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The oral microbiome has emerged as a critical biomarker and regulator in cancer development and treatment response, garnering increasing attention from researchers. However, its specific role in breast cancer, particularly in triple-negative breast cancer (TNBC), remains poorly understood. The influence of the oral microbiome on chemotherapy sensitivity in TNBC, along with the underlying molecular mechanisms, remains unclear. Further investigation is needed to assess its potential as a biomarker for predicting chemotherapy sensitivity in this patient population. In the present study, significant differences in the composition of the oral microbiome were observed among patients with varying chemotherapy sensitivities for TNBC patients. Additionally, notable changes in the oral microbiome were noted after chemotherapy in patients with favorable responses to treatment. Our analysis revealed that chemotherapy-sensitive patients had higher levels of Lactobacillus and Neisseria species, alongside lower levels of Clostridium species. Post-chemotherapy, patients with positive responses demonstrated an increase in Clostridium and Microbacterium species, along with a decrease in Streptococcus and Neisseria. In contrast, no significant changes were observed in the microbiota of patients with poor chemotherapy responses. A classifier based on these microbial biomarkers yielded an area under the curve (AUC) value of 77.3% (95% CI: 60.5%-94.2%), supporting the potential of the oral microbiome as a predictive tool for chemotherapy sensitivity in TNBC. Given its simplicity, non-invasiveness, and repeatability, the oral microbiome holds promise as a valuable biomarker for predicting neoadjuvant chemotherapy sensitivity in TNBC patients.
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1 Introduction

Although advancements in neoadjuvant chemotherapy have enhanced the pathological complete response (pCR) rates in triple-negative breast cancer (TNBC) patients (1), a subset remains unresponsive due to low treatment sensitivity. Consequently, predicting the efficacy of chemotherapy regimens has become a critical challenge in clinical practice to facilitate the timely selection of optimal therapeutic strategies for TNBC.

The human microbiome represents a complex and dynamic ecosystem that extends beyond the gut, encompassing distinct microbial communities across various body sites. Among these, the oral microbiome has garnered increasing attention—not only for its pivotal role in maintaining local oral health and contributing to disease pathogenesis, but also as a key component of the broader human microbiome network. Under normal conditions, a mutual equilibrium is maintained between the host and the oral microbiome. However, external environmental factors, such as pH, temperature fluctuations, or antibiotic exposure, can disrupt this balance by altering the composition of the resident microbiota, potentially leading to oral or systemic diseases. Importantly, the oral microbiome does not exist in isolation. Beyond its prolonged colonization within the oral cavity, oral-derived bacteria can translocate to other regions of the body via the digestive system or bloodstream, contributing to infections and localized inflammation (2, 3). Compelling evidence suggests that such bacterial migration extends to the mammary gland, contributing to the establishment of a resident mammary microbiota. Research has demonstrated that a substantial proportion of bacteria found in the oral and gastrointestinal microbiomes are also present in breast milk and breast tissue. These microorganisms may reach the mammary gland through several potential pathways: (a) infiltration through the skin and nipple; (b) translocation and colonization via the digestive and reproductive tracts; and (c) migration through the blood and lymphatic systems to the breast lobules and ducts (4–7). This provides evidence of a direct link between the oral microbiome and the mammary microbiome.

The existence of a mammary microbiome suggests a potential role in regulating breast physiology and contributing to the development of breast pathology. Human microbiota, particularly the gut microbiome, has been shown to influence the development of breast cancer through mechanisms such as estrogen metabolism, modulation of inflammatory responses, and immune regulation (8). Moreover, specific characteristics of the gut microbiome have been found to correlate with distinct breast cancer subtypes, potentially aiding in the prediction of treatment responses and patient prognosis (8, 9). However, the potential impact of the mammary microbiome—potentially seeded in part by oral bacteria—on breast cancer biology and therapeutic response remains an emerging area of research. Building on the previously established association, recent studies have revealed a potential direct link between breast cancer and the oral microbiome. Evidence suggests a significant association between periodontal disease and an increased risk of breast cancer, with women affected by periodontal disease being more susceptible (10). Periodontal disease, caused by specific bacterial species, notably Fusobacterium nucleatum, may facilitate hematogenous dissemination and colonization at breast cancer sites. This process can suppress anti-tumor immunity and promote the progression of breast cancer (11).

Consequently, the oral microbiome has emerged as a compelling focal point of research, serving both as a potential source and a biomarker of microbial populations that may shape the mammary microenvironment. It is implicated in the initiation, progression, and treatment response of breast cancer. However, its influence on chemotherapy sensitivity in TNBC and the underlying molecular mechanisms remain inadequately understood. The objective of this study was to apply the conceptual framework of the oral microbiota as a window into mammary microbiota influence to examine the alterations in the oral microbiome of TNBC patients before and after chemotherapy, and to assess the potential of the oral microbiome as a non-invasive biomarker for predicting chemotherapy sensitivity in TNBC.




2 Materials and methods



2.1 Study design and study participants

We enrolled 36 patients with TNBC who received neoadjuvant chemotherapy between April 2021 and February 2023. Patients who had used antibiotics, prebiotics, probiotics, steroids, or immunosuppressants within four weeks prior to oral microbiota sampling were excluded from the study. These 36 patients were diagnosed with triple-negative breast cancer (TNBC) based on pathological confirmation prior to treatment and fulfilled at least one of the following criteria: clinically positive lymph nodes or tumors measuring 2 cm or larger, with no evidence of distant metastasis. All participants received a 21-week treatment regimen consisting of epirubicin and cyclophosphamide, followed by paclitaxel, for a total of eight cycles. During this period, three patients did not complete neoadjuvant chemotherapy, one patient was lost to follow-up, one was diagnosed with brain metastasis during neoadjuvant therapy, and one patient was excluded due to acute gastroenteritis, which required treatment with antibiotics and probiotics (Figure 1).

[image: Flowchart showing the study process for 36 patients diagnosed with TNBC. After oral microbiota sampling, patients receive neoadjuvant chemotherapy. Exclusion criteria apply for previous use of certain medications. Six patients are excluded for various reasons. Response evaluation categorizes remaining patients into chemotherapy-sensitive and chemotherapy-insensitive groups, each with 15 patients.]
Figure 1 | Flow diagram of inclusion and exclusion criteria.

Post-neoadjuvant chemotherapy, pathological evaluation was performed using the Miller-Payne grading system. G1-G2 was classified as chemotherapy-insensitive with poor response, while G3-G5 was categorized as chemotherapy-sensitive with a favorable response. Ultimately, the study included 15 chemotherapy-sensitive patients and 15 chemotherapy-insensitive patients.




