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Abstract 

In forensic practice, it is important to diagnose wound age accurately. We analyzed the proteome of injured 

murine skin to identify a novel protein marker of wound age after recent injury. We used samples from 3 

days after injury, with 0 days as the control. The proteins were separated with two-dimensional 

electrophoresis. Using mass spectrometry, we identified a protein, chitinase-like 3 (Chil3). Chil3 mRNA 

expression showed temporal changes, which included a peak increase at 2 days after injury. Next, we 

produced an anti-Chil3 antibody and confirmed its specificity with western blotting. Similar to the mRNA 

results, an analysis of temporal changes in Chil3 protein expression revealed a peak at 2 days after injury. 

We also investigated the time-course of changes in Chil3 tissue localization using immunohistochemistry. 

Chil3 signals remained in the wounded area for up to 9 days. However, Chil3-positive cells were observed 

in the scab, the edge of the dermal layer and neogenetic granulation tissue between 1 and 3days. Thus, 

wound age can be histologically determined using the localization of Chil3 but not its general existence. 

Additionally, double-labeled fluorescent immunohistochemistry revealed that the Chil3-expressing cells 

were mainly neutrophils. These data show that Chil3 is expressed in neutrophils during the early stage of 

wound healing in mice; thus, Chil3 is a potential histological marker of 1-3-day-old wounds. 
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1 Introduction 

Forensic pathologists are required to diagnose the age of wounds during autopsies. Macromorphology of 

wounds (e.g., color changes of subcutaneous hemorrhages and scabbing) provide primary information, 

however, it is unsuitable for the accurate determination of wound age from only it. 

Wound repair mechanisms are divided into three stages based on pathophysiological aspects; 

inflammation, proliferation, and maturation [1-3]. Histopathological examinations are typically used to 

determine the chronological order of changes that occur during each stage, including the conventional 

hematoxylin-eosin (HE) staining and/or Prussian blue staining [4-6]. HE staining is an essential method of 

visualizing cytomorphology, however, identifying the types of cells those infiltrate wounds during healing 

requires proficiency for forensic pathologists. Prussian blue staining is frequently used for age estimations. 

The limitation with this method is that positive staining requires a wound age of 5-7 days. Therefore, 

Prussian blue staining cannot detect the very early stages of wound healing. 

Various cells and biomolecules play a role in wound repair, and many pathologists speculated that some 

of these markers could be used to determine wound age based on their fluctuations during tissue repair [7]. 

Pathologists have estimated earlier wound ages by measuring the levels of enzymes and/or bioactive 

substances, such as ATPase, phosphatase, serotonin, and histamine [7-10]. To date, a large number of 
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studies have investigated wound age estimation using collagen, cytokines, adhesion molecules and/or their 

combinations as indicator [11-24]. 

Hence, the development of a useful method to accurately determine wound age at early stages is 

essential; therefore, we completed the following study; first, we determined the time-course of mRNA and 

protein expression for the identified compounds after the proteome analysis. Next, we assessed the specific 

protein localization and temporal expression of the potential protein marker using histological methods 

with murine injured skin. We report that the utility of the protein chitinase-like 3 (Chil3) was examined for 

wound age determination. 

 

2 Materials and methods 

2.1 Animal Experiments 

2.1.1 Animal model 

Pathogen-free 6-week-old male BALB/cCrSlc mice were obtained from SLC, Inc. (Shizuoka, Japan). As 

previously described, skin wounds were created in mice [25, 26]. Briefly, mice were anesthetized by an 

intraperitoneal injection of sodium pentobarbital (50 mg/kg). After shaving to remove the fur, six 

full-thickness excisional wounds were created on the dorsal skin using a 4-mm biopsy punch (Kai medical, 
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Tokyo, Japan). After the procedure, each mouse was housed in a sterilized cage and provided autoclaved 

food and redistilled water to prevent bacterial infections. The mice were euthanized at 1, 2, 3, 5, 7, and 9 

days after injury. Mice euthanized on 0 days served as a control. The Animal Care Committee of Nagasaki 

University approved our research protocol (Approved No. 1410211181-2). 

