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Abstract

Persistent hepatic de novo lipogenesis (DNL) in progressive metabolic liver disease cannot
be fully explained as continued nutrient-driven pathway activation. The concept of
detoxification state fixation (DSF) proposes that persistence reflects failed resolution of an
originally adaptive detoxification-lipogenic hepatic state. The unresolved mechanistic
question is how such a state becomes molecularly stabilized.

This article proposes that DSF may arise within a disease-shaped ligand ecology, in which
gut-derived microbial amphiphilic lipid signals, injury-associated retinoid flux, and
lipophilic stress mediators converge on a ligand-shaped pregnane X receptor (PXR)
interaction state. In this framework, PXR is not treated merely as a promoter-bound
xenobiotic receptor. Rather, ligand exposure, receptor abundance, inflammatory crosstalk,
co-regulator recruitment, post-translational modification, and protein-protein interactions
may reshape PXR-dependent transcriptional output beyond direct binding at individual
target promoters.

A central feature of the model is output-selective PXR-state disequilibrium. Reduced PXR
protein in steatohepatitis may attenuate high-amplitude canonical detoxification outputs,
while residual ligand-responsive PXR remains sufficient to influence lipogenic
transcriptional programs. This provides a route by which impaired detoxification capacity
and persistent DNL may coexist.

Aldo-keto reductase family 1 member B10 (AKR1B10), serine palmitoyltransferase long-
chain base subunit 3 (SPTLC3), and sterol regulatory element-binding protein 1a
(SREBP1a) are proposed as molecular anchors of this fixed state. AKR1B10 links retinal-
retinol interconversion, aldehyde and carbonyl detoxification, NADPH use, and ACC-
associated DNL competence. SPTLC3 provides a C14-sensitive sphingolipid-remodeling
node at the interface of microbial lipid pressure, membrane adaptation, and hepatic state



persistence. SREBP1a represents a human-relevant lipogenic transcriptional engine capable
of sustaining DNL when classical insulin-coupled models become insufficient. These
modules are not considered intrinsically pathological. In a limited adaptive window, they
may support protection, buffering, repair, and metabolic competence. In DSF, however, they
become persistently co-maintained and mutually reinforcing.

The model does not require identification of a single endogenous PXR ligand, direct PXR
regulation of every downstream gene, or direct conversion of microbial lipid A into
sphingolipid products. Instead, it proposes that progressive disease involves stabilization of
a ligand-shaped hepatic interaction state beyond its adaptive window in which microbial
amphiphiles, retinoid-derived signals, PXR-state disequilibrium, retinoid-carbonyl-DNL
coupling, sphingolipid remodeling, and NADPH allocation pressure become mutually
reinforcing rather than transiently coordinated.

Persistence requires molecular anchoring

Progressive metabolic liver disease is commonly explained by the accumulation of
metabolic stressors: insulin resistance, substrate excess, lipotoxicity, mitochondrial
dysfunction, oxidative stress, inflammatory signaling, and fibrotic remodeling. These
processes are important, but they do not fully explain why hepatic de novo lipogenesis
(DNL) can remain engaged when it should normally contract as nutritional, hormonal, and
redox conditions change. The unresolved problem is not activation alone, but failed
resolution [1].

Detoxification state fixation (DSF) addresses this problem by interpreting persistent DNL as
stabilization of an originally adaptive hepatic state. Under transient stress, co-activation of
detoxification, lipid droplet expansion, lipogenic substrate handling, and redox support
should be viewed as a beneficial adaptive response. It may help hepatocytes buffer
lipophilic toxicants, organize endoplasmic reticulum-associated stress responses, and
preserve cellular viability [2]. In this form, the detoxification-lipogenic state represents an
adaptive resolution window, not pathology.

The pathological transition may not require a single overwhelming insult, nor does it
require all initiating inputs to be chronic from the outset. It may arise when transient,
recurrent, or partially unresolved microbial, retinoid, lipophilic, and inflammatory inputs
repeatedly reopen an adaptive detoxification-lipogenic program before full resolution has
occurred. In progressive disease, the protective state may therefore lose its capacity to
terminate. Lipogenesis then no longer reflects only nutrient storage or insulin-driven
pathway activation. It becomes part of state maintenance.