2.2 Oral microbiome sampling and DNA extraction

Oral microbiome samples were collected from all patients using oral swabs both before and after chemotherapy. Sampling was performed in the morning under fasting conditions, with patients refraining from food intake and oral hygiene for at least 12 hours prior to collection. A sterile cotton swab moistened with normal saline was used to gently swab the buccal mucosa, upper jaw, teeth, and posterior tongue to collect microbial specimens. After swabbing, the samples were immediately placed into sterile cryotubes. For each sample, 2–3 swabs were collected, the tube was securely sealed, and the specimens were promptly transferred into an insulated container with crushed ice or ice packs. Samples were then transported to the laboratory for immediate DNA extraction or stored at -80°C for no more than 4 hours if short-term storage was necessary. DNA was extracted using the cetyltrimethylammonium bromide (CTAB) method, following the manufacturer’s instructions. This reagent is specifically optimized for isolating DNA from minimal amounts of biological material and has demonstrated efficacy in extracting DNA from a wide variety of bacterial species. Nuclease-free water was used as a blank control. The total DNA was eluted in 50 μL of elution buffer and stored at -80°C until polymerase chain reaction (PCR) analysis, which was conducted by LC-Bio Technology Co., Ltd., Hangzhou, Zhejiang Province, China (12–15).




2.3 Data analysis

The samples were sequenced on an Illumina NovaSeq platform in accordance with the manufacturer’s instructions, as provided by LC-Bio. Paired-end reads were assigned to the samples based on their unique barcodes and truncated by cutting off the barcode and primer sequences. Paired-end reads were merged using the FLASH software. The quality of the raw reads was assessed and filtered according to specific criteria in order to obtain high-quality clean tags, as outlined in the fqtrim (v0.94) protocol. Chimeric sequences were filtered using the Vsearch software (v2.3.4). Following dereplication using DADA2, feature tables and feature sequences were obtained, and alpha and beta diversity were calculated by normalizing to the same sequences randomly. Subsequently, the feature abundance was normalized according to the relative abundance of each sample using the SILVA (release 138) classifier. Alpha diversity was employed to assess the diversity of species within a sample, utilizing five indices: Chao1, Observed species, Goods coverage, Shannon, and Simpson. These indices were calculated for all samples using the QIIME2 software. Beta diversity was calculated using QIIME2, and visualizations were generated using R packages. Beta diversity assesses inter-sample or inter-group variability by computing distance metrics, with the weighted UniFrac method used in this study. Sequence alignment was performed using BLAST, and feature sequences were annotated using the SILVA database for each representative sequence. All data analyses were conducted on the R statistical computing platform. Microbial community shifts during disease progression at both the phylum and genus levels were visualized using bubble plots and heatmaps, generated with the pheatmap, stats, ggplot2 (v3.2.0), and corrplot packages in R. Linear Discriminant Analysis Effect Size (LEfSe) was used to identify differential features among groups by integrating non-parametric statistical tests, linear discriminant analysis (LDA), and effect size estimation. Specifically, the Kruskal-Wallis test was used to detect features with significant differences across groups, followed by LDA to estimate their relative impact. Significance analysis was performed for all taxa at each taxonomic level. Among the taxa with p < 0.05, the top 20 most abundant were selected for bar plot visualization. Other diagrams were created with the R package (v3.5.2) (12–14). The performance of the classifier was assessed using the area under the receiver operating characteristic (ROC) curve. ROC curve analysis was conducted using SPSS (v25.0).





3 Results



3.1 Distinct variations in the oral microbiome were observed among TNBC patients with differing responses to neoadjuvant chemotherapy

To investigate the composition of the oral microbiome in TNBC patients, microbiome samples were collected from 30 patients undergoing neoadjuvant chemotherapy, both before and after treatment. The samples were subjected to 16S rDNA sequencing for microbiome profiling. Patients were stratified into two groups based on their response to chemotherapy: the sensitive group, consisting of 15 patients with a favorable response, and the insensitive group, comprising the remaining 15 patients. The baseline demographics and clinical characteristics of both groups are summarized in Table 1.


Table 1 | Baseline characteristics of the TNBC patients enrolled in this study.
	Baseline characteristics
	TNBC patients (n=30)
	P-value


	IS Group (n=15)
	S Group (n=15)



	Age (year)


	< 65
	10
	15
	0.042


	≥ 65
	5
	0


	Clinical T stage


	cT1
	2
	0
	0.445


	cT2
	7
	10


	cT3
	4
	3


	cT4
	2
	2


	Clinical N stage


	cN+
	12
	14
	0.283


	cN0
	3
	1


	Tumor Grade


	G1
	2
	1
	0.717


	G2
	8
	10


	G3
	5
	4


	Ki-67


	< 20%
	5
	4
	0.690


	≥ 20%
	10
	11





TNBC, triple-negative breast cancer; IS, insensitive; S, sensitive.



The analysis revealed significant differences in α diversity between the two groups (p < 0.05), the α-diversity was higher in the chemotherapy-insensitive cohort (Figure 2A). High-dimensional comparison using LEfSe identified distinct microbial profiles associated with chemotherapy response. Specifically, the chemotherapy-sensitive group exhibited higher proportions of Lactobacillus, Neisseria, and Burkholderiales, while Clostridia, Bacteroidetes, Prevotellaceae, and Coriobacteriia were more prevalent in the chemotherapy-insensitive cohort (Figures 2B, C).

[image: Pre-chemotherapy microbiome analysis comprising six panels: A) Violin plot displaying Shannon diversity indices for groups S (red) and IS (blue), exhibiting a significant difference (p=0.045). B) Phylogenetic tree highlighting bacterial categories, with distinct taxa identified in each group. C) LDA score plot indicating enriched taxa in groups S and IS. D) Box plots of relative log-transformed abundance for various taxa in each group. E) Stacked bar chart illustrating the relative abundance percentages of different phyla. F) Heatmap of bacterial phyla with clustering for groups S and IS, indicating differences in abundance.]
Figure 2 | The oral microbiome of TNBC patients demonstrated notable distinctions based on their responses to neoadjuvant chemotherapy. (A) The violin plot illustrated the distribution of Shannon’s index for the bacterial community across each compartment. Significant differences in oral microbial α-diversity were observed between the chemotherapy-sensitive and non-sensitive groups, with the non-sensitive group exhibiting greater microbial richness (p < 0.05). (B, C) Differentially abundant taxa between chemotherapy-sensitive and -insensitive samples, identified via Linear Discriminant Analysis (LDA) Effect Size (LEfSe), were visualized using a cladogram (B) and histogram (C). All listed taxa showed statistically significant enrichment in their respective groups (Kruskal–Wallis test, P < 0.05; LDA score > 2), with green indicating the insensitive group and red the sensitive group. LEfSe analysis demonstrated increased relative abundances of Lactobacillus, Neisseria, and Burkholderiales in the chemotherapy-sensitive group, whereas Clostridia, Bacteroidetes, Prevotellaceae, and Coriobacteriia were more prevalent in the chemotherapy-insensitive group. (D) The boxplot illustrated the relative abundances of differentially enriched taxa between the chemotherapy-sensitive (green) and -insensitive (purple) groups prior to treatment, as identified by LEfSe analysis (P < 0.05). Notably, Neisseria was significantly more abundant in the sensitive group, whereas Prevotella, TM7X, and Centipeda were enriched in the insensitive group. (E) Based on the species annotation results, select the top 15 strains in terms of maximum abundance at the phylum level in each group to generate a stacked bar chart of relative species abundance. The oral microbiome of both chemotherapy-sensitive and insensitive groups exhibited a similar predominance in their overall composition. (F) According to the relative abundance table of species, the community composition data of the top 30 in terms of relative abundance at each classification level are clustered based on the abundance distribution of classification units or the similarity degree among samples. The classification units and samples are sorted respectively according to the clustering results. Nitrospirota, Fusobacteria, Margulisbacteria and Acidobacteria were more abundant in the chemotherapy-sensitive group; Gemmatimonadetes, Deinococcota and Myxococcota were enriched in the chemotherapy-insensitive group. The scale bar (−3 to 1) represents the log-fold change in bacterial abundance, indicating increases or decreases in relative abundance.

