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Abstract

This letter evaluates Deng et al study examining the gut microbiota and metabolite
changes in metastatic colorectal cancer (CRC). The research used 16S rRNA
sequencing and liquid chromatography-mass spectrometry metabolomics to
investigate microbial and metabolic shifts in patients with metastatic vs non-
metastatic CRC. The study reveals that CRC patients with metastasis exhibit
significant differences in their gut microbiota and metabolites compared to non-
metastatic patients. However, the study’s reliance on 165 rRNA sequencing pre-
sents inherent limitations, particularly with respect to species-level resolution. The
sequencing depth may not have been sufficient to capture all relevant low-
abundance taxa, as indicated by the rarefaction curves which did not fully
plateau, potentially affecting the identification of differential species. It also
identifies 91 differential metabolites, particularly those involved in nucleic acid,
alkaloid, and lipid metabolism, which may contribute to metastasis progression.
The findings suggest that microbiota and their metabolites play a critical role in
CRC metastasis, offering potential targets for diagnosis and treatment. However,
several limitations exist, including small sample size, single-center data, and a
cross-sectional design that prevents causal conclusions. Additionally, the study
lacks integration of key clinical factors such as dietary patterns and medication
use, which could confound the results. Future research should expand these fin-
dings through multi-center studies with longer follow-up periods, incorporating
more comprehensive clinical data and advanced analytical techniques to validate
and refine the role of microbiota and metabolites in CRC metastasis. Despite its
limitations, this study provides valuable insights into the microbiota-metabolite
axis in CRC metastasis and opens potential avenues for future research. However,
it is crucial to note that the metabolite identification was based on database
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matching rather than chemical standard validation. As such, these results should be considered putative
annotations, with their accuracy requiring further confirmation through targeted analyses.

Key Words: Colorectal cancer; Gut microbiota; Metastasis; Metabolomics; 16S rRNA sequencing; Microbial diversity;
Differential metabolites; Cancer progression; Metabolic pathways; Diagnostic biomarkers
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Core Tip: Deng et al explores the role of gut microbiota and metabolites in colorectal cancer (CRC) metastasis using 16S
rRNA sequencing and liquid chromatography-mass spectrometry-based metabolomics. It identifies significant differences in
microbial communities and metabolites between metastatic and non-metastatic CRC patients. The findings suggest that
specific microbial taxa and metabolites may contribute to metastasis progression, offering potential biomarkers for diagnosis
and treatment. Despite some limitations, such as small sample size and cross-sectional design, the study provides valuable
insights into the microbiota-metabolite axis and its potential for therapeutic targeting in CRC.
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TO THE EDITOR

The gut microbiota is increasingly recognized as a critical determinant in colorectal cancer (CRC) initiation, progression,
and metastasis. Dysbiosis can perturb host metabolism, immune responses, and epithelial barrier integrity, thereby
modulating tumor-host crosstalk. Integrative omics approaches - especially combining 16S rRNA sequencing with
metabolomics - now afford deeper resolution of microbiota-metabolite networks in cancer biology. In this context, a
recent study employed these methods to compare microbial and metabolic signatures between metastatic and non-
metastatic CRC, identifying 91 differential metabolites and genus-level shifts suggestive of a microbiota-metabolite axis in
metastasis. While provocative, the findings remain associative and warrant deeper methodological and translational
scrutiny[1].

MICROBIOTA-METABOLITE SIGNATURES IN METASTATIC CRC: NEXT STEPS

This work showcases the promise of linking microbial taxa to specific metabolites, but several enhancements could
sharpen inference and applicability. First, the single-center, limited-sample design restricts generalizability; replication
across cohorts with standardized protocols is vital. Second, correlation networks should evolve into integrative multi-
omics modeling (e.g., sparse canonical correlation, DIABLO) to derive stable microbial-metabolite signatures predictive of
metastatic phenotypes. Third, 16S rRNA sequencing offers only genus-level resolution; coupling with shotgun metage-
nomics or meta transcriptomics could map functional pathways directly tied to metabolites (e.g., short-chain fatty acid
production, bile acid transformation)[2,3]. Fourth, cross-sectional sampling hinders causal inference. Prospective
sampling before metastasis occurrence or treatment response would clarify temporal dynamics, while animal or organoid
models colonized with patient-derived microbiota could allow mechanistic testing[4]. Fifth, for clinical translation, the
candidate genera (e.g., Butyricicoccus, Coprococcus) and metabolites should be validated in external cohorts, with their
discriminatory performance assessed (area under the curve, calibration, decision-curve analysis)[5,6]. Integrating omics
signatures with standard clinical prognostic markers (e.g., carcinoembryonic antigen, tumor stage) could yield composite
risk models[7].

