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Summary. A total of 74 human skin wounds were inves-
tigated and collagen types I and VI were localized in the
wound area by immunohistochemistry. Collagen type I
appeared in the form of ramifying string-like structures
after approximately 5-6 days, but positive reactions in
the form of a spot-like staining around isolated fibro-
blasts also occurred in a skin wound aged 4 days. Colla-
gen VI was detectable after a post-infliction interval of at
least 3 days showing a strongly positive reacting network
associated with fibroblasts in the wound area. Both col-
lagens appeared almost constantly after a wound age of
6—7 days and could also be found in wounds aged a few
months. Therefore, although a positive reaction for col-
lagen type I in the form of string-like and ramifying struc-
tures around wound fibroblasts indicates a wound age of
at least 5-6 days, a spot-like positive staining for colla-
gen type I cannot exclude a wound age of at least 4 days.
A positive staining for collagen type VI represents a post-
infliction time of 3 days or more. The almost constant
appearance of these collagen types suggests that nega-
tive results in a sufficient number of specimens indicate
a wound age of less than 6-7 days, but cannot complete-
ly exclude longer post-infliction intervals. Since collagen
type I and VI are also found in the granulation/scar tis-
sue of lesions with advanced wound age, the immunohis-
tochemical analysis of these proteins provides no further
information for an age determination of older skin
wounds.
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Zusammenfassung. In 74 menschlichen Hautwunden
wurden Kollagen I und VI immunhistochemisch darge-
stellt. Kollagen I erschien in Form strangformiger, mit-
unter sich bereits verzweigender und mit Fibroblasten
assoziierter Strukturen im Wundgebiet frithestens nach
einer Uberlebenszeit von 5-6 Tagen, positiv reagierende
fleckformige Reaktionsprodukte um einzelne Fibrobla-
sten fanden sich bereits in einer 4 Tage {iberlebten Wun-
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de. Kollagen VI war frithestens ab einem Wundalter von
3 Tagen feststellbar und beide Kollagen-Typen konnten
ab einem Wundalter von 6-7 Tagen nahezu regelmiBig
im Untersuchungsgut nachgewiesen werden. Positiv rea-
gierende strangf6rmige Strukturen fiir Kollagen I bzw.
Kollagen VI belegen somit ein Mindestalter von 5-6
bzw. 3 Tagen, herdférmige, Fibroblasten-assoziierte Re-
aktionen fiir Kollagen I kénnen im Wundgebiet bereits
ab 4 Tagen Uberlebenszeit auftreten. Wegen des nahezu
regelméBigen Nachweises der beiden Kollagen-Typen
ab einem Wundalter von 6—-7 Tagen kann bei Fehlen ei-
ner positiven Reaktion in einer ausreichenden Zahl von
untersuchten Préparaten auf ecine Uberlebenszeit von
weniger als 6—7 Tagen geschlossen werden; da negative
Befunde jedoch immer mit Zuriickhaltung interpretiert
werden sollten, kann eine solche aber nicht mit letzter
Sicherheit bewiesen werden. Da Kollagen I wie auch VI
ebenfalls im Granulations- bzw. Narbengewebe langer
iiberlebter Verletzungen wenn auch in abnehmender In-
tensitidt nachweisbar sind, kénnen durch die immunbhisto-
chemische Darstellung dieser Proteine keine zusétzlichen
Aussagen zur Uberlebenszeit von Hautwunden mit fort-
geschrittenem Wundalter getroffen werden.

Schliisselworter: Wundalter — Kollagen Typ I — Kollagen
Typ VI — Immunhistochemie

Introduction

Up to now 14 different collagen subtypes have been iden-
tified, 6 of which can be localized in human skin [18].
The use of the immunohistochemical detection of colla-
gen types I, III and IV for a forensically applicable wound
age-determination has previously been shown by Eisen-
menger ct al. [7], while studies dealing with the time-de-
pendent appearance of collagen types III, IV, V and VII
have been performed by Betz et al. [3, 4, 5].

In the present study collagen type VI was localized to
prove whether the analysis of this collagen type can pro-
vide further information for the age estimation of human
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skin wounds and the time-dependent appearance was
compared with that of collagen type I, which represents
another important interstitial collagen subtype.

Material and methods

In 74 human skin wounds (surgical wounds, lacerations and stab
wounds after surgical treatment) with a wound age between 1 day
and 7 months, collagen types I and VI were localized by immuno-
histochemistry. In addition, postmortem wounds and uninjured
skin were analyzed. The specimens were obtained and prepared as
previously described (3, 4, 5].

After enzyme pretreatment (trypsin, pronase) paraffin sections
were stained using polyclonal antibodies against collagen I (Sanofi
Diagnostics, Pasteur GmbH, Freiburg, Germany) according to the
APAAP-method [6] and using polyclonal antibodies against colla-
gen VI (kindly supplied by Dr.R. Timpl, Max-Planck-Institut fiir
Biochemie, Martinsried, Germany) according to the ABC-method
[10].

