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ARTICLE INFO ABSTRACT

Keywords: Cholesterol metabolism has emerged as an important regulator of tumor cell biology. Beyond its structural role in
Cholesterol biosynthesis membranes, the cholesterol biosynthetic pathway generates sterol intermediates and oxidized derivatives able to
Oxysterols modulate signaling pathways controlling proliferation, differentiation, and survival. Early studies mainly
Sterol metabolism emphasized the requirement of the mevalonate pathway for cholesterol synthesis and for production of non-

Cancer metabolism
Cholesterol-5,6-epoxide hydrolase
Dendrogenin A

Oncosterone

Sterol flux rewiring

sterol isoprenoid intermediates involved in protein prenylation, but increasing evidence indicates that the bio-
logical effects of inhibiting cholesterogenesis cannot be explained solely by cholesterol depletion. Blocking
specific enzymatic steps frequently causes accumulation of sterol precursors that differ structurally from
cholesterol and are highly susceptible to oxygenation under conditions of oxidative stress commonly observed in

Chemical Compounds: tumor cells, leading to formation of bioactive oxysterols. Among these metabolites, cholesterol-5,6-epoxides

Cholesterol (CID5997) represent a central metabolic node linking sterol imbalance, lipid peroxidation, and sterol signaling. Depend-
desmosterol (CID954) ing on the enzymatic context, these epoxides can be converted into metabolites with tumor-promoting or tumor-
7-dehydrocholesterol (CID5280795) suppressive properties, indicating that inhibition of cholesterol biosynthesis redistributes sterol metabolic flux
lanosterol (CID246983) rather than simply reducing cholesterol levels. Identification of sterol metabolites formed after perturbation of
zymosterol (CID6436305) cholesterogenesis remains difficult because many derivatives differ only by subtle structural modifications or
zymostenol (CID10115551) exist as stereoisomers, often requiring chemical synthesis of reference compounds and dedicated analytical

lathosterol (CID441448)

squalene (CID638072)
oxidosqualene (CID12303662)
5,6-epoxycholestanol (CID12303662)
5,60-epoxycholestanol (CID12303662) metabolism in cancer.
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cholestane-3p,5a,6p-triol (CID11905190)
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27-hydroxycholesterol (CID5283567)
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follicular fluid meiosis-activating sterol (FF-
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tamoxifen (CID2733526)

tesmilifene / DPPE (CID119543)

methods. These observations support the concept of sterol flux rewiring, in which the biological outcome of
targeting cholesterol biosynthesis depends on the nature of accumulated intermediates, the oxidative environ-
ment, and the enzymatic context of the cell, with important implications for pharmacological targeting of sterol
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1. Introduction in nutrient availability. Among the metabolic pathways that play a

central role in tumor biology, the mevalonate pathway has attracted

Metabolic reprogramming is a defining feature of cancer cells and considerable attention because it provides precursors required for
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Fig. 1. Cholesterol biosynthesis pathway showing the Bloch and Kandutsch-Russell branches. Schematic representation of the cholesterol biosynthetic pathway from
acetyl-CoA to cholesterol, highlighting the post-lanosterol segment and the two alternative routes leading to cholesterol formation, known as the Bloch pathway and
the Kandutsch-Russell pathway. After conversion of acetyl-CoA to mevalonate through the action of thiolase, HMG-CoA synthase, and HMG-CoA reductase, iso-
prenoid intermediates are produced and condensed to form squalene, which is converted to lanosterol by squalene monooxygenase and oxidosqualene cyclase. From
lanosterol, sterol C4-demethylation involving CYP51A1, SC4MOL, and NSDHL generates zymosterol and zymostenol intermediates, which are further processed
through parallel enzymatic reactions catalyzed by EBP, SC5D, DHCR7, and DHCR24. In the Bloch pathway, desmosterol is the immediate precursor of cholesterol,
whereas in the Kandutsch-Russell pathway, cholesterol is formed through lathosterol and 7-dehydrocholesterol intermediates. The pathway also produces non-sterol
isoprenoid intermediates required for protein prenylation.
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intermediates involved in protein prenylation, and for the generation of
multiple bioactive lipids [1-3] (Fig. 1). Dysregulation of this pathway
has been reported in many tumor types and is frequently associated with
activation of oncogenic signaling networks including PI3K-AKT-mTOR,
MYC, and mutant RAS pathways [4,5].

Early studies investigating the role of the mevalonate pathway in
cancer focused primarily on the requirement for cholesterol as a struc-
tural component of cellular membranes and on the production of non-
sterol isoprenoid intermediates required for protein prenylation [6,7].
These observations led to the view that inhibition of cholesterol
biosynthesis would impair tumor growth mainly by limiting membrane
formation or by preventing prenylation of oncogenic proteins. In addi-
tion, in hormone-dependent tumors such as prostate and breast cancers,
cholesterol biosynthesis also provides substrates for intratumoral steroid
hormone production, thereby contributing to endocrine signaling
pathways that support tumor growth [8,9]. However, accumulating
evidence indicates that this interpretation is incomplete and that the
biological consequences of inhibiting cholesterol biosynthesis cannot be
explained solely by cholesterol depletion [10-12].

The cholesterol biosynthetic pathway is a complex metabolic
network that generates numerous sterol intermediates before the final
production of cholesterol [13,14]. These intermediates differ in their
chemical structure and may display distinct biological properties.
Several sterol precursors, including desmosterol, methylsterols, and
other post-lanosterol intermediates, have been shown to regulate nu-
clear receptor signaling, membrane trafficking, and receptor turnover,
indicating that intermediates of the pathway may function as signaling
molecules rather than passive metabolic substrates [15-17].

Both cholesterol and its biosynthetic precursors are susceptible to
oxygenation, particularly under conditions of increased reactive oxygen
species commonly observed in tumor cells [18,19]. Oxidative stress,
mitochondrial dysfunction, and inflammatory signaling promote lipid
peroxidation and favor the formation of oxidized sterols collectively
referred to as oxysterols. Some oxysterols act as ligands for nuclear re-
ceptors such as liver X receptors (LXRs) [20-23] and retinoic acid
receptor-related orphan receptors (RORs) [24-26], thereby linking ste-
rol metabolism to transcriptional regulation [27-29]. Among these
metabolites, 27-hydroxycholesterol (27-HC) has been shown to promote
the growth of estrogen receptor—positive breast cancer, whereas the
oxysterol oncosterone (OCDO) stimulates proliferation of both estrogen
receptor—positive and triple-negative breast cancer cells, demonstrating
a direct link between sterol metabolism and tumor progression [9,30].

Oxysterol signaling is further complicated by the existence of
downstream metabolic conversions that modify biological activity.
Recent work has shown that both 27-HC and OCDO can be converted
into 27-hydroxy-OCDO (27-OH-OCDO), a metabolite displaying anti-
proliferative properties, indicating that sterol metabolism involves
branching pathways capable of generating metabolites with opposing
biological effects [31].

