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Abstract This study was performed to clarify whether
interleukin-10 messenger RNA (IL-10 mRNA) could be a
possible indicator for the distinction between intravital
wounds and postmortem damage. After incision, mice
were sacrificed from O to 180 min. The initial amount of
IL-10 mRNA in each skin specimen was evaluated using
the reverse transcriptase-polymerase chain reaction (RT-
PCR). After 15 min there was a rapid increase in 1L-10
MRNA which peaked at 60 min. A significant increase in
IL-10 mRNA occurred between 30 and 180 min. During
the 5 day postmortem interval the increase in time-depen-
dent IL-10 mRNA expression was maintained and no sig-
nificant increase in I1L-10 mMRNA expression occurred in
the postmortem control. The increased expression of IL-
10 mRNA could be considered a vital reaction in skin
specimens with postmortem change. This study demon-
strated the possible use of MRNA analysis for forensic
wound examination because mRNA was detectable by
RT-PCR over alonger postmortem time course.
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Introduction

The wound healing process is characterized by acute in-
flammation, granulation tissue formation, matrix forma-
tion and remodeling. Various biological mediators such as
cytokines and growth factors contribute to the healing
process during the phases of wound healing. Interleukin-1
(IL-1), interleukin-6 (IL-6), and tumor necrosis factor-al-
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pha (TNFa) are multifunctional cytokines necessary for
healing during the acute inflammatory phase. Use of these
inflammatory cytokines for forensic wound age estima-
tion has been also investigated [1].

Interleukin-10 (IL-10) may contribute to the acute in-
flammatory phase of the healing process, because the
biosynthesis of inflammatory cytokines by monocytes or
macrophages is suppressed by the inhibitory cytokine IL-
10[2]. We previously quantified IL-10 protein during the
healing process of mouse skin wounds using an enzyme-
linked immunosorbent assay [3]. We demonstrated that
the local IL-10 protein level rapidly increased after inci-
sion and peaked at 3 h. In those studies, IL-10 messenger
RNA (mRNA) expression was not determined. If thereis
a significant increase in IL-10 mRNA after incision, IL-
10 mRNA instead of IL-10 protein would be a more sen-
sitive indicator of wound vitality, because the induction of
IL-10 mRNA occurs before protein production. There is
no previous study using mRNA analysis for forensic
wound examination and the effect of postmortem changes
on mMRNA remains unknown.

This study determined whether IL-10 mRNA could in-
dicate the difference between postmortem damage and in-
travitally sustained wounds, specifically for short post in-
fliction intervals. Using a mouse model of skin wound
healing after incision, the temporal expression of IL-10
MRNA at the wound site and the effect of postmortem
changes on MRNA were investigated using a semiquanti-
tative reverse transcriptase-polymerase chain reaction
(RT-PCR).

Material and methods
Expression of IL-10 mRNA in situ
Animal protocol

A total of 30 male 8-week-old Crj-CD1 (ICR) mice, weighing
30-37 g (Charles River Breeding Laboratories, Japan), were anes-
thetized with an intra-peritoneal injection of sodium pentobarbital
(5 ng/g). A 2 cm full thickness incision was performed on the dor-
sal skin of mice using a scalpel and the mice were returned to ster-
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ile cages and provided sterilized food and redistilled water. A total
of 5 mice were sacrificed at 0, 5, 15, 30, 60 and 180 min post-inci-
sion. After shaving the dorsal region a2 x 1 cm area of skin sur-
rounding the wound was excised. As a control, skin specimens
from 5 mice without incision were examined.

The animal experiments were performed under the Guidelines
for the Care and Use of Laboratory Animals at Takara-machi Cam-
pus of Kanazawa University.

RT-PCR

The skin specimens (wet weight 50 mg) were placed in asterile 1.5
ml-tube and total RNA was isolated using a modified acid guani-
dinium thiocyanate-phenol-chloroform method (ISOGEN RNA
extraction kit, Nippon Gene, Japan) according to the manufac-
turer’s instructions. The RNA pellet was air-dried for 10 min and
resuspended in 20 p1 diethylpyrocarbonate (DEPC)-treated dH,O.
Using 2 pl of the RNA samples, cDNA synthesiswas performed in
a 25 pl reaction mixture which contained 25 U of avian myeloblas-
tosis virus reverse transcriptase (AMV-RT), 12.5 U of RNase in-
hibitor, 0.5 pg of oligo-dTq,.45 primers, 10 mM DTT and buffer
provided by the manufacturer (First-strand cDNA synthesis kit,
Life Science, USA). The reaction mixture was incubated at 41°C
for 1 h, followed by 5 min at 95°C to inactivate the reverse tran-
scriptase. The resulting cDNA was used for PCR with the se-
quence-specific primer pairs for 1L-10. Amplification of the (3-
actin cDNA sequence was performed in a separate tube as the in-
ternal standard. The primers used were: (a) IL-10; sense, 5'-CTG-
CTCTTACTGACTGGCATGAG-3, antisense, 5'-GACTCAAT-
ACACACTGCAGGTGT-3': (b) B-actin; sense, 5-TTCTACAAT-
GAGCTGCGTGTGGC-3', antisense, 5'-CTCATAGCTCTTCTC-
CAGGGAGGA-3.

