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Abstract

We previously reported elevated oxidative stress-related mechanical vulnerabilities of the

skin as sparse distributions of hyperechoic areas. Although this helped establish a personal-

ized skin care system to prevent skin disorders related to mechanical stress, obesity-related

skin vulnerability involves individual differences. Here, we hypothesized that individual dif-

ferences are caused by polymorphisms of GT repetitive sequences in the heme oxygenase1

(HMOX1) promoter region, which encodes an antioxidant enzyme. This cross-sectional

study enrolled healthy male volunteers in a walking classroom aimed at weight control. Sub-

jects with a body mass index <25 kg/m2 were classified as non-obese and those with body

mass index�25 kg/m2 were classified as obese. Subject skin was categorized into sparse

dermis or normal groups according to the distribution of hyperechoic areas by high-resolu-

tion skin ultrasonography (20 MHz). Genomic DNA and mRNA extracted from three body

hairs with attached follicle cells were used to analyze GT repetitive sequences of the

HMOX1 promoter, HMOX1 mRNA expression levels, and oxidative stress levels (8-

hydroxy-2’-deoxyguanosine). Classifications of GT repetitive sequence of HMOX1 promoter

were Short (<27 times) and Long (�27 times). Higher numbers of subjects with sparse der-

mis were in the obese group compared with the non-obese group. In obese subjects, the

number of subjects that had the Long allele of the HMOX1 promoter with sparse dermis was

significantly higher compared with the normal group, whereas no association was observed

between the polymorphism and ultrasonographic features in non-obese subjects. Thus,

HMOX1 polymorphisms detected a risk of low collagen density in Japanese obese male

subjects.
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Introduction

Obesity is one of the most common health problems worldwide. The Japan Society for the

Study of Obesity defined obesity as a body mass index (BMI)�25 kg/m2 [1]. In Japan, the

prevalence of obesity is increasing and is currently 28.6% in men and 20.3% in women aged

�20 years [2]. Obesity is associated with visceral diseases as well as skin disorders related to

the mechanical properties of skin [3, 4]. Decreased mechanical strength is considered a risk for

pressure ulcer [5, 6] and skin tears [7] that are caused by external forces. Skin wounds seriously

impair the quality of life of obese individuals. Therefore, it is necessary to elucidate the mecha-

nism of decreased mechanical strength to establish prevention and care.

Mechanical strength of the skin is primarily dependent on the dermal matrix, which is

mainly composed of type I collagen [8]. A histological study by Akase et al. [9] revealed that

the density of collagen fibers in the dermis of obese mice were reduced compared with control

mice. Other studies reported decreased numbers of fibroblasts and Col1a1 mRNA expression

in high-fat diet-induced obese mice [10, 11]. These findings suggest that obesity inhibits the

synthesis and promotes the degradation of dermal matrixes resulting in decreased collagen

density in the dermis. We previously reported that the elevated oxidative stress-induced over-

expression of matrix metalloproteinases degraded dermal collagen and promoted dermal vul-

nerability in obese mice [4]. Decreased collagen density and increased oxidative stress were

similarly observed in healthy human volunteers [12, 13]. However, approximately 40% of over-

weight and 10% of obese subjects had normal collagen density suggesting individual differ-

ences in reduced collagen density are associated with the progression of obesity [12].

In this study, we focused on heme oxygenase 1 (HMOX1) polymorphisms. HMOX1 is an

enzyme involved in the defense system against oxidative stress. HMOX1 catalyzes heme into

biliverdin, F2+, and CO, which inhibit the Fenton reaction and decrease free radicals [14, 15].

The human HMOX1 gene has a GT dinucleotide repeat sequence in the promoter region. A

GT repeat is the most frequent of the simple repeats scattered throughout the human genome,

and many of these exhibit length polymorphisms [16, 17]. A previous study reported that the

number of GT repeats was negatively correlated with HMOX1 transcriptional activity [17].

Thus, HMOX1 polymorphisms define individual differences in antioxidant capacity. Further-

more, HMOX1 polymorphisms are associated with emphysema, coronary artery disease, and

type 2 diabetes mellitus [18–21]. Based on these findings, we hypothesized that HMOX1 poly-

morphisms are associated with individual differences regarding decreased dermal collagen in

obese individuals.

The aim of this study was to examine the association of HMOX1 promoter polymorphisms

with the skin expression of HMOX1 and with dermal collagen density in Japanese obese

subjects.

Materials and methods

1. Study design and setting

This cross-sectional observation study was conducted at the Wellness Promotion Science Cen-

ter of Kanazawa University (Ishikawa, Japan) from May to August 2013.

2. Subjects

The subjects (20–64 years old) were participants of a walking class aimed at weight control or

health promotion. Subjects included male individuals from whom body hairs were easily col-

lected from the thigh. Female subjects were excluded because it was difficult to collect body

hairs. Subjects with systemic or chronic inflammatory skin disorders were excluded. Subjects
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were classified according to their BMI into a non-obese group (<25 kg/m2) or obese group

(�25 kg/m2).

3. Characteristics of the study subjects

We measured subjects’ height, age, past and present smoking habits, past weight change, and

health conditions (diabetes, hyperglycemia, hypertension, hyperlipidemia, and medication).

Subject body weight and body fat ratio (%) were measured by a multi-frequency body compo-

sition monitor (Tanita, Tokyo, Japan), and BMI (kg/m2) and waist circumference was mea-

sured using a measuring tape.

4. Examination site

We examined the left thigh at a height of the middle point of the greater trochanter and the

kneecap of subjects because of the higher accumulation of subcutaneous fat, a lower effect of

photo aging, and abundant body hair.

