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S u m m a r y .  In 62 human skin wounds (surgical wounds, 
stab wounds and lacerations after surgical treatment) we 
analyzed the immunohistochemical localization of colla- 
gen IV in the epithelial basement membrane. In 27 of 
these wounds the distribution of collagen VII, which 
represents a specific component of the basement mem- 
brane of stratified epithelia, was also analyzed. We were 
able to demonstrate a virtually identical co-distribution 
of both collagen IV and VII in the wound area with no 
significant time-dependent differences in  the appearance 
of both collagen types. Fragments of the epithelial base- 
ment membrane could be detected in the wound area 
from as early as 4 days after wounding and after 8 days 
a complete restitution of the epithelial basement mem- 
brane was observed, in all cases with a wound age of 
more than 21 days the basement membrane was com- 
pletely reformed over the former lesional area. The 
period between 8 and 21 days after wounding was 
characterized by a wide variability ranging from com- 
plete restitution to deposition of basement membrane 
fragments or total lack of the epidermal basement mem- 
brane. 

K e y  w o r d s :  I m m u n o h i s t o c h e m i s t r y  - Collagen IV and 
VII - Basement Membrane - Wound Age 

Z u s a m m e n f a s s s u n g .  Es wurden 62 menschliche Haut- 
wunden (Operationsn~ihte, chirurgisch versorgte Stich- 
und Rig-Quetsch-Wunden) untersucht. Neben Kollagen 
IV wurde in 27 Ffillen zusfitzlich Kollagen VII immun- 
histochemisch dargestellt. Es zeigte sich hierbei eine 
weitgehende Co-Verteilung von Kollagen IV und VII im 
Wundgebiet ohne dab relevante wundaltersabh~ingige 
Unterschiede beziiglich der Lokalisation im Bereich 
des Epithel-Defektes feststellbar waren. Basalmembran- 
Fragmente traten erstmals in 4 Tage alten Hautwunden 
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auf. Frtihestens 8 Tage nach Verletzung fanden wir eine 
komplette epidermale Basalmembran. Dies war in allen 
Prfiparaten mit einem Wundalter fiber 21 Tagen der 
Fall. Der Zeitraum zwischen dem 8. und 21. Tag nach 
Wundsetzung war charakterisiert durch eine erhebliche 
Variabilit~it der Befunde mit teils kompletter, teils flag- 
mentiert vorliegender, teils auch noch vollst~indig feh- 
lender Basalmembran im Defekt-Bereich. 

Schl i i s se lwi ir ter :  I m m u n h i s t o c h e m i e  - Kollagen IV - 
Kollagen VII - Basalmembran - Wundalter 

I n t r o d u c t i o n  

Immunohistochemistry is not only useful for the detec- 
tion of early changes during wound repair [3], but also 
provides significant information on the time-dependent 
appearance of various extracellular matrix components 
during the proliferative and reparative phases of wound 
healing. 

In open skin wounds the closure of the wounded skin 
surface by reepithelialization starts from undamaged 
skin. Dividing basal cells of the epidermal layer prolifer- 
ate to cover the lesional area. This migration is directed 
towards the wounded region [13]. Experimental studies 
have provided evidence that the migration of these epi- 
thelial cells is associated with the formation of a pro- 
visional matrix consisting of fibrin and fibronectin and 
that the basement membrane components laminin and 
collagen IV reappear when the fibrin and fibronectin in 
the wound area are organized [5]. 

The epidermal basement membrane is composed not 
only of laminin and collagen IV, but also contains colla- 
gen VII which is specific for the basement membrane. 
This unique collagen molecule forms the anchoring fi- 
brils. Collagen VII has been localized exclusively in the 
basement membrane of the epidermis and other base- 
ment membranes of stratified epithelia [20]. 

The time-dependent rearrangement of the epithelial 
basement membrane component collagen IV in human 
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skin wounds has up to now only been investigated b y  
Eisenmenger and co-workers in cryostat sections using 
the immunofluorescence technique [7]. Investigations 
concerning the t ime-dependent appearance of collagen 
VII in human wound healing have not yet been carried 
ont. 

In the present study the basement membrane compo- 
nents collagen IV and VII were visualized in paraffin 
sections by immunohistochemistry to provide further in- 
formation on the t ime-dependent rearrangement of the 
epithelial basement membrane during human wound 
healing. 

Material and methods 

A total of 62 human skin wounds (surgical wounds, stab wounds 
and lacerations after surgical treatment) with a wound age ranging 
from 1 day to 6 weeks were investigated. The specimens were ob- 
tained at autopsy from individuals aged between 15 and 92 years 
(average 54 years). The postmortem interval did not exceed 3 
days. 

From each skin wound at least 2 specimens were taken and 
fixed in 4% PBS-formaldehyde solution and then embedded in 
paraffin. Sections (thickness 2-3 gm) were prepared and after en- 
zymatical pretreatment to enhance immunoreactivity [2], stained 

with a polyclonal antibody to collagen IV (LaboServ, Giessen, 
FRG) in combination with the ABC-method [8]. In 27 of the speci- 
mens serial sections were additionally stained with a monoclonal 
antibody against collagen VII (kindly supplied by Dr. R. Burgeson, 
Portland, Oregon, USA) using the APAAP-technique [6]. Un- 
damaged skin as well as sections without the inclusion of the pri- 
mary antibody were used as controls. 