Pathology begins not with activation of the detoxification-lipogenic state, but with repeated
failure to close it; the decisive transition is the emergence of self-maintaining state
occupancy with impaired exit. The present article asks which molecular nodes could
stabilize DSF. Pregnane X receptor (PXR), aldo-keto reductase family 1 member B10
(AKR1B10), serine palmitoyltransferase long-chain base subunit 3 (SPTLC3), and sterol
regulatory element-binding protein 1a (SREBP1a) are proposed as candidate anchors. They
are not presented as a linear cascade, exhaustive disease drivers, or replacements for
established metabolic and inflammatory mechanisms. They are presented as a compact
architecture through which lipophilic stress sensing, endogenous retinoid tone, aldehyde
and carbonyl detoxification, C14-sensitive sphingolipid remodeling, human-relevant
lipogenic transcription, lipid droplet persistence, and NADPH allocation may become
coupled [3,4].

The injured liver may not present PXR with a single dominant endogenous ligand. Instead,
it may expose PXR to a disease-shaped ligand ecology composed of microbial amphiphiles,
retinoid-derived signals, lipid peroxidation products, xenobiotics, bile-acid-related
metabolites, and other lipophilic stress mediators. The central proposal is that such an
ecology can reshape a PXR-centered interaction state. Through indirect transcriptional
crosstalk, this state may influence AKR1B10-mediated retinoid-carbonyl-DNL coupling,
SPTLC3-associated membrane remodeling, and SREBP1a-dependent lipogenic persistence.

Fixation therefore does not require a single master gene, a single ligand, or direct PXR
binding at every affected promoter. It requires stabilization of an interaction state that was
originally adaptive but becomes pathologically persistent once orderly closure is lost.

PXR-state disequilibrium as the regulatory center

PXR is commonly introduced as a xenobiotic receptor that senses structurally diverse
lipophilic compounds and induces genes involved in drug metabolism, transport, and
detoxification. This canonical view is correct, but it is too narrow for the present problem.
In DSF, the disease-relevant function of PXR may lie less in occupancy of individual
promoters than in its capacity to reshape transcriptional interaction states [5].

Ligand binding can alter PXR conformation, co-regulator preference, nuclear receptor
crosstalk, and access to shared transcriptional machinery. Receptor abundance,
phosphorylation and other post-translational modifications, inflammatory signaling,
oxidative stress, and partner-protein availability may further modify this output [5-7].
Altered PXR signaling can therefore influence genes and programs that are not necessarily
direct PXR targets in a narrow promoter-proximal sense. This is essential for integrating



SREBP1a, AKR1B10, and SPTLC3 into the model without forcing each node into a simplified
PXR response element logic.

This view is reinforced by the capacity of PXR to respond non-additively to ligand mixtures.
Distinct compounds can cooperate within the PXR ligand-binding environment and
generate stronger transcriptional responses than individual components alone [8]. PXR
may therefore respond not only to single high-affinity ligands, but to ligand ecologies. In
progressive liver disease, the relevant signal may be a disease-shaped ligand ecology
capable of molding PXR conformation, co-regulator recruitment, and transcriptional
crosstalk.

This framework resolves an apparent paradox. PXR activation and PXR reduction can both
have lipogenic consequences, but through distinct mechanisms. Ligand-activated PXR may
promote lipogenic transcriptional programs, including SREBP1a-associated DNL.
Conversely, reduced PXR expression or disturbed PXR tone may favor compensatory or
derepressed programs involving AKR1B10, ACC-associated DNL competence, and
potentially altered sphingolipid remodeling [3]. These outcomes are contradictory only if
PXR is treated as a linear on/off switch. They become coherent if PXR is understood as a
state-sensitive transcriptional interaction node.

