Materials and Methods

Materials

NaCl and Tween-20 were from Sinopharm Chemical Reagent Co. Ltd., Beijing, China. Lysozyme was from Bailingwei Technology Co. Ltd.，Beijing, China, and the DNeasy Blood and Tissue kit was from QIAGEN GmbH, Beijing, China. Disposable sterile cotton swabs, 0.5-mm glass beads, and immortalized human keratinocytes (HaCaT cells) were from the Institute of Basic Medical Sciences, Chinese Academy of Medical Sciences, Beijing Union Medical College Foundation，Beijing, China. Dulbecco’s modified Eagle’s medium (DMEM) containing phenol red was from HyClone, USA, and pancreatin, fetal bovine serum, and streptomycin/penicillin were from Gibco, USA. Human IL-6 and IL-1α enzyme-linked immunosorbent assay (ELISA) kits were from Beijing Keno Spring Biotechnology Co. Ltd，Beijing, China.

Research Subjects
The subjects were 0–3 years old. All subjects in this study were recruited from outpatients who visited the Capital Institute of Pediatrics from February to May 2016. They had not received any topical antibiotics or hormones within 7 days, or any oral antibiotics or antibacterial drugs within 1 month. All healthy subjects were examined by a doctor and cleared of any skin problems. AD severity was measured by the EASI local rating method (AD area and severity index score method), while the clinical dermatologist carried out classification in accordance with the local part of the severity and incidence area. The infants with AD scores greater than 8 points were enrolled in the severe group. A total of 28 samples were enrolled in the healthy group aged 0–3 years, and 25 in the severe AD group, aged 0–1 years. Refer to Table 1 for more information.

Sample Collection
Skin microfloral specimens were acquired from 4 × 2 cm2 areas of skin on both cheeks of each subject, by swabbing the skin 25 times with sterile cotton swabs soaked in sterile wetting solution (0.9% NaCl and 0.1% Tween-20) at room temperature. The patients need not to wash their face and apply moisturizers or medicines before taking samples. The cotton swabs were rotated on the skin for approximately 15 s and placed in collection tubes. To minimize cross-contamination, fresh sterile gloves were used for each specimen. The specimens were frozen in dry ice and stored at –80°C. DNA extraction was performed as soon as possible.

DNA Extraction and PCR Amplification
Microbial DNA was extracted from the skin samples using the DNeasy® Blood and Tissue Kit (QIAGEN, Germany) according to the manufacturer’s protocol (www.qiagen.com/handbooks). The final DNA concentration and purity were determined by NanoDrop 2000 UV-vis spectrophotometer (Thermo Fisher Scientific, Wilmington, USA), and DNA quality was checked by 1% agarose gel electrophoresis. The V1-V2 hypervariable region of the bacterial 16S rRNA gene was amplified with primers 27F (5´-AGAGTTTGATCCTGGCTCAG-3´) and 338R (5´-TGCTGCCTCCCGTAGGAGT-3´) using a thermocycler (GeneAmp 9700, ABI, USA). PCR reactions were conducted using the following program: 3 min of denaturation at 95°C followed by 27 cycles of 30 s at 95°C, 30 s for annealing at 55°C, 45 s of elongation at 72°C, and a final extension of 10 min at 72°C. PCR reactions were performed in triplicate using 20 μL reaction mixture containing 4 μL of 5 × fast PFU buffer, 2 μL of 2.5 mM dNTPs, 0.8 μL of each primer (5 μM), 0.4 μL of fast PFU polymerase, and 10 ng of template DNA. The resultant PCR products were extracted from a 2% agarose gel, further purified using the AxyPrep DNA Gel Extraction Kit (Axygen Biosciences, Union City, CA, USA) and quantified using QuantiFluor™-ST (Promega, USA) according to the manufacturer’s protocol.

Illumina MiSeq Sequencing
Purified amplicons were pooled in equimolar and paired-end sequenced (2 × 300) on an Illumina MiSeq platform (Illumina, San Diego, USA) according to the standard protocols by Majorbio Bio-Pharm Technology Co. Ltd. (Shanghai, China).

