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Abstract A total of 117 vital skin wounds (post infliction
intervals between a few seconds and 7 months), 20 post-
mortem wounds and skin specimens with beginning or ad-
vanced signs of putrefaction were investigated. Different
markers for macrophage maturation (27 E 10, RM 3/1, 25
F 9, G 16/1) were analyzed by immunohistochemistry. The
early stage inflammation marker 27 E 10 stained macro-
phages, but also monocytes and neutrophilic granulocytes
localized in blood vessels or bleeding induced post-
mortem and therefore provided no further information for
a forensic wound age estimation in comparison to the rou-
tine histological detection of macrophages. The antigens
recognized by the RM 3/1- (intermediate stage inflamma-
tion marker) and 25 F 9-antibodies (late stage inflamma-
tion marker) were expressed exclusively by histiocytes
and inflammatory cells that had migrated from the blood
vessels as part of the acute inflammatory response associ-
ated with an intravital reaction. The morphometrical analy-
sis revealed positive results (defined as at least a two-fold
increase in number in 2 or more microscope fields when
compared to the maximum value of histiocytes found in
uninjured skin) for the RM 3/1- or 25 F 9-antibody earli-
est in wounds aged 7 or 11 days, respectively. Similarly to
the 25 F 9-antibody, the chronic stage inflammation
marker (G 16/1) reacted with a macrophage subpopula-
tion first detectable 12 days after wounding but showed
positive results in a comparably reduced percentage of
cases. On the other hand, this marker did not stain a rele-
vant number of resident macrophages thus facilitating the
evaluation of the specimens. The markers 27 E 10, RM
3/1 and 25 F 9 are also useful for the evaluation of slightly
— even though the staining intensity was considerably re-
duced — but not advanced putrefied skin. Therefore, the
immunohistochemical analysis of the corresponding anti-
gens can possibly contribute to an age estimation of
wounds with advanced post infliction intervals obtained
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from corpses with longer — but limited — postmortem in-
tervals.
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Zusammenfassung Insgesamt wurden 117 vitale Haut-
wunden (Uberlebenszeit wenige Sekunden bis 7 Monate),
20 postmortal gesetzte Verletzungen sowie Haut mit leich-
ten bzw. fortgeschrittenen Faulnisverdnderungen untersucht
und verschiedene Marker der Makrophagen-Differenzie-
rung (27 E 10, RM 3/1, 25 F 9 und G 16/1) analysiert. Der
wearly stage inflammation marker 27 E 10 féarbte neben
Makrophagen auch Monozyten und neutrophile Granulo-
zyten, die innerhalb von BlutgefidBen bzw. in postmortal ge-
setzten Blutungen lokalisiert waren und liefert somit keine
Informationen zum Wundalter, die iiber die Moglichkeiten
des Routine-histologischen Nachweises von Makrophagen
hinausgingen. Die von den Antikérpern RM 3/1 (inter-
mediate stage inflammation marker) und 25 F 9 (late stage
inflammation marker) erkannten Antigene wurden aus-
schlieflich von Histiozyten und reaktiv eingewanderten
Makrophagen exprimiert. Die morphometrische Analyse er-
gab positive Ergebnisse (definiert als ein mindestens zwei-
facher Anstieg der Zellzahl in zwei oder mehr Gesichtsfel-
dern verglichen mit der maximal feststellbaren Zahl an Hi-
stiozyten in unverletzter Haut) bei Verwendung der Anti-
korper RM 3/1 bzw. 25 F 9 frithestens 7 bzw. 11 Tage nach
Wundsetzung. Ab 12 Tagen Wundalter reagierte der ,,chro-
nic stage inflammation marker G 16/1 erstmals positiv.
Das Antigen lie sich insgesamt allerdings in einem gerin-
geren Prozentsatz der untersuchten Wunden darstellen.
Vorteilhaft ist jedoch das Fehlen einer relevanten Expres-
sion durch Histiozyten, wodurch die Auswertung der
Priparate erleichtert wird. Die entsprechenden Antigene
lassen sich zudem in leicht — wenn auch in einer deutlich
geringeren Firbeintensitidt —, aber nicht forgeschritten fiul-
nisverdnderter Haut nachweisen, so daB deren immunhisto-
chemische Darstellung gegebensfalls auch zur Beurteilung
von lidnger iiberlebten Verletzungen an Leichen mit etwas
fortgeschrittener Liegezeit herangezogen werden kann.
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Introduction