Taxonomic analysis revealed distinct differences in the oral microbiome composition between chemotherapy-sensitive and chemotherapy-insensitive TNBC patients. Specifically, Neisseria was more abundant in the oral microbiome of chemotherapy-sensitive patients, while Prevotella, TM7X, and Centipeda were enriched in those with chemotherapy insensitivity (Figure 2D). Across all samples, regardless of chemotherapy sensitivity, the dominant phyla included Firmicutes, Proteobacteria, Bacteroidota, Fusobacteriota, and Actinobacteriota (Figure 2E). However, significant differences were observed in the relative abundance of Nitrospirota, Fusobacteria, Margulisbacteria, and Acidobacteria between the two groups, with Gemmatimonadetes, Deinococcota, and Myxococcota being more prevalent in chemotherapy-insensitive patients (Figure 2F).




3.2 The composition of the oral microbiome in TNBC patients who responded to neoadjuvant chemotherapy exhibited notable changes following treatment

In addition to profiling the distinct oral microbiota composition in patients with varying responses to chemotherapy, a detailed analysis was conducted to examine temporal changes in the oral microbiota throughout treatment. Sequential sampling of oral microbiota before and after chemotherapy facilitated the evaluation of microbial alterations during neoadjuvant chemotherapy. The analysis revealed notable shifts in microbiota diversity and relative abundance were observed at the phylum level, with significant increases in Bacteroidales, Clostridiales, and Firmicutes following chemotherapy relative to baseline levels (Figure 3A). Additionally, oral microbial α-diversity exhibited statistically significant differences between pre-chemotherapy and post-chemotherapy samples in sensitive patients (p < 0.05) (Figure 3B). β-diversity analysis further highlighted distinct patterns through Principal Component Analysis (PCA) and Principal Coordinate Analysis (PCoA), demonstrating reduced microbial diversity post-chemotherapy in this patient group (Figure 3C).

[image: Panel of charts analyzing microbiome changes in a sensitive group pre- and post-chemotherapy. (A) Dot plot shows relative abundance of various genera. (B) Violin plot illustrates diversity differences between groups. (C) Principal Component Analysis and PCoA plots display clustering by treatment. (D) LDA score bar plot compares differential bacterial presence. (E) Box plots show log-transformed relative abundance of specific genera. (F) Bar chart depicts relative abundance distribution over time. (G) Heatmap illustrates genus abundance changes, with clustering. Data emphasizes microbial composition shifts due to chemotherapy.]
Figure 3 | The composition of the oral microbiome in TNBC patients responsive to neoadjuvant chemotherapy exhibited notable alterations after chemotherapy. (A) The balloon plot revealed notable alterations at the genus level in patients responsive to neoadjuvant chemotherapy before and after treatment, both in terms of composition and relative abundance. (B) The violin plot showed the distribution of Shannon’s index of the bacterial community in each compartment. Prior to chemotherapy, α-diversity was significantly higher in chemotherapy-sensitive patients (p < 0.05), indicating greater microbial richness. (C) Principal Component Analysis (PCA) and Principal Coordinates Analysis (PCoA) revealed significant differences in oral microbiome composition before and after chemotherapy (PERMANOVA, p = 0.001, weighted UniFrac), along with a reduction in microbial diversity post-treatment. (D) High-dimensional analyses using LEfSe and taxonomic profiling further highlighted notable shifts in bacterial distribution within the chemotherapy-sensitive group after treatment. (E) The boxplot displayed the relative abundances of differentially abundant taxa in the sensitive group before (green) and after (purple) chemotherapy, as identified by LEfSe (*P < 0.05). (F, G) The stacked bar chart and heatmap showed significant alterations in the composition of oral microbiome at the genus level before and after chemotherapy.

High-dimensional analysis using LEfSe, alongside taxonomic evaluation, identified notable changes in the distribution of bacterial taxa among patients receiving neoadjuvant chemotherapy. Prior to treatment, the oral microbiome was characterized by elevated levels of Leptotrichiaceae, Neisseria, Streptococcus, and Bacillus. Following chemotherapy, an increased abundance of Clostridia, Bacteroidetes, and Firmicutes was observed (Figures 3D, E). Furthermore, significant modifications in the oral microbiota composition were evident at the genus level between pre- and post-treatment samples (Figures 3F, G).




3.3 The oral microbiome composition in TNBC patients demonstrating insensitivity to neoadjuvant chemotherapy remained largely unchanged following treatment

No significant changes were observed in genus levels of the oral microbiome in patients who were insensitive to neoadjuvant chemotherapy before and after treatment. These findings suggest that chemotherapy response may be closely associated with the baseline composition of the oral microbiome. Analysis of oral microbial abundance (Figure 4A) and α-diversity (Figure 4B) demonstrated no significant differences before and after chemotherapy (p > 0.5). Similarly, β-diversity analysis showed no significant variation in microbial diversity pre- and post-treatment in the non-responsive group (Figure 4C). These observations were corroborated by taxonomic analysis and bacterial composition assessments (Figures 4D–F).

[image: Analysis of microbiome composition in an insensitive group pre- and post-chemotherapy. Panel A shows a dot plot of genus abundance, with size indicating relative abundance across different phyla. Panel B presents violin plots comparing Shannon diversity pre- and post-chemotherapy, showing no significant difference. Panel C includes PCoA and PCA plots, displaying clustering of samples with no distinct separation. Panel D illustrates a stacked bar chart of relative abundance percentages, highlighting genus composition. Panel E features a box plot of logarithmic genus fold changes. Panel F displays a heatmap of genus abundance, with color indicating varying levels.]
Figure 4 | The composition of the oral microbiome in TNBC patients resistant to neoadjuvant chemotherapy remained relatively unchanged following treatment. (A) The balloon plot showed no significant differences in oral microbial abundance before and after chemotherapy. (B) The violin plot illustrated the distribution of Shannon’s index, indicating no significant change in oral microbial α-diversity within the chemotherapy-insensitive group (p > 0.5). (C) PCA and PCoA of β-diversity revealed no notable shifts in microbial community structure before and after treatment in the chemotherapy-insensitive group (PERMANOVA, p > 0.5, weighted UniFrac). (D–F) Taxonomic and bacterial composition analyses, as presented in the stacked bar chart, boxplot, and heatmap, further corroborated the absence of significant differences in the oral microbiome of chemotherapy-insensitive patients before and after chemotherapy.




