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during skin wound healing in mice
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Abstract Dynamic localization of CB2R and quantitative
analysis of CB2R mRNA during skin wound healing in mice
were performed. Co-localization of CB2R with F4/80 or o-
SMA was detected by double-color immunofluorescence mi-
croscopy. A total of 110 male mice were divided into control,
injury, and postmortem groups. Sixty-five mice were sacri-
ficed, followed by sampling at 0.5 h—-21 days post-injury. Five
mice without incision were used as control. The other 40 mice
that received incised wound were sacrificed at 5 days after
injury. The samples were collected at 0 h—3 days postmortem.
In the uninjured controls, CB2R immunoreactivity was
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detected in the epidermis, hair follicles, sebaceous glands,
dermomuscular layer, and vascular smooth muscle. In the
incision groups, polymorphonulcear cells, macrophages, and
myofibroblasts showed positive staining for CB2R. Morpho-
metrically, the average ratios of CB2R-positive cells were
more than 50 % at 5 days post-wounding, whereas it was
<50 % at the other posttraumatic intervals. The average ratios
of CB2R-positive macrophages maximized at 3 days post-
wounding, and the average ratios of CB2R-positive myofi-
broblasts peaked at 5 days post-wounding. The relative quan-
tity of CB2R mRNA expression maximized at posttraumatic
5 days in comparison with control as detected by real-time
PCR, with an average ratio of >4.10, which was also con-
firmed by Western blotting. There was no significant change
for CB2R protein within 6 h postmortem and for mRNA
within 3 h postmortem as compared with the control group.
In conclusion, dynamic distribution and expression of CB2R
suggest that CB2R is involved in modulating macrophages
and myofibroblasts in response to inflaimmatory event and
repair process in mouse skin wound healing, and CB2R is
available as a marker for wound age determination.

Keywords Wound age determination - Skin incision -
CB2R - Macrophage - Myofibroblast - Real-time PCR

Introduction

It is generally acknowledged that the endogenous cannabinoid
system is ubiquitous in human and rodent. There is increasing
evidence that this system plays an important role in a wide
variety of physiopathological processes. The endogenous can-
nabinoid system is composed of the cannabinoid receptor type
1 and 2 (CBIR and CB2R), the endogenous ligands
(endocannabinoids), and enzymes that synthesize and degrade
endocannabinoids. As first described by Munro et al., CB2R
is identified in macrophages in the marginal zone of the spleen
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[1]. Tt is currently accepted that CB2R is mainly expressed in
immune cells including neutrophils, eosinophils, monocytes,
natural killer cells, mast cells, dendritic cells, and subtypes of
B and T cells in vitro [2-9]. A recent study has demonstrated
the presence of cannabinoid receptors in the human skin. CB2
immunoreactivity is observed in cutaneous nerve fiber bun-
dles, mast cells, macrophages, epidermal keratinocytes, and
the epithelial cells of hair follicles, sebaceous glands, and
exocrine sweat glands [10]. Although the physiological roles
of CB2R have not yet been elucidated during skin wound
healing, recent researches have shown that CB2R is closely
involved in inflammatory response and fibrotic repair of tissue
injury. In an animal model for cutaneous contact hypersensi-
tivity, mice lacking both CB1R and CB2R or wild-type mice
with intraperitoneal administration of the CB2R antagonist
SR 144528 exacerbate allergic inflammation [11]. However,
acute oral or topical administration of the CB2R antagonist
SR 144528 appears to ameliorate skin inflammatory responses
[12, 13], indicating that CB2R antagonism may be initially
beneficial but adverse upon chronic blockade. Besides, CB2 ™~
mice are more sensitive to bleomycin-induced dermal fibrosis
than CB2"* mice, and show increased dermal thickness. In-
creased dermal fibrosis is also observed upon treatment with
CB2R antagonist AM630. In contrast, selective CB2R agonist
JWH-133 reduces leukocyte infiltration and dermal thickening
[14]. Based on the studies mentioned above, a tenable hypoth-
esis is that CB2R may participate in inflammatory and fibrous
repair process after skin incision.

