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Abstract

Colorectal cancer (CRC) remains a major global challenge, with growing attention to its
pathogenesis as mediated by the gut microbiome and epigenetic regulation. Despite thera-
peutic progress, clinical management remains difficult. CRC accounts for ~10% of cancers
and is the second leading cause of cancer death worldwide. Romania bears a substantial
burden, with many diagnoses at advanced stages. Etiology—Integrated Genetic, Environ-
mental, and Microbial Determinants. Hereditary syndromes explain 10-15% of cases; most
are sporadic, with hypermutated MSI/POLE (~15%), non-hypermutated chromosomal in-
stability (~85%), and a CpG island methylator phenotype (~20%). GWAS implicate loci near
SMAD7, TCF7L2, and CDHI; in Romania, SMAD7 rs4939827 associates with risk. Lifestyle
exposures—high red /processed meat, low fiber, adiposity, alcohol, and smoking—shape
susceptibility. Microbiome-Epigenome Interactions. Dysbiosis promotes carcinogenesis
via genotoxins (e.g., colibactin), hydrogen sulfide, activation of NF-kB/STAT3, barrier
disruption, and epigenetic remodeling of DNA methylation and microRNAs. Fusobacterium
nucleatum, enterotoxigenic Bacteroides fragilis, and pks™ Escherichia coli exemplifies these
links. Population-Specific Risk—Romania within Lifestyle-Microbiome Evidence. Inci-
dence is rising, including early-onset disease. Romania lacks CRC-specific microbiome
datasets. However, metabolic cohorts show loss of butyrate producers, enrichment of patho-
bionts, and SCFA imbalance—patterns that mirror European CRC cohorts—and exhibit
regional heterogeneity. Beyond Fusobacterium nucleatum. Additional oncobacteria shape
tumor biology. Peptostreptococcus stomatis activates integrin «6/34—ERBB2-MAPK and can
bypass targeted inhibitors, while Parvimonas micra enhances WNT/ 3-catenin programs and
Th17-skewed immunity. Together, these data support a systems view in which microbial
cues and host epigenetic control jointly drive CRC initiation, progression, metastasis, and
treatment response.

Keywords: colorectal cancer; miRNAs; microbiome; Fusobacterium nucleatum; dysbiosis

1. Introduction: Reframing Colorectal Cancer Through the Gut
Microbiome-Epigenome Axis

Colorectal cancer, encompassing both colon and rectal malignancies, is a growing
public health concern. It ranks among the most prevalent cancers worldwide—after lung,
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breast (in women), and prostate—by incidence [1]. Despite advances in research and
therapy, CRC remains challenging because of drug resistance, metastasis, and recurrence [2].

According to the World Health Organization, CRC accounts for ~10% of all cancer
cases and is the second leading cause of cancer mortality. By 2040, the global burden is
projected to exceed 3.2 million new cases and 1.6 million deaths annually—a ~66% increase
in incidence compared with 2020 [3].

The picture is also concerning in Eastern Europe, where CRC mortality ranks among the
highest in the region. In Romania, CRC accounts for roughly 20% of new cancer diagnoses in
both sexes, and many cases are detected at advanced stages [4]. Although updated data are not
yet available, recent estimates report a mortality rate of 14.9 per 100,000 and a hospitalization
prevalence of 116.83 per 100,000. In 2020 alone, nearly 13,000 new cases were diagnosed, and
more than 6000 deaths were attributed to CRC. The predominance of late-stage detection
underscores persistent gaps in early diagnosis and timely intervention [5].

Early-onset colorectal cancer (EOCRC)—defined as CRC diagnosed before age 50—is
increasing steeply, with projections of a >140% global rise by 2030 [6]. This shift suggests
that environmental, dietary, and possibly microbial drivers are accelerating carcinogenesis
in younger populations [7].

CRC is no longer viewed as a disease driven solely by genetic mutations. A growing
body of research supports a paradigm in which tumorigenesis results from a triad of
gene—environment-microbiota interactions [8]. Within this model, the gut microbiome acts
not as a passive bystander but as an active modulator of the colonic microenvironment.
Its metabolic output—ranging from pro-inflammatory molecules to epigenetically active
metabolites—can influence host gene expression and immune signaling.

Epigenetic regulation, particularly through microRNAs (miRNAs), plays a pivotal role
in this interaction, positioning miRNAs at the crossroads between epigenetic control and
the gut microbiome. They are not only regulated by epigenetic mechanisms such as DNA
methylation and histone modification but can also modulate epigenetic enzymes, creating
reciprocal feedback loops that shape gene expression and cellular homeostasis. Adding
further complexity, host-microbiome crosstalk influences these networks: gut microbes can
alter host miRNA expression, while host-derived miRNAs can, in turn, regulate microbial
gene activity. Disruption of this interconnected system contributes to cancer initiation and
progression. We examine CRC through the microbiome—epigenome axis. We synthesize
current evidence on how gut dysbiosis contributes to CRC via miRNA dysregulation and
related epigenetic mechanisms, with a focus on Romania, a country facing a growing
burden. We also consider how regional data on diet, genetics, and microbial patterns can
inform prevention, diagnosis, and personalized treatment strategies.

The discussion is organized into four interconnected themes:

(1) Integrated determinants of CRC—the interplay of inherited susceptibility, lifestyle
and environmental exposures, and the gut microbiome;

(2) Microbiome—epigenome mechanisms—how dysbiosis, via microRNA-centered and
chromatin-mediated pathways, drives tumor initiation, progression, and treatment
response;

(3) Population context for Romania—rising incidence and regional disparities interpreted
alongside European lifestyle-microbiome evidence, with hypothesis-generating in-
sights from Romanian metabolic cohorts;

(4) Broader oncobacterial contributions and translation—roles of taxa beyond Fusobac-
terium nucleatum and implications for biomarker development and precision oncology.
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2. Colorectal Cancer Etiology: Integrated Genetic, Environmental, and
Microbial Determinants

CRC is a multifactorial disease shaped by inherited susceptibility, environmental
exposures, and endogenous biological perturbations. Within this framework, the gut mi-
crobiome functions as a pivotal internal environmental layer—modulating inflammation,
metabolism, and epigenetic control—and thereby shaping how genetic risk and lifestyle
exposures translate into tumorigenesis. CRC occurs either as hereditary syndromes caused
by germline defects or, more commonly, as sporadic disease driven by the stepwise accu-
mulation of somatic alterations shaped by environmental exposures.

Hereditary syndromes such as Lynch syndrome and familial adenomatous polyposis
(FAP)—together ~10-15% of cases—have illuminated core pathways through germline
defects in MLH1, MSH2, and APC. Most cancers are sporadic and arise through step-
wise accumulation of somatic alterations, often molded by diet, inflammation, and other
environmental inputs [9-11]. Molecularly, sporadic tumors segregate into recognizable
patterns: a hypermutated subset (~15%) with mismatch-repair deficiency, microsatellite
instability (MSI), or POLE mutations; a non-hypermutated majority (~85%) with chromoso-
mal instability and recurrent mutations in APC, TP53, KRAS, and PIK3CA; a CpG island
methylator phenotype (CIMP) in ~20% of cases; and a high prevalence of EMAST, which
cuts across groups and associates with metastatic behavior. These features increasingly
inform diagnosis, prognosis, and treatment selection beyond anatomic staging [12].

Genetic risk rarely acts in isolation. Genome-Wide Association Studies (GWAS) have
identified common variants—such as loci near SMAD7, TCF7L2, and CDH1—that modulate
how lifestyle exposures (alcohol, adiposity, diet, NSAID use) influence CRC susceptibil-
ity [13,14]. Population-specific data support this coupling: a Romanian case—control study
linked SMAD? 154939827 with elevated risk, suggesting interactions between Westernized
diets and local genetic architecture [15].

