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Purpose: By exploring the gut-related microbiota differences of adolescents with non-suicidal self-injury (NSSI) and depression
(without NSSI) and healthy volunteers, we provide a theoretical basis for the prevention and control of NSSI in adolescents through
intestinal microecological regulation.

Patients and Methods: A total of 99 subjects were recruited in Guangdong Province, China, including 51 adolescents with NSSI
(KD), 24 healthy adolescents (NOR1), and 24 depression adolescents without NSSI (NOR2). General clinical data and fecal samples
were collected from all subjects, who were assessed using the NSSI Behavioral Questionnaire and the 24-item Hamilton Depression
Scale. The taxonomic composition of the gut microbiota was determined using the 16S rDNA gene sequencing method.

Results: There were significant differences in diversity between the KD and NOR1, and the species uniformity index of the KD
according to the Shannon and Simpson indices was significantly reduced compared with that of the NOR1 (4.81 vs 5.21, p<0.01; 0.02
vs 0.01, p<0.05). The relative abundances were different among the KD, NOR1 and NOR2, as reflected at the taxonomic levels of
class, order, family, genus, and species. Bacteroides were the dominant flora of the KD and NOR2, while Mitsuokella was the
dominant flora that distinguished the KD from the NOR2.

Conclusion: We found that gut microbiota diversity was decreased in adolescents with NSSI, and the relative abundance was altered
at different taxonomic levels. These results enrich the understanding of the relationship between NSSI and depression and the gut
microbiota, Supporting that NSSI and depression are not homologous disorders. What is more, it establishes the basis for exploring the
mechanisms of flora action in NSSI, providing a possible direction for NSSI to achieve a better prognosis and prevent relapse.
Keywords: NSSI, gut microbiota, depression, adolescents

Introduction

Non-suicidal self-injury (NSSI) is defined as a direct, repetitive, and socially unacceptable injury to one’s own body
tissue but with no suicidal ideation." This includes cutting, scratching or burning the surface of the body as well as
hitting objects, causing direct injuries to the skin or bone.NSSI has been redefined as an independent clinical disorder in
the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5). According to a meta-analysis, the
average lifetime prevalence of NSSI occurring at least once in school students around the world was 17.2% (range 8.0—
26.3%), and the detection rate of NSSI in adolescents in mainland China was 5.4%-44.3%.>* Previous studies have
shown that the hypothalamic—pituitary—adrenal (HPA) axis, endogenous opioid system abnormalities and gene (eg,
LC6A4 gene) interactions with the environment are associated with NSSL.*7 Although these mechanisms remain
inconclusive, a neurobiological bias shows evidence for NSSI.NSSI has a high incidence in the adolescent population
and is a complex social problem.® Although the understanding of the neurobiological basis of NSSI has improved
substantially over the past 5 years, its etiology and its subsequent treatment options remain unclear. Moreover, NSSI
significantly increases the risk of suicide,” seriously endangering the psychosomatic mental health of adolescents and
constitutes a significant public health risk.This requires us to better understand and identify the related factors and
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elucidate the pathogenesis, which bases the development and implementation of appropriate interventions and to prevent
NSSIL

Recently, the role of the brain-gut-microbiota axis in maintaining physical and mental health has attracted much
attention.As a bidirectional modulation system, this axis builds a bridge between the brain and the gut through the
nervous system, immune system and endocrine system. A growing number of studies have shown that human
cognition and emotion are influenced through the brain-gut axis, and that the gut microbiome can affect brain
function and behavior.'® Many studies have shown that gut microbiota has a specific structure in neuropsychiatric
diseases. Preliminary studies have explored the relationship between gut microbiota and psychiatric disorders such as
depression,'' autism,'? Attention Deficit Hyperactivity Disorder (ADHD),'? and eating disorders.'* Gut microbiota is
expected to be a new target for the treatment of psychosomatic diseases.The etiology and mechanism of various
mental diseases are unknown, and the application of gut microbiota in mental diseases is still in its initial stage.

NSSI is included as a diagnosis of independent disease in DSM-5, but this division is continuously debated.There are
no clear neurobiological markers for NSSI.The presence of neuroendocrine and neurotransmitter changes in adolescents
with NSSI suggests a possible imbalance in intestinal flora.To the best of our knowledge, the relationship between NSSI
and gut microbiota has not been reported in the literature. Therefore, we designed this topic to use PCR testing to detect
the diversity and abundance of gut microbiota in adolescents with NSSI and adolescents with depression without NSSI.
The first goal is to test whether the gut microbiota of NSSI and depression is the same, and also focuses on exploring the
relationship between NSSI and gut microbiota, which establishes the basis for further revealing the mechanism of action
of gut microbiota and provides a new possible target for the treatment in NSSI.