Forensic wound age estimation focusses in particular on
the determination of wound vitality or on the examination
of rather short post infliction intervals. On the other hand,
a differentiation between intervals of a few days and more
than one week — for example to verify repeated trauma in
cases of physical child abuse ~ can be of great impor-
tance. The parameters suitable for the determination of
post infliction intervals exceeding one week include, in
particular, the presence of hematoidin or spot-like infiltra-
tions of lymphocytes in the granulation tissue {for review
see 1, 10] whereas the analysis of the epidermal repara-
tion including the immunohistochemical detection of dif-
ferent basement membrane components or cytokeratins
can coniribute to the determination of advanced post in-
fliction intervals in surgically treated wounds [2, 3, 7].

Recently, different markers for macrophage-pheno-
types have been described [4, 11, 12] which can be ana-
lyzed by immunohistochemistry. The early stage inflam-
mation marker 27 E 10 is a heterocomplex formation of
MRP 8 and MRP 14 and contains 2 calcium-binding pro-
teins of the S 100 protein family whereas the late stage in-
flammation marker 25 F 9 represents a 86 kD protein,
probably a glycoprotein on the cell surface and within the
cytoplasma of mature macrophages. Further information
on the surface antigens 27 E 10 and 25 F 9 or on other
macrophage markers such as G 16/1 or RM 3/1 is not yet
available. Since it was shown that these macrophage
markers are expressed during different stages of patholog-
ical processes, for example inflammation or tumor pro-
gression [5, 6, 8, 12], immunohistochemical analysis can
possibly provide information useful for a forensic wound
age estimation.

Material and methods

A total of 117 primarily healing surgical wounds, lacerations and
stab wounds with post infliction intervals between a few seconds
and 7 months were evaluated. The specimens were obtained at au-
topsy from individuals aged between 16 and 83 years (average 52
years) and the postmortem interval did not exceed 3 days. No ther-
apy with possible influence on wound healing, such as the applica-
tion of glucocorticoids or cytostatic agents had been performed ac-
cording to anamnestical data. In addition, 20 postmortem hematoma
and 20 specimens from skin with beginning (greenish discoloration
but rather well-preserved microscopic structure) or advanced (loss
of the epidermal layers) signs of putrefaction were investigated.
After fixation of at least 2 specimens from each wound in 4%
PBS-formaldehyde solution, paraffin sections were made and
stained with H & E. The immunohistochemical staining proce-
dures were performed after enzyme pretreatment (0.1% pronase or
0.1% trypsin) using the monoclonal “early stage inflammation
marker” 27 E 10 (n = 57), the “intermediate stage inflammation
marker” RM 3/1 (n = 68), the “late stage inflammation marker” 25
F 9 (n = 117) and the “chronic stage inflammation marker” G 16/1
(n = 68) (Fa. Dianova, Hamburg, Germany) according to the ABC-
method described by Hsu et al. [9]. The specimens stained with the
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RM 3/1- or the 25 F 9-antibody were evaluated by morphometry
since positively reacting resident macrophages were also present in
uninjured skin. The numbers of positively stained histiocytes were
counted in 20 randomly selected areas of 2.5 x 10~5 cm? (original
size of the 100-point grid: 1 cm?, magnification: 200 X) and com-
pared with those found in the granulation/scar tissue of the skin
wounds. Positive results were arbitrarily defined as having at least
a two-fold increase in number in 2 or more microscopical fields of
the lesions when compared to the maximum value of positively re-
acting histiocytes determined in undamaged skin. Areas of the der-
mis rich in skin appendages were excluded due to the frequent
presence of histiocytes.

