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Background: Emerging evidence demonstrates that the gastrointestinal microbiome has the potential to be a biomarker in neoadjuvant chemoradiotherapy for colorectal cancer (CRC). Yet studies on the impact of the gastric microbiome (GM) on the response to neoadjuvant chemotherapy (NACT) are still scarce.

Methods: Forty-eight patients with gastric cancer participated in this retrospective study, and 16S rRNA sequencing was performed to evaluate formalin-fixed and paraffin-embedded (FFPE) tissue biospecimens and fresh-frozen tissues.

Results: In this study, 16 bacterial taxa at different levels, including Bacillus, Anaerococcus, and Chloroflexi, were identified to be enriched before NACT in response (R) patients in group FFPE. In contrast, 6 bacterial taxa, such as Haemophilus, Veillonellaceae (Veillonella), etc. were enriched after NACT, in which we reported for the first time that the phylum Chloroflexi was enriched before NACT in R patients. Thirty-one bacterial taxa of Coriobacteriaceae, Ruminococcaceae, Veillonellaceae, and Lachnospiraceae were identified in group mucosa as being enriched in R patients. In comparison, 4 bacterial taxa dominated by the phylum Proteobacteria were enriched in NR patients. Notably, the family Veillonellaceae was found in both tissue samples, and the metabolic pathways, including the citrate cycle (TCA cycle) and various amino acids, including alanine, were found to be potentially predictive in both sample species.

Conclusion: There are differences in the features of the GM for different NACT response results. The causal relationship deserves to be confirmed by further investigations.
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Introduction

Gastric cancer (GC) is a global disease, with more than 100,000 new cases estimated each year (Bray et al., 2018). It is the fifth most common malignant tumor worldwide and the third leading cause of cancer-related deaths, with 784,000 deaths worldwide in 2018 (Bray et al., 2018). In China, GC is the second most common cancer and the second leading cause of cancer-related deaths (Cao et al., 2021). GC has a higher mortality and 5-year prevalence rate in China compared with most developed countries, and more worryingly, its incidence has been on the rise in the younger population (Cao et al., 2021).

Surgery, including surgical or endoscopic resection, is the mainstay of its treatment (Smyth et al., 2020). Among these options, radical gastric cancer surgery with D2 lymph node dissection has become the standard procedure for advanced gastric cancer (AGC) (Japanese Gastric Cancer Association, 2021). However, its mortality rate remains high because GC is mostly advanced at the time of diagnosis (Bray et al., 2018; Cao et al., 2021). Notably, neoadjuvant chemotherapy (NACT) increases AGC’s chances of resection cure. Additionally, the advantages of NACT are gradually recognized, such as lowering tumor stage, eliminating occult micrometastases, and increasing the chances of radical resection (Cunningham et al., 2006; Smyth et al., 2020). The Chinese Society of Clinical Oncology (CSCO) suggests that NACT may be considered for patients with advanced resectable GC (stage cIII or greater) (Wang et al., 2021). Furthermore, the European Society for Medical Oncology (ESMO) treatment guidelines (Smyth et al., 2016) strongly recommend platinum or fluoropyrimidines in combination with perioperative (preoperative and postoperative) chemotherapy for patients with stage 1B or more resectable GC.

The effect of NACT varies from person to person. The influencing factors include cell-intrinsic mechanisms such as drug transport, autophagy, apoptosis inhibition, DNA damage repair, genomic instability, and cell-extrinsic factors such as tumor microenvironment (TME) (Zheng, 2017; Hekmatshoar et al., 2018). In recent years, the influence of commensal bacteria in the metabolism, efficacy, and toxicity of chemotherapeutic drugs has also been reported (Li et al., 2016; Yamamura et al., 2019; Jang et al., 2020; Li et al., 2021; Yi et al., 2021; Teng et al., 2023). However, the relationship between the microbiota of the stomach and NACT for GC has rarely been explored due to its unique, strongly acidic environment (Stewart et al., 2020). Infection with Helicobacter pylori is widely recognized as the greatest risk factor for gastric carcinogenesis (Wroblewski et al., 2010). Other than that, no particular bacteria species is associated with the progression or treatment of GC.

This study collected and analyzed FFPE tissue biospecimens and tumor mucosa samples from GC patients using 16S rRNA sequencing to investigate the relationship between gastric microbiome (GM) and neoadjuvant chemotherapy (NACT) responses in GC patients.



Materials and methods


Study design and project

We retrospectively collected samples from 48 GC patients from January 2017 to January 2023, categorized into groups FFPE and mucosa by differences in sample preservation methods, 17 and 31, respectively. Group FFPE samples were collected from GC patients before and after NACT, while group mucosa samples were only collected from postoperative fresh frozen tissues after NACT. The above patients met the inclusion and exclusion criteria of this study, i.e., patients with a pathologically confirmed diagnosis of gastric adenocarcinoma, without metastasis or other primary tumors, who received only NACT before surgery and successfully underwent radical gastric cancer surgery were included in this study. The presence of metastasis or other primary tumor lesions, receiving NACT without radical gastric cancer surgery, and receiving other conversion therapies, including immunotherapy, targeted therapy, and probiotics within 1 month before surgery, were excluded from this study. FFPE samples were obtained from the sample bank of the Department of Pathology of the center; GC tumor mucosa samples were obtained from the tumor sample bank of the Department of Gastrointestinal Surgery of the center, and the tumor samples were frozen and stored at −80°C immediately after 20 min of ex vivo. The collection of samples was done in full compliance with the Implementing Rules of the Regulations for the Management of Human Genetic Resources. According to the guidelines, different NACT regimens were given according to the individual tolerance differences of patients, usually including conventional chemotherapy regimens such as 5-F, oxaliplatin, and capecitabine. Samples were then processed and analyzed using 16S Ribosomal RNA Gene Sequencing. To assess NACT efficacy, the 8th edition of the American Joint Committee on Cancer (AJCC) staging system and the College of American Pathologists (CAP) four-point tumor regression grading system were used to grade patients with gastric cancer. Patients were classified as “response” (R) if postoperative tumor regression grade (TRG) pathology was reported as TRG 0–1, ypT0-1, and ypN0, and as “no response” (NR) if TRG2-3, ypT2-4, or ypN+ (Ryan et al., 2005; Yi et al., 2021). The study was approved by the Ethics Committee of the Affiliated Hospital of Qingdao University, and all the participants signed an informed consent form.