Materials and Methods

Study Population and Procedures
This study was a controlled trial performed at Guangdong Provincial People’s Hospital from November 2020 to
November 2021. Considering the young age of the participants, parents or guardians could be allowed to participate in
the assessment of health and mental status before or during the study, as well as assisting with the relevant questionnaires. The
patients included 51 adolescents with NSSI in the experimental group, Set as NSSI group (KD), 24 healthy adolescent
participants in control group 1 (NOR1) and 24 depressed adolescents without NSSI in control group 2 (NOR2). All patients
provided an informed consent form prior to participating in this study. We trained the investigator on scale consistency before
evaluation. Inclusion criteria for KD include: (1) Age was 1218 years old; (2) Consistent with the NSSI diagnosis in DSM-
5. Exclusion criteria include: (1) Taking oral intestinal microecological preparations, antibiotics, antipsychotic drugs,
Gastrointestinal drug, or diet pills within approximately 1 month; (2) Physical infection or severe physical diseases within
approximately 1 month, and history of digestive tract surgery; (3) Irritable bowel syndrome (IBS), obese patients (body mass
index (BMI) > 28); (4) Vegetarians or meat eaters or severely particular eaters. Inclusion criteria for NORI include: Age was
12—18 years old. Exclusion criteria include:(1) Had suicidal or NSSI behavior, or attempted suicide; (2) Previous or currently
suffering from mental illness and a positive family history of mental illness; (3) The rest were the same as those in KD.
Inclusion criteria for NOR2 include: (1) Age was 12—18 years old; (2) Compliance with the diagnostic criteria of depressive
disorder included in DSM-5. Exclusion criteria include: (1) Had suicidal or NSSI behavior, or attempted suicidel; (2)
Comorbidity with other psychiatric disorders; (3) The rest were the same as those in KD.

The study protocol was approved by the Research Ethics Committee of the Guangdong Provincial People’s Hospital,
Guangdong Academy of Medical Sciences (Reference number: GDREC2018470H (R1)) and all participants had signed the
consent form by their parents or legal guardian prior in the survey. Our study was consistent with the Declaration of Helsinki.

Data Collection and Measurement

Before being included in the study, we assessed the participants’ physical condition and general data. All self-injury behavior
and depression symptoms and initial screening of mental disorders were assessed using the NSSI Behavioral Questionnaire,
the 24-item Hamilton Depression Scale (HAMD24) and the Mini-International Neuropsychiatric Interview (M.LN.I)-
Chinese Edition. These assessments were performed by a clinically experienced attending psychiatrist.
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General Data Table: After collecting a detailed medical history and performing physical and mental examinations,
general clinical data were collected for all subjects, including sex, age, education, height, weight, smoking, drinking
habits and daily eating habits in the past 2 weeks.

NSSI Behavioral Questionnaire: Using medical history and physical examination findings, NSSI was defined as one
of the following: patients had three NSSI events in the past six months, including at least one in the last 1 month, or
patients had five NSSI events in the last 1 year, including at least one in the last 1 month.

HAMD?24: This scale was developed by Hamilton in 1960 to assess the symptoms and their severity of patients with
severe depressive disorder. The HAMD24 version of the present study was divided into seven factor classes. Most items
are divided into five grades, with each item scoring between 0 and 4 points; some items are divided into three levels, with
a score range of 0 to 2 points. Higher scale scores indicate worse depressive symptoms.

The Chinese version of M.I.N.I: A questionnaire based on the DSM-4 and the International Classification of Diseases,
Tenth Revision (ICD-10) was used to screen and exclude diagnosis at baseline levels of psychiatric disorders. It has good
reliability and validity and a short structure, and a total of 130 questions can be completed in 20 minutes.

Fecal Specimen Collection and Gene DNA Extraction

Approximately 2 g of fresh stool samples was collected in a 40 mL sterile stool collection tube (containing 1 mL of
storage fluid) for inspection within 72 hours at room temperature. The stool collection process was completed by one
person trained in strict aseptic procedures. Genomic DNA extraction was performed by using a QIAsymphony DSP
Virus/Pathogen Midi Kit (Qiagen) within 1 week of stool collection. The 170 puL fecal samples were vortexed for 1 min
at 70 °C for 5 min and vortexed for 15s at 70 °C for 10 min, and approximately 200 pL. of DNA-containing samples were
extracted by at least 1040uL centrifugation for 5 min and stored in a —20°C refrigerator. The process was completed by
the Jinyu Medical Testing Center in Guangzhou, China.