A critical intersection between cholesterol biosynthesis, oxidative
stress, and sterol signaling is provided by the formation of cholesterol
5,6-epoxides (5,6-ECs), which arise during lipid peroxidation of mem-
brane cholesterol. These epoxides are metabolized by cholesterol-5,6-
epoxide hydrolase (ChEH) [12], an enzymatic activity associated with
the microsomal antiestrogen binding site (AEBS) and composed of en-
zymes of the cholesterol biosynthetic pathway [32,33]. Hydrolysis of
5,6-ECs generates cholestane-3p,5a,6p-triol (CT), which can be further
converted into OCDO in cells expressing 11p-hydroxysteroid dehydro-
genase type 2 (118-HSD2) [30,34]. In contrast, alternative metabolic
routes, including conversion of 5,6a-EC into dendrogenin A (DDA) in
normal tissues, may generate sterol metabolites with tumor-suppressive
properties, illustrating that the biological outcome of sterol oxidation
depends on the enzymatic context of the cell [35-39].

These observations indicate that inhibition of cholesterol biosyn-
thesis does not simply reduce cholesterol levels but instead redistributes
sterol metabolic flux, leading to the accumulation and transformation of
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intermediates that can influence tumor cell behavior. This concept,
referred to as sterol flux rewiring, proposes that pharmacological inhi-
bition of cholesterogenesis reshapes sterol metabolic networks and
promotes the formation of bioactive sterol derivatives whose effects
depend on the redox state of the cell and on the expression of enzymes
involved in sterol metabolism [11].

In this review, we examine the cholesterol biosynthetic pathway as a
dynamic metabolic network capable of generating bioactive sterol me-
tabolites. We discuss the signaling functions of sterol intermediates and
oxysterols, the role of oxidative sterol metabolism in cancer, and the
pharmacological implications of targeting specific steps in cholesterol
biosynthesis. Particular attention is given to the concept of sterol flux
rewiring and to the mechanisms by which sterol intermediates and their
oxidation products may contribute to tumor progression or tumor
suppression.

2. Architecture of the cholesterol biosynthetic pathway

The cholesterol biosynthetic pathway is one of the most complex
metabolic networks in mammalian cells. Beginning with acetyl-CoA, the
pathway proceeds through more than twenty enzymatic reactions that
ultimately produce cholesterol. These reactions can be divided into two
major segments: the pre-lanosterol segment, which generates the iso-
prenoid precursor squalene and its epoxide derivative, and the post-
lanosterol segment, which converts lanosterol into cholesterol through
a series of demethylation, reduction, and isomerization reactions [13]
(Fig. 1).

The early stages of the pathway involve the condensation of acetyl-
CoA molecules to produce 3-hydroxy-3-methylglutaryl-CoA (HMG-
CoA), which is subsequently reduced by HMG-CoA reductase to form
mevalonate. This reaction represents the principal rate-limiting step of
cholesterol biosynthesis and is tightly regulated at transcriptional and
post-translational levels through sterol regulatory element-binding
proteins (SREBPs) and sterol-dependent feedback mechanisms [2].

Mevalonate is further converted into activated isoprenoid in-
termediates including isopentenyl pyrophosphate, geranyl pyrophos-
phate, and farnesyl pyrophosphate. These molecules represent branch
points in metabolism because they serve as precursors not only for sterol
synthesis but also for non-sterol isoprenoids required for protein pre-
nylation, dolichol synthesis, ubiquinone production, and other essential
cellular processes [3,7].

The expression of enzymes involved in cholesterol biosynthesis and
sterol metabolism is not uniform across tissues and is tightly regulated at
multiple levels, including transcriptional control by sterol regulatory
element-binding proteins (SREBPs) and modulation by oncogenic
signaling pathways frequently altered in cancer [1,2], and tumor-
dependent metabolic reprogramming may further influence the spec-
trum of sterol intermediates and oxysterols produced.

The conversion of farnesyl pyrophosphate into squalene marks the
commitment to sterol biosynthesis. Squalene is then oxidized by squa-
lene epoxidase to form 2,3-oxidosqualene, which undergoes cyclization
catalyzed by lanosterol synthase to generate lanosterol, the first sterol
intermediate of the pathway [13].

From this point onward, the pathway enters the post-lanosterol
phase, during which lanosterol is progressively converted into choles-
terol through a series of enzymatic reactions involving demethylation at
the C4 position, reduction of double bonds, and rearrangement of sterol
structures. These reactions involve multiple enzymes including sterol-
C4-methyl oxidase-like protein (SC4MOL), NAD(P)-dependent steroid
dehydrogenase-like protein (NSDHL), emopamil-binding protein (EBP),
7-dehydrocholesterol reductase (DHCR7), and 24-dehydrocholesterol
reductase (DHCR24) [13,40] (Fig. 1).

Importantly, these enzymatic steps generate a series of sterol in-
termediates that differ structurally from cholesterol. Because inhibition
of specific enzymes leads to the accumulation of defined intermediates,
the post-lanosterol segment of the pathway represents a potential source
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of bioactive sterol molecules capable of influencing membrane organi-
zation, receptor trafficking, and intracellular signaling pathways. These
properties make late steps of cholesterol biosynthesis particularly rele-
vant in the context of cancer metabolism.

3. Post-Lanosterol sterol intermediates as potential signaling
molecules

Although cholesterol biosynthesis was historically viewed as a linear
sequence of reactions culminating in the production of cholesterol, it is
now clear that several sterol intermediates generated during the post-
lanosterol segment possess biological activities that extend beyond
their role as transient metabolic precursors. The conversion of lanosterol
into cholesterol produces a variety of intermediates including zymos-
terol, zymostenol, lathosterol, 7-dehydrocholesterol, desmosterol and
methylsterols such as FF-MAS, each characterized by specific structural
features that influence their interactions with membranes and proteins.

One of the best-characterized examples of a bioactive sterol inter-
mediate is desmosterol, the immediate precursor of cholesterol in the
Bloch pathway. Desmosterol has been identified as an endogenous
ligand of liver X receptors (LXRs), nuclear receptors that regulate genes
involved in cholesterol transport, lipid metabolism, and inflammatory
responses [17,41,42]. In macrophages, desmosterol accumulation acti-
vates LXR-dependent transcription while suppressing inflammatory
gene expression, demonstrating that sterol intermediates generated
during cholesterol biosynthesis can function as signaling molecules
linking lipid metabolism to immune regulation. Desmosterol was also
identified as a RORy modulator that controls the T(H)17 differentiation
[25].

Other sterol intermediates may influence cellular physiology
through mechanisms that are less well understood. Sterols retaining a
A7 or A8 double bond, such as zymostenol or 7-DHC, differ from
cholesterol in their effects on membrane properties and protein traf-
ficking. Genetic studies have shown that perturbations of sterol deme-
thylation or reduction steps can profoundly alter the trafficking and
stability of growth factor receptors, including the epidermal growth
factor receptor (EGFR), thereby influencing oncogenic signaling path-
ways [43,44].