16S ribosomal RNA sequencing

Genomic DNA was extracted from fresh frozen tissues using the AllPrep DNA/RNA/miRNA Universal Kit (Qiagen, Hilden, Germany). Genomic DNA from FFPE tissues was extracted using the QIAamp DNA FFPE Tissue Kit (Qiagen). Following PCR amplification, the PCR amplification products were purified using Agencourt AMPure XP magnetic beads and dissolved in an Elution Buffer. Subsequently, the fragment ranges and concentrations of the libraries were detected using an Agilent 2,100 Bioanalyzer. Following library construction, an Agilent 2,100 Bioanalyzer was used to detect the fragment range and concentration of the library. The library was selected for sequencing on the Illumina HiSeq platform according to the insert size.



Bioinformatics processing and analysis

Raw sequencing data were processed for quality control using the software iTools Fqtools fqcheck (v.0.25), cutadapt (v.2.6), and readfq (v1.0), and clean data was obtained and used for subsequent bioinformatics analysis (He et al., 2013). The Amplicon Sequence Variants (ASVs, 100% similar sequences) were obtained by denoising using the DADA2 (Divisive Amplicon Denoising Algorithm) method in the software QIIME2, which in turn resulted in the Feature Table (Feature). After obtaining the Feature, it was compared with the database Greengene V201305 for species annotation by RDP classifier (v2.2) software, and the confidence threshold was set to 0.6 (Wang et al., 2007). Subsequently, Alpha diversity (Simpson and Shannon) and Beta diversity analyses were performed based on the above results using the Q2-diversity plugin QIIME2. STAMP was used to identify species taxa that differed between groups with default parameters and p value <0.05 (Parks et al., 2014). LDA Effect Size analysis (LEfSe) was further used to compare differences in indicator species between groups (Segata et al., 2011). Subsequently, practical PICRUST2 (v2.3.0-b) software was used to predict the potential functional distribution of microbiomes (Langille et al., 2013).



Statistical analysis

Patients’ clinical data were analyzed using SPSS version 26 software (p < 0.05 was considered statistically significant). The chi-square test or Fisher exact test (as appropriate) was used for qualitative variables. For quantitative variables, normality and chi-square were tested first; independent samples t-test was used for variables that conformed to normal distribution and chi-square. Otherwise, the Mann–Whitney U-test was used. Furthermore, the Wilcoxon test was used to compare Alpha and Beta diversity indices, bacterial abundance, and functional prediction analysis.




Results


Baseline characteristics and gastric microbiome of the study population

The clinical baseline characteristics of GC patients are shown in Table 1. Divided into group FFPE (n = 17) and group mucosa (n = 31), the former includes R (n = 6) and NR (n = 11), and the latter includes R (n = 12) and NR (n = 19). There was no statistical difference in gender, age, BMI, smoking history, tumor location, cTNM staging before NACT and chemotherapy regimens. In contrast, tumor size (group FFPE, p = 0.027; group mucosa, p = 0.001) and ypTNM staging after NACT (group FFPE, p = 0.006; group mucosa, p = 0.001) showed statistical differences in both groups. Further describing the GM changes in group FFPE patients before and after NACT, the results of 16S rRNA sequencing showed a relative diversity of GM, with insignificant changes in GM and an abundance of Acidobacteriota, Deinococcota, Pseudomonadota, etc. at the phylum level (Supplementary Figures 1A,B).



TABLE 1 Baseline characteristics of patients.
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Impact of NACT on the gastric microbiome of GC patients

To further evaluate the impact of NACT on GM in GC patients, the GM changes in group FFPE were compared. Firstly, we analyzed GM’s Alpha and Beta diversity before and after NACT and found no difference (Supplementary Figures 2A–C), indicating that NACT does not significantly change the overall diversity structure of GM. In addition, six bacterial taxa, including Bacteroidota, Alphaproteobacteria, and Flavobacteriia, were found to be enriched after NACT by STAMP (Supplementary Table 1). Furthermore, LefEe analysis confirmed the presence of differences in bacterial abundance in the GM before and after NACT. Among the bacterial taxa identified, 9 bacterial taxa, including Solibacillus, Enterococcaceae, and Enterococcus, were identified as enriched before NACT, and 18 bacterial taxa, including Rhodobacterales, Paracoccus, and Bacteroidota, were enriched following NACT (Supplementary Figures 3A,B).



Differentials in gastric microbiome between patients with R and NR

GC patients’ responses to NACT differ, and the GM may be relevant (as described in the Introduction). Based on such hypotheses, we sought to determine whether there were differences in the composition and abundance of GM before and after NACT in patients with R and NR. To address this, differences in GM in group FFPE were compared. No differences in Alpha diversity were observed in either R or NR patients (Figure 1A; Supplementary Figure 4A). Differences in Beta diversity were observed in R patients (Figure 1B) but not in NR patients (Supplementary Figures 4B,C). Furthermore, PCoA and NMDS analysis verified the differences in Beta diversity in R patients (Figure 1C). Differences in specific bacterial taxa in R patients were then identified by STAMP, including 8 bacterial taxa, including Deinococcus_Thermus, Bacteroidetes, Deinococci, etc., enriched after NACT (Table 2). LEfSe analysis verified this difference and found that 16 bacterial taxa, including Bacillus, Anaerococcus, and Chloroflexia, were enriched before NACT, and 6 bacterial taxa, including Haemophilus and Veillonella, were enriched after NACT (Figures 1D,E). To further assess the possibility of certain specific bacterial taxa in R patients benefiting from NACT, GM in R and NR patients before NACT were compared for differences in microbiome composition and abundance. As expected, no differences in Alpha and Beta diversity were observed (Supplementary Figures 5A–C). However, 18 bacterial taxa, including Planococcaceae, Rhizobiales, and Carnobacteriaceae, were found to be enriched in R patients, and 5 bacterial taxa, including Rhodococcus, Caulobacter, and Negativicutes, were enriched in NR patients by STAMP and verified by LEfSe analysis (Supplementary Figures 5D,E). Moreover, we noticed that several bacterial taxa, including Planococcaceae (Planococcaceae_incertae_sedis), Anaerococcus, Rubritepida, Geodermatophilus (Geodermatophiaceae), and others, were enriched in patients with R before receiving NACT in both comparisons (Figure 1E; Supplementary Figure 5E).
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FIGURE 1
 The diversity and composition of different bacterial taxa in the gastric microbiome of patients with R during NACT treatment (n = 6). (A) chao1 index, p = 0.748; Shannon index, p = 0.937; Simpson index, p = 0.699. The Wilcoxon Test was used and showed no Alpha diversity differences. (B) The gastric microbiome of R patients before and after NACT showed differences in Beta diversity (Wilcoxon Test, p = 0.045). (C) PCoA analysis showed differences (PERMANOVA Test, p = 0.019); NMDS analysis showed differences (PERMUTATION Test, Stress = 0.0795). (D) LEfSe clustered Clangrom plot. a: Oscillochloridaceae; b: Chloroflexales; c: Chloroflexia; d: Bacillaceae; e: Planococcaceae; f: Veillonellaceae; g: Selenomonadales; h: Negativicutes. (E) Bar chart of log10 LDA for bacterial differential taxa before and after NACT in R patients. Taxa listed were significant (Wilcoxon Test, p < 0.05; LDA scores >2). “pre_,” pre-NACT; “post_,” post-NACT; PCoA, Principal Co-ordinates Analysis; NMDS, Nonmetric Multidimensional Scaling; R, response, FFPE samples from gastric cancer patients.