In the present study, we have immunohistochemically
investigated dynamic distribution of CB2R during skin
wound healing, with special consideration on the immuno-
localization of CB2R in macrophages and myofibroblasts.
Moreover, time-dependent expression of CB2R was exam-
ined by Western blotting and real-time PCR for its practical
applicability as a parameter to wound age determination.

Materials and methods
Animal model of skin wound

Establishment of an animal model of incised skin wound was
described previously [15]. Briefly, a total of 110 male adult
healthy BALB/c mice, each weighing 35-40 g, were divided
into control, injury, and postmortem groups. Of the 110
mice, 65 were anesthetized by intraperitoneal injection with
sodium pentobarbital. Subsequently, a 1.5-cm-long incision
was made with a scalpel in the skin layer on the central
dorsum under sterile technique. After incision was made,
each mouse was individually housed in a cage and fed with
commercial mouse chow and distilled water to prevent bac-
terial infection. All mice were kept under a 12-h light—dark
cycle with specific pathogen-free conditions during the
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experiments. After the animals were sacrificed by cervical
dislocation after anaesthetization, 1.5 x 1-cm specimens were
taken from wounded sites at 0.5 h, 1 h, 3 h, 6 h, 12 h, 1 day,
3 days, 5 days, 7 days, 10 days, 14 days, 17 days, and 21 days
post-injury (five mice at each posttraumatic interval). One
half of the specimen was used for immunohistochemical
procedures, and another was used for Western blotting and
real-time PCR. Five mice without incision were used as
control.

To investigate the influence of postmortem RNA degra-
dation on detection of CB2R mRNA, 40 mice were sacri-
ficed at 5 days post-injury, and the carcasses were kept
under a conditioned environment with ambient temperature
of 20-22 °C and humidity of 70-75 %. The wounded skin
samples were collected at 0 h, 0.5 h, 1 h, 3 h, 6 h, 12 h,
1 day, and 3 days after death (five mice at each postmortem
interval).

Experiments conformed to the “Principles of Laboratory
Animal Care” (National Institutes of Health published no.
85-23, revised 1985) that sought to minimize both the
number of animals used and any suffering that they might
experience, and were performed according to the Guidelines
for the Care and Use of Laboratory Animals of China
Medical University.

Tissue preparation and immunohistochemical staining

The skin specimens were immediately fixed in 4 % parafor-
maldehyde in phosphate-buffered saline (PBS; pH 7.4) and
embedded in paraffin. Five-micrometer-thick sections were
prepared. Immunostaining was performed using the strepta-
vidin—peroxidase method. Briefly, tissue sections were
mounted on the APES-coated glass slides. The sections
were deparaffinized in xylene, rehydrated with a series of
graded alcohol, and then heated in 0.01 mol/L sodium
citrate buffer (pH 6.0) with a medical microwave oven for
antigen retrieval. Subsequently, hydrogen peroxide (3 %)
was applied for quenching endogenous peroxidase activity.
The sections were blocked with 10 % nonimmune goat
serum to reduce nonspecific binding. Then, tissue sections
were incubated with rabbit anti-CB2 polyclonal antibody
(dilution 1:400; sc-25494, Santa Cruz Biotechnology, CA,
USA) overnight at 4 °C, followed by incubation with
Histostain-Plus Kit according to the manufacturer's instruc-
tions (Zymed Laboratories, South San Francisco, CA,
USA). The sections were routinely counterstained with he-
matoxylin. As immunohistochemical controls for immunos-
taining procedures, some sections were incubated with
normal rabbit IgG or PBS in place of the primary antibody.
Hematoxylin—eosin staining was conventionally conducted.
For morphometric analysis, polymorphonuclear cells
(PMNs), mononuclear cells (MNCs), and fibroblastic cells
(FBCs) in the peripheral zone of the wound and wound
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cavity were evaluated. In each section, ten microscopic
fields at 400-fold magnification were randomly selected,
and the ratio of CB2R-positive cells to the total number of
cells was calculated in each microscopic field. The average
ratio of the ten selected microscopic fields was evaluated in
each wound specimen and expressed as percentage.

