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Abstract: The evolution of breast cancers results from the emergence of epithelial cell subpopulations
containing variant Estrogen Receptor α which is able to bypass conventional treatments aimed at
antagonizing the activity of this tumor-promoting receptor. The present investigation concerns a
few estradiol derivates bearing substituents in position 11β that might not only contribute to the
development of drugs to alleviate this unfortunate issue but that may be also helpful in identifying
molecular aspects of resistance to this receptor in order to elaborate other therapeutic approaches. In
this regard, AP-1 assisted and ERE-directed ERα transcriptions are demonstrated to be key factors
in this area: AP-1 transcriptions are shown to antagonize ERE transcriptions, thereby limiting their
tumor-promoting activity. This property results from a conformal change in the receptor, which
is induced essentially by estrogenic ligands which, inserted into a cavity of ERα’s ligand-binding
pocket, govern this regulatory mechanism. Flexible 11β side-chains favor this insertion, in contrast to
their rigid counterparts, which counteract it; these properties give rise to strong estrogenic, SERM or
SERD profiles. Suspected extracellular regulatory mechanisms resulting from these ligand-induced
transcriptions are elaborated on in the present work in the context of breast cancer development.

Keywords: ligand; conformation change; temperature; breast cancer; endocrine therapy;
drug fluorination

1. Introduction

Estrogen Receptor alpha (ERα) is a growth/differentiation modulator pertaining to the
class of nuclear receptors implicated in the development of breast cancers. For this reason,
multiple studies aimed at discovering its mechanism of action in hopes of curbing its
deleterious effects have been conducted. The present study concerns the dynamic character
of this mechanism, generated by a high conformational plasticity of the receptor [1,2],
which favors rapid transient conformational changes aimed at recruiting a variety of
cellular regulators that, under physiological condition, are necessary for survival, while
in the present context of cancer must be subjected to selected therapeutic attacks [3–9].
The present publication overviews this topic in the context of ERα-driven transcriptions
induced by its ligands. A set of estradiol (E2) in which 11β hydrogen has been replaced with
various hydrophobic substituents, including flexible or inflexible side-chains to reinforce
or antagonize the receptor’s activity, is described to illustrate the underlying mechanisms
but also to integrate them into a therapeutic perspective. The next sections overview the
underlying molecular aspects of this topic.

2. ERα-Mediated Transcriptions

Physiologically, neosynthesized ERα shuttles between targets governing multiple func-
tions; its stabilization on one of these targets, induced by an extracellular stimulus—not
necessarily one of estrogenic nature—confers indeed an irreversible ability to accomplish
an imposed message [9]. Two peculiar localizations of such ”formatted” ERα pools have
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largely been identified in publications: the plasma membrane and the nucleus. A palmitoy-
lated receptor form anchored to a specific membrane site induces rapid responses through
signal transduction pathways, eventually giving rise to subsequent transcriptions [10–12].
An activated receptor, derived at least partly from this pathway, may indeed operate in
the nucleus as a co-activator of other transcription factors anchored to the DNA at their
own promoter sites [13] (especially Activating Protein-1 (AP-1) consisting of the fos/Jun
heterocomplex [14,15]). ERα in a homo-dimeric form which recruits coactivators harboring
a LxxLL motif (L = Leucine; x = all other amino acids) completes its global transcription
program [3].This homo-dimeric form acts at the level of a specific palindromic sequence
of nucleotides (Estrogen Response Element; ERE) localized in the promoter region of the
genes it expresses.

These two transcription procedures are under complementary controls exerted by a
variety of intra- and extracellular agents which favor or antagonize specific ERα-mediated
actions, including also synergistic effects. The selection between these possibilities is
related to the flexibility of the receptor, which modulates the exposure of its functional
domains (domains present in all nuclear receptors defined by the six first letters of the
alphabet) [1–9].

