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A b s t r a c t  Demonstrating the vital character of an injury 
and estimation of  the age are routine tasks in forensic 
pathology and although many different techniques have 
been applied to this problem none have been found to be 
completely satisfactory. Apoptosis, an active genetically 
controlled process, is the major mechanism by which 
homeostasis of  a number of physiological systems in the 
body is regulated and changes in the rate following differ- 
ent kinds of stimuli have prompted us to test it as an indi- 
cator of vitality. We used an in situ end-labelling tech- 
nique (Apop-Tag) in 30 human surgical skin injuries with 
age since injury ranging from 3 min to 8 h and found that 
apoptotic keratinocytes are found in over 50% of the cases 
with a post-infliction interval of at least 120 min. Apopto- 
sis was not seen in injuries less than 120 min old or in nor- 
mal skin, which was used as an external control. These re- 
suits suggest that apoptosis could be a useful indicator for 
the intravital occurrence of injuries and could help to esti- 
mate the date of  the skin injuries in some cases. The im- 
portance of strict technical control is stressed and the ne- 
cessity of  a complementary technique to confirm apopto- 
sis is discussed. 

K e y w o r d s  Skin injuries �9 Apoptosis �9 Wound age �9 Vital 
reaction 

Introduction 

The process of  cutaneous healing is a complex and care- 
fully organised series of events which encompasses se- 
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quential changes involving the components of  the extra- 
cellular matrix (ECM), proteins, release of  growth factors 
and secretion of  migration-stimulating cytokines (Grin- 
nell 1992; Juhasz et a1.t993). Many of these factors have 
been studied in order to provide information on the in- 
travital character of  an injury, but results are still under 
debate. Since the early work of Raekalio using histoenzy- 
matical techniques (Raekalio 1972) up to recent investiga- 
tions using monoclonal antibodies against different com- 
ponents of  the extracellular matrix (Betz 1995; Hausmann 
and Betz 2001), biochemical methods (Vieira 1996), or in 
situ hybridisation for proinflammatory cytokines (Sato 
and Ohshima 2000), none has proved to be completely re- 
liable, thus promoting the search for more positive mark- 
ers. The same problem arises when investigating the in- 
f lammatory response in other tissues (Hausmann et al. 
2001; Hausmalm and Betz 2000). 

Apoptosis is an organised, energy-dependent, process 
leading to cell death (Kerr et al. 1972), characterised by 
distinct morphological and biochemical features, which is 
gaining acceptance as an important contributor to differ- 
ent physiological and pathological processes. In the skin, 
apoptotic cells can be detected under a wide variety of 
conditions, including inflammatory dermatoses (Teraki 
and Shiohara 1999) and skin neoplasms (Kerr et al. 1972; 
Sen 1992; Thompson 1995; Weedon 1990). It is also in- 
volved in the homeostasis of healthy skin, where terminal 
differentiation of keratinocytes is thought to be a special 
form of apoptosis (McCall and Cohen 1991) and is pre- 
sent in the matrix and root sheath of  cycling hair follicles 
(Norris 1995). Its role in physical and, particularly, me- 
chanical trauma has also been demonstrated both in ani- 
mal experimentation and in humans. UV radiation in- 
duces DNA fragmentation in cultured human keratino- 
cytes through an increase in the expression of Fas and 
Fas-L (Gniadecki et at. 1997) and there is immunohisto- 
chemical evidence of the role of  p53 genes/proteins 
(O 'Grady et al. 1988) and bcl-2 family proteins (Sauroja 
et al. 1999) in this process. 

