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Summary. A total of 77 human skin wounds with a post-
infliction interval between 3 h and 7 months were inves-
tigated and the proliferation marker antigen Ki67 was
visualized in paraffin sections using a specific monoclonal
antibody (MIB). The re-built epidermal layer covering
the former lesional arca showed only a few basal cells
positively staining for Ki 67 antigen. No enhanced reac-
tivity was found when compared to uninjured skin. In
basal cells of the epidermis adjacent to the wound area,
however, varying numbers of positive cells occurred, but
no information useful for a reliable time estimation of
skin wounds could be obtained due to the considerable
variability in the number of Ki67 positive epidermal
basal cells found in non-damaged skin. Fibroblastic cells
in the wound area revealed an increased number of
Ki 67-positive sites which could first be detected in a 1.5-
day-old skin lesion. Positive results could be obtained in
every specimen investigated after a post-infliction inter-
val of 6 days up to 1.5 months. Only the scar tissue of the
oldest wound examined (wound age 7 months) revealed
no increase in the number of positively staining fibro-
blasts. Therefore, positive results indicate a wound age
of at least approximately 1.5 days and the lack of an in-
creased number of positive fibroblastic cells in a suffi-
cient number of specimens indicates at a wound age of
less than 6 days, but cannot totally exclude longer post-
infliction intervals.
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Zusammenfassung. In Paraffinschnitten von 77 mensch-
lichen Hautwunden mit einer Uberlebenszeit zwischen
3 Std und 7 Monaten wurde das Ki 67-Antigen mit einem
monoklonalen Antikorper (MIB) immunhistochemisch
dargestellt. Die neugebildete Epidermis zeigte lediglich
einzelne, positiv reagierende Keratinozyten, eine ver-
starkte Reaktivitit im Vergleich zu unverletzten Haut-
arealen war nicht feststellbar. Die epidermalen Basal-
zellschichten, die dem urspriinglichen Epitheldefekt be-
nachbart waren, wiesen jedoch eine unterschiedlich aus-
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geprigte Anfarbbarkeit auf. Fine Aussage zum Wund-
alter war anhand der Zahl positiv reagierender Basal-
zellen wegen der betrichtlichen intra- wie auch inter-
individuellen Streubreite der Befunde nicht moglich.
Eine relevant erhdhte Zahl positiv reagierender fibro-
blastidrer Zellen im Wundgebiet verglichen mit unver-
letzter Dermis trat erstmals in einer 1,5 Tage iberlebten
Wunde auf und war in allen untersuchten Wunden ab 6
Tagen Uberlebenszeit bis zu einem Wundalter von 1,5
Monaten zu beobachten. Lediglich die dlteste untersuchte
Liasion (Wundalter 7 Monate) zeigte keine relevante
Zahl Ki67-exprimierender Fibroblasten im Narbenge-
webe. Positive Befunde belegen somit eine Uberlebens-
zeit von mindestens 1,5 Tagen. Das Fehlen einer erhoh-
ten Zahl positiv anfirbbarer fibroblastirer Zellen in ei-
ner ausreichenden Anzahl von Préparaten weist auf ein
Wundalter unter ca. 6 Tagen hin, kann ein solches aller-
dings nicht mit letzter Sicherheit beweisen.

Schliisselworter: K167 — Wundalter — Immunhistochemie

Introduction

During the healing of skin wounds cellular infiltration
and the synthesis of various extracellular matrix proteins
occur as important mechanisms of tissue remodeling.
However, reparative changes also include the prolifera-
tion of local resting cells. By the use of immunohisto-
chemical techniques the specific detection of cell infiltra-
tion and matrix synthesis can be monitored. In addition,
the immunolocalization of the nuclear Ki67 antigen
which is expressed by cells in the Gy, G,, S, and M phases
of the cell cycle [10, 11] can be performed by a mono-
clonal antibody. The use of an immunohistochemical
analysis of cell proliferation by detection of this nuclear
proliferating antigen for a forensically applicable time
estimation of human skin wounds has not yet been inves-
tigated.

Therefore, in the present study the Ki67 antigen was
visualized in human skin lesions to prove whether the
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immunohistochemical detection of this protein can pro-
vide information useful for a wound age estimation in
forensic medicine.