3.4 No significant association was observed between the composition of the oral microbiome and chemotherapy sensitivity in TNBC patients following neoadjuvant chemotherapy

A comparative analysis of the oral microbial composition in TNBC patients following neoadjuvant chemotherapy revealed no significant association between the oral microbiome and chemotherapy sensitivity (Figure 5A). There were no significant differences in oral microbial α diversity between groups (p > 0.5) (Figure 5B). Similarly, β diversity analysis demonstrated no significant variation in the oral microbiome post-chemotherapy, nor any correlation with initial chemotherapy sensitivity (Figure 5C). These findings were further corroborated by taxonomic and bacterial composition analyses, which did not identify any significant changes (Figures 5D, E). Collectively, these results suggest that neoadjuvant chemotherapy influences the composition of the oral microbiota in chemotherapy-sensitive patients.

[image: A series of visualizations analyzing post-chemotherapy microbiome data includes:   A) A dot plot showing relative abundance of genera by phylum in groups S and IS.  B) A violin plot comparing Shannon diversity index between groups, showing no significant difference (p=0.56).  C) A bar chart comparing log relative abundance of select genera in both groups.  D) A PCoA plot illustrating microbiome similarities and differences with no significant clustering (p=0.343).  E) A heatmap representing genus abundance with a gradient color scale from red to blue across groups S and IS.]
Figure 5 | No significant association was observed between the composition of the oral microbiome and chemotherapy sensitivity in TNBC patients following neoadjuvant chemotherapy. (A) The balloon plot demonstrated that oral microbial abundance did not differ significantly following chemotherapy. (B) The violin plot indicated no significant change in oral microbial α-diversity after chemotherapy (p > 0.5). (C) Analysis of β diversity revealed no notable differences in microbial diversity before and after chemotherapy. (D, E) Taxonomic and bacterial composition analyses further corroborated the absence of significant alterations in the oral microbiome following chemotherapy.




3.5 The oral microbiome has the potential to serve as a predictive biomarker for the efficacy of neoadjuvant chemotherapy in TNBC

To facilitate the clinical translation of our findings, we developed a predictive model for treatment response in locally advanced TNBC. A total of 27 potential discriminatory genera were identified based on the previously described taxonomic comparison analysis. These genera were subsequently used as input features for classification. Among these, oral microbiota components with elevated levels in the chemotherapy-sensitive cohort, such as Neisseria and Streptococcus, were selected for predicting therapeutic response, achieving an AUC of 77.3% (95% CI: 60.5%–94.2%) (Figure 6A). Similarly, microbiota components enriched in the chemotherapy-insensitive cohort, including Firmicutes and Clostridiales, were also incorporated into the model, yielding an AUC of 89.8% (95% CI: 78.8%–100%) (Figure 6B). These findings suggest that the oral microbiota may serve as a predictive biomarker for chemotherapy sensitivity in locally advanced TNBC, offering a simple, non-invasive, and reproducible approach for predicting neoadjuvant chemotherapy efficacy in breast cancer.

[image: Two ROC curves labeled A and B illustrate sensitivity and specificity. Graph A shows an area under the curve (AUC) of 77.3 percent with a 95 percent confidence interval of 60.5 percent to 94.2 percent. Graph B shows an AUC of 89.8 percent with a 95 percent confidence interval of 78.8 percent to 100 percent.]
Figure 6 | The oral microbiome shows potential as a predictive biomarker for the effectiveness of neoadjuvant chemotherapy in patients with TNBC. (A) Elevated levels of specific oral microbiome components in the chemotherapy-sensitive cohort were associated with an AUC of 77.3% (95% CI: 60.5%–94.2%). (B) Distinct oral microbiome components that were enriched in the chemotherapy-insensitive cohort exhibited an AUC of 89.8% (95% CI: 78.8%–100%).





4 Discussion

This study introduces the potential of utilizing oral microbiome as a straightforward, reproducible, and noninvasive approach for predicting sensitivity to neoadjuvant chemotherapy in TNBC patients. This could uncover innovative biomarkers and therapeutic targets, offering valuable insights for the diagnosis and treatment of TNBC.

Disruptions in the ecological balance between the host and the microbiome can contribute to the development of diseases. Notably, the role of the microbiome in cancer has been widely studied and documented. While certain microbes have the capacity to directly initiate cancer through mechanisms like genotoxin-mediated mutagenesis, many others influence cancer progression indirectly by modulating the host immune system (16). The oral microbiome, recognized as the second-largest symbiotic microbial community within the human body and among its most diverse ecosystems, is closely associated with cancer progression (17). Fusobacterium, one of the most extensively studied oral microorganisms, has been implicated in cancer development through various mechanisms. These include inhibiting apoptosis, activating cell proliferation, promoting cellular invasion, inducing chronic inflammation, and directly producing carcinogenic substances (18). The oral microbiome possesses the ability to colonize the gastrointestinal tract via the circulatory system (19). Studies have shown that Fusobacterium is enriched in colorectal cancer (CRC) tissue, where it promotes tumorigenesis by creating a tumorigenic inflammatory environment conducive to tumor development while suppressing anti-tumor immune responses through both genetic and epigenetic mechanisms (20–23). Moreover, it has been associated with the enhancement of chemotherapy resistance in colorectal cancer. Additionally, it shows promise as a biomarker for the early detection of CRC as well as for prognostic and predictive applications (24–29).

However, studies investigating the oral microbiome in non-gastrointestinal solid tumors are relatively limited, particularly regarding its association with breast cancer, which is still not well understood. This study represents the first attempt to investigate the relationship between the oral microbiome and neoadjuvant chemotherapy responsiveness in patients with TNBC. This study identified higher relative abundances of Lactobacillus, Neisseria, and Burkholderiales in the chemotherapy-sensitive group, whereas Clostridia, Bacteroidetes, Prevotellaceae, and Coriobacteriia were more prominent in the chemotherapy-insensitive cohort. Additionally, significant compositional changes in the oral microbiome were observed in the chemotherapy-sensitive group following treatment, in contrast to the minimal alterations detected in the chemotherapy-insensitive group.

This study performed a comparative analysis of the oral microbiome in TNBC patients with differing levels of chemotherapy sensitivity prior to treatment, uncovering significant variations that point to a potential role of the oral microbiome in influencing neoadjuvant chemotherapy response. Additionally, post-chemotherapy alterations in the oral microbiome were predominantly observed in patients demonstrating chemosensitivity, suggesting that modulating the composition of the oral microbiome could impact the effectiveness of neoadjuvant chemotherapy in TNBC. Previous study has reported that concurrent antibiotic use during neoadjuvant pembrolizumab therapy in HER2-negative early-stage breast cancer is associated with increased residual cancer burden, suggesting a potential adverse effect of microbial dysbiosis (30). In the present study, chemotherapy-sensitive patients exhibited a higher relative abundance of Lactobacillus in their oral microbiome, a genus frequently found in probiotics and yogurt. Consequently, further investigation is warranted to explore whether augmenting these bacteria within the microbiome could enhance chemotherapy sensitivity in TNBC.

