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Abstract

Assessment of the vitality of an injury is one of to the main tasks in daily forensic casework. Aquaporins belong to the family
of water channels. They enable the transport of water and of small molecules like glycerol through biological channels. So
far, 13 classes of aquaporins are identified in vertebrates. The classical aquaporin channels 1, 2 and 4 are only permeable
for water. The aquaporin channels 3, 7, 9 and 10 are also called aquaglycerolporins since they can also transport glycerol.
Aquaporin 3 is expressed in epidermal keratinocytes. In the present investigation, the aquaporin 1 and 3 expression in
mechanically and thermally damaged skin is investigated by immunohistochemistry. The study collective comprises 30
cases (63.3% male and 36.7% female) with an age range between 19 and 95 years (mean value 54.6 years). The skin injury
comprises different kinds of blunt force, sharp force, strangulation marks, thermal injury, gunshot wounds and frost erythema.
In all kinds of mechanical and trauma injury, an increased expression of aquaporin 3 in the keratinocytes of the epidermis
was found. There is no correlation of the aquaporin 3 expression with age, sex, body mass index, duration of agonal period
and postmortem interval. Concerning aquaporin 1, there were no differences between injured and uninjured skin. Aquaporin
3 is independently from the kind of skin injury and appears to be a valuable immunohistochemical parameter of vitality.
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Introduction

Assessment of the vitality of an injury belongs to the
main tasks in daily forensic casework. Forensic specialists
are often confronted with the questions whether injuries
occurred antemortem or postmortem and how long a per-
son might have survived those [1]. Furthermore, inflicted
injuries may not be clearly visible. For example, strangula-
tion marks may only be vaguely formed and even vanish
over time [2, 3].

In the forensic context, wound vitality is closely related
to tissue repair. In this context, the early tissue repair that
occurs right after an injury may also be described as vital
reaction [1]. The process of wound healing is quite simi-
lar in different tissues and may be subdivided into different
phases. Due to this similar process, a determination of the
wound-age is possible. The wound-age corresponds with the
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time between the trauma and time of death. Eventually, it
describes the time of survival of an individual [4].

The estimation of wound vitality may be accomplished
with immunohistochemical stainings and/or determination
of gene expression of proteins like aquaporins [5].

Aquaporins belong to the family of water channels. They
enable the transport of water and of small molecules like
glycerol through biological channels. So far, 13 classes
of aquaporins are identified in vertebrates. The classical
aquaporins (AQP 1, 2, 4) are only permeable for water. The
aquaporin channels 3, 7, 9 and 10 are also called aquaglyc-
erolporins since they can also transport glycerol [6]. AQP1
is located around the dermal capillaries [7]. Aquaporin 3 is
expressed in epidermal keratinocytes [8]; the stratum cor-
neum of the epidermis does not contain keratinocytes and
AQP3-channels [9].

AQP3 is also involved in the process of wound healing. A
study on AQP3-deficient mice showed that those mice had
less epidermal cell migration to the wound area compared
to wild-type mice.

Ishida et al. [10] investigated the aquaporin expression in
56 strangulation cases. They found a positive expression in the
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Fig. 1 Study collective AQP3, bullet wound, 100% expression, mag-
nification of 400X

strangulation mark for aquaporin 3. Additionally, AQP1 and
AQP3 can be used to further determine the wound age [11].
AQP3 also proved to be a reliable forensic marker in burning
victims. It has been shown, that AQP3 is missing in the center
of a burning wound and that there is an enhanced expression
of AQP at the margin of the wound [12].

In the present investigation, the aquaporin 1 and 3 expres-
sion in mechanically and thermally damaged skin is investi-
gated by immunohistochemistry.

Material and methods

The study collective comprises 30 cases (63.3% male and
36.7% female) with an age range between 19 and 95 years
(mean value 54.6 years). A detailed overview is shown in
Table 1. The skin injury comprises different kinds of blunt
force, sharp force, strangulation marks, thermal injury, frost
erythema and gunshot wounds. The duration of agony was
defined as very short (less than a minute), short (less than an

Fig.3 Study collective AQP3, laceration, 100% expression, magnifi-
cation of 400X

hour) and long (more than an hour). In each case, a sample
of the macroscopically uninjured abdominal skin was taken
to compare the expression of AQP. Cases of polytrauma
and decay were excluded from this study. An immunohis-
tochemical staining was performed by using the following
antibodies: mouse anti-AQP1 monoclonal antibody and
rabbit anti-AQP3 polyclonal antibody (Abcam, Cambridge,
United Kingdom). In accordance to manufacturer’s instruc-
tions, visualization of the immune complexes was done by
using Dako Envision+ Dual Link System (Dako Denmark,
Glostrup, Denmark).

