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Abstract Immunohistochemical study combined with mor-
phometry was carried out to examine the expression of
cyclooxygenase-2 (COX-2) using 60 human skin wounds
of different ages: group I, 0–4 h (n011); II, 8 h–2 days (n0
21); III, 3–9 days (n014); and IV, 12–21 days (n014). In
wound specimens aged 2 h to 2 days, anti-myeloperoxidase-
positive neutrophils observed at the wound site expressed
immunopositive reaction to COX-2. In wound specimens of
more than 3 days, CD68-positive macrophages as well as
neutrophils were positively immunostained with anti-COX-
2. In group II, all 21 wound samples had COX-2-positive
ratios of >40 %, and 15 out of them showed >50 %. In group
III, only three wound samples with the postinfliction inter-
vals of 3 days showed positive ratios of 40–50 % and the
remaining 11 cases less than 40 %. In groups I and IV, all 25
wound specimens had COX-2-positive ratio of <40 %. With
regard to the practical applicability with forensic safety,
these observations suggested that a COX-2-positive ratio
of >40 % indicated a wound age of 8 h to 3 days. Moreover,
COX-2-positive ratios, considerably exceeding a ratio of 50

%, indicate a wound age of 8 h to 2 days. Collectively,
COX-2 would be a useful marker for the determination of
early wound age.
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Introduction

In forensic practice, wound examination is one of the most
important tasks for forensic pathologists. When forensic
pathologists have autopsy cases with multiple injuries such
as stabbing, lacerations, and subcutaneous hemorrhage, they
are always required to evaluate which wound(s) is closely
related with the death [1–3]. Furthermore, it is also essential
to judge how long before each wound has been sustained, so
called wound age determination [1–3]. Conventionally, his-
tological alterations in the different phases of wound healing
process have been applied to wound age determination [4].
At present, immunohistochemical techniques are widely
used in forensic pathological researches [5–12]. Thus, there
are lots of immunohistochemical studies on wound age
determination [13–21].

Wound healing is a basic biological response that involves
soluble mediators, extracellular matrix components, res-
ident cells, and infiltrating leukocytes [22–25]. The mo-
lecular mechanisms of wound repair are not fully understood
but involve growth factors, cytokines, adhesion molecules,
and matrix metalloproteases [26–30]. Prostaglandin E2
and prostaglandin I2 are proinflammatory mediators in-
volved during the acute inflammatory phase [31]. These
two prostaglandins are potent vasodilators that also act
synergistically with other mediators to increase microvascu-
lar permeability. Cyclooxygenase (COX), the key enzyme, is
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required for the conversion of arachidonic acid to pros-
taglandins [32]. Two COX enzymes, COX-1 and COX-
2, are responsible for the production of prostaglandin
H2, the first step in prostanoid biosynthesis. It appeared
that COX-1 was constitutively expressed under the phys-
iological conditions and COX-2 for the elevated production
of prostanoid that occurred in sites of disease and in-
flammation [32]. Actually, Laulederkind and colleagues
demonstrated that COX-2 was essential for skin wound
healing by the use of COX-2-deficient mice [31]. In the
present study, we immunohistochemically examined COX-2
expression in human skin wounds of different wound ages and
discuss the practical availability of COX-2 as a marker for
wound age determination.

Materials and methods

Antibodies

The following monoclonal or polyclonal antibodies
(mAbs or pAbs) were used for immunohistochemical
and immunofluorescence analyses in the present study:
goat anti-COX-2 pAbs (Santa Cruz Biotechnology,
Santa Cruz, CA), rabbit anti-myeloperoxidase (MPO)
pAbs (Neomarkers, Fremont, CA), mouse anti-human
CD 68 mAb (clone PG-M1; Dako Cytomation, Kyoto,
Japan), cyanine dye 3 (cy3)-conjugated donkey anti-
mouse IgG pAbs, cy3-conjugated donkey anti-rabbit
IgG pAbs, and FITC-conjugated donkey anti-goat IgG
pAbs (Jackson ImmunoResearch, West Grove, PA).

Human skin wound specimens

A total of 60 human skin wounds (13 stab wounds, 12
incised wounds, 20 surgical wounds, and 15 lacerations)
with wound ages of a few minutes to 21 days were
collected from forensic autopsies (Institute of Legal
Medicine, University of Munich, Germany). The ages
of the victims ranged from 7 to 83 years (mean age,
46.5 years), and the postmortem interval was less than
3 days in each case. None of the cases had suffered
from severe malnutrition, malignant diseases, or meta-
bolic disorders, and no substances such as cytostatic
agents or glucocorticoids that could have influenced
wound repair were administered during medical treat-
ment. According to wound ages, the wound specimens
were classified into four groups as follows: group I, 0–
4 h (n011); group II, 8 h to 2 days (n021); group III,
3–9 days (n014); and group IV, 12–21 days (n014).
Uninjured skin from the same individual was also taken
as a control.