PCR Technology and Bioinformatics Analysis

Cluster analysis was performed using 16S rDNA amplicon sequencing, which is commonly used for bacterial phylogeny
and taxonomic identification.'>'® The 16S rDNA genes of different regions (16S V4/16S V3/16S V3-V4/16S V4/18S
V9, Arc V4) were amplified with specific primers (16SV4:16SV4F:18SV4-706R, 18SV9:1380F-1510R, etc.). All PCRs
were performed using Phusion™ High-Fidelity PCR Master Mix (New England Biolabs, Ipswich, MA, USA). The mixed
PCR products were purified using a Qiagen gel extraction kit (Qiagen, Dusseldorf, Germany). Sequencing libraries were
generated using the US kit (Illumina, San Diego, CA, USA). Library quality control was performed using a Qubit 2.0
fluorometer (Thermal Science, WA, MA, USA) and the Agilent Bioanalyzer 2100 System (Agilent Technologies,
Beijing, China).'” Library on-board sequencing was performed using the Illumina HiSeq 2500 (Illumina, San Diego,
CA, USA) platform. Raw data were processed to obtain high-quality tag data. The UPARSE software (UPARSE
v7.0.1001, http://drive5S.com/uparse/) was used to cluster sequences into operational taxonomic unit (OTU) with 97%

consistency, and the most frequent sequences were selected as representative sequences.'® A species accumulation curve
(species accumulation curves) was created by performing OTU PCA (Principal Component Analysis, PCA) using the
ade4 package in R (v3.6.1). Using QIIME software (Version 1.7.0, http://qiime.org/), the alpha diversity index was
calculated for the species, including the observed species index, Chao index, ACE index, Shannon index, and Simpson
index. The linear discriminant analysis (LDA) effect size (LEfSe) analysis software (http://huttenhower.sph.harvard. edu/

galaxy/root/index) was used to analyze statistically significant differences in relative abundance between groups. Species
annotation analysis of representative sequences of OTUs was performed using the Mothur method (set threshold of 0.8)
to obtain taxonomic information and community compositions of the phyla, class, order, family, genus, and species.lg

Statistical Analysis

Statistical analysis was performed using QIIME,* the bioinformatics platforms Galaxy,”' SPSS 24.0 and GraphPad
Prism 9.0. Normality hypothesis was assessed using the Shapiro—Wilk test. Parameter-free tests were chosen throughout
the analysis assumptions of normal distribution were violated in several variables.General data comparison: the sex
between subgroups was analyzed by chi-square test, and the Kruskal-Wallis test for age and BMI.Diversity analysis:

Neuropsychiatric Disease and Treatment 2022:18 hetps: 1317

Dove:


http://drive5.com/uparse/
http://qiime.org/
http://huttenhower.sph.harvard
https://www.dovepress.com
https://www.dovepress.com

Cai et al Dove

Alpha comparisons between subgroups passed the Mann—Whitney U-test. Abundance difference and difference species
screening analysis: Through LEfSe, LDA method and significant difference standard test (using Kruskal-Wallis test and
pairwise Wilcoxon test) were applied to compare and feature selection of abundance differences between subgroups.
Abundance analysis of different taxonomic information: Groups were significantly analyzed by using Metastats software
(http://metastats.cbcb.umd. edu /).The two-tailed p value of <0.05 indicated statistical significance.

Results

General Information
A total of 99 patients were enrolled, including 51 in the KD and 24 in each of the control groups (NOR1 and NOR?2).
There were no significant differences in sex, age, or BMI among the KD, NOR1, and NOR2 (Table 1).

After 16S rDNA sequencing of 99 fecal samples, a total of 20,982,690 original gene sequences were selected. After
optimization, 20,841,749 high-quality gene sequences were obtained, with an average of 210,522 reads per sample. To
prevent sequence diversity, we clustered sequences with high comparability into an OTU. After clustering, a total of
10,287 units were obtained.

Species accumulation curves are used to describe the increase in species with increasing sampling size and, widely
used when examining sampling adequacy and estimating species richness. When the curve tends to be flat, a sufficient
sampling quantity is indicated (Figure 1).

The number of OTUs per sample was obtained at 97% similarity. In total, there were 10,287 OTUs, with the KD,
NORI1, and NOR2 having 9850, 9316, and 8850, respectively, with no significant difference in the number of OTUs
among the three groups.

Alpha Diversity Analysis Among the Three Groups

Differences in the Shannon and Simpson diversity indices were statistically significant between groups (Table 2), with
significantly lower species uniformity in the KD than in the NOR1 and poor community diversity in the KD (4.81 vs
5.21, p<0.01; 0.02 vs 0.01, p <0.05) (Table 3). There was no significant difference between the KD and NOR2 or
between the NOR1 and NOR?2 (all p> 0.05) (Tables 4 and 5).