After staining and preparation, slides were microscopi-
cally and semi-quantitatively analyzed wherein 10 randomly
chosen high power fields (HPF) were observed by two inde-
pendent investigators under a light microscope at 400 X mag-
nification to assess reddish-stained AQP in the epidermal tis-
sue (Figs. 1, 2, 3, 4 and 5). For each HPF, the ratio between
the reddish-stained AQP in the epidermis and the unstained
epidermis was estimated in percent and the mean value for

Fig.2 Study collective AQP3, frost erythema, 100% expression,
magnification of 400X

Fig.4 Control collective AQP3, no visible expression of the macro-
scopically uninjured abdominal skin, magnification of 400X
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Fig.5 Study collective AQP1, notable expression on dermal capillar-
ies but no visible expression in the epidermis of desiccated skin due
to reanimation, magnification of 400X

all such HPFs was calculated. A 95% confidence interval
was chosen and a Mann—Whitney-U-test for two independ-
ent samples was carried out. We also tested the strength of
association between the staining in injured and uninjured
skin and the kind of injury, sex and duration of agony by
using the Eta Coefficient test and the correlation between the
staining and age, body mass index and postmortem interval
by using the Pearson correlation coefficient.

Results

In all kinds of mechanical injuries and exposure to cold,
an increased expression of aquaporin 3 in the keratinocytes
of the epidermis was found. In the injured skin, a mean
expression of 76.0% (min. 10%, max. 100%, median 80%,
standard deviation 26.7) was observed compared to 53.8%
(min. 0%, max. 100%, median 52.5%, standard deviation

Fig.6 Comparison of the AQP3

expression in the epidermis in

injured and uninjured skin
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80
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30.9) in the uninjured skin (Fig. 6). Based on the result of
the Mann—Whitney-U-test (p=0,007), the AQP3 expres-
sion was significantly higher in injured skin compared to
the uninjured skin.

There was no significant correlation between the intensity
of AQP3 expression and age, sex, BMI, duration of agonal
period or postmortem interval in injured and uninjured skin.
The intensity of AQP3 expression was independent from the
kind of injury. Concerning AQP1, there was no expression
in the epidermis of injured and uninjured skin.

Resuscitation was performed in 12 of the 30 cases.
In those cases, there was only a slight difference regard-
ing the mean expression in injured as well as uninjured
skin. The mean expression in the epidermis was 59.3% in
uninjured and 78.7% in injured skin in cases where resus-
citation was performed compared to 50.1% and 74.2%,
respectively.

Discussion

APQ?3 showed an increased expression in the epidermis in all
kinds of mechanical injuries and exposure to cold. In most
cases, the expression was higher than in macroscopically
uninjured skin. The expression in uninjured skin was higher
than in the injured skin in only four cases and the injured
skin never showed a negative expression. Regarding those
four cases, cardiopulmonary resuscitation was performed or,
as in one case, the person was found in abdominal position.

It also has to be considered, that there might has been
some kind of blunt force impact on the abdominal area prior
to the death of those people that caused an increased expres-
sion. This might be considered in case 18 were the woman
died in a homicide due to multiple stab wounds. It also
showed, that in cases of polytrauma, there was an overall

Comparison of the AQP3 expression in the epidermis

Injured skin
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increased and indistinguishable expression in injured and
macroscopically uninjured skin.

Therefore, in cases of high impact forces, an immunohis-
tochemical examination of the AQP3 expression does not
seem useful. In cases of resuscitation, it has to be considered
that there may be an overall increased AQP3 expression even
in the uninjured skin. In our investigated cases, information
was often missing whether the resuscitation was predomi-
nantly performed manually or mechanically. Further studies
are needed to investigate a potential influence of the resus-
citation technique on the overall AQP3 expression. In cases
of short survival time (agonal period less than several min-
utes), it has to be considered that a low immunohistochemical
AQP3 expression may also result from an incomplete AQP3
translation [5]. For those reasons, it still seems advisable to
combine immunohistochemical investigations and determina-
tion of AQP gene expression to assess wound vitality.

Regarding the study by Ishida et al. [10], there was also
a significant correlation between the AQP3 expressions in
injured skin compared to uninjured skin. In contrast to their
study, we found a higher mean AQP3 expression in the unin-
jured skin. This might be due to the fact, that we observed a
smaller and very heterogeneous case collective and not only
strangulation cases. Similar to the findings of Ishida et al.,
there seems to be no remarkable influence of postmortem
changes regarding immunoreactivity of AQP3.

In conclusion, AQP3 expression is independent from the
kind of skin injury and appears to be a valuable immuno-
histochemical parameter of wound vitality whereas AQP1
appears to be an unsuitable marker. Yet, there seem to be
certain constellations where the use and significance of this
examination may be restricted. Further studies are needed
to establish a sufficient sensitivity and specificity of this
method, to identify unsuitable constellations, to consolidate
the validity in applicable scenarios and to find new suit-
able markers that in combination enhance the validity of
immunohistochemical wound vitality determination. This
could be achieved, for example, through a quantitative whole
slide analysis of the skin samples since a semi-quantitative
analysis like used in this study contains the risk of inaccura-
cies. Ultimately, there is still a need for comparison between
those cases presented in this study and cases of confirmed
postmortem injuries like animal scavenging or postmortem
boat propeller injuries in order to rule out that postmortem
changes occur in the AQP expression pattern.
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