Double indirect immunofluorescence

For identification of macrophages, co-localization of CB2R
and F4/80 (macrophage marker) was conducted by double
direct immunofluorescence method. Briefly, sections were
blocked with 5 % bovine serum albumin (BSA) and incu-
bated with rabbit anti-CB2R polyclonal antibody (dilution
1:50; sc-25494, Santa Cruz Biotechnology, CA, USA) and
rat anti-F4/80 monoclonal antibody (dilution 1:50; sc-
52664, Santa Cruz Biotechnology, CA, USA) overnight at
4 °C. Then, the sections were incubated with Rhodamine
(TRITC)-AffiniPure Goat anti-Rabbit IgG (dilution 1:100;
111-025-045, Jackson Immunoresearch, PA, USA) and
Alexa Fluor® 488 donkey anti-rat IgG (dilution 1:100;
A21202, Invitrogen, CA, USA) at room temperature for
2 h. Nuclei were counterstained with Hoechst 33258. Normal
rabbit or rat IgG or PBS was used to replace the primary
antibodies as negative control.

For identification of myofibroblasts, co-localization of
CB2R and «-smooth muscle actin («x-SMA) was conducted
by double indirect immunofluorescence method. The sec-
tions were blocked with 10 % nonimmune goat serum to
reduce nonspecific binding. Then, tissue sections were in-
cubated with rabbit anti-CB2R polyclonal antibody (dilution
1:50; sc-25494, Santa Cruz Biotechnology, CA, USA) at
room temperature for 2 h. The sections were further incu-
bated with biotinylated donkey anti-rabbit IgG (dilution
1:150; ab6801, Abcam, Cambridge, UK) and streptavidin,
Alexa Fluor® 555 conjugate (dilution 1:200; S-21381, Invi-
trogen, CA, USA). Then, tissue sections were incubated
with rabbit anti-a-SMA polyclonal antibody (dilution
1:50; ab5694, Abcam, Cambridge, UK) overnight at 4 °C
after blocked with 5 % BSA. After incubation with FITC-
AffiniPure Goat anti-Rabbit IgG (dilution 1:100; 111-095-
045, Jackson Immunoresearch, PA, USA) at room tempera-
ture for 2 h, the nuclei were counterstained with Hoechst
33258. Normal rabbit IgG or PBS was used instead of
primary antibody as negative control. The sections were
observed under a fluorescence microscope with Digital
CCD Imaging System.

For positive cell ratio evaluation, in each section, ten
microscopic fields at 400-fold magnification were randomly
selected in the peripheral zone of the wound and wound
cavity, and the ratio of CB2R-positive cells to the total
number of cells in each positive cell type was calculated in
each microscopic field. The average ratio of the ten selected

microscopic fields was evaluated in each wound specimen
and expressed as percentage.

Protein preparation and immunoblotting assay

The skin samples were diced into very small pieces using a
clean razor blade and homogenized with a sonicator in RIPA
buffer (sc-24948, Santa Cruz Biotechnology, CA, USA)
containing protease inhibitors at 4 °C. Homogenates were
centrifuged at 12,000xg for 30 min at 4 °C three times, and
the resulting supernatants were collected. The protein con-
centrations were determined by BCA method. Aliquots of
the supernatants were diluted in an equal volume of 5x
electrophoresis sample buffer and boiled for 5 min. Protein
lysates (50 pg) were separated on a 12 % sodium dodecyl
sulfate—polyacrylamide electrophoresis gel and transferred
onto polyvinylidene fluoride membranes (Millipore, Bill-
erica, MA, USA). After being blocked with 5 % nonfat
dry milk in Tris-buffered saline—Tween#20 at room temper-
ature for 2 h, the membranes were incubated with rabbit
anti-CB2R polyclonal antibody (dilution 1:400; sc-25494,
Santa Cruz Biotechnology, CA, USA) at 4 °C overnight and
horseradish peroxidase conjugated goat anti-rabbit IgG (sc-
2004, Santa Cruz Biotechnology, CA, USA) at 1:6,000
dilution at room temperature for 2 h. The blotting was
visualized with Western blotting luminol reagent (sc-2048,
Santa Cruz Biotechnology, CA, USA) by Electrophoresis
Gel Imaging Analysis System (MF-ChemiBIS 3.2, DNR
Bio-Imaging Systems, ISR). Subsequently, Western blotting
data were semiquantitatively analyzed using Scion Image
Software (Scion Corporation, MD, USA). The relative pro-
tein levels were calculated by comparison with the amount
of GAPDH (# G13-61M, SignalChem, Canada) as a loading
control.