Furthermore, differences in the earliest appearance of positive
results dependent on localization (head, trunk, extremities) or type
(surgical wound, laceration, stab wound) of injury or on individual
age were recorded.

Results

Early stage inflammation marker 27 E 10. In normal skin,
neutrophilic granulocytes and monocytes localized in blood
vessels or in areas of bleeding of postmortem wounds re-
acted positively, additionally histiocytes were specifically
stained. In skin injuries, macrophages expressing the anti-
gen recognized by the 27 E 10-antibody were found out-
side the area of bleeding earliest after post infliction inter-
vals of 2-3 hrs and were detectable in our series up to
wound ages of 3 months. Since leukocytes present in
blood vessels or hematomas induced postmortem were
also stained, the use of this marker for a forensic wound
age estimation seems to be limited and therefore no fur-
ther morphometrical analysis was performed.

Intermediate stage inflammation marker RM 3/1. In post-
mortem wounds or undamaged skin, only resident macro-
phages showed specific staining whereas granulocytes or
other leukocytes did not react. The morphometrical analy-
sis revealed an average number of positively stained histi-
ocytes of 0.63 £ 0.52 in 2.5 x 103 cm? with a maximum
value of 5 positive cells per defined microscopic area. A
relevant increase in the number of migrated macrophages
was carliest detectable in a wound with a post infliction
interval of 7 days. Positively reacting macrophages were
also present in the scar tissue of the oldest wound investi-
gated (wound age 7 months) and positive results were ob-
served in 72% (26 out of 36) of the cases with post inflic-
tion intervals between 7 days and 7 months. The average
number of specifically stained cells in the “positive” spec-
imens was about 8.34 £ 6.81 per 2.5 x 103 cm? with a
maximum value of 21 cells.

Late stage inflammation marker 25 F 9. Similar to the re-
sults obtained for the RM 3/1-antibody, only migrated
macrophages and histiocytes reacted positively and the
average number of resident macrophages showing a spe-
cific staining was about 0.72 + 0.61 per 2.5 x 10~ cm? in
normal skin with a maximum value of 7 cells. Positive re-
sults could be obtained in skin wounds earliest after post
infliction intervals of 11 days and were also detectable in
injuries with advanced duration (in our series up to 3
months). Of the wounds aged between 11 days and 7
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Table 1 Earliest, regular (in parentheses: percentage of positive
results in the interval between earliest and latest appearance) and
latest appearance of macrophages positively staining for different
markers in human skin wounds

Antibody Earliest Regular Latest
appearance appearance appearance
27 E 10 (~ 2-3 hrs) - (3 months)
RM 3/1 ~ 7 days —(72%) (7 months)
25F9 ~ 11 days ~ (69%) (3 months)
G 16/1 ~ 12 days — (49%) (7 months)

months, 69% (38 out of 55) showed an unambiguous in-
crease in the number of specifically stained macrophages.
The mean value in the “positive” specimens was about
9.74 £ 6.20 cells per defined area and a maximum number
of 28 cells in 2.5 x 10~ cm? was observed.

Chronic stage inflammation marker G 16/1. In the dermal

Fig.1 Human skin wound
(post infliction interval: 14
days): Numerous macrophages
in the granulation tissue posi-
tively staining for the 25 F 9-
antibody (paraffin, ABC,

190 %)

Fig.2 Human skin wound
(post infliction interval: 2.5
months): Lipid-phagocytosing
macrophages positively react-
ing with the chronic stage in-
flammation marker G 16/1
(paraffin, ABC, 300 x)
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layers of normal skin, only very few histiocytes reacted
specifically but no relevant numbers of positively stained
resident macrophages occurred which have to be taken
into consideration for evaluation.