PCR amplification was performed in a 50 pl reaction mixture
which contained 5 U of Tag polymerase, 50 uM dNTPs, PCR
buffer, which contained 3 mM MgCl, (Takara Biochemicals,
Japan) and 0.4 uM of each primer. After initial denaturation at
95°C for 3 min, amplification consisting of denaturation at 94°C
for 1 min, annealing at 65°C for 2 min and extension at 72°C for
1 min was performed for 30 cycles for B-actin and 40 cycles for
IL-10. The amplified PCR products were identified using elec-
trophoresis of 10 ul aliquots on a 2% agarose gel and were stained
with 0.5 pg/ml ethidium bromide. The products were visualized
under UV light and photographed. The specificity of the amplified
target sequences was confirmed by the restriction enzyme diges-
tion that produced the predicted size (data not shown).

Quantitative digital image analysis of the PCR product

The photographs were scanned into a computer using an image
scanner. The public domain NIH image software (Wayne Rasband,
National Institutes of Health, USA and available through the Inter-
net) was used for the quantitative digital image analysis of the
band of the PCR product. The ethidium bromide staining in the
digitized image produced a luminescence curve (densitogram). Af-
ter the base line was added to remove the background, the area un-
der the boundary line (curve and base line) was determined. The
ratio of IL-10 to -actin band intensity was calculated to normalize
the determined value for IL-10 relative to that for 3-actin to com-
pare the samples of the skin specimens at 0—180 min after incision.
The IL-10 to B-actin ratios were plotted against time after inci-
sion.

Cycle titration

An experiment on cycle number titration was performed using skin
specimens from 60 min after incision. The RT-PCR procedure was
performed under the same conditions as described. The PCR prod-
uct was analysed after every 2 cycles, from cycles 22-32 for (3-
actin and cycles 3242 for IL-10. The amplified products were
separated on a 2% agarose gel and the band intensities were mea-
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sured using the NIH image program. The logarithm of the deter-
minations of the bands was plotted against the cycles.

Determination of wound vitality by RT-PCR
for putrefied skin specimens

Detection of B-actin mRNA from putrefied skin specimens

To investigate the viability of mRNA change after postmortem,
RT-PCR was performed using skin specimens at various phases of
putrefaction. For this, 14 mice without incision were sacrificed and
placed in an air conditioned room (temperature 24°C, humidity
60%) and skin specimens were excised on days 0 to 13. The same
RT-PCR procedure was used with the sequence-specific primer
pairs for B-actin. The amplified products were visualized on
agarose gel under UV light.

Determination of wound vitality

An incision was made on the dorsal skin of 48 mice with the same
protocol and 12 mice were sacrificed at 0, 30, 60 and 180 min af-
ter incision. A 2-cm postmortem incision was performed on 12
separate mice after sacrifice and 12 mice without incision were
used as controls. The 72 mice were put in the same air conditioned
room as used previoudly. At 1, 2, 3 and 5 days postmortem, the
skin specimens were excised from 3 mice with post-infliction in-
tervals, from 3 postmortem-incised mice and from 3 mice without
incision. The initial amount of 1L-10 mRNA of these skin speci-
mens was determined using the same procedure and the IL-10 to 3-
actin ratios were plotted against the postmortem interval.

Satistical analysis

The mean and standard deviations were calculated for the survival
times after incision and for the postmortem intervals. The difference
in the IL-10 to B-actin ratio of mice without incision and wounded
mice was determined at the postmortem intervals. The significance
was determined by T-test with P < 0.05 considered significant.

Results
Expression of IL-10 mRNA in situ

IL-10 mRNA was detected from 0 to 180 min after inci-
sion and the PCR bands for B-actin (internal standard)
were not significantly different after incision (Fig. 1),
which indicated that the efficiency of RNA extraction and
RT-PCR was similar for the various skin specimens. Fig-
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Fig. 1 RT-PCR analysis of IL-10 and B-actin mMRNA expression
at the wound site during mouse skin wound healing. The size in

base pairs of the amplified cDNA fragments is indicated. Lane C
indicates the results of mice without incision (control)
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Fig. 2 Time-dependent expression of IL-10 mRNA during the
early phase of skin wound healing. The results represent the mean +
SE of at least 5 mice per group. *P < 0.05 (vs. control)
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Fig. 3 Detection of f-actin mRNA from skin specimens with
postmortem putrefaction by RT-PCR

ure 2 shows the relative change in mRNA expression for
IL-10 from O to 180 min after incision. After 15 min there
was a rapid increase in the amount 1L-10 mMRNA which
peaked at 60 min. In comparison to the mean IL-10 to (-
actin ratio of mice without incision (0.31 + 0.11, mean £
SD), asignificant increase (P < 0.05) in IL-10 mRNA oc-
curred from 30 to 180 min.

Experiments on cycle titration revealed that the ampli-
fication reaction did not plateau within the number of cy-
clesused in this study (30 cyclesfor 3-actin and 40 for IL-
10), especialy not for the peak amount of IL-10 mRNA at
60 min after incision (data not shown).