5. Dermal collagen density

High-resolution ultrasonography with a 20-MHz linear probe (Dermascan C, Cortex Technol-

ogy, Hadsund, Denmark) was used to evaluate dermal collagen density. The resolution was

60×130 μm, and ultrasound penetration was a depth of 10 mm by ultrasonography according

to the manufacturer’s information. Scanning conditions were fixed at 3 for gain key and 10 for

gain profile level. Collagen fibers were detected as hyperechoic signals whose intensity repre-

sented collagen density [22, 23]. We classified the ultrasound images into normal and sparse

groups according to the distribution of hyperechoic signals as previously described [12] (Fig

1). In this study, inter-rater reliability for this classification was κ = 0.72 between two

researchers.

6. Body hair sampling

After shaving hair shafts with a surgical clipper (3M, St. Paul, MN, USA), three body hairs to

which follicular cells were attached were harvested with a pair of tweezers for biochemical analy-

ses including polymorphisms (GT repeats) of the HMOX1 promoter, 8-hydroxy-2’-deoxygua-

nosine (8OHdG) as a parameter for oxidative stress levels, and HMOX1 mRNA expression

Fig 1. Ultrasound images. We classified ultrasound images into two types. Left panel: normal group where the hyperechoic area is

present in the entire dermis; and Right panel: sparse dermis group where the hyperechoic area is absent in part of or the whole dermis.

https://doi.org/10.1371/journal.pone.0199994.g001

Microsatellite polymorphism in the Heme oxygenase-1 and collagen density in Japanese obese male subjects

PLOS ONE | https://doi.org/10.1371/journal.pone.0199994 July 19, 2018 3 / 14

https://doi.org/10.1371/journal.pone.0199994.g001
https://doi.org/10.1371/journal.pone.0199994


levels. The collected samples were stored in 1 mL of RNA later (Thermo Fisher Scientific, Wal-

tham, MA, USA) at 4˚C and RNA was extracted within 1 week. Total RNA and genomic DNA

were extracted using an All Prep DNA/RNA Micro Kit (Qiagen, Venlo, Netherlands) according

to the manufacturer’s instructions. Some subjects in which sufficient genomic DNA and total

RNA could not be extracted were excluded from the analysis.

7. Repeat number of GT repetitive sequences in HMOX1 promoter

The promoter region of the HMOX1 gene was amplified by PCR using AmpliTaq Gold PCR

Master Mix (Thermo Fisher Scientific) and specific primers with the following sequences:

AGAGCCTGCAGCTTCTCAGA (forward) and ACAAAGTCTGGCCATAGGCA (reverse). The

PCR reaction comprised preheating at 95˚C for 10 min, 50 cycles of 95˚C for 1 min, 60˚C for

30 s, 70˚C for 30 s, and a final extension at 70˚C for 1.5 min. The PCR products were extracted

using a NucleoSpin Gel and PCR clean-up kit (Takara Bio, Shiga, Japan). The number of GT

repeats was determined from the sequences of PCR products analyzed by dye terminator

methods using a DNA capillary sequencer (3730xl DNA analyzer, Thermo Fisher Scientific).

8. Oxidative stress level

As a parameter of oxidative stress levels, genomic DNA was pretreated by 8OHdG Assay Prep-

aration Reagent Set (Wako Pure Chemical, Osaka, Japan), and 8OHdG levels were measured

using the Highly Sensitive ELISA kit for 8OHdG (Japan Institute for the Control of Aging, Shi-

zuoka, Japan) according to the manufacturers’ instructions. The absorbance at 450 nm was

measured using a microplate reader (Beckman Coulter, Brea, CA, USA).

9. HMOX1 mRNA expression level

The relative expression level of HMOX1 was quantitatively analyzed by real-time reverse tran-

scription polymerase chain reaction (RT-PCR), in which eukaryotic 18S rRNA was used as an

internal control. Total RNA was reverse transcribed by a QuantiTect reverse transcription Kit

(Qiagen). For real-time RT-PCR, the Mx3000P Real-time RT-PCR system (Agilent, Santa

Clara, CA, USA), TaqMan Gene Expression Assay (HMOX1: Hs01110205_m1, Eukaryotic

18S rRNA Endogenous control: 4310413E, Thermo Fisher Scientific), and TaqMan Universal

PCR Master Mix (Thermo Fisher Scientific) were used. The HMOX1 mRNA expression level

was quantified using the comparative Ct method. We excluded subjects whose Ct value of the

internal standard was�36.

10. Statistical analysis

Descriptive data were expressed as the mean ± standard deviation (SD) for continuous vari-

ables and N (%) for categorical variables. All analyses were performed using SPSS Ver. 21.0

(IBM, Chicago, IL, USA). Values of p< 0.05 were considered statistically significant. To com-

pare the basic attributes between obesity and non-obesity, and normal dermis and sparse der-

mis distinguished by ultrasonographic features, univariate analysis was conducted by unpaired

Student’s t-tests or the Mann–Whitney U-test were used for continuous variables and chi-

squared test or Fisher’s exact test for categorical variables. Fisher’s exact test was conducted

when there are 20% or more cells whose expected value of cells is less than 5 in contingency

table. In subjects for which two types of alleles were measured, the relationship between num-

bers of GT repeats of longer alleles and HMOX1 mRNA expression levels were analyzed by

Spearman’s rank correlation coefficient. To determine the cut-off value for the number of GT
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repeats, we conducted a sensitivity analysis. The HMOX1 mRNA expression levels were com-

pared between two groups divided by the long (L) allele set from 25 to 30.

