
Abstract An immunohistochemical and morphometrical
study on the temporal expression of interleukin-1α (IL-
1α) was performed on 40 human skin wounds with differ-
ent wound ages. Immunohistochemically, polymorphonu-
clear neutrophils mainly showed positive reactions for IL-
1α in wounds aged between 4 h and 1 day, but with in-
creasing wound age, neutrophils were no longer present,
and macrophages and fibroblasts were positively stained.
Morphometrically, the ratio of the number of IL-1α-posi-
tive infiltrating cells to the total number of infiltrating
cells was evaluated. A considerable increase in the IL-1α-
positive cell ratio was observed in wound specimens aged
4 h to 1 day, and the maximum ratio was 46.5% in a 7 h-
old wound. The mean value of the IL-1α-positive ratio in
10 wound specimens with different wound ages between
4 h and 1 day was 32.8 ± 9.7%. In most cases the ratio of
IL-1α-positive cells gradually decreased in wounds aged
between 1.5 and 21 days to less than 30%, and the mean
value was 17.5 ± 7.2% (n = 27). These results suggest that
ratios of IL-1α-positive cells considerably exceeding
30%, indicate a postinfliction interval of 1 day or less.
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Introduction

There have been many studies on the forensic aspects of
wound age determination [1–8]. At present, the immuno-
histochemical technique is mainly used for wound age de-
termination. In particular, Betz et al. [9–12] examined ex-
tracellular matrix components (e.g., fibronectin, collagen
fibers, etc.) and showed that they could be used as mark-
ers for wound age determination. Dreßler et al. [13]
demonstrated the availability of intercellular adhesion
molecule-1 (ICAM-1). Recently, morphometrical analysis
in addition to an immunohistochemical or histochemical
method was performed for a more accurate and objective
estimation of wound age [14–16].

The present authors have performed experimental
studies on the temporal dynamics of interleukin-1α (IL-
1α) in the healing process of mouse skin wounds [17, 18].
The results of the animal experiments suggested that IL-
1α could be a possible marker for wound age determina-
tion. In the present study, the authors re-examined
whether IL-1α is a useful marker for wound age determi-
nation with human skin wounds in forensic autopsies.

Materials and methods
Materials

A total of 40 human skin wounds (8 stab wounds, 4 incised wounds,
25 surgical wounds and 3 lacerations) with different wound ages
from a few minutes to 21 days were removed at autopsy (Department
of Legal Medicine, University of Munich). The 40 wound specimens
were obtained from 28 males and 12 females, the individual ages
ranged from 8 to 75 years (mean age: 40.6 years) and the post-
mortem interval was less than 3 days in each case. None of the sub-
jects had suffered from severe malnutrition, malignant diseases or
metabolic disorders, and no substances such as cytostatic agents or
glucocorticoids, which may influence wound healing, were adminis-
tered during medical treatment. Unwounded skin from the same in-
dividuals was also taken as a control.

Immunohistochemical procedure

Specimens of wounded and unwounded skin were fixed in 4%
formaldehyde solution with phosphate-buffered saline (PBS; pH
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7.2), embedded in paraffin and sectioned at a thickness of 4–6 µm.
Polyclonal rabbit antibody against human IL-1α (Genzyme, USA)
was used as the primary antibody, and the alkaline phosphatase-
anti-alkaline phosphatase (APAAP) method was employed to vi-
sualize the localization of IL-1α.

Morphometrical analysis

In each section, 10 microscopic fields (magnification × 200) were
randomly selected, and the ratio of the number of IL-1α-positive
infiltrating cells (neutrophils, macrophages and fibroblasts) to the
total number of infiltrating cells was calculated in each micro-
scopic field. The average ratio of the 10 selected microscopic
fields was evaluated in each wound specimen.

Statistical analysis

Statistical significance was determined by the T-test with P < 0.05
considered significant.

Results

Immunohistochemistry

In unwounded skin specimens, only epidermal cells and
sweat glands were positively immunostained with anti-IL-
1α antibody.

In three wound specimens with wound ages of less
than 30 min, no infiltrating cells were observed. Many
polymorphonuclear neutrophils were observed first in a 
4 h-old wound and the cytoplasm of the neutrophils was
positively immunostained with anti-IL-1α antibody (Fig.
1). Furthermore, neutrophils showed a positive immuno-
reaction in wound specimens aged 5 h–1 day. With an in-
crease in wound age, the IL-1α positive neutrophils had
almost disappeared from the wound sites, and phagocytic
macrophages and fibroblasts with positive reactions for
IL-1α were observed (Fig. 2).