Another important aspect of sterol intermediate biology is their
susceptibility to oxygenation. Intermediates generated during choles-
terol biosynthesis may contain additional double bonds and methyl
groups. They may also have a double bond in a position other than the
A5 position on the B ring of the steroid backbone. These differences have
been shown to increase their sensitivity to oxidative modification
[18,19]. This property becomes particularly relevant in tumor cells,
which frequently experience elevated oxidative stress due to mito-
chondrial dysfunction, oncogenic signaling, and inflammatory processes
within the tumor microenvironment. Under these conditions, sterol in-
termediates accumulating after inhibition of cholesterol biosynthesis
may undergo oxidative reactions associated with lipid peroxidation,
generating oxidized sterol derivatives whose biological functions remain
incompletely characterized [18,19,45].

These observations indicate that the post-lanosterol segment of
cholesterol biosynthesis should not be viewed simply as a sequence of
reactions producing cholesterol, but rather as a metabolic network
capable of generating sterol molecules with potential signaling proper-
ties [20,28]. Understanding the biological roles of these intermediates is
therefore essential for interpreting the consequences of pharmacological
interventions targeting cholesterol biosynthesis in cancer cells.

4. Oxysterol biology in cancer

Oxysterols are oxygenated derivatives of cholesterol that play
important roles in the regulation of cellular signaling pathways. These
molecules can be produced through enzymatic oxidation reactions
mediated mainly by cytochrome P450 enzymes [46-48] or through non-
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enzymatic oxidation processes driven by reactive oxygen species and
lipid peroxidation [49-53]. Because oxysterols can interact with nuclear
receptors, membrane proteins, and intracellular signaling pathways,
they represent a key interface between lipid metabolism and gene
regulation.

Several oxysterols act as ligands for nuclear receptors including liver
X receptors (LXRs) [20,22,23,29] and retinoic acid receptor-related
orphan receptors (RORs) [24-26,54], thereby controlling transcrip-
tional programs involved in cholesterol homeostasis, lipid metabolism,
and inflammation [27-29]. In the context of cancer, these signaling
pathways may influence tumor growth both directly, through effects on
tumor cells, and indirectly, through modulation of immune responses
within the tumor microenvironment.

Among the oxysterols implicated in cancer progression, 27-hydroxy-
cholesterol (27-HC), produced by CYP27A1, has been shown to stimu-
late the proliferation of estrogen receptor-positive breast cancer cells
and to promote tumor growth in vivo [9]. It should be noted, however,
that several in vitro studies investigating the effects of 27-hydroxycho-
lesterol have employed concentrations that may exceed physiological
levels observed in human tissues, and this should be taken into account
when interpreting their relevance to tumor biology [8,9]. In addition to
its effects on tumor cells, 27-HC can modulate immune cell function and
inflammatory responses, illustrating how oxysterol signaling can influ-
ence multiple components of the tumor microenvironment [8,35,55].

Oxysterols can also arise from lipid peroxidation, a process that oc-
curs when reactive oxygen species attack polyunsaturated lipids and
other susceptible molecules within biological membranes. Although
cholesterol is less prone to oxidation than polyunsaturated fatty acids, it
can nonetheless undergo oxidative modification under conditions of
increased oxidative stress, generating a variety of oxysterols including
hydroperoxides, epoxides, and ketones [19,45,51,53,56-58]. Many of
these molecules display biological activities distinct from those of
cholesterol and may influence cell proliferation, differentiation, or
survival.

Among the oxysterols generated during lipid peroxidation, choles-
terol 5,6-epoxides (5,6-ECs) represent particularly important metabo-
lites because they enter a specific metabolic pathway capable of
producing additional bioactive sterol derivatives. These epoxides
therefore occupy a central position in sterol metabolic networks linking
oxidative stress, cholesterol biosynthesis, and sterol signaling pathways
[35,36,39].

5. The 5,6-Epoxide metabolic node linking lipid peroxidation
and sterol signaling

Oxidative modification of cholesterol is a major biochemical conse-
quence of increased lipid peroxidation associated with sterol imbalance.
Accumulation of free cholesterol or sterol precursors can perturb cellular
redox homeostasis, promote the generation of reactive oxygen species,
and enhance lipid peroxidation within biological membranes. Under
these conditions, cholesterol present in lipid bilayers becomes suscep-
tible to non-enzymatic oxidation, leading to the formation of several
oxysterols, among which 5,6-ECs occupy a central position in sterol
metabolic networks (Fig. 2).

5,6-ECs exist as two stereoisomeric forms, 5a,6a-epoxycholestanol
(5,60-EC) and 5p,6p-epoxycholestanol (5,6p-EC), generated by radical-
mediated oxidation of the A5 double bond of cholesterol during lipid
peroxidation reactions. Because cholesterol is abundant in cellular
membranes, even moderate increases in oxidative stress may result in
significant formation of these epoxide derivatives. Numerous studies
performed in models of oxidative injury, atherosclerosis, neuro-
degeneration, and metabolic disorders have shown that 5,6-ECs are
reliable markers of cholesterol oxidation and membrane lipid peroxi-
dation [35,36,39].

Once formed, 5,6-ECs enter a specific metabolic pathway that con-
nects cholesterol oxidation with steroid metabolism. A central step in
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this pathway is the hydrolysis of the epoxide group catalyzed by
cholesterol-5,6-epoxide hydrolase (ChEH), an enzymatic activity asso-
ciated with the microsomal antiestrogen binding site (AEBS) [12,32,59].
Molecular studies have shown that ChEH activity results from the
cooperation of two enzymes of the cholesterol biosynthetic pathway,
emopamil-binding protein (EBP) and 7-dehydrocholesterol reductase
(DHCR?7), illustrating the intimate link between cholesterol biosynthesis
and sterol oxidation pathways [12,32,59].

ChEH converts 5,6-ECs into cholestane-3p,5a,6p-triol (CT), a
metabolite that can undergo additional enzymatic transformations
depending on the metabolic context of the cell. In tumor cells expressing
11p-hydroxysteroid dehydrogenase type 2 (118-HSD2), CT can be
oxidized to form oncosterone (OCDO), a sterol metabolite that promotes
tumor cell proliferation and tumor growth [12,35,59]. Because OCDO
formation requires prior hydrolysis of the epoxide, ChEH represents a
critical control point in this pathway. Inhibition of ChEH prevents CT
production and thereby blocks oncosterone biosynthesis.

In addition to its conversion into oncosterone, CT can also undergo
further metabolic processing through CYP27A1-dependent side-chain
oxidation pathways, generating 27-hydroxylated intermediates such as
27-OH-CT that are likely involved in its conversion toward bile acid
derivatives, as suggested by studies in Niemann-Pick type C disease and
supported by the identification of CT as a substrate of CYP27A1l
[31,60,61].