 

2.1.2 Biochemistry 

The dorsal skin of euthanized mice was exfoliated and excised around the wound edges with a 6-mm 

biopsy punch (Kai Medical). For protein examination, the tissue samples were frozen in liquid nitrogen 

and preserved at -80 ◦C until use. For RNA analysis, the tissue samples were immersed in RNAlater® 

(Life Technologies, Carlsbad, CA, USA) overnight at 4 ◦C and then preserved at -80 ◦C. 

 

2.1.3 Histology 

After euthanasia, samples immediately underwent perfusion fixation with phosphate-buffered 4% 

paraformaldehyde (PFA, Wako, Tokyo, Japan). The dorsal injured skin was exfoliated and fixed overnight 

with phosphate-buffered 4% PFA in 4 ◦C. For immunohistochemistry (IHC), fixed skin samples were cut, 

dehydrated, paraffinized, and embedded. The paraffin blocks were preserved in the dark at room 
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temperature. For fluorescent IHC (fIHC), fixed skin samples were cryoprotected with 10 and 20% sucrose 

solutions. The samples were cut and embedded in O.C.T compound (Bright Cryo-M-Bed; Bright 

instruments, Huntingdon, UK) on dry ice and preserved at -80 ◦C. 

 

2.2 Two-dimensional electrophoresis (2-DE) 

2.2.1 Sample preparation for protein analysis 

Each 10-mg skin specimen with a zirconia bead (Nikkato Corporation, Osaka, Japan) and 400μL of 

protein extract solution was homogenized twice using a Tissue Lyser (Qiagen, Hilden, Germany) at 25 

Hz for 30 sec. The lysed tissue and buffer was centrifuged (15000 × g, 30 min, 4 ◦C). The protein 

concentration of the supernatant was measured using the RC DC™ protein assay kit (Bio-Rad 

Laboratories, Hercules, CA, USA). The protein extraction solution contained 8 M urea (Wako), 2 M 

thiourea (Wako), 3% CHAPS (Dojindo, Kumamoto, Japan), 1% Triton X-100 (Wako), 50 mM 

dithiothreitol (DTT, Nakalai Tesque, Kyoto, Japan), and 1% Biolyte® pH 3.5-10 (Bio-Rad Laboratories). 

 

2.2.2 2-DE 
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The steps for 2-DE were performed in accordance with the Isoelectric Focusing System User's Manual 

(Anatech, Tokyo, Japan) and previously reported method [27]. An immobilized pH gradient (IPG) 

ReadyStrip™ (Bio-Rad Laboratories, pH 4-7, 18 cm) was used for the first dimension. The strips were 

rehydrated overnight in the protein extraction solution with 0.0025% orange G. Next, 50 μg of protein was 

added to the cathode end of each strip, and the strips were run from 500 to 3,000 V in stages for 8 hrs and 

then run at 3500 V for 10 hrs at 20 ◦C. The strips were subsequently treated for protein reduction and 

alkylation. The reduction solution contained 6 M urea, 50 mM DTT, 25 mM Tris-HCl (pH = 8.8), 2% 

sodium dodecyl sulfate (SDS, Wako), and 30% glycerol (Wako). The alkylation solution contained 6 M 

urea, 80 mM iodoacetamide (IAA, Nakalai Tesque), 25 mM Tris-HCl (pH = 8.8), 2% SDS, and 30% 

glycerol. Next, the strips were applied to vertical homogeneous acrylamide 12%T gels and run using the 

SDS-discontinuous system (20 mA/gel, 15 ◦C).  

 

2.2.3 Image acquisition and statistical analysis 

Proteins in the gels were visualized using a Silver Stain Plus™ Kit (Bio-Rad Laboratories) according to 

manufacturer's instructions. The stained gels were scanned with an Image Scanner (GE Healthcare UK Ltd., 

Little Chalfont, Buckinghamshire, England) and LabScan Software (GE Healthcare) and saved as 16-bit 
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TIFF images. The images were analyzed with Shimadzu Phoretix™ 2D Expression ver. 2005 (Shimadzu 

Corporation, Kyoto, Japan) using the default analysis wizard and evaluated for differences between injured 

skin and the control. An un-paired t-test was used for statistical analysis. A p-value of less than 0.05 

indicated a statistically significant difference. 