TABLE 2 Comparison of gastric microbiome before and after NACT in R patients by STAMP.
[image: Table2]

To better fully characterize the potential impact of GM on NACT response in GC patients, we retrospectively collected another independent cohort of gastric cancer tumor mucosa samples, namely group mucosa (Table 1). Firstly, we assessed whether there were differences in GM’s Alpha and Beta diversity between R and NR patients. The results showed no difference in Alpha diversity between the two groups (Figure 2A), while Beta diversity was significantly different (Figure 2B). Furthermore, PCoA and NMDS analysis verified the differences (Figure 2C). STAMP subsequently detected variations in specific bacterial taxa between the two groups; several bacterial taxa, including Bacteroidetes, Clostridia, Lachnospiraceae, Ruminococcaceae, etc., were enriched in patient R, whereas Bacilli (Bacillus_cereus), Epsilonproteobacteria, etc. were enriched in NR (Table 3). Further LEfSe analysis verified that 31 bacterial taxa, including Coriobacteriaceae, Ruminococcaceae, Veillonellaceae, Lachnospiraceae, etc., were enriched in R patients, whereas 4 bacterial taxa including Campylobacterales and Epsilonproteobacteria were enriched in NR (Figures 2D,E).
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FIGURE 2
 Diversity and composition of differential bacterial taxa in the gastric microbiome of patients with R (n = 12) and NR (n = 19). (A) Chao1 index, p = 0.984; Shannon index, p = 0.509; Simpson index, p = 0.484. The Wilcoxon Test was used and showed no Alpha diversity differences. (B) Beta diversity, p = 0.004 (Wilcoxon Test). (C) PCoA analysis showed differences (PERMANOVA Test, p = 0.042). B NMDS analysis showed differences (PERMUTATION Test, Stress = 0.1485). (D) LEfSe clustered Clangrom plot. a: Coriobacteriaceae; b: Coriobacteriales; c: Rikenellaceae; d: Bacteroidales; e: Bacteroidia; f: Ruminococcaceae; g: Clostridiales; h: Clostridia; i: Campylobacterales; j: Epsilonproteobacteria. (E) Bar chart of log10 LDA for bacterial differential taxa between R and NR patients after NACT. The taxa listed were significant (Wilcoxon Test, p < 0.05; LDA scores >2). PCoA, Principal Co-ordinates Analysis; NMDS, Nonmetric Multidimensional Scaling; R, response; NR, no response. FF samples from gastric cancer patients.




TABLE 3 Comparison of the gastric microbiome in R and NR patients after NACT by STAMP.
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Differential functional analysis of potential metabolic pathways

To identify potential functional mechanisms by which GM may influence NACT responses, KEGG enrichment analysis using PICRUST2 software predicted potential functional differences between group FFPE and group mucosa. Lipopolysaccharide (LPS) biosynthesis, Citrate cycle (TCA cycle), Glycine, serine, and threonine metabolism, etc., may be potential metabolic pathways influencing the response to NACT treatment in the former patients with R (Supplementary Figure 6, Wilcox Test, p < 0.05). Carbon fixation pathways in prokaryotes, D-Alanine metabolism, streptomycin biosynthesis, alanine, aspartate, and glutamate metabolism, biosynthesis of ansamycins, and citrate cycle (TCA cycle) may be potential metabolic pathways influencing the latter’s response to NACT (Supplementary Figure 7, Wilcox Test, p < 0.05).




Discussion

In recent decades, increasing evidence has demonstrated that gut microbiota plays an essential role in health and disease (Stewart et al., 2020; Guo et al., 2023). Studies have shown that the gut microbiota is associated with radiotherapy for colorectal cancer11-13. However, the relationship between GM and NACT has rarely been reported. Moreover, many factors, such as a strongly acidic environment (Guarner and Malagelada, 2003; Stewart et al., 2020), peristaltic state (Guarner and Malagelada, 2003), H.pylori infection (Stewart et al., 2020), and proton pump inhibitor therapy (Amir et al., 2014), contribute to the relative instability of the GM compared to the colorectum. This, coupled with differences in study design, has led to diverse results in GM studies.

In the study, 16S rRNA sequencing was used to assess whether there were changes in the GM of patients before and after NACT. The results showed no difference in both Alpha and Beta diversity (Supplementary Figures 2A–C), which suggests that NACT may not significantly impact the overall structure of the GM in GC patients. Possible reasons include that GM escapes chemotherapeutic drugs through some evasion mechanism or that chemotherapeutic drugs do not preferentially target certain GMs. The differences in GM of R patients of group FFPE before and after NACT and between R and NR patients of group mucosa were evaluated separately. We found that at different levels, 16 bacterial taxa, including Bacillus, Anaerococcus, and Chloroflexi, were identified as enriched before NACT in the former, while 6, including Haemophilus, Veillonellaceae (Veillonella), and others were enriched after NACT (Figures 1D,E). Thirty-one bacterial taxa, including Coriobacteriaceae, Ruminococcaceae, Veillonellaceae, and Lachnospiraceae, were identified in the latter as enriched in R patients. In contrast, 4 taxa, such as Campylobacterales, Epsilonproteobacteria, etc., were enriched in NR patients (Figures 2D,E). At the phylum level, all were dominated by Firmicutes, Bacteroidetes, Proteobacteria, and Actinobacteria. However, there were differences in sequencing results at the family or genus level, which may have occurred due to differences between the controls or between FFPE samples and fresh frozen samples (Greytak et al., 2015).