Differences in mRNA expression of HMOX1 among three genotype groups were evaluated

by the Kruskal–Wallis test followed by the Steel–Dwass test. After data were stratified for the

presence or absence of obesity, the proportion of male subjects with L alleles was compared

between normal distribution and sparse distribution of hyperechoic regions using ultrasono-

graphic images.

11. Ethical considerations

This study was approved by the Human Genome and Genetic Analysis Ethics Committee of

The University of Tokyo (G-3559-(1)) and the Kanazawa University (312). For this study, we

used documents to explain the purpose and method of the survey to the subjects and obtained

informed written consent.

Results

1. Subjects

The study flow of subjects through each analysis is shown in Fig 2. Overall, 92 subjects partici-

pated in the walking classroom. Female subjects and subjects with chronic inflammatory skin

diseases (e.g., atopic dermatitis, psoriasis) were excluded. We excluded seven people who satis-

fied the exclusion criteria and received informed consent from 85 subjects. Overall, HMOX1
polymorphism GT repeats were measured from the genomic DNA of 69 subjects, and both

alleles were measured in 53 subjects. For the remaining 16 subjects, only one allele was

decoded, of which seven subjects had an L allele. HMOX1 mRNA expression levels were mea-

sured by real-time RT-PCR in 33 of 53 subjects only—it was not possible to measure either

two types of allele and/or HMOX1 mRNA expression levels in the other 20 subjects.

2. Characteristics of subjects

Characteristics of the 33 subjects are shown in Table 1. The age of the non-obese group tended

to be lower than the obese group (p = 0.130). BMI (p< 0.01), body fat ratio (p< 0.01), and

waist circumference (p< 0.01) were significantly higher in the obese group than in the control

group. The proportion of subjects with sparse dermis in the obese group was significantly

higher than in the non-obese group (p< 0.01). 8OHdG levels as an indicator of oxidative

stress tended to be higher in the obese group compared with the non-obese group.

This survey was targeted at participants in a walking class for weight control or health pro-

motion. Therefore, there the subjects of this study might have had a higher awareness of health

compared with the general Japanese public. However, the mean BMI of the subjects in this

study was 24.7 kg/m2, which is similar to the mean BMI of Japanese men (aged 30 to 40 years)

[24]. Therefore, the subjects of this study are considered to represent the general Japanese pop-

ulation. There were no subjects who became non-obese from obese in the past 10 years.

3. Cut-off value of the number of GT repeats

The numbers of GT repeats in the HMOX1 promoter ranged from 15 to 33 times and showed

a bimodal distribution peak at 19–21 and 26–27 repeats (Fig 3). The GT repeat number of the

longer allele was negatively correlated with HMOX1 mRNA expression (ρ = −0.669, p = 0.01)

(Fig 4).

In previous studies, the cut-off value to distinguish short and L alleles ranged from 25 to 30

repeats [25–28]. Therefore, we conducted sensitivity analysis at 25–30 times of GT repeats.
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HMOX1 mRNA expression levels were significantly different between the L allele group and

non-L allele group (0.101 ± 0.03 vs. 0.047 ± 0.03, p< 0.001) when the cut-off value of the num-

ber of GT repeats was set at 27 times. Because the z value was least at 27 times for GT repeats,

we set the cut-off value at 27 times (Table 2).

4. Relationship between genotype and HMOX1 mRNA expression

Subjects for whom two alleles were measured were divided into S/S (10 subjects, 30.3%), S/L

(20 subjects, 60.6%), and L/L (3 subjects, 9.1%) groups. HMOX1 mRNA expression levels were

significantly higher in the S/S (0.01 ± 0.03) group compared with S/L (0.049 ± 0.001, p = 0.002)

and L/L (0.024 ± 0.009, p = 0.004) groups (Fig 5). These results showed that the presence of the

L allele affected HMOX1 mRNA expression levels. Therefore, this indicated that the dermal

collagen structures of subjects were comparable between the L allele holders and non-holders.

Fig 2. Flow of participants for each analysis.

https://doi.org/10.1371/journal.pone.0199994.g002
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5. Association of genotype with ultrasonographic features

In this analysis, 60 subjects (non-obese n = 30, obese n = 30) were included regardless of the

measurement of HMOX1 mRNA expression levels. The non-obese group consisted of 15 S/S

subjects, 9 S/L subjects, 3 L/L subjects, and 3 subjects in which one of two alleles was identified

as an L allele and the other was not identified (L/N). The obese group consisted of 11 S/S sub-

jects, 14 S/L subjects, 1 L/L subject, and 4 L/N subjects. Characteristics of the 60 subjects are

shown in Table 3. BMI, body fat ratio, waist circumference, and frequency of sparse dermis

were significantly lower in the non-obese group than in the obese group. Age tended to

decrease in the non-obese group compared with the obese group.

The relationship between the frequency of L allele holders and the classification of the ultra-

sonographic features were separately analyzed in the non-obese and the obese groups

(Table 4). In the non-obese group, 6 of 14 normal dermis subjects (42.9%) and 9 of 16 sparse

dermis subjects (56.3%) were L allele holders, but the difference of L allele holders was not sig-

nificant for ultrasonographic features (p = 0.715). However, the frequency of L allele holders

was significantly higher (18/24, 75.0%) in the sparse dermis compared with normal dermis

subjects (1/6, 16.7%, p = 0.016) in the obese group.

Discussion

Recently, our research group revealed the oxidative stress-induced mechanical vulnerability of

skin in obese subjects [4]. The current study provided additional findings that HMOX1 gene

polymorphisms cause individual differences in the expression capacity of an antioxidative

Table 1. Characteristics of 33 study subjects in whom two types of allele and HMOX1 mRNA expression was

measurable.