Results 

Normal skin 

Collagen IV. In normal skin the epithelial basement 
membrane of the epidermal layer and the basement 
membrane of skin appendages and blood vessels showed 
a strong positive reaction. The sheath of nerve and mus- 
cle cells and the basal lamina surrounding adipocytes 
also stained positively. 

Collagen VII. Positive reactions were restricted strictly 
to the epithelial basement membrane of the epidermis 
and of skin appendages. In contrast to collagen IV no 
positive reaction was found in the basement membrane 
of blood vessels, adipocytes, nerve or muscle cells. 

The specimens stained without inclusion of the pri- 
mary antibody gave no positive reactions. 

Skin wounds 

Collagen IV. Fragments of the epithelial basement mem- 
brane were detectable as early as 4 days after wounding. 
Complete rearrangement of the basement membrane 
did not occur before the 8th day after wounding and 
could be observed in all cases with a wound age of more 
than 21 days. Out of 24 lesions aged between 8 and 21 
days 7 (29%) showed also a complete basement mem- 
brane covering the former wound area and in 13 cases 
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(54%) fragments of the basement membrane were de- 
tectable. The remaining 4 cases (17%) showed a com- 
plete lack of positive staining demonstrating total ab- 
sence of the epithelial basement membrane in the wound 
area. These cases had a wound age between 11 and 13 
days. 

Significant differences in the restitution of the base- 
ment membrane dependent  on the age of the individuals 
or on the wound localization could not be found. 

Collagen VII. Out of the 27 specimens which had been 
stained for both collagen IV and collagen VII, the wound 
area in 19 cases showed a virtually identical staining 
pattern for both antibodies providing evidence of a co- 
distribution of collagen IV and VII in the lesional area 
(Figs. 1 and 2). No significant t ime-dependent differ- 
ences were detectable. 

Discussion 

Basement membranes separate epithelial, muscle, and 
nerve cells as well as adipocytes from the surrounding 
connective tissue. They are defined as structures pos- 
sessing a lamina densa and a lamina rara [12]. Beneath 
the lamina densa there exists an anchoring region, the 
lamina fibroreticularis, with multiple fibrils forming the 
contact to the underlying connective tissue and leading 
to a regular 3-layer structure of basement membranes 
[18]. 

Laminin, collagen IV, a basement membrane-specific 
heparan sulfate proteoglycan and entactin are obligate 
components of all basement membranes and are there- 
fore called "intrinsic components".  Besides these "in- 
trinsic components" basement membranes often contain 
other extracellular matrix proteins such as fibronectin 
and type V collagen, which are called extrinsic compo- 
nents [12]. Other  authors differentiate between col- 
lagenous (type IV and VII collagen) and non-collagen- 
ous (proteoglycans, laminin, entactin, nidogen, fibro- 
nectin, amyloid P) components [1]. 

Type IV collagen is an ubiquitous basement mem- 
brane component  and consists of 3 (different) alpha (IV) 
chains which are arranged in the form of a triple helix 
containing also globular domains [10, 14, 18]. Cross- 
linking of multiple collagen IV molecules leads to the 
formation of a network-like structure of covalent-bind- 
ing collagen IV which is responsible for the mechanical 
stability of the basement membrane [17]. 

In contrast to collagen IV, type VII collagen in nor- 
mal skin is restricted to the epithelial basement mem- 
brane of the epidermal layer and the skin appendages 
only [20]. Collagen VII was first called "long chain col- 
lagen" and occurs mainly as an antiparallel dimer with 
overlapping ends [4]. Collagen VII is the major com- 
ponent  of the anchoring fibrils in the lamina fibroreticu- 
laris of the basement membrane [11, 16]. Anchoring 
fibrils are specialized structures mediating close contact 
between the lamina densa and the underlying connec- 
tive tissue. The carboxylterminal domain of collagen VII 
is inserted in the collagen IV containing "anchoring 



P. Betz et al.: Collagen in skin wounds 95 

Fig. la,  b. 14-day-old human skin 
wound showing basement membrane 
fragments (arrows) in the wound area; 
co-distribution of type IV and VII 
collagen, a immunohistochemical 
localization of collagen type IV (ABC, 
paraffin, 300 ×). b immunohistochemi- 
cal localization of collagen type VII 
(APAAP, paraffin, 300 x) 

plaques" lying beneath the lamina densa. The anchoring 
fibrils extend into the papillary dermis connecting the 
epidermal layer to the connective tissue fibers [9]. 