The detection of an increased rate of apoptosis in the 
injured tissue has been considered a time-dependent 
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marker  of  cell  death  in rat bra in  (Pravdenkova  et al. 
1996). To the best  o f  our knowledge ,  few papers  have in- 
ves t iga ted  the forensic  s igni f icance  of  apoptos is  in human  
skin injuries (Betz  et al. 1997; Sawaguchi  et al. 2000). 
Betz et al. (1997) cons idered  apoptos is  in dermal  f ibro-  
blasts  as a re l iab le  marker  o f  the intravital  character  o f  an 
injury, but  they fa i led  to address  the var iabi l i ty  be tween  
different  k inds  o f  injuries,  or  take into account  the some-  
t imes  very long pos t - inf l ic t ion  interval.  The  work  o f  
Sawaguch i  et al. (2000) was based  exc lus ive ly  on skin 
bruises  co l lec ted  f rom autopsy  cases,  somet imes  with a 
cons iderab le  pos t -mor tem interval .  

Our  a im was to demons t ra te  the presence o f  apoptosis ,  
us ing an in situ end- labe l l ing  technique,  as an indica tor  of  
the intravital  charac ter  of  an injury, as wel l  as its contri-  
but ion to es tabl i sh ing  the age o f  incised injuries.  The  use 
o f  surgical  skin  injuries  a l lows  precise  de te rmina t ion  o f  
the age o f  the wound,  and also avoids  p rob lems  arising 
f rom autolysis  o f  spec imens ,  so c o m m o n  when dea l ing  
with  autopsy mater ia l .  This  should  be cons idered  as a pre- 
l iminary  step towards  an appl ica t ion  of  the technique to 
forensic  ca sework  material .  We  have also focused  our  
s tudy on wounds  with  a short  t ime lapse  interval ,  which  
are of  par t icular  concern  in forensic  pract ice.  

Materials and methods 

The study was carded out on 18 men and 12 women, all adults, 
with ages ranging from 28 to 76 years (average 46.7 years) and in- 
cluded 30 incised vital wounds inflicted with a scalpel. All were 
located in the abdominal skin and measured about 1.5 cm in length 
and 1.5 cm in depth. Transversal sections were taken from the 
wounds including the injury at one of the margins, the opposite 
margin being used as an internal control. The specimens were col- 
lected after a post-infliction interval that ranged from 3 min to 8 h 
and grouped into six categories of five specimens each in accor- 
dance with post-infliction intervals of <30 min, 30--60 min, 
60-120 min, 120-180 min, 180-240 min and >240 min. Patients 
with conditions which could influence the healing process, such as 
metabolic disorders and corticoid or antineoplastic agent therapies, 
were excluded from the study. Patients consented to inclusion in 
the study, which was performed in accordance with ethical stan- 
dards. 

The specimens were fixed in 4% buffered formaldehyde, rou- 
tinely processed and embedded in paraffin. Sections (4 t.t thick) 
from each sample were placed on coated slides for in situ detection 
of apoptotic cells. Nuclear DNA fragments were visualised by an 
enzymatic reaction according to a modified protocol of Gavrieli et 
al. (Gavrieli et al. 1992), using the Apop-Tag in situ apoptosis de- 
tection kit (Oncor, Gaithersburg, Md.), following the manufac- 
turer's instructions. In brief, after deparaffination and rehydration, 
sections were treated with proteinase K (20 ~tg/ml) for 5 min at 
room temperature and washed twice in 3% H202 for a further 
5 min. The kit was then applied and the slides immersed in the TdT 
solution supplied for 1 h in an oven at 37~ and then developed us- 
ing diaminobenzidine (6 min) and counterstained with methyl- 
green. 

Tissue sections from tonsils were used as positive controls for 
DNA fragmentation. Specimens without application of the TdT 
enzyme served as negative controls for the technique and six spec- 
imens from non-sun exposed, normal skin, were used as external 
controls. Only nuclear staining was taken into account and only 
those cells which showed strong nuclear staining were regarded as 
positive. 

Results 

Epi thel ia l  (in the ep idermis  and skin adnexae)  and dermal  
s ta ining was evalua ted  and in those cases regarded  as pos-  
itive, only nuclear  s taining was noted.  No  s ignif icant  cy-  
toplasmat ic  reac t ion  was observed.  Adnexa l  ep i the l ium 
from p i losebaceous  and eccr ine  glands was posi t ive  in 
some cases,  but  these structures were  not present  in every  
case  and, consequent ly ,  they were  not  taken into account.  

