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In recent years, many studies have shown that the gut microbiota can affect the occurrence and development of a variety of human diseases. A variety of skin diseases are related to the regulation of the gut–skin axis, such as psoriasis, atopic dermatitis, and acne. Gut microbial dysbiosis can promote the development of these diseases. The gut microbiota can affect estrogen metabolism, β-glucuronidase secreted by the gut microbiota can promote the reabsorption of estrogen by the gut, and estrogen is transported to other parts of the body through the circulatory system. The occurrence and development of melasma are closely related to abnormal metabolism of estrogen. The relationship between the structure of the gut microbiota and melasma remains unclear. Epidemiological surveys were conducted in patients with melasma and healthy subjects (control group) in this study. The feces were collected for 16S rRNA sequencing analysis of the gut microbiota. To compare the similarities and differences in species diversity of the gut microbiota between these two groups, we calculated the α-diversity and β-diversity indices and analyzed the differences between them. We found that the abundance of Collinsella spp., Actinomyces spp. (belonging to Actinobacteria), Parabacteroides spp., Bacteroides spp., Paraprevotella spp. (belonging to Bacteroidetes), Blautia spp., and Roseburia spp. (belonging to Firmicutes) in the melasma group were significantly different compared with that in the healthy group. The largest difference was found in Actinobacteria (p < 0.05), and there were also significant differences in the abundance of Coriobacteriia, Actinobacteria, Coriobacteriales, Coriobacteriaceae, and Collinsella spp. between the two groups (all p < 0.05). Many of these differences in the microbiota were closely related to the production of β-glucuronidase and the regulation of estrogen synthesis or metabolism. Changes in the gut microbiota structure and the biological effects of Collinsella spp. in the microbiota in patients with melasma can play an important role in the occurrence and development of melasma by affecting the body’s estrogen metabolism. This study provides a theoretical basis and experimental data reference for future studies on the relationship between the gut microbiota and melasma, and may be helpful for the prevention and treatment of melasma.
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Introduction

The gut microbiota is the largest and most complex micro-ecosystem in the human body, and it has metabolic functions that the rest of the body does not possess. In recent years, investigation of the effect of the gut microbiota on human health has received widespread attention. Numerous studies have shown that the gut microbiota is closely related to multiple systems in the human body (Adak and Khan, 2019; Qi et al., 2021). With regard to the gut microbiota and skin diseases, previous studies mainly focused on inflammatory skin diseases, such as psoriasis, atopic dermatitis, and acne (De Pessemier et al., 2021). At present, only the relationship between gut microbial dysbiosis and vitiligo has been preliminarily discussed (Ni et al., 2020). There have been few studies on non-inflammatory skin diseases, especially pigmented dermatosis.

At present, an increasing number of studies are actively examining the relationship between the gut microbiota and skin diseases, which has led to the concept of the gut–skin axis. The gut–skin axis links the gut microbiota to skin diseases through the gut barrier, inflammatory mediators, and metabolites (De Pessemier et al., 2021). How the gut microbiota affects skin diseases by regulating the gut–skin axis has become a hot topic of research. Previous studies have shown a bidirectional connection between the gut microbiota and skin homeostasis, gut microbial dysbiosis plays a special role in the pathophysiological process of the occurrence and development of a variety of inflammatory diseases. These diseases can promote the development of psoriasis, atopic dermatitis, acne, and others (Shah et al., 2013; Thrash et al., 2013; Salem et al., 2018). Additionally, the consumption of probiotics or live bacteria that benefit the gastrointestinal system may also prevent and control the occurrence of these skin diseases (Salem et al., 2018; De Pessemier et al., 2021).

Melasma is a stubborn pigmented dermatosis that is difficult to treat and easy to relapse after treatment, and it is a non-inflammatory skin disease. Melasma is more common in women than in men and can occur from puberty to menopause. The occurrence and development of melasma are closely related to estrogen concentrations (Lee, 2015; Filoni et al., 2019). Studies suggested the gut microbiota can affect estrogen metabolism (Plottel and Blaser, 2011; Flores et al., 2012a; Qi et al., 2021). The β-glucuronidase secreted by certain gut microbiota can deconjugate metabolized estrogen and phytoestrogen and promote their reabsorption by the gut. Estrogen is transported to distal parts of the body through the circulatory system, such as the skin and vagina (Baker et al., 2017). Previous studies demonstrated that the expression of estrogen receptors in skin lesions in patients with melasma is upregulated, estrogen then binds to the relevant estrogen receptors and affects the formation of melasma (Lieberman and Moy, 2008; Lee, 2015; Baker et al., 2017).

