The Living
Blueprint

Epigenetic Specificities of the Human
Microbiota Along the Digestive Tract:
From Oral Cavity to Colon

How the human microbiota

actively programs the host

genome through epigenetic regulation
along the digestive tract.

Based on the Holobiont framework and recent
syntheses of microbiota-epigenome interactions.
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Redefining the Human Organism as an Ecosystem

The human body is not an autonomous genetic entity. It is a holobiont—a complex system where the
collective microbial genome vastly outnumbers human genes. These microbes do not just digest food,;
they actively regulate host gene expression without altering the underlying DNA sequence.

/

|
|
0 Host Genome
' (The human genetic
‘ endowment)

\

\

’——--~§

- @, e
Microbiome <
(100 trillion microbes, Skg mass, N
possessing a vast microgenome) N\ :

< Epigenome ™
(Chemical/structural chromatin
modifications regulating expression)

Commensal health and
homeostoasis

The Holobiont
(The integrated ecological entity
: of host + symbionts)

A Gemini Notebook



The Three Epigenetic Levers of the Microbiome

DNA Methylation

Microbes regulate DNA
methyltransferase (DNMT)
activity. Increased promoter
methylation silences genes;
decreased methylation
activates them.

Histone Modification

Microbial metabolites
influence ‘writers’ and
‘erasers’ (e.g., acetylation
ontomotes for gene
activation, methylation for
activation/repression).

microRNA (miRNA)
Regulation

Microbial signals modulate
host non-coding RNA
expression, resulting in
post-transcriptional
regulation of target genes
affecting barrier integrity.
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From Bacterial Byproduct to Biological Outcome
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The Epigenetic Switch: How Butyrate Unlocks DNA

Short-chain fatty acids (SCFAs), particularly butyrate produced by commensal bacteria, act as potent
Histone Deacetylase (HDAC) inhibitors. By blocking HDACs, butyrate forces chromatin to remain open,
continuously transcribing genes vital for epithelial differentiation and immune tolerance.
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Mapping the Epigenetic Control Board

The digestive tract is not a uniform tube, but a series of highly specialized, segment-specific
microenvironments. In each region, distinct microbial populations interact with local host
tissue, pulling specific epigenetic levers to drive localized and systemic outcomes.

Stomach

Small Intestine
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The Oral Cavity: The Gateway to Systemic Inflammation

4 )
Key Microbe
Porphyromonas gingivalis
A l /
a : . . B
Epigenetic Mechanism
Modulates DNMT activity and histone acetylation pathways;

L DNA methylation of inflammation-related genes. )
i — )
Biological Outcome
Induces NF-kB signaling and IL-8 cytokine release, leading to
localized periodontitis. Crucially, these epigenetic alterations and
bacterial translocations disseminate, promoting distant endothelial
- dysfunction and driving systemic atherosclerotic disease. Y
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The Stomach: Pathogens and Epigenetic Memory

i Key Microbe: Helicobacter pylori h

Mechanism: Chronic infection induces severe oxidative stress,
leading to the hypermethylation of tumor suppressor gene promoters
(CDH1, RUNX3, MLH1, p16).

Outcome: Silences critical protective genes, creating a direct
pathway to gastric cancer.
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Epigenetic emory Crucial Insight:
(@ H. pylori establishes “microbial
epigenetic memory."
Hypermethylation of these
key gene promoters

persists in the human genome
even after the bacteria is

medically eradicated.
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Small Intestine: Low Density, High Immunological Impact

Key Microbes: Lactobacillus, Streptococcus, Enterococcus.

" Epigenetic Mechanism: High-efficiency SCFA signaling enhancing Foxp3 expression via
histone acetylation and miRNA regulation.

Biological Outcome: Despite a smaller microbial population than the colon, the close
proximity to immune cells allows these microbes to drive regulatory T-cell (Treg) differentiation.
This is the primary site for stabilizing neonatal and adult immune tolerance pathways.
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The Colon: The SCFA Factory and Cancer Suppressor

—

e
Q Key Microbes: Faecalibacterium prausnitzii (and other Firmicutes/Bacteroidetes). )

Epigenetic Mechanism: Massive, continuous production of butyrate resulting in widespread
HDAC inhibition across colonocytes.

models, this microbe-driven epigenetic regulation directly induces cell-cycle arrest in tumor cells.
Dysbiosis here rapidly reverses this protection, driving irritable bowel syndrome and neoplasiy

{ Biological Outcome: Normalizes epithelial differentiation and apoptosis. In colorectal cancer\,
—




The Digestive Tract Epigenetic Map

Anatomical Epigenetic Primary Biological
Segment Key Players Mechanism Outcome
Sl cntit Pathogen: DNMT modulation / Periodontitis,
y P. gingivalis @ Methylation Atherosclerosis
Stomach Pathogen: Tumor suppressor Gastric Cancer,
H. pylori @ hypermethylation Epigenetic Memory
Small Commensals: Foxp3 epigenetic Treg differentiation,
Intestine Lactobacillus @& | enhancement Immune Tolerance
Enlon Commensals: Robust HDAC CRC suppression,

F. prausnitzii ©

inhibition via Butyrate

Epithelial integrity
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The Perinatal Window: Programming Before Birth

Epigenetic influence begins in utero. The maternal gut microbiota produces bioactive
metabolites (SCFAs, TMAQ) that cross the placenta. These metabolites alter DNA
methylation patterns in fetal tissues, establishing early immune tolerance and

programming long-term susceptibility to metabolic and neurodevelopmental disorders.

SCFAs,
TMA, TMAO

I:

Maternal
Microbiota

Fetal
Epigenome|

The
. Placental
Barrier
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Escape from the Gut: The Systemic Web

Gut-Brain Axis

Microbial metabolites alter
DNA methylation and
miRNA in the central
nervous system, influencing
neuroinflammation, neuronal
plasticity, and risking
neuropsychiatric disorders
(depression, Alzheimer's).

Vascular & RAS Systems

Epigenetic markers linked
to oral and gut microbes
induce distant endothelial
dysfunction and interact
with the pleiotropic
Renin-Angiotensin System,
affecting pulmonary and
cardiovascular homeostasis.




Scientific Limitations & The Horizon of Research

Current Limitations The Future Imperative
* Most evidence relies on in vitro studies and
animal models. Direct translation to human The field requires Iong-term
physiology is hampered by extreme : : !
heterogeneity in diet, genetics, and Ion.gltudmal. human
environment. interventional
Interventional studies to prove
* The Reversibility Question: While H. pylori leaves causality and unlock
a permanent epigenetic scar, the reversibility of h : ol
other dysbiosis-induced changes through diet or t erapeutlc pOtent'a '
probiotics remains actively debated.
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We Are Not Just What We Eat.
We Are What Our Microbes Program.

The human microbiota is a dominant environmental factor driving biological plasticity. By actively pulling our
epigenetic levers, microbes continuously shape our immune system, metabolic adaptations, and disease susceptibility.

( Takeaway: To treat the human genome, clinical medicine must now learn to engineer the microbial ecosystem that regulates it. )
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