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Abstract

Background—Mesenchymal stem cells (MSCs) promote skin healing. 12/15-lipoxgenase 

(LOX) is crucial in producing specific lipid mediators in wounded skin. The consequences of 

12/15-LOX deficiency (12/15-LOX−/−) on MSC densities in skin are unknown.

Objectives—To determine the effect of 12/15-LOX−/− on MSC densities in the wounded and 

unwounded dermis.

Methods—Full-thickness skin incisional wounds were made to 12/15-LOX−/− and wildtype 

(WT) C57BL/6 mice. Wounded skin was collected at 3, 8, or 14 days post-wounding (dpw). 

MSCs were analyzed in skin sections via histology. 12S- or 15S-hydroxy-eicosatetraenoic acid 

(HETE) was analyzed using reversed-phase chiral liquid chromatography-ultra-violet 

spectrometer-tandem mass spectrometer.

Results—There were more Sca1+CD29+MSCs (cells/field) at 3, 8 and 14 dpw and more 

Sca1+CD106+MSCs at 3 and 14 dpw in the wounded dermis, and more MSCs in unwounded 

dermis of wildtype (WT) mice compared to 12/15-LOX−/− mice, and more MSCs in the wounded 

dermis than in the unwounded dermis. For 12/15-LOX−/− dermis, Sca1+CD106+MSCs peaked and 

Sca1+CD29+ MSCs reached a flat level at 8 dpw. However for the WT dermis, MSCs increased 

from 8 to 14 dpw. There were more Sca1+CD106+MSCs than Sca1+CD29+MSCs in the 12/15-

LOX−/− wounded dermis at 8 dpw. However, more Sca1+CD29+MSCs were in the 12/15-LOX−/− 

than Sca1+CD106+MSCs in the WT wounded dermis at 3 dpw and Sca1+CD106+MSCs and 

Sca1+CD29+MSCs were at comparable levels in other conditions. 12/15-LOX−/− suppressed 

levels of 12/15-LOX protein and their products 12S-HETE and 15S-HETE in wounds.

Conclusions—12/15-LOX−/− reduces MSC densities in dermis, which correlates with the 

suppressed 12/15-LOX pathways in wounded and unwounded skin.
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Introduction

12/15-lipoxygenase (LOX) is one of the key enzymes that catalyze the critical oxygenation 

for transformation of unsaturated essential fatty acids to lipid mediators in the skin1–5. These 

lipid mediators include anti-inflammatory and pro-resolving lipoxins, resolvins, and 

protectin/neuroprotectin D16–8; anti-inflammatory oxygenated phospholipids9,10 and 15S-

hydroxy eicosatetraenoic acid (HETE)11; 14S,21R-dihydroxy docosahexaenoic acid (14S,

21R-diHDHA), which enhances the functions of mesenchymal stem cells (MSCs) in wound 

healing2; angiogenic 12S-HETE; and pro-inflammatory hepoxilins and trioxilins12. 12/15-

LOX is induced in the skin by injury5. The essential role of 12/15-LOX in skin repair is 

indicated by the published evidence that12/15-LOX deficiency or knockout (12/15-LOX−/−) 

suppresses wound repair2,3,13,14, where the mechanisms are evolving and awaiting further 

delineation.

Many reports, including ours, show that mesenchymal stem cells (MSCs) promote wound 

healing2,15–17. Transplanted MSCs promote wound healing by producing paracrine 

angiogenic cytokines2,18,19 and by possibly differentiating into skin cells18–22. densities of 

transplanted or endogenous MSCs in the dermis of wounded skin is a critical for MSC 

function in healing and homeostasis in skin 2,20,23. MSCs express specific markers stem cell 

antigen (Sca1), CD29, and CD106, which in turn have been recognized as markers of MSC 

identification in many publications24,25.

There are no reports to date regarding the role of LOXs in MSC densities in tissue or organs. 