Notably, we first reported the enrichment of Chloroflexi phylum in patients with R before in NACT (Figures 1D,E). The first Chloroflexi phylum was described by Pierson et al. (Pierson and Castenholz, 1974) in 1974. However, research evidence linking the Chloroflexi phylum to GC in studies is scarce. In a study, Wang et al. (Wang et al., 2020) evaluated the changes in the microbiome during the development of GC. They found that the abundance of Chloroflexi phylum from chronic gastritis, through intestinal metaplasia, and intraepithelial neoplasia to GC is gradually decreased. In another study regarding lung cancer, the relative content of Chloroflexi phylum was elevated in cancerous tissue samples compared to paracancerous tissue samples (Zhou et al., 2023). Currently, the biochemical roles of the Chloroflexi phylum, such as carbon fixation, carbon monoxide oxidation, nitrogen, and sulfur metabolism, have been gradually revealed (Narsing Rao et al., 2022). It has also been demonstrated that the Chloroflexi phylum has a nitrate reductase gene (Sanford et al., 2012; McIlroy et al., 2016; Narsing Rao et al., 2022). Nitrite is further reduced to NO by nitrate reductase. Nitrated NO is thought to play an important role in host defense and regulation of gastric mucosal integrity (Petersson et al., 2015). However, nitrate or nitrite is also considered a carcinogen for GC progression (Hernández-Ramírez et al., 2009). Therefore, the link between Chloroflexi phylum and GC progression and treatment and whether it can be used as a biomarker for GC patients responding to NACT still needs to be validated in a larger group of subjects. In addition, we found that predominantly bacteria belonging to the family Veillonellaceae (genus Veillonella) were identified to be enriched after NACT in patients with R (Figures 1D,E). The DELIVER trial results (JACCRO GC-08) suggest that the genus Veillonella may be a novel biomarker for effective AGC immunotherapy (Sunakawa et al., 2023). Paradoxically, the genus Veillonella appears to be a specific biomarker for detecting and classifying lung cancer (Zhou et al., 2023). Moreover, the genus Veillonella can also trigger an inflammatory response through the production of LPS (Delwiche et al., 1985). This is consistent with our functional predictions, noting that LPS biosynthesis appears to be a potential pathway of influence. Consistently, we have also found that the TCA cycle metabolic pathway seems to be suggestive in the comparison of both samples (Supplementary Figures 6, 7), whereas genus Veillonella can exert its anti-inflammatory properties by catabolizing lactic acid into propionic and butyric acids via the TCA cycle (Hamilton, 1973; Scheiman et al., 2019). Interestingly, the Veillonellaceae family was also identified as enriched in R patients in the analysis of mucosa samples. Similarly, the genus Veillonella (Hamilton, 1973) and the phylum Chloroflexi (Narsing Rao et al., 2022) were shown to be associated with carbon fixation, consistent with our functional predictions, and we found that carbon fixation pathways in prokaryotes may be potential pathways of influence (Supplementary Figure 7). This evidence seems to suggest that the two samples are somehow congruent. In addition, the genus Bacillus has also been found to be enriched in pre-NACT R patients. Some studies have also demonstrated that the genus Bacillus is a potentially harmful bacterium of the gastric mucosa (Kadeerhan et al., 2021). Still, contrary studies have confirmed that some species of the genus Bacillus also have probiotic value (Acosta-Rodríguez-Bueno et al., 2022). Furthermore, we observed some unclassified species, including the genera Planococcaceae_incertae_sedis and Filomicrobium.

From the comparison of group mucosa with NR patients, at the family level, we found that several types of bacterial taxa dominated by Lachnospiraceae, Ruminococcaceae, Coriobacteriaceae, etc. were enriched in R patients (Figure 2E). It has been demonstrated that Lachnospiraceae and Ruminococcaceae species hydrolyze starch and other sugars to produce butyrate and other short-chain fatty acids (SCFAs) (Vacca et al., 2020; Biddle et al., 2023), and SCFAs such as butyrate are thought to be gut-protectors (Bishehsari et al., 2018; Martin-Gallausiaux et al., 2021). In addition, the family Lachnospiraceae prevented colorectal carcinogenesis by promoting tumor immunosurveillance (Zhang et al., 2023), and the family Coriobacteriaceae is negatively associated with inflammatory bowel diseases (IBD) (Pittayanon et al., 2020), and diabetes mellitus (T2D) (Liu et al., 2018; Zhuang et al., 2021). Consistent with other findings, enriched bacteria identified in R patients at the genus level in this study included Intestinimonas (Afouda et al., 2019), Anaerotruncus (Lawson et al., 2004), Roseburia (Duncan et al., 2002; Vacca et al., 2020), Coprococcus (Rogosa, 1969; Vacca et al., 2020), Megamonas (Bishehsari et al., 2018), Alloprevotella (Bishehsari et al., 2018), and Acidaminococcus (Bishehsari et al., 2018; Mager et al., 2020) are producers of SCFAs such as acetic acid and propionic acid. Among them, the genus Acidaminococcus and others (Bishehsari et al., 2018; Mager et al., 2020) are involved in the metabolism of amino acids, such as glutamate, consistent with our functional predictions. Moreover, we found that metabolic pathways, including amino acids such as glutamate and alanine, appear to be potential pathways of influence (Supplementary Figure 10). In addition, consistent with our study, the genus Roseburia was enriched in R patients in a study with patients with NR as a control, and its optimal abundance variant was shown to be a possible predictor of chemotherapy efficacy in patients with differentiated gastrointestinal tumors (Li et al., 2021). In another study, Mager et al. (2020) demonstrated through mouse experiments that the co-action of the genus Olsenella with certain commensal bacteria could further enhance the immunotherapeutic efficacy of CRC by increasing the efficacy of CTLA-4 antibodies. The genus Gordonibacter has also been shown to produce urolithins (Kasimsetty et al., 2009) shown to have anti-inflammatory and anticancer properties (Bialonska et al., 2009; Li et al., 2020); the genus Gemmiger has been negatively associated with a variety of psychiatric disorders (Ogier et al., 2008). In addition to this, the genus Leuconostoc has been generically recognized as safe (GRAS) (Hu et al., 2018); the genus Sphingobium is reduced in the gastric microbiota of GC patients (Bessède and Mégraud, 2022), and the genus is capable of degrading xenobiotics compounds, in particular, aromatic hydrocarbons known to have carcinogenic properties (Xie et al., 2018). However, in contrast, the pro-inflammatory bacteria genus Oscillibacter (Alexander et al., 2022) and genus Eggerthella (Pongen et al., 2023) were shown to be enriched in patients with IBD and worsened colitis in a Rorc-dependent manner in mice; other species were also identified to be enriched in R patients. In contrast, in NR patients, enrichment was dominated by the phylum Proteobacteria, which was shown to be tumor-promoting (Marchesi et al., 2016); however, we also observed enrichment of the butyric acid-producing bacterium genus Butyrivibrio (Bishehsari et al., 2018). These phenomena are thought-provoking, and although SCFAs, such as butyrate, have been shown to have a protective effect on the gastrointestinal tract (Bishehsari et al., 2018; Zhang et al., 2023), they also exert a pro-tumorigenic role (Marchesi et al., 2016). Notably, bacterial diversity has been an obstacle for researchers to discover potential cancer development or treatment biomarkers. However, this does not mean that the possibility of utilizing microorganisms to participate in disease progression and treatment can be ruled out, which requires more in-depth basic research and larger preclinical or clinical trials to conclude.