Considerable amounts of reacting cells were detectable
earliest in a wound aged 12 days and 49% (17 out of 35)
of the specimens with post infliction intervals between 12
days and 7 months gave positive results. The antigen was
also present in the “oldest” lesion investigated (wound
age 7 months).

Putrefied skin. In skin specimens with slight signs of pu-
trefaction and a rather well-preserved microscopic struc-
ture, histiocytes showed positive reactions for the anti-
bodies 27 E 10, RM 3/1 and 25 F 9 even though a consid-
erably reduced staining intensity could be observed. In
specimens with advanced putrefaction (loss of the epider-
mis, almost total lack of nuclear staining), however, no
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identification of histiocytes by immunohistochemistry
was possible.

Relevant differences in the earliest appearance of posi-
tive results dependent on individual age, localization or
type of the wounds could not be observed due to a wide
interindividual variability.

Discussion

The early stage inflammation marker 27 E 10 can also be
detected in monocytes and neutrophilic granulocytes lim-
iting the use for an identification of actively migrated
macrophages. Since the antigen is expressed in non-acti-
vated leukocytes localized inside blood vessels or in post-
mortem hematomas, cells could have passively reached
into the area of bleeding and must not be interpreted as a
vital sign. Therefore, the immunohistochemical analysis
of this macrophage surface antigen provides no further in-
formation on wound age when compared to the routine
histological detection of macrophages.

The antigens recognized by the antibodies RM 3/1, 25
F 9 or G 16/1, however, are not present on the surface of
leukocytes usually occurring in blood, such as monocytes
or neutrophilic granulocytes, and therefore the immuno-
histochemical analysis of these markers is of considerable
importance. On the other hand, the antigens identified by
the antibodies RM 3/1 and 25 F 9 are also expressed by
histiocytes and to avoid any misinterpretation a compari-
son between the numbers of “physiologically” detectable
histiocytes in undamaged skin and a reactive increase in
skin injuries seems necessary. The morphometrical analy-
sis showed that a relevant increase in number of positive
macrophages was observed earliest in wounds aged 7
(RM 3/1) or 11 days (25 F 9), proving a corresponding min-
imum wound age. The accumulation of positively stained
macrophages seemed to be so extensive in the granula-
tion/scar tissue of most wounds when compared to the
presence of widely dispersed single histiocytes, that posi-
tive results could also be obtained without morphometri-
cal analysis. Such an analysis will hardly be necessary for
the immunohistochemical detection of G 16/1-positive
macrophages since no relevant numbers of resident macro-
phages expressing the recognized antigen occur. Positive
results seem to be sufficient to indicate a minimum wound
age of approximately 12 days but unfortunately, this
marker can be observed in a rather small percentage of
cases (49%) in comparison to the 25 F 9-antibody (69%).
Reviewing other histological indicators for advanced
postinfliction intervals, the immunohistochemical analy-
sis of macrophage markers provides some advantages.
The detection of RM 3/1-, 25 F 9- or G 16/1-expressing
macrophages seems to be superior to the routine histolog-
ical identification of hematoidin [10] which indicates a
wound age of approximately one week or more due to the
very rare appearance of this pigment. Even though spot-
like infiltrates of lymphocytes in the granulation tissue are
observed in a similar number of cases with postinfliction
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intervals of 8 days or more when compared with different
macrophage markers, it can be difficult to differentiate
postmortem or vital lymphocyte accumulation due to a
possible passive extravasation from blood vessels. A fur-
ther advantage could be that in contrast to the immunohis-
tochemical analysis of a complete epidermal restitution,
which exclusively provides information on advanced
wound duration in surgically treated skin lesions [1, 2, 7],
the evaluation of macrophage markers is not limited to
wounds with “standardized” size. With respect to these
practical aspects, the analysis of macrophage surface anti-
gens can be regarded as a considerable complement to the
limited number of parameters which can be used for the
determination of advanced wound duration.
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