Lifestyle and environmental factors remain central levers of risk. High intake of pro-
cessed and red meat, low dietary fiber, excess body weight, smoking, and alcohol use drive
inflammatory signaling, oxidative stress, and imbalances in proliferation and apoptosis [16].
Country-specific exposure patterns shape local burden. In Romania, processed-meat con-
sumption has increased; one study reported up to a sixfold rise in colon cancer risk among
high consumers. Westernized diets and sedentary lifestyles likely contribute to rising
incidence, including among younger adults [17].

Superimposed on these determinants is the gut microbiome. Dysbiosis—an imbalance
in these microorganisms—can promote carcinogenesis through convergent mechanisms,
including the production of genotoxins and metabolites (e.g., colibactin, hydrogen sul-
fide), activation of NF-kB/STAT3 signaling, disruption of epithelial barrier integrity, and
epigenetic remodeling, such as altered DNA methylation and miRNA expression. Mi-
crobes most consistently linked to neoplasia illustrate how bacterial cues can hard-wire
tumor-promoting programs in the colonic mucosa [18-20]. A detailed exposition of their
mechanisms is provided in the subsequent sections, emphasizing miRNA-centered and
epigenetic pathways through which microbial drivers shape CRC pathogenesis.

3. Microbiome-Epigenome Interactions in Colorectal Carcinogenesis:
A MicroRNA-Centric Framework

The human microbiome encompasses a diverse community of microorganisms, includ-
ing bacteria, archaea, fungi, and viruses that colonize various body sites. Predominantly
bacterial, these microbes form symbiotic relationships with the host and influence key
physiological processes by adapting to each specific niche [21]. In the colon, the mu-
cosa engages in continuous cross-talk with this dense community. When community
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structure departs from eubiosis (dysbiosis), consequences extend beyond sustained inflam-
mation. Imbalanced microbiota can reprogram epithelial gene regulation via microRNAs
and chromatin-modifying enzymes, altering cell survival, invasiveness, immune evasion,
and therapy responsiveness. miRNAs are central to this crosstalk. Gut microbes alter
host miRNA programs through secreted metabolites and toxins, engagement of pattern-
recognition pathways, and secondary effects on chromatin structure. Reciprocally, intestinal
epithelial cells release exosomal miRNAs into the lumen, where resident bacteria can take
them up and adjust microbial gene expression [22-24]. Within this bidirectional framework,
certain taxa are repeatedly enriched in colorectal tumors and precursors—F. nucleatum,
enterotoxigenic Bacteroides fragilis (ETBF), and genotoxic Escherichia coli [25-28]—while
beneficial commensals such as Faecalibacterium prausnitzii and Akkermansia muciniphila are
often depleted [29,30].

3.1. Microbial Taxa Affect miRNA Regulation in Colorectal Tissue

Among CRC-enriched taxa, F. nucleatum is consistently more abundant in adenomas
and carcinomas than in matched normal mucosa and possesses virulence factors—FadA,
Fap2, and FomA—that enable adhesion to and invasion of epithelial and endothelial
cells [31-34]. One salient axis centers on miR-21, a colon cancer-associated miRNA. F.
nucleatum upregulates miR-21, which inhibits RASA1, a RAS GTPase-activating protein
that normally restrains the RAS pathway; removal of this control activates the RAS-MAPK
cascade, thereby promoting cell proliferation and survival. This remodeling is intertwined
with innate immunity: bacterial ligands engage the TLR4-MYD88 module in colonocytes,
driving NF-«kB activation and a pro-inflammatory transcriptional program that favors tumor
growth, invasion, and metastasis [35]. Additional miRNA circuits expand Fusobacterium’s
impact. Infection raises miR-31, which targets eIlF4EBP1/2—repressors of cap-dependent
translation—biasing protein synthesis toward tumorigenic outputs; high phosphorylated
elF4EBP1 has been linked to poor prognosis. The same miRNA downregulates STX12, a
vesicular trafficking factor, impeding autophagosome-lysosome fusion and tilting cellular
homeostasis toward tumor promotion [36].

F. nucleatum also contributes to therapy failure and dissemination. Through TLR4—
MYDSS signaling it suppresses miR-18a* and miR-4802, two miRNAs that normally restrain
ULK1 and ATG?7; their loss increases autophagic flux and allows cancer cells to tolerate
oxaliplatin and 5-fluorouracil. Restoring these miRNAs or interrupting upstream signaling
reverses resistance [37].

Metastatic spread is amplified via a chemokine switch: the bacterium lowers miR-
1322, de-repressing CCL20—one of the most strongly induced chemokines in tumors with
high fusobacterial burden. Elevated CCL20 enhances recruitment of CCR6" immune cells
and supports lung colonization in experimental models; CCL20 knockdown or miR-1322
mimicry curtails Fusobacterium-driven metastatic outgrowth [38].

ETBEF further illustrates how junctional injury couples to RNA-based control. ETBF
carries the bft gene encoding Bacteroides fragilis toxin (BFT), which cleaves E-cadherin,
disrupts tight junctions, and increases barrier permeability—perturbations believed to
facilitate the normal-adenoma—carcinoma sequence. Beyond barrier damage, ETBF up-
regulates the long non-coding RNA BFALI1, which acts as a competitive “sponge” for
miR-155-5p and miR-200a-3p. By relieving repression of RHEB, BFALL1 activates mTORC1,
a nutrient-sensing growth complex that promotes protein synthesis and suppresses au-
tophagy. In CRC cells, inhibitors of miR-155-5p and miR-200a-3p raise RHEB mRNA and
protein, whereas miRNA mimics reduce them, consistent with direct 3'-UTR targeting; ele-
vated RHEB correlates with poor differentiation, higher Dukes stage, and nodal metastasis,
linking this circuit to aggressive biology [39,40].
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Adherent-invasive E. coli (AIEC) mediates the link between inflammation and au-
tophagy regulation through miRNAs. In human T84 epithelial cells and mouse ente-
rocytes, infection with the AIEC strain LF82 activates NF-kB and induces miR-30c and
miR-130a. These miRNAs directly downregulate ATG5 and ATG16L1—proteins that form
an essential complex for autophagosome formation—thereby suppressing autophagy, in-
creasing intracellular bacterial burden, and amplifying IL-8—driven inflammation. Gain-
and loss-of-function studies confirm 3’-UTR-dependent regulation of ATG5/ATG16L1 by
miR-30c/miR-130a. Pharmacologic NF-«B inhibition (PDTC) blocks miRNA induction,
rescues autophagy genes, and dampens the inflammatory cascade [25].

These circuits show how F. nucleatum, ETBF, and AIEC translate adhesion, toxin
delivery, and innate sensing into post-transcriptional reprogramming of the host. Yet
microbial control does not stop at miRNAs. The same exposures reshape the epithelial
epigenome through DNA methylation and histone modification, with short-chain fatty
acids (SCFAs) acting as chromatin-active cofactors.

3.2. Microbial Taxa Drive Epigenetic Reprogramming: Remodeling of the Host Epigenome

The gut microbiome alters the epithelial epigenome via DNA methylation, histone
modifications, reprogramming transcription without changing DNA sequence. Dysbiosis
can amplify these deviations and steer pathways relevant to tumor initiation, progres-
sion, and clinical behavior. A central conduit is the SCFA pool—acetate, propionate, and
butyrate—generated by microbial fermentation of dietary fiber and resistant starch. SCFAs
serve as epithelial fuels and systemic messengers: they engage G-protein-coupled receptors
on endocrine and immune cells and directly remodel chromatin by modulating histone
acetyltransferases/deacetylases and influencing DNA demethylation machinery. In this
capacity, SCFAs operate as bona fide epigenetic cofactors [41].