Limitations of this study should be recognized. On the one hand, this study was a retrospective study with a small sample size, which may have contributed to our inability to explain some of the phenomena. On the other hand, the use of 16 s sequencing technology alone does not allow for good annotation and requires the combined use of technologies such as metagenomics, metabolomics, etc., and the need to move away from simple observation to the determination of correlation to determine whether it is purely correlational, or causation.



Conclusion

The data in the study confirm that NACT response in GC patients is associated with GM. However, further experiments are needed to prove the causal or consequential relationship. In addition, there may be some consistency between FFPE samples and fresh frozen samples, and the study found that the Veillonellaceae family was enriched in both samples of R patients. More importantly, the study reported for the first time the enrichment of Chloroflexi phylum before NACT in R patients, which was not available in previous studies. However, whether these two have the biomarker potential remains to be proved by further experiments.

In summary, the study confirms that GM may be involved in NACT in GC patients and also provides a theoretical basis for the next step of basic research and individualized treatment of GC.



Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found at: https://osf.io/r634v/, PRJNA1068298.



Ethics statement

The studies involving humans were approved by Ethics Committee of the Affiliated Hospital of Qingdao University. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

PZ: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. JX: Conceptualization, Methodology, Project administration, Resources, Supervision, Validation, Writing – review & editing. YZ: Conceptualization, Funding acquisition, Methodology, Project administration, Resources, Supervision, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. Shandong Provincial Natural Science Foundation, China (no. ZR2021MH001).



Acknowledgments

The authors thank AiMi Academic Services (www.aimieditor.com) for English language editing and review services.



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.



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.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmicb.2024.1357261/full#supplementary-material



References

 Acosta-Rodríguez-Bueno, C. P., Abreu, A. Y., Guarner, F., Guno, M. J. V., Pehlivanoğlu, E., and Perez, M. 3rd. (2022). Bacillus clausii for Gastrointestinal Disorders: A Narrative Literature Review. Adv Ther. 39, 4854–4874. doi: 10.1007/s12325-022-02285-0 

 Afouda, P., Durand, G. A., Lagier, J. C., Labas, N., Cadoret, F., Armstrong, N., et al. (2019). Noncontiguous finished genome sequence and description of Intestinimonas massiliensis sp. nov strain GD2T, the second Intestinimonas species cultured from the human gut. Microbiology 8:e00621. doi: 10.1002/mbo3.621 

 Alexander, M., Ang, Q. Y., Nayak, R. R., Bustion, A. E., Sandy, M., Zhang, B., et al. (2022). Human gut bacterial metabolism drives Th17 activation and colitis. Cell Host. Microbe 30, 17–30.e9. doi: 10.1016/j.chom.2021.11.001 

 Amir, I., Konikoff, F. M., Oppenheim, M., Gophna, U., and Half, E. E. (2014). Gastric microbiota is altered in oesophagitis and Barrett's oesophagus and further modified by proton pump inhibitors. Environ. Microbiol. 16, 2905–2914. doi: 10.1111/1462-2920.12285 

 Bessède, E., and Mégraud, F. (2022). Microbiota and gastric cancer. Semin. Cancer Biol. 86, 11–17. doi: 10.1016/j.semcancer.2022.05.001

 Bialonska, D., Kasimsetty, S. G., Khan, S. I., and Ferreira, D. (2009). Urolithins, intestinal microbial metabolites of pomegranate ellagitannins, exhibit potent antioxidant activity in a cell-based assay. J. Agric. Food Chem. 57, 10181–10186. doi: 10.1021/jf9025794

 Biddle, A., Stewart, L., Blanchard, J., and Leschine, S. (2023). Untangling the genetic basis of Fibrolytic specialization by Lachnospiraceae and Ruminococcaceae in diverse gut communities diversity (Basel). Diversity (Basel) 5, 627–640. doi: 10.3390/d5030627

 Bishehsari, F., Engen, P. A., Preite, N. Z., Tuncil, Y., Naqib, A., Shaikh, M., et al. (2018). Dietary Fiber treatment corrects the composition of gut microbiota, promotes SCFA production, and suppresses Colon carcinogenesis. Genes (Basel) 9:102. doi: 10.3390/genes9020102 

 Bray, F., Ferlay, J., Soerjomataram, I., Siegel, R. L., Torre, L. A., and Jemal, A. (2018). Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 68, 394–424. doi: 10.3322/caac.21492 

 Cao, W., Chen, H. D., Yu, Y. W., Li, N., and Chen, W. Q. (2021). Changing profiles of cancer burden worldwide and in China: a secondary analysis of the global cancer statistics 2020. Chin. Med. J. 134, 783–791. doi: 10.1097/CM9.0000000000001474 

 Cunningham, D., Allum, W. H., Stenning, S. P., Thompson, J. N., van de Velde, C. J. H., Nicolson, M., et al. (2006). Perioperative chemotherapy versus surgery alone for resectable gastroesophageal cancer. N. Engl. J. Med. 355, 11–20. doi: 10.1056/NEJMoa055531

 Delwiche, E. A., Pestka, J. J., and Tortorello, M. L. (1985). The veillonellae: gram-negative cocci with a unique physiology. Ann. Rev. Microbiol. 39, 175–193. doi: 10.1146/annurev.mi.39.100185.001135

 Duncan, S. H., Barcenilla, A., Stewart, C. S., Pryde, S. E., and Flint, H. J. (2002). Acetate utilization and butyryl coenzyme a (CoA):acetate-CoA transferase in butyrate-producing bacteria from the human large intestine. Appl. Environ. Microbiol. 68, 5186–5190. doi: 10.1128/AEM.68.10.5186-5190.2002 

 Greytak, S. R., Engel, K. B., Bass, B. P., and Moore, H. M. (2015). Accuracy of molecular data generated with FFPE biospecimens: lessons from the literature. Cancer Res. 75, 1541–1547. doi: 10.1158/0008-5472.CAN-14-2378 

 Guarner, F., and Malagelada, J. R. (2003). Gut flora in health and disease. Lancet 361, 512–519. doi: 10.1016/S0140-6736(03)12489-0

 Guo, Y., Cao, X. S., Zhou, M. G., and Yu, B. (2023). Gastric microbiota in gastric cancer: different roles of helicobacter pylori and other microbes. Front. Cell. Infect. Microbiol. 12:1105811. doi: 10.3389/fcimb.2022.1105811 

 Hamilton, I. R. (1973). Carbon dioxide fixation by Veillonella parvula M 4 and its relation to propionic acid formation. Can. J. Microbiol. 19, 715–723. doi: 10.1139/m73-116 