We hypothesized that 12/15-LOX−/− reduces endogenous MSC densities in the wounded 

dermis because of the pro-healing actions of 12/15-LOX or MSCs2, and in unwounded 

dermis as MSCs are likely to contribute to dermic homeostasis. This hypothesis was tested 

and evidenced here by determining the presence of MSCs in the wounded and unwounded 

dermis of 12/15-LOX−/− mice and their control using immunohistological methods.

Materials and methods

Incisional wound healing and sample collection

We used 12/15-LOX−/− and congenic WT (C57BL/6) control mice (10-wk-old, Jackson 

Lab). The protocol was approved by the Institutional Animal Care and Use Committee and 

Institutional Review Board of our institute. Mouse hair on the dorsal side was removed by 

Veet depilating cream. Two full-thickness incisions (20 mm length per incision) were made 

on the dorsal side symmetrically across the midline except for the sham mouse (which was 

not wounded). Incisions were closed with two sutures (Ethilon 6–0). The sutures were 

removed at 5 days post-wounding (dpw). The six mice in each group were perfused (5 ml/

min, 5 min) via cardiac puncture with PBS−/− (without Ca2+ and magnesium) under 

anesthesia, then were killed; then skin around the incision (15 mm rim, or equivalent area 
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for sham), was collected at 3, 8, and 14 dpw (12 wounds/group). The skin samples were 

fixed in 4% paraformaldehyde (4 h, ~23°C), incubated in 30% sucrose (12 h, 4°C), and 

embedded in OCT for immunohistological analysis 1,26.

Hisotochemistry: hematoxylin and eosin staining and scanning microscope analysis of 
skin sections

Serial sagittal cryosections (7 μm thick) were prepared using a Leica CM3050s cryostat 

microtome and transferred to Superfrost slides, then stained with H&E as we did before1–3. 

The sections were processed sequentially as follows: incubated in PBS (5 min, ~23°C) to 

remove the OCT; dehydrated, stained with hematoxylin (2 min, ~23°C); rinsed with tap 

water to remove extra hematoxylin; quickly dipped through 1% HCl/alcohol then 0.3% 

ammonia water to enhance hematoxylin staining and remove extra hematoxylin; and 

incubated at ~23°C in 80% alcohol (10 sec) and then in 0.5% eosin (2 min). The sections 

dipped in 95% alcohol (6 times), 100% alcohol (3 times), and then xylene (3 times) to clean 

extra eosin, submerged in Crystate mounting media (Fisher), covered with coverslips and 

dried (~23°C), and then imaged using an Olympus scanning microscope. The images were 

analyzed via Olympus OlyVIA and Photoshop software.

Immunofluorescent histology

Skin cryosections (7μm thick) were incubated sequentially in the following: methanol/

acetone (1/1) (20 min, −20°C); citrate buffer (20 min, 90–100°C); blocking buffer [5% 

Goat/Donkey serum and 0.3% trition-X-100; 1 hour, ~23°C]; two anti-mouse primary 

antibodies: Sca1 (host: rat; dilution 1:50; eBiosciences, San Diego, CA, USA) and CD29 or 

CD106 (host: rabbit; dilution 1:50;Santa Cruz biotech., San Diego, CA, USA), or an 

antibody of 12/15-LOX/Alox15 (host: rabbit; 1:50; Santa Cruz biotech.) (4°C, 12 h); and 

then one or two compatible secondary antibodies (anti-rat, AlexaFluor488; and anti-rabbit, 

AlexaFluor568; host: donkey). Nuclei were stained with DAPI to be fluorescent blue. Slides 

were imaged by a Zeiss deconvolution microscope. The co-stained MSCs were counted. 

Intensity summation of green pixels per high power field (HPF) of 12/15-LOX stained skin 

sections were measured using NIH Image J for 12/15-LOX quantification. Data were 

analyzed by Mann–Whitney Anova or t-test. A p-value of < 0.05 was considered statistically 

significant.