The key refinement is output selectivity. Classical PXR-responsive genes and lipogenic PXR-
linked programs may not require the same receptor abundance, promoter architecture, co-
regulator environment, or interaction threshold. Reduced PXR protein may blunt high-
amplitude canonical outputs, such as strongly PXR-dependent CYP responses, while
residual ligand-responsive PXR remains sufficient to engage SREBP1a-associated lipogenic
signaling [3]. This provides a mechanistic explanation for how steatohepatitis can show
impaired canonical detoxification capacity and, at the same time, persistent PXR-linked
lipogenic transcription.

Inflammation provides the disease context in which this disequilibrium becomes plausible.
Endotoxin-associated signaling and inflammatory cytokines can reduce hepatic PXR
expression and suppress classical PXR-dependent CYP regulation. Reduced CYP3A4
expression or activity in steatohepatitis is therefore not a contradiction to the present
model; it may mark attenuation of the canonical detoxification arm of PXR signaling [9].
However, reduced PXR abundance or reduced CYP3A4 output should not be interpreted as
disappearance of PXR relevance. NF-kappaB signaling can interfere with PXR-associated
transcriptional complexes through protein-protein mechanisms, indicating that
inflammation may redirect PXR output rather than merely silence it [5].

In steatohepatitis, reduced PXR protein may therefore reflect output-selective PXR-state
disequilibrium: attenuation of canonical detoxification gene induction, inflammatory



remodeling of PXR-associated protein interactions, and persistence of ligand-sensitive
residual PXR effects on lipogenic and stress-adaptive programs. The disease-relevant unit is
not PXR occupancy at individual promoters, but a ligand-shaped PXR interaction state.

The proposed transition from adaptive protection to DSF is summarized in Figure 1, which
places output-selective PXR-state disequilibrium within a broader progression from an
adaptive resolution window to a hepatic rescue-and-repair mode and finally to a fixed
detoxification-lipogenic state.
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Figure 1 | Molecular anchoring of detoxification state fixation

This Key Figure illustrates the proposed transition from a reversible adaptive
detoxification-lipogenic response to detoxification state fixation (DSF). In the adaptive
resolution window, transient lipophilic or metabolic challenge can induce a contained
pregnane X receptor (PXR)-linked detoxification response, limited PXR-linked lipogenic
support, reversible lipid-droplet buffering, and coordinated redox allocation. In this state,
the response is protective, cell-autonomous, and capable of orderly closure.




Under sustained or recurrent stress pressure, or when earlier inputs remain only partially
resolved, the liver may enter a hepatic rescue-and-repair mode. This state is not yet
pathological and does not inevitably progress to DSF. Rather, it represents a tissue-level
attempt to preserve hepatic function, repair capacity, membrane integrity, ligand handling,
and redox balance under continuing adaptive demand. If stress pressure declines and
regulatory closure is restored, this mode may resolve.

A disease-shaped ligand ecology, composed of microbial amphiphiles, injury-associated
retinoid flux, lipophilic stress mediators, and inflammatory tone, may increase the
probability that this rescue-and-repair mode is repeatedly reopened or maintained beyond
its adaptive window. In this context, PXR output may become selectively remodeled, and
aldo-keto reductase family 1 member B10 (AKR1B10), serine palmitoyltransferase long-
chain base subunit 3 (SPTLC3), and sterol regulatory element-binding protein 1a
(SREBP1a) may be adaptively recruited to support retinoid-carbonyl handling, membrane
and sphingolipid remodeling, lipogenic buffering, and metabolic competence.

DSF emerges when hepatic rescue-and-repair mode fails to close and becomes partially
self-maintaining. At this point, the state no longer depends fully on persistence of the
original inputs. Instead, lipid-droplet persistence, output-selective PXR-state
disequilibrium, AKR1B10-SPTLC3-SREBP1a co-maintenance, NADPH allocation pressure,
and inflammatory amplification increasingly lower the probability of exit. The decisive
transition is therefore not continued stimulation alone, but self-maintaining state
occupancy with loss of reversibility.

Thus, the pathogenic event is not activation of the adaptive program itself, nor entry into
rescue-and-repair mode, but stabilization of a protective configuration beyond the window
in which it remains reversible. Protection becomes pathology only when hepatic rescue-
and-repair mode loses reversibility.