The A/B domain, localized at the N-terminal edge of ERα, is mainly unstructured and
hydrophilic (rich in positively amino acids), in contrast to the hormone/ligand-binding
domain, which is well folded and hydrophobic (E domain). It may associate with an
estrogen-binding protein (GPR30) [16] localized on the plasma membrane to satisfy ex-
tracellular exigencies not necessarily of estrogenic nature; regulatory peptides targeted
in the vicinity of this protein through interaction with the receptor may activate signal
transduction pathways as well as gene expression. An activation motif localized within
this A/B domain, called Activation Function (AF-1), is implicated in this mechanism.

The E domain contains an AF-2 function, which is essentially estrogen-dependent, in
contrast to AF-1. This function regulates the exposure of zinc fingers of the C domain, which
interact with EREs for ERα-directed transcriptions; this procedure requires a conformational
change at the level of a flexible “hinge” subregion localized in the D/E border, which
governs the expression of a third activating site (BF-3) implicated in the recruitment of
coregulators [17,18]. A motif of this border hinge subregion (Pro 295-Thr 311) able to
interact with these coregulators [19], plays a role of prime importance in this activation
mechanism, which coordinates of the actions of AF-1 and AF-2, eventually giving rise to
synergistic effects [20,21].

Indeed, this “hinge” subregion coordinates a lot of regulatory requests received at
the level of recruitment sites localized along the whole primary structure of the receptor,
including also its F domain, the function of which has largely been less well described than
that of the other domains [3–8]. Nevertheless, its implication in tamoxifen-mediated AF-1
activation [3] as well as in dimerization antagonism [22] is known. ERα conformations re-
sulting from this hinge-mediated action are fixed to avoid incoherent responses potentially
generated by incompatible requests [23,24]. This appropriate stabilization is reinforced by
irreversible posttranscriptional changes (phosphorylation, methylation, acetylation [25])
which govern the intracellular traffic and turnover rate of ERα implicated in multiple
functions(growth/apoptosis, secretion of growth factors for inter-cellular dialogs) [3–7].
The required coordination between these distinct functions is largely enhanced by the
presence of some recruitment sites within “hubs” [25]. The Pro295-Thr311 motif is a typical
example of this managing structure: it promotes, respectively, the association of ERα with
the Hsp 70/90 chaperones that maturates the newly synthesized receptor [19], the GPR30
plasma membrane [16] as well as calmodulin, which stabilizes the receptor within the
nucleus in a homo-dimeric form required for ERE-transcriptions [26,27]. Two Lysines (202
and 203) of this motif are directly implicated in these properties as well as its ubiquitination
which governs its turnover rate [8,28].
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3. Ligand Insertion within the ERα Binding Pocket

The insertion of estrogens as well as their antagonists within the hormone-binding
pocket of ERα is logically implicated in the selection of genes whose expression is being
requested. This property imposes distinct interactions between the structural chemical
elements of these ligands and the residues of this pocket. This topic is addressed in this
section in terms of its structure–activity relationship.

Estrogenic activity is generated by various classes of natural and synthetic compounds
(i.e., steroids (E2, E1, E3), phytoestrogens (coumetarol, flavones, isoflavones) and trans-
stilbenes (DES, HEX)), all of which share a similar linear hydrophobic structure containing
two axial oxygenated functions localized at the ends. These functions play a role of prime
importance in attracting estrogens to the hormone-binding pocket of the receptor [29,30] (a
property illustrated in 29: Supplementary Materials, Figure S1, with E2 as a reference com-
pound). Thanks to its acidic character (hydrogen donor property) and with the assistance
of a water molecule, the phenol in position 3 of the steroid (cycle A) selectively interacts
with Glu 353 and Arg 394 of the pocket, thereby favoring its insertion. The oxygen of
the hydroxyl in position 17β (cycle D, substituted by a phenol in non-steroidal hormones)
stabilizes this anchorage through a complementary attractive action of its oxygen exerted
by His 524. Hydrophobic interactions between atoms of the steroid and other residues (note
the importance of Phe 404, depicted in Supplementary Materials Figure S1) complete this
recruitment procedure, especially for weak estrogens devoid of detectable binding affinity,
the chemical structure of which is compatible with an insertion within the pocket [31,32].
In fact, the plasticity of the latter enhances the exposure of a lot of its residues/subdomains
and their attraction of a multitude of molecules whose chemical structures are often ex-
tremely distinct from steroidal estrogens [33], some of them with antiestrogenic potency
stressing a great interest in such molecules and derivatives in a therapeutic context. This
interest led V.C. Jordan to propose the regrooming of active compounds within two main
classes according to their capacity to generate interactions within a peculiar cavity of the
hormone binding pocket [34]: Type I,”linear“ estrogenic structure without any ability
of insertion within the pocket and Type II, “angular” structure of which a hydrophobic
cluster virtually localized around the central part of the steroid (7α/11β position) favors or
decreases interactions in the pocket.