Results

Uninjured skin

In undamaged skin a positive reaction for collagen type
I was observed diffusely throughout the dermis with a
slightly pronounced staining in the stratum papillare.
Furthermore, the adventitia of skin appendages as well
as of blood vessels showed a distinct positive staining.
The basement membrane of the epithelium, of blood
vessels or skin appendages as well as those of muscle and
nerve bundles remained negative for collagen type I.

Collagen type VI was also localized diffusely through-
out the dermis with a more pronounced staining in the
stratum papillare. In contrast to collagen type I, a posi-
tive reaction was observed adjacent to the basement
membrane of the epithelium, of skin appendages, nerve
and muscle fibers as well as of blood vessels.

Postmortem skin wounds

In skin wounds inflicted after death no reactivity was
seen for both collagen I and VI apart from the normally
reacting structures. In some specimens, however, posi-
tively staining string-like and sometimes ramifying struc-
tures due to destroyed connective tissue fibers or fat cells
could be observed. These, however, showed no associa-
tion with fibroblastic cells of the wound area.

Skin wounds

Collagen type I. A positive reaction in the form of small
spot-like pericellular fragments associated with wound
fibroblasts was first detectable in a skin wound with a
post-intliction interval of approximately 4 days. Ramify-
ing strings positively staining for collagen type I occurred
first 5-6 days after wounding and were almost constantly
observed in skin wounds aged between 7 days and ap-
proximately 1 month. Out of 18 lesions with a post-inflic-
tion interval between 4 and 6 days, 9 (50% ) showed nega-
tive results and in a further 2 cases (11%) a questionable
reaction was seen. In contrast, in only 2 out of 37 wounds
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Table 1. Time dependent appearance of collagen types I and VIin
human skin wounds

Collagen Earliest Regular Longest

type appearance appearance appearance
I 4-6 days 6-7 days months

VI 3 days 6-7 days months

73

Fig.1. 8-day-old human skin wound: network-like structures (see
arrows) at the wound edge positively staining for collagen I and as-
sociated with fibroblastic cells (paraffin, APAAP, 480 x)

(5%) aged between 7 days and 1 month was no positive
staining detected in the wound area and in 1 lesion {3%)
the reaction was questionable.

In the granulation/scar tissue of lesions with advanced
wound age (up to 3 months) a weak reactivity in the
form of thin strands as well as positively reacting spot-
like structures were seen associated with fibroblastic
cells. The oldest skin wound investigated (post-infliction
interval: 7 months), however, showed no staining pat-
tern with significant differences to normal skin.

Collagen type V1. Positively reacting spot- and string-like
structures around wound fibroblasts were first detecta-
ble after a post-infliction interval of approximately 3
days. Network-like structures showing an intense stain-
ing occurred in all cases (n = 31) aged between 6 and 31
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Fig. 2. 4-day-old human skin wound: spot- and string-like struc-
tures (see arrows) positively reacting with collagen VI in the sub-
cutaneous layer (paraffin, ABC, 480 x)

days. Only 3 out of 19 cases (26% ) aged between 3 and
5 days gave negative results.

In some lesions with advanced wound age (1-7 months)
no positive reactions above the normal level for connec-
tive tissue staining were found in the granulation/scar tis-
sue.

No relevant differences in the appearance of the in-
vestigated collagen types dependent on individual age or
wound localization occurred exceeding the interindivi-
dual variability found in our series.

Discussion

In normal skin, collagen types I and VI are localized dif-
fusely throughout the dermis and collagen VI also shows
a pronounced reactivity close to basement membranes
[18]. Both collagen types are basically important to
maintain regular structural functions [2, 8, 12]. Further-
more, it has been discussed that collagen type VI is in-
volved in cell-cell interaction [1].

In experimental studies it has been shown that differ-
ent collagen types appear at different times during wound
healing indicating that the specific detection of different
collagen types can be used for a forensically applicable
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wound age estimation. Our own previous studies pro-
vided considerable evidence that the immunohistochem-
ical detection of collagens III, IV and V show distinct
time courses of appearance of the collagen types [3, 4,
5]. Less information is available for collagen I.