 

2.3 Mass Spectrometry 

2.3.1 Sample preparation and analysis 

In-gel digestion was performed in accordance with previously reported method [27]. The silver-stained 

spots were cut into 1-mm3 pieces and destained with 15 mM potassium ferricyanide (Wako) /50 mM 

sodium thiosulfate (Wako). After washing the gels with redistilled water and 50 and 100% acetonitrile 

(AcCN, Wako), the proteins were reduced with 10 mM DTT and alkylated with 50 mM IAA. The gels were 

equilibrated and dehydrated with 50 mM ammonium bicarbonate (NH4HCO3, Wako), 50% AcCN/50mM 

NH4HCO3, and 100% AcCN. Next, the gels were incubated with a trypsin (Wako) solution at 37 ◦C 

overnight in NH4HCO3 buffer. The digested peptides were extracted from the gels with 0.3% formic acid. 

The extract solutions were used for liquid chromatography-tandem mass spectrometry (LC-MS/MS) 

analysis. 
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2.3.2 LC-MS/MS 

The LC-MS/MS method was performed as previously described [28]. MS and tandem-MS spectra were 

obtained using an LC-electrospray ionization-linear ion trap-q-time of flight (LC-ESI-LIT-q-TOF) 

spectrometer (NanoFrontier eLD, Hitachi High-technologies, Tokyo, Japan). A peptide extract solution 

was used, and peptides were trapped by C18 column (MONOLITH TRAP C18-50-150, Hitachi 

High-technologies). Peptide separation was completed with a packed nano-capillary column 

(NTCC-360/75-3, Nikkyo Technos, Tokyo, Japan) at a flow rate of 200 nL/min. The peptides were eluted 

using a stepwise acetonitrile gradient (Buffer A: 2% acetonitrile/0.1% formic acid, Buffer B: 98% 

Acetonitrile/0.1% formic acid, Gradient protocol: 0 min A = 100% B = 0%, 60 min A = 0%, B = 100%). 

The separated peptides were ionized with a capillary voltage of 1700 V. The ionized peptides were detected 

with a detector potential TOF range of 2050-2150 V. The raw data were converted into the Mascot format 

using data processing software (Hitachi High-Technologies) and analyzed using the MASCOT database 

(Matrix Science Inc., Boston, MA, USA).  

 

2.4 Analysis of mRNA expression 
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Skin samples of 10 mg in RNAlater® were used for the RNA analysis. The total RNA was extracted, 

reverse transcribed, and subjected to quantitative real-time polymerase chain reaction (PCR) following 

previously published methods [25,29]. The primers for Chil3 mRNA and ribosomal protein S18 mRNA 

(Rps18), which served as an internal control, were purchased from Takara Bio Inc. (Ootsu, Japan). 

Statistically significant differences were assessed, and Steel's multiple-comparison test was applied for post 

hoc analysis using R ver. 3.3.1 [30]. A p-value less than 0.05 indicated a statistically significant difference. 

 

2.5 Analysis of identified protein expression 

2.5.1 Development of a specific antibody 

We requested Scrum Inc. (Tokyo, Japan) to create a specific antibody against Chil3. According to their 

reports, the short peptide chain of Chil3 (amino acids 287-299 C+STGPPGKYTDESG) was synthesized. 

Next, a mixture of the peptide conjugated with KLH and Freund's complete adjuvant was injected five 

times in rabbits, and the total blood was obtained 7 days after the last immunization. The peptide-specific 

antibodies were purified from sera using immunoaffinity chromatography. 

 

2.5.2 Verification of antibody specificity 
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The proteins were extracted from 2-day-old injured skin with an extraction buffer containing 150 mM NaCl, 

30 mM Tris, 3% CHAPS, 1% Triton X-100, and 50 mM DTT. The protein concentration of each 

supernatant was measured using an RC DC™ protein assay kit (Bio-Rad Laboratories). Next, the samples 

were separated on a 4-12% NuPAGE® Bis-Tris gel (Life Technologies) and transferred to a polyvinylidene 

fluoride membrane with an iBlot® Dry Blotting System (Life Technologies). We detected our protein of 

interest using pre-immunized serum and anti-Chil3 antibodies (α-Chil3) as the primary antibody with the 

Western Breeze® Chemiluminescent Kit (Life Technologies) according to the manufacturers' instructions. 

