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Discussion

ERa-positive breast cancer and endocrine resistance prediction

Breast cancer remains the most prevalent form of cancer in women, with
approximately 1.7 million annual new diagnoses, while despite the improve-
ment of breast cancer treatment over the years, still over half a million women
die of this disease every year (1). The majority of these tumors (70-80%)
express estrogen receptor o (ERa) and tumor cell proliferation is thought to
be dependent on the activity of this hormone-mediated transcription factor
(2, 3). Endocrine treatments options of ERa-positive breast cancer mainly
consist of receptor-inhibition by anti-estrogens (e.g. tamoxifen) (4-6) or by
inhibition of the estrogen biosynthesis (e.g. aromatase inhibitors) (7). Despite
the fact that these treatment modalities have greatly aided in the improvement
of patients survival, a large proportion of the patients do not respond, which
can ultimately leading to a relapse with limited additional treatment options
left due to the development of endocrine resistance (8, 9). As there are mul-
tiple ways tumors can become resistant to therapy, a better understanding of
the mode of action of ERa and the development of resistance, coupled with
the use of biomarkers that can predict the treatment response of a patients on
an individual bases could further increase patient survival.

An example of how the discovery of a mechanism behind tamox-
ifen-resistance can lead to the discovery of a predictive biomarker, is the ac-
tivation of the protein kinase A (PKA) pathway and the resulting phosphoryl-
ation of ERa at Serine residue 305 (ERaS305-P) (10) (Chapter 2). Whereas
tamoxifen normally inhibits the recruitment of essential coregulators, S305-P
induces a conformational change still enabling the composition of an ERa
transcriptional complex even when bound by tamoxifen (Michalides et al.,
2004, Zwart et al., 2007), affecting the ERa cistrome and transcriptome (Car-
ascossa et al., 2010, Lupien et al., 2009). In Chapter 2 we demonstrated that
although a large proportion of ERaS305-P chromatin interactions overlapped
with the cistrome of total ERa, a surprising significant increase in promoter
deposition was be observed, resulting in differential gene expression and ta-
moxifen resistance. The recent finding that besides PKA-activation, pro-in-
flammatory cytokines are also capable of inducing tamoxifen resistance in
MCEF-7 cells by the induction of S305-P (11), further strengthens the role
of ERaS305-P in tamoxifen resistance. Stender et al. demonstrated that cy-
tokine activation of ERa is dependent on the S305-phosphorylation and is
mediated by IKKp and, similar to PKA-activation, leads to increased levels
of MYC. Additionally they show that also this mode of S305-phosphorylation
results in a cistrome that substantially overlaps with the conventional estradi-
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ol induced ERa cistrome, although the resulting differential gene expression
profile differs from the one we found. This difference might be best explained
by the difference in stimulation (three hours of estradiol versus four hours
of tamoxifen) and the additional exposure of MCF-7 cells to 10 ng/ml TNFa
or 10 ng/ml IL1p. Nevertheless, the above findings further strengthen the key
role S305-phosphorylation can play in tamoxifen resistance, induced not only
by PKA-activation, but possibly also by the tumor microenvironment (11).

The altered gene expression profile as a result of PKA-activation
we found in Chapter 2 could be translated into a gene signature capable
of predicting patients response to tamoxifen treatment, potentially allowing
the selection of patients that would not benefit from adjuvant tamoxifen and
directly providing an alternative treatment modality. This ERaS305-P derived
classifier has been tested in a cohort of patients treated with tamoxifen in the
adjuvant setting, but unfortunately this cohort lacks a randomized control arm
of patients not having received tamoxifen. As this set-up does not allow one
to distinguish whether a biomarker is prognostic (natural course of the dis-
ease) or predictive (tamoxifen treatment specific), it is crucial to make use of
a cohort containing a non-tamoxifen treated group, thus providing an extra
level of evidence in predictive biomarker discovery (12).