Items Non-obese (n = 13) Obese (n = 20) p
Age (years) 36.38 (12.3) 40.40 (11.8) 0.130b

BMI (kg/m2) 21.69 (2.2) 27.62 (2.3) <0.01b

Body fat ratio (%) 15.53 (4.7) 23.82 (4.2) <0.01b

Waist circumference diameter (cm) 82.07 (8.8) 94.87 (6.6) <0.01a

Smoking 4 (30.7) 4 (20.0) 0.681c

Diabetes1 0 (0.0) 1 (0.05) 0.606c

Hypertension2 0 (0.0) 3 (15.0) 0.209c

Hyperlipemia3 2 (15.4) 2 (10.0) 0.519c

Metabolic syndrome4 0 (0.0) 2 (10.0) 0.259c

Sparse dermis5 5 (38.5) 16 (80.0) <0.01d

HMOX1 mRNA expression 0.069 (0.03) 0.062 (0.04) 0.285b

8 OHdG (mg/μL) 0.088 (0.05) 0.12 (0.05) 0.078a

aStudent’s t-test
bMann–Whitney U-test
cFisher’s exact test
dChi-square test.

Values are shown as the mean (SD) or n (%). 8OHdG, 8-hydroxy-2’-deoxyguanosine; BMI, body mass index;

HMOX1, heme oxygenase1.
1Fasting blood glucose level�110 mg/dL and drug therapy.
2Systolic blood pressure�140 mmHg and/or diastolic blood pressure 90 mmHg and/or drug therapy.
3Serum triglyceride �150 mg/dL and/or HDL cholesterol < 40 mg/dL.
4Waist circumference diameter�85 cm and two or more of 1–3.
5Hyperechoic area is lacking part of, or the whole, dermis.

https://doi.org/10.1371/journal.pone.0199994.t001
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enzyme, HMOX1, which affected the dermal collagen structure. It is expected that the exami-

nation of HMOX1 polymorphisms might aid the identification of obese individuals with a risk

of mechanical stress-related cutaneous wounds.

Fig 3. Distribution of alleles in subjects. The numbers of GT repeats in the HMOX1 gene showed a distribution of

15–33 times. The distribution of the numbers of GT repeats was bimodal, with one peak located at 19–21 GT repeats

and the other peak located at 26–27 GT repeats.

https://doi.org/10.1371/journal.pone.0199994.g003

Fig 4. Correlation between the number of GT repeats and HMOX1 mRNA expression levels. Among the two types of allele,

the longer allele was included in the analysis. In 33 subjects, a significant negative correlation was observed between the GT

repeat numbers and HMOX1 mRNA expression levels (ρ = −0.669, p< 0.001).

https://doi.org/10.1371/journal.pone.0199994.g004
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The cut-off values of the number of GT repeats ranged from 25 to 30 times in previous

reports [25–28]. Similarly, we revealed a significantly higher HMOX1 expression in body hair

follicles when we set the cut-off value at 25–27 times of GT repeats. When the cut-off value

was 27, HMOX1 expression was approximately 2.15-fold higher in follicles from subjects with-

out the L allele compared with those with the L allele, and the Z value was lowest with a cut-off

value of 25–27 times. Our cut-off value agreed with the report of Hirai et al. [26], in which

2.01-time expression and 2.4-times activity of HMOX1 were observed in lymphoblasts without

the L allele compared with cells with the L allele. However, this study evaluated the number of

GT repeats in the HMOX1 promoter and HMOX1 mRNA expression level. Therefore, future

studies will need to include an evaluation of HMOX 1 enzyme activity.

Table 2. HMOX1 expression level based on the cut-off value of the L allele.

Cut-off value L allele n HMOX1 mRNA expression level Z p
�25 − 8 0.194 (0.04) −3.36 0.001

+ 25 0.054 (0.03)

�26 − 9 0.104 (0.04) −3.36 0.001

+ 24 0.050 (0.03)

�27 − 11 0.101 (0.03) −3.82 <0.001

+ 22 0.047 (0.03)

�28 − 19 0.081 (0.04) −2.73 0.006

+ 14 0.043 (0.03)

�29 − 25 0.070 (0.04) −1.89 0.059

+ 8 0.042 (0.04)

�30 − 28 0.071 (0.04) −1.91 0.056

+ 5 0.032 (0.01)

Values are the mean (SD). Cut-off value is the times of GT repeat number. P value determined by the Mann–Whitney U-test.

https://doi.org/10.1371/journal.pone.0199994.t002

Fig 5. Relationship between genotype and HMOX1 mRNA expression levels. Results of a comparison of each

genotype and HMOX1 mRNA expression levels were S/S = 0.01 ± 0.03, S/L = 0.049 ± 0.001, and L/L = 0.024 ± 0.009. S/

S was significantly higher compared with S/L (p = 0.002) and L/L (p = 0.004).

https://doi.org/10.1371/journal.pone.0199994.g005
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Previous studies reported that the prevalence of diabetes was associated with HMOX1 poly-

morphisms [21]. It is also well known that the prevalence of diabetes is higher in obese people

[29], and that hyperglycemia increases oxidative stress levels [30]. Therefore, it is essential to

consider the effects of diabetes on the results in this study. Only one diabetic subject (5.4%)

was enrolled in the obese group. Analysis excluding the diabetic subject showed similar results

as when the subject was included (data not shown). Therefore, we considered the impact of

diabetes was not significant in the present study.

The frequencies of L allele holders were not statistically different between the obese and the

non-obese groups, suggesting no association of HMOX1 promoter polymorphisms with obe-

sity. However, further studies to clarify the relationship between HMOX1 polymorphisms and

obesity in different populations are warranted, because the mean BMI of subjects was relatively

low (27.81 ± 2.39) in the obese group of this study.