Determination of wound vitality by RT-PCR for putre-
fied skin specimens

Amplified PCR products of 3-actin cDNA for the putre-
fied skin specimens were detected on agarose gels from 0
to 11 days postmortem (Fig. 3), but the amount of (3-actin
MRNA decreased during the postmortem interval. No ad-
ditional PCR product caused by the postmortem changes
on mMRNA could be detected.

The time-dependent IL-10 mRNA expression (as
shown in Fig. 1) was maintained for 5 days postmortem
(Fig. 4). Figure 5 demonstrates the time course of the IL-
10 to B-actin ratios postmortem and the comparison with
IL-10 mRNA expression in mice without incision re-
vealed that a significant difference occurred in mice 30,
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Fig. 4 RT-PCR anadysis of IL-10 and -actin mRNA expression
from putrefied skin specimens. Lane C and lane P indicate the re-
sults of mice without incision and those of postmortem-incised
mice, respectively
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Fig. 5 Time course of 1L-10 mRNA expression during the 5-day
postmortem interval. The results represent the mean of at least 3
mice per group. O, control; O, 0 min post-incision; A, 30 min
post-incision; B, 60 min post-incision; €>, 180 min post-incision;
<>, postmortem damage. *P < 0.05 (vs. control)

60 and 180 min post-incision on days 1, 2 and 3. The
mean IL-10 to B-actin ratio increased 2 days postmortem
and 30, 60 and 180 min post-incision. No significant dif-
ference in IL-10 mMRNA expression occurred between
the mice without incision and the postmortem-incised
mice.
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Discussion

The quantitative PCR method was used because of its
sensitivity and simplicity. One method for the quantifica-
tion of MRNA using PCR is to normalize the target gene
expression relative to an internal standard gene such as [3-
actin that is expressed at a constant amount in the cell. To
accurately determine the initial amount of mRNA, this
method needs the PCR products of the target and internal
standard gene to be quantified within the exponential
range of each PCR amplification, as was performed for
the cycle titration. Because the amount of band luminosity
using the NIH image program reflects the initial amount
of template DNA [4], an accurate determination of the IL-
10 mRNA expression was performed using our experi-
mental conditions.

Considering the early phase of skin wound healing in
mice, the IL-10 protein level in situ peaked at 3 h after in-
cision [3]. Our results demonstrated a correlation with the
time course of IL-10 protein production, because the in-
duction of 1L-10 mRNA occurs before the production of
IL-10 protein. The rapid increase of IL-10 mRNA sug-
gests that IL-10 contributes to the acute inflammatory
phase of skin wound healing by suppressing the inflam-
matory response.

To determine wound age and/or wound vitality, foren-
sic pathologists have attempted to find useful biological
markers that contribute to the healing process [1, 5-16].
These markers include several proteinase inhibitors, cy-
tokines, extracellular matrix molecules etc. Recently, cell
adhesion molecules and apoptotic cell death have also
been investigated for the forensic application [17-19].
Most studies on wound age determination use the tech-
niques of immunohistochemistry and molecular biology.

The basal cell synthesis of RNA has been used for
wound examination. Buris [20] demonstrated that RNA
synthesis at the wound site rapidly increased 15 min after
wounding using °H-Uracyl-2 as the RNA precursor.
Oehmichen and Lagodka [21] investigated time-depen-
dent RNA synthesis during skin wound healing. Because
of the lack of sensitivity of autoradiography, there has
been no study on the use of very little, specific mMRNA for
forensic wound examination.

According to Oehmichen [22], if morphological and
biochemical changes are to be used to analyse wounds as
a marker of wound age or wound vitality, the following
conditions should be demonstrated; (a) time dependency
of the phenomena, (b) postmortem stability of the assay,
and (c) postmortem time dependency. For wounds with a
short post-infliction interval, in situ IL-10 mMRNA expres-
sion fulfills these 3 conditions.

A low amount of IL-10 mRNA expression does not
necessarily demonstrate that the damage was sustained
postmortem, because IL-10 mRNA expression showed
the maximum at 60 min after incision, followed by nor-
malization at 24 h after the peak (unpublished observa-
tion). A postmortem increase of the IL-10 to B-actin ratio
suggests that the mRNA induction mechanism functions
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in cells after somatic death [23], but no significant differ-
ence in IL-10 mRNA expression occurred between mice
without incision and postmortem-incised mice. We con-
sider the increased expression of IL-10 mRNA to indicate
wound vitality in a skin specimen with putrefaction.

For the use of our results for forensic practice, we sug-
gest that IL-10 mRNA expression is compared between
the skin specimens of the wound and skin specimens
proximal to the wound for the same cadaver. The latter
should be a good internal control, because the skin speci-
mens have a similar amount of putrefaction, and, there-
fore further study is necessary.

This study suggests the use of mRNA for forensic
wound examination. Although there is putrefaction in the
specimens, MRNA was determined by RT-PCR over a
longer postmortem time course than expected. Because
various proteins are synthesized after the induction of
MRNA, mRNA might be a more sensitive indicator of
wound vitality in forensic wound examination.
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