At present, the relationship between the gut microbiota and melasma is unclear. This study aimed to investigate the characteristics of the gut microbiota in patients with melasma and to examine the relationship between the gut microbiota and melasma to provide an experimental basis and theoretical support for the prevention and treatment of melasma.



Materials and methods


Subjects

In this study, we recruited 30 patients with melasma and 30 healthy people as controls in the First Affiliated Hospital of Dalian Medical University. All participants were from Dalian (Liaoning Province, China). We used questionnaires to collect information of the participants, such as age, sex, body mass index, marital and fertility status, menstrual status, bowel habits, sunscreen habits, dietary habits and disease conditions. The non-pregnant, non-menstruating women were retained as study participants. None of them had a history of taking special medications such as birth control pills. The clinical type of skin lesions in the patients was zygomatic. Then excluding those who had received systemic antibiotic treatment within 3 months before fecal samples were collected, and people with diseases which related to estrogen or gut microbial dysbiosis (e.g., gynecological, digestive and immune diseases). Finally, 7 patients with melasma and 10 healthy people as controls were retained. All patients with melasma were assessed by the modified Melasma Area and Severity Index (mMASI; Pandya et al., 2011) and examined by dermatologists. This study was approved by the Ethics Committee of the First Affiliated Hospital of Dalian Medical University, and all participants signed informed consent forms.



Collection of fecal samples and DNA extraction

In all participants, fresh fecal samples were collected by fecal microbial DNA collection and preservation kits (TinyGene, Shanghai, China). All consumables were aseptic, and fecal samples were frozen and stored at −80°C after collection. Subsequently, the genomic DNA of samples was extracted by the QIAamp DNA Stool Mini Kit (Qiagen, Hilden, Germany).



16S rRNA amplification and sequencing

The sequences in the V4-V5 region of 16S rRNA were selected, and pair-end sequencing was performed in accordance with the requirements of Illumina Miseq high-throughput sequencing. After the target region and fusion primers were designed, two-step polymerase chain reaction (PCR) amplification was performed. The PCR product was recovered by using the AxyPrepDNA gel recovery kit (Axygen Scientific Inc., Silicon Valley, United States). Real-time fluorescence quantification was performed using an FTC-3000TM real-time PCR system (Funglyn, Shanghai, China). The PCR products from different samples were indexed and mixed at equal ratios, to complete the construction of an Miseq library. Then used for high-throughput sequencing and bioinformatics analysis.



Microbiome analysis and statistical analysis

We distributed the sample reads from the raw data obtained by sequencing through a barcode to obtain the effective sequence of samples. After low-quality sequences at the ends were removed by Trimmomatic,1 Flash software2 was used to merge the paired reads into a sequence according to the overlap relationship between PE (Pair-end) reads. Additionally, Mothur software3 was used for quality control and filtering to obtain an optimized sequence. Subsequently, operational taxonomic unit (OTU) clustering was performed by UPARSE software4 under a similarity of 97%. Additionally, the chimera generated by PCR amplification was removed by UCHIME software, and the singleton OTUs were removed. The OTU representative sequence was compared using Mothur and the Silva 128 database, and species information was annotated. A statistical analysis of community structure was conducted at different classification levels.

We then conducted α-diversity and β-diversity analysis using Mothur. For α-diversity analysis, Chao, ACE, Shannon, and Simpson index values under different random sampling were calculated, and the non-parametric Wilcox test was used to analyze differences. For β-diversity analysis, Bray–Curtis analysis based on OTUs and species information was used, and ANOSIM was used to analyze differences. We plotted curve charts, box plots, sample clustering tree and histogram combination analysis diagram, and histograms of species distribution by using R language.