The metabolic fate of 5,6-ECs depends strongly on the enzymatic
environment of the cell. In normal tissues, the 5,6a-EC can be converted
into dendrogenin A (DDA) through an enzymatic conjugation with his-
tamine. DDA is an endogenous sterol metabolite with tumor-suppressive
properties [62]. In contrast, in tumors expressing both ChEH and 11§-
HSD2, 5,6-ECs may be preferentially metabolized toward OCDO

formation, favoring proliferative signaling. These observations indicate
that the biological outcome of cholesterol oxidation depends not only on
the level of oxidative stress but also on the balance between competing
enzymatic pathways downstream of 5,6-ECs.

The 5,6-EC metabolic node therefore represents a critical intersec-
tion between cholesterol biosynthesis, lipid peroxidation, and sterol
signaling. Perturbations of cholesterol metabolism that increase oxida-
tive stress or alter sterol composition may enhance the formation of 5,6-
ECs, while the expression of downstream enzymes determines whether
these metabolites are converted into tumor-promoting or tumor-
suppressive sterol derivatives. This concept provides a mechanistic
basis for the idea that inhibition of cholesterol biosynthesis can redirect
sterol metabolic flux toward pathways with distinct biological
consequences.

In addition to the 5,6-ECs pathway, several other sterol-derived
metabolites have been reported to regulate tumor biology, including
enzymatically generated oxysterols, meiosis-activating sterols, and
methylsterol intermediates identified in genetic models of cholesterol
biosynthesis defects.

6. Tamoxifen, AEBS Ligands, and cholesterol epoxide
metabolism

The relationship between antiestrogen pharmacology and sterol
metabolism represents one of the most unexpected intersections be-
tween cancer therapeutics and lipid biochemistry. Long before the mo-
lecular identity of the microsomal antiestrogen binding site (AEBS) was
elucidated, several antiestrogenic compounds were known to interact
with a high-affinity binding site distinct from the classical estrogen re-
ceptor [63-66]. This binding activity, detected in microsomal fractions
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of various tissues, was termed the microsomal antiestrogen binding site
(AEBS) and was found to bind structurally diverse antiestrogenic mol-
ecules including tamoxifen and related diphenylmethane derivatives
[67,68].

Subsequent biochemical studies demonstrated that the AEBS corre-
sponds to ChEH, an enzymatic activity resulting from the association of
two proteins of the cholesterol biosynthetic pathway, emopamil-binding
protein (EBP) and 7-dehydrocholesterol reductase (DHCR7) [12,32,59].
This discovery established a direct molecular link between antiestrogen
pharmacology, cholesterol biosynthesis, and sterol oxidation pathways.

Ligands of AEBS, including tamoxifen, tesmilifene (also known as
DPPE), PBPE, and related compounds, inhibit ChEH activity and thereby
prevent the hydrolysis of 5,6-ECs [32,38]. As a consequence, treatment
with these compounds leads to accumulation of 5,6-ECs as well as
several sterol intermediates of the post-lanosterol segment of cholesterol
biosynthesis [15,33,38,69]. These metabolic perturbations illustrate
how drugs originally developed as endocrine therapies can profoundly
remodel sterol metabolic networks [35,36,39].

Importantly, AEBS ligands do not simply block a single enzymatic
reaction but induce a broader reorganization of sterol metabolism that
includes accumulation of biosynthetic precursors, changes in membrane
sterol composition, and increased oxidative stress. In breast cancer cells,
tamoxifen and related compounds induce the accumulation of sterol
intermediates such as zymostenol, zymosterol, or 7-DHC, depending on
the enzymatic step affected [12]. Importantly, cholesterol precursors,
including 7-dehydrocholesterol, zymosterol, zymostenol, and lath-
osterol, display higher propagation rate constants for free-radical per-
oxidation than cholesterol itself, making them particularly susceptible to
oxidative modification under conditions of increased reactive oxygen
species [18,19].

Cholesterolfiosynthesis
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Consistent with this mechanism, treatment with AEBS ligands in-
creases lipid peroxidation and promotes the formation of oxidized ste-
rols, including 5,6-ECs. Because the cellular cholesterol pool is not
completely depleted under these conditions, the remaining cholesterol
can undergo oxidation, leading to accumulation of 5,6-ECs even when
sterol precursors are increased [38]. These observations support the
concept that perturbation of cholesterol biosynthesis may enhance
oxysterol formation indirectly through changes in redox homeostasis
and membrane organization rather than through increased cholesterol
synthesis.

ChEH inhibition has important consequences for downstream sterol
metabolism. Under normal conditions, ChEH hydrolyzes 5,6-ECs to
generate cholestane-3p,5a,6p-triol (CT), which can then be converted
into oncosterone (OCDO) in cells expressing 11p-hydroxysteroid dehy-
drogenase type 2 (118-HSD2) [30]. Because OCDO formation requires
prior hydrolysis of the 5,6-ECs, inhibition of ChEH prevents CT pro-
duction and thereby blocks oncosterone biosynthesis. Thus, AEBS li-
gands simultaneously increase 5,6-ECs levels while reducing OCDO
formation.

At the same time, accumulation of 5,6-ECs in the presence of ChEH
inhibition may favor alternative metabolic routes. In normal tissues,
5,6a-EC can be converted into dendrogenin A (DDA) [62], an endoge-
nous sterol metabolite displaying tumor-suppressive properties[70-76].
In tumor cells, however, DDA production is frequently lost. Although the
mechanisms underlying this loss remain incompletely understood, po-
tential explanations include reduced expression or activity of enzymes
involved in DDA biosynthesis, alterations in histamine metabolism, or
broader metabolic rewiring associated with tumor progression[62,75].

Tamoxifen illustrates the complexity of these mechanisms. In addi-
tion to its classical antiestrogenic activity, tamoxifen inhibits ChEH and
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of AEBS, including tamoxifen, tesmilifene (DPPE), PBPE, and SR31747A, inhibit ChEH activity and perturb late steps of cholesterol biosynthesis, resulting in
accumulation of sterol intermediates upstream of the blocked enzymatic reactions. This accumulation is associated with increased oxidative stress, enhanced lipid
peroxidation, and oxidation of cholesterol and sterol intermediates, leading to increased formation of 5,6-ECs. Because ChEH activity is required for conversion of
5,6-ECs into CT and subsequently into oncosterone (OCDO), inhibition of ChEH prevents OCDO formation while promoting alternative metabolic fates of 5,6-ECs.
These changes illustrate how pharmacological inhibition of sterol metabolism induces sterol flux rewiring and alters tumor cell fate depending on the enzy-

matic context.
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perturbs late steps of cholesterol biosynthesis, leading to sterol precursor
accumulation, increased lipid peroxidation, and remodeling of sterol
metabolism [77,78]. In breast cancer cells, these metabolic changes are
associated with induction of autophagy, redifferentiation, and cell
death, although the final biological response depends on the metabolic
and redox context of the cell [15,33,38,69,73]. (Fig. 3).