Butyrate exemplifies the metabolic—epigenetic coupling termed the “butyrate para-
dox.” In cancer cells that favor aerobic glycolysis (the Warburg effect), butyrate is ineffi-
ciently oxidized, accumulates in the nucleus, and acts as a histone deacetylase (HDAC)
inhibitor, resulting in histone hyperacetylation and growth arrest. In contrast, normal
colonocytes efficiently catabolize butyrate via -oxidation and the TCA cycle, using it
as a principal energy source that supports differentiation and barrier function. Contexts
with defective DNA repair or mitochondrial metabolism can invert these outcomes: ge-
netically unstable cells may exploit butyrate as an alternative fuel and, under selection,
expand aggressive, angiogenic clones. In the healthy gut, SCFA production arises largely
from Firmicutes (especially Clostridiales) and Bacteroidetes, with contributions from some
Actinobacteria [41-44].

Beyond metabolites, specific taxa imprint epigenetic signatures. F. nucleatum has been
associated with CIMP and MSI-high tumors, including promoter hypermethylation at genes
such as MLH1 [45-47]. The bacterium can also influence miRNA maturation: METTL3-
dependent m6A processing enhances maturation of select miRNAs (e.g., miR-4717), which
then repress tumor-suppressive targets like MAP2K4. Inflammatory signaling and oxidative
stress driven by F. nucleatum increase reactive oxygen species and DNA double-strand
breaks, perturbations that bias methylation patterns and stabilize oncogenic programs, and
are linked to more aggressive, metastatic disease [48]. Complementing this, E. coli strains
carrying the pks island produce colibactin, a genotoxin that alkylates adenine residues
and induces DNA damage, leaving a characteristic mutational footprint. Genotoxic stress
co-opts epigenetic control indirectly by stabilizing inflammatory transcriptional states
and altering the balance of DNA and histone methylation/acetylation. At the tissue
level, pks™ E. coli promotes an immunosuppressive, lipid-replete microenvironment that
facilitates tumor progression and diminishes therapeutic responsiveness [49].
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Across these layers, microbial cues—adhesins and toxins from F. nucleatum and ETBE,
NF-Kb-activating signals from AIEC, and colibactin from pks™ E. coli—feed into shared
host circuitry. Post-transcriptionally, miRNAs such as miR-21 (RASA1-MAPK), miR-31
(eIF4EBP1/2; STX12), miR-18a*/miR-4802 (ULK1/ATG7), and miR-1322 (CCL20) recal-
ibrate autophagy, chemokines, and growth control. At the chromatin level, SCFAs and
inflammation-linked signals shape histone acetylation/deacetylation and DNA methyla-
tion, reinforcing tumor-promoting states.

4. Population-Specific Risk: Situating Romania Within
Lifestyle-Microbiome Evidence

At present, no Romania-specific CRC microbiome datasets are available. To avoid
over-interpretation, we benchmark Romania against (i) large European CRC cohorts that
integrate lifestyle exposures with microbiome features and (ii) Romanian metabolic cohorts
(type 2 diabetes, metabolic syndrome) that report gut microbial and metabolite shifts rele-
vant to CRC biology. Signals from metabolic cohorts are treated as hypothesis-generating
rather than definitive CRC evidence. A consolidated summary of cohorts, assays, and key
signatures is provided in Table 1.

Table 1. Key gut microbiome findings across Romanian and other European cohorts.

Country/Study Cohort Assay Gut Microbial Signature
Context
Romania/ T2D n =150 (105 T2D,45HC) RTPCR/16SrRNA | Lactobacilli species, Akkermansia muciniphila,
gene/SYBR Green  butyrate producers (Faecalibacterium prausnitzii,
primers Butyricicoccus, Subdoligranulum); 1
Fecal samples Enterobacteriaceae, Fusobacterium, Dialister
Romania/ n = 60 (30 MetSyn, 30 RT PCR/16SrRNA 1 Gamma Proteobacteria, Beta Proteobacteria,
MetSyn HQC) gene/SYBR Green  Enterobacteriaceae, Turicibacter, Clostridium
primers (coccoides/leptum); | Butyricicoccus sp.,
Fecal samples Akkermansia muciniphila, Faecalibacterium
prausnitzii
Belgium/ n = 589 (referred for QMP Significant differential abundance across groups:
LCPM colonoscopy and colonic ~ Fecal samples Anaerococcus, Alistipes onderdonkii, Dialister
resections; 3 groups: pneumosintes, Fusobacterium nucleatum,
CTLs; ADE; CRC) Parvimonas micra, Peptostreptococcus anaerobius,
validation cohort Porphyromonas asaccharolytica, Prevotella
intermedia.
Adjustment for calprotectin (+=BMI, stool
moisture) abolishes the absolute/relative F.
nucleatum—CRC diagnosis association.
Bact2 enterotype is overrepresented in
colonoscopy patients, regardless of CRC status.
France/ n= 156 population RT PCR/16SrRNA  22-species signature: Fusobacterium nucleatum
Germany F(healthy/adenoma/ Metagenomic (subsp. vincentii/animalis), Peptostreptococcus
CRC)/France shotgun stomatis Porphyromonas asaccharolytica,
n = 38 population sequencing Porphyromonas asaccharolytica, Clostridium
G(CRC)/Germany Fecal and tissue hylemonae, Clostridium symbiosum .. —all
n = 297 population samples enriched in CRC
H(healthy)/Germany; Early-stage CRC vs. controls: 1 Fusobacterium

Denmark and Spain from
other studies

spp-; T Peptostreptococcus stomatis (strong
enrichment) | Eubacterium rectale, | Eubacterium
eligens, | Streptococcus (negative association).
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Country/Study Cohort Assay Gut Microbial Signature

Context

Austria n=156 (57HC + 6 Metagenomic 1 Actinomyces viscosus, Bifidobacterium animalis,
HC/AMS; 44 AA +3 shotgun Streptococcus thermophilus, Clostridium sp.,
AA/AMS; 46 CRC) sequencing Streptococcus mutans—HC

Fecal samples 1 Streptococcus thermophilus

Bifidobacterium animalis,

Actinomyces viscosus, Bacteroides massiliensis,
Paraprevotella clara

Bacteroides dorei—AA

1 Fusobacterium, Escherichia coli, Parvimonas,
Bacteroides eggerthii, Sutterella wadsworthensis,
Veillonella atypica, Bilophila,
B.massiliensis,B.dorei,B.vulgates, Parabacteroides
merdae, A.finegoldii, B.wadsworthia, Lachnospiraceae
bacterium, Alistipes finegoldii, Bacteroides
caccae—CRC

Abbreviations: CRC—colorectal cancer; T2D—Type 2 Diabetes; MetSyn—Metabolic Syndrome; HC—healthy
controls; HC/AMS—healthy controls/another manuscript samples (in line with the original article text); AA—
advanced adenoma; AA/AMS—advanced adenoma/another manuscript samples (in line with the original
article text); QMP—quantitative microbiome profiling; LCPM—Leuven CRC Progression Microbiome; CTLs—
patients without evidence of colonic lesions; ADE—patients with polyps; Bact2—Bacteroides2 enterotype; RT-
PCR—reverse transcription polymerase chain reaction; 16S rRNA—16S ribosomal RNA; | indicates decreased
abundance; 1 indicates increased abundance.