Relative Abundance Comparison Performed by LEfSe Analysis

LEfSe analysis is a method to determine bacteria most likely to explain differences between classes by coupling standard
tests for statistical significance with additional tests encoding effect relevance. It can detect important features and sort
functional features based on effect values. These functional properties could explain most of the biological differences at
the top. The following are the bacterial colonies selected within the top 10 of the abundance ranking at the taxonomic
level.

KD vs NOR1 comparison: The KD contained more Bacteroides, Streptococcus_gallolyticus_subsp _macedonicus,
Eubacterium_ruminantium_group, Anaerostipes, Flavonifractor, Burkholderiales, Betaproteobacteria than in the
NORI1. While the Collinsella, Eubacterium_rectale group, Mollicutes RF9, Prevotella 2, Collinsella_aerofaciens,
Christensenellaceae and R 7  group, Lachnospiraceae NK4A136 group, = Ruminococcaceae UCG 002
Eubacterium_coprostanoligenes_group, Bifidobacterium sp MC 4 were lower in the KD than the NORI1. These
differences were all statistically significant (all P<0.05). According to the LDA score, Polymorphobacteria and
Bacterioidaceae were the more dominant bacterias in the KD than the NOR1 (Figure 2).

Table | Differences in Sex, Age and BMI Among the Three Groups

Item KD (n=51) NORI (n=24) NOR2 (n=24) P
Sex, Male% 21.57% 33.33% 25% 0.549
Sex, Female% 78.43% 66.67% 75%
Age, mean(range) 15(12—18) 15(13-18) 15(12-17) 0.569
BMI, mean(range) 20(14-27) 19(16-25) 19(13-25) 0.710
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Figure | Species accumulation curves for the sample: species accumulation curves is used to describe the status of increasing species with increasing sampling volume and is
an effective tool for understanding species composition and predicting species richness in survey plots. It is widely used for judgments of sampling adequacy as well as
estimation of species richness in biodiversity and community surveys. According to the extracted sample, the number of non-redundant OTU is calculated for the sample
group, and the number of statistical samples is taken as the abscissa, and the number of non-redundant OTU for the sample group is calculated as the ordinate. Mapping was
performed using the R (v3.6.1) software. As visible by the figure the curve tends to be flat, suggesting that the sampling quantity was sufficient.

KD vs NOR2 comparison: The relative abundances of Fimbriimonadia and bacteria under Fimbriimonadia and
Mitsuokella were higher in the KD than the NOR2, while the relative abundances of Parvimonas, Tyzzerella,
Dialister_pneumosintes and Clostridiaceaec 1 were lower than those in the NOR2. These differences were all statistically
significant (all P <0.05). Mitsuokella was more dominant in the KD than the NOR2 (Figure 3).

NOR2 vs NORI comparison: The relative abundances of Bacteroides genus and its family, Betaproteobacteria,
Burkholderiales, Alcaligenaceae, Porphyromonadaceae, Parabacteroides, Bacteroides fragilis, bacterium NLAE ZL G202,
Flavonifractor in the NOR2 were higher than those in the NORI. In contrast, for Veillonellaceae, Coriobacteriaceae,
Coriobacteriia, Coriobacteriales, Collinsella, Ruminococcus 2, Collinsella aerofaciens, Christensenellaceae R 7 group,

Fimbriimonadales and their subordinate classes, the relative abundances were lower in the NOR2 group than the NORI.

Table 2 Comparison of the Alpha Diversity Indices for the Three Groups

#Alpha Mean(NORI) SD(NORI) | Mean(NOR2) | SD(NOR2) Mean(KD) SD(KD) p
Sobs 2689.500 846.369 2303.625 905.491 2391.901 882.827 0311
Chao 3700.866 989.898 3266.597 1071.436 3335.780 1033.797 0291
Ace 3882.124 890.147 3543.229 904.593 3521913 882.126 0.284
Shannon 5212 0.494 4983 0570 4816 0514 0.003+*
Simpson 0019 0011 0.026 0.020 0.028 0016 0.016*

Note: *P < 0.05, **P < 0.01.
Abbreviations: #Alpha, Alpha diversity; SD, standard deviation.
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Table 3 Comparison of the Alpha Diversity Indices for the NORI vs KD

#Alpha Mean(NORI) SD(NORI) Mean(KD) SD(KD) p
Sobs 2689.500 846.369 2391.901 882.827 0.172
Chao 3700.866 989.898 3335.780 1033.797 0.157
Ace 3882.124 890.147 3521913 882.126 0.150
Shannon 5212 0.494 4816 0.514 0.001%**
Simpson 0.019 0.011 0.028 0.016 0.007%*

Note: **P < 0.01.

Abbreviation: #Alpha, Alpha diversity.