Immunohistochemical analysis

The wound specimens were fixed in 4 % formaldehyde
solution buffered with PBS and embedded in paraffin, fol-
lowed by making sections at a thickness of 4 μm. Briefly,
deparaffinized sections were incubated with PBS containing
1 % normal rabbit serum and 1 % bovine serum albumin to
reduce nonspecific reactions. Thereafter, the sections were
further incubated with anti-COX-2 pAbs (dilution 1:100)
overnight at 4°C. After the incubation of biotinylated sec-
ondary Abs, immune complexes were visualized using Cat-
alyzed Signal Amplification System (Dako, Kyoto, Japan)
according to the manufacturer’s instructions. As the nega-
tive control, sections were incubated with goat normal se-
rum instead of the primary antibody, and no positive signal
could be detected, indicating the specificity of the antibody.

Double-color immunofluorescence analysis

In another series, double-color immunofluorescence
staining was performed to determine the cell type
expressing COX-2 [14, 17]. Briefly, deparaffinized sec-
tions were incubated with PBS containing 1 % normal
donkey serum and 1 % bovine serum albumin to reduce
nonspecific reactions. Thereafter, the sections were fur-
ther incubated with a pair of anti-CD68 (dilution 1:100)
or anti-MPO pAbs (dilution 1:100) and anti-COX-2
(dilution 1:100) overnight at 4°C. After incubation with
fluorochrome-conjugated secondary Abs at room tem-
perature for 1 h, the sections were observed under a
fluorescence microscope. The immunofluorescent images
were digitally merged. In order to confirm the specific-
ity of each antibody, the sections were incubated with
isotype-matched immunoglobulin instead of each prima-
ry antibody, and we could detect no positive signal, implying
the specificity of each antibody.

Morphometrical analysis

According to the methods of previous studies [13–18],
morphometrical analysis was performed for a semiquantita-
tive evaluation of the immunohistochemical findings by two
different investigators who had no prior knowledge of the
specimens. Briefly, 10 high power microscopic fields (0.4×
0.4 mm each) were randomly selected in each section, and
the number of COX-2 positive infiltrating cells and that of
total infiltrating cells were counted in each microscopic
field, and the ratio of COX-2-positive infiltrating cells to
total infiltrating cells was calculated. The average ratio of
the 10 selected microscopic fields was evaluated as COX-2
expression in each wound specimen.
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Statistical analysis

In each group, the mean values of the COX2-positive ratios
and standard errors (SE) were calculated. Statistical analyses
were performed using one-factor analysis of variance to
determine whether differences existed among the group
means, followed by Scheffé’sF test to identify significantly
different means.

Results

In unwounded skin and wound of less than 30 min, leuko-
cyte recruitment was absent, and a few resident cells (prob-
ably macrophages) in the corium rarely expressed COX-2,
indicating that the evaluation of those resident cells in the
corium would not be available for wound age determination
likewise in previous studies [13–18]. Thus, apparent infil-
trating cells such as neutrophils and macrophages were
evaluated. In wound specimens aged 2 h to 2 days, neutro-
phils labeled with MPO were predominantly observed at the
wound site, and those MPO-positive neutrophils expressed
immunopositive reaction to COX-2 (Fig. 1A, B). In wound
specimens of more than 3 days, CD68-positive macro-
phages were also recruited, and those CD68-positive macro-
phages were positively immunostained with anti-COX-2
pAbs (Fig. 2A, B).

Morphometrical analyses

Figure 3A demonstrates the distribution of the ratios of
COX-2-positive infiltrating cells in relation to wound age.
In group I, COX-2-positive ratios were very low (mean±SE,
12.2 ± 4.3 %). In wound specimens with a postinfliction
interval of 8 h to 2 days (group II), the ratio of COX-2-
positive cells considerably increased (mean ± SE, 58.2 ± 2.5
%). All 21 samples had the COX-2-positive ratios of >40 %,
and 15 out of the 21 samples showed the positive ratios

of >50 %. A 12-h-old wound in group II showed the highest
value (78.3 %) among all of the 60 human skin wound
specimens in the present study. Thereafter, with an increase
of wound age (groups III and IV), the COX-2-positive ratio
apparently decreased. Although, in group III, only three
wounds samples with the postinfliction intervals of 3 days
showed positive ratios of 40–50 %, the remaining 11 cases
in group III and all 14 cases in group IV had COX-2 ratio of
less than 40 %. Statistical analysis revealed significant dif-
ferences between group II and the three other groups, be-
tween groups I and III, and between groups III and IV
(Fig. 3B); however, there was no significant difference
between groups I and IV.