LC-UV-MS/MS analysis of typical lipid products representing 12/15-LOX pathways

This was conducted as we did previously 1–3. Briefly, 12S-HETE and 15S-HETE were 

extracted from mouse skin with methanol. The extract was cleaned up with a C18 solid 

phase extraction cartridge (500 mg), then analyzed using aqueous reversed-phase chiral 

liquid chromatography-ultra-violet spectrometer-LTQ tandem mass spectrometer (aR chiral 

LC-UV-MS/MS) coupled with a Chiralpak-IA-based chiral column (200 mm long × 2.1 mm 

ID × 5 μm).

Results

H&E staining revealed a delayed recovery of skin morphology after incision in 12/15-

LOX−/− mice (Fig. 1). At 3 dpw, the cells were less dense in the wounded dermis of 12/15-
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LOX−/− mice compared with WT mice (Fig. 1a and b). At 8 dpw, the re-epithelialization 

over the wound was obviously more in WT mice than that of 12/15-LOX−/− mice (Fig. 

1c,d). At 14 dpw, the newly formed epidermis over wounds of WT appeared to have normal 

thickness and layers of cells; however the newly formed epidermis over wounds of 12/15-

LOX−/− mice was thickened with more layers of cells (Fig. 1e,f). Therefore, our study 

provides evidence that 12/15-LOX−/− is detrimental for the recovery of skin morphology 

altered by wounding.

MSCs were determined in the wounded skin by immunohistological co-staining and 

microscope imaging of MSC makers Sca1 and CD29 (Fig. 2a–f,i), or Sca1 and CD106 (Fig. 

3a–f,i), which is based on the reported flow cytometrical identification of MSCs using these 

markers22,24. There were more Sca1+CD29+MSCs (cells/field) at 3 (6.6 versus 3.0 MSCs/

HPF, *p < 0.05), 8 (7.3 versus 4.6 MSCs/HPF, *p < 0.05), and 14 (11.6 versus 5.3 MSCs/

HPF, **p < 0.01) dpw for WT mice compared to 12/15-LOX−/− mice (Fig. 2c–f). There 

were also more Sca1+CD106+ MSCs in the wounded dermis of WT mice compared to 

12/15-LOX−/− mice at 3 (5.0 versus 3.0 MSCs/HPF, *p < 0.05) and 14 (12.8 versus 5.8 

MSCs/HPF, **p < 0.01) dpw (Figs. 3a,b,e,f,i), but the difference was not statistically 

significant at 8 dpw (Fig. 3c,d,i). It is interesting to note that there also was more MSCs in 

the dermis of wild type mice compared to 12/15-LOX−/− mice in sham condition 

(unwounded) (Figs. 2g–i, 3g–i). Compared to sham mice more Sca1+CD29+ MSCs were 

found in the dermis of wounded skin at 3, 8 and 14 dpw in either wild type or 12/15-LOX−/− 

mice (Fig. 2). This trend also was observed for Sca1+CD106+ MSCs (Fig. 3).

The kinetics of MSC densities in the wounded dermis of WT mice is different from 12/15-

LOX−/− mice. For WT mice, more Sca1+CD29+ MSCs homed in the wounded dermis at 14 

dpw compared to 8 dpw (11.6 versus 7.3 MSCs/HPF, p < 0.05), but there was only a slight 

increase from 3 dpw to 8 dpw (Fig. 2i). For 12/15-LOX−/− wounded dermis, the increase of 

Sca1+CD29+ MSCs from 3 to 8 dpw or from 8 to 14 dpw was not significant, but the 

increase of Sca1+CD29+ MSCs from 3 to 14 dpw was significant (Fig. 2i). For 12/15-

LOX−/− wounded dermis, Sca1+CD106+MSCs peaked at 8 dpw (7.5 versus 5.8 MSCs/HPF, 

p < 0.05 for 8 versus 14 dpw; 7.5 versus 3.0 MSCs/HPF, p < 0.05 for 8 versus 3 dpw). 