Material and methods

A total of 77 human skin wounds (primarily healing lacerations
and stab wounds after surgical treatment, surgical wounds) with a
post-infliction interval between 3 h and 7 months were investi-
gated. The specimens were obtained from individuals aged between
21 and 75 years (average age 47 years) during autopsy as previ-
ously described [1]. The Ki67 antigen was visualized in paraffin
sections using a monoclonal antibody (MIB 1) according to the
instructions of the commercial supplier (Fa. Dianova, Hamburg,
Germany) by the APAAP-method [6].

In addition, undamaged skin from the same patients as well as
specimens without the inclusion of the primary antibody were
stained and acted as controls.

The sections were evaluated by light microscopy (magnification
100 x) using a 100-point grid (original size 1 cm?). The numbers of
Ki67 positive basal cells in parts of the epidermal layer with a
length of 0.002 cm were estimated and compared with those found
in correspondingly sized areas with 0.002 cm distances from the
wound edge or central parts of the re-built epidermis.

Furthermore, the numbers of positively staining fibroblastic
cells per 0.0001 cm? in uninjured skin was estimated in at least
5 randomly selected microscope fields and compared with those
found in the lesional area/granulation tissue of the same skin
wound.

Results

Normal skin

In uninjured skin a variable number of positively react-
ing basal cells with absolute values ranging from 0-17
cells per 0.002 cm length of the epidermis could be found
indicating a considerable interindividual variability. The
mean value ranged between 3.2 = 2.3 and 4.1 £ 3.9 cells
(Fig. 3).

Single positively reacting fibroblasts were found in
the dermis of only a very few specimens (maximum value
2 cells per 0.0001 cm?). Most specimens of uninjured
skin, however, contained no positively staining fibro-
blastic cells.

Furthermore, a positive staining was also observed in
basal cell layers of skin appendages like hair follicles and
sweat gland ducts and — with a somewhat reduced stain-
ing intensity — in some lymphocytes of lymphatic infil-
trates occasionally present in the dermis. No relevant
positive reactivity could be found in nerve or muscle
cells.

In some specimens obtained from older individuals,
smaller numbers of positively reacting dermal fibroblasts
and basal cells of the epidermis could be found, but rele-
vant differences exceeding the considerable interindi-
vidual variability could not be established.

Skin wounds

Epidermal layer. In central parts of the re-built epi-
dermis covering the wound area no relevant numbers of
Ki 67 positive cells were observed.
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In 80% (37 out of 46 cases) of the specimens showing
at least the onset of keratinocyte migration and a post-
infliction interval of 3 days or more different numbers of
Ki 67 positive basal cells occurred in epidermal layers ad-
jacent to the lesional area showing a wave-like increase
and decrease in the number with advancing distance
from the wound margins or the central parts of the re-
built epidermis. Considerably elevated numbers of posi-
tive basal cells (maximum value 28 cells per 0.002 cm
of the epidermal layer), however, were found also in
some specimens in distances exceeding more than 0.5 cm
(Fig.2). The remaining 20% (9 out of 46 cases) showed
also increasing and decreasing values dependent on the
distance from the wound area but no relevantly increased
numbers when compared to uninjured skin specimens or
parts of the same skin wound with a distance of more
than 0.5 cm were observed (Fig. 4).

No correlation between the numbers of positively
stained epidermal basal cells and the post-infliction
interval useful for a forensically applicable wound age
estimation could be established due to the considerable
variabilities detectable in one and the same specimen, in
different skin wounds and in uninjured skin.
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Dermal wound area/granulation tissue. In 9 out of 25
lesions (36%) aged less than 1.5 days a somewhat in-
creased number of positively reacting fibroblastic cells
could be observed in the wound area when compared
with areas more than 0.2 ¢cm distant from the wound
edges or with specimens of uninjured skin. Since only a
3-fold increase in positive cells was arbitrarily considered
as an increased “staining index” (in comparison to the
numbers found in parts of the specimen in a distance of
more than 0.2 cm) no relevantly enhanced proliferation
activity could be established. Therefore, these specimens
showing a slightly increased number of positive fibro-
blastic cells were regarded only as “questionably posi-
tive”.