The  most  consis tent  reac t ion  pattern was the staining 
o f  kera t inocyte  nuclei  (Fig. 1), which  was the main  pa-  
ramete r  taken into account  in the study. In the epidermis ,  
pos i t ive  results  were  ob ta ined  in injuries o lder  than 
120 rain and 8 out  o f  the 15 cases  were c lear ly  posi t ive  
(Table 1). This  was par t icu lar ly  c o m m o n  in the 120-  
180 min  group,  where  4 o f  the 5 cases  were posi t ive,  and 
in the last group (older  than 240 min),  with 3 posi t ive  
cases.  In  every  section,  l abe l led  cei ls  were l imi ted  to the 
basal  and spinous layer  (Fig.  2), c lear ly  decreas ing  when 
reaching  the granular  cell  layer,  which  was a lways  nega-  
t ive as was the horny layer.  Ini t ial ly,  the staining was re- 
s t r ic ted to cel ls  c lose  to the wound  edge,  main ly  in the 
basa l  layer,  but  in some cases  it had  spread to affect  al- 
mos t  the whole  sect ion length  and ex tended  through to the 
spinous  layer. 

In the dermis ,  convinc ing  nuc lear  label l ing was noted 
ear l ie r  than in the ep idermis  (Table 1) and in the 6 0 -  
120 min  group,  4 out o f  the 5 sect ions showed staining o f  
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Fig. 1 Dark (positive) nuclei of the keratinocytes are seen inter- 
spersed with light (negative) nuclei in the epidermis (Apop-Tag kit 
x200) 

Table 1 Results of the Apop-Tag test in injuries and control cases 
(normal, non-sun-exposed, skin) 

Postinfliction Epidermis Dermis 
interval (min) 

<30 O/5 O/5 
30--60 0/5 0/5 
60-120 0/5 4/5 
1 2 0 - 1 8 0  4 / 5  5 / 5  

180-240 1/5 3/5 
240-360 3/5 5/5 
Control cases 0/6 0/6 
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Fig.2 Even in strong positive cases, the reaction was limited to 
the basal and spinous layer (Apop-Tag kit • 

the dermis and subcutaneous fat tissue. The degree of  
staining reached a maximum in the injuries in the groups 
120m-180 min and 240--360 min, in which all cases were 
positive. These results are coincidental with epidermal 
positivity. Unequivocal staining was noted in the nuclei of 
fibroblasts and, to a lesser degree, in the nuclei of adipocytes 
and endothelial cells. These cells were not preferentially 
localised in relation to the injury margin nor to any other 
recognlsable structure. 

None of the injuries showed inflammatory responses 
or haemorrhagic areas, which are prone to false postive 
results. 

All sections from normal, non-sun-exposed, skin 
showed no significant apoptosis, both in the epidermis 
and the dermis. Sections from tonsils, used as extemal 
positive controls, showed positivity restricted to the ger- 
minal centres, which was not present in sections incu- 
bated with PBS instead of TdT, which were completely 
negative. 

Discussion 

Apoptosis is involved in the physiopathology of many in- 
flammatory dermatoses and skin neoplasms (Teraki and 
Shiohara 1999), in UVB-induced lesions both in animals 
(Okamoto et al. 1999; Ouhtit et al. 2000) and in humans 
(O'Grady et al. 1988) and it has been demonstrated after 
thermal injuries in rats (Nagata et al. 1999). Work on me- 
chanical human skin injuries has to date received scant at- 
tention in the forensic literature, with only two previously 
published papers (Betz et al. 1997; Sawaguchi et al. 2000). 