However for WT wounded dermis, MSCs increased from 3 dpw to 8 dpw (5.0 versus 9.0 

MSCs/HPF, p < 0.05) and from 8 to 14 dpw (9.0 versus 12.8 MSCs/HPF, p < 0.05) (Fig. 3).

To further determine the difference between Sca1+CD29+ MSCs and Sca1+CD106+ MSCs, 

we conducted statistical analysis to compare these two MSC populations localized in the 

dermis (Figs. 2–4). It was found that there were significantly more Sca1+CD29+ MSCs than 

Sca1+CD106+ MSCs in wounded dermis of C57BL/6 mice (6.6 versus 5.0 MSCs/HPF, *p < 

0.05) at 3 dpw (Fig. 4a), but more Sca1+CD106+ MSCs than Sca1+CD29+ MSCs in the 

wounded dermis of 12/15-LOX−/− mice (7.5 versus 4.6 MSCs/HPF, *p < 0.05) at 8 dpw 

(Fig. 4b). The difference of cell densities between Sca1+CD106+ MSCs and Sca1+CD29+ 

MSCs at other conditions was not significant (Fig. 4).

The significant impediment on MSC densities in incisional wounds of 12/15-LOX−/− mice 

(Figs. 2 and 3) suggests the suppression of 12/15-LOX product generation even though other 

LOXs could compensate the lost 12/15-LOX enzymatic capacity in 12/15-LOX−/− mice. To 
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test this prediction, we analyzed typical 12/15-LOX products in wounds of 12/15-LOX−/− 

and WT control mice in addition to our prior reported results2 using aR-chiral LC-UV-

MS/MS. 12S-HETE was well separated from 12R-HETE by the aR chiral LC (Fig. 5a). 12S-

HETE and 15S-HETE were identified based on their MS/MS (Fig. 5B) and UV (Fig. 5b 

inset) spectra and LC chromagraphic retention times (Fig. 5a). The quantification shows that 

12S-HETE, 15S-HETE and 17S-HDHA were reduced in wounds of 12/15-LOX−/− mice 

compared with the WT control (Fig. 5a,c). However, 12/15-LOX−/− did not have effect on 

arachidonic acid (AA) level in wounds (Fig. 5c right). The deficiency of 15S-HETE and 

12S-HETE and other 12/15-LOX products are likely to be responsible for the reduced MSC 

densities in wounds of 12/15-LOX−/− mice.

12/15-LOX protein in WT wounded skin peaked at 3 dpw and remained higher at 8 and 14 

dpws compared to unwounded skin (Fig. 6). The weak positive staining of the 12/15-LOX in 

12/15-LOX−/− skin might result from the weak binding of antibody to protein trace 

expressed due to residual transcriptional activity of the 12/15-LOX neomycin cassette-

disrupted allele, as pointed out by another group27, or from the weak cross-reaction of 

antibody with other LOXs. The 12/15-LOX staining in 12/15-LOX−/− skin was much 

weaker than that of WT skin, indicating that the 12/15-LOX knockout diminished the 12/15-

LOX expression (Fig. 6).

Discussion

Endogenous or transplanted MSCs home in skin wounds play an important role in healing. 

Therefore, MSC densities is critical for wound repair, as its impairment leads to chronic 

wounds.23,28–31 Mechanisms that regulate MSC densities in skin are still largely unknown, 

which limits the harnessing of MSCs for clinical application. 12/15-LOX is one of the major 

enzymes that catalyzes the key steps of biosynthesis pathways to generate lipid mediators in 

wound healing1,2,6,7,11,12. Skin wound healing impaired by 12/15-LOX−/− 2 may involve 

suppressed densities of pro-healing MSCs. Our experimental results support this prediction: 