Processing of Sequencing Data. Raw FAST files were demultiplexed, quality-filtered by Trimmomatic and merged by FLASH with the following criteria: (i) reads were truncated at any site receiving an average quality score <20 over a 50-bp sliding window, (ii) primers were exactly matched allowing at the most 2-nucleotide mismatch, and reads containing ambiguous bases were removed, and (iii) sequences that overlapped longer than 10 bp were merged accordingly. Operational taxonomic units (OTUs) were clustered with 97% similarity cut-off using UPARSE (version 7.1 http://drive5.com/uparse/), and chimeric sequences were identified and removed using UCHIME. The taxonomy of each 16S rRNA gene sequence was analyzed by the RDP Classifier algorithm (http://rdp.cme.msu.edu/) against the Greengene (release 13.5; http://greengenes.secondgenome.com/) 16S rRNA database using a confidence threshold of 70%.

The raw data from high-throughput sequencing were collated, filtered, and the validated sequences were obtained for subsequent analysis. Approximately 2 million valid sequences were obtained from 53 cheek skin microbial samples, ranging from 281 to 360 bp (average: 330 bp). Samples were clustered and annotated at a similarity level of 97%. A total of 3,346 OTUs were obtained, belonging to 30 phyla, 726 genera, and 947 species.

Statistical Analysis
In 53 samples, the coverage values were >0.99, indicating that the sequencing covered all species. All data are presented as means ± standard error, unless otherwise indicated. To analyze between-group differences, the nonparametric Wilcoxon rank-sum test was performed. The Shannon index and Chao index were used to determine alpha diversity. The Shannon diversity is often used in ecological studies to quantify the biodiversity of a region. The larger the Shannon index, the higher the community diversity. The Shannon index can well reflect species uniformity and diversity. The Chao index is often used to estimate the total number of species in ecological studies. Principal coordinate analysis (PCoA) is a nonbinding data dimensionality reduction analysis method. The distance algorithm is weighted UniFrac, considering not only bacterial composition and abundance, but also evolutionary relationships.

The data were analyzed using the free online Majorbio I-Sanger Cloud Platform (www.i-sanger.com).
In vitro Antagonism of Skin Resident Bacteria and S. aureus
(1) Strain activation: frozen S. aureus and 4 types of skin resident bacteria were streaked on 3% trypticase soy agar (TSA) plates and incubated at 37°C overnight.

(2) Preparation of skin resident bacteria culture supernatants: monoclonal colonies were inoculated into 25 mL of trypticase soy broth (TSB) and incubated for 24 h at 37°C at 210 rpm. The cultures were collected in 50-mL centrifuge tubes, and centrifuged for 10 min at 5,000 g. The supernatant was filtered through a 0.22-μm membrane.

(3) Inhibitory effects of skin resident bacteria supernatants on S. aureus: S. aureus and different concentrations of skin resident bacteria supernatants were co-incubated at 37°C and 180 rpm, then spread on TSA plates. Colonies were counted after 24 h using the dilution plate counting method. Each sample was performed in triplicate.

(4) Inhibitory effects of skin resident bacteria supernatants on S. aureus biofilm formation: single S. aureus colonies were picked from TSA plates, inoculated in TSB, and incubated overnight at 37°C and 210 rpm. The next day, the bacterial solution was centrifuged and resuspended in sterile phosphate-buffered saline to an optical density at 625 nm of 0.085–0.09. The S. aureus broth was diluted to 6 × 106 colony-forming units/mL with TSB containing 0.2% glucose (Glu) and used as inoculum for biofilm formation. S. aureus inoculum (20 μL) and different volumes of skin resident bacteria and S. aureus culture broths (0, 50, 100, 150, 180 μL) were added to a 96-well plate and 0.2% Glu TSB was added to a total volume of 200 μL. The negative control contained 0.2% Glu TSB and S. aureus culture broth. Samples were incubated at 37°C in static culture for 24 h, and their absorbance was measured at 625 nm. Samples were assayed in triplicate.

Cell Stimulation Experiment

Based on the results of the cytotoxicity experiment, HaCaT cells were seeded in 96-well plates at 104 cells/well and incubated at 37°C and 5% CO2 for 12 h in DMEM. After cell adhesion, added samples were:
① HaCaT group: 100 μL DMEM;

② HaCaT + SA group: 20 μL S. aureus, 80 μL DMEM;
③ HaCaT + sample group: 20 μL DMEM, 80 μL sample (12.5% bacterial supernatants);
④ HaCaT + SA + sample group: 20 μL S. aureus, 80 μL sample;
⑤ HaCaT + SA + TSB group: 20 μL S. aureus, 80 μL TSB (3% liquid culture medium).

After 24-h incubation, the cultures were centrifuged for 5 min at 300 g, and the supernatants were stored at –80°C. ELISA kits were used to assay the IL-1α and IL-6 contents in the cell culture supernatant, according to the manufacturer’s instructions.