Our study further demonstrated that chemotherapy-sensitive patients exhibited a high abundance of Neisseria in their oral microbiome, which showed potential as a predictor of chemotherapy efficacy. However, current knowledge predominantly characterizes Neisseria as a pathogenic genus, including species such as Neisseria meningitidis and Neisseria gonorrhoeae. The role of Neisseria in tumor biology remains poorly understood, though some evidence suggests it may promote the initiation and progression of certain cancers, such as ovarian cancer, with studies indicating that vaginal infections (e.g., Neisseria gonorrhoeae or Chlamydia trachomatis) are associated with an increased risk of developing ovarian cancer (31). These findings appear contradictory to our results; however, research indicates that both pathogenic and non-pathogenic Neisseria species possess mechanisms to inhibit competing microbial populations, potentially antagonizing the growth of other microbial species (32). The possible inhibitory effects of Neisseria on components of the oral microbiome that might impair chemotherapy response remain unclear, highlighting an area of interest for further research.

The limitations of our study were twofold. Firstly, the study population was confined to a single institution, which may limit the generalizability of the findings. Expanding the cohort to include patients from both our institution and external centers is essential to improve the robustness and reliability of the predictive classifier through internal and external validation. Secondly, the classifier was developed using genus-level variables to ensure consistency in the results. However, employing metagenomic analysis could facilitate the identification of species-level biomarkers and provide additional insights into bacterial functions. Furthermore, this study provided an in-depth evaluation of the relationship between chemotherapy sensitivity and the oral microbiome, alongside an analysis of the compositional dynamics of the oral microbiota before and after neoadjuvant chemotherapy. Future research will aim to investigate the alterations and patterns of microbiota within TNBC tissue samples.

In conclusion, this study may provide evidence that oral microbiome profiling can be used to predict neoadjuvant chemotherapy sensitivity in patients with TNBC, by identifying taxonomic features characteristic of both pathogenic and commensal microbiome associated with differing treatment responses. Additionally, a significant correlation was observed between therapeutic outcomes and changes in microbial composition. These findings suggest that the oral microbiome holds potential as a predictive biomarker for assessing the responsiveness of TNBC patients to neoadjuvant chemotherapy. The predictive models established in this study may facilitate the integration of microbiome research into the therapeutic management of TNBC.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving humans were approved by the Ethics Review Committee of the Sixth Affiliated Hospital, Sun Yat-sen University. The studies were conducted in accordance with the local legislation and institutional requirements. The human samples used in this study were acquired from a by-product of routine care or industry. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements.





Author contributions

XF: Conceptualization, Funding acquisition, Methodology, Project administration, Resources, Visualization, Writing – original draft, Writing – review & editing. ZH: Data curation, Validation, Writing – original draft, Writing – review & editing. ZL: Data curation, Formal analysis, Software, Writing – original draft. ZC: Investigation, Writing – original draft. ZW: Software, Writing – review & editing. QY: Software, Writing – original draft. HL: Conceptualization, Funding acquisition, Methodology, Project administration, Resources, Supervision, Writing – review & editing.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This study was financially supported by the Basic and Applied Basic Research Foundation of Guangdong Province (No. 2023A04J2252), the Beijing Health Promotion Association (No. CJBSRAF-2022) and The Sixth Affiliated Hospital of Sun Yat-Sen University Clinical Research – ‘1010’ Program (No. 1010PY(2020)-65).




Acknowledgments

This study was supported by the National Key Clinical Discipline.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2025.1546044/full#supplementary-material




References

	 Schmid P, Cortes J, Dent R, Pusztai L, McArthur H, Kummel S, et al. Event-free survival with pembrolizumab in early triple-negative breast cancer. N Engl J Med. (2022) 386:556–67. doi: 10.1056/NEJMoa2112651, PMID: 35139274


	 Morgan XC, Segata N, Huttenhower C. Biodiversity and functional genomics in the human microbiome. Trends Genet. (2013) 29:51–8. doi: 10.1016/j.tig.2012.09.005, PMID: 23140990


	 Kitamoto S, Nagao-Kitamoto H, Hein R, Schmidt TM, Kamada N. The bacterial connection between the oral cavity and the gut diseases. J Dent Res. (2020) 99:1021–9. doi: 10.1177/0022034520924633, PMID: 32464078


	 Stasiewicz M, Karpinski TM. The oral microbiota and its role in carcinogenesis. Semin Cancer Biol. (2022) 86:633–42. doi: 10.1016/j.semcancer.2021.11.002, PMID: 34743032


	 Lan Z, Liu WJ, Cui H, Zou KL, Chen H, Zhao YY, et al. The role of oral microbiota in cancer. Front Microbiol. (2023) 14:1253025. doi: 10.3389/fmicb.2023.1253025, PMID: 37954233


	 Sun J, Tang Q, Yu S, Xie M, Xie Y, Chen G, et al. Role of the oral microbiota in cancer evolution and progression. Cancer Med. (2020) 9:6306–21. doi: 10.1002/cam4.3206, PMID: 32638533


	 Kudo Y, Tada H, Fujiwara N, Tada Y, Tsunematsu T, Miyake Y, et al. Oral environment and cancer. Genes Environ. (2016) 38:13. doi: 10.1186/s41021-016-0042-z, PMID: 27482300


	 Thu MS, Chotirosniramit K, Nopsopon T, Hirankarn N, Pongpirul K. Human gut, breast, and oral microbiome in breast cancer: A systematic review and meta-analysis. Front Oncol. (2023) 13:1144021. doi: 10.3389/fonc.2023.1144021, PMID: 37007104


	 Banerjee S, Tian T, Wei Z, Shih N, Feldman MD, Peck KN, et al. Distinct microbial signatures associated with different breast cancer types. Front Microbiol. (2018) 9:951. doi: 10.3389/fmicb.2018.00951, PMID: 29867857


	 Shao J, Wu L, Leng WD, Fang C, Zhu YJ, Jin YH, et al. Periodontal disease and breast cancer: A meta-analysis of 1,73,162 participants. Front Oncol. (2018) 8:601. doi: 10.3389/fonc.2018.00601, PMID: 30619743


	 Parhi L, Alon-Maimon T, Sol A, Nejman D, Shhadeh A, Fainsod-Levi T, et al. Breast cancer colonization by Fusobacterium nucleatum accelerates tumor growth and metastatic progression. Nat Commun. (2020) 11:3259. doi: 10.1038/s41467-020-16967-2, PMID: 32591509


	 Song Z, Yan A, Guo Z, Zhang Y, Wen T, Li Z, et al. Targeting metabolic pathways: a novel therapeutic direction for type 2 diabetes. Front Cell Infect Microbiol. (2023) 13:1218326. doi: 10.3389/fcimb.2023.1218326, PMID: 37600949