A 3-fold increase in the number of Ki 67 positive fibro-
blastic cells occurred first in a 1.5-day-old skin wound (6
positive cells per 0.01 cm? in comparison to a maximum
value of 2 cells per 0.01 cm? in more distant areas of
the dermis) and all specimens with a duration between
6 days and 1.5 months revealed positive results (maxi-
mum value 47 cells per 0.01 cm? in a 4-day-old head
wound of a 70 years aged female). 15 out of 25 cases aged
between 1.5 and 5 days (60% ) showed positive results, in
16% (4 out of 25 cases) a questionable result was ob-
tained, and the remaining 6 cases (24% ) were negative.

In cases with increased amounts of Ki67 positive
fibroblasts a rapid decrease in the number dependent on
the distance from the wound edge was observed and in
areas with a distance of more than 0.06 cm no relevantly
elevated numbers could be found (Fig. 1).

A correlation between the number of Ki67 positive
fibroblastic cells and the post-infliction interval could
also not be established.

No increase in the numbers of positive cells occurred
in the scar tissue of the oldest wound investigated (wound
age 7 months).

Fig. 5. Uninjured skin: epidermis and
skin appendages showing numerous
strongly reacting, Ki67 antigen positive
cells in the basal cell layers (APAAP,
paraffin, 190 x)
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Relevant differences between the numbers of posi-
tively reacting epidermal basal cells or fibroblastic cells
of the dermis dependent on wound localization (head,
extremities or trunk) or individual age which would have
exceeded the considerable variability of the results and
should therefore be taken into consideration for a foren-
sically applicable wound age estimation could not be ob-
served.

Discussion

The monoclonal Ki67 antibody which was originally
developed for studies attempting to produce an antibody
specific for the nuclei or Reed-Sternberg cells, recog-
nizes a nuclear protein found in proliferating cells. This
antibody stains nuclei in the G;, G;, S, and M phases of
the cell cycle, while Gy i.e. resting cells and cells entering
the cycle of cell proliferation remain unstained [10, 11].
The original antibody could be used only in cryostat
sections, but the recent development [12] of a further
monoclonal antibody (MIB 1) recognizing the same anti-
gen also enables the analysis of paraffin embedded tis-
sue. The potential of the Ki67 antibody can be seen in
defining the growth fraction of cells in human neoplasms
and therefore provides considerable information on the
prognosis of malignant disorders (for review see [3]).
Since cell proliferation is not only a phenomenon
which can be observed in malignancies but also under
certain physiological conditions such as wound healing,
the use of antibodies recognizing proliferating cells can
possibly be useful for a time estimation of skin wounds.
However, studies dealing with the time-dependent ap-
pearance of proliferating cells recognized by this nuclear
proliferating antigen have not yet been performed.
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Fig. 6. 19-day-old human skin wound:
positive for Ki67 stained fibroblastic
cells (see arrows) in the former wound
area (APAAP, paraffin, 380 x)

For elucidation of the advantages of such an immuno-
histochemical approach one has to distinguish between
the reepithelialization of the epidermal lesion and the
reparative changes occurring in the wound area of the
dermis.

Studies dealing with the cytokinetics of epidermal
cells in the healing of human skin wounds useful for a
forensic wound age estimation have not been performed,
but data obtained from experimental models of wound
healing in animals are reported.

Epidermal wound healing starts from undamaged
parts of the epidermal layer and skin appendages and
areas with increased proliferation activity can be found
besides regions without elevated levels of proliferating
basal cells leading to a wave-like course in the number of
proliferating basal cells with advancing distance from the
wound margin [8]. From these areas of enhanced prolif-
eration activity keratinocytes are moving in direction of
central parts of the epidermal lesion. Block et al. [4],
Hell and Cruickshank [13] and McMinn [14] described
an increased proliferation activity by analysis of the *H-
thymidine incorporation rate on both sides of the wound
margin to a distance of 300-500 basal cells i.e. 3—4 mm,
but considerable differences between these authors con-
cerning the point of time at which proliferation starts can
be observed. Block et al. [4] found an increased activity
after a post-infliction interval of 1 h in rats whereas Hell
and Cruickshank [13] reported on an increased prolifera-
tion of basal cells after a wound age of 16 h in guinea
pigs. Oehmichen and Schmidt [15] as well as Oehmichen
and Lagodka [16] analyzed the incorporation of bromo-
deoxyuridine and of *H-Cytidin in rat skin wounds and
described a significant increase in the number of incor-
porating cells after a post-infliction interval between
10-24 h. Relevant results, however, useful for a time es-
timation of skin wounds could not be obtained.
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In our series, an enhanced expression of Ki 67 antigen
in keratinocytes covering the previous epithelial lesion
could not be established. This supports the hypothesis
that keratinocyte migration which starts from areas of
undamaged skin with an increased proliferation activity
but not local proliferation plays the major role in re-
epithelialization [2, 17]. In the epidermal layers adjacent
to the wound area, however, an increased number of
Ki 67 positive basal cells occurred in the most cases and
a wave-like course in the numbers of proliferating basal
cells with advancing distance from the wound margins
could be observed according to experimental results. No
reliable criterium, however, was found which may be
useful for a forensically applicable time estimation of
skin wounds due to the eminent intra- and interindivid-
ual variability in the numbers of positive cells found in
uninjured skin and in areas considerably distant (more
than 0.5 cm) from the wound edges.