The serum and α-Chil3 were used at a 1:500 dilution. The luminescent band was imaged with LAS-3000 

mini (Fuji Film, Tokyo, Japan).  

We also performed an antigen absorption test to evaluate antibody specificity. Briefly, 

solutions containing α-Chil3 (1:500) were incubated with agarose media conjugated with the antigenic 

peptide. Unconjugated media was used as a control. After centrifugation, the supernatant was used for 

Western blotting (WB) as a primary antibody solution. 

 

2.5.3 Determination of temporal protein expression using WB 
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Protein samples were chronologically collected from injured skin and control skin. These samples were 

then subjected to WB with α-Chil3 (1:500) and anti-β-tubulin (as an internal control, 1:1000) as the primary 

antibodies. Protein bands were visualized by chemiluminescence, and the band intensity was calculated 

using Quantity One® (Bio-Rad) as the ratio of Chil3/β-tubulin. Statistical significance was assessed by 

Kruskal-Wallis test and Dunn's multiple comparison test using Graph-Pad Prism® ver. 5.0c. (GraphPad 

Software Inc.). A p-value less than 0.05 indicated a statistically significant difference. 

 

2.6 Histology 

2.6.1 Double-label fIHC 

Double-label fIHC was performed with α-Chil3, anti-F4/80 (α-F4/80, macrophage marker), and 

anti-Ly-6G (α-Ly-6G, neutrophil marker) as primary antibodies in accordance with IHC and 

immunofluorescence (IF) protocols (Abcam). Rat anti-mouse F4/80 was purchased from Bio-Rad 

Laboratories, rat anti-mouse Ly-6G was purchased from Novus Biologicals (Littleton, CO, USA), and goat 

anti-rabbit IgG (H+L), Alexa Fluor® 488 conjugated (α-rabbit 488), and Alexa Fluor® 594 conjugated 

(α-rat 594) secondary antibodies were purchased from Life Technologies. 
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Specimens were sectioned with a thickness of 5 μm using a cryostat. After complete drying at 

RT, the sections were rehydrated and treated with a block solution (phosphate-buffered saline containing 

1% casein, 5% normal goat serum, and 0.1% TritonX-100) for 1 h at RT. Next, the sections were incubated 

in a primary antibody solution (α-Chil3 and α-F4/80 in block solution, 1:200 and 1:100, respectively, or 

α-Chil3 and α-Ly-6G in block solution, 1:200 and 1:100, respectively) overnight at 4 ◦C. Samples were 

incubated in a secondary antibody solution (α-rabbit 488 and α-rat 594 in block solution, 1:500 for both 

antibodies) for 1 h at RT. The sections were mounted with VECTASHIELD Mounting Medium with DAPI 

(VECTOR Laboratories). 

 

2.6.2 IHC 

We used a chronological set of injury and control samples for IHC. The paraffnized specimens were 

sectioned at a thickness of 5 μm with a microtome. IHC was performed with α-Chil3 as the primary 

antibody using standard IHC protocols (Abcam, Cambridge, UK). After heat-mediated antigen retrieval 

with citrate buffer (pH = 6.0), sections were treated with a block solution (tris-buffered saline containing 

1% Casein, 5% normal horse serum, and 0.1% Triton-X 100) for 1 h at room temperature. The sections 

were incubated in a primary antibody solution (α-Chil3 in block solution, 1:200) overnight at 4 ◦C. Next, 
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samples were incubated with ImmPRESS™-Alkaline Phosphatase Polymer Anti-Rabbit IgG Reagent 

(VECTOR Laboratories, Burlingame, CA, USA) for 1 h at room temperature. The Histofine® fast red II 

substrate kit (Nichirei Bioscience Inc., Tokyo, Japan) was used as a color developer. Hematoxylin was used 

as a nuclear counterstain. 