Discussion

Prostaglandins are found in animals as primitive as the
coelenterates and are present in a wide variety of human
tissues [32]. PGs not only play a central role in inflamma-
tion but also regulate other critical physiological responses.
In humans, prostaglandins are involved in diverse functions,
including blood clotting, ovulation, initiation of labor, bone
metabolism, nerve growth and development, wound healing,
kidney function, blood vessel tone, and immune responses
[33].

In the synthesis of prostaglandins, two cyclooxygenase
isoforms have been identified and are referred to as COX-1
and COX-2. Under many circumstances, the COX-1 en-
zyme is produced constitutively (i.e., gastric mucosa)
whereas COX-2 is inducible (i.e., sites of inflammation)
[32]. Thus, several lines of accumulating evidence demon-
strated that COX-2 was closely involved in various inflam-
matory diseases, and eventually, novel therapeutics targeting
COX-2 have been developed [33]. Actually, the inhibition
of COX-2 attenuated experimental pancreatitis, indicating
that COX-2 played detrimental roles in acute inflammatory
disease [34, 35].

Fig. 1 A In a 12-h-old wound, polymorphonuclear leukocytes are
immunostained with anti-COX2 pAbs (subcutaneous region at the
wound sites, magnification×200). B Double-color immunofluores-
cence analysis by the use of anti-MPO and anti-COX-2. Signals in i

and ii were digitally merged in panel iii. Representative results are
shown here (subcutanenous region at the wound sites, magnification×
400)
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Wound healing is composed of inflammatory, prolifera-
tive, and maturation phases [22, 23]. Thus, it was considered
that COX-2 could be involved in inflammatory phase of
skin wound healing. Our previous study indicated that
COX-2 was mainly produced by neutrophils [35]. Consis-
tent with this, MPO-positive neutrophils predominantly
expressed COX-2 in human skin wound samples. Moreover,
a part of CD68-positive macrophages were also immunos-
tained with anti-COX-2. Thus, it is considered that neutro-
phils and macrophages should be morphometrically analyzed,
in accordance with our previous studies.

To the best of our knowledge, only a few studies have
focused on prostaglandins and their synthases including
COX in the field of forensic medicine. King and colleagues
examined the levels of 19-hydroxy-prostaglandins F1 alpha/
F2 alpha as a specific semen marker, in semen-contaminated
vaginal swabs and semen stains [36–41]. There are only
three forensic studies in wound age determination or wound
vitality. The levels of leukotriene B4 but not PGFa would be
useful for the differentiation between antemortem injuries
and postmortem damages in autopsy samples [42, 43]. Bai
and colleagues examined COX-2 mRNA expression in rab-
bit wound healings and showed that COX-2 gene expression
would be useful for early wound age determination [44].

However, the practical usefulness of COX-2 has not been
examined with human skin wounds.

From the viewpoint of forensic pathological applications,
the present study shows that COX-2 is a suitable marker for
wound age determination. All wound samples in groups I
and IV showed the COX-2-positive ratios of <40 %. On the
contrary, all 21 samples in group II had COX-2-positive
ratio of >40 %. In group III, only three wounds aged 3 days
showed COX-2-positive ratios of >40 %, and the remaining
11 wounds showed <40 %. Collectively, with regard to
practical applicability with forensic safety, these observa-
tions suggested that a COX-2-positive ratio of >40 %
strongly indicates a wound age of 8 h to 3 days. Moreover,
15 out of 21 wounds in group II samples showed >50 %,
and there was no wound specimen with the positive ratios of
50 % in other three groups. Thus, COX-2-positive ratios,
considerably exceeding a ratio of 50 %, indicate a wound
age of 8 h to 2 days.

In line with previous studies [13–18], we examined
wound samples with the postmortem intervals of less than
3 days to minimize unspecific background. Thus, there was
no influence of postmortem intervals on immunostaining.
Several lines of accumulating evidence implied that IL-1α
would be useful for wound age determination of 4 h to 1 day

Fig. 2 A In a 3-day-old wound, mononuclear cells are positively
immunostained with anti-COX-2 pAbs (subcutanenous region at the
wound sites, magnification×200). B Double-color immunofluores-
cence analysis by the use of anti-CD68 and anti-COX-2. Signals in i

and ii were digitally merged in panel iii. Representative results are
shown here (subcutanenous region at the wound sites, magnification×
400)

Fig. 3 a Ratio of COX-2-
positive infiltrating cells in
relation to wound age. b Mean
value and standard error
of COX-2-positive infiltrating
cells in each wound group.
**p<0.01, a significant differ-
ence was observed statistically
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[16, 45]. Double-color immunofluorescence analyses of
COX-2 and IL-1α or triple-color immunofluorescence
analyses of COX-2 and IL-1α together with leukocyte
markers (MPO or CD68) may be more useful for wound
age determination at early phase after injury.
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