Table 4 Comparison of the Alpha Diversity Indices for the NOR2 vs KD

#Alpha Mean(NOR2) SD(NOR?2) Mean(KD) SD(KD) p

Sobs 2303.625 905.491 2391.901 882.827 0.842

Chao 3266.597 1071.436 3335.780 1033.797 0.789

Ace 3543.229 904.593 3521913 882.126 0.914

Shannon 4.983 0.570 4816 0.514 0.050

Simpson 0.026 0.020 0.028 0016 0.108

Abbreviation: #Alpha, Alpha diversity.

Table 5 Comparison of the Alpha Diversity Indices for the NORI vs NOR2
#Alpha Mean(NORI) SD(NORI) Mean(NOR2) SD(NOR?2) p
Sobs 2689.500 846.369 2303.625 905.491 0.185
Chao 3700.866 989.898 3266.597 1071.436 0.185
Ace 3882.124 890.147 3543.229 904.593 0.171
Shannon 5212 0.494 4983 0.570 0.281
Simpson 0.019 0.011 0.026 0.020 0.185

Abbreviation: #Alpha, Alpha diversity.

These differences were all statistically significant (all P <0.05). In contrast to NOR1, Bacteriaceae was the more dominant
bacteria in the NOR2 (Figure 4).

Relative Abundance Comparisons Performed with Metastats Analysis

Species causing differences in the composition of the two groups of samples can be screened by Metastats analysis. This
software analyzed significant group differences in the phylum, class, order, family, genus, and species classifications. For
bacterial populations with less than 0.1% relative abundance, the accuracy of the data is extremely low. Therefore,
bacterial colonies with an abundance less than 0.1% were removed from the analysis. Detailed statistical results are
shown in Table 6. At the phylum level, differences in the proportions of bacteria were not significant among the three
groups (all P <0.05).

At the class level, the proportion of Actinobacteria in the KD was significantly higher than that in the NOR2. The
proportions of Betaproteobacteria in both the KD and NOR2 were significantly higher than that in the NOR1. The
proportions of Actinobacteria and Mollicutes in the NOR2 were significantly lower than those in the NOR1 (both P <0.05).

At the order level, the proportion of Bifidobacteriales was significantly higher in the KD than in the NOR2. The
proportions of Burkholderiales in both the KD and NOR2 were significantly increased compared with that in the NOR1.
The proportion of Bifidobacteriales was significantly higher in the NORI than in the NOR2 (all P <0.05).

At the family level, the proportion of Bifidobacteriaceae was significantly higher in the KD than in the NOR2, and the
proportion of Burkholderiaceae was significantly decreased. The proportions of Burkholderiaceae, Bacteroidaceae, and

Neuropsychiatric Disease and Treatment 2022:18

1320 "

Dove!


https://www.dovepress.com
https://www.dovepress.com

Cai et al

I KD [ NOR1

Collinsella(Genus) [INEEGEG
Eubacterium_rectale_group(Genus) [N
Mollicutes_RF9(Order) [ NN
Prevotella_2(Genus) [N
Collinsella_aerofaciens(Species) [ NN
Christensenellaceae(Family) [ NN
Christensenellaceae R_7_group(Genus) [N
Lachnospiraceae_NK4A136_group(Genus) [N
Ruminococcaceae_UCG_002(Genus) NG
human_gut_metagenome(Species) [ ENRNRNIGIG
Eubacterium_coprostanoligenes_group(Genus) [ NN
Bifidobacterium_sp_ MC_4(Species) NN
Prevotella_7(Genus) [ NNEG
Prevotellaceae_NK3B31_group(Genus) [ NN
Eubacterium_fissicatena_group(Genus) [ NN
Olsenella(Genus) [ INENEGEGE
Senegalimassilia(Genus) [ NG
Lactobacillus_camelliae(Species) [ NN
Oceanivirga(Genus) NG

I Micrococcales(Order)

I streptococcus_gallolyticus_subsp__macedonicus
I Eubacterium_ruminantium_group(Genus)

I Anaerostipes(Genus)
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I Eggerthella(Genus)
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I Bacteroidaceae(Family)
I Bacteroides(Genus)
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LDA SCORE (log 10)

Figure 2 Biomarker based on the LDA score for the NORI vs KD: LDA is a method of feature selection by combining the significant difference standard test and linear
discriminant analysis after increasing the information relationship between species and genera. This analysis can find species that differ significantly in abundance between
groups. Species with significant differences between groups can be called biomarkers. The abscissa represents the effect size, and different colors in the ordinate represent
the biomarkers of different groups. According to the effect size, the larger the effect value, the more it represents the different species between groups. Red represents
significant species in KD (ie, group of adolescents with NSS behavior), and green represents significant species in NORI (ie, group of healthy adolescent). We found 13

dominant bacteria in the KD and |9 dominant bacteria in the NORI.