4.1. European Evidence on Lifestyle—Microbiome Links and Implications for Romania

Across Europe, combined healthy behaviors—healthy weight, physical activity, non-
smoking, limited alcohol, and a prudent diet—associate with lower risk; in EPIC, each
additional healthy factor reduced incidence, and the most favorable profile conferred ~one-
third risk reduction [50]. Comparative analyses show that obesity, alcohol, and erosion of
traditional diets can negate presumed protections; for example, Croatian data associate
obesity and daily alcohol use with increased risk despite a Mediterranean backdrop [51].
Viewed through this lens (and as illustrated in Figure 1), Romania’s epidemiology mirrors
continental trends: incidence is rising alongside Westernized eating (more red/processed
meat and refined carbohydrates, less fiber and dietary diversity) and more sedentary
routines. Spatial analyses indicate marked heterogeneity—highest incidence and mortality
in the north and center, with lower figures in Bucharest and southern provinces [5].

Microbiome-anchored European cohorts sharpen the methodological and biological
picture. In Belgium, a 589-patient colonoscopy cohort was partitioned into three diagnostic
groups (no lesions, polyps, CRC) and profiled using quantitative microbiome profiling
(QMP) 165 rRNA rather than relative profiling. By coupling absolute quantification with
extensive metadata (including stool transit time, fecal calprotectin as an inflammation
proxy, and BMI), the study reduced false positives/negatives and systematically probed
covariates that can mask or create spurious taxon—disease associations. Contrary to much of
the prior literature, well-known targets such as Fusobacterium nucleatum did not significantly
associate with diagnostic groups once covariates were modeled. In contrast, associations for
Anaerococcus vaginalis, Dialister pneumosintes, Parvimonas micra, Peptostreptococcus anaerobius,
Porphyromonas asaccharolytica, and Prevotella intermedia remained robust, highlighting their
future biomarker potential. The work also showed that colonoscopy “controls” (e.g.,
positive Fecal Immunochemical Test—FIT, but no lesions) can be enriched for the dysbiotic
Bacteroides2 enterotype, complicating the definition of a truly healthy reference group. A large
external validation cohort—among the best characterized at publication—underscored
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two design essentials for future studies: absolute quantification and rigorous covariate
handling [52].

Colorectal Cancer Risk Patterns in Romania and Europe

Fusobacterium nucleatum
Bacteroides fragilis

Faecallbacterium prausnitzii
Clostridium leptum

Akkermansia muciniphila
Peptostreptococcus stomatis
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Figure 1. Lifestyle, microbiome, and CRC in Europe and Romania: rising incidence parallels obesity,
alcohol, diet shifts, and sedentary habits; cohorts highlight regional disparities, and microbial markers.
Created in BioRender. Simona, T. (2025). https://BioRender.com/sfheugk (accessed on 9 May 2025).

Metagenomic studies across France/Germany (with external validations) complement
these findings. Fecal species-level classifiers distinguished cases from controls with per-
formance comparable to fecal occult blood testing (FOBT) and improved further when
combined with FOBT. Discriminative taxa included Fusobacterium spp., Porphyromonas
asaccharolytica, and Peptostreptococcus stomatis. Functionally, CRC metagenomes showed
greater utilization of host carbohydrates and amino acids and increased lipopolysaccharide
metabolism, consistent with pro-inflammatory states. An Austrian metagenome-wide
association analysis spanning healthy, advanced adenoma, and carcinoma identified mi-
crobial genes/strains/functions enriched by stage; risk-factor analysis indicated that high
red-meat intake relative to fruits/vegetables associates with the outgrowth of bacteria
that may create a more hostile gut milieu—findings that support fecal microbiome-based
strategies for early diagnosis and intervention [53].

Taken together, European evidence delivers clear guidance for Romania: lifestyle
aggregates materially shift risk; obesity and alcohol can outweigh nominal dietary protec-
tions; and, critically, study design matters—maybe using quantitative microbiome profiling
(QMP) 16S rRNA rather than relative profiling, explicit capture of inflammatory and
transit covariates, and careful control selection are prerequisites for robust, transportable
biomarkers.

Because Romania lacks CRC-specific microbiome datasets, the most immediate win-
dow into local biology comes from metabolic cohorts that profile gut communities and
metabolites. These do not establish CRC causality, but they can indicate whether Romanian
exposures are tracking toward dysbiosis patterns repeatedly seen in CRC.
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4.2. Romania’s Current Evidence Base, with Method Transparency and Hypothesis-Generating
Inferences

Study-selection criteria (Romania and comparators). We selected studies that charac-
terize the Romanian population in terms of gut microbiome composition and/or microbial-
derived metabolites, preferably comparing healthy controls with patient groups whose
conditions could plausibly be influenced by specific bacterial taxa. The same criterion
guided the choice of international studies, with the caveat that most of those cohorts fo-
cused on colorectal cancer or colorectal precancerous lesions. As noted above, because
no Romanian cohort with this pathology is currently available, we did not require a
disease-specific inclusion criterion for Romania. A further criterion was methodological
rigor: included studies had to use established approaches for profiling gut microbiome
patterns—real-time PCR (qPCR)/NGS/165 rRNA gene sequencing—so that results are
method-concordant with the broader literature. Two cohorts met these criteria—one in
type 2 diabetes (T2D) and one in metabolic syndrome (MetSyn)—and are presented strictly
as context for CRC, not as CRC evidence.

T2D cohort (n = 150; 105 T2D, 45 healthy). Findings: depletion of butyrate produc-
ers (Faecalibacterium prausnitzii, Butyricicoccus, Subdoligranulum, Roseburia), enrichment of
Enterobacteriaceae and Bacteroides, and increases in Dialister and Fusobacterium; dysbiosis
correlated with lipid parameters and blood pressure. Akkermansia was reduced [54].

Metabolic syndrome cohort (n = 60; 30 MetSyn, 30 controls). Findings: enrichment of
Enterobacteriaceae, Turicibacter, and Clostridium coccoides/leptum; depletion of Akkermansia
muciniphila, F. prausnitzii, and Butyricicoccus; lower butyrate with higher succinate/taurine;
fungal shifts toward Saccharomyces/Aspergillus [55].

Interpretation and study design for Romania. Both Romanian cohorts align with motifs
repeatedly observed in CRC elsewhere: loss of butyrate producers, gain of inflammation-
prone/pathobiont taxa, and SCFA imbalance (] butyrate, T succinate). These patterns
are hypothesis-generating: they argue for Romanian CRC studies that (i) use QMP or
metagenomics, (ii) record covariates with high confounding potential (fecal calprotectin,
stool transit/moisture, BMI, medications), and (iii) define controls carefully, recognizing
that screen-negative individuals may still exhibit dysbiotic enterotypes (e.g., Bacteroides2).
Embedding standardized lifestyle measures (dietary diversity/fiber, alcohol, physical
activity, anthropometry) will enable direct comparison to European benchmarks and reduce
ambiguity between mechanistic and epidemiological inference.

European cohorts quantify how lifestyle aggregates and microbial community struc-
ture co-vary with risk, and they set methodological standards that minimize spurious
associations. Romania’s rising burden—coupled with regional heterogeneity—fits this
continental pattern. Local metabolic cohorts already indicate a drift toward CRC-relevant
dysbiosis; a CRC-specific, method-transparent program that integrates diet, inflammation,
microbiome, and metabolome is the logical next step to move from hypothesis generation
to actionable evidence.

