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Abstract. Mitochondrial DNA can activate innate immune sensors when cellular compartmentalization is
disturbed. This paper examines how the location of a molecule, not only its chemical identity, can determine

whether it is tolerated or interpreted as danger.

Identity alone does not determine meaning

Mitochondrial DNA is normal within mitochondria. Under conditions of stress, fragments or altered handling of this DNA can
bring it into compartments where cellular DNA sensors become activated. cGAS—STING signaling and downstream interferon
pathways are important examples. Thus a molecule that is unremarkable in one place can elicit immune alarm in another. The

key causal concept is failed compartmentalization rather than mysterious toxicity.

Evolutionary logic and host defense

Mitochondria have a bacterial evolutionary ancestry, and innate immune systems evolved to identify patterns associated with
danger. Experimental work in mice and cells demonstrated that mitochondrial DNA stress can prime antiviral immune
responses through cGAS—-STING-IRF3 pathways. In such a context, the response may be protective. Persistent or misplaced

activation in other settings could contribute to inflammatory pathology, but disease-specific proof is needed.

A candidate for the persistence puzzle

Damaged tissue can release internal material that triggers further inflammatory signaling even after an external insult
diminishes. Mitochondrial nucleic acids provide a plausible route linking cell injury to innate immune activation. Yet one must
distinguish extracellular DNA, cytosolic DNA sensing, active infection and cell death. These involve different mechanisms and

may have different implications for treatment.

How to evaluate the theory

A well-supported hypothesis would document the relevant mitochondrial insult, exposure of DNA to the appropriate sensor,
activation of that sensor and an outcome that changes when the pathway is selectively altered. High circulating cell-free DNA
alone is not sufficient. It can arise from many types of injury and cannot establish mitochondrial origin or the responsible

downstream pathway.



Alternative explanations

Interferon signatures can be produced by infection, autoimmunity and many other stimuli. Mitochondrial stress markers may
also be consequences of tissue injury rather than drivers of it. A scientifically useful model must distinguish stimulus from

response and identify when disrupting the response is beneficial rather than impairing normal antiviral defense.

Conclusion

Subcellular location can be causal. That principle may help explain why certain forms of tissue damage propagate immune
signaling, but it cannot justify a broad claim that mitochondrial DNA leakage explains unexplained psychiatric, infectious or

autoimmune symptoms in the absence of relevant evidence.

Molecular location determines immune interpretation

A DNA molecule inside the compartment where it belongs may be tolerated. If that same material reaches a cytosolic sensor, a
cell can initiate an antiviral-like response. This is an unusually clear example of barrier and compartment logic at the
intracellular scale. It suggests that 'clearance' sometimes refers to retaining, degrading or sequestering internal components

correctly rather than exporting a toxin from the organism.

What the original experiments establish

West and colleagues showed in experimental systems that mitochondrial DNA stress could prime antiviral signaling through a
pathway involving cGAS—-STING-IRF3. This supports mechanistic plausibility, not universal causation for chronic
inflammatory disorders. Subsequent investigations may extend the significance of this pathway, but each disease requires

direct evidence that the relevant DNA species, sensor activity and clinical consequences are linked.

A necessary warning about interference

An innate DNA-sensing pathway can be protective during infection. Suppressing it indiscriminately could weaken useful
defense, while enhancing it could intensify inflammation in the wrong tissue. A program that promises to 'turn off
mitochondrial inflammation' is therefore much less straightforward than the phrase suggests. The clinical problem is not

merely reducing an alarm, but understanding what triggered it and what it is protecting against.
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