Real-time PCR

Total RNA was isolated from the skin specimens (weight,
100 mg) by use of RNAiso Plus (9108, Takara Biotechnol-
ogy, Shiga, Japan) according to the manufacturer’s instruc-
tions. The RNA pellet was air-dried for 5 min and
resuspended in 30 ul diethylpyrocarbonate-treated dH,O.
OD values for each RNA sample were measured by ultra-
violet spectrophotometer. A260/A280 ranged from 1.8 to
2.0. Using 1 pg of total RNA, 28S, 18S, and 5.8S (5S)
rRNA were observed clearly by agarose gel electrophoresis.
The RNA was reversely transcribed into cDNA using Prime-
Script™ RT reagent Kit (RR037A, Takara Biotechnology).
cDNA synthesis was performed in a 20-pl reaction mixture
containing 11 ul RNase-free dH,0, 4 pl 5% Prime Buffer,
1 pl Oligo dT, 1 pul Random 6 mers, 1 pul RT Enzyme Mix I,
and 1 pg of total RNA. The resulting cDNA was used for
real-time PCR with the sequence-specific primer pairs for

@ Springer



810

Int J Legal Med (2012) 126:807-814

CB2R and B-actin (Table 1). PCR amplification used
SYBR® PrimeScript™ RT-PCR Kit (RRO81A, Takara Bio-
technology). Aliquots of 20 pl reaction mixture contained
6.8 ul dH,0, 10 ul SYBR® Premix Ex Tag™ (2x), 0.4 ul
PCR Forward Primer (10 uM), 0.4 ul PCR Reverse Primer
(10 uM), 0.4 ul ROX Reference Dye II (50x) *3, and 2 ul
cDNA. Amplification was performed by one round of initial
denaturation at 95 °C for 30 s, step-cycle mode of 40 rounds
of denaturation at 95 °C for 5 s, annealing and extension at
60 °C for 34 s by Applied Biosystems 7500 real-time PCR
System using 96-well optical reaction plate. To exclude any
potential contamination, negative controls were also per-
formed with dH,O instead of cDNA during each run. No
amplification product was detected. The real-time PCR pro-
cedure was repeated at least three times for each sample.

Statistical analysis

Data were expressed as means + standard deviation (SD)
and analyzed using SPSS for Windows 11.0. The one-way
ANOVA was used for data analysis between two groups.
Difference associated with P<0.05 was considered statisti-
cally significant.

Results

Immunohistochemical staining and co-localization of CB2R
with F4/80 and ax-SMA

In the uninjured skin specimens, positive staining of CB2R
was detected in the epidermis, hair follicle, sebaceous
glands, cutaneous muscle layer, and vascular smooth muscle
cell. In the injured skin samples, a few PMNs showed
CB2R-positive reaction from 1 to 12 h. At 1 and 3 days,
CB2R positive staining was observed mostly in round-
shaped MNCs. From 5 days post-wounding onward,
CB2R immunoreactivity was mainly detected in FBCs. At

Table 1 Primer sequences used for reverse transcription polymerase
chain reaction

Gene  Species Primer Product size (bp)

CB2R Mouse Forward: 5'-TGGACCTGGGT 176
GACTGG-3'
Reverse: 5'-CATCTGGGATAC

CTGAAACA-3'

Forward: 5'-CTGTCCCTGTAT 217
GCCTCTG-3'

Reverse: 5-TGTCACGCACGA
TTTCC-3'

