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Figure 1 The species of intracellular bacteria and extracellular bacteria
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Figure 2 Important events in the study of bacteria and tumor metastasis
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Figure 3 Mechanism of bacterial action on tumor metastasis
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Table 1 Mechanism of bacterial action on tumor metastasis
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The effect of bacteria on tumor metastasis
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Tumor metastasis stands as a critical juncture in cancer progression, often heralding dire outcomes for patients. Recent
research has increasingly spotlighted the intricate interplay between bacteria and tumorigenesis, particularly emphasizing
their significant role in fostering tumor metastasis. Unraveling the precise contributions of bacteria to this process holds
immense promise for advancing cancer research, offering crucial insights into metastatic mechanisms pivotal for
prognostication, innovative therapeutic target development, and the tailoring of personalized treatment strategies.

Our review delves into recent strides in understanding how bacteria influence tumor metastasis, scrutinizing their impact
from both intracellular and extracellular vantage points. We meticulously examine key milestones in the intersection of
bacteria and tumor metastasis, elucidating the complex interrelationships between them. Central to our analysis is a focus
on elucidating the diverse mechanisms through which bacteria shape tumor metastasis. Whether through direct interactions
with tumor cells or by reshaping the tumor microenvironment, bacteria wield considerable influence. Intracellular bacteria
intricately modulate processes such as epithelial-mesenchymal transition, inflammatory responses, and cellular
cytoskeletal rearrangements, thereby directly impacting tumor cells and profoundly altering metastatic potential.
Moreover, intracellular bacteria exert influence by steering tumor adhesion and immune cell activation, thus reshaping the
tumor microenvironment to further drive metastasis. Extracellular bacteria impact tumor cells by triggering DNA damage
responses and modulating epithelial-mesenchymal transition dynamics, further skewing the metastatic landscape. Beyond
this, extracellular bacteria play a pivotal role in fostering pre-metastatic niche formation and regulating immune cell
activity during metastasis, orchestrating their effects through nuanced modulation of the tumor microenvironment.

Simultaneously, we critically evaluate past studies, highlighting limitations such as gaps in understanding bacterial
sources and colonization sites, as well as deficiencies in research depth and breadth. Addressing these challenges, we
advocate several avenues for future research, including the judicious selection of bacterial markers, broadening the
research spectrum to encompass diverse bacterial species, and tailoring drug targets and delivery systems to accommodate
bacterial nuances. Presently, a substantial body of clinical trials is investigating the inhibitory potential of microbiota
modulation on tumor metastasis, ranging from engineered bacterial therapies to fecal microbiota transplantation. We
spotlight select exemplary clinical trials showcasing promising outcomes, underpinning our discussion with potential
clinical translation schemes. Our aim is to furnish novel insights and approaches for diagnosing and treating tumor
metastasis, thereby bridging the chasm between preclinical inquiry and clinical practice to enhance patient outcomes and
propel the trajectory of metastasis research forward.

Bacteria, tumor, metastasis, tumor cell, tumor microenvironment
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