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The expression of basement membrane molecules and inter­
stitial collagens in human hair follicle mesenchyme was stud­
ied by immunohistochemical staining of tissue sections and 
of cells cultured from dermal papillae. Type I and type III 
collagens were found in the dermal sheath and in the dermal 
papilla th roughout the hair cycle. Laminin and type IV colla­
gen were expressed at the outer root sheath basement mem­
brane and in the extracellular matrix of the dermal papilla of 
anagen and ca tagen follicles . In telogen follicles, where the 
volume of the dermal papilla extracellular matrix is much 
reduced, outline staining of dermal papilla cells for laminin 
and type IV collagen was still apparent. Staining for bullous 
pemphigoid antigen was also seen at the outer root sheath 
basement membrane extending to the lower tip of the hair 
bulb. In anagen fo llicles, there was no staining for bullous 
pemphigoid antigen at the interface between hair bulb epi-

T
he dermal papi lla is a specialized structure situated at 
the base of the hair follicle . T ogeth er with the dermal 
sheath th at surrounds the follicl e, th e dermal papilla is 
derived fro m a condensation of mesenchymal cells, 
which appears earl y in the course of hair fo llicle mor­

phogenesis di rec tl y beneath the epithelial germ (1 ]. Recombinant 
experiments on the adult rat vibrissa fo llicle have shown that the 
dermal papilla is responsible for inducing differentiation of the hair 
bulb matrix (2,3]. This parall els embryologic events, where develop­
ment of the epithelial component is dependent upon inductive stim­
uli fro m the mesenchyme (4,5]. 

Once establi shed during embryonic development, the cellular 
popul ation of the dermal papill a is thought to remain fairly constant 
throughout successive hair cycles in adul t life (6,7] . However, there 
are major changes in the vascul ar supply, cellular morph ology, and 
volume of the dermal papilla extracellular matrix during the hair 
growth cycle (8,9]. At the onset of anagen, the developing epithelial 
matrix grows down to invest the papill a. Mesenchymal cells of the 
dermal papilla display ultras tructural evidence of synthetic activity 
and become separated by an extensive extracellular matrix that is 
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thelium and the dermal papilla and no staining within the 
dermal papilla. However, linear staining for bullous pemphi­
goid antigen became continuous around hair follicle epithe­
lium during catagen and telogen. Cells cultured from human 
dermal papillae also stained for interstitial collagens, type IV 
collagen and laminin. However, similar results were ob­
tained when cultured dermal fibroblasts were stained with 
the same antibodies. The expression ofbasem:ent membrane 
proteins in human dermal papillae resembles that seen in 
follicles from other mammalian species and suggests that this 
is relevant to dermal papilla function. Cultured dermal pa­
pilla cells express a similar pattern of interstitial collagens and 
basement membrane proteins to those seen in tissue sections 
but this finding is not specific to dermal papilla cells. J Invest 
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maintained throughout anagen. The volume of the extracellular 
matrix diminishes during catagen to become almost indiscernibl e as 

telogen is reached. 
Although the signals responsible for mediating dermal papilla 

function are not well understood, interactions w ith extracellular 
matrix are thought to have an important influence on cell behavior 
and development (10]. Intersti tia l collagens and basement mem­
brane proteins form two major groups of extracellular matrix mole­
cul es and in this paper we report on their expression and distribution 
in the dermal papilla and dermal sheath of human hair follicles, and 
describe the changes that occur during the hair growth cycle. W e 
have also stained cells cultured from human dermal papillae using 
the same panel of antibodies in order to assess whether cultured cells 
retain the same pattern of matrix production as that seen in the 

parent tissue. 

MATERIALS AND METHODS 

Materials The following antibodies were used: goat anti- type I 
collagen, goat anti- type III collagen (Sera-Lab Ltd); monoclonal 
mouse anti- type IV collagen (IC N Biomedicals Ltd) ; rabbit anti­
laminin (a gi f~ from Unilever . Research) . Bullous pemphigoid 
serum was obtamed fro m two p~t!ents attending the Department of 
Dermatology m Sheffi eld. Bwtmylated second antibodies and avi­
din-biotin-peroxidase complex were purchased from Vector Labora­
tories and FITC-conjugated second antibodies from Serotec Ltd. 

The primary antibod.ies were dil~ted 1 : 100 in phosphate-buffered 
sa lme (PBS) contammg 1% bovme serum albumin. Bullous pem­
phigoid serum was used at a dilution of 1: 20. Cell culture consum­
ables were purchased from Flow Laboratories. Other reagents were 
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from Sigma and 8-well tissue culture slides were from ICN Biomed­
icals. 