I KD [ NOR2

Parvimonas(Genus) I
Tyzzerella(Genus) N
Dialister_pneumosintes(Species)

Clostridiaceae_1(Family)
Fimbriimonadia(Class)
I Fimbriimonadales(Order)
I Mitsuokella(Genus)
L
LDA SCORE (log 10)

Figure 3 Biomarker based on the LDA score for the NOR2 vs KD: Red represents significant species in KD (ie, group of adolescents with NSS behavior), and green
represents significant species in NOR?2 (ie, group of depressed adolescents without NSSI). We found 3 dominant bacteria in the KD and 4 dominant bacteria in the NOR2.
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Figure 4 Biomarker based on the LDA score for the NORI vs NOR2: Red represents significant species in NORI (ie, group of healthy adolescent), and green represents
significant species in NOR2 (ie, group of depressed adolescents without NSSI). We found 33 dominant bacteria in the NORI and |5 dominant bacteria in the NOR2.
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Table 6 Abundances Comparisons Analyzed by Metastat for the Three Groups

Contrast Group Item The Bacterial Name Mean P
KD vs NORI Class Betaproteobacteria 3.350 1.314 0.002*
Deinococci 1.2e-05 0.001 0.003*
Order Burkholderiales 3.338 1.306 0.002*
Family Alcaligenaceae 3.181 1.257 0.001*
Bacteroidaceae 22019 12.336 0.039*
Burkholderiaceae 0.005 0.002 0.003*
Clostridiales_vadinBB60_group 0.001 0.017 0.024*
Leuconostocaceae 0.063 0.007 0.025*
Porphyromonadaceae 2.786 0.885 0.008*
Genus Alloprevotella 0.002 0.740 0.001*
Anaerostipes 0.166 0.038 0.000%**
Eggerthella 0.175 0.052 0.002%*
Flavonifractor 0.275 0.070 0.002*
NORI vs NOR2 Class Actinobacteria 12.058 3.588 0.017*
Betaproteobacteria 1.314 3.164 0.014*
Mollicutes 0.973 0.040 0.035*
Order Bifidobacteriales 11.744 3.429 0.014*
Burkholderiales 1.306 3.155 0.010*
Mollicutes_RF9 0.972 0.040 0.026*
Family Aerococcaceae 0.042 0.006 0.019*
Alcaligenaceae 1.257 3.107 0.009*
Bacteroidaceae 12.336 26.666 0.021*
Bifidobacteriaceae 11.758 3.431 0.010*
Burkholderiaceae 0.002 0.011 0.000**
Christensenellaceae 0.667 0.136 0.044*
Porphyromonadaceae 0.885 2.535 0.015*%
Genus Abiotrophia 0.041 0.004 0.008*
Anaerostipes 0.038 0.144 0.000%*
Bacteroides 12.494 27.248 0.019*
Bifidobacterium 10.647 3.240 0.021*
Butyricimonas 0.064 0.293 0.028%*
Catenibacterium 0.403 0.000 0.023*
Escherichia-Shigella 3317 7.263 0.041*
Eubacterium_rectale_group 1.650 0.519 0.038*
Flavonifractor 0.070 0.430 0.008*
Parabacteroides 0.704 1.882 0.035%
Prevotella_2 0.864 0.044 0.023*
Tyzzerella 0.008 0.082 0.000%**
Ruminococcus_2 1.400 0.171 0.006*
KD vs NOR2 Class Actinobacteria 8.425 3.588 0.037*
Order Bifidobacteriales 8.117 3.429 0.041*
Family Aerococcaceae 0.028 0.006 0.040%*
Bifidobacteriaceae 8.122 3.431 0.035*
Burkholderiaceae 0.005 0.011 0.041*
Genus Abiotrophia 0.024 0.004 0.029*
Bifidobacterium 7.747 3.240 0.049
Mitsuokella 0.308 0.000 0.003*
Ochrobactrum 0.004 0.000 0.000%*
Ruminococcus_2 1.081 0.171 0.005*

Note: *P < 0.05, P < 0.01.
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Porphyromonadaceae were all significantly higher in the KD and NOR2 than in the NOR1. However, the proportion of
Clostridiales was significantly reduced in the KD compared with the NORI1. The proportions of Aerococcaceae,
Bifidobacteriaceae and Christensenellaceae were decreased in the NOR2 compared with the NOR1 (all P <0.05).

At the genus level, the proportions of Bifidobacterium, Mitsuokella, and Ruminococcus 2 were significantly higher in
the KD than in the NOR2. The proportion of Anaerostipes was significantly higher in the KD than in the NOR1, while
the proportion of Alloprevotella was decreased significantly. The proportions of Anaerostipes, Bacteroides, Escherichia-
Shigella, and Parabacteroides were significantly increased in the NOR2 compared to the NOR1, while the proportions of
Bifidobacterium, Catenibacterium, Eubacterium, Prevotella, and Ruminococcus were significantly decreased (all
P <0.05).