B-actin Mouse

Numbers (NM_) of the genes are NCBI accession numbers obtained
from the NIH Database: CB2R, NM_007621; B-actin, NM_007393
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14 days after injury, there were still a few MNCs and a
substantial proportion of FBCs labeled with CB2R antibody.
At 21 days after injury, a small number of FBCs showed to
be CB2R positive. No false positive staining was detected in
the sections used as immunohistochemical controls
(Fig. 1a—f). Morphometrically, there is no significant differ-
ences in the average ratio of CB2R-positive cells between
posttraumatic 0.5, 1, 3 h and control, or 17, 21 days and
control (P> 0.05). The average ratios of CB2R-positive cells
to total cells were peaked with over 50 % at 5 days post-
wounding, whereas it was <50 % at the other posttraumatic
intervals (P<0.05, Supplemental Fig. 1).

In the control group, a few CB2R'/F4/80" cells were
observed in the dermal layer of normal skin, indicating that
resident tissue macrophages were CB2R-positive as
detected by double direct immunofluorescence staining.
The CB2R/F4/80" cells started to accumulate at 1 day after
injury (Fig. 2) and maximized in number at 3 days after
injury. Thereafter, CB2R"/F4/80" cells decreased gradually
in number and were seldom seen at 21 days post-injury.

At 3 days post-injury, CB2R"/a-SMA" cells initially
appeared in the wounded site and peaked in number at 5 days
after injury as detected by double indirect immunofluores-
cence staining (Fig. 3). With extension of posttraumatic
interval, CB2R"/a-SMA™ cells decreased gradually in num-
ber and disappeared at 21 days post-injury.

The average ratios of CB2R-positive macrophages and
myofibroblasts were evaluated (Supplemental Fig. 2). The
average ratios of CB2R-positive macrophages and myofi-
broblasts reached their climax at 3 and 5 days after injury,
respectively (P<0.05).

Western blotting

The blots against CB2R and GAPDH antibody are shown in
Fig. 4. Western blotting analysis demonstrated that the rel-
ative ratios of CB2R to GAPDH gradually increased from
1 h post-injury onward, reached its climax at 5 days after
injury, and then decreased from 7 to 21 days after injury (P<
0.05). Significant differences in the relative expression lev-
els of CB2R protein were found between the control group
and each posttraumatic interval from 1 h to 17 days. There
were significant differences in the relative intensity of
CB2R to GAPDH between 1, 5, and 10 days injury groups
and their preceding groups as shown in Supplemental Fig. 3
(P<0.05).

For evaluation of postmortem influence on detection of
CB2R protein, it was found that no significant decrease in
the relative protein level of CB2R to GAPDH was noted at
0.5, 1, 3, and 6 h as compared with that of 0 h postmortem.
Continuous decrease in relative quantity of CB2R was ob-
served from 12 h to 3 days in comparison with that of 0 h
postmortem (P<0.05, Fig. 5 and Supplemental Fig. 4).
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Fig. 1 Immunohistochemical
staining of CB2R in the control
and wounded skin. a CB2R
immunoreactivity is found in
the epidermis, hair follicle,
glandulae sebaceae in the
uninjured control (original
magnification, x200). b, ¢
CB2R-positive PMNs and
MNCs are detected in the
wounded area at 6 h and 1 day
post-wounding. d, e A number
of spindle-shaped FBCs are
positively immunostained in the
wounds at 5 and 14 days after
injury. f There were still a few
FBCs labeled with CB2R anti-
body in the area of wound at
21 days post-injury (original
magnification, x400)

Real-time PCR

The relative quantity of CB2R mRNA expression in skin
specimen was assayed by real-time PCR throughout the
posttraumatic intervals after incision. The relative quantity
of CB2R mRNA expression was more than 4.10 at 5 days
after injury, whereas less than 4.10 at the other posttraumatic
intervals (P<0.05). There were significant differences in the
relative quantity of CB2R mRNA between 0.5 h, 1 h, 3 h,
6 h, 5 days, 7 days, 10 days, and 14 days injury groups and
their preceding groups (P<0.05, Supplemental Fig. 5).