Tissue Sections Normal scalp tissue was obtained during th e 
routine excision of various beni gn lesions (e. g. , cysts , nevi), snap 
froze n, and stored at -70oC until required. Six-,um cryostat sec­
tions were mounted on poly-1-lysine coated g lass slides, air dried, 
and fi xed in ace tone . Over 20 biopsies w ere studied. 

Cell Culture D ermal ~apilla cell cultures were initiated using an 
es tablished technique [11 J. Briefl y, dermal papill ae were isolated by 
microdissection of anagen hair follicl es. The papilla explants were 
placed in 25-cm2 fl as ks in M edium 199 suppl emented with antibiot­
ics and 20% feta l bovine serum and cultured at 3rC in a humidified 
atmosphere co ntainin g 5% C 0 2 . Attachment of papilla explants 
and initiation of cell outgrowth s usual ly occurred by day 5. The 
ce ll s were subcultured after 2-4 weeks and thereafter at 1 - 2-week 
in tervals. Third o r fourth passage cells fro m 8 cell lines were used in 
th e immunochemical studies. Cells were harvested as a sin gle cell 
suspe nsion usin g Trypsin-EDTA, counted in a hemocytometer 
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Figure 1. a, Anagen follicle : type I collagen. There is 
uniform staining of the dermal papilla and the dermal 
sheath. Pi gment in hair cortex is melanin . Immune­
peroxidase X 100; b, telogen follicle: type I col lagen. 
The dermal papilla is reduced in volume but stains 
strongly for type I coll agen. The surrou nding dermis is 
also stained. Immunoperoxidase X 100; c, anagen fol­
licle: laminin. There is staining throughout the dermal 
papilla extracellular matrix and linear staining of the 
outer root sheath basement membrane . Perifollicular 
capillari es are also positive. Staining of Henle's layer is 
non-specific. Immunoperoxidase X 1 00; d, catagen 
follicle: laminin. There is uniform staining of the der­
mal papilla extracellular matrix. Immunoperoxidase 
X 100; e, telogen follicle: laminin. The dermal papilla 
is reduced in volume and there is little extracellular 
material. However, intercellular staining for laminin 
is apparent within the dermal papill a. Immunoperoxi­
dase X200. 

chamber, and then seeded into 8-well tissue culture ch amber slides 
at a density of 5000 cells/well. After 48 h in culture, the cells were 
was hed with PBS, fixed in ice-cold methanol, and air dried. In some 
experiments, immunostaining was performed on two-week pri­
mary cultures initiated directly on 8-well slides. For comparative 
purposes, SIX dermal fibroblast cell lines, establish ed from explants 
of interfo llicular papillary dermis of the same biopsy specimens, 
were also studied. 

Immunochemistry Tissue sections were washed in PBS and 
then incubated sequentially with blocking serum, primary anti­
body, biotinylated second antibody, and avidin-biotin-peroxidase 
complex. All incubations were for 30 min with three 5-min washes 
in PBS containin g 1% bovine serum albumin between each stage. 
Antibody binding was visualized with diamino-benzidine and the 
sections were th en counterstained with hematoxylin. FITC-conju­
gated second antibod ies were used for studying the distribution of 
bullous pemphigoid antigen (BPA) and for the cell cu lture studies 
and specimens examined using a Leitz Orthoplan fluorescence mi-
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crosco pe. Contro ls fo r both tissue sections and ce ll cultures included 
rep lacing the primary antibody w ith non-immune serum or irrele­
van t antibodies and , for type I and rype IV co ll agen, the use of 
an ti ge n-absorbed antibodies. 

RESULTS 

Tissue Sections 

Type I Collagen 1111d Type III Collage11 : The distribu tion of staining 
fo r type I and type III coll agen was identica l. Both antibodies 
s tai ned interfo llicular dermis and throughout the dermal sheath 
surrounding th e hair foil ide. D ermal papillae o f anagen and catagen 
fo llicles displayed uniform dense staining of the extrace llular matrix 
(Fig la). The residual extrace llular matrix in dermal papill ae of 
telogen follicles also stained for types I and III coll agen (Fig 1 b) . 