Type II ligands may generate a mixed estrogenic/antiestrogenic profile (SERM) as
well as a very strong antiestrogenic activity partly relevant to an ability to degrade ERα
(SERD), properties relevant the nature of the cavity inserting agents grafted on the es-
trogenic substrate, a property recorded in E2 derivatives. Indeed, a substitution of the
hydrogen in position 11β of E2 by hydrophobic side-chains may enhance the ability of
the hormone to insert itself within this binding pocket [35–37], (see [29] for an extended
overview of this topic, including several drawings of this cavity). Nevertheless, it should be
stressed that an increase in acidity of the 3-phenolic function of E2, related to an electronic
displacement within the steroid provoked by the 11β substituent, might also be implicated
in the enhancement [38]. Even though this mechanism only concerns some E2 derivatives,
it should be taken into account in the interpretation of experimental data in the context of
future studies, such as that performed in our laboratory and described in this paper, which
focuses especially on the size and the flexibility of these substituents.

The next part of this publication concerns investigations that were initiated some
years ago, when the understanding of the molecular aspects of ERα-driven transcriptions
was insufficient for the evaluation of our experimental data’s potential therapeutic impact.
Given that knowledge on this topic has progressed, I am now able to provide a pertinent
global view of our experimentations, including some unpublished data, especially on the
subject of the rigidity of fluorinated side-chains in E2 derivatives [37]. This is a topic of
interest which has not been addressed in the current literature.
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4. Assessing the Activity of 11β Substituted Estradiol Derivatives
4.1. Nature and Origin of the Investigated Compounds

As already mentioned, ERα’s actions are largely dependent on the interrelationships
between ERE and AP-1 transcriptions, whose underlying molecular procedures in the
context of breast cancers are still largely unknown, especially in terms of AP-1’s role. To
contribute to the bridging of this gap, we oriented our study towards the potential impact of
11β E2 substitutions on the transcriptional profile of the hormone in a potential therapeutic
optic [39–42]. In this exploratory phase, a few representative estrogens, namely SERMs
and SERDs, were submitted to simple tests to provide complementary information that
would direct further investigations (Section 5); this approach was already proposed by
other investigators [43]. These compounds were commercially available, except those
bearing a perfluorinated substituent side-chain (and non-fluorinated controls), which were
synthesized at the Institute Lavoisier de Versailles, Université de Versailles, France (Contact:
Prof E. Magnier).

4.2. Experimental Procedures

Our study focused on the binding ability of these compounds to ERα as well as on their
induction of receptor-mediated transcriptions in monolayer cultures. The experimental
procedures have already been largely reported, which is why only a brief description will
be provided here (for experimental details, consult references provided in the text and
legends of the figures).

The compounds’ ERα-binding ability was evaluated using a conventional tritiated E2
competitive binding assay performed with a commercial highly purified recombinant re-
ceptor (commercially available) adsorbed on a hydroxyl apatite suspension which requires
the exposure of its A/B C domains [44]. This experimental approach provided us with an
index of AF-1’s exposure, since this site belongs to this region. Moreover, with AF-1 usually
being implicated in AP-1 transcriptions, this binding assay appeared extremely adequate
to evaluate the potency of a ligand to modulate AP-1 transcriptions. Assays were run at
0 and 25 ◦C (overnight incubation). These thermodynamic conditions were suspected to
modulate conformational changes in ERα induced by the ligand [45].