To identify differences in abundance in the gut microbiota between patients with melasma and controls, we used the t-test, the Wilcoxon non-parametric test, matastats (differentially abundant features analysis), and the linear discriminant analysis (LDA) effect size method. According to the obtained OUT or community abundance data, rigorous statistical methods were used for comparative analysis. The t-test and the Wilcoxon non-parametric test were adopted in the ggpubr package in R language. Matastats analysis used the metastas command in Mothur. In LEfSe analysis, a p < 0.05 (Kruskal–Wallis test) and log10[LDA] ≥2.0 were considered to indicate a significant difference in microorganisms.




Results


General information and epidemiological survey statistics

We collected fecal samples from patients in the melasma group (Group M, age: 39.57 ± 7.76 years) and healthy subjects in the control group (Group B, age: 36.4 ± 6.29 years). The mean mMASI score was 3.32 ± 1.15. There were significant differences in dietary habits between the two groups (p < 0.05). Different from the healthy people, the patients with melasma had a harmful habit of a high-fat diet. Details of the participants are shown in Table 1.



TABLE 1 Characteristics of patients with melasma and controls.
[image: Table1]



Characteristics of the gut microbiota in patients with melasma

To compare the similarities and differences in species diversity of the gut microbiota between the two groups, we calculated the α-diversity index and analyzed the differences between them. We found that there was no significant difference in α-diversity between the two groups (p = 0.41). This lack of finding suggested that there was no significant difference in species diversity of the gut bacteria between the two groups (Figures 1, 2).

[image: Figure 1]

FIGURE 1
 Comparison of α-diversity between Group M and Group B. ACE index dilution curve chart. There was no significant difference in α-diversity between the two groups.
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FIGURE 2
 Comparison of α-diversity between Group M and Group B. ACE index non-parametric Wilcox test box plot (p = 0.41). There was no significant difference in α-diversity between the two groups.


To compare differences in species diversity between Group M and Group B (comparison of the similarity between samples), we conducted β-diversity analysis. A sample clustering tree and histogram combination analysis diagram (Figure 3) showed obvious convergence of samples in Group M and Group B, and samples that had similar β-diversity were clustered together. This finding suggested that there was a difference in the gut microbiota between the two groups, and the gut microbiota in Group M showed obvious similarities.

[image: Figure 3]

FIGURE 3
 β-Diversity analysis of Group M and Group B. A sample clustering tree and histogram combination analysis diagram at the species level is shown. The left side shows a hierarchical clustering analysis between samples based on community composition. The two groups of samples show the phenomenon of convergence in the same group. The right side shows a histogram of a community structure of the corresponding samples.


A sample community structure histogram (Figure 3) and species distribution histogram (Figures 4, 5) show the relative abundance of different bacteria. We found that, at the phylum level, the highest abundance was Bacteroidetes, followed by Firmicutes, Proteobacteria, Tenericutes, Actinobacteria in the two groups. At the species level, the overall abundance of Bacteroides spp., such as B. vulgatus, B. plebeius, B. coprocola (belonging to Bacteroidetes) in the gut bacteria in Group M was different from that in Group B. The results of α-diversity and β-diversity analyses suggested that although the gut microbiota in Group M was not significantly different from that in Group B, the abundance of part of the microbiota was different. Additionally, these microbial strains and their biological function would be a priority for investigation.

[image: Figure 4]

FIGURE 4
 Histogram of species distribution of bacterial microbiota in Group M and Group B. Phylum level. The dominant bacteria in the gut microbiota of the two groups of samples were Bacteroidetes, Firmicutes, Proteobacteria, Tenericutes, and Actinobacteria, and their abundance was different between the two groups.
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FIGURE 5
 Histogram of species distribution of bacterial microbiota in Group M and Group B. Species level. Under the existing detection and identification methods, the microbial strain (pink) that could not be annotated in the gut microbiota in Group M was significantly higher than that in Group B. The overall abundance of the dominant bacterial microbiota such as Bacteroides vulgatus (yellow), B. plebeius (light green), B. coprocola (dark green) belonging to Bacteroidetes in Group M was also different from that in Group B.


We further investigated the differences in abundance in the gut microbiota between the groups. Significant differences (p < 0.05) that were found under each classification level (phyla, class, order, family, genus, species, and OTU). LDA effect size analysis showed that some microbiota showed a significant difference in abundance between the two groups. The significant differences and biological relevance of microbial strains between the two groups are displayed in a clustering tree (Figure 6). Some microbial strains in the gut microbiota in Group M that showed significant differences from those in the gut microbiota in Group B are shown in Tables 2, 3.