 

2.6.3 Observation and assessment 

We used a BZ-9000 (Keyence, Osaka, Japan) for microscopic observations. The obtained images were 

processed with analysis software (Keyence). 

 

3 Results 

3.1 2-DE and protein identification 

We detected approximately 500 protein spots per gel in a pH range of 4-7 using silver staining 

(Supplemental Fig. S1). The statistical analysis revealed that the densities of only five spots showed a 

reliable increase when compared with the control. We used LC-MS/MS to identify the proteins within these 

five spots. However, only two proteins were identified: Chil3 and NHL repeat-containing 2 (NHLrc2). We 
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were unable to identify the three remaining spots. Representative images of the Chil3 spot are shown in Fig. 

1a. The density comparisons between 0 and 3 days are shown in Fig. 1b. 

 

3.2 mRNA expression 

RT-PCR was performed to examine changes in the mRNA expression of Chil3 and NHLrc2. The level of 

Chil3 mRNA increased from 1 day, drastically peaked by 2 days, and then progressively decreased until 

returning to baseline at 7 days. There were significant differences between 2 days after injury and 0, 5, 7, 

and 9 days after injury (Fig. 2). NHLrc2 mRNA did not show significant changes (data not shown). 

 

3.3 Antibody examination 

To evaluate antibody specificity, WB was performed with 2-day-old wound samples (Supplemental Fig. 

S2). We detected multiple bands with diluted pre-immunized serum as the primary antibody. A single band 

was detected at approximately 45 kDa with an immunoaffinity-purified antibody. This band was not 

identified in the blot that was incubated with pre-immunized serum. The antigen absorption test revealed no 

signal was identified with the solution treated with antigen-conjugated media. A single band using the 

antibody solution treated with unconjugated media (data not shown).  
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3.4 Protein expression 

The quantification of temporal changes in Chil3 protein expression showed a pattern similar to our mRNA 

results. The representative WB image of the temporal changes in Chil3 expression is shown in Fig. 3a. 

Chil3 protein increased from 1 day and showed an approximately 500-fold peak increase on 2 days. The 

protein levels then progressively decreased until 9 days after injury. Statistically significant differences 

were found between 2 days and 0, 7, 9 days (Fig. 3b). 

 

3.5 Histological examinations 

3.5.1 Double-label fIHC 

We performed double-label fIHC on samples collected in 2 days after injury. We observed Chil3- and 

F4/80-positive cells, and these cells contained oval nuclei (Fig. 4a). The Chil3 signal was small and 

granular in cytoplasm (Fig. 4a, arrows). A several portion of F4/80-positive cells was negative for Chil3. 

On the other hand, we found the cells that possessed the stronger signals than that of macrophages (Fig. 4a, 

arrowheads). In addition, we identified Chil3 and Ly-6G double-positive cells at the wound site (Fig. 4b). 
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Chil3 signal was granular and homogeneous in the cytoplasm, and these cells had polymorphous nuclei. 

Nearly all of the Ly-6G-positive cells were also positive for Chil3. 

 

3.5.2 Chil3 expression within wounds 

We found Chil3-positive cells in 2-day-old wound (Fig. 5a). Two types of positive cell were identified. One 

was small and oval type (Fig. 5a, arrows), and the other was large and elongated (Fig. 5a, arrowheads). In 

addition, Chil3-positive cells were detected between 1 and 9 days after injury (Fig. 5b), whereas positive 

cells were rarely detected in control samples. On 1 day, positive cells appeared in the scab, the edge of the 

dermal layer and the neogenetic granulation tissue around the wound. The positive cells remained in these 

areas during 2-3 days. Positive cells were localized to the residual scab and the surface of the granulation 

tissue between 5 and 9 days. There was no signal at the edge of the normal tissue and a large part of the 

granulation tissue. 

 

4 Discussions 

In this study, we used samples from the early stages of wound repair. The early wound stage, especially 3 

days after injury, presents the peak of the inflammatory period, characterized by an increase of activated 
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immune cells [1-3], providing an ideal condition for the detection of biological markers representing the 

drastic changes at the site of wound.  