 He, W., Zhao, S., Liu, X., Dong, S., Lv, J., Liu, D., et al. (2013). ReSeqTools: an integrated toolkit for large-scale next-generation sequencing based resequencing analysis. Genet. Mol. Res. 12, 6275–6283. doi: 10.4238/2013.December.4.15 

 Hekmatshoar, Y., Nakhle, J., Galloni, M., and Vignais, M. L. (2018). The role of metabolism and tunneling nanotube-mediated intercellular mitochondria exchange in cancer drug resistance. Biochem. J. 475, 2305–2328. doi: 10.1042/BCJ20170712 

 Hernández-Ramírez, R. U., Galván-Portillo, M. V., Ward, M. H., Agudo, A., González, C. A., Oñate-Ocaña, L. F., et al. (2009). Dietary intake of polyphenols, nitrate and nitrite and gastric cancer risk in Mexico City. Int. J. Cancer 125, 1424–1430. doi: 10.1002/ijc.24454 

 Hu, Y. L., Pang, W., Huang, Y., Zhang, Y., and Zhang, C. J. (2018). The gastric microbiome is perturbed in advanced gastric adenocarcinoma identified through shotgun metagenomics. Front. Cell. Infect. Microbiol. 8:433. doi: 10.3389/fcimb.2018.00433 

 Jang, B. S., Chang, J. H., Chie, E. K., Kim, K., Park, J. W., Kim, M. J., et al. (2020). Gut microbiome composition is associated with a pathologic response after preoperative Chemoradiation in patients with rectal Cancer. Int. J. Radiat. Oncol. Biol. Phys. 107, 736–746. doi: 10.1016/j.ijrobp.2020.04.015 

 Japanese Gastric Cancer Association (2021). Japanese gastric cancer treatment guidelines 2018 (5th edition). Gastric Cancer 24, 1–21. doi: 10.1007/s10120-020-01042-y 

 Kadeerhan, G., Gerhard, M., Gao, J. J., Mejías-Luque, R., Zhang, L., Vieth, M., et al. (2021). Microbiota alteration at different stages in gastric lesion progression: a population-based study in Linqu. China. Am. J. Cancer Res. 39, 4854–4874.

 Kasimsetty, S. G., Bialonska, D., Reddy, M. K., Thornton, C., Willett, K. L., and Ferreira, D. (2009). Effects of pomegranate chemical constituents/intestinal microbial metabolites on CYP1B1 in 22Rv1 prostate cancer cells. J. Agric. Food Chem. 57, 10636–10644. doi: 10.1021/jf902716r 

 Langille, M. G., Zaneveld, J., Caporaso, J. G., McDonald, D., Knights, D., Reyes, J. A., et al. (2013). Predictive functional profiling of microbial communities using 16S rRNA marker gene sequences. Nat. Biotechnol. 31, 814–821. doi: 10.1038/nbt.2676 

 Lawson, P. A., Song, Y., Liu, C., Molitoris, D. R., Vaisanen, M. L., Collins, M. D., et al. (2004). Anaerotruncus colihominis gen. Nov., sp. nov., from human faeces. Int. J. Syst. Evol. Microbiol. 54, 413–417. doi: 10.1099/ijs.0.02653-0

 Li, N., Bai, C., Zhao, L., Sun, Z., Ge, Y., and Li, X. (2021). The relationship between gut microbiome features and chemotherapy response in gastrointestinal Cancer. Front. Oncol. 11:781697. doi: 10.3389/fonc.2021.781697 

 Li, H., He, J., and Jia, W. (2016). The influence of gut microbiota on drug metabolism and toxicity. Expert Opin. Drug Metab. Toxicol. 12, 31–40. doi: 10.1517/17425255.2016.1121234 

 Li, J., Ma, Y., Bao, Z., Gui, X., Li, A. N., Yang, Z., et al. (2020). Clostridiales are predominant microbes that mediate psychiatric disorders. J. Psychiatr. Res. 130, 48–56. doi: 10.1016/j.jpsychires.2020.07.018 

 Liu, H., Zhang, H., Wang, X., Yu, X., Hu, C., and Zhang, X. (2018). The family Coriobacteriaceae is a potential contributor to the beneficial effects of roux-en-Y gastric bypass on type 2 diabetes. Surg. Obes. Relat. Dis. 14, 584–593. doi: 10.1016/j.soard.2018.01.012 

 Mager, L. F., Burkhard, R., Pett, N., Cooke, N. C. A., Brown, K., Ramay, H., et al. (2020). Microbiome-derived inosine modulates response to checkpoint inhibitor immunotherapy. Science 369, 1481–1489. doi: 10.1126/science.abc3421 

 Marchesi, J. R., Adams, D. H., Fava, F., Hermes, G. D. A., Hirschfield, G. M., Hold, G., et al. (2016). The gut microbiota and host health: a new clinical frontier. Gut 65, 330–339. doi: 10.1136/gutjnl-2015-309990 

 Martin-Gallausiaux, C., Marinelli, L., Blottière, H. M., Larraufie, P., and Lapaque, N. (2021). SCFA: mechanisms and functional importance in the gut. Proc. Nutr. Soc. 80, 37–49. doi: 10.1017/S0029665120006916

 McIlroy, S. J., Karst, S. M., Nierychlo, M., Dueholm, M. S., Albertsen, M., Kirkegaard, R. H., et al. (2016). Genomic and in situ investigations of the novel uncultured Chloroflexi associated with 0092 morphotype filamentous bulking in activated sludge. ISME J. 10, 2223–2234. doi: 10.1038/ismej.2016.14 

 Narsing Rao, M. P., Luo, Z. H., Dong, Z. Y., Li, Q., Liu, B. B., Guo, S. X., et al. (2022). Metagenomic analysis further extends the role of Chloroflexi in fundamental biogeochemical cycles. Environ. Res. 209:112888. doi: 10.1016/j.envres.2022.112888 

 Ogier, J. C., Casalta, E., Farrokh, C., and Saïhi, A. (2008). Safety assessment of dairy microorganisms: the Leuconostoc genus. Int. J. Food Microbiol. 126, 286–290. doi: 10.1016/j.ijfoodmicro.2007.08.012 

 Parks, D. H., Tyson, G. W., Hugenholtz, P., and Beiko, R. G. (2014). STAMP: statistical analysis of taxonomic and functional profiles. Bioinformatics 30, 3123–3124. doi: 10.1093/bioinformatics/btu494 

 Petersson, J., Jädert, C., Phillipson, M., Borniquel, S., Lundberg, J. O., and Holm, L. (2015). Physiological recycling of endogenous nitrate by oral bacteria regulates gastric mucus thickness. Free Radic. Biol. Med. 89, 241–247. doi: 10.1016/j.freeradbiomed.2015.07.003 