The study identified several differential genera and metabolites between metastatic and non-metastatic CRC groups.
Notably, the study reported non-significant a-diversity but significant p-diversity, a common finding in microbial
ecology. While species richness (o-diversity) remains similar between groups, the community structure (B-diversity) can
still differ, emphasizing the need to focus on specific taxa rather than overall richness. Genera enriched in the non-
metastatic group, such as Butyricicoccus, Ruminococcus-1, and Coprococcus-2, are well-known butyrate producers. The
reduction of these genera suggests a potential loss of butyrate - a short-chain fatty acid with established anti-inflam-
matory, barrier-strengthening, and anti-cancer properties. These genera are not merely beneficial bacteria but represent
functionally defined protective consortia that are linked to the prevention of CRC progression. In contrast, genera
enriched in the metastatic group, including Pyramidobacter, Christensenellaceae-R-7 group, and Romboutsia, are still
ambiguous in their roles in CRC. These genera should be regarded as candidate pro-carcinogenic bacteria that require
functional validation to confirm their potential involvement in CRC progression. Additionally, when analyzing a large
number of operational taxonomic units and metabolites, the false discovery rate correction is essential to reduce the risk
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of false positives. It is important to consider whether this correction was applied in the study’s statistical analysis.

The study identified several metabolites, including diazoxide, hydroquinidine, aurapten, and triptophenolide, which
are associated with CRC progression. However, these metabolites are not typical core metabolites of gut bacteria; they are
more likely to be products of host metabolism, pharmaceutical derivatives, or dietary components modified by the
microbiota[8]. This suggests a host-microbiota-xenobiotic interaction model that is more complex than previously
considered. In addition, other well-known microbial metabolites, such as formate (derived from Fusobacterium nucleatums),
secondary bile acids, hydrogen sulfide, and trimethylamine N-oxide, have been implicated in CRC tumorigenesis and
metastatic progression through various mechanisms, including AhR signaling and glutamine metabolism. While some
studies suggest anti-cancer effects of metabolites like diazoxide and hydroquinidine, the primary evidence comes from in
vitro pharmacological models, and their actual physiological concentrations and biological effects within the human gut
microenvironment, particularly in the context of CRC metastasis, remain uncertain. These findings highlight the need for
direct evidence to better understand the role of microbial and microbial-modified metabolites in CRC progression,
moving from associative findings to causative mechanisms in vivo[9,10]. The gut-microbiota-metabolite axis thus offers
biologically plausible routes linking microbial dysbiosis to metastasis. Moreover, stage-specific microbiota and metabolite
shifts reported across studies reinforce the validity of stratified analyses, though population heterogeneity, diet, and
geography introduce variability that must be addressed through harmonized multi-cohort designs[11].

The study provides interesting findings, but the results were presented with limited reference to figures (original text),
making it harder to interpret the significance of key results. To improve clarity, we reference specific figures (original
text) such as the Venn diagram (Figure 1), principal component analysis plots (Figure 4), and heatmaps (Figures 6 and 7)
when discussing microbial diversity and metabolic changes. These figures (original text) help contextualize the findings
and enhance the persuasiveness of the results. The data visualization presented in the study was adequate but could be
improved for better clarity. For instance, Figure 7 (original text) (the genus-level heatmap) employs a high-contrast
dichromatic scheme that, while effective in highlighting broad inter-group differences, obscures the distribution patterns
of genus abundances within each group. A continuous color gradient would more precisely display microbial abundance
gradients, helping to assess within-group heterogeneity and reveal subtle relationships between samples and genera.

While the study presents intriguing results, several limitations, including the small sample size, cross-sectional design,
and lack of metagenomic confirmation for the implicated microbial species” genetic capacity to produce or transform the
identified metabolites (e.g., diazoxide, hydroquinidine), should be considered in future research. The absence of causal
confirmation through more direct methods, such as animal models or organoid systems, represents a critical gap between
associative and mechanistic research. Additionally, the principal component analysis analysis revealed that the low
variance contributions of PC1 and PC2 (approximately 10%) suggest that there is considerable unmodeled variation
within the data, likely arising from individual differences, diet, and environmental factors, which weakens the confidence
in these metabolites as robust biomarkers.

CONCLUSION

The study advances our understanding of the gut microbiota-metabolite interplay in CRC metastasis, highlighting new
avenues for biomarker discovery and therapeutic intervention. To progress from association to action, future studies
should integrate metagenomics to reveal microbial gene functions, meta transcriptomics to uncover actively expressed
genes, and targeted metabolomics to precisely quantify key metabolites. These techniques, when combined, will provide
a more comprehensive view of how microbial communities and their metabolites contribute to CRC metastasis.
Furthermore, researchers should validate their findings using humanized mouse models by transplanting fecal
microbiota from CRC patients into germ-free or antibiotic-treated mice and observing the resulting metastasis
phenotypes. This direct validation can offer stronger evidence of the microbiota’s functional role in metastasis. Lastly,
future studies should collect detailed data on diet and medication and incorporate these as covariates in statistical
models. This will help disentangle the independent contributions of microbial and metabolite changes, providing more
precise insights into their role in CRC progression. Ultimately, defining microbial metabolite drivers of metastasis could
open novel microbiome-guided strategies for prognosis, prevention, and treatment of metastatic CRC.
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