A disease-shaped ligand ecology

If PXR-state disequilibrium is the regulatory center of the model, the next question is what
disease-associated signals could shape such a state. Two inputs are particularly relevant:
gut-derived microbial amphiphiles and injury-associated retinoid flux. They represent
exogenous and endogenous sides of the same problem: sustained, recurrent, or
incompletely resolved exposure of the injured liver to lipophilic, amphiphilic, and
metabolically active signals.

The gut-liver axis is often discussed in relation to inflammation, barrier dysfunction, and
endotoxemia. Within the present model, its significance is more specific. Gut-derived



microbial amphiphiles may provide a sustained or recurrent lipophilic input to the liver.
Lipid-A-related structures from gram-negative bacteria are particularly relevant because
they combine endotoxin activity with a strongly lipid-associated chemical character [10].
Their biological significance is therefore not limited to activation of inflammatory
receptors. They also belong to the broader hepatic handling space of amphiphilic,
lipoprotein-associated, membrane-active, and detoxification-relevant molecules.

A sustained or recurrent low-grade flux of microbial lipid-associated signals could
repeatedly engage hepatic systems responsible for lipophilic stress sensing, lipid droplet
buffering, membrane remodeling, and redox allocation. Chylomicron-mediated intestinal
LPS absorption and microbiota-dependent regulation of hepatic lipid and xenobiotic
metabolism support the plausibility of a lipid-centered gut-liver input [11,12]. Such signals
need not act as canonical PXR ligands to influence PXR-dependent state regulation. They
may instead contribute to an inflammatory and amphiphilic hepatic milieu that alters PXR-
associated protein interactions, co-regulator availability, and transcriptional crosstalk.

Retinoid metabolism forms the endogenous counterpart to this microbial amphiphilic
input. The healthy liver stores large quantities of vitamin A derivatives, particularly in lipid
droplets of hepatic stellate cells. During liver injury, stellate cell activation and tissue
remodeling alter retinoid storage, release, and metabolism [13]. Retinoid flux should
therefore not be viewed merely as a nutritional variable. It may constitute an endogenous
injury-associated ligand environment capable of influencing hepatic nuclear receptor
signaling, lipid handling, regeneration, and detoxification-state regulation.

The model does not require identification of a single defined endogenous PXR ligand.
Retinol, retinal, retinoic acid derivatives, retinyl esters, carotenoid-derived compounds, and
related metabolites occupy a dynamic biochemical space, and their effects on nuclear
receptor signaling may be direct, indirect, metabolite-dependent, or context-dependent.
Reports that retinol and carotenoid-derived vitamin A biology can activate PXR-mediated
gene expression support the plausibility of this axis without reducing the model to one
ligand [14]. The relevant proposal is broader: injury-associated retinoid flux may contribute
to an endogenous ligand tone that shapes PXR-dependent interaction states.

Together, microbial amphiphiles and retinoid flux provide the disease-shaped ligand
ecology of the model. One input is exogenous and gut-derived; the other is endogenous and
injury-associated. Both converge on hepatic lipid handling, nuclear receptor tone, lipid
droplet biology, inflammatory remodeling, and redox allocation. Their significance lies not
in proving a single ligand mechanism, but in creating a persistent lipophilic environment in
which PXR-state disequilibrium can be maintained.



Molecular anchors translate PXR-state disequilibrium into persistence

Aligand ecology becomes disease-fixing only if it is coupled to molecular nodes capable of
stabilizing metabolism, membranes, redox demand, and transcriptional drive beyond the
adaptive window. AKR1B10, SPTLC3, and SREBP1a provide three such anchors. Their
importance does not imply that these programs are intrinsically harmful. In a transient
adaptive window, they may support detoxification, buffering, repair, and metabolic
competence. They become fixation anchors when transient, recurrent, or partially
unresolved inputs prevent their coordinated closure and lower the probability of exit.
AKR1B10 anchors retinoid-carbonyl-DNL coupling, SPTLC3 anchors C14-sensitive
sphingolipid and membrane remodeling, and SREBP1a anchors human-relevant lipogenic
transcription.