1) 12/15-LOX−/− reduces MSC densities in the wounded dermis; there were more 

Sca1+CD29+MSCs (cells/field) in the inflammation phase (at 3 dpw) and proliferation phase 

of wound healing (at 8 dpw) as well as between late proliferation and early remodeling 

phases of wound healing (at 14 dpw) and more Sca1+CD106+MSCs at 3 and 14 dpw in the 

wounded dermis of WT mice compared to 12/15-LOX−/− mice. 2) The 12/15-LOX−/− alters 

the kinetics of MSC densities in the wounded dermis. Densities of Sca1+CD29+ or 

Sca1+CD106+MSCs increases from the inflammation phase (at 3 dpw), proliferation phase, 

to the time between late proliferation and early remodeling phases in wounded WT dermis; 

however in wounded 12/15-LOX−/− dermis, Sca1+CD29+MSCs stayed at a comparable 

level during these phases, and Sca1+CD106+MSCs peaked in the proliferation phase (at 8 

dpw) (Figs. 2,3). 3) 12/15-LOX−/− alters the ratio between Sca1+CD29+ and 

Sca1+CD106+MSCs in the inflammation phase (at 3 dpw) and proliferation phase of wound 

healing (at 8 dpw). It is interesting to note that the kinetics of endogenous MSC densities are 

different from leukocytes in wound healing21. For example, neutrophils reach the maximum 

number at ~1 dpw, at ~3 dpw for macrophages, and at 5 dpw for lymphocytes21. This 

reflects that the different functions of MSCs from leukocytes. Leukocytes protect wounds 

from infection of bacteria, fungi, and other microbes as well as remove dead cells and tissue 
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debris 21. However, MSCs produce paracrines and replenish the loss cells in wounds2,18–22. 

To the best of our knowledge, this is the first report showing the impact of 12/15-LOX 

deficiency on MSC densities in the dermis during wound healing. These consequences of 

12/15-LOX−/− on MSC densities may be responsible, at least partially, for the cutaneous 

healing defects of 12/15-LOX−/− mice 2,3,18#–22.

CD29 or integrin β1 play an important role in cell migration32–34, suggesting that it may also 

function in the migration of CD29+ MSCs. The CD29 and the cell surface heterodimers 

formed from the interaction of CD29 with α4 integrins, involve in MSC mobilization, 

migration, and homing in the bone35–38. The CD29 deficiency reduces the rate of wound 

closure, decreases myofibroblast population and collagen deposition, and impairs cutaneous 

tissue repair in vivo39, which may involve effects of CD29 deficiency on MSCs. Thus CD29 

could function in MSC homing in wounded dermis, and Scal+CD29+MSCs could contribute 

to wound healing. CD106 or VCAM-1 is a cell adhesion molecule. MSCs act on the 

function of T cells, B cells, dendritic cells and NK cells in terms of immunomodulation40. 

These processes occur through cell-cell and cell-ECM communication connected through 

adhesion molecules including CD10640. Therefore Scal+CD106+MSCs could function in 

immunomodulation. 12/15-LOX could affect the immunomodulation executed by MSCs by 

regulating the homing of Sca1+CD106+MSCs to dermis and consequent densities of these 

cells. There were more Sca1+CD106+MSCs than Sca1+CD29+MSCs in 12/15-LOX−/− 

wounded dermis at 8 dpw, but less Sca1+CD106+MSCs than Sca1+CD29+MSCs in WT 

wounded dermis at 3 dpw.

LOXs in human and mouse skin include 5-LOX, platelet type 12-LOX (p12-LOX), 12/15-

LOXs and epidermis-type LOXs (e12S-LOX, 12R-LOX, 8-LOX, eLOX-3)5. They are as 

follows: 1) 5-LOX catalyzes the biosynthesis of leukotrienes, lipoxins, and resolvins5–7. It 

exists mainly in cells of myeloid origin including skin Langerhans cells41. While 5-LOX 

may not be critical in skin homeostasis42, but it functions in diseases because leukotrienes 

act in psoriasis and atopic dermatitis43,44; lipoxins and resolvins function in resolving the 

inflammation5–7, and leukotriene B4 induce keratinocyte proliferation5,45. 2) 8-LOX is in 