5. Beyond Fusobacterium nucleatum: Expanding Roles of Other
Oncobacteria in Colorectal Cancer

Although F. nucleatum remains a principal microbial actor in CRC, additional taxa have
direct, experimentally tractable effects on tumor biology. Two organisms, Pepfostreptococcus
stomatis and Parvimonas micra, understudied until now, also exhibit mechanisms through
which microbial adhesion, host-receptor interactions, and immune modulation can drive
tumor progression, shape prognosis, and impair targeted therapies.
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5.1. Peptostreptococcus stomatis: ERBB2-MAPK Activation and Therapeutic Bypass

P. stomatis is enriched in colorectal tumors and adheres to and invades colonic epithe-
lium, suppressing apoptosis and driving cell-cycle progression—phenotypes that increase
tumor multiplicity and histologic grade in both genetic and inflammation-associated mod-
els. A surface adhesin, fructose-1,6-bisphosphate aldolase (FBA), engages epithelial integrin
a6/ 4 with micromolar affinity. This interaction is required for attachment, invasion, and
downstream signaling: knockdown or antibody blockade of x6/ (34 abrogates adhesion,
blunts proliferation, and prevents pathway activation. P. stomatis elicits alternative activa-
tion of ERBB2 and propagates signaling through the MEK-ERK-p90RSK cascade, accompa-
nied by increased integrin a6/ 4 and phospho-ERBB2. In vivo, colonization compromises
barrier proteins (E-cadherin, occludin), elevates high-grade dysplasia/adenocarcinoma,
and augments colonic inflammation. Importantly, P. stomatis-driven ERBB2 signaling by-
passes receptor tyrosine kinase inhibition: co-culture or intratumoral delivery diminishes
the impact of EGFR inhibitors (cetuximab, erlotinib) in KRAS-wild-type settings and of
BRAF blockade (vemurafenib) in BRAF"V600E tumors, whereas ERBB2 inhibitors (e.g.,
tucatinib, CP-724714) restore sensitivity. Overexpressing P. stomatis FBA or administering
purified FBA reproduces adhesion, ERBB2-MAPK activation, and tumor-promoting effects,
underscoring the sufficiency of the adhesin-integrin axis [56].

5.2. Parvimonas micra: Prognostic Significance, Th17 Polarization, and WNT Pathway
Engagement

Across multiple cohorts, P. micra is consistently enriched in fecal and mucosal samples
from patients versus controls; tumor tissue often shows higher abundance than adjacent
normal mucosa. Elevated fecal P. micra independently predicts poorer 5-year survival
after adjustment for age, sex, and stage. Experimentally, P. micra accelerates tumorigenesis
in Apc"Min/+ mice, stimulates colonocyte proliferation in conventional animals, and
remains pro-proliferative under germ-free monocolonization—indicating a direct epithelial
effect. Conditioned media increase HT-29 viability and clonogenicity and activate WNT/ 3-
catenin signaling). In vivo transcript profiling reveals induction of programs linked to
proliferation (Mki67, Cdc20), invasion/metastasis (Snail, Cdh2), stemness (Sirtl, Bmil),
and angiogenesis (Pgf, Angptl, Flt1), alongside repression of apoptotic and DNA-damage
response pathways. Immunologically, P. micra skews mucosal immunity toward a Th17
phenotype: colonic IL-17A, IL-22, and IL-23 increase, Th17 infiltration rises, and chemokine
networks (including CCL20 and several CXCLs) are induced, reinforcing an inflammatory,
tumor-supportive microenvironment. Notably, conditioned media from P. micra directly
promote CD4* T-cell differentiation toward IL-17* cells, linking this bacterium to adaptive
immune reprogramming that favors tumor progression [57].

Together, P. stomatis and P. micra extend the spectrum of tumor-associated microbes
beyond F. nucleatum by acting through complementary axes. Their recurrent enrichment
in patient cohorts, with causal evidence in mouse and organoid models, indicates that
microbiome profiling can sharpen prognosis and guide microbiome-informed therapy
design.

6. Conclusions

CRC increasingly appears as a systems disease in which the gut microbiome, host
microRNAs, and epigenetic circuitry act together to shape tumor behavior. Convergent
evidence shows that taxa such as Fusobacterium nucleatum, enterotoxigenic Bacteroides
fragilis, and pks* Escherichia coli engage NF-kB, WNT/3-catenin, and mTORC1 signaling
while rewiring miRNA networks (miR-21, miR-31, miR-18a*/miR-4802, miR-1322), with
downstream effects on inflammation, immune evasion, autophagy, metastatic fitness, and
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treatment resistance. These mechanistic links support the clinical development of microbial
signatures integrated with circulating or tissue miRNAs as non-invasive biomarkers for
earlier detection, refined prognostication, and prediction of therapeutic response. They also
highlight actionable levers—nutritional and ecological modulation, blockade of microbial
adhesins and toxins, and miRNA /epigenetic interventions—as rational complements to
standard oncology.

Looking ahead, advancing from association to application will require longitudinal,
covariate-controlled cohorts that reflect the epidemiologic and dietary realities of pop-
ulations, including Romania, while validating microbial and epigenetic biomarkers for
targeted prevention and therapy. Diet should be considered a modifiable component of
care, not merely a background exposure; defining how specific dietary patterns during
oncological treatment influence tolerance and efficacy is a priority. Trials of microbiome-
directed therapeutics merit careful evaluation, including fecal microbiota transplantation
(FMT), defined consortia, prebiotics/postbiotics, and SCFA-targeted strategies, with safety
and scalability in view. A research agenda built around these principles can translate
microbiome-miRNA biology into practical tools and interventions for CRC control in
Romania and beyond.

Author Contributions: Conceptualization, S.T.; literature search, S.T.; data analysis and synthesis,
S.T. and EG.; writing—original draft preparation, S.T.; writing—review and editing, S.T. and FG.;
critical revision, M.G. All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by the University of Medicine and Pharmacy ‘Carol Davila’,
project number 10510/08.05.2025. No article processing charges (APC) were incurred.

Institutional Review Board Statement: The study did not require ethical approval.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

Roshandel, G.; Ghasemi-Kebria, F.; Malekzadeh, R. Colorectal Cancer: Epidemiology, Risk Factors, and Prevention. Cancers 2024,
16, 1530. [CrossRef]

Lichtenstern, C.R.; Ngu, R.K,; Shalapour, S.; Karin, M. Inmunotherapy, Inflammation and Colorectal Cancer. Cells 2020, 9, 618.
[CrossRef]

Morgan, E.; Arnold, M.; Gini, A.; Lorenzoni, V.; Cabasag, C.J.; Laversanne, M.; Vignat, J.; Ferlay, J.; Murphy, N.; Bray, F. Global
Burden of Colorectal Cancer in 2020 and 2040: Incidence and Mortality Estimates from GLOBOCAN. Gut 2023, 72, 338-344.
[CrossRef] [PubMed]

OECD. European Observatory on Health Systems and Policies. Romania: Country Cancer Profile 2025. Available on-
line: https://www.oecd.org/content/dam/oecd/en/publications/reports/2025/02/eu-country-cancer-profile-romania-20
25_ef833241/8474a271-en.pdf (accessed on 1 August 2025).