Although there are various analytical methods for the detection of biomolecules, a comprehensive 

analysis is needed for the wide range of cells and biomolecules involved in wound healing. Furthermore, a 

suitable marker must have sufficient stability against degradation because of its forensic application [31]. In 

this case, a protein marker would be far superior to an mRNA marker. To complete our comprehensive 

protein analysis, we employed 2-DE to assess protein dynamics. We detected approximately 500 spots with 

2-DE; however, only five spots were significantly different between 0 and 3 days of injury. The limited 

detection of significant differences may be due to the use of a silver stain, which has a narrow dynamic 

range and poor protein visualization [32]. Subsequent proteome analysis identified only 2 out of the 

above-mentioned 5 spots: NHLrc2 and Chil3. In general, silver stain tends to overestimate the amount of 

protein in gels; thus, there may be an insufficient amount of protein for identification despite the clear 

detection of the spot [32]. NHLrc2 mRNA expression did not show a temporal pattern; therefore, we did 

not analyze this protein further. Our gel analysis may have detected post-translational modifications 

(PTMs) including phosphorylation and/or glycosylation, rather than an increase in transcription. 
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Qualitative changes, such as PTMs, may be useful for wound age estimation. Therefore, a further analysis 

of NHLrc2 expression during wound healing is warranted. 

Chil3, also known as Ym1, is a murine protein [33]. Macrophages, dendritic cells, and mast cells are 

considered to major producers of Chil3. It shares significant structural similarity to family 18 chitinases. 

It is a functional marker of alternatively activated macrophages, which exert anti-inflammatory effects, 

promote wound healing, and combat parasitic infections; however, the role of Chil3 in healing and 

phylaxis remains unclear. While some chitinase and chitinase-like protein are lost their function of chitin 

breakdown, they have binding-activity to carbohydrates and matrix and might contribute to matrix 

reorganization and wound healing [34]. 

In this study, Chil3 mRNA and protein were drastically increased from 1 to 3 days after injury, and it 

was suggested that Chil3 expressed cells were two types in 2 days after injury. Our results indicated that 

Chil3 might have some functions during the early period of wound healing. As described above, several 

studies have suggested that Chil3 is generally expressed by alternatively activated macrophages, which 

may control inflammation in wounds and enhance healing [35-40]. We confirmed that macrophages around 

wound expressed Chil3 with our results of fIHC, and assumed that Chil3 positive macrophages might have 
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some roles described above in wound. However, we found the cells that had stronger signals than 

macrophage. These cells might play a major role of Chil3 expression. 

On the other hand, Goren et al. reported that neutrophils had Chil3 mRNA expressions and Chil3 was 

mainly expressed in neutrophils rather than macrophages in wound healing [41]. In addition, Harbord et al. 

demonstrated that Chil3 presented in neutrophil and macrophage, and neutrophil showed higher 

concentration than macrophage [42]. We also found neutrophil and macrophage expressed Chil3 from the 

results of IHC and fIHC. In addition, we considered that neutrophil strongly expressed it from the results of 

fIHC. These findings corresponded to their reports. Generally, regarding the transition of inflammatory 

cells in wounds, neutrophils are dominant up to 2-3 days after injury, whereas macrophage numbers 

gradually increase and peak at 3-5 days [3,43]. In this study, we revealed that Chil3 mRNA and protein was 

increased in wounds, particularly 2 days after injury. The period of Chil3 expression was similar to the 

neutrophil dominant phase in wound healing. This coincidence supported that Chil3 is mainly expressed in 

neutrophils during the early stages of wound repair. Therefore, we regarded neutrophil as a primary Chil3 

expresser. 

Although mRNA might detect wound age more sensitively than protein, mRNA is easily degraded 

[31]. Thus, protein analyses are more appropriate in the forensics field. Based on standard forensic 
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practices, an IHC investigation is required. To accommodate the potential impact of this limitation on 

novel biomarkers, we utilized paraffin-embedded sections for histological examination. Chil3 signals 

were hardly detected on 0 days. This result suggests that Chil3 is not produced by intact skin. Indeed, the 

Chil3 signal appeared in the scab and the edge of the dermal layer 1 day post-injury. The signal continued 

to increase during 2-3 days at the aforementioned sites and in neogenetic tissue. In contrast, the Chil3 

signal was found only in the residual scab and at the surface of the granulation tissue on 5-9 days. We 

confirmed that the Chil3 signal existed at the edge of the normal tissue and neogenetic granulation tissue 

until 3 days, and the signal disappeared from the site after 5 days. Thus, 1-3-day-old wounds might be 

determined by the localization of Chil3. 