mouse cutaneous adnexa, hair follicles, and most abundantly in skin glands46. 8-LOX 

produces the precursor of 8S-HETE. 8S-HETE may stimulate differentiation of 

keratinocytes47. 3) 12/15-LOXs include leukocyte-type 12-LOX (l12-LOX) in leukocytes 

and human reticulocyte-type 15-LOX-1. 12/15-LOXs have a dual positional specificity 

oxygenating AA to both 12S- and 15S-hydroperoxy-eicosatetraenoic-acid (HpETE), linoleic 

acid to 13S-hydroperoxy octadecadienoic acid (HpODE), and DHA to 14S- and 17S-

hydroperoxy DHAs (HpDHA). 12/15-LOX also oxygenates esterified PUFAs48. This 

oxygenation is the key step producing lipid mediators with diversified functions2,6,7,11,12, 

which is outlined in the Scheme. 12/15-LOXs express strongly in macrophages49, human 

reticulocytes and eosinophils, but weakly in adipose tissue5. They also exist in epidermal 

keratinocytes50. 4) Platelets, epidermal keratinocytes, and leukocytes express p12-

LOX50–52. The p12-LOX oxygenates AA to 12S-HpETE and DHA to 14S-HpDHA53, and 

linoleic acid less efficiently to 13S-HpODE54,55. The p12-LOX has no role in epidermal 

barrier function56, but it may play a role in proliferation and differentiation of keratinocytes 

via its product 12S-HETE57. 5) The e12S-LOX expresses in the epidermis, hair follicles, and 
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sebaceous glands58. It has a dual 12/15-LOX specificitywith low reactivity (inactive on 

DHA)55,59,60. Its bioaction is unclear. 6) Human 12R-LOX converts AA to 12R-HpETE and 

converts few other PUFAs at the ω-9 position with poor efficiency61. Mouse 12R-LOX is 

inactive on AA or DHA, but active on AA methyl ester60,61. 12R-LOX-produced produce 

hydroxyceramide-derivative constitutes skin cornified envelope for skin barrier function5,62. 

7) The eLOX-3 transforms 12HpETEsto hepoxilins and or several other PUFA 

hydroperoxides to hepoxilins-like compounds63. Skin deficient of eLOX-3 has reduced 

levels of hepoxilin metabolites5. Hepoxilins and their hydrolysis products function in 

inflammation12. Moreover eLOX-3-produced ceramide-derivatives are crucial to form 

cornified envelope5. 12R-LOX and eLOX-3 exist at the surface of the keratinocytes of 

mouse skin64. Taken together, 12/15-LOXs are different from other LOXs for their 

oxygenation positional specificity, substrate preference, and/or specific localization in skin, 

which could be responsible for their indispensable role in MSC functions, indicated by our 

observation on significant suppression effects of 12/15-LOX−/− on MSC densities in the 

dermis.

Wounding-induced increase of 12/15-LOX expression represents a reparative response, 

since higher 12/15-LOX levels correspond to the increased densities of pro-healing MSCs 

(Figs. 2–4,6). 12/15-LOX in WT unwounded skin was significantly higher than that in 

12/15-LOX−/− unwounded skin, which was correlated with more MSCs in the WT 

unwounded dermis compared to 12/15-LOX−/− mice (Figs. 2,3,6). This suggests that 12/15-

LOX contributes the maintenance of the endogenous MSCs for dermis homeostasis. The 

12/15-LOX−/− reduces the levels of 12S-HETE and 15S-HETE, indicating the suppression 

of oxygenation in C12 and C15 positions of AA in wounds, respectively (Fig. 5). In parallel, 

it also reduces levels of 14S-HDHA and 17S-HDHA, which shows that there is a decrease of 

oxygenation in C14 and C17 positions of DHA in wounds, respectively. The p12-LOX could 

also oxygenate AA at C12 and DHA at C14, and e12S-LOX could oxygenate AA at C12 with 

very low efficiency. However our data show that these skin enzymes do not compensate the 

suppression of 12S-HETE, 15S-HETE, 14S-HDHA, and 17S-HDHA in wounds caused by 

12/15-LOX−/− (Fig. 5). This is consistent with the significant suppressive effects of 12/15-