These observations illustrate a general principle: pharmacological
inhibition of sterol metabolism influences tumor cell behavior not only
through cholesterol depletion but also through the combined effects of
precursor accumulation, oxidative stress, and altered oxysterol meta-
bolism. Within the framework of sterol flux rewiring, AEBS ligands
represent a paradigm of drugs that redirect sterol metabolism toward
oxidative pathways whose biological effects depend on the enzymatic
context of the tumor.

7. Sterol precursor oxygenation and lipid peroxidation

Sterol intermediates generated during cholesterol biosynthesis
possess structural features that increase their susceptibility to oxygen-
ation. Unlike cholesterol, which contains a single double bond at the A5
position, many sterol precursors produced during late steps of the
pathway display a different location of the double bond or retain addi-
tional unsaturations that facilitate radical-mediated oxidation
[18,19,45,58]. This property becomes particularly relevant in tumor
cells, where mitochondrial dysfunction, oncogenic signaling, and in-
flammatory processes frequently generate elevated levels of reactive
oxygen species.

One of the most striking examples is 7-DHC, the immediate precursor
of cholesterol in the Kandutsch-Russell pathway. Biochemical studies
have demonstrated that the rate constant for free-radical oxidation of 7-
DHC is exceptionally high, exceeding that of many polyunsaturated fatty
acids [45,58]. As a consequence, accumulation of 7-DHC leads to the
formation of numerous oxidized sterol derivatives with potent biological
activities [79] (Fig. 4A-D).

Oxidized derivatives of 7-DHC have been implicated in the patho-
genesis of Smith-Lemli-Opitz syndrome, a genetic disorder caused by
mutations in DHCR7 [80,81]. In this condition, accumulation of 7-DHC
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is associated with increased lipid peroxidation, mitochondrial dysfunc-
tion, and oxidative stress, illustrating how buildup of highly oxidizable
sterol intermediates can profoundly alter cellular redox homeostasis
[79,82].

Other sterol intermediates generated during cholesterol biosynthesis
may exhibit similar susceptibility to oxygenation. Sterols containing A7
or A8 double bonds, such as zymostenol or lathosterol, can undergo
oxidative modification during lipid peroxidation reactions [18,19]
(Fig. 4A-D). Experimental studies have shown that accumulation of such
intermediates during pharmacological inhibition of cholesterol synthe-
sis can increase oxidative damage to membranes and promote the for-
mation of oxidized sterol products [18].

In tumor cells, where oxidative stress is elevated [83,84] or phar-
macologically induced [38,73], accumulation of sterol intermediates
may therefore create conditions favorable for the generation of oxidized
sterol metabolites (Fig. 4E). These molecules may interact with nuclear
receptors, membrane proteins, or redox-sensitive signaling pathways,
suggesting that oxidative modification of sterol precursors could
represent an additional layer of metabolic regulation linking cholesterol
biosynthesis to tumor cell behavior.

Advances in lipidomics and mass spectrometry now allow the
detection of numerous oxidized sterol species that were previously
difficult to identify [85,86]. These technologies will be essential for
determining the contribution of oxidized sterol intermediates to the
biological effects observed after pharmacological or genetic inhibition of
cholesterol biosynthesis.

8. SC4MOL and NSDHL: Sterol demethylation and oncogenic
signaling

The removal of C4-methyl groups from lanosterol represents a crit-
ical step in the conversion of lanosterol into cholesterol and is catalyzed
by a multienzyme complex involved in sterol C4-demethylation. This
complex includes sterol-C4-methyl oxidase-like protein (SC4MOL) and
NAD(P)-dependent steroid dehydrogenase-like protein (NSDHL), which
act sequentially to convert C4-methyl sterols into desmethyl in-
termediates that can be further processed toward cholesterol synthesis
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Fig. 4. Oxygenation of sterol intermediates and lipid peroxidation during inhibition of cholesterol biosynthesis. Oxidative modification of sterol intermediates
generated during cholesterol biosynthesis. (A-D) Several sterol precursors produced during late steps of the pathway contain double bonds that increase their
susceptibility to radical-mediated oxygenation. Examples include oxidation products derived from (A) lathosterol, (B) zymostenol, (C) 7-dehydrocholesterol (7-DHC),
and (D) the unsaturated side chain of desmosterol. Because of these structural features, these intermediates can undergo oxidation during lipid peroxidation re-
actions, generating multiple oxysterol derivatives with potential biological activity. Among these sterols, 7-DHC is particularly prone to free-radical oxidation and
readily forms numerous oxidized products that contribute to oxidative stress and membrane damage. (E) Effect of pharmacological inhibition of cholesterol
biosynthesis. Blockade of cholesterogenic enzymes leads to intracellular accumulation of free sterols and sterol intermediates, which perturbs membrane organization
and increases the production of reactive oxygen species (ROS). Enhanced lipid peroxidation promotes oxidation of cholesterol and sterol precursors, resulting in the
formation of oxysterols, including 5,6-ECs. These oxidized sterols may act as signaling molecules capable of modulating nuclear receptors, membrane-associated
pathways, and redox-sensitive signaling cascades, thereby linking sterol metabolism, oxidative stress, and tumor cell behavior.
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[13].

Genetic and functional studies have demonstrated that perturbation
of this demethylation step profoundly affects oncogenic signaling. In
particular, inhibition or loss of SC4MOL or NSDHL alters intracellular
trafficking of the epidermal growth factor receptor (EGFR) and promotes
its internalization and degradation, thereby reducing downstream
signaling in cancer cells [43,44]. These effects are associated with the
accumulation of C4-methyl sterol intermediates, which modify mem-
brane composition and disrupt membrane microdomains required for
proper receptor recycling.

In addition to their effects on membrane organization, sterol in-
termediates generated upstream of the C4-demethylation step can
function as signaling molecules. Gabitova and colleagues demonstrated
that blockade of SC4MOL or NSDHL leads to the accumulation of spe-
cific sterol metabolites that suppress tumor growth in EGFR- and KRAS-
dependent cancers [16]. These sterol intermediates were shown to
activate liver X receptor (LXR)-dependent transcriptional programs,
resulting in inhibition of cell proliferation and reduced tumor progres-
sion. These findings indicate that the cholesterol biosynthetic pathway
regulates oncogenic signaling not only through cholesterol availability
but also through the controlled production of bioactive sterol ligands.

These observations highlight that the sterol composition of cellular
membranes directly influences receptor trafficking and signal trans-
duction while sterol intermediates can regulate gene expression through
nuclear receptors. Because EGFR signaling plays a central role in the
proliferation of several tumor types, including melanoma, pancreatic
cancer, and lung cancer, enzymes involved in sterol demethylation have
emerged as potential therapeutic targets [16,87].