	 Takai K, Horikoshi K. Rapid detection and quantification of members of the archaeal community by quantitative PCR using fluorogenic probes. Appl Environ Microbiol. (2000) 66:5066–72. doi: 10.1128/AEM.66.11.5066-5072.2000, PMID: 11055964


	 Walters W, Hyde ER, Berg-Lyons D, Ackermann G, Humphrey G, Parada A, et al. Improved bacterial 16S rRNA gene (V4 and V4-5) and fungal internal transcribed spacer marker gene primers for microbial community surveys. mSystems. (2016) 1(1):e00009-15. doi: 10.1128/mSystems.00009-15, PMID: 27822518


	 Logue JB, Stedmon CA, Kellerman AM, Nielsen NJ, Andersson AF, Laudon H, et al. Experimental insights into the importance of aquatic bacterial community composition to the degradation of dissolved organic matter. ISME J. (2016) 10:533–45. doi: 10.1038/ismej.2015.131, PMID: 26296065


	 Sepich-Poore GD, Zitvogel L, Straussman R, Hasty J, Wargo JA, Knight R. The microbiome and human cancer. Science. (2021) 371(6716):eadt2260. doi: 10.1126/science.abc4552, PMID: 33766858


	 Tuominen H, Rautava J. Oral microbiota and cancer development. Pathobiology. (2021) 88:116–26. doi: 10.1159/000510979, PMID: 33176328


	 Gholizadeh P, Eslami H, Kafil HS. Carcinogenesis mechanisms of Fusobacterium nucleatum. BioMed Pharmacother. (2017) 89:918–25. doi: 10.1016/j.biopha.2017.02.102, PMID: 28292019


	 Chen Y, Chen X, Yu H, Zhou H, Xu S. Oral microbiota as promising diagnostic biomarkers for gastrointestinal cancer: A systematic review. Onco Targets Ther. (2019) 12:11131–44. doi: 10.2147/OTT.S230262, PMID: 31908481


	 Sayed IM, Chakraborty A, Abd El-Hafeez AA, Sharma A, Sahan AZ, Huang WJM, et al. The DNA glycosylase NEIL2 suppresses fusobacterium-infection-induced inflammation and DNA damage in colonic epithelial cells. Cells. (2020) 9(9):1980. doi: 10.1101/2020.06.11.147454, PMID: 32872214


	 Guo P, Tian Z, Kong X, Yang L, Shan X, Dong B, et al. FadA promotes DNA damage and progression of Fusobacterium nucleatum-induced colorectal cancer through up-regulation of chk2. J Exp Clin Cancer Res. (2020) 39:202. doi: 10.1186/s13046-020-01677-w, PMID: 32993749


	 Casasanta MA, Yoo CC, Udayasuryan B, Sanders BE, Umana A, Zhang Y, et al. Fusobacterium nucleatum host-cell binding and invasion induces IL-8 and CXCL1 secretion that drives colorectal cancer cell migration. Sci Signal. (2020) 13(641):eaba9157. doi: 10.1126/scisignal.aba9157, PMID: 32694172


	 Serna G, Ruiz-Pace F, Hernando J, Alonso L, Fasani R, Landolfi S, et al. Fusobacterium nucleatum persistence and risk of recurrence after preoperative treatment in locally advanced rectal cancer. Ann Oncol. (2020) 31:1366–75. doi: 10.1016/j.annonc.2020.06.003, PMID: 32569727


	 Bi D, Zhu Y, Gao Y, Li H, Zhu X, Wei R, et al. Profiling Fusobacterium infection at high taxonomic resolution reveals lineage-specific correlations in colorectal cancer. Nat Commun. (2022) 13:3336. doi: 10.1038/s41467-022-30957-6, PMID: 35680952


	 Allen-Vercoe E, Strauss J, Chadee K. Fusobacterium nucleatum: an emerging gut pathogen? Gut Microbes. (2011) 2:294–8. doi: 10.4161/gmic.2.5.18603, PMID: 22067936


	 Wang N, Fang JY. Fusobacterium nucleatum, a key pathogenic factor and microbial biomarker for colorectal cancer. Trends Microbiol. (2023) 31:159–72. doi: 10.1016/j.tim.2022.08.010, PMID: 36058786


	 Jiang SS, Xie YL, Xiao XY, Kang ZR, Lin XL, Zhang L, et al. Fusobacterium nucleatum-derived succinic acid induces tumor resistance to immunotherapy in colorectal cancer. Cell Host Microbe. (2023) 31:781–97 e9. doi: 10.1016/j.chom.2023.04.010, PMID: 37130518


	 Yu T, Guo F, Yu Y, Sun T, Ma D, Han J, et al. Fusobacterium nucleatum promotes chemoresistance to colorectal cancer by modulating autophagy. Cell. (2017) 170:548–63 e16. doi: 10.1016/j.cell.2017.07.008, PMID: 28753429


	 Brennan CA, Garrett WS. Fusobacterium nucleatum - symbiont, opportunist and oncobacterium. Nat Rev Microbiol. (2019) 17:156–66. doi: 10.1038/s41579-018-0129-6, PMID: 30546113


	 Kulkarni AA, Jain A, Jewett PI, Desai N, Van ‘t Veer L, Hirst G, et al. Association of antibiotic exposure with residual cancer burden in HER2-negative early stage breast cancer. NPJ Breast Cancer. (2024) 10:24. doi: 10.1038/s41523-024-00630-w, PMID: 38531875


	 Sipos A, Ujlaki G, Miko E, Maka E, Szabo J, Uray K, et al. The role of the microbiome in ovarian cancer: mechanistic insights into oncobiosis and to bacterial metabolite signaling. Mol Med. (2021) 27:33. doi: 10.1186/s10020-021-00295-2, PMID: 33794773


	 Baerentsen R, Tang CM, Exley RM. Et tu, neisseria? Conflicts of interest between neisseria species. Front Cell Infect Microbiol. (2022) 12:913292. doi: 10.3389/fcimb.2022.913292, PMID: 35811666







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2025 Fu, Huang, Li, Chen, Wu, Yang and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-15-1546044-g002.jpg
Pre—chemotherapy