Vialle-Presles et al. [19] detected collagen type I in
bovine collagen-implants in rat skin after 7 days in as-
sociation with collagen V. Collagen type III, however,
appeared first 30 days after wound infliction. Kurita and
co-workers [13] showed — in contrast to Vialle-Presles et
al. [19] — an increased synthesis of collagen V in the
early phases of wound healing after tooth extraction in
rabbits when compared to collagen type I. After 5 days
they observed a decrease in the collagen V/I-ratio indi-
cating an increased collagen I production at this point of
time in comparison to collagen V. Kurkinen et al. [14]
found a sequential appearance of fibronectin, procolla-
gen III, collagen III and collagen I between 2 and 7 days
after implantation of cell-stics in mouse skin. Other au-
thors also described a delayed appearance of collagen
type I when compared to other interstital collagen sub-
types [9, 17]. Studies dealing with the time-dependent
appearance of collagen type I useful for a forensically
applicable time estimation of human skin wounds have
only been carried out by Eisenmenger et al. [7]. They re-
ported that collagen 1 is first detectable in wounds with a
postinfliction interval of at least 6 days and therefore
considerably later than collagen type 111, which was ob-
served first in wounds aged more than 2 days.

No time-dependent analysis of collagen VI in human
skin wounds has yet been performed and only some ex-
perimental studies dealing with wound healing of the
monkey and rabbit cornea exist [15, 16]. These results,
however, provide no information which is useful for a
forensically practicable age determination of skin wounds.
This also holds true for the study of Kawahara et al. [11]
which deals with the appearance of different collagen
types after ventriculotomy of the human heart.

In our series, collagen I appeared first after a wound
age of 5-6 days in the form of ramifying string-like struc-
tures and a positive reaction in the form of spot-like frag-
ments around fibroblasts occurred in a 4-day-old lesion.
These results are comparable to the findings of Eisen-
menger and co-workers [7] who first detected collagen 1
after a post-infliction interval of 6 days. Since they inves-
tigated a smaller number of specimens, the somewhat
carlier appearance of collagen I in our material can be
explained by the different number of samplings and an
extended interindividual variability. According to the re-
sults of Eisenmenger et al. [7] it has additionally been
shown that collagen III appears 2-3 days after wound in-
fliction and collagen V after approximately 3 days [5].
Therefore, our results support the findings of other au-
thors [7, 9, 13, 14, 17] who in general reported a delayed
appearance of collagen I during wound healing when
compared to other interstitial collagen subtypes.

In addition to the localization of collagen I, we an-
alyzed the distribution of collagen VI in the wound area.
This protein was detectable first approximately 3 days
after wounding and the synthesis of collagen VI seemed
to increase during wound healing in parallel to collagen
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V. In serial sections stained with antibodies for collagens
II1, V and VI, however, collagen VI appeared in slightly
smaller quantities when compared to collagen V and par-
ticularly when related to collagen III. This is a further
strong evidence for a sequential appearance of these col-
lagen types during wound healing. Thus, it is conceiva-
ble that the localization of collagens III, V and VI as well
as of collagen I can be used for an estimation of the
wound age. For example, if there is a positive reaction
for collagen III but not for collagen V, VI or I in serial
sections of the lesion it can be concluded that this wound
is aged at least 23 days, but less than 6-7 days.

The almost regular appearance of collagens I and VI
67 days after wound-infliction indicates that negative
results in a sufficient number of specimens point to a
wound age of less than 6-7 days, but usually an advanc-
ed wound age cannot be completely excluded. Positive
results provide much more reliable information.

In comparison to collagens IIT and V [5], types I and
VI were also detectable in the granulation/scar tissue of
some older wounds (wound age up to 2-3 months) in en-
hanced amounts when compared to normal skin but in
smaller quantities when related to skin lesions with shor-
ter survival times. Therefore, the immunohistochemical
analysis of different interstitial collagen subtypes cannot
be used for an age estimation of lesions with advanced
post-infliction intervals.

In summary, the immunohistochemical localization
of collagens I and VI provides the following information
useful for a forensically applicable age estimation of hu-
man skin wounds:

1. Network-like structures positively reacting for colla-
gens I or VI indicate a wound age of at least 5-6 days
and 3 days, respectively. Since positive reactions for
collagen I in the form of spot-like fragments around
wound fibroblasts also occur in 4-day-old lesions an
earlier appearance seems possible.

2. Since collagens I and VI appear almost constantly
after post-infliction intervals of approximately 6-7
days, negative results in a sufficient number of speci-
mens of the same skin wound indicate a wound age of
less than 6—7 days. Negative results, however, should
always be interpreted with caution and therefore, the
lack of a positive reaction cannot completely exclude
longer wound ages.

3. Collagens I and VI are also detectable in the granula-
tion/scar tissue of some but not all wounds with ad-
vanced wound age in an enhanced intensity when com-
pared to normal skin. Therefore, the immunohisto-
chemical analysis of these collagen types cannot be
used for a wound age estimation of older skin wounds.

4. The immunohistochemial analysis of different colla-
gen types (types I, 111, V and VI) can provide valu-
able information useful for a differentiation of the
wound age. The different amounts of the collagens in
the wound area are due to time differences in the in-
itiation of the collagen synthesis.
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