Morphometrical analysis

Figure 3 demonstrates the distribution of the ratios of 
IL-1α-positive infiltrating cells in relation to wound age.
A considerable increase in the IL-1α-positive cell ratio
was observed in wound specimens aged 4 h–1 day, and
the maximum ratio was 46.5% in a 7 h-old wound. There-
after, in the wound specimens with wound ages ranging
from 1.5 to 21 days, the IL-1α-positive cell ratio gradu-
ally decreased with an increase in wound age. The mean
positive ratio in the 10 wound specimens with the wound
ages between 4 h and 1 day was 32.8 ± 9.7%. In most of
the 27 wound specimens with wound ages between 1.5
and 21 days (except for a 4-day-old wound specimen), the
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Fig. 1 A 4-hour-old skin wound with infiltration of neutrophils
(arrows) showing a positive reaction (red in color) for IL-1α
(APAAP, × 400)

Fig. 2 In this 2-week-old wound, fibroblasts (arrows) as well as
macrophages (asterisks) are immunostained with anti-IL-1α anti-
body (APAAP, × 400)

Fig. 3 Ratio of IL-1α-positive infiltrating cells in relation to the
wound age



IL-1α-positive ratios were less than 30%, and the mean
value was 17.5 ± 7.2%. Statistically, a significant differ-
ence in the mean ratio of IL-1α-positive cells was 
observed between wound specimens with wound ages
ranging from 4 h to 1 day and those aged over 1.5 days 
(P < 0.05).

Relevant differences in the IL-1α positive ratio in rela-
tion to sex, individual ages and wound type, which should
be taken into consideration for wound age determination,
were not found.

Discussion

IL-1 is a biological polypeptide produced by various
kinds of cells such as macrophages, neutrophils, fibro-
blasts and astrocytes [19]. There are two different genes
for IL-1 proteins (IL-1α and IL-1β) [20, 21], although
there is no difference in the biological functions. IL-1 has
different biological functions by autocrine or paracrine
such as activation of neutrophils and fibroblasts, produc-
tion of acute phase proteins, induction of other cytokines
(e.g., interleukin-6 and tumor necrosis factor-α), and reg-
ulation of glucocorticoid hormone production [22]. In
particular, IL-1 is induced in the early inflammatory phase
after invasive stimuli including trauma and bacterial in-
fection and initiates inflammatory reactions. Therefore,
IL-1 is known as a proinflammatory cytokine or alarm cy-
tokine [23].

As shown in immunohistochemical studies [24, 25], in
normal human skin specimens, IL-1α was observed in epi-
dermal cells and sweat glands. It appears that IL-1α is dis-
tributed in the epidermis in the normal physiological con-
ditions as well as in the invasive conditions, since the skin
is always under stimulation from the external environ-
ment. This speculation can be supported by the fact that
the messenger RNA of cytokines including IL-1α is de-
tected in unwounded skin specimens by the reverse tran-
scription-polymerase chain reaction (RT-PCR) method
[26, 27]. In the wounded skin specimens, epidermal cells
and sweat glands were also positively immunostained.
Therefore, it is considered that IL-1α-positive epidermal
cells and sweat glands can provide no useful information
for wound age determination and infiltrating cells such as
neutrophils, macrophages and fibroblasts should be mor-
phometrically analyzed.

The wound healing process is a well-controlled biolog-
ical phenomenon that consists of inflammatory, prolifera-
tive and maturation phases. According to previous studies
[17, 28], IL-1 is closely involved in the inflammatory
phase, which precedes the proliferative and maturation
phases. From medico-legal aspects, the results of a previ-
ous study [17] suggested that IL-1α might be a useful
marker for forensic wound determination. However, this
experimental study was not sufficient to confirm the use-
fulness of IL-1α as a wound age marker in forensic au-
topsies, since the results were obtained in animal experi-
ments performed under strictly controlled conditions. Ac-
cording to previous studies [7–12, 14–16], human skin

wound specimens with a post-mortem interval of less than
3 days were used to minimize unspecific background
staining. In this study, wound specimens with a post-
mortem interval of less than 3 days were thus examined.

The immunohistochemical localization of IL-1α in this
study showed no differences concerning the kinds of pos-
itively stained cells between this study and the previous
experimental studies using mice [17, 18]. The temporal
course of the IL-1α positive ratio in this study was also
similar to that of the IL-1α protein level in a previous ex-
perimental study [17]. The results obtained from the pre-
sent study are closely correlated to patho-physiological
concepts of wound healing, since high expression of IL-
1α, as a proinflammatory cytokine or alarm cytokine can
be expected in wound specimens with a wound age of less
than 1 day, whereas the IL-1α positive ratio decreased
with increasing postinfliction intervals.

From the view point of forensic pathology, the im-
munohistochemical detection of IL-1α in infiltrating cells
is useful for wound age determination in human skin
wounds. In six out of ten wound specimens aged between
4 h and 1 day, IL-1α-positive ratios were greater than
30% (mean: 32.8%). However, in most of the 27 wound
specimens with wound ages between 1.5 and 21 days, the
ratios were less than 30%(mean: 17.5%). These results
suggest that IL-1α can be a useful marker for wound age
determination and that IL-1α-positive ratios, considerably
exceeding a ratio of 30%, indicate a wound age of 1 day
or less. Moreover, it is considered that the combined eval-
uation of positive cell types and positive ratios may be-
come more useful for wound age determination.
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