 Pierson, B. K., and Castenholz, R. W. (1974). A phototrophic gliding filamentous bacterium of hot springs, Chloroflexus aurantiacus, gen. And sp. nov. Arch. Microbiol. 100, 5–24. doi: 10.1007/BF00446302 

 Pittayanon, R., Lau, J. T., Leontiadis, G. I., Tse, F., Yuan, Y., Surette, M., et al. (2020). Differences in gut microbiota in patients with vs without inflammatory bowel diseases: a systematic review. Gastroenterology 158, 930–946.e1. doi: 10.1053/j.gastro.2019.11.294 

 Pongen, Y. L., Thirumurugan, D., Ramasubburayan, R., and Prakash, S. (2023). Harnessing actinobacteria potential for cancer prevention and treatment. Microb. Pathog. 183:106324. doi: 10.1016/j.micpath.2023.106324 

 Rogosa, M. (1969). Acidaminococcusgen. N., Acidaminococcus fermentanssp. N., anaerobic gram-negative diplococci using amino acids as the sole energy source for growth. J. Bacteriol. 98, 756–766. doi: 10.1128/jb.98.2.756-766.1969 

 Ryan, R., Gibbons, D., Hyland, J. M., Treanor, D., White, A., Mulcahy, H. E., et al. (2005). Pathological response following long-course neoadjuvant chemoradiotherapy for locally advanced rectal cancer. Histopathology 47, 141–146. doi: 10.1111/j.1365-2559.2005.02176.x

 Sanford, R. A., Wagner, D. D., Wu, Q., Chee-Sanford, J. C., Thomas, S. H., Cruz-García, C., et al. (2012). Unexpected nondenitrifier nitrous oxide reductase gene diversity and abundance in soils. Proc. Natl. Acad. Sci. USA 109, 19709–19714. doi: 10.1073/pnas.1211238109 

 Scheiman, J., Luber, J. M., Chavkin, T. A., MacDonald, T., Tung, A., Pham, L. D., et al. (2019). Meta-omics analysis of elite athletes identifies a performance-enhancing microbe that functions via lactate metabolism. Nat. Med. 25, 1104–1109. doi: 10.1038/s41591-019-0485-4 

 Segata, N., Izard, J., Waldron, L., Gevers, D., Miropolsky, L., Garrett, W. S., et al. (2011). Metagenomic biomarker discovery and explanation. Genome Biol. 12:R60. doi: 10.1186/gb-2011-12-6-r60 

 Smyth, E. C., Nilsson, M., Grabsch, H. I., van Grieken, N. C., and Lordick, F. (2020). Gastric cancer. Lancet 396, 635–648. doi: 10.1016/S0140-6736(20)31288-5

 Smyth, E. C., Verheij, M., Allum, W., Cunningham, D., Cervantes, A., Arnold, D., et al. (2016). Gastric cancer: ESMO clinical practice guidelines for diagnosis, treatment and follow-up. Ann. Oncol. 27, v38–v49. doi: 10.1093/annonc/mdw350 

 Stewart, O. A., Wu, F., and Chen, Y. (2020). The role of gastric microbiota in gastric cancer. Gut Microbes 11, 1220–1230. doi: 10.1080/19490976.2020.1762520 

 Sunakawa, Y., Matoba, R., Inoue, E., Sakamoto, Y., Kawabata, R., Ishiguro, A., et al. (2023). Genomic pathway of gut microbiome to predict efficacy of nivolumab in advanced gastric cancer: DELIVER trial (JACCRO GC-08). J. Clin. Oncol. 39:161. doi: 10.1200/jco.2021.39.3_suppl.161

 Teng, H., Wang, Y., Sui, X., Fan, J., Li, S., Lei, X., et al. (2023). Gut microbiota-mediated nucleotide synthesis attenuates the response to neoadjuvant chemoradiotherapy in rectal cancer. Cancer Cell 41, 124–138.e6. doi: 10.1016/j.ccell.2022.11.013 

 Vacca, M., Celano, G., Calabrese, F. M., Portincasa, P., Gobbetti, M., and De Angelis, M. (2020). The controversial role of human gut Lachnospiraceae. Microorganisms. 8:573. doi: 10.3390/microorganisms8040573 

 Wang, Z., Gao, X., Zeng, R., Wu, Q., Sun, H., Wu, W., et al. (2020). Changes of the gastric mucosal microbiome associated with histological stages of gastric carcinogenesis. Front. Microbiol. 11:997. doi: 10.3389/fmicb.2020.00997 

 Wang, Q., Garrity, G. M., Tiedje, J. M., and Cole, J. R. (2007). Naive Bayesian classifier for rapid assignment of rRNA sequences into the new bacterial taxonomy. Appl. Environ. Microbiol. 73, 5261–5267. doi: 10.1128/AEM.00062-07 

 Wang, F. H., Zhang, X. T., Li, Y. F., Tang, L., Qu, X. J., Ying, J. E., et al. (2021). The Chinese Society of Clinical Oncology (CSCO): clinical guidelines for the diagnosis and treatment of gastric cancer, 2021. Cancer Commun. (Lond). 41, 747–795. doi: 10.1002/cac2.12193 

 Watanabe, H., Kishino, S., Kudoh, M., Yamamoto, H., and Ogawa, J. (2020). Evaluation of electron-transferring cofactor mediating enzyme systems involved in urolithin dehydroxylation in Gordonibacter urolithinfaciens DSM 27213. J. Biosci. Bioeng. 129, 552–557. doi: 10.1016/j.jbiosc.2019.11.014 

 Wroblewski, L. E., Peek, R. M. Jr., and Wilson, K. T. (2010). Helicobacter pylori and gastric cancer: factors that modulate disease risk. Clin. Microbiol. Rev. 23, 713–739. doi: 10.1128/CMR.00011-10 

 Xie, R., Sun, Y., Wu, J., Huang, S., Jin, G., Guo, Z., et al. (2018). Maternal high fat diet alters gut microbiota of offspring and exacerbates DSS-induced colitis in adulthood. Front. Immunol. 9:2608. doi: 10.3389/fimmu.2018.02608 

 Yamamura, K., Izumi, D., Kandimalla, R., Sonohara, F., Baba, Y., et al. (2019). Intratumoral Fusobacterium Nucleatum levels predict therapeutic response to neoadjuvant chemotherapy in esophageal squamous cell carcinoma. Clin. Cancer Res. 25, 6170–6179. doi: 10.1158/1078-0432.CCR-19-0318 

 Yi, Y., Shen, L., Shi, W., Xia, F., Zhang, H., Wang, Y., et al. (2021). Gut microbiome components predict response to neoadjuvant Chemoradiotherapy in patients with locally advanced rectal Cancer: a prospective, longitudinal study. Clin. Cancer Res. 27, 1329–1340. doi: 10.1158/1078-0432.CCR-20-3445 