ERE- and AP-1-mediated transcriptions were assessed with two stably transfected MCF-7
cells, so-called, respectively, MVLN and MTLN cells [46,47], using specific experimental
protocols based on the expression of luciferase-reporter genes. Luciferase measurement
was performed after 3 days’ exposure of the compounds to the MVLN cells to provide a
substantial ERE-dependent response (pVit-TK-Luc) [46]. A similar procedure was used
with MTLN cells to activate a TRE with TPA (p(TRE)3-TK-Luc), representative of an ERα-
assisted AP-1 transcription, which required 4 days of exposure of the compounds to the
cells before the luminometric transcription assessment [47]. The prolonged incubation
period with regard to ERα binding and related conformational changes for LxxLL motif
recruitment [48] were required for the detection of a substantial response, a property of
prominent importance for AP-1 transcription [47].

4.3. Results
4.3.1. Global View of Our Investigation

Table 1 provides the ERα-binding characteristics of the investigated estrogens, SERMs
and SERDs. A representative compound of each class was further analyzed to assess
their mechanism of action according to the literature data; financial aspects motivated this
limited structure–activity approach. E2, tamoxifen and 7α-fulvestrant were included in our
study as transcriptional controls. Unfortunately, data relative to AP-1 transcriptions for
small-size 11β substituents are partially lacking since MVLN cells were introduced into the
laboratory largely before MTLN cells; this handicap failed to affect our conclusions, and
the reported data are sufficiently thought-provoking.

E2, tamoxifen (SERM) and 7α-fulvestrant (SERD) were selected as control ligands.
E2 enhances ERE transcription, while tamoxifen, at high concentrations, activates AP-1
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transcription [46]. Fulvestrant has mainly been reported as an ERE transcription inhibitor,
even though is also inhibits AP-1 transcription, as shown in the present work. In our
experiments, the investigated ligands were studied alone or in the presence of one of
the control compounds to assess a possibility of synergistic or antagonistic effects. Their
inclusion in our study was largely justified by our use of fluorinated ligands (SERMs and
SERDs), whose properties in this area are reported here for the first time.

Table 1. 11β-estradiol derivatives.

Binding LxxLL
Recruitment Transcription ERα

Level

0 25 (◦C) ERE AP-1

estradiol 100 100 100/−7 100/−10 30/−6 60/−9

tamoxifen 5 40 −25/−6 25/−6 100/−6 500/−7

7a-fulvestrant 10 100 −40/−8 15/−6 80/−7 35/−7

A. Small-size substituents (estrogens)

-CH3 100 250 100/−8 100/−11 ? 50/−9

-CH2Cl 100 200 100/−8 100/−11 ? 40/−9

-CCH (ethynyl) 30 170 100/−8 285/−11 ? 45/−9

B. Side-chain substituents (* estrogens, ** SERMs, *** SERDs)

-C6H13 ** 10 100 −40/−7 65/−10 120/−7 225/−8

-C6F13 * 3 3 15/−8 90/−6 55/−9 45/−9

-C2H4CF9 ** 10 10 −30/−7 30/−9 65/−8 140/−7

-(CH2)9-X *** 6 80 −40/−8 15/−6 125/−7 35/−7

-(CH2)3(CF2)4(CH2)2 -X *** 2 10 −40/−8 65/−6 110/−8 80/−6

X = -S(O)(CH3)3C2F5

Relative efficiencies between the ERα-binding affinity of a ligand and the ability of the ERα/ligand complex to
recruit a coregulator bearing a LxxLL motif induce an ERE-directed or AP-1-assisted transcription and modify
basal ERα levels. Values refer to optimal stimulations related to estradiol, tamoxifen and 7α-fulvestrant, taken
as controls.

Preliminary assays on ERα binding, performed as controls on E2 and a few non-
steroidal estrogens (DES, coumestrol, genistein) at 0 and 25 ◦C, failed to show any influence
of this temperature increase on the ability to activate ERE transcriptions and underlying
receptor level change. This lack of energy adjunct requirement distinguishes these com-
pounds from estrogens the bear a substituent, such as SERMs and SERDs, as recorded in
Table 1. This property largely confirms the importance of these substituents’ flexibility,
which is thermodynamically modulated to regulate the stability of the interaction of the
steroidal nucleus of these molecules within the ERα binding pocket. This topic is elaborated
further in the following paragraphs.

