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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- 
m o r t e m  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 F~ulnisver~ndemngen untersucht 
und verschiedene Marker der Makrophagen-Differenzie- 
rung (27 E 10, RM 3/1, 25 F 9 und G 16/1) analysiert. Der 
,,early stage inflammation marker" 27 E 10 f'~bte neben 
Makrophagen auch Monozyten und neutrophile Granulo- 
zyten, die innerhalb yon Blutgef~gen bzw. in postmortal ge- 
setzten Blutungen lokalisiert waren und liefert somit keine 
Informationen zum Wundalter, die fiber die M6glichkeiten 
des Routine-histologischen Nachweises von Makrophagen 
hinausgingen. Die yon den Antik6rpem RM 3/1 (inter- 
mediate stage inflammation marker) und 25 F 9 (late stage 
inflammation marker) erkannten Antigene wurden aus- 
schlieBlich von Histiozyten und reaktiv eingewanderten 
Makrophagen exprimiert. Die morphometrische Analyse er- 
gab positive Ergebnisse (definiert als ein mindestens zwei- 
facher Anstieg tier Zellzahl in zwei oder mehr Gesichtsfel- 
dern verglichen mit der maximal feststellbaren Zahl an Hi- 
stiozyten in unverletzter Haut) bei Verwendung der Anti- 
k6rper RM 3/1 bzw. 25 F 9 frtihestens 7 bzw. 11 Tage nach 
Wundsetzung. Ab 12 Tagen Wnndalter reagierte der ,,chro- 
nic stage inflammation marker" G 16/1 erstmals positiv. 
Das Antigen lieg 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 
Pr~iparate erleichtert wird. Die entsprechenden Antigene 
lassen sich zudem in leicht - wenn auch in einer deutlich 
geringeren F~irbeintensit~it - ,  abet nicht forgeschritten fgul- 
nisver~inderter Haut nachweisen, so dab deren immunhisto- 
chemische Darstellung gegebensfalls auch zur Beurteilung 
von l~inger tiberlebten Verletzungen an Leichen mit etwas 
fortgeschrittener Liegezeit herangezogen werden kann. 
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Sehl t~sse lw6r te r  M a r k o p h a g e n  • Wunda l t e r  • 
Immunh i s tochemie  

Introduction 

Forens ic  wound  age es t imat ion  focusses  in par t icular  on 
the de te rmina t ion  of  wound  vi ta l i ty  or on the examina t ion  
of  rather  short  post  inf l ic t ion intervals.  On the other hand,  
a different ia t ion be tween  intervals  of  a few days  and more  
than one week  - for example  to ver i fy  repea ted  t rauma in 
cases of  phys ica l  chi ld  abuse - can be of  great  impor-  
tance. The parameters  sui table  for the de te rmina t ion  of  
pos t  inf l ic t ion intervals  exceed ing  one week  include,  in 
part icular ,  the presence  of  hemato id in  or spot- l ike  infi l tra-  
t ions of  l ymphocy tes  in the granula t ion t issue [for rev iew 
see 1, 10] whereas  the analysis  of  the ep ide rmal  repara-  
t ion including the immunoh i s tochemica l  de tec t ion  of  dif- 
ferent  basement  membrane  componen t s  or cytokera t ins  
can contr ibute  to the de te rmina t ion  of  advanced  pos t  in- 
f l ic t ion intervals  in surgical ly  t reated wounds  [2, 3, 7]. 

Recently,  different  markers  for mac rophage -pheno-  
types  have been  descr ibed  [4, 11, 12] which  can be  ana- 
lyzed  by  immunohis tochemis t ry .  The  ear ly stage inf lam- 
mat ion  marker  27 E 10 is a he te rocomplex  fo rmat ion  of  
M R P  8 and M R P  14 and contains  2 ca lc ium-b ind ing  pro-  
teins of  the S 100 prote in  fami ly  whereas  the late stage in- 
f l ammat ion  marker  25 F 9 represents  a 86 kD protein,  
p robab ly  a g lycopro te in  on the cell  surface and wi thin  the 
cy top la sma  of  mature  macrophages .  Fur ther  informat ion 
on the surface antigens 27 E 10 and 25 F 9 or on other  
macrophage  markers  such as G 16/1 or R M  3/1 is not  ye t  
avai lable .  Since  it was shown that these mac rophage  
markers  are expressed  during different  s tages of  pa tholog-  
ical  processes ,  for example  in f l ammat ion  or tumor  pro-  
gress ion [5, 6, 8, 12], immunoh i s tochemica l  analysis  can 
poss ib ly  provide  informat ion  useful  for  a forensic  wound  
age est imation.  