Basement membranes play a vital role in various bio- 
logical processes. They represent an extracellular net- 
work responsible for mechanical stability and form a 
barrier to the passage of macromolecules from blood. 
They are involved in the morphological differentiation 
of tissues [1]. It is also discussed that differentiating cells 
utilize basement membranes as migratory substrates 
[19]. However, Clark and co-workers [5], showed that 
the migration of epithelial cells during wound healing is 
associated with the formation of a provisional matrix 
consisting of fibrin and fibronectin while the basement 
membrane components laminin and collagen IV are 
lacking at this point in time. They reappeared 7-9 days 

after wounding when fibrin and fibronectin disappeared 
in the lesion area in standardized skin wounds (4 mm- 
punch biopsies) of guinea pigs. 

Studies on the time-dependent reappearance of the 
basement membrane component collagen IV in human 
skin lesions have previously only been carried out by 
Eisenmenger et al. [7]. The appearance of collagen VII 
in this context has not yet been investigated. 

Eisenmenger and co-workers [7] reported a reappear- 
ance of basement membrane fragments in the wound 
area as early as the 5th day after wounding. A complete 
restitution occurred first in a 9-day-old skin lesion and 
could always be observed in skin wounds with a wound 
age of 14 days or more. Between the 9th and 14th day 
after wounding wide variations concerning the rearrange- 
ment of the epithelial basement membrane could be 
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Fig. 2a, b. 17-day-old human skin 
wound with basement membrane frag- 
ments (arrows) in the lesional area; 
co-distribution of type IV and VII 
collagen, a collagen type IV (ABC, 
paraffin, 300 x). b collagen type VII 
(APAAP, paraffin, 300 x) 

found. A complete restitution, as well as the presence of 
basement membrane fragments or even a total lack of 
the basement membrane,  have been observed. 

Similar to the results of Eisenmenger et al. [7] we 
have found that the first fragments of the basement 
membrane appeared in the lesional area of a skin wound 
after 4 days. A complete restitution of the basement 
membrane of the epidermal layer was not seen before 
the 8th day after wounding and was present in all cases 
with a wound age of more than 21 days, i.e. approxi- 
mately one week later than reported by Eisenmenger 
et al.. This difference may be explained by the smaller 
number of samples evaluated by this group. 

Any influence of the wound area on the results can be 
excluded, as only surgical wounds were evaluated in 
both studies. The period between 8 days and 21 days 
after wounding was characterized by the same variability 

as described by Eisenmenger and co-workers for wound 
ages ranging from 9 to 14 days. In 29% of the cases a 
completely restituted basement membrane was present 
in the former wound area and in 54% fragments of the 
basement membrane were detectable. The remaining 
17% were characterized by a total lack of the basement 
membrane in the lesional area, but these wounds were 
not older than 13 days. The differences concerning the 
reappearance of the basement membrane in our series 
compared to the experimental results of Clark et al. [5] 
could be due to the methodology. It can be assumed that 
biological processes, especially wound healing, proceed 
somewhat faster in small animals than in man and there- 
fore the results obtained from experimental animals can- 
not simply be transferred to humans. Secondly the type 
of wounding in this experimental analysis was different 
than in our series. Clark et al. [5] took 4 mm punch bi- 
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opsies f rom the skin of  guinea pigs and this wound  type 
is different  f rom the surgically t rea ted  lesions evaluated  
in this s tudy and by E i senmenger  and co-workers  [7]. 

These  factors could also explain the differences 
be tween  our  results and the findings of  Rigal  et al. [15] 
concerning  the t ime-dependen t  r eappea rance  o f  colla- 
gen IV  and collagen VI I .  These  authors  evaluated  unsu- 
tured skin wounds  in pigs f rom day 1 to day 20 after 
wound ing  and found  that  collagen V I I  was detectable as 
early as the 3rd day after wounding.  Col lagen IV,  how- 
ever,  was a l ready present  in the lesional area after the 
1st day. 

In  summary ,  our  results provide  the following infor- 
mat ion  for the t ime est imat ion of  surgical h u m a n  skin 
wounds  by the immunohis tochemica l  detect ion of  colla- 
gen I V  and VI I :  

Fragments  of  the basement  m e m b r a n e  are initially 
detectable  4 days after  wounding.  I t  can be  assumed,  
that  in skin wounds  with a w o u n d  age of  more  than 13 
days, these f ragments  are always present .  

A comple te  r ea r r angemen t  of  the epithelial basement  
m e m b r a n e  can be found  in skin wounds  with a wound  
age of  8 days or  more .  A t  about  21 days or  more  a com- 
plete  ba semen t  m e m b r a n e  can be expected in all cases, 

Col lagen IV  and collagen V I I  are co-distr ibuted in 
the w o u n d  area in h u m a n  skin lesions with no significant 
differences in the locat ion or  the t ime-dependent  re- 
appearance  of  these collagen types. 

The  immunohis tochemica l  detect ion of  the basement  
m e m b r a n e  componen t s  col lagen IV  and  V I I  for  the 
t ime-est imat ion of  skin wounds  thus provides  identical 
results. These  values, however ,  are only relevant  for  sur- 
gically t rea ted  wounds.  

Significant differences in these w o u n d  healing proper-  
ties do not  seem to depend  on the age of  the individuals 
or  on the localization of  the wounds.  
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