytes (*) and fibroblasts
(arrow), which were plated in a 10:1 ratio (- 3 X 103 cells per cm2)
and examined at 48 h of incubation, appears to accentuate the im-
munofluorescence signal in both cell types (C) when examined in
parallel with cultures shown in A and B. The extremely bright areas
in C reflect the high level of type VII collagen epitopes in clustered
keratinocytes (*), when compared with fibroblasts in the same culture
or when compared to individual keratinocytes in A examined in par-
allel. Humanamniotic epithelial WISHcells reveal a relatively low
level of immunofluorescence signal (D), while KB cells, a human oral
epidermoid carcinoma cell line, reveal a higher level of type VII col-
lagen epitopes (E). The cultures shown in A-C were examined in
parallel in one experiment, while those shown in D and E were
stained in parallel in another experiment. The photographic exposure
time was the same for all cultures, and the prints were reproduced
under identical conditions. Original magnification is the same in all
pictures: bar, 50 ,m.

Figure 5. Demonstration of type VII collagen gene expression in hu-
man fetal skin by indirect immunofluorescence. Note that staining
of a skin specimen from a 1 9-wk fetus reveals the presence of anti-
genic epitopes at the dermal-epidermal basement membrane zone
(arrows) between the epidermis (e) and the dermis (d). Original mag-
nification: bar, 100 ,m.

suggested that the amount of type VII collagen mRNAwas
enhanced in keratinocytes that were in direct cell-cell contact.
This observation would suggest that cell-cell interactions could
lead to increased synthesis and deposition of type VII collagen
by the same cells.

Previous studies have also suggested that spontaneously
transformed epithelial cells, such as WISHcells (a human amni-
otic epithelial cell line) or KB cells (a human oral epidermoid
carcinoma cell line), synthesize type VII collagen (28). North-
ern analyses demonstrated that these cell lines expressed the
type VII collagen gene in culture. However, the level of expres-
sion by WISH cells was low when compared with KB cells in
the same hybridization experiments (see Fig. 2 C). These con-
clusions were also supported by immunofluorescence data,
which demonstrated a significantly higher signal in KB cell
cultures in comparison to WISHcells, again studied in parallel.
Thus, KB cells provide a convenient cell culture system to
study modulation of type VII collagen gene expression. The
level of type VII collagen mRNAsin virally transformed hu-
man keratinocytes, RHEKand HPKcell lines, was relatively
low. This observation is consistent with previous reports indi-
cating that viral transformation of a variety of cells leads to
diminished expression of other collagen genes (see 32, 33).

Immunostaining of skin from a 19-wk fetus demonstrated
the presence of type VII collagen epitopes in a linear fashion
along the dermal-epidermal basement membrane zone (Fig.
5). Examination of the dermis in the same skin preparation did
not reveal a significant level of immunofluorescence. These
observations, together with in vitro data suggest that the basal
keratinocytes are primarily responsible for the synthesis of type
VII collagen in developing fetal skin. Since basal keratinocytes
are located on the epidermal side of the developing basement
membrane, this observation raises the question of the mecha-
nisms by which the newly synthesized type VII collagen mole-
cules are transported across the basement membrane zone and
eventually deposited in the anchoring fibrils. It is conceivable
that during early fetal development, the barrier function of the
basement membrane is relatively incomplete and the type VII
collagen molecules can easily traverse it (34). However, in ma-
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ture skin during the postnatal period, an intact basement mem-
brane may not allow a significant amount of type VII collagen
to be transported to the dermal side. This may explain the
observations that the synthesis of anchoring fibrils by keratino-
cytes placed upon dermis in patients with cutaneous burns is
extremely slow and incomplete (35). It is also conceivable that
in these situations, synthesis and transport of type VII collagen
molecules into the dermal side of the basement membrane may
occur, but other events necessary for assembly of functional
anchoring fibrils are delayed.

In summary, in this study we have utilized a recently cloned
human cDNA for the detection of type VII collagen gene ex-
pression in cultured human cells. The results demonstrate ex-
pression of the type VII collagen gene by a variety of human
cells in culture, including keratinocytes and fibroblasts, how-
ever epidermal keratinocytes may be the primary source of
type VII collagen in anchoring fibrils. Utilization of these
cDNAprobes will be of help in further elucidation ofthe regula-
tory mechanisms governing the synthesis and secretion of type
VII collagen and its assembly into functional anchoring fibrils.
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