Thus, inhibition of SC4MOL or NSDHL does not simply reduce
cholesterol synthesis but alters the balance of sterol intermediates
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within the cell, leading to changes in membrane organization, nuclear
receptor activation, receptor trafficking, and tumor cell proliferation.
These findings identify the C4-demethylation step as a critical regula-
tory node linking cholesterol biosynthesis to oncogenic signaling path-
ways and suggest that pharmacological modulation of this step may
represent a strategy to suppress tumor growth by promoting the accu-
mulation of growth-inhibitory sterol metabolites (Fig. 5).

9. Pharmacological targeting of cholesterol Biosynthesis:
Lessons from clinical failures

Attempts to target cholesterol metabolism for cancer therapy have a
long history, but clinical results have often been disappointing. Retro-
spective analysis suggests that many failures resulted from incomplete
understanding of the metabolic consequences of inhibiting cholesterol
biosynthesis.

One of the earliest examples is boxidine, investigated in the early
1970 s as a potential antineoplastic agent. Clinical studies showed that
boxidine markedly altered serum sterol profiles in humans [88-91].
Subsequent work showed that boxidine inhibits DHCR7, leading to
accumulation of 7-DHG, a sterol highly susceptible to oxygenation [79].
The resulting oxidative stress and formation of toxic sterol derivatives
likely contributed to the toxicity that limited clinical development.

Tesmilifene (DPPE, BMS-217380-01, PubChem CID: 108092) rep-
resents another instructive case. Originally developed as a chemo-
sensitizing agent [92], tesmilifene is a selective ligand of AEBS that
inhibits ChEH and perturbs late steps of cholesterol biosynthesis
[32,33,67,68]. Treatment with tesmilifene induces accumulation of
sterol intermediates including 7-DHC and zymosterol derivatives and
promotes the formation of 5,6-ECs [33,38]. These metabolic effects were
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Fig. 5. Oxidative stress, sterol accumulation, and formation of oxysterols. Conceptual model showing the relationship between inhibition of cholesterol biosynthesis,
intracellular sterol accumulation, and oxidative stress. Blockade of cholesterogenic enzymes leads to accumulation of free sterols and sterol intermediates in cellular
membranes. Sterol accumulation perturbs membrane organization and promotes the production of reactive oxygen species (ROS), resulting in increased lipid
peroxidation. Under these conditions, cholesterol and sterol intermediates become susceptible to oxygenation, leading to the formation of oxysterols, including 5,6-
ECs. These oxidized sterols can participate in signaling pathways that influence tumor cell proliferation, differentiation, or cell death, linking cholesterol metabolism

to redox-dependent regulation of tumor biology.
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not fully appreciated during early clinical trials, which may explain the
difficulty in identifying responsive patient populations.

SR31747A (PubChem CID: 6439330) provides another example of a
sterol-targeting drug whose mechanism was incompletely understood
during clinical development. This compound inhibits EBP, leading to
zymostenol accumulation [93] and ChEH [32]. Although SR31747A
showed antiproliferative activity in experimental models [93,94], clin-
ical development was limited, possibly because the metabolic pertur-
bations induced by the drug were not fully characterized.

These historical examples illustrate that pharmacological inhibition
of cholesterol biosynthesis produces complex metabolic rearrangements
characterized by accumulation of sterol intermediates and increased
formation of oxidized sterols. Understanding these metabolic changes is
essential for interpreting both the therapeutic and toxic effects of sterol-
targeting drugs.

10. Sterol flux rewiring in Cancer: A Conceptual model

The diverse biological effects observed after inhibition of cholesterol
biosynthesis suggest that this pathway should be viewed as a dynamic
metabolic network rather than a simple linear route leading to choles-
terol. Pharmacological or genetic inhibition of cholesterogenic enzymes
redistributes metabolic flux within the sterol network, leading to accu-
mulation and transformation of intermediates. This process can be
described as sterol flux rewiring [10,11].

Inhibition of specific enzymatic steps often results in buildup of
sterol intermediates upstream of the blocked reaction. These in-
termediates may modify membrane properties, alter receptor traf-
ficking, modulate nuclear receptors, or undergo oxygenation reactions
that generate bioactive sterols. In addition, sterol accumulation can
perturb cellular redox homeostasis, increasing lipid peroxidation and
promoting the formation of oxidized sterols.

Within this framework, the 5,6-ECs pathway represents a central
metabolic node linking oxidative stress, sterol metabolism, and tumor
signaling. Depending on the enzymatic context, 5,6-ECs may be con-
verted into tumor-promoting metabolites such as OCDO or into tumor-
suppressive sterols such as DDA. Additional downstream trans-
formations, including conversion of 27-HC or OCDO into 27-OH-OCDO
[31], further illustrate that sterol metabolism operates as a branching
network rather than a linear pathway.

Upstream of cholesterol, inhibition of late steps of biosynthesis leads
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to accumulation of highly oxygenation-prone intermediates, which may
enhance lipid peroxidation and generate oxidized sterols with signaling
properties.

Thus, the biological consequences of targeting cholesterol biosyn-
thesis depend on multiple factors, including the nature of the accumu-
lated intermediates, the oxidative state of the cell, and the expression of
enzymes involved in sterol metabolism. The concept of sterol flux
rewiring provides a unifying explanation for the diverse and sometimes
paradoxical effects observed after pharmacological inhibition of cho-
lesterogenesis (Fig. 6).

Although experimental evidence supports the existence of multiple
bioactive sterol intermediates, the identity and biological functions of
many of these metabolites remain incompletely characterized, and
further analytical and biochemical studies will be required to validate
their roles in tumor biology.

11. Outstanding questions in sterol metabolism and cancer

Despite major advances in understanding cholesterol biosynthesis
and oxysterol signaling, many fundamental questions remain unre-
solved regarding the role of sterol metabolism in cancer biology. One of
the most important issues concerns the relative contribution of choles-
terol depletion versus sterol precursor accumulation in mediating the
biological effects of cholesterogenic inhibitors. Although early studies
assumed that inhibition of cholesterol synthesis impairs tumor growth
mainly by reducing membrane cholesterol content or limiting protein
prenylation, increasing evidence indicates that the accumulation of
sterol intermediates generated upstream in the pathway may play an
equally important role in regulating oncogenic signaling and tumor
proliferation [5,16,44]. Distinguishing between these mechanisms re-
mains a critical challenge for interpreting the effects of pharmacological
interventions targeting the mevalonate and post-lanosterol pathways.