These nodes are included not only because of their biochemical functions, but also because
they have been linked to steatohepatitis and NAFLD/NASH progression. AKR1B10 protein
expression is increased in human steatohepatitis, and experimental work has linked
AKR1B10/AKR1B8 to NASH pathogenesis in mice [15,16]. AKR1B10 was also connected to
PXR silencing, ACC-associated DNL, and steatotic lipid accumulation in human hepatic cells
[3]. For SPTLC3, early human evidence for increased expression in NASH was reported
before later disease-focused studies examined SPTLC3 in experimental and clinical
NAFLD/NASH-related contexts [17,18]. These observations support the use of AKR1B10
and SPTLC3 as candidate fixation anchors rather than as isolated pathway markers.

AKR1B10 occupies a strategic position because it links retinoid handling, aldehyde and
carbonyl detoxification, and lipogenic competence. Through retinal-retinol interconversion,
it can influence the retinoid-derived ligand environment. Through aldehyde and carbonyl
detoxification, it participates in the handling of reactive lipid peroxidation products and
electrophilic stress. Through NADPH use and its association with ACC-dependent lipogenic
activity, it links detoxification and redox metabolism directly to fatty acid synthesis [19,20].
AKR1B10 is therefore not merely a stress marker; it may act as an effector of state
stabilization.

This is particularly relevant for PXR-state disequilibrium. If AKR1B10 increases under
conditions of altered PXR signaling, its expression may reflect not simply PXR activation or
PXR loss, but disruption of a broader PXR-centered regulatory balance [3]. In such a
situation, AKR1B10 could preserve lipogenic competence even when classical regulatory
pathways are impaired or reconfigured. The result would be a state in which retinoid flux,
carbonyl detoxification, NADPH consumption, and ACC-associated DNL become functionally
coupled.



SPTLC3 provides a complementary membrane-state anchor. Whereas AKR1B10 connects
retinoid, carbonyl, NADPH, and DNL biology, SPTLC3 connects lipid substrate specificity,
sphingolipid remodeling, membrane architecture, and gut-derived lipid pressure. Its
relevance lies not in isolated gene expression, but in its position at the interface of C14-
sensitive lipid metabolism and hepatic membrane adaptation. In this sense, SPTLC3 is
introduced not merely as a pathological marker, but as an adaptive membrane-state module
that may become harmful when stabilized beyond the window in which it remains
reversible.

The C14 /myristate logic of lipid-A-related structures provides a conceptual bridge to
SPTLC3. SPTLC3-containing serine palmitoyltransferase complexes can shift sphingoid base
profiles and enable formation of shorter-chain sphingolipid species [21]. Lipid-A-related
structures and other gram-negative bacterial lipid products are rich in amphiphilic,
acylated, often C14-associated molecular motifs [10]. The model does not propose direct
conversion of bacterial lipid A into SPTLC3 products. Instead, it proposes a shared lipid
grammar: sustained or recurrent exposure to C14-containing microbial amphiphiles,
altered hepatic lipid handling, and SPTLC3-associated sphingolipid remodeling may
converge on membrane adaptation and state stability.

A further connection is CREB-linked signaling. SPTLC3-associated plasma membrane
sphingolipid remodeling has been linked to adenylate cyclase/cAMP/CREB signaling,
whereas PXR can repress CREB-dependent G6PC transcription through protein-protein
interaction [22,23]. CREB-linked signaling may therefore represent a point of convergence
between PXR-state disequilibrium and SPTLC3-dependent membrane adaptation. In this
view, ligand-activated PXR may restrain a CREB-linked gluconeogenic/membrane-state
branch under adaptive conditions, whereas PXR reduction or disequilibrium may release
SPTLC3- and G6PC-associated programs. This connection is included as a mechanistic
bridge, not as a separate axis: it helps explain how PXR-state disequilibrium could translate
into membrane-state remodeling without distracting from the core DSF model.