Discussion

Using sequencing data and alpha diversity analysis, we found statistically significant differences in the diversity index
based on the Shannon and Simpson indexes between the NSSI and healthy groups. The NSSI group showed significantly
lower species uniformity according to the Shannon and Simpson indexes than the healthy group. This suggests poor
community diversity in the NSSI group. However, the difference between the NSSI and depression groups and the
depression and healthy groups was not significant. At present, the relationship between NSSI and intestinal flora diversity
has not been reported in the relevant literature. Most scholars believe that the diversity and stability of the gut flora are
important indicators of an individual’s overall health.””> We know that the gut flora produces metabolites that may affect
human mental state and mood. Studies have shown that probiotic supplementation to depressed patients can produce
metabolites such as short-chain fatty acids (SCFAs), thus reducing depressive symptoms.”>** The combination of
a gluten-free diet and probiotic supplements may inhibit the immune-inflammatory cascade during depression and
improve mental and gut barrier-related features.>> In addition, the statistically insignificant differences in the depression
and healthy groups we observed were similar to those of Nasserivruy et al.”® However, there is also substantial evidence
that depression and changes in gut microbiota composition often manifest as a reduced abundance of some flora and
diversity.?’*® These inconsistent findings may be influenced by geographical differences as well as dietary habits. The
current study suggests that NSSI is mainly influenced by multiple factors, including interpersonal stressors, neurobio-
logical background, emotional dysregulation in childhood, and adverse experiences. Neurobiological studies have found
changes in the HPA axis and endogenous opioid system, as well as in the neural processing of emotional stimuli.
However, more studies are needed to test these findings, and research focused on etiology (especially in neurobiology) is
required. Although there is ample evidence that the microbiome is associated with emotional behavior, we do not
understand the specific mechanisms underlying this clinical relevance.”’ Therefore, the specific mechanisms underlying
the altered microbial diversity in NSSI patients remain to be further explored.

This study showed that the significant flora of adolescents with NSSI compared with healthy adolescents was
Bacteroides fragilis, along with its related genus and family levels, including Micrococcales, Streptococcus,
Eubacterium, Anaerostipes, Burkholderiales, and Betaproteobacteria. The significant flora of patients with depression
were Bacteroidaceae, Burklexidae, Betaproteobacteria, Parabacteroides, and Anaerostipes. Bacteroides is the dominant
flora related to NSSI and depression, while Mitsuokella is the dominant flora that distinguishes NSSI from depression. In
the above results, we found that NSSI was mostly identical to the significant flora of depression but also had significantly
different populations. Although it is not known how to explain this difference, this could suggest that NSSI and
depression are not necessarily homologous diseases. This is also consistent with the diagnosis of NSSI as an independent
disease in DSM-5. Although this division has an ongoing debate, it triggers new research directions that can significantly
improve the study of the etiology, phenomenology and treatment of NSSI. In a 2015 study of a depressed population, we
found higher levels of Bacteroides, Proteobacteria, and Acinetobacter in depressed patients and significantly lower
numbers of Firmicutes.*® The results of this study are roughly the same as those for depression. In addition, 16S rDNA
analysis showed that the largest number of bacteria in the stool samples of healthy individuals is Aspergillus, represent-
ing 70-75% of the total, with other bacteria including Aspergillus, Actinobacteria, and Clostridium as well as
microorganisms.>’ The proportion of microbiota in depressed patients is different from that in healthy people. It has
the largest number of order Bacteroidales and fewer family Lachnospiraceae.?
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A recent study of the PG group and conventional mice demonstrated that Bacteroides, a major human symbiont,
regulates the enteroendocrine network mainly through its fermentation products, including acetate, propionic acid, and
succinate.*>*> All these results suggest that the gut microbiota is involved in the programming of neuronal circuits and
thus affects behavior.>* Therefore, we hypothesized that the elevated abundance of Bacteriaceae may be involved in
NSSI as well as in the development of depression.

According to LEfSe software analysis, 19 species were significantly less abundant in the NSSI group compared with
the healthy group, including Lactobacillus; moreover, greater than 20 species associated with depression were less
abundant than in the healthy group, including Rumgastrococcus. Studies have shown that microbial dysbiosis, especially
Lactobacillus depletion and Akkermansia enrichment, is associated with neuroinflammatory activity.> Antibiotic-
mediated microbiota-exhausted mice showed reduced Lactobacillus abundance, upregulated serotonin transporter expres-
sion, and reduced serotonin, which play a key role in the pathophysiology of depression.*® Previous studies have shown
that lactic acid bacteria are greatly reduced by stress and that the administration of lactic acid bacteria improves stress-
induced behavior.>”*® Another study showed decreased Protococcus, Faecalibacterium, Ruminococcus, Bifidobacterium
and Escherichia coli, while accessory bacteria increased in patients with depression.*® Our results for the gut microbiota
of depression are consistent with these studies. The above indicates that the relative abundance of gut flora was altered in
NSSI individuals compared with individuals with depression.