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 o1: glncocorticoids 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 2 (original 
size of the 100-point grid: 1 cm 2, 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, 
neutrophil ic granulocytes and monocytes  local ized {n blood 
vessels  or in areas o f  b leed ing  of  pos tmor t em wounds  re- 
acted posi t ively ,  addi t iona l ly  his t iocytes  were  speci f ica l ly  
stained. In skin injuries,  macrophages  express ing  the anti- 
gen recogn ized  by  the 27 E 10-ant ibody were  found out- 
side the area of  b leed ing  ear l ies t  after pos t  inf l ic t ion inter- 
vals  of  2 - 3  hrs and were  detec table  in our series up to 
wound  ages of  3 months.  Since  leukocytes  present  in 
b lood  vessels  or hema tomas  induced  pos tmor t em were  
also stained, the use of  this marker  for a forensic  wound  
age es t imat ion  seems to be l imi ted  and therefore  no fur- 
ther morphgmet r i ca l  analysis  was per formed.  

Intermediate stage inflammation marker RM 3/1. In post-  
mor tem wounds  or  u n d a m a g e d  skin, only  res ident  macro-  
phages  showed specif ic  staining whereas  granulocytes  or 
other  leukocytes  did  not  react.  The  morphomet r i ca l  analy-  
sis revea led  an average  number  o f  pos i t ive ly  s tained hist i-  
ocytes  of  0.63 _+ 0.52 in 2.5 x 10 -5 cm 2 with a m a x i m u m  
value  o f  5 posi t ive  cel ls  per  def ined mic roscop ic  area. A 
re levant  increase  in the number  of  migra ted  macrophages  
was ear l ies t  de tec table  in a wound  with a pos t  inf l ic t ion 
interval  of  7 days.  Pos i t ive ly  react ing macrophages  were  
also present  in the scar  t issue o f  the o ldes t  wound  invest i-  
gated (wound age 7 months)  and pos i t ive  results  were  ob- 
served in 72% (26 out  o f  36) of  the cases  with pos t  inflic- 
t ion intervals  be tween  7 days  and 7 months.  The average  
number  of  spec i f ica l ly  s ta ined cells in the "pos i t ive"  spec- 
imens  was about  8.34 + 6.81 per  2.5 x l 0  -5 cm 2 with a 
m a x i m u m  value  o f  21 cells. 

Late stage inflammation marker 25 F 9. Simi la r  to the re- 
sults obta ined for the R M  3/1-ant ibody,  only  migra ted  
macrophages  and his t iocytes  reac ted  pos i t ive ly  and the 
average number  of  res ident  macrophages  showing a spe- 
cific staining was about  0.72 + 0.61 per  2.5 x 10 -5 cm 2 in 
normal  skin with a m a x i m u m  value  o f  7 ceils.  Posi t ive  re- 
sults could  be obta ined  in skin wounds  ear l ies t  after pos t  
inf l ic t ion intervals  of  11 days  and were  also de tec table  in 
injuries with advanced  durat ion (in our series up to 3 
months) .  Of  the wounds  aged be tween  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) 
25 F 9 - 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  o f  specifically stained macrophages.  
The mean value in the "posit ive" specimens was about 
9.74 + 6.20 cells per defined area and a max imum number  
of  28 cells in 2.5 x 10 .5 cm a was observed. 
Chronic stage inflammation marker G 16/1. In the dermal 
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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 

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 x) 

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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identification of  histiocytes by immunohis tochemistry  
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- 
mor tem hematomas,  cells could have passively reached 
into the area of  bleeding and must  not be interpreted as a 
vital sign. Therefore, the immunohis tochemical  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 R M  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 o f  considerable 
importance. On the other hand, the antigens identified by 
the antibodies R M  3/1 and 25 F 9 are also expressed by 
histiocytes and to avoid any misinterpretation a compari-  
son between the numbers of  "physiological ly"  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 accumulat ion 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 morphometr i-  
cal analysis. Such an analysis will hardly be necessary for 
the immunohis tochemica l  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 min imum 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 immunohis tochemical  analy- 
sis of  macrophage markers provides some advantages. 
The detection o f  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 o f  this pigment. Even though spot- 
like infiltrates o f  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  accumulat ion 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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