4.3.2. Small-Size 11β Substituents

In -CH3, -CH2Cl, and -CCH E2 derivatives, the temperature jump from 0 to 25 ◦C
provoked a weak increase in binding affinity (RBA vs. E2). This property, which correlates
with a 10-fold higher capacity to reach an optimal LxxLL motif recruitment (see Table 1 for
molarity) was reflected in a weak ERE-dependent transcription enhancement, suggesting
that at 0 ◦C, these strong agonists had already generated the ERα conformation required for
an optimal effect. This property was confirmed by the almost identical ERE transcriptional
profile of E2 and these three derivatives, with the hormone being slightly less active than
the derivatives (<−10%).

The ethynyl derivative (-CCH), which displayed the highest temperature-dependent
increase in ERα-binding affinity, was further analyzed to assess the impact of this property
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on the receptor turnover rate. Its binding affinity was further analyzed to assess the impact
of this property on its turnover rate. After 24 h of incubation, this compound showed a
slightly higher transcriptional activity than E2, which was maintained 24 h after the removal
of the ligands from the culture medium, confirming that the pursuit of the inductive effect
derived from the conformational change in ERα does not require the permanent presence of
the ligand (irreversible pulse effect [49] (Figure 1, left)). This property is usually related to a
proteasomal downregulation of the receptor [5]. However, under an occasional condition of
unknown nature that abrogated this ERα downregulation, the slightly higher transcription
potency seen in the ethynyl derivative was not affected (Figure 1, right), stressing that the
ligand-induced conformational change in the receptor is independent of the regulation of
its turnover rate.

Endocrines 2024, 5, FOR PEER REVIEW 6 
 

 

property on the receptor turnover rate. Its binding affinity was further analyzed to assess 
the impact of this property on its turnover rate. After 24 h of incubation, this compound 
showed a slightly higher transcriptional activity than E2, which was maintained 24 h after 
the removal of the ligands from the culture medium, confirming that the pursuit of the 
inductive effect derived from the conformational change in ERα does not require the per-
manent presence of the ligand (irreversible pulse effect [49] (Figure 1, left)). This property 
is usually related to a proteasomal downregulation of the receptor [5]. However, under 
an occasional condition of unknown nature that abrogated this ERα downregulation, the 
slightly higher transcription potency seen in the ethynyl derivative was not affected (Fig-
ure 1, right), stressing that the ligand-induced conformational change in the receptor is 
independent of the regulation of its turnover rate. 

This property may be ascribed to the dependence of cells on a complex extracellular 
network, which governs their vitality as well as their hormonal sensitivity. ERα proteoly-
sis may favor its maintenance through an autocrine/paracrine mechanism, perhaps in-
volving the release of receptor degradation products [9,50]. Under exceptional conditions 
which liberate the cells from this vital requirement, no message for receptor proteolysis 
would be issued from this network, explaining our observation. This is of course a hy-
pothesis requiring validation. 

On the other hand, the permanent slightly higher transcriptional ability seen in the 
ethynyl derivative of E2 might reflect a capacity of 11β substituents to bypass the final step 
of the molecular procedure to reach the optimal activation of ERα, a step that the unsub-
stituted hormone cannot accomplish. 

 
Figure 1. No requirement of ERα downregulation for estrogen-induced ERE transcription (cells: 
MVLN, ligands: E2/11β-Ε2CCH at 0.1 nM). Mean of two highly reproducible experiments (SD < 5%). 
A similar enhancement of transcriptional activity occurred both under conditions that gave rise to 
the downregulation of the receptor and those that did not. For details of the experiment and related 
comments, see Section 4.3.2. 