Wilcoxon, p=0.045 ; G
A : ¢__Coriobacteriia

: g__Prevotella

f__Prevotellaceae

: 0__Bacteroidales
c

Group @ s
|

Bacteraidia

p__Bacteroidetes

1 g__F0058
f_Paludibacteraceae

__Desulfobacterota

__Family_XIIl_UCG_001
c_ Clostridia

g__Centipeda

g TM7x

: g__Neisseria
f

Neisseriaceae
: o__Burkholderiales

5
- _Clostricio
- b_socteroideres N D -5
o_Bacteroidales [ NN — 4 =S
c_sacteroicia [N 3
f_prevoteliaceae [ §
o_rrevoteiia [ |3
s_uncultured_Prevotella_sp_ [ §
s_centipeda_unciassified [ TGN =< N .
9_Centipeda [ £
o [——— 22 ®
| [ — (o=
c_coriobacteriia [N ‘g: » .
o_ramily_xi_ucc_oo1 [ -4 . .
s_ramily_xii_ucG_001_unclassified [ TGN o .
« Fubacteium,sp._orolclone 12 N gl J . .y
oo I . R - - SO
f_paludibacteraceae [ NG
s_r0058_unclassified [ RN B s 2 B B B # S B & 8 83 8B S B E B &
= IR BB EE R EERE R R R R
p_Desulfobacterota 4 3 %2 %2 8 8§ 58 % 5 3 4 & 28 % 8% 4
I :_.-ctobacillus iners ISRERE § B EE R f IERREE
I, ;_cisseria g g X o g % o B E s e g £
[ p——— R EERERREER R
[ e 243 FFst g3 a8 82850
I o :.kholderiales o5 | %, g g g g g §s5 3 il § g
' ' ' ' ' L @ =3
-4 - 0 2 4 4250 JEFE £
LDA SCORE (log 10) - - P i
&
il
.Finnicules F
100 [ Proteobacteria
.Eaaamidota
.Fusobaclenota
3 ) Spirochaetota
! ol Bacteroidetes t
Patescibacteria 0
Campylobacterota
Others =4
Firmicutes
@ 75 Proteobacteria -2
(2 Actinobacteriota
8 Bacteroidota |-3
c Fusobacteriota
© Deferribacterota
.g Nitrospirota
.| Fusobacteria
2 Margulisbacteria
Acidobacteria
g 50 Gemmatimonadetes
= Deinococcota
E Myxococcota
& Elusimicrobiota
Acidobacteriota
Chloroflexi
Methylomirabilota
Planctomycetota
Gemmatimonadota
Synergistota
25 Actinobacteria
Cyanobacteria
Candidatus_Saccharibacteria
unclassified
Verrucomicrobiota
Desulfobacterota






OEBPS/Images/cover.jpg
& frontiers | Frontiers in Oncology

Oral microbiome components predict
response to neoadjuvant chemotherapy in
triple-negative breast cancer patients





OEBPS/Images/fonc-15-1546044-g004.jpg
Genus

Insensitive Group

Actinomyces

Corynebacterium

F0332
Rothia

Prevotella
Alloprevotella
Bergeyella
Capnocytophaga
Porphyromona

S Prevotella_7

Campylobacter

Centipeda
Clostridia_UCG-014_unclassified

Dialister
Gemella

Granulicatella
Lachnoanaerobaculum
Selenomonas
Streptococcus
Veillonella
Fusobacterium

Leptotrichia

Saccharimonadaceae_unclassified

TM7x

Aggregatibacter

Haemophilu

100

~
3]

Relative Abundance(%)
4]
o

25

Lautropia
Neisseria

Treponema
Others

Phylum

© Actinobacteriota
Bacteroidetes
Bacteroidota
Campylobacterota
Firmicutes
Fusobacteriota

Others
Patescibacteria

Proteobacteria
Spirochaetota

e o © o o

Relative abundance

Wilcoxon, p=0.65

Group [ pre-Chemo

. post—Chemo
1.000

Shnnon

0.998

0.996

pre-Chemo post—Chemo

Group

PCoA plot ( P=0.808 )

Principal Component Analysis (P=0.919)

PCoA2(15.76%)

0’0 ©e Q0000 c@00@0o 00000006000 ¢°0000O0O0CO0
/bO .o@o@o.o.....oooo-oo..oooooooo

(4 (4
o ¢
3 S
& o’
Q E
Streptococcus

T

i

ik
i

-
i
é.

n
g

g
§

Saccharimonadaceae_unclassified —
Bergeyella

Tannerelia
Others

050

PCA2 (8.34%)
° °
2 &

3

050,

2 61 oo 01 02 03 o

PCoA1(45.89%) PCA1 (55.01%)

== pre—Chemo
= post—Chemo

§_Finbactiun
[
3_Cotrign

Streptococcus

Neisseria 1
Leptotrichia
Prevotella_7
Veillonella
Haemophilus
Others 0
Bergeyella

TM7x

Dialister

Tannerella
Clostridia_UCG-014_unclassified
Saccharimonadaceae_unclassified

- Popyomms

Clostridia_UCG-014_unclassified — '[(

~ Gemella
Fusobacterium
Actinomyces
Prevotella
Alloprevotella

Granulicatella
Centipeda
Capnocytophaga
Lautropia

Rothia

Aggregatibacter
Corynebacterium
Treponema
F0332
Campylobacter

pre—Chemo Post—Chemo

03

Group

g

pre-Chemo
post-Chemo





OEBPS/Images/fonc-15-1546044-g006.jpg
>

Sensitivity (%)

0.2

AUC=77.3%

(95% Cl: 60.5%-94.2%)

04 06 08

Specificity (%)

1.0

Sensitivity (%)

1.0

7
08 /
i
#
/
#
0.6 i
/l/
g
/
0.4 //
/ ///,
b

02 o AUC=89.8%

(95% Cl: 78.8% — 100%)

0.0 0.2 04 06 08 1.0

Specificity (%)





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-15-1546044-g001.jpg
36 patients were diagnosed with TNBC

Exclusion criteria

. . . Patients who had used antibiotics, prebiotics, probiotics,
Oral microbiota sampling steroids, or immunosuppressants within four weeks prior to

~ oral microbiota sampling were excluded from the study.

Receive neoadjuvant

chemotherapy

Excluded (n=6)
3 patients did not complete neoadjuvant
chemotherapy, 1 patient was lost to follow-up,

: : : 1 patient was diagnosed with brain metastasis,
Oral microbiota sampling ,
and 1 patient was excluded due to acute
gastroenteritis, which required treatment with
Response evaluation - antibiotics and probiotics.

Chemotherapy-sensitive ‘/ \ Chemotherapy-insensitive
patients (n=15) patients (n=15)

|





OEBPS/Images/fonc-15-1546044-g003.jpg
Genus

Sensitive

A

Actinomyces
Gardnerella
Rothia
Bacteroidales_unclassified
Bacteroides
Bacteroidetes_unclassified
Capnocytophaga
Porphyromonas
Prevotella
Prevotellaceae_unclassifie
d Clostridiales_unclassified
Clostridium
Dialister
Firmicutes_unclassified
Lachnospiraceae_unclassified
Staphylococcus
Streptococcus
Veillonella
Veillonellaceae_unclassified
Fusobacterium
Leptotrichia
Campylobacter
Citrobacter
Escherichia
Haemophilus
Lautropia
Neisseria
Pantoea
Pasteurellaceae_unclassified