LOX−/− on 12/15-LOX expression and MSC densities in the dermis of cutaneous wounds, 

which also are not compensated by other LOXs in wounds. Our results suggest that the 

suppressed MSC population in the wounded and unwounded dermis of 12/15-LOX−/− mice 

could result from the deficiency-caused suppression of lipid mediators produced in these 

oxygenation pathways including 12S-HETE, 15S-HETE, 13S-HODE, 17S-HDHA, 14S,21R-

diHDHA, neuroptectin D1, resolvins D1 to D6, lipoxin A4, and lipoxin B4
4,65. These 

products may combine and synergize with each other to promote MSC densities in the 

wounded dermis and/or maintain MSCs in unwounded dermis. Identification of the exact 

12/15-LOX-produced lipid mediators regulating MSC homing and density is of interest for 

our future study. Moreover the effects of 12/15-LOX deficiency on MSC homing and 

density in the epidermis and hypodermis also need to be studied in the future.
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What's already known about this topic?

Mesenchymal stem cells (MSCs) are known to be recruited to wounded skin and promote 

healing. 12/15-lipoxgenase and its products are present in the skin. 12/15-lipoxygenase 

deficiency suppresses wound healing.

What does this study add?

We have discovered for the first time that 12/15-lipoxygenase deficiency reduces MSC 

densities in the dermis of wounded and unwounded skin.
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Fig. 1. Impaired recovery of skin morphology occurs in 12/15-LOX−/− mice after incisional 
wounding
(a–f) Wounded and (g–h) unwounded (sham) skin sections were stained by hematoxylin and 

eosin (HE). Incisional wounding was conducted on 12/15-LOX−/− and congenic wildtype 

(WT) control mice (C57BL/6) and skin samples were collected at 3, 8, and 14 days post-

wounding (dpw). Images (a), (c), (e) and (f) were acquired from the skin of WT mice; 

Images (b), (d), (f) and (h) were acquired from the skin of 12/15-LOX−/− mice. 12/15-

LOX−/− impaired the recovery of skin morphology damaged by wounding. e, epidermis; d, 

dermis; hf, hair follicle; ho, hypodermis; Big yellow arrow, the incisional wound (a–f) and 

direction of skin layers from epidermis to hypodermis; Scale bar = 100 μm.
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Fig. 2. 12/15-LOX deficiency reduces densities of Sca1+CD29+ MSCs in the dermis of wounded 
skin
Images in (a) and (b), images in (c) and (d), and images in (e) and (f), are for 3, 8 and 14 

dpw, respectively. Images in (g) and (h) are for sham (unwounded skin). Images in (a), (c), 

(e) and (g), and images in (b), (d), (f) and (h), are for C57BL/6 (WT) and 12/15-LOX−/− 

mice, respectively. Immunofluorescent co-staining and microscope imaging were conducted 

on cryosections of each wound with a 10 mm margin of surrounding skin, or skin at the 

equivalent location of sham. (i) There are more cells co-stained (yellow) for Sca1 and CD29 

(i.e, Sca1+CD29+ MSCs) in the wounded dermis of WT mice compared to 12/15-LOX−/− 

mice for 3, 8 and 14 dpw. Each value is the average number per HPF of Sca1+CD29+ MSCs 

from six mice per group ± SD. *p < 0.05 and **p < 0.01 are for WT versus 12/15-LOX−/−; 

#p < 0.05 and ##p < 0.01 are for the wounded versus sham of the same type of mice. HPF, 

high power field (63X); d, dermis; hf, hair follicle; Asterisk (*), unspecific binding of 

secondary antibody (g–h); Big yellow arrow, incisional wound and direction from epidermis 

to hypodermis of skin (a–f); Scale bar = 28 μm.
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Fig. 3. 12/15-LOX deficiency reduces densities of Sca1+CD106+ MSCs in the dermis of wounded 
skin
Images in (a) and (b), images in (c) and (d), and image (e) and (f), are for 3, 8 and 14 dpw, 

respectively. Images (g) and (h) are for sham. Images in (a), (c), (e) and (g), and images in 

(b), (d), (f) and (h), are for C57BL/6 (WT) and 12/15-LOX−/− mice, respectively. 