SREBP1a provides the lipogenic transcriptional engine. Classical models frequently place
insulin-mediated SREBP1c activation at the center of hepatic lipogenesis, but progressive
disease presents a more difficult problem: DNL can remain active even when regulatory
coupling to nutritional and hormonal transitions is weakened. A fixed state may therefore
require lipogenic transcriptional mechanisms that extend beyond a simple insulin-SREBP1c
axis. SREBP1a is not introduced here to reopen an isolated isoform debate. It is introduced
because persistent human DNL requires a transcriptional explanation capable of operating
within a reconfigured hepatic state.



As a potent lipogenic transcriptional regulator with particular relevance to human hepatic
lipogenic gene expression, SREBP1a offers a plausible mechanism for maintaining DNL
within a broader detoxification-state program [4]. PXR-state remodeling provides one route
through which SREBP1a-dependent lipogenesis may be engaged. Ligand-activated or
otherwise disturbed PXR signaling can influence lipogenic transcriptional networks
indirectly, through protein interactions and co-regulator dynamics, rather than only
through direct promoter binding. Importantly, SREBP1a induction may represent a
relatively robust lipogenic PXR-linked output that does not scale in the same way as
classical PXR target genes [3]. This allows reduced canonical PXR detoxification capacity
and persistent SREBP1a-dependent lipogenic signaling to coexist within the same diseased
liver state.

Together, these anchors translate PXR-state disequilibrium into persistence. AKR1B10
connects endogenous ligand handling to DNL competence and redox demand. SPTLC3
connects microbial lipid pressure to membrane remodeling and state stability. SREBP1a
maintains the transcriptional drive required for persistent fatty acid synthesis. The result is
a molecular explanation for why lipogenesis can remain active after the initiating metabolic
or toxic stress should have subsided.

NADPH allocation is the redox cost of fixation

The final step is redox economy. NADPH provides the redox currency that connects
detoxification, lipogenesis, retinoid and carbonyl metabolism, lipid peroxide handling, and
antioxidant defense. In a transient adaptive state, simultaneous activation of these
processes is not pathological; it represents a coordinated protective response. In a fixed
state, however, persistent co-prioritization of NADPH-dependent processes may generate
redox vulnerability.

The pathological problem is not that the liver cannot generate NADPH. The liver possesses
multiple NADPH-producing systems and can increase reductive capacity under stress. The
problem lies in allocation, duration, compartmental coupling, and reversibility. When CYP-
dependent lipid oxidation, fatty acid synthesis, AKR1B10-mediated retinoid and carbonyl
handling, lipid peroxide detoxification, and antioxidant defense remain engaged beyond the
adaptive window, NADPH demand becomes part of the disease state rather than a
temporary adaptive cost [19,24,25].

Reduced CYP3A4 expression in steatohepatitis does not weaken this redox logic. It specifies
it. CYP3A4 marks a canonical PXR-dependent xenobiotic-detoxification output that may
decline under inflammatory pressure [9]. However, the CYP system is not identical with
CYP3A4, and NADPH-linked microsomal oxidative stress in steatohepatitis can involve
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other CYP routes, including CYP2E1- and CYP4A-associated lipid peroxidation and fatty-
acid omega-oxidation [24]. Thus, loss of canonical CYP3A4 activity may coexist with
continued or redistributed NADPH-dependent oxidative and lipid-metabolic pressure.

The model therefore does not require uniform activation of all NADPH-consuming
pathways. It requires disturbed allocation among competing NADPH-dependent processes.
Persistent lipogenesis maintains substrate flux and reducing-equivalent demand. AKR1B10-
linked retinoid and carbonyl handling consumes NADPH while supporting DNL
competence. Antioxidant systems require NADPH to counter oxidative stress.
CYP2E1/CYP4A-associated lipid oxidation, inflammatory oxidase activity, and lipid
peroxide handling may further reshape the redox economy. The state becomes increasingly
defined by redistribution of reducing power rather than by simple global NADPH deficiency
or global CYP induction.