4.3.3. 11β. Side-Chains 
SERMs 

The E2 derivative bearing a C6H13 flexible side-chain displayed a lower RBA value at 
0 than at 25 °C (10–100), while its C6F13 rigid counterpart maintained a low value (3), 

Figure 1. No requirement of ERα downregulation for estrogen-induced ERE transcription (cells:
MVLN, ligands: E2/11β-E2CCH at 0.1 nM). Mean of two highly reproducible experiments (SD < 5%).
A similar enhancement of transcriptional activity occurred both under conditions that gave rise to
the downregulation of the receptor and those that did not. For details of the experiment and related
comments, see Section 4.3.2.

This property may be ascribed to the dependence of cells on a complex extracellular
network, which governs their vitality as well as their hormonal sensitivity. ERα proteolysis
may favor its maintenance through an autocrine/paracrine mechanism, perhaps involving
the release of receptor degradation products [9,50]. Under exceptional conditions which
liberate the cells from this vital requirement, no message for receptor proteolysis would
be issued from this network, explaining our observation. This is of course a hypothesis
requiring validation.

On the other hand, the permanent slightly higher transcriptional ability seen in the
ethynyl derivative of E2 might reflect a capacity of 11β substituents to bypass the final
step of the molecular procedure to reach the optimal activation of ERα, a step that the
unsubstituted hormone cannot accomplish.

4.3.3. 11β Side-Chains
SERMs

The E2 derivative bearing a C6H13 flexible side-chain displayed a lower RBA value
at 0 than at 25 ◦C (10–100), while its C6F13 rigid counterpart maintained a low value (3),
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stressing the possibility that its side-chain’s rigidity maintained ERα in at least a moderately
active conformation, a hypothesis that we confirmed (Figure 2).
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Figure 2. 11β-E2 side-chain derivatives: Transcriptional activity induced by increasing concentrations
of the compounds alone (blue) or in the presence of a constant concentration of tamoxifen (red).
Means of two highly reproducible experiments (SD < 5%). The horizontal line helps differentiate
very weak stimulations from those that would produce at least a substantial effect. (A) 11β-C6H13.
(B) 11β-C6F13. (C) 11β-C2H4-C4F9.
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Indeed, the C6H13 compound showed a concentration-dependent progressive decrease
in its relatively weak ERE-dependent transcription (with regards to E2), while a marked
inverse increase in AP-1 transcription, reaching the level induced by tamoxifen at 1 µM
(control induction), was observed in parallel (Figure 2A). In contrast, its C6F13 counterpart
induced a very weak ERE-dependent activity without an almost total absence of AP-1
activity (Figure 2B). Of note, the smaller fluoride side-chain (C2H4-C4F9) mainly decreased
its ERE activity at high concentrations (intermediate profile) (Figure 2C).

Interestingly, AP-1 transcription induced by tamoxifen at 1 µM (control) failed to
display any synergistic effect in the presence of the C6H13 compound, while this effect was
visible with its C6F13 counterpart over a large range of its lower concentrations (maximal
effect at 1 nM); at this molarity, a slight synergy with the C2H4-C4F9 compound was
recorded, confirming its intermediary status. Moreover, the AP-1 transcription induced
by these three compounds decreased at their highest concentrations, C6F13 being the most
efficient antagonist. Confronting this information with ERE transcription data clearly
indicated that AP-1 and ERE transcriptions operated in opposition to each other. This
conclusion is in agreement with the finding that the C6H13 SERM profile correlated with
a loss of LxxLL motif recruitment ability conjugated with a nuclear upregulation of ERα,
while its C6F13 weak estrogenic counterpart correlated with a weak LxxLL recruitment
ability conjugated with an induced receptor downregulation (Table 1). This was most
probably derived from an easier insertion of the flexible C6H13 side-chain into the sub
pocket of the ERα ligand-binding site, which is where the side-chain of tamoxifen also
enters [51], allowing for its regulatory function. This would be hindered by the rigidity of
the C6F13 side-chain.

SERDs

The side-chain of fulvestrant (grafted in position 7α of E2) is known to eliminate
ERα to abrogate ERE-dependent transcriptions through a complex procedure implicating
SUMOylation [52–54]. Grafting of this chain in the 11β position maintains these proper-
ties [55], which is logical since 7α and 11β substituents are symmetrically positioned with
regard to the 3/17β hydroxyl axis of E2, allowing for identical displacements during the
molecule’s rotation along this axis to allow for an optimal insertion within the ERα binding
pocket [29]. Hence, it is normal that 7α- and 11β-fulvestrants share a similar binding
temperature dependence for receptor binding (α: 10–100, β: 6–80), a property reflected in
their almost identical ability to abrogate the recruitment of co-activators harboring a LxxLL
motif, which consequently provoke a similar ERE transcription inhibition.