The frequency of L allele holders was significantly higher in the sparse dermis group than in

the normal dermis group among obese subjects. We previously revealed oxidative stress-

Table 3. Characteristics of 60 study subjects including those with only one measurable type of allele (L allele).

Items Non-obese (n = 30) Obese (n = 30) p
Age (years) 36.56 (12.8) 41.93 (12.1) 0.073b

BMI (kg/m2) 22.17 (1.8) 27.29 (2.0) <0.01b

Body fat ratio (%) 15.68 (4.4) 24.16 (3.8) <0.01b

Waist circumference diameter (cm) 82.78 (6.7) 95.53 (6.4) <0.01a

Smoking 10 (30.7) 7 (20.0) 0.567d

Diabetes 0 (0.0) 1 (0.05) 0.500c

Hypertension 1 (0.05) 3 (15.0) 0.612c

Hyperlipemia 2 (10.0) 2 (10.0) 0.694c

Metabolic syndrome 0 (0.0) 2 (10.0) 0.246c

Sparse dermis 16 (53.3) 24 (80.0) 0.050d

HMOX1 mRNA expressions 0.066 (0.03) 0.064 (0.04) 0.526b

8 OHdG (mg/μL) 0.093 (0.05) 0.12 (0.05) 0.115a

aStudent’s t-test
bMann–Whitney U-test
cFisher’s exact test
dChi-square test.

Values are shown as the mean (SD) or n (%).

https://doi.org/10.1371/journal.pone.0199994.t003

Table 4. Relationship between ultrasound images and long allele holders.

Distribution of hyperechoic signals, n (%)

n Normal (n = 14) Sparse dermis (n = 16) p
S allele holder in the non-obese group 15 8 (57.1) 7 (43.7) 0.714a

L allele holder in the non-obese group 15 6 (42.9) 9 (56.3)

Distribution of hyperechoic signals, n (%)

n Normal (n = 6) Sparse dermis (n = 24) p
S allele holder in the obese group 11 5 (83.3) 6 (25.0) 0.016b

L allele holder in the obese group 19 1 (16.7) 18 (75.0)

P value determined by
a Chi-square test or
b Fisher’s exact test.

https://doi.org/10.1371/journal.pone.0199994.t004
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dependent dermal collagen digestion in subcutaneous adipose tissues [4]. Nicolai et al. [31]

reported that the cobalt protoporphyrin-induced increased expression of HMOX1 resulted in

a reduction of oxidative stress and inflammatory responses in the subcutaneous adipose tissues

of obese rats. Thus, our results suggested that the presence of the L allele might have resulted

in the elevation of oxidative stress and dermal collagen digestion. Therefore, the presence of

the L allele might be useful to identify persons at high risk of low collagen density. However,

this study did not reveal the cause-relationship between the presence of the L allele and

increased oxidative stress and dermal collagen digestion. Further research will be necessary.

There are several reports on the influence of HMOX1 expression on collagen metabolism.

Yu et al. [32] reported that the increased activity of HMOX 1 by Smad 7 in cardiac fibroblasts

suppressed collagen over synthesis because of the increased expression of Reactive oxygen spe-

cies (ROS) / Matrix metalloproteinase (MMP) 9. Therefore, the increased expression of

HMOX1 by HMOX1 polymorphisms in this study may suppress ROS in subcutaneous adipose

tissue and increase the expression of MMP 2 and MMP 13, which degrade type 1 collagen, pos-

sibly causing low collagen density. Therefore, we believe that the evaluation of MMP gene

expression in skin tissue is also important. However, the expression of MMPs is induced by

various factors such as inflammatory cytokines other than ROS. In addition, because the

HMOX1 polymorphism was not affected by the current state and was always constant, it will

be important to evaluate the HMOX1 polymorphism.

To date, associations of the L allele with oxidative stress-related disorders are controversial.

It was reported that the frequency of L allele holders was higher in chronic emphysema

patients compared with non-patients among smokers [18], while the incidences of melanoma

and psoriasis were not associated with the L allele of the HMOX1 gene polymorphism [33, 34].

Similarly, in this study, the presence of the L allele was associated with alterations in dermal

structures in obese subjects only. These results suggested that the association of HMOX1 poly-

morphisms occurs during conditions of high oxidative stress.

The HMOX1 gene polymorphism represents the antioxidant capacity of individuals. There-

fore, this study clarified that the presence of the L allele of the HMOX1 gene polymorphism in

obese subjects was related to low collagen density. Thus, the examination of HMOX1 gene

polymorphisms might identify persons at high risk for low collagen density, which is a risk for

pressure ulcers and skin tears caused by external forces in obese patients. Therefore, nurses

can provide personalized skincare according to the individual risk level, resulting in the effi-

cient prevention of skin impairment.

There were some limitations in this study. First, only male subjects were included. In

women, the influence of estrogen was reported to have an impact on systemic oxidative stress

levels [35]. Therefore, the analysis of female subjects considering the sexual cycle are required

in the future. Second, the non-obese group tended to be younger than the obese group. It was

suggested that the collagen density of skin decreases with age [36, 37]. Because differences in

the proportion of subjects with low collagen density might be affected by age, further research

including more subjects is required.

In conclusion, this study revealed that the presence of the L allele in obese individuals is

associated with low collagen density. Therefore, the presence of HMOX1 gene polymorphisms

might identify persons at high risk for low collagen density, which is a risk for pressure ulcers

and skin tears.

Acknowledgments

We thank Edanz Group (www.edanzediting.com/ac) for editing a draft of this manuscript.