A related testable implication is that DSF may involve disturbed glucose-6-phosphate and
fasting-energy routing. In the adaptive resolution window, ligand-responsive PXR could
restrain G6PC/PCK1-mediated glucose output, GLUT2-mediated glucose exchange, and
CPT1A/HMGCS2-linked fatty acid oxidation and ketogenic branches [22,26,29,30], while
SREBP1a-dependent G6PD induction supports pentose phosphate pathway NADPH
production [27,28]. During hepatic rescue-and-repair mode, altered PXR abundance, post-
translational modification, inflammatory crosstalk, and tissue-level adaptive demand may
relax or redistribute this restraint, allowing glucose, G6P, fatty acid oxidation, ketogenesis,
and NADPH-generating routes to be reorganized across the hepatic state, including context-
or zone-dependent re-expression or upregulation of these programs. In DSF, however, the
same routing may become persistently misallocated, linking glucose exchange, pentose
phosphate pathway NADPH generation, DNL, fasting-energy control, and antioxidant
defense to self-maintaining state occupancy. In this sense, ligand-responsive PXR signaling
may overlap functionally with selected insulin-like hepatic outputs while remaining
mechanistically distinct from classical insulin signaling [22,26-30].

This gives DSF systemic force: once rescue-and-repair mode becomes fixed, the liver may
no longer merely reflect the insulin-resistant milieu to which it is usually attributed, but
help maintain it through misaligned glucose/G6P routing, lipogenic flux, NADPH allocation,
and inflammatory tone.

NADPH allocation pressure is therefore not a peripheral feature of the model. It is the redox
cost of fixation. It explains how a protective detoxification-lipogenic response can become
metabolically expensive, oxidative, inflammatory, and difficult to reverse.
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A self-maintaining model of DSF

The proposed model can be summarized as a self-maintaining loop in which maintenance
progressively becomes easier than exit. Gut-derived microbial amphiphiles provide
sustained or recurrent exogenous lipophilic pressure. Injury-associated retinoid flux
provides endogenous ligand tone. Lipophilic stress mediators expand this disease-shaped
ligand ecology. PXR integrates these signals not only through canonical regulation of
detoxification genes, but through a ligand-shaped protein interaction state capable of
reshaping broader transcriptional programs.

Within this state, PXR output becomes selective and disequilibrated. Canonical
detoxification outputs may decline under inflammatory pressure, whereas residual ligand-
responsive PXR effects on lipogenic transcription may persist. AKR1B10 stabilizes retinoid-
carbonyl-DNL coupling. SPTLC3 remodels the C14-sensitive sphingolipid and membrane
layer. SREBP1a maintains human-relevant lipogenic transcription. Lipid droplets provide
structural buffering and ligand storage capacity, while NADPH allocation integrates
detoxification, lipogenesis, retinoid and carbonyl handling, lipid peroxide defense, and
antioxidant systems into a shared redox economy.

This self-maintaining logic may also extend beyond the liver. By altering inflammatory tone,
bile acid and lipid handling, and enterohepatic metabolite flux, a fixed hepatic state may
reshape the intestinal environment and microbiota, thereby reinforcing the microbial and
amphiphilic inputs that contribute to DSF maintenance.

The result is not isolated activation of DNL, detoxification, or inflammation. It is
stabilization of a detoxification-lipogenic configuration that repeatedly fails to close and
eventually loses its capacity for resolution. The pathogenic feature is therefore not the
adaptive program itself, but its persistent co-maintenance beyond the window in which it
remains protective.

This model deliberately avoids a monocausal explanation. It does not require lipid-A-
derived fragments to act as canonical PXR ligands, retinol alone to be defined as the
endogenous PXR ligand, or PXR to bind every affected gene directly. Instead, it proposes
that progressive metabolic liver disease may involve stabilization of a ligand-shaped
hepatic interaction state beyond its adaptive window in which microbial amphiphiles,
endogenous retinoid flux, PXR-state disequilibrium, AKR1B10, SPTLC3, SREBP1a, lipid
droplets, and NADPH allocation become mutually reinforcing.

The therapeutic implication differs accordingly from simple pathway inhibition. If
progressive disease reflects DSF, the goal is not merely to suppress lipogenesis,
inflammation, or detoxification in isolation. The deeper objective is restoration of
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reversibility: enabling the liver to exit a state that was originally adaptive, but has become
pathologically stabilized.
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