In postmortem groups, no significant change was noted in
CB2R mRNA levels within 3 h after death (P> 0.05). There
was significant reduction in the CB2R mRNA levels from 6 h
to 3 days compared with 0 h (P<0.05, Supplemental Fig. 6).

Discussion

The present study, for the first time, demonstrated that CB2R
was expressed in both macrophages and myofibroblasts

infiltrated into skin wound zones during skin wound healing
in mice. There is an interesting evidence that CB2R can
accommodate the chemotactic response of human macro-
phages to chemokines CCL2-3 [16]. Peritoneal macrophage
response to the chemokine RANTES/CCLS is significantly
inhibited by CB2R ligands THC and CP55,940 and by the
CB2R-specific agonist O-2137. Meanwhile, the inhibition by
THC is reversed by the CB2 receptor-specific antagonist
SR144528. THC treatment has a minimal effect on the che-
motactic response of CB2R ™~ peritoneal macrophages [17].
Furthermore, macrophage migration is indispensable in skin
wound repair, suggesting that macrophage-derived CB2R has
an effect on the modulation of macrophages in response to
chemoattractants.

Myofibroblast is another CB2R-producing cell type. Betz
et al. examined time-dependent appearance of x-SMA-
positive myofibroblasts in human skin wounds, and demon-
strated that myofibroblasts initially were detected in 5-day-
old wounds and subsequently increased in number at the
wound site. Besides, CB2R activation via exogenously ad-
ministered cannabinoids specifically suppresses activation
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Fig. 2 Double
immunofluorescence analysis
was performed to determine
CB2R-expressing macrophages
at | day post-injury. The sam-
ples were immunostained with
anti-F4/80 (a, green) and anti-
CB2R (b, red). Nuclei were
counterstained with Hoechst
33258 (¢, blue). Co-localization
of F4/80 and CB2R is shown in
the merged image (d, yellow).
Representative results from five
individual experiments are
shown here. Scale bars=10 pm

of pancreatic myofibroblasts. Increase in x-SMA protein
levels is observed after treatment with the CB2 receptor-
specific antagonist AM630 [18]. Based on these findings,
we speculate that CB2R is involved in the inflammatory
response of macrophages and fibrotic repair of myofibro-
blasts during the skin-incised wound healing.

In forensic practice, wound age estimation is one of
the most important and indispensable jobs for forensic

Fig. 3 Double
immunofluorescence analysis
was performed to determine
CB2R-expressing myofibro-
blasts at 5 days post-wounding.
The samples were immunos-
tained with anti-a-SMA (a,
green) and anti-CB2R (b, red).
Nuclei were counterstained
with Hoechst 33258 (¢, blue).
Co-localization of x-SMA and
CB2R is shown in the merged
image (d, yellow). Representa-
tive results from five individual
experiments are shown here.
Scale bars=10 pum
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pathologists. It is often necessary to determine wound age
for correlating death with wounds. During the past 10 years,
most studies on forensic wound age determination have been
focused on analyses of extracellular matrix, adhesion mole-
cules, growth factors, and cytokines [19-23]. Our data
showed that immunopositive signals for CB2R were consti-
tutively detected in the epidermis, hair follicles, sebaceous
glands, cutaneous muscle layer, and vascular smooth muscle

CB2R
b

Hoechst33258
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Fig. 4 Analysis of CB2R and
GAPDH protein by Western
blotting at different
posttraumatic intervals. Lane C

indicates the result of the 34KD
control skin. Representative
results from five individual
animals are shown 34KD