These antagonistic properties of 7α- and 11β-fulvestrants were conjugated with a
marked AP-1 transcription in MTLN cells, reaching the control value of tamoxifen, at a
100-fold lower concentration for its 11β isomer (Figure 3, upper panel). This property
is reminiscent of the observation that the substitution of the amino alkyl side-chain of
SERM RU 394 411 with a quasi-identical 7α-fulvestrant side-chain generates a SERD (RU
58 668; Supplementary Materials Figure S2) which abrogates its Progesterone Receptor-
inducing ability [56], stressing the supremacy of the side-chain of SERDs over that of
SERMs. This supremacy supplants the prolonged SERM-induced stabilization of ERα
within the cell nucleus, favoring its release from the DNA, coupled with a compaction of
chromatin at the level of E2 target genes, which generates multiple disturbances at the level
of vitally important transcriptions implicating members of the AP-1 family. This would
explain the strong growth-antagonistic activity of 7α-fulvestrant [51–55,57–59] underlying
its drastic receptor elimination. The enhanced AP-1 transcriptional antagonism against
ERE transcriptions that we recorded in the residual cell population after its exposure to
both isomers of fulvestrant would most probably be related to this state.

Of note, SUMOylation, which is implicated in these mechanisms, was found to occur
even in the absence of an accelerated turnover rate [54]. This was also seen in a 11β-
fulvestrant derivative, the flexibility of whose side-chain had been decreased by a partial
fluorination [55], consequently displaying a lack of temperature dependence in its ERα-
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binding affinity, in contrast to its parent (2–10 vs. 6–80). This estrogenic property was
logically found to be combined with a decreased AP-1 expression (Figure 3, lower panel),
validating the importance of side-chain flexibility of all types of ligands (estrogens, SERMs
and SERDs) in the regulation of AP-1/ERE transcription balance as well as a very strong
loss of ERα elimination (undetectable at 1 µM).
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5. Concluding Remarks

The present study reveals that ERα conformal changes reflected in a temperature
dependence of ligand-binding affinity are an indication of the ligand’s (estrogen, SERM
or SERD) ability to modulate ERE and AP-1 transcriptions. This indication seems to be
devoid of any information relative to the influence of these ligands on the turnover rate
of the receptor, which, consequently, appears independent of this conformational change.
Our conclusion introduces the concept that ligand-induced conformational changes in ERα
(and, logically, in other nuclear receptors as well) provoke intracellular events that favor
the insertion of epithelial breast cancer cells into an extracellular network governing their
growth and differentiation. If this insertion imposes a prompt decrease in the receptor level
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(which is apparently a usual condition in estrogen-free cell cultures), this network forces
the cells to satisfy this requirement.

In fact, this temperature dependence of ERα conformational changes, always seen in
the case of AP-1 transcriptions, may reflect a two-step mechanism: the first step corresponds
to ERα intracellular trafficking, eventually reflected in weak ERE transcriptions, and the
second is relevant to the association of this formatted receptor with the AP1 complex to
active a TRE with TPA. A physiological/pathological thermodynamic regulation is logically
related to energy production changes [60], represented by the temperature dependence
of binding affinity. Hence, according to our data, AP-1/ERE antagonism would govern
the development of breast cancers according to energy-regulating cycles in which the
mitochondria are implicated [61].