In the wound area/granulation tissue of the investi-
gated skin wounds a relevant increase in the number of
Ki67 positive fibroblastic cells was observed first in a
skin wound with a wound age of approximately 1.5 days
and was found in all specimens aged between 6 days and
1.5 months. The observation that the number of Ki67
positive fibroblasts decreases rapidly with advancing dis-
tance from the wound edge indicates that only the fibro-
blastic cells localized in the dermis directly adjacent to
the lesional area contribute to the development of the
granulation tissue by proliferation.

In some skin lesions with a post-infliction interval of
less than 1.5 days an increased number of positively
stained cells also occurred and therefore, an earlier in-
crease in the number of proliferating fibroblastic cells
seems probable. With respect to the considerable varia-
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Fig.7. 8-day-old human skin wound: no
reactivity for Ki67-antigen in the basal
cell layer of the newly formed epidermis;
s few positive nuclei of keratinocytes (see
' arrows) in the adjacent epidermal layer
(APAAP, paraffin, 190 x)

bility in the number of positive fibroblasts in undamaged
dermis only a 3-fold increase was arbitrarily regarded as
a relevant positive result.

Furthermore, it must be emphasized that only those
cells should be evaluated showing the typical spindle-
shaped morphology of fibroblastic cells since lympho-
cytes in cutaneous infiltrates [18] or areas of bleeding are
occasionally also positively stained and it cannot be de-
cided unambiguously in every case whether these cells
have actively migrated during reparative changes or in-
fluxed passively by bleeding.

The first appearance of an increased number of Ki67
positive fibroblastic cells in human skin wounds after a
wound age of approximately 1.5 days is in good accor-
dance with our previous results. In these studies it has
been shown that myofibroblasts expressing different
basement membrane components (laminin, heparan sul-
fate proteoglycan) can also be localized earliest approxi-
mately 1.5 days after wounding [3]. These results pro-
vide evidence that a significant increase in fibroblastic
cell activity starts at this point in time. Similarly, Ross
and Benditt [19], De Vito [9] as well as Cottier et al. [7]
described an increase in the number of fibroblasts 24 h
after wound infliction with a maximum after 3 days.

The immunohistochemical analysis of myofibroblasts
positively stained for basement membrane components,
however, possess the advantage that no positively react-
ing cells occur in uninjured skin under physiological con-
ditions. On the other hand, laminin or heparan sulfate
proteoglycan positive myofibroblasts cannot be regularly
localized during wound healing and therefore the analy-
sis of basement membrane positive myofibroblasts and
of Kio67 positive fibroblastic cells can be regarded as
supplementary.
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Conclusion

The immunohistochemical localization of Ki67 positive
cells provides the following information usetful for a time
estimation of human skin wounds.

1. An increased number of positively reacting fibroblastic
cells indicates a wound age of approximately 1.5 days or
more.

2. The lack of positively reacting fibroblasts in the wound
area in a sufficient number of specimens indicates a post-
infliction interval of less than 6 days, but negative results
should always be interpreted with care.

3. Ki67 positive fibroblastic cells can also be found in
skin wounds with advanced post-infliction intervals (in
our series up to 1.5 months), but further information for
the time estimation of older skin wounds cannot be ob-
tained due to the fact that the interval in which repara-
tive changes can be observed depends on the extent of
the wound area.

4. The analysis of Ki67 positive basal cells of the epi-
dermis provides no useful information for a time estima-
tion of human skin wounds.
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