cell in uninjured skin specimens. Since it was quite difficult to
evaluate the difference of immunohistochemical results of the
epidermis, hair follicles, sebaceous glands, and vascular
smooth muscle cell between uninjured and injured skin sam-
ples, it is considered that infiltrating cells such as leukocytes
and fibroblasts should be morphometrically analyzed. From
the viewpoint of application of our data to forensic practice,
CB2R-positive ratios of >50 % possibly indicate a wound age
of 5 days as detected by immunohistochemical analysis.
Moreover, positive CB2R immunoreactivity in macrophages
or myofibroblasts revealed a time-dependent manner after the
skin was injured. The ratio of CB2R-positive macrophages
over 50 % possibly suggests a wound age of 3 days, and the
ratio of CB2R-positive myofibroblasts over 65 % possibly
indicates a wound age of 5 days. However, immunohisto-
chemical staining was restricted in practical application, es-
pecially for the estimation of wound age less than 8 h, because
it was not accurate and stable in a semiquantitative analysis,
and the results may be influenced by investigators [24, 25].
Real-time PCR has been applied to evaluate postmortem
intervals and wound age [26], which is considered to be more
sensitive than immunohistochemical approaches [27] and
offer the possibility to better identify the time appearance of
parameters of possible future interest [28].

Recently, our research team also demonstrated that real-
time PCR and Western blotting were more appropriate to
detect mRNA and protein in early wound age estimation
[29, 30] and suggested that CB2R would be a useful marker
for wound age determination in the animal model of skeletal
muscle contusion [29]. Considering the viewpoint of foren-
sic application, the present study demonstrated that the
relative ratio of CB2R mRNA expression was presumed to
be a useful parameter for skin wound age determination. In
real-time PCR results, the relative quantity of CB2R mRNA
expression was shown to be >4.10 at 5 days post-injury.

Postmortem interval
Oh 0.5h 1h 3h 6h 12h 1d 3d

CB2R

34KD % s — b — GAPDH

Fig. 5 Analysis of CB2R and GAPDH protein by Western blotting at
different postmortem intervals. Representative results from five indi-
vidual animals are shown

Time after wounding

C 0.5h 1h 3h 6h 12h 1d 3d 5d 7d 10d 14d 17d 21d

——— — D N w——

CB2R

GAPDH

After 7 days or within 5 days, no samples showed relative
quantity of >4.10. Thus, the relative quantity markedly
exceeding 4.10 may strongly indicate a 5-day wound age.
Similarly, CB2R mRNA expression tendency was con-
firmed by protein expression tendency with maximized ratio
of relative CB2R expression at 5 days after incision as
detected by Western blotting. Based on our results, the
present study demonstrated that the relative ratio of CB2R
mRNA expression was presumed to be a useful parameter
for skin wound age determination. Detection of CB2R by
Western blotting and real-time PCR would narrow further
the ranges of wound age estimation in combination with
morphometrical analysis, and Western blotting and real-time
PCR assays were more suitable for very early wound age
estimation than immunohistochemical analysis.

It is universally accepted that degradation of mRNA and
protein occurs after death, which undoubtedly interfere with
application of the biological markers for estimation of
wound age, although an experimental study revealed that
IL-10 mRNA was detectable by RT-PCR at 5 days postmor-
tem and might be used as a sensitive indicator of wound
vitality [31]. Indeed, in forensic pathology cases, mRNA or
protein is degraded gradually by means of enzymatic diges-
tion, and different types of mRNA or proteins may have
different rates of degradation. We do think that CB2R
mRNA or protein would be affected by a variety of post-
mortem factors even if it is applicable to skin wound age
determination. Based on our data, we chose wound samples
at 5 days post-injury to investigate postmortem influence on
the levels of CB2R protein and mRNA because expressions
of CB2R protein and mRNA reached peaks at the posttrau-
matic time point. Compared to 0 h postmortem, no signifi-
cant changes were observed in CB2R protein levels within
6 h or CB2R mRNA levels within 3 h after death under our
experimental condition, suggesting that CB2R protein or
mRNA might be used as a parameter for wound age esti-
mation shortly after death.

In conclusion, CB2R is time-dependently expressed dur-
ing skin wound healing in mice and might be involved in
modulating macrophages and myofibroblasts in response to
inflammatory event and fibrotic repair. Although further
study using human samples obtained from autopsy is, of
course, necessary, we propose that real-time PCR detection
of CB2R could be presumed to provide significant informa-
tion for wound age determination.
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