Immunofluorescent co-staining and microscope imaging were conducted on cryosections of 

each wound with 10 mm margin of surrounding skin, or skin at the equivalent location of 

sham. (i) There are more cells co-stained (yellow) of Sca1 and CD106 (i.e, Sca1+CD106+ 

MSCs) in the wounded dermis of WT mice compared to 12/15-LOX−/− mice for 3, 8 and 14 

days post-wounding. Each value is the average number per HPF of Sca1+CD106+ MSCs 

from six mice per group ± SD. *p < 0.05 and **p < 0.01 are for WT versus 12/15-LOX−/− 

mice; #p < 0.05 and ##p < 0.01 are for the wounded versus sham of the same type of mice. 

HPF, high power field (63X); d, dermis; hf, hair follicle; Big yellow arrow, incisional 

wound and direction from epidermis to hypodermis of skin (a–f); Scale bar = 28 μm.
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Fig. 4. Sca1+CD106+MSCs are more abundant than Sca1+CD29+MSCs in the 12/15-LOX−/− 

wounded dermis at 8 dpw, but less abundant in the WT wounded dermis at 3 dpw
(a) WT mice. (b) 12/15-LOX−/− mice. There were comparable cell densities in the dermis 

for each in other conditions. Each value is the average number per HPF of MSCs from six 

mice per group ± SD. *p < 0.05 are for Sca1+CD106+ MSCs versus Sca1+CD29+ MSCs.
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Fig. 5. 12/15-LOX deficiency reduces the wound levels of 12S-HETE, 15S-HETE, and 17S-
HDHA, which represent the 12/15-LOX pathways in wounds
Samples of 3 dpw were analyzed by aR-chiral LC-UVMS/MS. (a) Typical chromatograms 

of 12S-HETE and 12R-HETE; (b) Typical UV (left inset) and MS/MS spectra with MS/MS-

based structure elucidation (top inset) for 12S-HETE in the wounded skin of C57BL/6 mice; 

(c) Amount of 12S-HETE, 15S-HETE, 17S-HDHA and arachidonic acid (AA) in skin 

wounds (ng/wound). Data are reported as means ± SEM. (n = 3). *p < 0.05.
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Fig. 6. 12/15-LOX expression in wounded and unwounded skin of 12/15-LOX−/− and WT mice
12/15-LOX in wounded and unwounded skin were measured by an immunofluorescent 

histological method. Images in (a) and (b), images in (c) and (d), and image in (e) and (f), 

are for 3, 8 and 14 dpw, respectively. Images in (g) and (h) are for sham (unwounded skin). 

Images in (a), (c), (e) and (g), and images in (b), (d), (f) and (h), are for C57BL/6 (WT) and 

12/15-LOX−/− mice, respectively. (i) Intensity summation of green fluorescent pixels per 

HPF of 12/15-LOX stained skin sections. Each value is the average of four mice per group ± 

SD. *p < 0.05 and **p < 0.01 are for WT versus 12/15-LOX−/−; #p < 0.05 and ##p < 0.01 

are for the wounded versus sham of the same type of mice. Wound healing model or 

histological method was the same as in Fig 2. Nuclei are counterstained with DAPI (blue). 

HPF, high power field (40X); d, dermis; hf, hair follicle; Big yellow arrow, incisional 

wound and direction from epidermis to hypodermis of skin; Scale bar = 38 μm.
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Scheme. 
12/15-LOX-initiated biosynthetic pathways for key lipid mediators in wound niche of 

MSCs.
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