Another major unresolved question concerns the identity and bio-
logical functions of oxidized derivatives of sterol intermediates. While
the oxidation products of cholesterol have been extensively studied,
comparatively little is known about the oxidation products derived from
intermediates such as zymosterol, lathosterol, desmosterol, or methyl-
sterols. These intermediates are either positioning isomers of the double
bond or contain additional double bonds. This increases their suscepti-
bility to oxygenation [18]. Their accumulation may generate oxidized
sterols with signaling properties distinct from those of classical
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Fig. 6. Sterol flux rewiring in cancer: conceptual model. Conceptual model illustrating the concept of sterol flux rewiring following inhibition of cholesterol
biosynthesis. Pharmacological or genetic blockade of specific enzymes redistributes metabolic flux within the sterol network, leading to accumulation of sterol
intermediates upstream of the inhibited step. Accumulated sterols can modify membrane properties, alter receptor trafficking, and activate nuclear receptors, while
increased oxidative stress promotes lipid peroxidation and formation of oxidized sterols. The 5,6-ECs pathway represents a central metabolic node linking oxidative
stress to sterol signaling. Depending on the enzymatic context, 5,6-ECs may be converted into tumor-promoting metabolites such as OCDO and 27-HC, or into tumor-
suppressive metabolites such as DDA and 27-OH-OCDO. These pathways illustrate that the biological effects of targeting cholesterol biosynthesis depend on the
nature of accumulated intermediates, the oxidative state of the cell, and the expression of enzymes involved in sterol metabolism.
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oxysterols. The development of advanced lipidomic approaches now
makes it possible to detect these metabolites, but their biological func-
tions remain largely unexplored.

The relationship between sterol metabolism and cellular redox ho-
meostasis also remains incompletely understood. Accumulation of free
cholesterol or biosynthetic precursors can perturb membrane organi-
zation, impair mitochondrial function, and promote the production of
reactive oxygen species, thereby enhancing lipid peroxidation [95-97].
In tumor cells, where oxidative stress is frequently elevated, these pro-
cesses may favor the formation of 5,6-ECs and other oxidized sterols
generated during lipid peroxidation [45,52,84]. Because several sterol
intermediates are more susceptible to oxygenation than cholesterol it-
self, perturbations of the cholesterol biosynthetic pathway may further
enhance the production of bioactive oxysterols capable of modulating
signaling pathways controlling proliferation, differentiation, or cell
death [28,35,47,82,98].

Determining how oxidative stress interacts with sterol metabolism to
shape tumor behavior therefore represents an important area for future
investigation. Another unresolved issue concerns the regulation of
downstream metabolic pathways derived from 5,6-ECs. Depending on
the enzymatic context, 5,6-ECs may be converted into a tumor-
promoting metabolite such as oncosterone or for 5,6a-EC into a
tumor-suppressive molecule such as DDA [34-37,72]. In addition,
further oxidation of oxysterols, including conversion of 27-HC or OCDO
into 27-OH-OCDO, may generate metabolites with antiproliferative
properties. Understanding how these competing metabolic pathways are
regulated in different tumor types will be essential for predicting the
biological consequences of perturbing cholesterol biosynthesis.

Finally, the therapeutic implications of sterol flux rewiring remain
largely unexplored. If the biological effects of cholesterogenic inhibitors
depend on the nature of the intermediates that accumulate and on the
oxidative state of the cell, then the same drug may produce very
different outcomes depending on tumor type, metabolic context, and
expression of sterol-metabolizing enzymes. Identifying biomarkers that
reflect sterol metabolic status may therefore be required for rational
development of therapies targeting cholesterol biosynthesis.

12. Future experimental strategies

Addressing these questions will require the integration of comple-
mentary experimental approaches combining lipidomics, genetics,
pharmacology, redox biology, and analytical chemistry. Although
modern mass spectrometry-based lipidomic techniques allow broad
profiling of known sterol species, these approaches are often insufficient
for the identification of novel sterol metabolites generated after phar-
macological or genetic perturbation of cholesterol biosynthesis. A major
analytical challenge arises from the existence of multiple stereoisomeric
sterols that may co-elute during chromatographic separation. In prac-
tice, unequivocal identification often requires the synthesis of authentic
standards combined with high-resolution analytical techniques, as
illustrated by the characterization of metabolites such as DDA, and
related sterols [31,36,62,99]. This step is essential for the unambiguous
identification and quantification of sterol metabolites in biological
samples. The identification of compounds such as DDA or 27-OH-OCDO
illustrates this requirement, as the synthesis of these molecules was
necessary before their presence in cells and tissues could be demon-
strated and their biological activities characterized.

Genetic approaches provide another powerful strategy for dissecting
the role of specific enzymatic steps in sterol metabolism. CRISPR-
Cas9-mediated gene editing can be used to selectively inactivate en-
zymes involved in the post-lanosterol pathway, including SC4MOL,
NSDHL, EBP, DHCR7, or DHCR24, allowing analysis of the biological
consequences of accumulating defined sterol intermediates. Combining
genetic perturbations with targeted analytical methods should make it
possible to establish causal relationships between specific sterol me-
tabolites and cellular phenotypes.

10
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The development of selective pharmacological probes targeting in-
dividual enzymes of the cholesterol biosynthetic pathway will also be
essential. Many currently available inhibitors affect multiple steps of
sterol metabolism or produce complex metabolic changes that are
difficult to interpret. Designing compounds that selectively block
defined enzymatic reactions could allow controlled manipulation of
sterol flux and facilitate the identification of metabolites responsible for
specific biological effects. Such studies will require analytical strategies
capable of distinguishing between cholesterol depletion, precursor
accumulation, and formation of oxidized or otherwise transformed ste-
rol derivatives.

Integration of sterol metabolism with redox biology represents
another important direction for future research. Because several sterol
intermediates are highly susceptible to oxygenation, tumors character-
ized by increased lipid peroxidation may generate sterol oxidation
products that are difficult to predict and may exist as multiple stereo-
isomeric forms. Detecting these species will often require the develop-
ment of dedicated analytical workflows, including synthesis of reference
compounds and optimization of chromatographic separation.

Finally, studies performed in patients will be required to determine
whether sterol metabolic alterations observed in experimental models
are also present in human tumors. Analysis of sterol and oxysterol pro-
files in tumor samples may help identify metabolic signatures associated
with specific cancer types or with response to therapy. However,
translation to clinical material will depend on the availability of vali-
dated analytical methods capable of detecting low-abundance sterol
metabolites with high structural specificity.

13. Conclusions and Perspectives

Cholesterol biosynthesis has long been regarded as an attractive
therapeutic target in cancer because of its essential role in membrane
biogenesis and its contribution to the production of non-sterol iso-
prenoid intermediates required for protein prenylation. However, the
experimental and clinical observations discussed throughout this review
indicate that the biological consequences of perturbing cholesterol
metabolism in tumor cells cannot be explained solely by a reduction in
cholesterol availability. Instead, inhibition of cholesterogenesis alters
the distribution of metabolic flux within the sterol network and pro-
motes the accumulation and transformation of multiple intermediates
that may exert distinct, and sometimes opposing, biological effects.
These findings support the view that the cholesterol biosynthetic
pathway should be considered as a dynamic metabolic system capable of
generating bioactive sterols whose signaling properties depend on the
enzymatic context, the oxidative environment, and the differentiation
state of the cell.