We have demonstrated apoptosis in epidermal kera- 
tinocytes in 8 out of the 15 injuries with a post-infliction 
interval of at least 2 h, but not in any of the remaining 
7 cases�9 It is difficult to compare our results with previous 
work because Betz et al. (1997) did not take into account 
keratinocyte positivity, in orderto avoid spurious staining 
due to the "physiological" level of apoptosis. The demon- 
strable level of "physiological" apoptosis in the epidermis 
using the Apop-Tag kit was established by staining six 
control cases from normal, non-sun-exposed skin, where 
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no significant rate of apoptosis was observed. In particu- 
lar, apoptotic cells in the basal and spinous layers were 
never noted, which, to the best of our knowledge, is to be 
expected in normal skin (Teraki and Shiohara 1999). Con- 
sequently, we have taken keratinocyte positivity as the 
best indicator of apoptotic rate increase in the epidermis. 
Aditionally, the finding of  positive cells far from the 
wound margin in some injuries with long post-infliction 
interval could suggest some kind of advance of the apop- 
totic stimulus along the epidermis. Moreover, the distrib- 
ution of the apoptotic cells in the different cell layers is 
conf'med to the basal and spinous layers, similar to the 
distribution found in UVB radiation-induced apoptosis 
(Lu et al. 1999). 

Contrary to Betz et al. (1997), who included several 
kinds of skin injuries, we limited our investigation to in- 
cised injuries to avoid the risk of divergent results arising 
from the heterogeneity of the lesions examined. In partic- 
ular, we believe that surgical and autopsy injuries are not 
comparable because autolytic changes are not present in 
the former, but are unavoidable in the latter. Also, we 
have concentrated our sampling within a narrow time 
lapse, close to the moment of infliction, which is crucial 
for a differential diagnosis between vital and post-mortem 
injuries�9 Sawaguchi et al. (2000) only considered skin 
bruises and reported a late increase (at least 2 days) in the 
apoptotic rate of epidermal and dermal cells, which differs 
considerably from our own results. This could be due to 
the different nature of the injury, which, in our case im- 
plies a lesion mainly located in the epidermis, in contrast 
to the dermal location of bruises. While the injuries re- 
ported by Sawaguchi et al. (2000) were all bruises, they 
were, nevertheless, all removed after death, sometimes 
with a considerable delay (up to 6 days) before formalin 
fixation, which could have had some influence on the re- 
sults. The selection of surgical material avoids this prob- 
lem and, given that our samples have been taken under 
optimal conditions, an increase in the sensitivity of the 
technique could be expected�9 

We have confirmed the presence of apoptotic cells in 
the dermis and subcutaneous fat tissue, as previously 
noted by Betz et al. (1997) and Sawaguchi et al. (2000)�9 
The time lapse needed to detect apoptosis in dermal cells 
varied from 6 h to 2 days (Betz et al. 1997; Sawaguchi et 
al. 2000). In our study, some positive cells were found 
even 60 min after the infliction of the injury. The presence 
of some isolated positive cells in the dermis could be 
helpful as an indicator of early vital reaction, but since no 
variations with increasing wound age are apparent and 
they lack a defined topographic distribution this makes 
the validity doubtful. 

Although autolysis has also been implicated in false 
positive results (Petito and Roberts 1995; Wolvekamp et 
al. 1998), in this present study it was minimal�9 In order to 
obtain reliable and reproducible results, we have carefully 
standardised and validated the TUNEL assay by setting 
up the appropriate positive (human tonsil sections) and 
negative controls (omission of the TdT enzyme in the 
TUNEL reaction mixture). 
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In summary,  we have demonstrated that the f inding of 
apoptosis in keratinocytes using an in situ end- label ing  
technique seems to be a reliable marker of vital occur- 
rence. The fact that not all vital injuries show an increase 
of the apoptotic rate of keratinocytes implies that only  
posit ive results provide useful information.  Consequently,  
when unequivocal  positivity is found, the intravital  char- 
acter of the injury is highly probable.  Strict technical  con- 
trol of  the T U N E L  assay cannot  be overstated. These re- 
sults should be considered as a prel iminary report in order 
to validate the technique under  opt imal  condit ions prior to 
the application of the technique in daily practice. 
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