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Abstract: Colorectal cancer (CRC), one of the most common malignancies of the digestive system,

is characterized by complex pathogenic mechanisms and an overall poor prognosis. The gut

microbiota and its metabolites play a dual role in CRC by modulating various forms of

programmed cell death (PCD), either promoting or inhibiting tumorigenesis and influencing the

tumor responses to chemotherapy and immunotherapy. This review systematically summarizes
recent advances in understanding how the gut microbiota regulates CRC initiation, progression, and
responses to therapies through the modulation of apoptosis, autophagy, ferroptosis, and pyroptosis.
Furthermore, it discusses the potential clinical-translational implications of these findings, aiming

to provide a theoretical foundation for elucidating CRC pathogenesis and developing novel

therapeutic strategies targeting the gut microbiota.
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*1 EERRERHED BT F I AR TR S E R RIS
Table 1 Summary of the mechanisms by which gut microbiota and their metabolites influence colorectal cancer

through the regulation of programmed cell death

Category Microbial type/ Regulated Mechanism of action Overall impact on ~ References
Metabolite PCD CRC
Intestinal Fusobacterium Autophagy, (1) By activating the TLR4/MYDg88 Promotes tumor [29-30,40]
microbes nucleatum ferroptosis,  signaling pathway, it directly drives pro- progression and
pyroptosis survival autophagy in CRC. (2) By therapy resistance

activating the E-cadherin/fB-catenin/
transcription factor 4 (TCF4) signaling axis,
it upregulates the expression of the key anti-
ferroptosis protein GPX4, thereby inhibiting
ferroptosis in cancer cells. (3) By
suppressing the Hippo pathway, it
upregulates BCL2 expression, which in turn
inhibits Caspase-3/GSDME-mediated
pyroptosis, leading to induced resistance to
chemotherapeutic agents

Bifidobacterium Apoptosis Working synergistically with Lactococcus Inhibits CRC [17]
bifidum H3-R2 lactis, it upregulates Bax expression and occurrence
downregulates BCL2 expression, thereby
inducing apoptosis in CRC cells and
alleviating symptoms of colitis-associated

CRC
Lactococcus lactis ~ Apoptosis Working synergistically with Inhibits CRC [17]
KLDS4.0325 Bifidobacterium bifidum, it upregulates Bax  occurrence

expression and downregulates BCL2
expression, thereby inducing apoptosis in
CRC cells and alleviating symptoms of
colitis-associated CRC

Lactobacillus Apoptosis Indirectly promotes the production of Inhibits CRC [18]
reuteri butyrate, inducing apoptosis in CRC occurrence
Ligilactobacillus Autophagy  Inhibits CRC proliferation by enhancing Inhibits CRC [26]
salivarius autophagy growth
LZZAYO01
Clostridium Apoptosis Increases levels of butyrate, which has direct Inhibits CRC [18]
butyricum anti-cancer activity, promoting apoptosis in  occurrence
CRC
Intestinal Butyrate Apoptosis Inhibits the key pro-proliferative Wnt/ Inhibits CRC [20]
microbial B-catenin signaling pathway and activates occurrence,
metabolites G-protein coupled receptors (e.g., GPR43, chemosensitizer

GPR109A), collectively transmitting pro-

apoptotic signals and effectively inducing

CRC cell death
Conjugated linoleic  Apoptosis Activates the PPAR-y receptor and inhibits  Inhibits CRC [19]
acid the downstream NF-«B survival signaling growth

pathway, thereby promoting CRC cell

apoptosis

(5%5)
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Category Microbial type/ Regulated Mechanism of action Overall impact on ~ References
Metabolite PCD CRC
Propionate Apoptosis Upregulates HECTD2, promoting the Inhibits CRC [21]
degradation of EHMT?2, thereby reducing growth
the repressive H3K9me mark on the
promoter of the pro-apoptotic gene
TNFAIPI, ultimately leading to its
upregulation and induction of CRC cell
apoptosis
4-ethylphenyl Apoptosis Directly upregulates the pro-apoptotic Inhibits CRC [22]
sulfate protein Bax and downregulates the anti- occurrence
apoptotic protein Bcl-2, thereby promoting
CRC apoptosis
Urolithin A Apoptosis Enhances Caspase-8/9-mediated apoptosis Inhibits CRC [51-52]
when combined with 5-FU occurrence,
chemosensitizer
trans-3- Ferroptosis  Activates the AHR pathway, upregulates Accelerates CRC [34]
indoleacrylic acid ALDH1A3, and promotes the expression of  progression
FSP1, thereby inhibiting ferroptosis and
accelerating tumor progression
v-linolenic acid Ferroptosis ~ Triggers ferroptosis in CRC cells by Inhibits CRC [32]
inducing mitochondrial damage growth
Lactiplantibacillus ~ Autophagy  Induces “protective autophagy” to Inhibits CRC [24]
plantarum OC01 selectively degrade the oncogenic protein growth
metabolite(s) B-catenin, thereby inhibiting CRC cell
proliferation
Exopolysaccharide Autophagy  Promoting autophagy in CRC cells by Inhibits CRC [25]
regulating the mTOR signaling pathway growth
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