Type IV Collage11alld Lamini11: The s ta inin ~ patterns with antibod­
ies to type IV co llage n and laminm were snmlar. Both antibodies 
stained the outer root sheath basement membrane throu ghout th e 
hair cycle. In dermal papillae of anagen fo ll icles (Fig l c), staining 
was evident throughout the extracellul ar matrix and was not co n­
fi ned to vascul ar structures w ithin th e papilla or the papilla-epithe-
1 ia l interface, although staining was accentuated in th ese sites in 
so me follicl es. This pattern was maintained during catagen (Fig 1d). 
In teloge n follicl es , the volume of th e dermal papi lla extracellular 
matrix was reduced but intercell ular staining for laminin and type 
IV coll agen was still apparent within the dermal papill a (Fig 1e). 
Staining of th e basement membrane at the papill a-epithelial inter­
face could also be discerned in telogen follicl es . 

B ullous Pemphigoid A ntigen: There was linear staining for BPA of 
t he outer root sheath basement membrane in continuity with stain­
ing of the epidermal basement membrane. In anagen fo llicles, stain­
ing ex tended to th e lower tip of th e hair bu lb and sometimes around 
rhe neck of th e dermal papilla but neither the basement membrane 
around the body of the dermal papilla nor the dermal papilla extra­
ce llu lar matrix stained for BPA (Fig 2a). However, in cata gen and 
re loge n fo llicl es, staining for BPA became continuous around hair 
fo llicl e epithelium with clear linear staining at th e papill a-epithelial 
interface (Fig 2b) . 

Cell Cultures C ultured dermal papilla cell s stained strongly 
w ith antibodies to type I and type III coll agen (Fig 3a,b). Both 
antibodies also recognized fibrill ar extracellul ar material. The 
staining pattern in two-week primary cultures was identical to that 
seen in passaged cells. Cytoplasmic staining for type IV coll agen was 
seen in all eight dermal papill a cell lines (Fig 3c). Staining w as most 
pronounced in cell s spreadin g at the margins of cell aggregates. 
Fibrill ar extracellul ar material was sometimes seen particularly in 
the region of cell aggregates . Six dermal papill a cell lines displayed 
cytoplasmic staining fo r laminin. This was concentrated in the per­
in uclear region and no extracellul ar staining was seen (Fig 3d). Six 
dermal fibroblast lines were also studied. All showed positi ve stain­
ing fo r type I collagen, type III co llagen, type IV co ll age n, and 
laminin that was indistinguishable from that seen in dermal papill a 
cell cultures. 

All controls were negative. 

DISCUSSION 

Previous immunohistochemical studies have shown that the dermal 
papi llae of rat pelage fo llicles contain type IV coll agen, laminin , and 
other basement membrane components such as chondroitin-6-
sulphate (1 2- 14] . The papilla matrix in human fo llicles is al so rich 
in rype IV collagen and laminin , the distribution of which is not 
confin ed to sites such as the epithelial basement membrane and 
vascular structures . The source of this material is uncertain and it is 
possibl e th at it derives from endothelia within th e derma l papilla or 
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Figure 2. a, Anagcn fo llicle: bul lous pemph igoid antigen. T here is linear 
staining of the outer roo t sheath basement membrane (opw arrows) extend­
in g co the lower tip of rhe hair bulb and around the sta lk of the dermal 
papilla. T here is no staining of the epithel ial basement membrane around t he 
body o f rhe dermal papilla (closed arrows). Im mu noflu orescence X 250; b, late 
catagen follicle: bullous pemphi goid anti gen. Li near staining is seen at the 
interface between fo llicular epithelium and th e derma l papilla (short arrows). 
T here is a wel l-developed glassy membrane (lo11g arrows), which is not 
stained. Im munofluorescence X 250. 

from epithelial cells of the hair bul b matrix. However, interrupted 
linear el ectron-dense structures resembl ing basement membrane 
have bee n observed around the mesenchyma l cell population in the 
dermal papilla [1 5], suggesting that th ese cells are capable of synthe­
sizing basement membrane molecul es. 

Unlike type IV collagen and laminin, staining for BPA was lim­
ited to th e hair fo llicle epithelial basement membrane. Moreover, 
the distribution ofBPA staining in th e hair fo llicle was not uniform 
and altered during the hair growth cycle. T he absence of staining 
for BPA around developi ng hair bulbs has been reported in mouse 
and rat skin [13 ,16]. In adult human fo llicles, this phenomenon is 
restricted to th e papilla-epithelial interface during ana gen. It is possi-
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Figure 3. Immunofluroescence of cul tured dermal papilla ce lls for a, type I co llagen; b, type lii collagen; c, type IV collagen, d, laminin. Magnification X 500. 