Ionescu, E.M.; Tieranu, C.G.; Maftei, D.; Grivei, A.; Olteanu, A.O.; Arbanas, T.; Calu, V.; Musat, S.; Mihaescu-Pintia, C.; Cucu, I.C.
Colorectal Cancer Trends of 2018 in Romania—An Important Geographical Variation between Northern and Southern Lands and
High Mortality versus European Averages. J. Gastrointest. Cancer 2021, 52, 222-228. [CrossRef]

Cavestro, G.M.; Mannucci, A.; Zuppardo, R.A.; Di Leo, M.; Stoffel, E.; Tonon, G. Early Onset Sporadic Colorectal Cancer:
Worrisome Trends and Oncogenic Features. Dig. Liver Dis. 2018, 50, 521-532. [CrossRef] [PubMed]

Hofseth, L.J.; Hebert, ].R.; Chanda, A.; Chen, H.; Love, B.L.; Pena, M.M.; Murphy, E.A.; Sajish, M.; Sheth, A.; Buckhaults, PJ.; et al.
Early-Onset Colorectal Cancer: Initial Clues and Current Views. Nat. Rev. Gastroenterol. Hepatol. 2020, 17, 352-364. [CrossRef]
[PubMed]

Yang, T.; Li, X.; Montazeri, Z.; Little, J.; Farrington, S.M.; Ioannidis, ].P.; Dunlop, M.G.; Campbell, H.; Timofeeva, M.; Theodoratou,
E. Gene—Environment Interactions and Colorectal Cancer Risk: An Umbrella Review of Systematic Reviews and Meta-Analyses
of Observational Studies. Int. J. Cancer 2019, 145, 2315-2329. [CrossRef]

Rustgi, A.K. The Genetics of Hereditary Colon Cancer. Genes Dev. 2007, 21, 2525-2538. [CrossRef]


https://doi.org/10.3390/cancers16081530
https://doi.org/10.3390/cells9030618
https://doi.org/10.1136/gutjnl-2022-327736
https://www.ncbi.nlm.nih.gov/pubmed/36604116
https://www.oecd.org/content/dam/oecd/en/publications/reports/2025/02/eu-country-cancer-profile-romania-2025_ef833241/8474a271-en.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2025/02/eu-country-cancer-profile-romania-2025_ef833241/8474a271-en.pdf
https://doi.org/10.1007/s12029-020-00382-3
https://doi.org/10.1016/j.dld.2018.02.009
https://www.ncbi.nlm.nih.gov/pubmed/29615301
https://doi.org/10.1038/s41575-019-0253-4
https://www.ncbi.nlm.nih.gov/pubmed/32086499
https://doi.org/10.1002/ijc.32057
https://doi.org/10.1101/gad.1593107

Biomedicines 2025, 13, 2262 12 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Lynch, H.T.; Smyrk, T.C.; Watson, P.; Lanspa, S.J.; Lynch, J.F.; Lynch, PM.; Cavalieri, R.].; Boland, C.R. Genetics, Natural History,
Tumor Spectrum, and Pathology of Hereditary Nonpolyposis Colorectal Cancer: An Updated Review. Gastroenterology 1993, 104,
1535-1549. [CrossRef]

National Cancer Institute. Genetics of Colorectal Cancer (PDQ®)—Health Professional Version. Available online: https:/ /www.
cancer.gov/types/colorectal /hp/colorectal-genetics-pdq (accessed on 10 July 2025).

Yamamoto, H.; Watanabe, Y.; Arai, H.; Umemoto, K ; Tateishi, K.; Sunakawa, Y. Microsatellite Instability: A 2024 Update. Cancer
Sci. 2024, 115, 1738-1748. [CrossRef]

Rattray, N.J.W.; Charkoftaki, G.; Rattray, Z.; Hansen, J.E.; Vasiliou, V.; Johnson, C.H. Environmental Influences in the Etiology of
Colorectal Cancer: The Premise of Metabolomics. Curr. Pharmacol. Rep. 2017, 3, 114-125. [CrossRef] [PubMed]

Carethers, ].M.; Jung, B.H. Genetics and Genetic Biomarkers in Sporadic Colorectal Cancer. Gastroenterology 2015, 149, 1177-
1190.e3. [CrossRef] [PubMed]

Herlo, L.E; Dumache, R.; Duta, C.; Vita, O.; Mercioni, A.M.; Stelea, L.; Sirli, R.; Iurciuc, S. Colorectal Cancer Risk Prediction Using
the rs4939827 Polymorphism of the SMAD? Gene in the Romanian Population. Diagnostics 2024, 14, 220. [CrossRef]

Tan, J.; Chen, Y.X. Dietary and Lifestyle Factors Associated with Colorectal Cancer Risk and Interactions with Microbiota: Fiber,
Red or Processed Meat and Alcoholic Drinks. Gastrointest. Tumors 2016, 3, 17-24. [CrossRef]

Gavrilas, L.I; Ionescu, C.O.; Balacescu, O.V.; Revnic, C.; Ciobarca, D.; Filip, L.; Boboia, A.; Miere, D. Foods and Food Groups
Associated with Colorectal Cancer: A Case-Control Study. Farmacia 2018, 66, 846—852. [CrossRef]

Liu, Q.; Yang, Y.; Pan, M,; Yang, F,; Yu, Y.; Qian, Z. Role of the Gut Microbiota in Tumorigenesis and Treatment. Theranostics 2024,
14, 2304-2328. [CrossRef]

Kumari, S.; Srilatha, M.; Nagaraju, G.P. Effect of Gut Dysbiosis on Onset of GI Cancers. Cancers 2025, 17, 90. [CrossRef] [PubMed]
Lopez, L.R;; Bleich, RM.; Arthur, ].C. Microbiota Effects on Carcinogenesis: Initiation, Promotion, and Progression. Annu. Rev.
Med. 2021, 72, 243-261. [CrossRef]

Kamble, N.S; Bera, S.; Bhedase, S.A.; Gaur, V.; Chowdhury, D. Review on Applied Applications of Microbiome on Human Lives.
Bacteria 2024, 3, 141-159. [CrossRef]

Malmuthuge, N.; Guan, L.L. Noncoding RNAs: Regulatory Molecules of Host-Microbiome Crosstalk. Trends Microbiol. 2021, 29,
713-724. [CrossRef]

Drago, L.; De La Motte, L.R.; Deflorio, L.; Sansico, D.F.; Salvatici, M.; Micaglio, E.; Biazzo, M.; Giarritiello, F. Systematic review
of bidirectional interaction between gut microbiome, miRNAs, and human pathologies. Front. Microbiol. 2025, 16, 1540943.
[CrossRef]

De Silva, S.; Tennekoon, K.H.; Karunanayake, E.H. Interaction of Gut Microbiome and Host microRNAs with the Occurrence of
Colorectal and Breast Cancer and Their Impact on Patient Immunity. OncoTargets Ther. 2021, 14, 5115-5129. [CrossRef]
Nguyen, H.T.T.; Dalmasso, G.; Miiller, S.; Carriere, J.; Seibold, E.; Darfeuille-Michaud, A. Crohn’s disease-associated adherent
invasive Escherichia coli modulate levels of microRNAs in intestinal epithelial cells to reduce autophagy. Gastroenterology 2014,
146, 508-519. [CrossRef]

Belkaid, Y.; Hand, T.W. Role of the microbiota in immunity and inflammation. Cell 2014, 157, 121-141. [CrossRef] [PubMed]
Neu, J.; Douglas-Escobar, M.; Lopez, M. Microbes and the developing gastrointestinal tract. Nutr. Clin. Pract. 2007, 22, 174-182.
[CrossRef]

Miinger, E.; Montiel-Castro, A.].; Langhans, W.; Pacheco-Lépez, G. Reciprocal interactions between gut microbiota and host social
behavior. Front. Integr. Neurosci. 2018, 12, 21. [CrossRef]

Dikeocha, L].; Al-Kabsi, A.M.; Chiu, H.T.; Alshawsh, M.A. Faecalibacterium prausnitzii ameliorates colorectal tumorigenesis and
suppresses proliferation of HCT116 colorectal cancer cells. Biomedicines 2022, 10, 1128. [CrossRef] [PubMed]

Gubernatorova, E.O.; Gorshkova, E.A.; Bondareva, M.A.; Podosokorskaya, O.A.; Sheynova, A.D.; Yakovleva, A.S.; Bonch-
Osmolovskaya, E.A.; Nedospasov, S.A.; Kruglov, A.A.; Drutskaya, M.S. Akkermansia muciniphila—Friend or foe in colorectal
cancer? Front. Immunol. 2023, 14, 1303795. [CrossRef] [PubMed]