 Zhang, X., Yu, D., Wu, D., Gao, X., Shao, F., Zhao, M., et al. (2023). Tissue-resident Lachnospiraceae family bacteria protect against colorectal carcinogenesis by promoting tumor immune surveillance. Cell Host Microbe 31, 418–432.e8. doi: 10.1016/j.chom.2023.01.013 

 Zheng, H. C. (2017). The molecular mechanisms of chemoresistance in cancers. Oncotarget 8, 59950–59964. doi: 10.18632/oncotarget.19048 

 Zhou, Y., Zeng, H., Liu, K., Pan, H., Wang, B., Zhu, M., et al. (2023). Microbiota profiles in the saliva, cancerous tissues and its companion paracancerous tissues among Chinese patients with lung cancer. BMC Microbiol. 23:237. doi: 10.1186/s12866-023-02882-1 

 Zhuang, P., Li, H., Jia, W., Shou, Q., Zhu, Y., Mao, L., et al. (2021). Eicosapentaenoic and docosahexaenoic acids attenuate hyperglycemia through the microbiome-gut-organs axis in db/db mice. Microbiome. 9:185. doi: 10.1186/s40168-021-01126-6 


Copyright
 © 2024 Zhang, Xu and Zhou. 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.

OPS/images/fmicb-15-1357261-t003.jpg
Relative Abundance of mucosa_R
(%)

Relative Abundance of
mocusa_NR (%)

p-values

Taxonomy level

Bacteroidetes
Clostridia
Bacteroidia
Bacili
Epsilonproteobacteria

Clostridiales
Lachnospiraceae
Ruminococcaceae

Prevotella_copri

Bacillus_cereus

28.19382

29276092

28.104442

9.513941

5551373

29276092

15640448

10918395

16205266

0.002455

NACT, neoadjuvant chemotherapy; R, response; NR, no response.

17544959

18397846

17.436246

18570907

16709311

18397846

10033421

5179571

8238723

2679231

002

0.037

002

0.037

0,037

0.037

0.041

003

0033

002

Phylum
Class
Class
Class
Class
Order
Family
Family
Species

Species





OPS/images/fmicb-15-1357261-t001.jpg
Baseline Group FFPE Baseline Group mucosa

characteristics R(n=6) NR (n=11) characteristics. R(n=12) NR (n=19)

Gender 1000 Gender 0206
Male 4(667%) 8727%) Male 7(583%) 16 (812%)

Female 233.3%) 327.3%) Female 5(41.7%) 3058%)

Age 66.0027.95 584521069 0152 Age 64.00(61.50-6600) | 5900 (5100-6500) 040"
BMI 2585 2238-3069) | 25.26(22.80-26.80) 0767 | BMI 24204308 2654400 0451
Smoking history 0644 Smokinghistory. 0736
Yes 3(500%) 1064%) Yes 5017%) 9 (47.4%)

No 3(500%) 7(63.6%) No 7(583%) 10(52.6%)

Tumor location 079 Tumor location 1000
L 4(667%) 5 (5%) L 8(667%) 12(632%)

M 0(00%) 2082%) M 350%) 4@10%)

v 233%) 4G64%) v 16.3%) 3058%)

Tumor size 2082111 3820152 0027 Tumorsize 075 000-288) 350(220-5.00) [
TNM staging before NACT L000  CTNM staging before NACT 0174
1 0000%) 0(00%) 1 000.0%) 000%)

[ 1(167%) 104%) n 4633%) 20105%)

m 5(33%) 10(90.9%) m 8(667%) 17 89.5%)

YPTNM staging afier NACT 0006 | ypTNM staging afier NACT 0001
1 4(667%) 000%) 1 7(583%) 000%)

" 233%) 6(645%) n 3e50%) 9(474%)

m 0000% 505.5%) m 20167%) 10(52.6%)

Chemotherapy regimens 0830 | Chemotherapy regimens 0781
cisplatins-FU 2033%) 5 5.4%) ciplatins-FU 501.7%) 9 (47.4%)

Oxalplatin 233%) 4064%) Oxaliplatin 6(500%) 7(68%)

PACLITAXEL 2(333%) 2082%) Paclitaxel 1683%) 3058%)

“Unless otherwise tated,the Pearson's  est or Fisher exacttest was used (as appropriat) #Students -test;  Mann-Whitney U test
FEPE, formalin-fixed and paraffin embedded i specimen; R, response; NR, no response; BMI, body mass index; NACT, neoadjuvant chemotherapy: Data are presented in “n (%),
median (range) or Mean +SD".






OPS/images/fmicb-15-1357261-t002.jpg
Relative Abundance of pre_R

Relative Abundance of post_R

p-values

(VA
Deinococeus_Thermus 27749119
Bacteroidetes 0.796095
Deinococci 27.749119
Sphingobacteriia 0.298069
Deinococcales 26354454
Deinococcaceae 26339881
Deinococcus 26339881
Deinococcus_murrayi 26.235951

NACT, neoadjuvant chemotherapy; R, response; “pre_.” pre-NACT; “post_J” post-NACT.

34.4645

1904881

344645
0862492
32886653
32865551
32865551

32560118

0.02

0045

0.02

0045

0031

0031

0031

0045

Phylum
Phylum
Class
Class
Order
Family
Genus.

Species





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The relationship between gastric microbiome features and responses to neoadjuvant chemotherapy in gastric cancer



		Introduction



		Materials and methods



		Study design and project



		16S ribosomal RNA sequencing



		Bioinformatics processing and analysis



		Statistical analysis









		Results



		Baseline characteristics and gastric microbiome of the study population



		Impact of NACT on the gastric microbiome of GC patients



		Differentials in gastric microbiome between patients with R and NR



		Differential functional analysis of potential metabolic pathways









		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		References



















OPS/images/fmicb-15-1357261-g001.jpg
enaot

apannon

poon oS
e _ e
e =k " =" S F P
% e Fo 3 i -
i 2 2 ) % ¥
Ten | = 1 .
A o A
por . il ooss L oo 13| seemooms
prek postR pe R PosL R oz o1 o o1 o2 2 El o i H
resniaaon) it

E ®moper 0 postn

i G-
1

£

'
!
5

LDA SCORE (log 10)





OPS/images/fmicb-15-1357261-g002.jpg
of L i

Y ke |
i =g =

wos

oo - 8

o Lol .

fos % o

o e o — -60 2 00 12 24 36 48 60
Cmmm e e LDA SCORE (log 10)






OPS/images/cover.jpg
, frontiers = Frontiers in Microbiology

The relationship between gastric
microbiome features and
responses to neoadjuvant

chemotherapy in gastric cancer












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
’ frontiers Frontiersin Microbiology