In this study, the imbalance of gut flora was mainly manifested in the five levels of class, order, family, genus and
species. For example, at the class level, the beta-proteobacteria ratio was significantly increased in both NSSI and
depressed adolescents compared to healthy individuals. The proportion of Actinobacteria was significantly increased in
NSSI adolescents, while the proportion of Actinobacteria decreased in depressed patients. At the order level,
Burkholderia were significantly elevated in the NSSI and depression groups compared with the healthy group.
Bifidobacterium was significantly elevated in the NSSI group compared with the depression group. Several studies
have found differences in the gut microbiota composition across taxonomic levels between depressed patients and
healthy controls, changing the relative abundances of Firmicutes, Bacteroidetes, Proteobacteria and Actinobacteria.>**°
Similar changes have been observed in animal models of depression.*'**> Some of our results are consistent with this
finding. The two recent systematic meta-analyses found inconsistent findings at the phylum level; at the family level,
Pforataceae, Pratt and Closiaceae were lower in depression, while Actinomycetes were higher than in controls.”*>® An
intestinal permeability study of depressed patients with recent suicide attempts found changes in the intestinal perme-
ability marker azoline protein and intestinal fatty acid-binding protein (I-FABP) in patients with recent suicide attempts
compared with controls. These markers were correlated with IL-6 levels. However, I-FABP concentrations were
correlated with the severity of depressive symptoms. The authors suggest that the leaky bowel hypothesis may elucidate
the link between inflammation and suicidal behavior.>*** Unfortunately, this study was performed on depressed patients
with suicide attempts rather than an NSSI population. We know that NSSI is a high-risk factor for suicide and
inflammation, and whether the “intestinal leakage hypothesis” can explain the mechanism of NSSI can be used as
a reference entry point to conduct in-depth analysis.

There were some limitations about the present study. First, this is a cross-sectional study lacking follow-up tracking
studies.Participants can be follow-up in later studies to explore the subsequent changes in gut flora abundance and the
effect of drugs on flora abundance. Secondly, Studies of the gut microbiota of the study subjects were mainly based on
gene sequencing or on the analysis of gut microbiota indicators and clinical parameters, so the relevance of the findings
are not causal. Thirdly, no further analysis at the metabolic level has affected the interpretation of the findings. Therefore,
it is necessary to further analyze the molecular mechanisms of the metagenes and metabolic levels and to improve the
clinical observational indicators to improve the accuracy of the experiments.

Conclusion

We used 16S rDNA high-throughput sequencing to perform a joint analysis of the intestinal microecology of adolescents
with NSSI and depression and healthy adolescents. We identified characteristic alterations in the diversity and abundance
of the gut microbiota in adolescents with NSSI that have not been explored in previous publications. Characteristic
changes in gut microbiota abundance in depressed adolescents were also identified.
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The diversity of gut microbiota was poor in NSSI adolescents, reflected by significantly lower species uniformity on
Shannon and Simpson than the healthy group, while the difference between depression and healthy groups was not
significant. In the abundance of gut microbiota analysis, the NSSI is mostly the same as the significant gut microbiota for
depression, but also has significantly different bacteria. Bacteroidetes are the common dominant flora of NSSI and
depression, while the Pseudophote genus is the dominant flora that distinguishes NSSI from depression. According to
LEfSe, 19 species of NSSI had significantly decreased in abundance compared to the healthy group, including
Lactobacillus, while more than 20 species of depression had decreased in abundance compared to the healthy group,
including ruminococcus. We found significant differences in microflora abundance at different taxonomic levels among
NSSI and depressed patients and healthy controls by the metastat analysis. These differences are mainly manifested in the
five levels of class, order, family, genus and species. The beta-proteobacteria ratio was significantly higher in both NSSI
and depression at the class level. The proportion of actinobacteria bacteria was significantly higher in NSSI, and
decreased in depression. Burkholderia was significantly elevated both in NSSI and depression at the order level.
Bifidobacteria were significantly elevated in the NSSI as compared to the depressed group.

Our results show that both NSSI and depression have a distinct flora structure, Supporting that NSSI and depression
are not homologous disorders, and establishes the basis for exploring the mechanisms of flora action in NSSI. In the
future. We may improve adolescent NSSI behavior as well as depressive symptoms by regulating the microflora,
providing a possible direction for both to achieve a better prognosis and prevent relapse.
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