The evolution of breast cancer, which can initially be maintained in a relatively sta-
ble state with the use of the appropriate endocrine therapeutic approach (antiestrogens,
aromatase inhibitors), unfortunately often becomes resistant to these treatments, a phe-
nomenon related to the emergence of receptor variants. Our study justifies the use of
fulvestrant as a curative agent against this disastrous issue. Indeed, resistant cells become
progressively subjected to estrogen-induced apoptosis related to an abnormally overac-
tivated ERα transcription of proteins (especially AP-1 family members) which provoke
various lethal stress responses at the level of the endoplasmic reticulum [62]. One may
postulate that the drastic elimination of these receptor variants using fulvestrant may
favor a selective maintenance of a minor residual ERα-activatable cell population, perhaps
through the auto-/paracrine external network, which regulates receptor activation [9]. Such
a hypothetical perspective finds some complementary support in the observation that E2
inhibits the metastatic ability of ERα-negative cells following their transfection with the
receptor [63]. Hence, the scope of the present investigation may contribute to generating
new therapeutic modalities.

In this regard, the extension of our transcriptional assessments to the proliferation of
MCF-7 cells (Supplementary Materials Table S1) indicates their perfect relevance to this
crucially important property. This assessment would justify the elaboration of a model
referring to all the elements of this study, including some growth aspects that we did not
explore (Figure 4). The growth of epithelial breast cancer cells is indeed dependent on
a variety of extracellular factors present in serum, probably including peptides resulting
from its ligand-induced proteolysis, whose survival is modulated by its interaction with
the cells (auto-/paracrine procedures) [9]. Relationships between ERα and the cell cycle
that governs proliferation [64,65] including Ki-67 as commentary marker of tumor evolu-
tion [66] may also be taken into account. Whether these suspected regulatory procedures
were implicated in the generation of our data, especially in AP-1 transcriptions, merits con-
firmation through experiments conducted on extracts from conditioned culture media and
mass spectrometry analyses, comparison of data from cultures with our non-fluorinated
and fluorinated compounds.

Regarding future investigations, it should be stressed that the temperature/energy
aspect of our work was not addressed in our structural molecular analyses concerning ERα
conformational changes [2,67–70]. I suggest its introduction into future investigations, even
if this would be quite difficult to achieve. I am aware that our data are rather simplistic
compared with those provided by such analyses; however, the suggestion of a potential
implication of electronic displacement within steroids induced by a substituent may open
new avenues of investigation, which would not be specifically restricted to a hydrophobic
aspect [71]. In fact, as already mentioned, our goal was to evaluate the validity of tests to
determine the selection of appropriate ligands for such future structural approaches, in an
original perspective which progressively leads to a concept overviewed in Figure 4. The
incorporation of multiple regulatory facets of ERα’s mechanism of action, as reported in the
first sections of this publication, into this model may also be of interest for the elaboration
of new experimentations.
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(depending on the chemical nature of the SERM, 1b). Side-chain rigidity in position 11βE2 orients ERα
towards ERE, while flexibility orients it towards AP-1. (2) Influence of transcription on epithelial cell
proliferation/viability: ERE operates on selected genes implicated in proliferation enhancement while
AP-1 operates extensively on DNA/chromatin (SUMOylation), provoking disturbances in the action
of multiple transcription factors. (3) Consequence of (2): ERE: breast cancer evolution, AP-1: inverse
status. (4) Consequence of (3) on ERα turnover rate: proteasomal degradation eventually conjugated
with an arrest of receptor synthesis (estrogens, SERDs), maintenance of receptor synthesis and
shuttling, provoking its nuclear accumulation (SERMs). (5) Extracellular release of ERα proteolysis
products potentially implicated in receptor restoration through an autocrine/paracrine mechanism
acting on specific site(s) localized on the plasma membrane, including GPR30. A mechanism that
may (?) regulate the AP-1/ ERE transcription balance.

Finally, the peculiar fluorinated fulvestrant which does not eliminate ERα may poten-
tially be used for the in vivo identification of “receptor-positive tumors” using tomography
with a F18 analog, as was already indicated in the case of another 11 β derivative [72]. In
this therapeutic perspective, one may logically consider that perfluoro side- chains linked
in another position of the hormone might also present an interest, as demonstrated with
a set of 17 α derivatives displaying agonistic/antagonistic profiles related to the nature
(α/β) of the receptor [73]. Hence, I believe that this publication might be of interest to a
relatively wide group of scientific/medical investigators with distinct objectives.
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