Microsatellite polymorphism in the Heme oxygenase-1 and collagen density in Japanese obese male subjects

PLOS ONE | https://doi.org/10.1371/journal.pone.0199994 July 19, 2018 11 / 14

http://www.edanzediting.com/ac
https://doi.org/10.1371/journal.pone.0199994


Author Contributions

Conceptualization: Ai Ibuki, Takeo Minematsu.

Data curation: Ai Ibuki, Masaru Matsumoto, Junko Sugama.

Formal analysis: Ai Ibuki, Takeo Minematsu, Mikako Yoshida, Shinji Iizaka.

Methodology: Ai Ibuki, Takeo Minematsu, Mikako Yoshida.

Project administration: Hiromi Sanada.

Supervision: Takeo Minematsu, Mikako Yoshida, Junko Sugama, Hiromi Sanada.

Visualization: Ai Ibuki.

Writing – original draft: Ai Ibuki.

Writing – review & editing: Ai Ibuki, Takeo Minematsu, Mikako Yoshida.

References
1. New criteria for ’obesity disease’ in Japan. Circ J. 2002 Nov; 66(11):987–92. PMID: 12419927

2. Division of Health Promotion and Nutrition, Ministry of Health, Labour and Welfare. Annual report of the

National Nutrition Survey in 2013. Daiichi Publishing Co: Tokyo, 2013 (in Japanese).

3. Enser M, Avery NC. Mechanical and chemical properties of the skin and its collagen from lean and

obese-hyperglycaemic (ob/ob) mice. Diabetologia. 1984 Jul; 27(1):44–9. PMID: 6468798

4. Ibuki A, Akase T, Nagase T, Minematsu T, Nakagami G, Horii M, et al. Skin fragility in obese diabetic

mice: possible involvement of elevated oxidative stress and upregulation of matrix metalloproteinases.

Exp Dermatol. 2012 Mar; 21(3):178–83. https://doi.org/10.1111/j.1600-0625.2011.01409.x PMID:

22171591

5. VanGilder C, MacFarlane G, Meyer S, Lachenbruch C. Body mass index, weight, and pressure ulcer

prevalence: an analysis of the 2006–2007 International Pressure Ulcer Prevalence Surveys. J Nurs

Care Qual. 2009 Apr-Jun; 24(2):127–35. https://doi.org/10.1097/01.NCQ.0000347449.83052.1a PMID:

19287251

6. Amri R, Bordeianou LG, Sylla P, Berger DL. Obesity, outcomes and quality of care: body mass index

increases the risk of wound-related complications in colon cancer surgery. Am J Surg. 2014 Jan; 207

(1):17–23. https://doi.org/10.1016/j.amjsurg.2013.05.016 PMID: 24139555

7. LeBlanc K, Baranoski S, Christensen D,E Langemo D, Sammon MA, Edwards k, et al. International

Skin Tear Advisory Panel: a tool kit to aid in the prevention, assessment, and treatment of skin tears

using a Simplified Classification System. Adv Skin Wound Care. 2013 oct; 26(10):459–476; quiz 477–

458. https://doi.org/10.1097/01.ASW.0000434056.04071.68 PMID: 24045566

8. Gelse K, Poschl E, Aigner T. Collagens-structure, function, and biosynthesis. Adv Drug Deliv Rev. 2003

Nov 28; 55(12):1531–46. PMID: 14623400

9. Akase T, Nagase T, Huang L, Ibuki A, Minematsu T, Nakagami G, et al. Aging-like skin changes

induced by ultraviolet irradiation in an animal model of metabolic syndrome. Biol Res Nurs. 2012 Apr;

14(2):180–7. https://doi.org/10.1177/1099800411401013 PMID: 21444332

10. Ezure T, Amano S. Increased subcutaneous adipose tissue impairs dermal function in diet-induced

obese mice. Exp Dermatol. 2010 Oct; 19(10):878–82. https://doi.org/10.1111/j.1600-0625.2009.00970.

x PMID: 19758317

11. Yamane T, Kobayashi-Hattori K, Oishi Y, Takita T. High-fat diet reduces levels of type I tropocollagen

and hyaluronan in rat skin. Mol Nutr Food Res. 2010 May; 54 Suppl 1:S53–61.

12. Horii M, Oe M, Minematsu T, Nagase T, Yabunaka K, Akase T, et al. Ultrasonography reveals structual

changes in the dermis and subcutaneous tissue of obese males: investigation of the association with

oxidative stress. Journal of Japanese Society of Wound, Ostomy and Continence Management 2012;

17:23–32.

13. Matsumoto M, Ibuki A, Minematsu T, Sugama J, Horii M, Ogai K, et al. Structural changes in dermal col-

lagen and oxidative stress levels in the skin of Japanese overweight males. Int J Cosmet Sci. 2014 Oct;

36(5):477–84. https://doi.org/10.1111/ics.12145 PMID: 24893563

14. Maines MD. Heme oxygenase: function, multiplicity, regulatory mechanisms, and clinical applications.

FASEB J. 1988 Jul; 2(10):2557–68. PMID: 3290025

Microsatellite polymorphism in the Heme oxygenase-1 and collagen density in Japanese obese male subjects

PLOS ONE | https://doi.org/10.1371/journal.pone.0199994 July 19, 2018 12 / 14

http://www.ncbi.nlm.nih.gov/pubmed/12419927
http://www.ncbi.nlm.nih.gov/pubmed/6468798
https://doi.org/10.1111/j.1600-0625.2011.01409.x
http://www.ncbi.nlm.nih.gov/pubmed/22171591
https://doi.org/10.1097/01.NCQ.0000347449.83052.1a
http://www.ncbi.nlm.nih.gov/pubmed/19287251
https://doi.org/10.1016/j.amjsurg.2013.05.016
http://www.ncbi.nlm.nih.gov/pubmed/24139555
https://doi.org/10.1097/01.ASW.0000434056.04071.68
http://www.ncbi.nlm.nih.gov/pubmed/24045566
http://www.ncbi.nlm.nih.gov/pubmed/14623400
https://doi.org/10.1177/1099800411401013
http://www.ncbi.nlm.nih.gov/pubmed/21444332
https://doi.org/10.1111/j.1600-0625.2009.00970.x
https://doi.org/10.1111/j.1600-0625.2009.00970.x
http://www.ncbi.nlm.nih.gov/pubmed/19758317
https://doi.org/10.1111/ics.12145
http://www.ncbi.nlm.nih.gov/pubmed/24893563
http://www.ncbi.nlm.nih.gov/pubmed/3290025
https://doi.org/10.1371/journal.pone.0199994


15. Tenhunen R, Marver HS, Schmid R. Microsomal heme oxygenase. Characterization of the enzyme. J

Biol Chem. 1969 Dec 10; 244(23):6388–94. PMID: 4390967

16. Kimpara T, Takeda A, Watanabe K, Itoyama Y, Ikawa S, Watanabe M, et al. Microsatellite polymor-

phism in the human heme oxygenase-1 gene promoter and its application in association studies with

Alzheimer and Parkinson disease. Hum Genet. 1997 Jul; 100(1):145–7. PMID: 9225984

17. Okinaga S, Takahashi K, Takeda K, Yoshizawa M, Fujita H, Sasaki H, et al. Regulation of human heme

oxygenase-1 gene expression under thermal stress. Blood. 1996 Jun 15; 87(12):5074–84. PMID:

8652820

18. Yamada N, Yamaya M, Okinaga S, Nakayama K, Sekizawa K, Shibahara S, et al. Microsatellite poly-

morphism in the heme oxygenase-1 gene promoter is associated with susceptibility to emphysema. Am

J Hum Genet. 2000 Jan; 66(1):187–95. https://doi.org/10.1086/302729 PMID: 10631150

19. Chen YH, Chau LY, Chen JW, Lin SJ. Serum bilirubin and ferritin levels link heme oxygenase-1 gene

promoter polymorphism and susceptibility to coronary artery disease in diabetic patients. Diabetes

Care. 2008 Aug; 31(8):1615–20. https://doi.org/10.2337/dc07-2126 PMID: 18443197

20. Kaneda H, Ohno M, Taguchi J, Togo M, Hashimoto H, Ogasawara K, et al. Heme oxygenase-1 gene

promoter polymorphism is associated with coronary artery disease in Japanese patients with coronary

risk factors. Arterioscler Thromb Vasc Biol. 2002 Oct 1; 22(10):1680–5. PMID: 12377749

21. Song F, Li X, Zhang M, Yao P, Yang N, Sun X, et al. Association between heme oxygenase-1 gene pro-

moter polymorphisms and type 2 diabetes in a Chinese population. Am J Epidemiol. 2009 Sep 15; 170

(6):747–56. https://doi.org/10.1093/aje/kwp196 PMID: 19696228

22. Moran CM, Bush NL, Bamber JC. Ultrasonic propagation properties of excised human skin. Ultrasound

Med Biol. 1995; 21(9):1177–90. PMID: 8849832

23. Olerud JE, O’Brien W Jr., Riederer-Henderson MA, Steiger D, Forster FK, Daly C, et al. Ultrasonic

assessment of skin and wounds with the scanning laser acoustic microscope. J Invest Dermatol. 1987

May; 88(5):615–23. PMID: 3553343

24. Division of Health Promotion and Nutrition, Ministry of Health, Labour and Welfare. Annual report of the

National Nutrition Survey in 2015. 2018; 2: 20. Available from http://www.mhlw.go.jp/bunya/kenkou/

eiyou/h27-houkoku.html (in Japanese)

25. Kikuchi A, Yamaya M, Suzuki S, Yasuda H, Kubo H, Nakayama K, et al. Association of susceptibility to

the development of lung adenocarcinoma with the heme oxygenase-1 gene promoter polymorphism.

Hum Genet. 2005 Apr; 116(5):354–60. https://doi.org/10.1007/s00439-004-1162-2 PMID: 15688187

26. Hirai H, Kubo H, Yamaya M, Nakayama K, Numasaki M, Kobayashi S, et al. Microsatellite polymor-

phism in heme oxygenase-1 gene promoter is associated with susceptibility to oxidant-induced apopto-

sis in lymphoblastoid cell lines. Blood. 2003 Sep 1; 102(5):1619–21. https://doi.org/10.1182/blood-

2002-12-3733 PMID: 12730098

27. Courtney AE, McNamee PT, Middleton D, Heggarty S, Patterson CC, Maxwell AP. Association of func-

tional heme oxygenase-1 gene promoter polymorphism with renal transplantation outcomes. Am J

Transplant. 2007 Apr; 7(4):908–13. https://doi.org/10.1111/j.1600-6143.2006.01726.x PMID:

17391133

28. Murakami A, Fujimori Y, Yoshikawa Y, Yamada S, Tamura K, Hirayama N, et al. Heme oxygenase-1

promoter polymorphism is associated with risk of malignant mesothelioma. Lung. 2012 Jun; 190

(3):333–7. https://doi.org/10.1007/s00408-012-9371-2 PMID: 22271370

29. Kopelman PG. Obesity as a medical problem. Nature. 2000 Apr 6; 404(6778):635–43. https://doi.org/

10.1038/35007508 PMID: 10766250

30. Lakshmanan AP, Watanabe K, Thandavarayan RA, Sari FR, Meilei H, Soetikno V, et al. Curcumin

attenuates hyperglycaemia-mediated AMPK activation and oxidative stress in cerebrum of streptozoto-

cin-induced diabetic rat. Free Radic Res. 2011 Jul; 45(7):788–95. https://doi.org/10.3109/10715762.