Adhesion molecules, cytokines and collagens were advocated as wound age marker [2,6]. Some 

adhesion molecules (e.g. fibronection, selectins and cell adhesion molecules) and some cytokines (e.g. 

interleukin-1, interleukin-6 and tumor necrosis factor-α) indicated the wound after several tens of minutes 

or hours from injury. Some collagens were detected with several days or a week-old wound. Compared 

with them, Chil3 had a different time-specificity and could find the wound age during 1 to 3 days in our 

murine model. Therefore, Chil3 might be useful for wound age estimation. We certainly realized that 

multiple detection of wound age marker must be suitable for highly-detailed investigation. However, even 
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if multiple markers such as cytokines and collagens are used, the wound age estimation is still vague and 

very difficult in forensic practice. We have impression that application of our results might slightly 

contribute to diagnose wound age estimation. 

Although we had not investigated human samples yet, we have plan to examine the protein expression 

in human, such as Chitinase, Acidic (CHIA), which is homolog of the protein for human, and Chitinase 3 

like 1 (CHI3L1) and Chitinase 1 (CHIT1, Chitotriosidase) that have highly-matched sequence to it. 

In conclusion, our results suggest that Chil3 is markedly expressed by neutrophils in injured skin, 

particularly during the inflammatory period. Thus, Chil3 is a candidate of marker for wound age estimation 

using immunohistochemical techniques. There are several proteins with sequences that highly match to 

Chil3, such as CHIA, CHI3L1 and CHIT in humans. Therefore, a further investigation concerning these 

proteins is needed to apply for wound age determination in forensic practice. 
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Fig. 1a Representative enlarged images of the Chil3 spot in 2-DE gels (arrows). (i) Sample of 0 days after 

injury and (ii) 3 days after injury 

Fig. 1b Differences of Chil3 spot densities. Data are shown as the mean ± SEM (n = 4). Statistical 

significance is indicated with an asterisk *; p<0.05 

Fig. 2 Time-course changes in Chil3 mRNA expression. Data are shown as the mean ± SEM (n>5). 

Statistical significance is indicated with an asterisk *; p<0.05 

Fig. 3a Representative image of temporal changes of Chil3 

Fig. 3b Temporal changes of Chil3 protein. Data are shown as the mean ± SEM (n=4). Statistical 

significance is indicated with an asterisk *; p<0.05 

Fig. 4a Double-label fIHC with α-Chil3 and α-F4/80 in a 2-day-old wound. (i) Chil3, (ii) F4/80, (iii) 

DAPI and (iv) Merging, scale bar = 10 μm 

Fig. 4b Double-label fIHC with α-Chil3 and α-Ly-6G in a 2-day-old wound. (i) Chil3, (ii) Ly-6G, (iii) 

DAPI and (iv) Merging, scale bar = 10 μm. 
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Fig. 5a (i) Representative image of immunohistochemistry with α-Chil3 antibody in 2 days-old wound, 

scale bar = 50 μm (ii) Enlarged image, scale bar = 10 μm 

Fig. 5b Temporal changes of Chil3 expression in skin wounds. (i) 0 days, (ii) 1 day, (iii) 2 days, (iv) 3 

days, (v) 5 days, (vi) 7 days, and (vii) 9 days after injury, scale bar = 50 μm 

Fig. S1 Representative 2-DE images. (i) Sample of 0 days after injury (Control) and (ii) 3 days after 

injury 

Fig. S2 Antibody evaluation. Proteins extracted from samples collected 2 days after injury were used for 

WB with (i) diluted pre-immunized serum, (ii) an antibody after immunoaffinity purification from 

post-immunized serum, and (iii) an antibody after antigen absorption treatment 
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