Wu, J.; Li, Q.; Fu, X. Fusobacterium nucleatum contributes to the carcinogenesis of colorectal cancer by inducing inflammation and
suppressing host immunity. Transl. Oncol. 2019, 12, 846-851. [CrossRef]

Rubinstein, M.R.; Wang, X.; Liu, W.; Hao, Y.; Cai, G.; Han, Y.W. Fusobacterium nucleatum promotes colorectal carcinogenesis by
modulating E-cadherin/3-catenin signaling via its FadA adhesin. Cell Host Microbe 2013, 14, 195-206. [CrossRef]

Nakagaki, H.; Sekine, S.; Terao, Y.; Nakajima, S.; Ohta, M.; Konishi, K. Fusobacterium nucleatum envelope protein FomA is
immunogenic and binds to the salivary statherin-derived peptide. Infect. Immun. 2010, 78, 1185-1192. [CrossRef]

Abed, J.; Emgard, J.E.; Zamir, G.; Faroja, M.; Almogy, G.; Grenov, A.; Sol, A.; Naor, R.; Pikarsky, E.; Atlan, K.A ; et al. Fap2
mediates Fusobacterium nucleatum colorectal adenocarcinoma enrichment by binding to tumor-expressed Gal-GalNAc. Cell Host
Microbe 2016, 20, 215-225. [CrossRef]


https://doi.org/10.1016/0016-5085(93)90368-M
https://www.cancer.gov/types/colorectal/hp/colorectal-genetics-pdq
https://www.cancer.gov/types/colorectal/hp/colorectal-genetics-pdq
https://doi.org/10.1111/cas.16160
https://doi.org/10.1007/s40495-017-0088-z
https://www.ncbi.nlm.nih.gov/pubmed/28642837
https://doi.org/10.1053/j.gastro.2015.06.047
https://www.ncbi.nlm.nih.gov/pubmed/26216840
https://doi.org/10.3390/diagnostics14020220
https://doi.org/10.1159/000442831
https://doi.org/10.31925/farmacia.2018.5.15
https://doi.org/10.7150/thno.91700
https://doi.org/10.3390/cancers17010090
https://www.ncbi.nlm.nih.gov/pubmed/39796717
https://doi.org/10.1146/annurev-med-080719-091604
https://doi.org/10.3390/bacteria3030010
https://doi.org/10.1016/j.tim.2020.12.003
https://doi.org/10.3389/fmicb.2025.1540943
https://doi.org/10.2147/OTT.S329383
https://doi.org/10.1053/j.gastro.2013.10.021
https://doi.org/10.1016/j.cell.2014.03.011
https://www.ncbi.nlm.nih.gov/pubmed/24679531
https://doi.org/10.1177/0115426507022002174
https://doi.org/10.3389/fnint.2018.00021
https://doi.org/10.3390/biomedicines10051128
https://www.ncbi.nlm.nih.gov/pubmed/35625865
https://doi.org/10.3389/fimmu.2023.1303795
https://www.ncbi.nlm.nih.gov/pubmed/38124735
https://doi.org/10.1016/j.tranon.2019.03.003
https://doi.org/10.1016/j.chom.2013.07.012
https://doi.org/10.1128/IAI.01224-09
https://doi.org/10.1016/j.chom.2016.07.006

Biomedicines 2025, 13, 2262 13 of 14

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Yang, Y.; Weng, W.; Peng, J.; Hong, L.; Yang, L.; Toiyama, Y.; Gao, R; Liu, M.; Yin, M,; Pan, C.; et al. Fusobacterium nucleatum
increases proliferation of colorectal cancer cells and tumor development in mice by activating Toll-like receptor 4 signaling to
nuclear factor-«B, and up-regulating expression of microRNA-21. Gastroenterology 2017, 152, 851-866. [CrossRef]

Tang, B.; Lu, X,; Tong, Y.; Feng, Y.; Mao, Y,; Dun, G.; Li, J.; Xu, Q.; Tang, J.; Zhang, T.; et al. MicroRNA-31 Induced by Fusobacterium
nucleatum Infection Promotes Colorectal Cancer Tumorigenesis. IScience 2023, 26, 106770. [CrossRef] [PubMed]

Yu, T,; Guo, F; Yu, Y,; Sun, T.; Ma, D.; Han, J.; Qian, Y.; Kryczek, L; Sun, D.; Nagarsheth, N.; et al. Fusobacterium nucleatum
Promotes Chemoresistance to Colorectal Cancer by Modulating Autophagy. Cell 2017, 170, 548-563. [CrossRef]

Xu, C; Fan, L,; Lin, Y.; Shen, W.; Qi, Y.; Zhang, Y.; Chen, Z.; Wang, L.; Long, Y.; Hou, T.; et al. Fusobacterium nucleatum Promotes
Colorectal Cancer Metastasis through miR-1322/CCL20 Axis and M2 Polarization. Gut Microbes 2021, 13, 1980347. [CrossRef]
[PubMed]

Bao, Y,; Tang, J.; Qian, Y;; Sun, T.; Chen, H.; Chen, Z.; Sun, D.; Zhong, M.; Chen, H.; Hong, ].; et al. Long Noncoding RNA BFAL1
Mediates Enterotoxigenic Bacteroides fragilis-Related Carcinogenesis in Colorectal Cancer via the RHEB/mTOR Pathway. Cell
Death Dis. 2019, 10, 675. [CrossRef] [PubMed]

Dadgar-Zankbar, L.; Shariati, A.; Bostanghadiri, N.; Elahi, Z.; Mirkalantari, S.; Razavi, S.; Kamali, F.; Darban-Sarokhalil, D.
Evaluation of Enterotoxigenic Bacteroides fragilis Correlation with the Expression of Cellular Signaling Pathway Genes in Iranian
Patients with Colorectal Cancer. Infect. Agents Cancer 2023, 18, 48. [CrossRef]

van der Hee, B.; Wells, ].M. Microbial Regulation of Host Physiology by Short-Chain Fatty Acids. Trends Microbiol. 2021, 29,
700-712. [CrossRef]

Robert, T.; Vanoli, F.; Chiolo, I.; Shubassi, G.; Bernstein, K.A.; Rothstein, R.; Botrugno, O.A.; Parazzoli, D.; Oldani, A.; Minucci, S.;
et al. HDACs Link the DNA Damage Response, Processing of Double-Strand Breaks and Autophagy. Nature 2011, 471, 74-79.
[CrossRef]

Hinnebusch, B.F.; Meng, S.; Wu, ].T.; Archer, S.Y.; Hodin, R.A. The Effects of Short-Chain Fatty Acids on Human Colon Cancer
Cell Phenotype Are Associated with Histone Hyperacetylation. J. Nutr. 2002, 132, 1012-1017. [CrossRef]

Luu, M,; Riester, Z.; Baldrich, A.; Reichardt, N.; Yuille, S.; Busetti, A.; Klein, M.; Wempe, A.; Leister, H.; Raifer, H.; et al. Microbial
Short-Chain Fatty Acids Modulate CD8" T Cell Responses and Improve Adoptive Immunotherapy for Cancer. Nat. Commun.
2021, 12, 4077. [CrossRef]

Ding, T.; Wu, M.; Zhao, L.; Liu, H.; Cao, X.; Guo, J.; Zhu, X.; Zhao, L.; Zhang, H.; Gao, Y.; et al. Fusobacterium nucleatum
Downregulated MLH1 Expression in Colorectal Cancer by Activating the Autophagy-Lysosome Pathway. Front. Immunol. 2025,
16, 1586146. [CrossRef]