unclassified
Others

Yo
N

D

mm pre—Chemo
mmm post—Chemo

o,

s_Clostridiales_uncla:
f_Clostridiales_unclassified
g_Clostridiales_unclassified

o__Firmi

c_Firmicutes_unclassified

g_Firmi
irmi
irmi

Group

* 9000 00000°0000Q°e@®O® + 900 ° 0 o

b...,..., e @0 00Q00coo0oc00@O©0©0 s 000

P

<_Clostridia
o_Clostridiales
p_Firmicutes
p_Bacteroidetes

_Enterobacterales

o_Bacteroidales
©_Bacteroidia

icutes_unclassified

icutes_unclassified
icutes_unclassified
icutes_unclassified

f_Enterobacteriaceae
f_Lachnospiraceae

g_Dialister
1_Bacteroldaceae
9_Bacteroides
g_Escherichia
s_Escherichia_coli

s5_Bacteroidales_unclassified

g_Bacteroidales_uncla
f_Bacteroidales_unclassified
s_Lachnospiraceae_unclassified
9_Lachnospiraceae_unclassified

s

fied

c_Tissiereliia

Ruminococcaceae
o_Tissierellales

Peptoniphilacea

s_Campylobacter_hominis

-6 -5 -4 =3

F

100

75
‘S
=
g
=
@
E =,
=
2

g 50
=
o
()
o

25

0

__Actinobacteria
f_Leptotrichiaceae
Actinobacteria
©_Fusobacteriia
o__Fusobacteriales
p__Fusobacteria
9__Leptotrichia
g_Veillonella
9__Haemophilus

f_Pasteurellaceae
o_Pasteurellales
__Streptococcaceae
_Streptococcus
__Lactobacillales
g_Neisseria
isseriaceae
o_Neisseriales
c__Bacilli
p_Proteobacteria
c_Betaproteobacteria
' ' ' ' ' '

-1 o] 1 2 3
LDA SCORE (log 10)

. Streptococcus

1 veitonela

[ Haemophius
[ Leptotrichia
. Porphyromonas
Dialister

[ Cirobacter
Bl Pesteureiaceae_undiassified
B veitoneliaceae_unciassified
. Actinomyces

. Staphylococcus

Rothia

Clostridium

fied I

5_uncultured_Neisseria_sp_
s_Streptococcus_pneumoniae

[ Clostridiales_unciassified
[ Bacteroidetes_unclassified
B Firmicutes_unciassified

[ Bacteroidales_unclassified
[ Lachnospiraceae_unclassified

[ Prevoteliaceae_unclassified
. Capnocytophaga

Phylum

©  Actinobacteria
Bacteroidetes
Firmicutes
Fusobacteria
Others

Proteobacteria

© o 0o o o o

unclassified

Shnnon

Relative abundance
O 005
O o010
QO o1s
QO o020

Wilcoxon, p=0.016

Grou| pre-Chemo
1.001 pE

0] post-Chemo

1.000

0.999

0.998

oeO?

pre-Chemo post-Chemo
Group
Principal Component Analysis (P=0.001) PCoA plot ( P=0.001)
B I e

f

f

i o . Group
- | = v
§oof [ b Tl | pre-Chemo
d - § \ post-Chemo
2 B S oo
o
g | § P

1l | g
‘) -02
@ o 7 53 W W 2 s 0
PCA1 (22.57%) PCoA1(45.18%)
E E== pre—Chemo
5 .

log2(Relative Abundance+1)

g__Neisseria

g__Streptococcus

g__Clostridiales_unclassified
g__Firmicutes_unclassified

i 4 i

3 pqst—Chemo

d2kis

8 o 88 ol .

52273334283 1100C2558285834¢2¢
552s39cs9cs58258§saz8g:5¢8%
%E%hﬂﬂhgﬂg§5° |§'Eggs§sgﬂgﬁﬁ-—§
>mmulgguag=s‘—'§’a—%(tﬂg§g£‘:’mulQE
g3 ’|’13|""=|3ﬁul= o8 |g=|$=|§=|g e
|d 8480878 <Y 2d9888g 9
2™ ST F=] 2 $a2fEd o
2E = d g 2§
s o ° L
§8 3 5 9 §
§° % ] o &
18 & g E
A | | (I)l n::
4 © g
& o
o
2
@
d
Capnocytophaga 1
Pasteurellaceae_unclassified
Lautropia 0
Rothia
Actinomyces
Staphylococcus Tl
Neisseria
Haemophilus 2

Gardnerella

Pantoea

Clostridium

Bacteroides

Escherichia
Clostridiales_unclassified
Firmicutes_unclassified
Bacteroidales_unclassified

Dialister
Lachnospiraceae_unclassified
unclassified

Fusobacterium
Veillonellaceae_unclassified

Prevotellaceae_unclassified
Campylobacter
Citrobacter
Bacteroidetes_unclassified

Porphyromonas
Prevotella
Others
Streptococcus
Veillonella
Leptotrichia





OEBPS/Images/fonc-15-1546044-g005.jpg
Genus

Post—chemotherapy

IS

g

9.
g.

Actinomyces e e
3 Phylum
A Corynebacterium e . ) ) B
F0332 o o 8 Acnhekion Wilcoxon, p=0.56
Rothia o Y © Bacteroidetes
Prevotella . L] © Bacteroidota Group [@ $
Alloprevotella . e © Campylobacterota
2 B s
Bergeyella » . ©  Firmicutes 10
CapnothOphaga . e ® Fusobacteriota
Porphyromonas ° L] & Olfias
Prevotella_7 : a & BT
-
Tanineréla © Proteobacteria S 08
Campylobacter b | F o c
Centipeda . ° pirochaetota E
Clostridia_UCG-014_unclassified e . o
Gemella o L] Relative abundance
Granulicatella ¢ . O 005 -
Lachnoanaerobaculum . . QO o.10 )
Selenomonas s ®  ©iois
Streptococcus o € Qo
Veillonella ® e
Fusobacterium o . i
Leptotrichia L4 L ’
Saccharimonadaceae_unclassified . ® N IS
Actinobacillus ° . Grou
Aggregatibacter . o P
Haemophilus o -]
Lautropia ° °
Neisseria (6] o
Treponema . .
Others - o E
& N
Actinobacillus
Bergeyella 1
Dialister
Saccharimonadaceae_unclassified (5
Clostridia_UCG-014_unclassified
C D Tannerella 0
r Treponema
toof | PCoA plot ( P=0.343 ) 1 Lachnoanaerobaculum 05
Granulicatella
- S 02 Centipeda
Leptotrichia
= s o
Veillonella
0.75 ® - = Streptococcus
= § Neisseria
+ x
3 !S’, " Gemella
& B Prevotella
ot 8 Fusobacterium
= o o1 Ad
2050 inomyces
o Others
.% 02 Haemophilus
2 e ) , ' ; ; :crevoleﬂaj
o 0.2 ~0.1 0.0 0.1 0.2
%" PCoA1(34.94%) rphyromonas
o Alloprevotella
0.25
Aggregatibacter
Selenomonas
Capnocytophaga
~ Lautropia
0.00 Rothia
. Campylobacter
3 ?_": § S % F0332 .
g 2 £ & 3 Corynebacterium
< 2 ] 8§
o c! é i}
3
(5}

o
2
8
8
S
2
5
8

g__Parascardovia

Group

g__Actinomycetace:





