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Introduction

Dysbiosis characterises breast cancer through direct or indirect interference in a variety of biological pathways; therefore, specific microbial patterns and diversity may be a biomarker for the diagnosis and prognosis of breast cancer. However, there is still much to determine about the complex interplay of the gut microbiome and breast cancer.



Objective

This study aims to evaluate microbial alteration in breast cancer patients compared with control subjects, to explore intestine microbial modification from a range of different breast cancer treatments, and to identify the impact of microbiome patterns on the same treatment-receiving breast cancer patients.



Methods

A literature search was conducted using electronic databases such as PubMed, Embase, and the CENTRAL databases up to April 2021. The search was limited to adult women with breast cancer and the English language. The results were synthesised qualitatively and quantitatively using random-effects meta-analysis.



Results

A total of 33 articles from 32 studies were included in the review, representing 19 case-control, eight cohorts, and five nonrandomised intervention researches. The gut and breast bacterial species were elevated in the cases of breast tumours, a significant increase in Methylobacterium radiotolerans (p = 0.015), in compared with healthy breast tissue. Meta-analysis of different α-diversity indexes such as Shannon index (p = 0.0005), observed species (p = 0.006), and faint’s phylogenetic diversity (p < 0.00001) revealed the low intestinal microbial diversity in patients with breast cancer. The microbiota abundance pattern was identified in different sample types, detection methods, menopausal status, nationality, obesity, sleep quality, and several interventions using qualitative analysis.



Conclusions

This systematic review elucidates the complex network of the microbiome, breast cancer, and therapeutic options, with the objective of providing a link for stronger research studies and towards personalised medicine to improve their quality of life.
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1 Introduction

Breast cancer has been a major concern for women for several decades, with an estimated 2.3 million cases in 2020 and a global frequency of 11.7% (1). To date, four subtypes of invasive breast cancer have been identified: luminal subtype A, which exhibits high levels of estrogen receptor (ER) and progesterone receptor (PR), but low expression of human epidermal growth factor receptor 2 (HER2) and cell proliferation index; luminal subtype B, which exhibits ER/PR+, HER2, and high proliferation index; HER2+ breast cancer subtype; and triple-negative breast cancer (TNBC) subtype (2). The likelihood of breast cancer is typically increased by several risk factors, namely, age, sex, obesity, family history, genetic mutation, estrogen level, and sedentary lifestyles (3–5). The human microbiota, on the other hand, has drawn considerable interest as a key risk modulator due to its unique function in controlling steroid hormone metabolism by activating various enzymes, including hydroxysteroid dehydrogenase (6, 7).

The gut microbiota is an abundant ecosystem of highly diversified microorganisms, with the Firmicutes and Bacteroidetes phyla accounting for approximately 90% of the gut microbiota, including Lactobacillus, Clostridium, Enterococcus, Dialister and Ruminicoccus of Firmicutes and Bacteroides, Alistipes, and Prevotella of Bacteroidetes (8). An imbalance of the human gut microbiota known as dysbiosis causes a number of health problems (9–11). A comparison of many breast samples reveals differences in the quantity and microbial diversity of several specific genera between healthy people and patients, despite the absence of conclusive evidence that dysbiosis causes breast cancer (12, 13). It also acknowledges the relationship between different gut microbial profiles and different subtypes of breast cancer (14). Furthermore, although there was no significant variation in abundance between premenopausal breast cancer patients and controls, the structure and functions of the gut microbial community differed between postmenopausal breast cancer patients and healthy controls (15). As a result, the impact of microbial instability in the breast, as well as the function of microbial communities in the development of breast cancers, has been thoroughly established.

Tumour tissue and high-risk tissue had a much lower breast microbial diversity than tumour-neighbouring normal or healthy control tissue adjacent to the tumour. For example, the breast tumour microbiome contained a higher proportion of the Pseudomonadaceae and Enterobacteriaceae families, the genera Pseudomonas, Proteus, Porphyromonas, and Azomonas, compared with other tissues (16). On the other hand, propionibacterium and Staphylococcus were rare in tumour tissue but were important components of healthy control, high-risk, and neighbouring normal tissues (16).

Breast cancer and the oral microbiota, in particular, appear to be linked. The risk of breast cancer has been found to be higher in women who have periodontal disease, caused by specific bacteria such as the red complex (Porphyromonas gingivalis, Tannerella forsythia, and Treponema denticola) and the orange complex (Fusobacterium nucleatum, Prevotella intermedia, Prevotella nigrescens, Peptostreptococcus micros, Streptococcus constellatus, Eubacterium nodatum, Campylobacter showae, Campylobacter gracilis, and Campylobacter rectus) (17–19).

The gut microbiota secretes bioactive bacterial metabolites, such as reactivated estrogens, amino acid metabolites, short-chain fatty acids (SCFAs), or secondary bile acids (BAs), which can affect disease progression (20–22). For its estrogen reactivation activity, the role of gut microbial β-glucuronidase (GUS) in the pathogenesis of breast cancer has been proposed, and GUS is encoded by Bacteroidetes and Firmicutes in the human gastrointestinal tract (23). Glutamine-proline-glycine metabolism became active in different subtypes of breast cancer, and amino acid transporter-2 metabolites were up-regulated to serve energy homeostasis and protein and nucleotide biosynthesis (22). SCFAs are essential in cell homeostasis, affecting the colon and other organs through blood flow, and are produced by two major bacterial groups: Bacteroidetes produce propionate and acetate, while Firmicutes produce butyrate (24). BAs, which are soluble derivatives of cholesterol produced in the liver, were previously thought to be carcinogenic agents but can have antineoplastic properties in cases of breast cancer (25).

As a result, the impact of the gut microbiome is multifaceted and important in controlling the host immune system in the pathophysiology of the development of breast cancer and the response and resistance to various cancer therapies (26–28). Through studies in animals, chemotherapy was found to alter the intestinal flora, which can result in adverse effects from early breast cancer treatment including weight gain or neurological disorders (29). Experimental research also showed a link between the gut microbiota and clinical outcomes and therapeutic responsiveness in different subtypes of breast cancer (30, 31). In particular, a study finds that gut bacteria are significantly more prevalent in breast cancer patients than in healthy people, which is detrimental to the prognosis of the disease (29). Thus, for therapeutic purposes and for the prognosis of the disease, detailed insights into the breast cancer oncobiome are important.

In recent decades, numerous studies revealed the impact of the microbiome on different organ-specific cancers and the action of bacterial metabolites in the human host on several signaling pathways, for example, E-cadherin/β-catenin pathway, breaking DNA double strands, promoting apoptosis, and altering cell differentiation (32–34). In particular, there are still several questions between the human microbiome and breast cancer development: “What pattern of the microbiome profile do breast cancer patients have in contrast to nonbreast cancer subjects”; “How different treatments modify the microbiome”; and “What is the microbiome profile in the same treatment”. To address these, a systematic literature review and meta-analysis on breast cancer and microbiome are conducted and the specific objectives are to evaluate microbiota alteration in breast cancer patients compared with nonbreast cancer subjects, to explore microbiota modification from a range of different treatment strategies, and to identify the impact of microbial pattern on the same treatment-receiving breast cancer patients.



2 Materials and methods



2.1 Protocol and registration

The systematic review of the literature was registered on PROSPERO ID 2021 CRD42021288186.



2.2 Literature search

The PRISMA statement guidelines were followed to conduct systematic review and meta-analysis (35). The study search strategy was developed based on the PICO/PECO (Population, Intervention/Exposure, Comparison or Controls, and Outcome) framework (36, 37). Two authors (MT and KC) independently examined each study for inclusion in the systematic review using PubMed (https://pubmed.ncbi.nlm.nih.gov/), Embase (www.embase.com), and the Cochrane Library (www.cochranelibrary.com). This was conducted using a full search term strategy, as detailed in Supplementary Table S1. The search was limited to adult women with breast cancer and the English language. Studies that included only nonhuman subjects or were not peer reviewed were excluded. Both epidemiological and intervention studies were considered from these databases and mainly focused on the interlink between breast cancer patients and the gut microbiome that was being extracted up to April 2022. Discrepancies were resolved by group discussion at each step.



2.3 Study selection

Article selection was carried out by two independent reviewers (MT and KC) for eligible studies using prespecified inclusion and exclusion criteria, followed by the full text review process. All relevant full-text articles were taken for further data extraction. The inclusion criteria for the meta-analysis were established as follows (1): Epidemiologic studies on how the microbiome profile in breast cancer patients differed from the pattern in nonbreast cancer control and (2) intervention studies on how treatment in breast cancer patients affected the microbiome and vice versa. Exclusion was performed in (1) the studies such as animal studies, in vitro, review articles, non-peer-reviewed articles, protocols, letters, editorial, commentary, recommendations, and guidelines and (2) the studies on breast cancer survivors. Disagreements between review authors were resolved by consensus at every phase of the selection of the systematic review selection.



2.4 Data extraction

The two independent authors (MT and KC) performed the data extraction for the following variables: (1) authors, year of publication, study period, study type, and country that implemented the study; (2) demographic characteristics such as menopause, menarche, and hormonal status; (3) related characteristics, including cytokine levels and enzyme activities; and (4) Parameters for the diversity profile. All relevant text, tables, and figures were examined during data extraction, and discrepancies between the two authors were resolved by discussion or consensus.



2.5 Risk of bias

The two independent authors (MT and KC) evaluated the risk of bias (ROB) in the extracted intervention studies. However, studies are nonrandomised trials, and therefore ROBINS-I (Risk Of Bias in Nonrandomised Studies—of Interventions) tool was applied to assess ROB (38). For included cohort and case-control studies, the two independent authors (MT and KC) performed the ROB evaluation using the Newcastle–Ottawa Quality Assessment Scale (NOS) developed from an ongoing collaboration between the Universities of Newcastle, Australia, and Ottawa, Canada, for quality assessment in a meta-analysis (39). The tool was used to assess the following domains: bias arising from the selection process, bias arising from the comparability process, and bias arising from the outcome/exposure process. Any disagreement was resolved by consensus. If there was not enough information to consider, the corresponding authors were emailed and their response was waited for 2 weeks. In the event of no response, it proceeded with the available data and any disagreement was resolved through discussion.



2.6 Statistical analysis

For intervention studies, mean differences (MDs) and a 95% confidence interval (95% CI) between groups were indicated for microbiome diversity outcomes. The characteristics of the participants, the study period, the type of study, and the location of the study were evaluated for clinical and methodological heterogeneity. The I2 statistics were used for the assessment of statistical heterogeneity (40). The heterogeneity level was as defined in Chapter 9 of the Cochrane Handbook for Systematic Reviews of Interventions. For clinical, methodological, and statistical heterogeneity, the random effects meta-analysis using the DerSimonian and Laird method was utilized by RevMan 5, v.5.4.1 (https://training.cochrane.org/online-learning/core-software/revman/; accessed 31 October 2022).




3 Results



3.1 Study selection

The literature search found 2,761 articles from the databases, of which 758 duplicates were removed prior to selection. From the initial 2,003 studies, the title and abstract selection were carried out and 1,884 articles were excluded according to the inclusion and exclusion criteria. Next, we retrieved 119 articles for full text screening and checked their eligibility for meta-analysis. Among them, 86 studies were excluded due to the following conditions: 50 studies were articles not peer reviewed, 11 targeted the wrong population, seven raised wrong outcomes, four were protocol papers, three were editorial, three were wrong interventions, three were wrong study design, one were wrong comparator, two were review articles, one was duplicate, and one was not reported in English. Last, 33 articles from 32 studies, with an enrolment of 3,448 participants covering the study period from 2004 to 2019, were included in the systematic review and meta-analysis of the literature, representing 19 case-control, eight cohort, and five non-randomised intervention studies (Figure 1).




Figure 1 | Flow diagram of the study selection in the systematic literature review.





3.2 Study characteristics

The extracted studies were published from 1990 to 2020 in 11 countries, contributed mainly by the United States and China. We included different types of study, such as cohort, case-control, and intervention studies, and the age range participated was 18 to 90 years (Table 1).


Table 1 | Baseline characteristics of the included studies.





3.3 Characteristics of the subject

Overall, the combined mean of the age of the participant is 54.3, with a standard deviation of 5.4. Regarding the menopausal status of the participants, there are three main groups: premenopausal, perimenopausal, and postmenopausal subjects. Among 66.4% of breast cancer cases, patients with postmenopause are 46% of the cancer patients are ≥ 13 years of age at menarche. In the study, 53.6% of breast cancer patients are from the United States, followed by Ghana with 16% and China with 14.6% (Table 2).


Table 2 | Demographic characteristics of participants.





3.4 Risk of bias

The ROB of the included studies was summarised by the study design group. ROB in case-control studies was evaluated mainly on selection, comparability, and exposure (Figure 2). The recruitment of subjects for 10 researches (14, 15, 17, 19, 41, 42, 50, 52–54) involved independent validation, while the subjects for the remaining research (13, 18, 43–49, 51) were often collected through databases or archival medical records. Four studies had the potential for selection biases: two (41, 42) did not disclose the selection procedure, one (18) used a genomics data repository to find patients but did not make a clear selection statement, and one (50) employed subjects from an Army-related hospital. Although control individuals from six trials (15, 19, 41, 42, 53, 54) were recruited from the community, the majority of control subjects was obtained as hospital controls, such as women who underwent breast reductions or cosmetic surgeries. Amongst them, two studies (48, 50) used mild cases as controls and one study (52) put the other cases of malignancy as controls. All cases and control subjects had comparability according to the study design, and the additional comparability measures were the same Mediterranean diet, age, and hormonal status by menopause. The exposure of the studies (13, 14, 17, 43–48) was identified by surgical records, while the other studies (15, 18, 19, 41, 42, 49–51, 53, 54) used written medical records. The same method of ascertainment and the same rate for both groups followed all the selection of subjects.




Figure 2 | Risk of bias of the included case-control studies via Newcastle–Ottawa scale.



The selection, comparability, and ROB result in eight cohort studies (55–62) were also evaluated (Figure 3). A study (55) recruited participants from a volunteer group that was not representative of the community, but the other exposed cohorts (56, 57, 59–61) were recruited from nonmastectomy breast surgeries, patients planning breast cancer surgeries, or biopsy−confirmed breast cancer patients. All cohort studies had comparable study controls based on study designs and used medical records prior to outcome analysis. Probably there was sufficient time for follow-up; however, one still needs to outline a claim for the sufficiency. In a cohort study (60), some participants with admixed ancestry were excluded from the final analysis to reduce bias. No statement was found in other studies (55–59) on the suitability of follow-up.




Figure 3 | Risk of bias of the included cohort studies via Newcastle–Ottawa scale.



Most research domains were classified as having a low ROB in the ROB assessment of nonrandomized intervention trials (63–67) (Figure 4). Among them, four studies omitted details about the participant selection procedure and a confounding bias existed in one study (64). Another study (66) showed a tendency towards interventions that were not intended.




Figure 4 | Risk of bias assessment for non-randomized intervention studies.





3.5 Qualitative analysis

Due to various sampling locations, different sequencing approaches, and various geographical and biological conditions, there was generally a lot of qualitative data when analysing microbial communities from different research. As a result, case-control, cohort, and non-randomised intervention studies were used to qualitatively analyse all the extracted studies (Tables 3, 4), taking into account the study period, sample information, mean population age, microbial detection methods, microbiome type, and profile of microbial diversity.


Table 3 | Characteristics of cohort studies and their microbial profiling and diversity.




Table 4 | Characteristics of non-randomized intervention trials and their microbial profiling and diversity.





3.6 Microbial composition and diversity in breast cancer

A general significant reduction in gut bacterial species observed for the breast cancer group was found in two studies (44, 54) (MD = −20.16; 95% CI = −34.66 to −5.66; p = 0.006); however, the heterogeneity value is high (I2 = 87%; p = 0.006) (Figure 5).




Figure 5 | Meta-analysis forest plot representing the risk of breast cancer by different microbial profiling indexes like: (A) observed species; (B) Shannon index; and (C) faith’s PD.



The general estimates of the Shannon index (MD = −0.35; 95% CI = −0.48 to −0.22; p < 0.00001) and the Faith PD index (MD = −5.25; 95% CI = −6.35 to −4.15; p < 0.001) from the studies (44, 54) reported that a significant reduction in gut microbial α-diversity was found in patients with breast cancer compared with healthy subjects (Figures 5B, C).




4 Discussion

The systematic review of the literature spanned three decades and included data from nearly a dozen countries on the breast, oral, or gut microbiome and breast cancer. Meta-analysis revealed microbial changes and diversity in breast cancer patients versus controls. The review bridged a gap that allowed us to connect previous microbiome studies in breast cancer patients using qualitative and quantitative meta-analysis tools.

Forest plots from two studies (44, 54) indicated that breast cancer patients have a lower α-diversity as measured by the Shannon index, observed species, and Faith’s phylogenetic diversity (PD), than healthy individuals. For the detection of microbial α-diversity, common parameters include Chao1, Fisher’s alpha, Faith’s PD, Simpson, Abundance-based coverage estimators (ACEs), and Good’s coverage indices (68). Some parameters simply count the number of species or operational taxonomic units (OTUs) present in an area, while others consider the abundance or frequency of the OTUs. As a result, most of the researchers used more than one diversity index, and combining and analysing different indexes in the current study were difficult; therefore, the number of studies for meta-analysis was limited.

The human intestinal microbiota is dominated by two bacterial phyla, Firmicutes and Bacteroidetes, which represent more than 90% of the total community, as well as other subdominant phyla such as Proteobacteria, Actinobacteria, and Verrucomicrobia (69). Bacteroidetes, which make up 45–55% of all bacteria, are all Gramme-negative bacteria (70). When they are particularly high, with values greater than 70–75%, it appears that they put the host at risk of diabetes and possibly other inflammatory diseases, especially when there is a high percentage of Proteobacteria present. Firmicutes, even if present in a lower percentage than Bacteroidetes, are believed to account for 40–45% of the total fecal microbiota under normal conditions (70). The study by Ma et al. found a reduced relative abundance of Firmicutes and Bacteroidetes, increased levels of Proteobacteria, Actinobacteria, and Verrucomicrobia at the phylum level, and decreased abundance of Faecalibacterium prausnitzii in fecal samples from 25 breast cancer patients (50). Furthermore, the Firmicutes/Bacteroidetes (F/B) ratio in breast cancer patients was significantly higher than in controls (53). It was also discovered that the absolute numbers of total bacteria and three bacterial groups (Firmicutes, Faecalibacterium prausnitzii, and Blautia) differed significantly according to the patient’s BMI, as shown in Table 3 (55). All of these demonstrated the gut microbial pattern, as well as a transform in the F/B ratio, which contributes to an increased risk of breast cancer.

A study described that the breast microbiota of tumour tissue has Proteobacteria (48%), Actinobacteria (26.3%), Firmicutes (16.2%), and others (9.5%) of miscellaneous phyla (18). From the included studies (17, 43, 47, 48, 51, 56, 57, 60), an increased relative abundance of Bacillus, Enterobacteriaceae, Staphylococcus, Fusobacterium, Atopobium, Gluconacetobacter, Hydrogenophaga, Lactobacillus, Corynebacterium, Actinomyces, Propionibacteriaceae, Clostridia, Bacteroidia, WPS_2, Ruminococcaceae, Acidaminococcus, Acinetobacter, Akkermansia, Bacteroides, Sutterella, Agrococcus, Ralstonia, Methylobacterium, and Sphingomonas were also discovered. Furthermore, a distinct breast tissue microbiota was found in different breast skin tissues, breast skin swabs, buccal swabs, and deep microbial communities between benign and malignant breast disease (48). Furthermore, there appears to be a geographical difference between the Canadian and Irish breast tissue microbiome (Figure 4), but there is still evidence to prove that (48). Furthermore, the study showed a distinct profile of the breast tissue microbiome with increased species richness compared with the overlying skin tissue, suggesting that the differences may be due to the difference in their environment and ecosystem (48).

The researchers discovered a 10-fold increase in bacterial load in breast tumours, as well as an inverse correlation between bacterial count in tumour tissue and breast cancer stage, with stage 3 patients having the lowest 16S ribosomal DNA copy numbers in a study comparing the breast microbiota between breast tissue and their paired normal tissue (43). A significant increase in Methylobacterium radiotolerans (p = 0.015) was found in breast tumours, while Sphingomonas yanoikuyae (p = 0.009) was found in low abundance in paired normal tissue (43). However, a study found similarities in the breast microbiota between the tumour and adjacent normal tissues using weighted UniFrac distances (57). The number of breast microbiota was found to increase in breast tumours, but there was less diversity compared with normal tissues paired.

Identifying the microbiome of the four BC subtypes may reveal a link between the microbiota and the therapeutic response (71, 72). The oncobiome of each BC cancer subtype is unique and contains a wide range of microbial signatures. ER had the most diverse oncobiome, while TN had the least (31). Furthermore, the presence or absence of specific microbes distinguishes each BC subtype and, therefore, the level of detection of these microbes was predictive of patient outcomes.

Among the multiple drivers of microbial differences, a common element is menopausal status. We found that patients with premenopausal breast cancer had an increased fecal profile of Enterobacteriaceae, aerobic Streptococci, Lactobacilli, and anaerobic bacteria, including Clostridia, Bacteroides, and Lactobacilli (41). A similar behaviour of the anaerobic flora was found in patients with late menopause. The urine microbiome of peri/postmenopausal patients also showed a reduced abundance of Lactobacilli and an elevated profile of many genera, including but not limited to anaerobic bacteria such as Varibaculum, Porphyromonas, Prevotella, Bacteroides, and members of the Clostridia class (17). More details of the microbiota in different groups are described in Tables 3, 4.

Although the role of species in the equilibrium of the GI environment is unclear, an increase in bacterial concentration can modulate estrogen metabolism through deconjugation and contribute to total bacterial enzyme activity (41). For example, the enzymes β-glucuronidase and β-glucosidase are produced by E. coli and S. faecalis, respectively. From an observation study of the enzymatic activity of fecal bacteria, it was recognised that the activity in postmenopausal women was lower than that of premenopausal cases. The expression of high to low enzymes, such as esterase C4, esterase-lipase, leucine and valine acrylamidase, acid phosphatase, α-galactosidase, and β-glucuronidase, was found in healthy subjects, while leucine and valine acrylamidase, β-glucuronidase, and esterase-lipase were higher in women with postmenopausal breast cancer (42). Therefore, it showed intersubject variability for enzymatic activities.

To explore the impact of cancer chemotherapy, Napenas et al. performed a profile of the oral microbiome on nine newly diagnosed breast cancer patients before and after receiving treatment (63). In general, 41 species were detected in total (Supplementary Table S2), and interestingly, > 85% of the detection (33/41) were newly identified species in chemotherapy patients. It revealed that seven species and 25 species appeared only before and after cancer chemotherapy, respectively, and the increase in species per patient had a mean of 2.6 (SD = 4.7, p = 0.052) after chemotherapy (63).

Chiba et al. (65) evaluated modulation of the tumour microbiome by neoadjuvant chemotherapy using breast tumour microarrays (Table 5). It demonstrated no significant changes in total bacterial load in untreated and treated patients; however, bacterial diversity was significantly reduced in the treated tumour. The classification at the phylum level did not show significant changes between the two groups, but the analysis at the genus level showed a significant elevation in Pseudomonas species and a reduction in the abundance of Prevotella in the treated cases (65). In addition, it indicated the modulation of chemotherapy in the tumour microbiome and the correlation of some genera in patients with tumour recurrence (65). Another study by Guan et al. showed significant differences in beta diversity before and after chemotherapy with single agent capecitabine and metronomic regimens (Table 5) and supported the reduction of bacterial diversity in the intervention group but was not statistically significant (67). In general, it was indicated that particular microorganisms are associated with tumour recurrence and that chemotherapy and neoadjuvant chemotherapy change the microbial composition and diversity in breast and oral tumours.

A study investigated the microbiome profile in fecal DNA only in women and control subjects; then, the case and control study discovered a significantly altered microbial community in cases (p = 0.006) compared with controls and less alpha diversity (p = 0.004) (17). Another study (66) revealed that early and late menarche was associated with a low number of OTU (p = 0.036), particularly reduced Firmicute expression (p = 0.048), and a low chao1 index (p = 0.020) (Table 2). Therefore, menopause and menarche status are associated with lower gut microbiome diversity, according to research, but more research is needed in large study populations to identify replicable patterns in taxa impacted by menopause (73, 74).

Goedert et al. (44) showed that a twofold higher level of estrogen expression was found in postmenopausal patients; however, the difference did not change the microbiota and the association with cancer. Banerjee et al. (2018) found that an increased abundance of Brevundimonas was detected in cases of ER+ breast cancer and triple-positive breast cancer (TPBC) compared with cases of ER- breast cancer and TNBC. In addition, a high abundance of Mobiluncus and Mycobacterium was predominantly identified in ER breast cancer samples. Furthermore, Acinetobacter was the most prominent in HR+ breast cancer and HER2+ breast cancer cases, Brevundimonas in TPBC samples, and Caulobacter in TNBC samples (14). Interestingly, a distinct pattern of microbial profile was explored in patients with TNBC using pan-pathogen array technology and was summarised as in (Table 5) (46).


Table 5 | Characteristics of case-control studies and their microbial profiling and diversity.



A study also explored the level of expression of antibacterial response genes in tumour tissue, paired normal tissue, and healthy tissue and found that a third of antibacterial genes were significantly down-regulated in breast tumour cases after normalising with a housekeeping gene β-actin, interestingly there are no more up-regulated genes (43). Furthermore, a significant reduction was observed in the transcripts of the microbial sensors, Toll-like receptors (TLR)–2, TLR-5, and TLR-9 (p = 0.0298, p = 0.0201, and p = 0.0021, respectively) was observed in tumour tissue while there was a similar expression level of TLR1, TLR4, and TLR6 in healthy and tumour tissue. Furthermore, tumour tissues showed significantly decreased expression of cytoplasmic microbial sensors (NOD1 and NOD2) and downstream signaling molecules for innate microbial sensors such as CARD6, CARD9, and TRAF6 (p = 0.0207, p = 0.0040, and p = 0.0119, respectively). The levels of bactericidal/permeability increasing protein (BPI), myeloperoxidase (MPO) and proteinase 3 (PRTN3) are significantly reduced (p = 0.0133, 0.002, and 0.0022, respectively) (46). Although further research is needed to confirm the influence of the local microenvironment of breast tissue, these findings demonstrated a significant decrease in antimicrobial responses in breast tumour tissue (43).

However, the meta-analysis study has some limitations. First, several matrices for detecting alpha diversity were utilised in different studies, and there are probably no standardised tools for measurement. Therefore, only a few studies were able to analyse quantitatively. Second, some mean values cannot be found in the papers and supplementary files, and the email contacts for 2 weeks were reachable only to some; perhaps the contacts were changed, or the data were not archived for a long period. Therefore, qualitative analysis was applied to the data provided for the articles.

In general, our meta-analysis suggests the fecal, tumour, or oral microbiome profile of breast cancer patients, differences in microbiota abundance by menopausal status, menarche and cancer stages, and the change in the microbial pattern before and after chemotherapy. However, the microbiome investigation is still in its infancy for breast cancer patients, and the sample size is normally limited due to high sequencing costs. Therefore, more studies with a larger cohort of patients would be required to identify the biological and pathological significance of the findings in the meta-analysis. We expected that the review could fill the gap linking to better understand the connection between breast cancer and the microbiome.
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s0 capecitabine in either

conventional regimens
(1,000-1,250 mg/m? twice

method

Oral
microbiota
by ABI
Sequencing

Gut

microbiota
by Illumina
Sequencing

Gut
microbiota
by Tllumina
Sequencing

Breast
microbiota
by Tllumina
Sequencing
and breast
tumour
microarrays

Breast

microbiota
by Illumina
Sequencing

There were 41 species found in pre- (> 85%) (63)
and post-CTx samples, with Gemella
haemolysans and Streptococcus mitis
dominating.

Seven species (17%) emerged only before
treatment, while 25 (61%) appeared only after
CTx.

Species that appeared exclusively after CTx
belong to Lachnospiraccae, Acidaminococcus,
Clostridiales, Oribacterium, Johnsonella,
Peptostreptococcus, Aggregatibacter,
Haemophilus, Bacteroidetes, and species such
as Filifactor alocis, Veillonella parvula,
Lactobacillus gasseri, Granulicatella adicans,
and Selenomonas noxia.

No significant relative abundance of (64)
Akkermansia muciniphila (AM) over time (p
= 0.419) between low AM (LAM) and high
AM (HAM).

An additional 40 OTUs differed between
LAM and HAM (p < 0.2), with more
Prevotella and Lactobacillus genera in HAM
vs. LAM and lower Clostridium,
Campylobacter, and Helicobacter.

Significant differences of B-diversity between
LAM and HAM. (p = 0.002)

Microbial richness and o-diversity were
found to be larger in HAM (p < 0.05), with
HAM individuals having roughly 25% more
species present in stool samples at baseline. (p
=0.008)

In total, 13 taxa differed between those with (66)
HER2+ vs. HER2- tumours (p < 0.001), 3
taxa between ER+ and ER~ tumours, and 2
taxa between PR+ and PR~ tumours.

No significant o-diversity or phyla
composition by ER/PR status, tumour grade,
stage, parity, and body mass index, but had
significant relationships with HER2 status
and age at menarche.

HER2+ vs. HER2- BC showed 12-23% lower
a-diversity (p = 0.034), revealing low
Firmicutes (p = 0.005), and high
Bacteroidetes (p = 0.089).

Neo-CTx shifted the breast tumour (65)
microbiota, and specific microbes were
correlated with tumour recurrence.

No significant difference in bacterial load at
phylum-level, but indicated a significant
increase of Pseudomonas and drop of
Prevotella. (p < 0.05)

A significant reduction of bacterial diversity
(p < 0.05) was found within the tumour.
No alteration of bacterial load and diversity
in the recurrence group, but provided a
significant increase (p < 0.05) of
Brevundimonas and Staphylococcus with no
changes of Pseudomonas and Prevotella.

Lower unweighted-Unifrac index was found (67)
in the metronomic group than routine group.

(p = 0.025)

No significant drop in three o-diversity

daily, given on days 1-14
every 3 weeks) or
metronomic regimens
(500 mg, thrice daily)

indices in the metronomic in compared with
routine group.

Patients with Slackia gut microbiota had a
significantly shorter median progression-free
survival (PFS) (9.2 vs. 32.7 months, p =
0.004) while patients with Blautia obeum had
a longer PFS (32.7 vs. 12.9 months, p =
0.013).

NA, not available; BC, breast cancer; EOBC, early stage breast cancer; CTx, chemotherapy; Neo-CTx, neoadjuvant chemotherapy; OTUs, operational taxonomic units; ACE, abundance-based
coverage estimator; AMOV A, analysis of molecular variance.





OEBPS/Images/table3.jpg
Author/
year

Microbiota
and detec-
tion
method

Bacterial profile and diversity

According to the patient’s BMI, the absolute counts of total bacteria (55)
and three bacterial groups (Firmicutes, Faecalibacterium prausnitzii,
and Blautia) vary significantly.

Wi nglen T S::mbm by Overveght and obese parents v, normal BMI ptints: | totl
Luu (2017) | NA . 62.3 > Firmicutes, F. prausnitzii, Blautia sp., and E. lenta bacteria, also
patients real-time relatively | F. prausnitzi.
9PCR According to the clinical phases and histoprognostic grades, the
percentage and absolute counts of specific bacterial species, such as C.
coccoides, F. prausnitzii, and Blautia, changed significantly.
The patients were divided into 3 groups (TIL-H, TIL-M, and TIL-L) (58)
based on the levels of tumour—infiltrating lymphocytes (TILs).
‘When comparing the TIL-L and TIL-H groups, as well as when
Gut comlgaring all gmupj, the B-diversity distribution was statistically
: g significant. (p < 0.01
Shi (2019) 2017 Facces samplesiof S0BC. | o0 microbiota by (Ggenus leveg TIL-L vs. TIL-H: 1 Mycobacterium, Rhodococcus,
patients Illumma. Catenibacterium, Bulleidia, Anaerofilum, Sneathia, Devosia and TG5,
Sequencing but | Methanosphaera and Anaerobiospirillum. (p < 0.05)
(Species level) TIL-L vs, TIL-H: 1 stercoris, barnesiae, coprophilus,
flavefaciens and C21_c20 species, whereas | producta and komagatae.
(p <0.05)
Enterobacter of Enterobacteriaceae: Trelative abundance in high (59)
Fluorine-18-fluorodeoxy-glucose (18F-FDG) intestinal uptake (IU)
Gut group compared with low TU group (p < 0.001).
Yoon (2019) 2016- Faeces samples of 121 50.26 + microbiota by Unclassified Ruminococcaceae trended towards being in lower relative
2017 BC patients 9.09 Tllumina abundance in the high TU group compared with the low group (p <
Sequencing 0.001).
No statistical significant difference in a-diversity and p-diversity (p =
0.102) of gut microbial taxa between the lower and higher IU groups.
Gut Nonresponsive patients had decreased o-diversity and abundance of (61)
DiModica 2017~ Facces samples of 24 BC . microbiota by | Lachnospiraceae, Turicibacteriaceae, Bifidobacteriaceae, and
(2021) 2019 patients " Tllumina Prevotellaceae compared with those who had a complete pathological
Sequencing response.
Phylum level: Women with poor sleep quality had 1 Firmicutes (p = (62)
0.021) and | Bacteroidetes. Enterobacteriaceae was much higher in the
no-sleep disturbance group. (p = 0.028)
Genus level: Women with poor sleep quality harboured 1
Acidaminococcus and | genera such as Alloprevotella, Desulfovibrio,
Lachnospiraceae_UCG-003, Paraprevotella, Anaerotruncus, Prevotella_2,
46.95 + Gut
Faeces samples of 36 BC | 9.87 vs. microbiota by and Tyzzerella_4.
Yao (2020) 2019 . . Alloprevotella: Adversely related to peak pain during movement within
patients 49.18 + Tllumina
pda Sequencing the first ?4 .hours. Fr = 0592, p = 0.001) ‘
Desulfovibrio: Anxiety symptoms are adversely linked. (r = 0.448, p =
0.006)
Faecal microbiota richness: | as the sleep quality deteriorated.
No difference in o-diversity between the two groups.
A substantial difference between the two groups was discovered using
PERMANOVA (p = 0.02).
Propionicimonas and Micrococcaceae, Caulobacteraceae,
L Breast Rhodobacteraceae, Nocardioidaceae, and Methylobacteriaceae, which
Needle biopsies from 72 microbiota by appeared to be ethnic-specific, were among the enhanced microbial
Meng (2018) = NA BC patients and 22 52 B : ; I
benign patients Illumma‘ bu?markers in canf:erous nssrm ) )
Sequencing With the progression of malignancy, the Bacteroidaceae declined, and
that of Agrococcus increased.
The OTUs provided 4 phyla (Proteobacteria, Firmicutes, Bacteroidetes, | (57)
Core Needle Biopsy Breast and Actinobacteria).
Costantini NA (CNBs) and Surgical 55 microbiota by | Ralstonia, Methylobacterium, and Sphingomonas accounted for roughly
(2018) Excision Biopsy (SEBs) Ion PGM 50-75% of relative abundances.
from 16 BC patients Sequencing The Staphylococcus and Pseudomonas and the Bradyrhizobiaceae and
Rhodocyclaceae families accounted for 25-50% of the total.
A total of 20 bacterial phyla and 419 genera were found in which (60)
Proteobacteria (59.4%) was the most common phylum, followed by
Actinobacteria (19.1%), Firmicutes (17.7%), and Bacteroidetes (1.9%).
Top 5 bacterial genera are Ralstonia (19.1%), Staphylococcus (6.4%),
unclassified Bradyrhizobiaceae (5.5%), Rubrobacter (5.4%), and
Pseudomonas (4.1%).
Microbiota compositional differences were found between WNH and
BNH groups of TNBC patients, but no significant differences were
i detected for TPBC patients.
Freshfrazenitissueiaf 23 The p-diversity infeess of bt WNH (ANOVA, p = 002) and BNH
BC patients, including Breast ; : +
Thyagarajan 13 White non-Hispanic mlerobiotaby (AMOVA.. P = 0.07) showed differences in tumour and normal tissue of
NA NA . TNBC patients.
(2020) (WNH) and 10 Black [Humina BNH patients with TNBC: Shannon diversity (p = 0.05) and evenness
non-Hispanic (BNH) Sequencing

patients

(p = 0.04) in tumour tissues were significantly lower than the normal
adjacent tissue.

'WNH patients with TNBC: Shannon diversity (p = 0.04) and richness
(ACE, p = 0.004; Chaol, p = 0.006) of tumour tissue were significantly
higher than the normal adjacent tissue, and higher richness (ACE, p =
0.06; Chaol, p = 0.06) in tumour than in normal tissue.

All with TPBC: No significant difference of microbial o-diversity
between tumour and adjacent tissue, but higher richness (ACE, p =
0.04; Chaol, p = 0.05) of tumour tissue than the normal tissue was
found.

NA, not available; BC, breast cancer; TPBC, triple-positive breast carcinoma; TNBC, triple-negative breast carcinoma; TILs, tumour-infiltrating lymphocytes; OTUs, operational taxonomic

units; ACE, abundance-based coverage estimator; AMOV A, analysis of molecular variance.
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Study type Participants, n

Minelli 1990 - Case-control Ttaly 48 25-52 (41)
Benini 1992 = Case-control Ttaly 73 25-52 (42)
Xuan 2014 - Case-control USA 20 - (43)
Urbaniak 2014 2012 Case-control Canada and Ireland 81 18-90 (13)
Goedert 2015 I (44)
- Case-control USA 96 50-74
Goedert 2018 (45)
Banerjee 2015 = Case-control USA 137 = (46)
Urbaniak 2016 - Case-control Canada 71 19-90 (47)
Hieken 2016 - Case-control USA 33 33-84 (48)
Wang 2017 2014-2016 Case-control USA 78 - a7
Thompson 2017 - Case-control USA 740 - (18)
Huang 2018 2006-2015 Case-control Taiwan 5 - (19)
Banerjee 2018 - Case-control USA 168 (14)
Zhu 2018 - Case-control China 133 - (15)
Smith 2019 - Case-control USA 83 18-72 (49)
Ma 2020 I 2017-2018 Case-control China 50 - [ (50)
Klann 2020 = Case-control Switzerland 46 - (51)
UzanYulzari 2020 - Case-control Israel 33 18-75 (52)
He 2021 2019 Case-control China 82 18-49 (53)
Byrd 2021 - Case-control Ghana 895 18-74 (54)
Luu 2017 - Cohort France 31 39.6-79.3 (55)
Meng | 2018 - Cohort China 94 29-77 1 (56)
Costantini 2018 = Cohort Ttaly 16 46-82 (57)
Shi 2019 2017 Cohort China 80 <45, 45-59, 260 (58)
Yoon 2019 2016-2017 Cohort Korea 121 32-78 (59)
Thyagarajan 2020 - Cohort USA 23 27-78 (60)
DiModica 2021 2017-2019 Cohort Italy 24 - (61)
Yao 2020 2019 Cohort China 36 - (62)
Napenas 2010 2004-2006 Non-randomized trials USA 9 33-69 (63)
Fruge 2020 2014-2017 Non-randomized trials ~ USA 32 = (64)
Chiba 2020 2004-2014 Non-randomized trials USA 42 - (65)
Wu 2020 - Non-randomized trials USA 37 (66)

Guan 2020 - Non-randomized trials China 31 36-66 (67)
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PrM patients: 1 Enterobacteriaceae (E. coli and lactose non-fermenters; p (41)
< 0.001), aerobic streptococci, and lactobacilli; anaerobes (Clostridia,
Bacteroides, and Lactobacilli; p < 0.001); No significant increase for

Minelli BC patients (4 PrM
iy NA patents ({Fi] NA by Microbial anaerobic cocci.
(1990) and 14 PoM) and 30 . -
R cultures PoM < 5 years: 1 Bacteroides, and Clostridia. (p < 0.001)
ealthy subjects
L PoM > 5 years: 1 Lactobacilli, E. coli, Enterobacteria, Bacteroides, and
Clostridia. (p < 0.05)
The bacterial load and species of BC was significantly higher than that of | (42)
healthy women.
Benini Faeces samples of 28 Gut microbiota PrM patients: 1 E. coli, aerobic and anaerobic Lactobacilli, Bacteroides,
(fg"g"z‘)‘ NA BC patients and 45 NA by Microbial and Clostridia. (p < 0.01)
healthy subjects cultures PoM < 5 years: 1 E. coli and Bacteroides, | Enterococci. (p < 0.01)
PoM > 5 years: 1 E. coli, Bacteroides, and Clostridia (p < 0.05); | Fungi.
(p <0.01)
Goedert Sequencing revealed 1,561 microbial taxa. (44)
(2015) A significant difference in genus composition of gut microbiota between
patients and controls (unweighted UniFrac p = 0.009).
Faeces samples of 48 Gut microbiota  Decreased a-diversity of gut microbiota (p < 0.004) at patients than that | (45)
NA BC patients and 48 62 by Ilumina of controls, except for the Shannon index (p = 0.09).
Goedert controls Sequencing Showed alteration of the composition of their IgA-positive (p = 0.02) and
(2018) IgA-negative (p = 0.05) intestinal microbiota and significant reduction of
o-diversity (p < 0.05) in BC patients after adjusting for estrogens and
other factors.
PrM: There were significant differences in the relative abundance of 45 species (15)
37.06 vs. o between PoM patients and controls; 38 species were enriched in PoM
Faeces samples of 62 Gut microbiota . . 3 ; : 3
Zhu (2018) | NA BC patients and 71 3552 by Hlumina patients, including E. coli, Klebsiella sp_1_1_55, Prevotella amnii,
P PoM: 4 . Enterococcus gallinarum, Actinomyces sp. HPA0247, Shewanella
controls Sequencing ; s y
57.45 vs. putrefaciens, Erwinia amylovora, and 7 species were less abundant,
56.89 including Eubacterium eligens and L. vaginalis.
Found 49 significantly different flora and 26 different metabolites (50)
Faeces samples of 25 Lo between groups.
Gut biot:
2017~ BC patients and 25 u mlCl?O ot BC: | Firmicutes, Bacteroidetes, and Faecalibacterium; 1
Ma (2020) 5 s NA by Illumina i 5 : ;
2018 benign patients as . Verrucomicrobiota, Proteobacteria, and Actinobacteria.
Sequencing i & -
controls Revealed significant difference of B-diversity between groups and lower
o-diversity in BC group. (p < 0.05)
It was divided into weight-gain (WG) and weight-loss (WL) groups (52)
based on the weight difference > 3% after neoadjuvant chemotherapy.
i, |
i ichia, i it und i
Yulzari NA BC and 5 benign NA by Illumina the WG gr:)yupp TSP
2020, 2 tient: S i 3
( ) cancer patients equencing Their B-diversity (p = 0.012) revealed significant differences between the
groups, and significant increase in o-diversity (p = 0.01) in the WG
women.
Firmicutes/Bacteroidetes ratio was largely higher in BC than controls. (53)
BC patients: | Acidobacteria, Nitrospirae, Fusobacteria, and
Cyanobacteria/Chloroplast; 1 Synergistetes; the top 10 bacterial species
Facces samples of 54 Gl pioroiota Ihﬂ‘t signiﬁ.canﬂy dec.reased are AIIisone.Iltf, Megasphamjr, Pediacoc‘cus.
N 39.74 vs. R Abiotrophia, Granulicatella, and Clostridium_sensu_stricto belonging to
He (2021) 2019 BC patients and 28 by Illumina o : 4 2
3754 ! Firmicutes, Serratia and Enhydrobacter belonging to Proteobacteria,
controls Sequencing i X . . 3
Fusobacterium belonging to Fusobacteria, and Slackia belonging to
Actinobacteria.
PrM BC patients and normal PrM women could be distinguished by
Pediococcus and Desulfovibrio.
The o-diversity metrics are strongly and inversely associated with the (54)
Faeces samples of 379 BC: 50.8 z 3 odds of BC, and for those in the highest vs. lowest tertile of observed
A Gut microbiota )
Byrd - BC, 102 benign NM: o ASVs, the odds ratio was 0.21 (pyena < 0.001).
(2021) patients (NM), and 414 38.8 SZ " No significant difference of o.-diversity for NM and BC grade/molecular
healthy controls (NC). | NC:469 | ~cauenciné subtype.
The B-diversity distance matrices and multiple taxa with possible
estrogen-conjugating and immune-related functions are associated with
BC. (p < 0.001)
96.6% of all samples are Proteobacteria, Firmicutes, Actinobacteria, (43)
Bacteroidetes, and Verrucomicrobia.
Breast An inverse association of BC stage and bacterial load was observed in
Xuan NA 20 tumour tissue and 6343 microbiota by tumour tissue but not in paired normal tissue.
(2014) 20 paired normal tissue : Pyrosequencing,  BC patients (100%, p = 0.015): 1 Methylobacterium radiotolerans
Tllumina (66.67%, 2/3 OTUs)
Paired normal tissue (95%, p = 0.0097): 1 Sphingomonas yanoikuyae
(50%, 4/8 OTUs)
Obtained 121 OTUs based on 97% sequence similarity which includes 7 (13)
Breast tissue from different phyla, 57 g.enelta, a.nd 25 spefles, ) .
. ) ) Phyla: Proteobacteria, Firmicutes, Actinobacteria, Bacteroidetes,
Canadians including ! o .
27 BC, 11 benign, and Breast Deinococcus-Thermus, Verrucomicrobia, and Fusobacteria.
Urbaniak > gn, ‘microbiota by Canadian: Bacillus (11.4%), Acinetobacter (10.0%), Enterobacteriaceae
2012 5 healthy subjects, and ~ NA o .
(2014) h ) Ton-Torrent (8.3%), Pseudomonas (6.5%), Staphylococcus (6.5%), Propionibacterium
Irish accounting for 33 N ;
- sequencing (5.8%), Comamonadaceae (5.7%), Gammaproteobacteria (5.0%), and
BC patients and 5
health: Prevotella (5.0%)
eal
¥ Irish: Enterobacteriaceae (30.8%), Staphylococcus (12.7%), Listeria
welshimeri (12.1%), Propionibacterium (10.1%), and Pseudomonas (5.3%)
. Breast Prevalent viral, bacterial, fungal, and parasitic genomic sequences were (46)
FFPE tissue samples U X
’ microbiota by detected in the TNBC samples.
) from 100 BC patients, : : : :
Banerjee ) Tllumina Bacterial profile in TNBC: Prevalence of Arcanobacterium (75%),
NA 17 adjacent healthy NA . ' ) ) P
(2015) " £ the patient Sequencing and followed by Brevundimonas, Sphingobacteria, Providencia, Prevotella,
ssue of the patients,
b e pan-pathogen  Brucella, Eschherichia, Actinomyces, Mobiluncus, Propiniobacteria,
Feey Microarray Geobacillus, Rothia, Peptinophilus, and Capnocytophaga.
The microbial profiles differed between normal adjacent tissue of BC (47)
P s tssiie:of _— patients and tissue from healthy c(.)nlmls .(p < 0.01), and the sirnvilarity
: g i was found between the normal adjacent tissue and the tumour tissues.
Urbaniak 45 BCs, 13 benign microbiota by ; . .
NA ) 53i5 N BC patients: 1 Bacillus, Staphylococcus, Enterobacteriaceae,
(2016) patients, and 23 Tllumina :
health: il S y Comamondaceae, and Bacteroidetes.
ealthy controls equencin
24 . s Healthy subjects: 1 Prevotella, Lactococcus, Streptococcus,
Corynebacterium, and Micrococcus.
Bieast The microbiota of breast tissue, breast skin swabs, and buccal swabs (48)
) Fresh frozen tissue of - differed from the microbiota of breast skin tissue, and also between BC
Hieken . microbiota by : G
NA 17 BC and 16 benign 60 . and benign breast tissue.
(2016) . Tlumina . . .
patients N BC patients: 1 Fusobacterium, Atopobium, Gluconacetobacter,
Sequencing ;
Hydrogenophaga, and Lactobacillus
Breast Microbiota a7
No significant differences in o.-diversity or microbial composition
between BC and paired normal tissue in those patients. (p = 0.32)
Significant difference of breast microbiota between groups (p = 0.03) at
which decreased Methylobacterium (p = 0.03) were found.
Breast tissue, mid- Breast, urine, Oral Microbiota
Wan, 2014 stream urine, and oral and oral No significant compositional differences and diversities of oral
(2017g) 2016 rinse from 57 BC 52.82 microbiota by microbiota.
patients and 21 healthy Tllumina Urine Microbiota
subjects Sequencing No distinct clusters between groups (p = 0.09).
It was largely different by menopausal status (p = 0.02), with peri/post-
menopausal women showing reduced Lactobacillus.
Independent of menopausal status, BC patients had high gram-positive
organisms including Corynebacterium (p < 0.01), Staphylococcus (p =
0.02), Actinomyces (p < 0.01), and Propionibacteriaceae (p < 0.01).
BC tissue: Proteobacteria (48%), Actinobacteria (26.3%), Firmicutes (18)
i st Bloeks oF theast ) (16.2%), O%hers (9.5%) from \‘lvanous phyla; 1 abundance for S. pyogenes
Thompson microbiota by and L. rossiae. L. fleischmannii and, to a lesser extent, N. Subflava were
NA 668 BC and 72 healthy NA N 3 N N . )
(2017) sibiects Tlumina found. H. influenza was associated with genes involved in tumour
Jects. Sequencing growth pathways.
Non-cancerous adjacent tissue: The abundance ranges from 0.5 to 19.3%,
though these species make up 85.64% of the entire microbiota in breast
tissue.
The TNBC and TPBC samples had unique patterns, however, the ER+ (14)
and HER2+ samples had comparable microbial signatures.
st Fungi: only 7 fungal families (Aspergillus, Candida, Coccidioides,
re
FFPE tissue samples ) . Cunninghamella, Geotrichum, Pleistophora, and Rhodotorula).
. 2 microbiota by < . . .
Banerjee NA from 148 BC patients NA Tt Parasites: Ancylostoma, Angiostrongylus, Echinococcus, Sarcocystis,
(2018) and 20 healthy . Trichomonas, and Trichostrongylus were uniquely associated with TPBC.
) Sequencing and L ) . )
subjects. 3 Balamuthia signatures were associated significantly with hormonal BC
Microarray " i
samples, and that of Centrocestus, Contracaecum, Leishmania, Necator,
Onchocerca, Toxocara, Trichinella, and Trichuris were detected
significantly only with TNBC samples.
Normal vs. Tumour: | Pseudomonadaceae (Proteobacteria), (49)
Sphingomonadaceae (Bacteroidetes), and Ruminococcaceae (Firmicutes);
1 Actinomycetaceae (Actinobacteria)
Tumour: 1Clostridia, Bacteroidia, WPS_2, Ruminococcaceae (LDA > 4)
Normal pairs: 1 Pseudomonadaceae, Sphingomonadaceae, and
Caulobacteraceae (LDA > 5).
Fresh frozen tissue Breast Stage 1: 1 Proteobacteria; Ruminococcaceae (Firmicutes), and
reas
Smith from 64 BC patients, microbiota b Hyphomicrobium (Proteobacteria).
NA 11 adjacent healthy 45 _ td Stage 2: 1 Euryarchaeota, Firmicutes, and Spirochaetes; Sporosarcina
(2019) X N Tllumina o
tissue of the patients, P— (Firmicutes)
and 8 healthy subjects. ARERERE Stage 3: 1 Thermi, Gemmatimonadetes, and Tenericutes; Bosea
(Proteobacteria)
Luminal A tumours: T Xanthomonadales (Proteobacteria) (LDA > 5);
Luminal B tumours: 1 Clostridium (Firmicutes);
HER?2 tumours: 1 Akkermasia (Verrucomicrobia) (LDA = 4)
TNBC: Streptococcaceae in TNBC; also Streptococcaceae, Ruminococcus
(both Firmicutes) (LDA > 3.5)
There were significant differences in bacterial diversity between tumour (51)
Breast and normal breast tissue, as well as differences in composition between
Klann Breast tissue samples aiicrabistaib women and breasts from the same woman.
NA of 10 BC patientsand  NA g i The most abundant phyla are Bacteroidetes, Firmicutes, Proteobacteria,
(2020) Tlumina N
36 healthy samples. P— and Actinobacter.
& e The most abundant OTUs are Ruminococcaceae and Acidaminococcus,
Acinetobacter, Akkermansia, Bacteroides, and Sutterella.
Bacterial species were more diverse and more likely to be present at high (19)
fDNA of 3 BC Br.east ) lev.els in EOBC. patien{s. )
Huang 2006- Stihis i 2 Kaalili N& microbiota by Acinetobacter johnsonii XBBI and low Mycobacterium spp. were
(2018) 2015 l: abjects Y Tllumina discovered in all healthy females but were also found in an EOBC
d Sequencing patient, but large titers of bacterial cfDNA in EOBC patients were

obtained from Pseudomonas or Sphingomonas spp.

NA, not available; BC, breast cancer; IgA, immunoglobulin-A; PrM, pre-menopausal patients; PoM, post-menopausal patients; EOBC, early breast cancer; OTUs, operational taxonomic units;

cfDNA, cell-free DNA.





OEBPS/Images/fonc.2023.1144021_cover.jpg
& frontiers | Frontiers in Oncology

Human gut, breast, and oral microbiome in
breast cancer: A systematic review and
meta-analysis