Koi, M,; Okita, Y.; Carethers, ].M. Fusobacterium nucleatum Infection in Colorectal Cancer: Linking Inflammation, DNA Mismatch
Repair and Genetic and Epigenetic Alterations. J. Anus Rectum Colon 2018, 2, 37-46. [CrossRef]

Phipps, A.L; Hill, CM.; Lin, G.; Malen, R.C.; Reedy, A.M.; Kahsai, O.; Ammar, H.; Curtis, K.; Ma, N.; Randolph, TW.,; et al.
Fusobacterium nucleatum Enrichment in Colorectal Tumor Tissue: Associations with Tumor Characteristics and Survival Outcomes.
Gastro Hep Adv. 2025, 4, 100644. [CrossRef]

Xu, Q.; Lu, X.; Li, J.; Feng, Y.; Tang, J.; Zhang, T.; Mao, Y.; Lan, Y.; Luo, H.; Zeng, L.; et al. Fusobacterium nucleatum Induces
Methyltransferase-Like 3-Mediated MicroRNA-4717-3p Maturation to Promote Colorectal Cancer Cell Proliferation. Cancer Sci.
2022, 113, 3787-3800. [CrossRef] [PubMed]

Zhang, G.; Sun, D. The Synthesis of the Novel Escherichia coli Toxin Colibactin and Its Mechanisms of Tumorigenesis of Colorectal
Cancer. Front. Microbiol. 2024, 15, 1501973. [CrossRef] [PubMed]

Aleksandrova, K.; Pischon, T.; Jenab, M.; Bueno-de-Mesquita, H.B.; Fedirko, V.; Norat, T.; Romaguera, D.; Kniippel, S.; Boutron-
Ruault, M.C.; Dossus, L.; et al. Combined Impact of Healthy Lifestyle Factors on Colorectal Cancer: A Large European Cohort
Study. BMC Med. 2014, 12, 168. [CrossRef] [PubMed]

Roli¢, T.; Lukic, I; Mandic, S.; Tomas, I.; Banjari, I. Variable Role of Diet-Related Risk Factors for Colorectal Cancer—A Cross-
Sectional Analysis of Regional Differences. Rom. Med. . 2024, 71, 12-16. [CrossRef]

Tito, R.Y.; Verbandt, S.; Aguirre Vazquez, M.; Lahti, L.; Verspecht, C.; Lloréns-Rico, V.; Vieira-Silva, S.; Arts, ].; Falony, G;
Dekker, E.; et al. Microbiome Confounders and Quantitative Profiling Challenge Predicted Microbial Targets in Colorectal Cancer
Development. Nat. Med. 2024, 30, 1339-1348. [CrossRef]

Zeller, G.; Tap, ]J.; Voigt, A.Y,; Sunagawa, S.; Kultima, J.R.; Costea, PI.; Amiot, A.; Bohm, ].; Brunetti, F.; Habermann, N.; et al.
Potential of Fecal Microbiota for Early-Stage Detection of Colorectal Cancer. Mol. Syst. Biol. 2014, 10, 766. [CrossRef] [PubMed]

Gradisteanu Pircalabioru, G.; Chifiriuc, M.-C.; Picu, A.; Petcu, L.M.; Trandafir, M.; Savu, O. Snapshot into the Type-2-Diabetes-
Associated Microbiome of a Romanian Cohort. Int. J. Mol. Sci. 2022, 23, 15023. [CrossRef] [PubMed]

Gradisteanu Pircalabioru, G.; Ilie, I; Oprea, L.; Picu, A.; Petcu, L.M.; Burlibasa, L.; Chifiriuc, M.C.; Musat, M. Microbiome,
Mycobiome and Related Metabolites Alterations in Patients with Metabolic Syndrome—A Pilot Study. Metabolites 2022, 12, 218.
[CrossRef]


https://doi.org/10.1053/j.gastro.2016.11.018
https://doi.org/10.1016/j.isci.2023.106770
https://www.ncbi.nlm.nih.gov/pubmed/37216106
https://doi.org/10.1016/j.cell.2017.07.008
https://doi.org/10.1080/19490976.2021.1980347
https://www.ncbi.nlm.nih.gov/pubmed/34632963
https://doi.org/10.1038/s41419-019-1925-2
https://www.ncbi.nlm.nih.gov/pubmed/31515468
https://doi.org/10.1186/s13027-023-00523-w
https://doi.org/10.1016/j.tim.2021.02.001
https://doi.org/10.1038/nature09803
https://doi.org/10.1093/jn/132.5.1012
https://doi.org/10.1038/s41467-021-24331-1
https://doi.org/10.3389/fimmu.2025.1586146
https://doi.org/10.23922/jarc.2017-055
https://doi.org/10.1016/j.gastha.2025.100644
https://doi.org/10.1111/cas.15536
https://www.ncbi.nlm.nih.gov/pubmed/35984699
https://doi.org/10.3389/fmicb.2024.1501973
https://www.ncbi.nlm.nih.gov/pubmed/39744397
https://doi.org/10.1186/s12916-014-0168-4
https://www.ncbi.nlm.nih.gov/pubmed/25319089
https://doi.org/10.37897/RMJ.2024.1.2
https://doi.org/10.1038/s41591-024-02963-2
https://doi.org/10.15252/msb.20145645
https://www.ncbi.nlm.nih.gov/pubmed/25432777
https://doi.org/10.3390/ijms232315023
https://www.ncbi.nlm.nih.gov/pubmed/36499348
https://doi.org/10.3390/metabo12030218

Biomedicines 2025, 13, 2262 14 of 14

56. Huang, P;Ji, F; Cheung, A.HK.; Fu, K,; Zhou, Q.; Ding, X.; Chen, D.; Lin, Y.; Wang, L.; Jiao, Y.; et al. Peptostreptococcus stomatis
Promotes Colonic Tumorigenesis and Receptor Tyrosine Kinase Inhibitor Resistance by Activating ERBB2-MAPK. Cell Host
Microbe 2024, 32, 1365-1379. [CrossRef]

57. Zhao, L.; Zhang, X.; Zhou, Y.; Fu, K.; Lau, H.C.H.; Chun, TW.Y,; Cheung, A.HK.; Coker, O.O.; Wei, H.; Wu, WK.K; et al.
Parvimonas micra Promotes Colorectal Tumorigenesis and Is Associated with Prognosis of Colorectal Cancer Patients. Oncogene
2022, 41, 4200-4210. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.chom.2024.07.001
https://doi.org/10.1038/s41388-022-02395-7
https://www.ncbi.nlm.nih.gov/pubmed/35882981

	Introduction: Reframing Colorectal Cancer Through the Gut Microbiome–Epigenome Axis 
	Colorectal Cancer Etiology: Integrated Genetic, Environmental, and Microbial Determinants 
	Microbiome–Epigenome Interactions in Colorectal Carcinogenesis: A MicroRNA-Centric Framework 
	Microbial Taxa Affect miRNA Regulation in Colorectal Tissue 
	Microbial Taxa Drive Epigenetic Reprogramming: Remodeling of the Host Epigenome 

	Population-Specific Risk: Situating Romania Within Lifestyle–Microbiome Evidence 
	European Evidence on Lifestyle–Microbiome Links and Implications for Romania 
	Romania’s Current Evidence Base, with Method Transparency and Hypothesis-Generating Inferences 

	Beyond Fusobacterium nucleatum: Expanding Roles of Other Oncobacteria in Colorectal Cancer 
	Peptostreptococcus stomatis: ERBB2–MAPK Activation and Therapeutic Bypass 
	Parvimonas micra: Prognostic Significance, Th17 Polarization, and WNT Pathway Engagement 

	Conclusions 
	References