[image: Figure 6]

FIGURE 6
 LDA effect size analysis between Group M and Group B. (A) Microbial species with a significant difference in abundance and a significant effect between the two groups. (B) A clustering tree. The concentric circles from the inside to the outside represent the classification levels of phylum, class, order, family, and genus (or species). The green and red nodes indicate microbial species that played an important role in groups M and B. The diameter of the node circle is proportional to the relative abundance of the taxonomic microbiota, which reflects a significant difference in microbial strains between the two groups and their biological correlation.




TABLE 2 Summary of the abundance of microbial strains at different species levels between Group M and Group B.
[image: Table2]



TABLE 3 Microbial strains with significant differences at each classification level between Group M and Group B.
[image: Table3]

Notably, at the phylum level, the abundance of Actinobacteria in Group M was significantly lower than that in Group B (p < 0.05). There were also significant differences in the abundance of Coriobacteriia, Actinobacteria, Coriobacteriales, Coriobacteriaceae, and Collinsella spp. between the two groups (all p < 0.05). These findings suggested that the differential microbiota between patients with melasma and healthy subjects, and may play an important role in the occurrence of melasma. Additionally, the abundance of Bacteroidetes, Firmicutes, and Proteobacteria was different in some microbial strains between the two groups. There were also significant differences in the abundance of Tenericutes, Mollicutes, Deltaproteobacteria, Desulfovibrionales, Desulfovibrionaceae, Terrisporobacter spp., Holdemanella spp., Parasutterella spp. between the two groups. This finding suggested that these genera may play a co-regulatory role in the occurrence and development of melasma (Table 3; Figure 6).




Discussion

The gut microbiota, which has recently received a lot of attention, is related to inflammatory skin diseases (De Pessemier et al., 2021). However, there have been limited studies on the gut microbiota and pigmented dermatosis (Ni et al., 2020), and no studies on melasma have been reported.

The gut microbiota secretes β-glucuronidase to dissociate estrogen in the early stage, promotes its reabsorption of estrogen into the blood through the intestines, and transports estrogen to distal parts of the body to bind with the estrogen receptor to take effect. Therefore, the gut microbiota affects the metabolism of human estrogen. In this process, the gut microbiota and estrogen act on the distal effector sites through circulatory metabolism (Baker et al., 2017; De Pessemier et al., 2021). Studies have shown that estrogen concentrations in patients with melasma are abnormal compared with those in the healthy population (Pérez et al., 1983; Lee, 2015). Additionally, the expression of estrogen receptors in skin lesions in patients with melasma is upregulated (Lieberman and Moy, 2008; Lee, 2015), which further confirms the role of estrogen in this disease. Whether the gut microbiota in patients with melasma is different from that in the healthy population, whether there are some characteristic components of the microbiota, and whether these will affect the occurrence and development of melasma, are important issues that need to be examined.

In the healthy human intestines, the relative abundance of Bacteroidetes and Firmicutes accounts for more than 90% of the gut microbiota, and they play a major role in maintaining gut homeostasis, while Proteobacteria and Actinobacteria only account for nearly 10% (Arumugam et al., 2011; Segata et al., 2012). Bacteroidetes, Firmicutes, Proteobacteria, and Actinobacteria constitute the four main phyla in the human gut microbiota (Arumugam et al., 2011; Segata et al., 2012). The abundance of Bacteroidetes, Firmicutes, Proteobacteria, and Actinobacteria in the intestines in patients with melasma was different from that in the healthy population, especially for Actinobacteria. Many of the differential microbiota are related to the metabolic regulation of estrogen in the body, indicating that they may play an important role in the occurrence of melasma.

Although Actinobacteria accounts for a small proportion of the gut microbiota, it showed the most significant difference in abundance between patients with melasma and healthy people. Actinobacteria also plays an important role in maintaining homeostasis of the gut environment (Binda et al., 2018). Moreover, its secondary metabolites are abundant, has important biological value, and it can produce naturally derived antibiotics, antifungals, anthelmintics, and anticancer compounds, which can be applied clinically (Barka et al., 2016). The most common Bifidobacteria in the Actinobacteria family is also a widely used probiotic (Binda et al., 2018). Our study showed that the abundance of Actinobacteria in patients with melasma was significantly lower than that in healthy people. There were also significant differences in the Coriobacteriia, Actinobacteria, Coriobacteriales, Coriobacteriaceae, and Collinsella spp. between the two groups. Actinobacteria can participate in the aerobic degradation of estrogen (Yu et al., 2013; Wu et al., 2019). Coriobacteriaceae has also been reported to be involved in the synthesis of the phytoestrogen S-equol. S-equol reduces the incidence of menopausal symptoms, osteoporosis, skin aging, hair loss, prostate cancer, and ovarian cancer by selectively activating estrogen receptors, and has a variety of biological and clinical uses (Lee et al., 2018).The findings suggest that the differential microbiota may play an important role in the occurrence of melasma as a characteristic part of the microbiota in these patients. A decrease in the abundance of Actinobacteria in the microbiota may affect estrogen concentrations of the body, and then affect the occurrence and development of melasma. This possibility could provide a new target for the prevention and treatment of melasma.

As dominant members of the microbiota with the highest proportion in the human gut, Bacteroidetes and Firmicutes are important for biological function. Studies have shown that Bacteroidetes degrades polysaccharides, and may promote inflammation and stimulate angiogenesis (Johnson et al., 2017). Firmicutes member Lactobacillus is also a common probiotic that helps the body absorb energy and fat (Jeong et al., 2017). Disorder of Bacteroidetes and Firmicutes are also been related to skin diseases such as psoriasis (Sikora et al., 2020). There have been reports that Clostridia (belonging to Firmicutes) affects estrogen concentrations in the body through β-glucuronidase. Moreover, estrogen can reverse changes in the microbiota, forming a two-way regulation (Flores et al., 2012a,b). In our study, we found that the abundance of Bacteroidetes and Firmicutes and Bacteroides spp. (belonging to Bacteroidetes), Clostridia and Blautia spp. (belonging to Firmicutes) were different between patients with melasma and healthy people. They can regulate the secretion and activity of β-glucuronidase, thereby affecting the body’s estrogen concentrations (Gloux et al., 2011; Flores et al., 2012a; Pellock et al., 2018; Creekmore et al., 2019; Dai et al., 2019; Ibrahim et al., 2019; Zhang et al., 2019). These results indicate that the differential microbiota may play a co-regulatory role in the occurrence and development of melasma.

In addition, we conducted an epidemiological study on patients with melasma, and found that these patients, unlike healthy people, had a bad habit of a high-fat diet. Studies have shown that different dietary patterns can affect the growth and reproduction of Actinobacteria, Bacteroidetes and Firmicutes (Brahe et al., 2015; Guo et al., 2017). In this study, we found gut microbial dysbiosis in patients with melasma, with a decrease in Actinobacteria and Bacteroidetes and an increase in Firmicutes, which may have been related to the patients’ high-fat diet. This finding suggested that patients should improve their dietary habits or consume probiotics (e.g., Bifidobacterium, Lactobacillus) to regulate the gut microbiota (Gibson and Roberfroid, 1995; Menon et al., 2013). Adjustment of the ratios of Actinobacteria, Bacteroidetes, and Firmicutes in the human gut and improving the structure of the gut microbiota may be an auxiliary means to improve the patient’s condition or prevent the occurrence of diseases.

In conclusion, the gut microbiota structure in patients with melasma is different to that of healthy people. The abundance of Collinsella spp., Actinomyces spp. (belonging to Actinobacteria), Parabacteroides spp., Bacteroides spp., Paraprevotella spp. (belonging to Bacteroidetes), Blautia spp., Roseburia spp. (belonging to Firmicutes), and that of other members of the microbiota are different from those of healthy people. In particular, Collinsella spp. is a characteristic member of the microbiota in patients with melasma. The biological effects of these differential microbiota play an important role in the occurrence and development of melasma by affecting estrogen metabolism. This study provides a theoretical basis and experimental data reference for future studies on the relationship between melasma and the gut microbiota. Add the gut–skin axis in the understanding of melasma pathogenesis, may be helpful for the prevention and treatment of melasma.
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