ble that th e absence ofBPA staining around anagen dermal papillae 
is due to masking or degradation of the anti gen. It seems more 
like ly, however, that basal cells of the hair matrix epithelium do not 
express BP A. Bullous pemphigoid antigen is known to be synthe­
sized by cultured epidermal keratinocytes [17 ,18]. and is found in 
association w ith hemidesmosomes [1 9]. In the rat, th e hair matrix 
epithelial basement membrane surrounding th e dermal papilla does 
not contain hemidesmosomes [20]. There is little published infor­
mation on this topic in human fo llicles. We have not observed 
hemidesmosomes around the dermal papilla in human scalp follicles 
by electronmicroscopy (unpublished observations), although they 
have been reported in this site in beard follicles [1 5]. Basement 
membranes have a variety ofbiologic functions, inc! uding structural 
organization and compartmentalizat ion, the filtering of macromole­
cules, and the modulation of ce ll metabolism and differentiation 
[21 ]. T he prominent expression of type IV coll agen and laminin 
within the derma l papilla, particularly w hen compared with the 
absence of such expression in the interfollicular dermis, argues in 
favor of a significant role in dermal papill a function. However, the 
continued expression of basement membrane material in catagen 
papillae suggests that these molecules are not directly involved in 
regulating the growth of epithelial cell s in the hair bulb matrix. In 
contrast, there is a clear change in immunoreactivity for BPA during 
the hair cycle . Whether this indicates a direct functional role for 
BPA in ordering epitheli al differentiation in the hair bulb or is 

secondary to the changes in differentiative status of hair bulb epithe­
lium during the hair growth cycle has yet to be determined. 

Whereas there are striking similarities in the distribution and 
expression of basement membrane components in the dermal papil­
lae of human scalp and rat pelage follicles, the same is not true of 
interstitial collagens. We found that human dermal papillae were 
strongly immunoreactive for type I and type III collage n through­
out the hair growth cycle. Collagen fibers can be seen within the 
human dermal papilla at electronmicroscopy (although they are 
more sparse than in the interfollicular dermis and are not arranged 
into bundles) [1 5]. In contrast, Couchman reported that the papillae 
of rat pelage follicles do not stain for tyl?e I co ll agen and are only 
weakly positive for type III collagen [1 4J. N either the function of 
co llagen fibers in the dermal papilla nor the reason for this interspe­
cies difference is known. However, it may be relevant that w hereas 
the anatomy of human hair follicles is similar to that of rodent 
pelage follicles, their growth behavior is not identical, most notably 
in the very much longer anagen phase in sca lp and beard sk in. 

Cultured dermal papilla cells show distinctive morphologic and 
behavioral properties l22,23J. The cells are more spread out than 
dermal fibroblasts and tend to arrange into aggregates, particularly 
w hen grown on collagen gel. Early passage cell s cultured from rat 
whisker papillae also retain the ability to induce hair growth w hen 
reimplanted into the intact animal [24]. Rat papilla cells express type 
IV coll agen and laminin but not type I and little type III collagen in 
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early primary cu lture, thus resembling the in vivo phenotype [14]. 
Human papilla cell s also stain for type IV collagen and laminin and, 
unlike rat ce ll s, this is unaffected by in vitro age in that the pattern of 
staining for these basement membrane molecul es was maintained 
through several passages. Furthermore, human papilla cel ls express 
interstitia l co llagens from the outset of the primary cu lture. This 
observation is consistent with the difference in tissue staining pat­
terns between human and rat dermal papi llae. However, the specific­
ity of our findings is questioned by the fact that identical staining 
patterns for interstitial coll agens and basement membrane proteins 
were obtained when we studied interfollicular dermal fibroblasts. 
Whereas these cells are not genera lly regarded as being responsible 
for synthesizing basement membrane proteins in vivo, it has been 
shown that cu ltured dermal fibroblasts express type IV collagen and 
laminin genes [25] and release laminin into culture surernatants 
(26]. A further complication is introduced by the work o Katsuoka 
and colleagues [27]. U sing biochemical techn iques, they found that 
cultured dermal papill a cell s produced a greater proportion of type 
III co llagen than dermal fibroblasts, but they were unable to detect 
synthesis of type IV coll agen by either cell type. These discrepancies 
may be due to differences in methodology or antibody specificities . 
However, it is clear that we need to characterize human dermal 
papilla cell s more fully if we are to rely on culture techniques for 
analyzing dermal papilla function. 

In conclusion, the similarity in the expression of basement mem­
brane proteins in hair follicles from various mammalian species, 
including man, suggests an important role in dermal papill a func­
tion. The reason for the species differences in the expression of 
inte rstitial co ll agens is less clear, but may relate to variations in 
follicu lar growth characteristics. Work designed to characterize 
other extracellular matrix components in hair follicle mesenchyme 
and in cultured dermal papilla cells is currently in progress. 
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