2011.579121 PMID: 21548839

31. Nicolai A, Li M, Kim DH, Peterson SJ, Vanella L, Positano V, et al. Heme oxygenase-1 induction remod-

els adipose tissue and improves insulin sensitivity in obesity-induced diabetic rats. Hypertension. 2009

Mar; 53(3):508–15. https://doi.org/10.1161/HYPERTENSIONAHA.108.124701 PMID: 19171794

32. Yu H, Huang J, Wang S, Zhao G, Jiao X, Zhu L. Overexpression of Smad7 suppressed ROS/MMP9-

dependent collagen synthesis through regulation of heme oxygenase-1. Mol Biol Rep. 2013 Sep; 40

(9):5307–14. https://doi.org/10.1007/s11033-013-2631-2 PMID: 23661026

33. Eiberger W, Volkmer B, Amouroux R, Dherin C, Radicella JP, Epe B. Oxidative stress impairs the repair

of oxidative DNA base modifications in human skin fibroblasts and melanoma cells. DNA Repair

(Amst). 2008 Jun 1; 7(6):912–21.

Microsatellite polymorphism in the Heme oxygenase-1 and collagen density in Japanese obese male subjects

PLOS ONE | https://doi.org/10.1371/journal.pone.0199994 July 19, 2018 13 / 14

http://www.ncbi.nlm.nih.gov/pubmed/4390967
http://www.ncbi.nlm.nih.gov/pubmed/9225984
http://www.ncbi.nlm.nih.gov/pubmed/8652820
https://doi.org/10.1086/302729
http://www.ncbi.nlm.nih.gov/pubmed/10631150
https://doi.org/10.2337/dc07-2126
http://www.ncbi.nlm.nih.gov/pubmed/18443197
http://www.ncbi.nlm.nih.gov/pubmed/12377749
https://doi.org/10.1093/aje/kwp196
http://www.ncbi.nlm.nih.gov/pubmed/19696228
http://www.ncbi.nlm.nih.gov/pubmed/8849832
http://www.ncbi.nlm.nih.gov/pubmed/3553343
http://www.mhlw.go.jp/bunya/kenkou/eiyou/h27-houkoku.html
http://www.mhlw.go.jp/bunya/kenkou/eiyou/h27-houkoku.html
https://doi.org/10.1007/s00439-004-1162-2
http://www.ncbi.nlm.nih.gov/pubmed/15688187
https://doi.org/10.1182/blood-2002-12-3733
https://doi.org/10.1182/blood-2002-12-3733
http://www.ncbi.nlm.nih.gov/pubmed/12730098
https://doi.org/10.1111/j.1600-6143.2006.01726.x
http://www.ncbi.nlm.nih.gov/pubmed/17391133
https://doi.org/10.1007/s00408-012-9371-2
http://www.ncbi.nlm.nih.gov/pubmed/22271370
https://doi.org/10.1038/35007508
https://doi.org/10.1038/35007508
http://www.ncbi.nlm.nih.gov/pubmed/10766250
https://doi.org/10.3109/10715762.2011.579121
https://doi.org/10.3109/10715762.2011.579121
http://www.ncbi.nlm.nih.gov/pubmed/21548839
https://doi.org/10.1161/HYPERTENSIONAHA.108.124701
http://www.ncbi.nlm.nih.gov/pubmed/19171794
https://doi.org/10.1007/s11033-013-2631-2
http://www.ncbi.nlm.nih.gov/pubmed/23661026
https://doi.org/10.1371/journal.pone.0199994


34. Chang YC, Wu WM, Tsai HY, Hsu LA. Microsatellite polymorphism in the heme oxygenase-1 gene pro-

moter and the risk of psoriasis in Taiwanese. Arch Dermatol Res. 2012 Nov; 304(9):739–44. https://doi.

org/10.1007/s00403-012-1289-2 PMID: 22965812

35. Angoa-Perez M, Jiang H, Rodriguez AI, Lemini C, Levine RA, Rivas-Arancibia S. Estrogen counteracts

ozone-induced oxidative stress and nigral neuronal death. Neuroreport. 2006 Apr 24; 17(6):629–33.

PMID: 16603924

36. Wojtysiak D. Effect of age on structural properties of intramuscular connective tissue, muscle fibre, col-

lagen content and meat tenderness in pig longissimus lumborum muscle. Folia Biol (Krakow). 2013; 61

(3–4):221–6.

37. Castelo-Branco C, Pons F, Gratacos E, Fortuny A, Vanrell JA, Gonzalez-Merlo J. Relationship between

skin collagen and bone changes during aging. Maturitas. 1994 Mar; 18(3):199–206. PMID: 8015503

Microsatellite polymorphism in the Heme oxygenase-1 and collagen density in Japanese obese male subjects

PLOS ONE | https://doi.org/10.1371/journal.pone.0199994 July 19, 2018 14 / 14

https://doi.org/10.1007/s00403-012-1289-2
https://doi.org/10.1007/s00403-012-1289-2
http://www.ncbi.nlm.nih.gov/pubmed/22965812
http://www.ncbi.nlm.nih.gov/pubmed/16603924
http://www.ncbi.nlm.nih.gov/pubmed/8015503
https://doi.org/10.1371/journal.pone.0199994