One of the central conclusions emerging from recent studies is that
pharmacological or genetic inhibition of cholesterogenic enzymes
frequently results in the accumulation of sterol precursors upstream of
the blocked step rather than in complete depletion of cellular choles-
terol. Because these intermediates differ structurally from cholesterol,
their accumulation may modify membrane organization, influence re-
ceptor trafficking, or modulate transcriptional programs through inter-
action with nuclear receptors such as LXRs, ROR, or steroid hormone
receptors. In addition, several sterol precursors contain additional
double bonds that increase their susceptibility to oxygenation, thereby
favoring the formation of oxidized sterols under conditions of oxidative
stress. These properties provide a mechanistic basis for the concept that
the biological effects of cholesterol biosynthesis inhibitors may arise not
only from reduced cholesterol synthesis but also from the signaling ac-
tivities of accumulated sterol intermediates and their oxidation
products.

The formation of specific oxysterols represents a critical interface
between sterol metabolism and cellular redox homeostasis. Tumor cells
often display elevated levels of reactive oxygen species as a consequence
of mitochondrial dysfunction, oncogenic signaling, and inflammatory
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processes within the tumor microenvironment. Under these conditions,
cholesterol and several sterol precursors are prone to oxygenation dur-
ing lipid peroxidation, leading to the generation of multiple oxysterols
with potent biological activities. Among these metabolites, 5,6-ECs
constitute a central metabolic node because they can enter distinct
enzymatic pathways that produce sterols with either tumor-promoting
or tumor-suppressive properties. Hydrolysis of 5,6-EC by ChEH, an ac-
tivity associated with the anti-estrogen binding site formed by EBP and
DHCR?7, generates CT, which can be further converted by 113-HSD2 into
oncosterone, a sterol metabolite that promotes proliferation and tumor
growth in several experimental models. Conversely, inhibition of ChEH
prevents CT formation and blocks oncosterone biosynthesis, demon-
strating that the biological outcome of cholesterol epoxide formation
depends on the enzymatic context of the cell.

An alternative fate of cholesterol epoxides has been described in
normal tissues, where the 5,6a-EC can be converted into DDA through a
specific enzymatic activity responsible for its conjugation with hista-
mine. DDA displays tumor-suppressive properties, including induction
of differentiation, activation of autophagy, and stimulation of antitumor
immune responses, and is detected in normal tissues but is absent or
strongly reduced in tumors of various origins. These observations sug-
gest that the balance between oncosterone production and DDA for-
mation may represent a critical determinant of the biological effects of
sterol oxidation in cancer. In addition, further metabolic trans-
formations of oxysterols can generate derivatives with distinct activities.
For example, both 27-hydroxycholesterol and oncosterone can undergo
additional hydroxylation reactions leading to the formation of 27-hy-
droxy-OCDO, a metabolite that displays antiproliferative properties,
illustrating that sterol metabolism involves branching pathways capable
of generating products with opposing effects on tumor cell growth.

The consequences of inhibiting cholesterol biosynthesis are not
restricted to late oxidative steps of the pathway. Perturbation of lano-
sterol demethylation, for example through inhibition or genetic inacti-
vation of enzymes such as SC4MOL or NSDHL, leads to the accumulation
of methylsterols that profoundly modify membrane sterol composition
and receptor trafficking. Experimental studies have shown that buildup
of these intermediates promotes internalization and degradation of
growth factor receptors, including EGFR, resulting in decreased PI3K-
AKT signaling and reduced tumor cell proliferation. These findings
indicate that post-lanosterol enzymes may represent potential thera-
peutic targets, although pharmacological validation of these targets re-
mains incomplete and requires further investigation. Importantly, the
accumulation of sterol intermediates in these conditions may also
enhance their susceptibility to oxygenation, suggesting that redox-
dependent mechanisms could contribute to the biological effects of
demethylation defects.

Together, these observations support the concept of sterol flux
rewiring, according to which inhibition of specific enzymatic steps in
cholesterol biosynthesis redistributes metabolic flux toward the accu-
mulation, oxidation, and transformation of sterol intermediates. In this
model, the final biological outcome depends on multiple factors,
including the identity of the inhibited enzyme, the nature of the sterol
species that accumulate, the level of oxidative stress, and the expression
of enzymes involved in sterol oxidation, reduction, and conjugation. As
a consequence, inhibition of cholesterogenesis may lead to tumor sup-
pression in some contexts, while promoting tumor growth in others,
depending on how sterol metabolism is redirected.

An important limitation in the current field is that the identification
of sterol metabolites generated after perturbation of cholesterol
biosynthesis remains technically challenging. Many sterol derivatives
differ only by subtle structural modifications or exist as multiple ste-
reoisomers, making their detection difficult without authentic reference
compounds. In practice, the characterization of new sterol metabolites
often requires the formulation of structural hypotheses followed by
chemical synthesis of candidate molecules, which can then be used to
establish targeted analytical methods. The identification of compounds
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such as DDA or 27-OH-OCDO illustrates this requirement, as synthesis of
these molecules was necessary before their presence in biological sam-
ples could be demonstrated and their biological activities investigated.
Progress in the field will therefore depend not only on advances in lip-
idomics, but also on the development of analytical strategies combining
organic synthesis, stereochemical characterization, and high-resolution
mass spectrometry.

These considerations may help explain why several pharmacological
agents targeting sterol metabolism have produced variable or unex-
pected results in clinical studies. Compounds affecting late steps of
cholesterol biosynthesis, AEBS/ChEH activity, or sterol demethylation
can induce complex metabolic perturbations that were not fully un-
derstood at the time of their development. In some cases, accumulation
of specific sterol intermediates or oxysterols may contribute to thera-
peutic effects, whereas in other situations the same metabolic changes
could favor tumor-promoting pathways or produce unwanted toxicity. A
better characterization of sterol metabolic profiles in tumor cells, com-
bined with identification of the enzymatic activities expressed in each
tumor type, will therefore be essential for the rational design of thera-
pies targeting cholesterol biosynthesis.

This suggests that future pharmacological strategies targeting
cholesterol biosynthesis should not only inhibit cholesterol production,
but also control the accumulation of sterol intermediates, as these me-
tabolites may influence therapeutic efficacy and toxicity.

In conclusion, the cholesterol biosynthetic pathway should no longer
be viewed as a simple linear route leading to cholesterol, but rather as a
complex metabolic network capable of generating a wide spectrum of
bioactive sterols. Perturbation of this network can reprogram sterol
metabolism and redirect metabolic flux toward pathways that either
promote or suppress tumor growth. Understanding how inhibition of
cholesterol biosynthesis rewires sterol metabolic flux may provide the
basis for the development of new pharmacological strategies aimed at
selectively directing sterol metabolism toward tumor-suppressive
pathways while avoiding the accumulation of metabolites that pro-
mote tumor progression.
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