Compared to the ERaS305-P derived classifier, our findings on the
potential of SRC3-pS543 prognostication (Chapter 6) provide an addi-
tional level of evidence that SRC3-pS543 could be a predictive biomarker
with regards to tamoxifen treatment outcome. We demonstrated that SRC3-
pS543 phospho-specific antibodies could identify patients with a functional
ERa pathway, which is indicative of a favourable outcome in the absence of
adjuvant therapy and where tamoxifen is likely not to induce any survival
benefit. This additional level of evidence was derived from the Nottingham
Tenovus Primary Breast Carcinoma Series we used, which in contrast to the
ERaS305-P cohort, besides patients that did received adjuvant tamoxifen,
also contains patients which did not receive any adjuvant therapy (13). Here-
in patients with a poor prognosis (based on tumor grade) received adjuvant
tamoxifen and patients with a good prognosis did not. However, this dis-
crepancy between the survival prognosis of the two patients arms isn’t ideal
as it now remains unclear whether SRC3-pS543 phospho-specific antibodies
are genuinely predictive of tamoxifen treatment, or whether they are only
associated with survival in patients with a poor prognosis. In order to rule
out this type of bias and to achieve even more confidence that a certain bio-
marker or gene signature is truly predictive of any treatment effect, one could
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make use of a cohort containing a matched non-tamoxifen treated group, as
was used to assess the predictive capacity of FEN1 (Chapter 5). Herein a
cohort was used containing tissue blocks from postmenopausal breast can-
cer patients randomized between tamoxifen and no adjuvant therapy (14),
allowing us to directly assess FEN1’s tamoxifen specific predictive potential.
However it must be noted that during patient accrual in this cohort, it became
clear that lymph node positive patients show a great survival benefit from
tamoxifen, so after 1989, these patients skipped the first randomization and
all received 1 year of tamoxifen, meaning all analyses had to be stratified for
nodal status (negative versus positive). Previous research had already shown
that FEN1 levels could be indicative of patient outcome but limited its inves-
tigation merely to the total population of breast cancer patients, thus analys-
ing both ERa-negative and ERa-positive patients together (15). By analysing
the different hormone receptor status of breast cancer patients separately, we
were able to demonstrate that FENT1 levels are not indicative of outcome in
ERa-negative breast cancers but are in ERa-positive patients, suggesting an
ERa-specific biomarker in breast cancer. More importantly, we demonstrated
that only in ERa-positive patients receiving adjuvant tamoxifen FEN1 lev-
els were associated with outcome, allowing the use of FEN1 as a predictive
marker for tamoxifen treatment response. In line with these findings, we pro-
vided evidence that in breast cancer cell lines FEN1 levels are able to dictate
ERa-driven cell proliferation in the presence of tamoxifen. By combining
successful biomarker-driven patient stratification with matching cell line ex-
periments and biological insights, one can increase the body of evidence that
a certain biomarker is truly predictive by incorporating causal cell line data.
The final step to determine with the highest level of confidence wheth-
er FEN1 is a predictive marker of tamoxifen efficacy would be to step away
from the use of retrospective patients cohorts and move to a prospective trial
where patients are randomized between adjuvant tamoxifen or no tamoxifen
on the basis of their FEN1 levels. Recently the results from such a trial were
reported for a 70-gene signature (MammaPrint) (16, 17), demonstrating the
clinical utility of this signature. When drawing the parallel between our FEN1
biomarker and this 70-gene signature, which was first reported in 2002, it
becomes clear that still a lot of work has to be done in order to fully demon-
strate the clinical functionality of FEN1 as a predictive marker for tamoxifen
resistance. In order for this type of prospective trial to be worthwhile for
FENT1, it will first be important to validate our findings in additional cohorts,
preferably in patient cohorts containing more contemporary hormonal thera-
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pies (e.g. five years of an aromatase inhibitor (Al) alone, two-three years of
tamoxifen followed by five years of an Al, or less common 5 years of TAM).
Although these types of cohorts would be extremely valuable, they are unfor-
tunately extremely rare. In the patient cohort that was utilized for FEN1 ex-
plorations, patients were treated with adjuvant tamoxifen only, while current-
ly most postmenopausal breast cancer patients receive an aromatase inhibitor
alone, or preceding/following tamoxifen treatment. In part we addressed this
difference by investigating FEN1 levels in the non-randomized METABRIC
(18), in which FENT levels were predictive of treatment outcome in patients
treated with more contemporary hormonal therapy strategies. Additionally
our cell proliferation data show that in the absence of estradiol FEN1 was
able to stimulate cell proliferation, a setting close to the aromatase inhibitor
setting.

ERa-cistromics and posttranslational modifications

As described above, in Chapter 2 we demonstrated that the PKA-induced
post-translational modification of ERa (S305-P) can have a major impact on
its cistrome, transcriptome and cellular phenotypic behaviour. Besides this
well-known and characterized ERa-phosphorylation, other phosphorylation
sites are also know to alter ERa-activity and/or correlate with patient outcome
(e.g. serine residues 104/106 (19), 118 (20) and 167 (21)). In Chapter 3, we
provided experimental evidence for a previously unknown ERa-phosphoryl-
ation (T594P) and demonstrate that 14-3-3 proteins can interact directly with
ERa, which is the basis of the regulatory role of T594P in ERa-regulation.
We were able to increase the levels of T594P in cell lines by shielding the
phosphorylation site with fusicoccin (FC) (22), the most-likely mechanism
of action being a blocked access of phosphatases to the phosphorylated Thre-
onine (23, 24). Induction of T594P greatly decreased ER-chromatin interac-
tions, E2-driven gene transcription and ultimately blocked cell growth. What
makes T594P different from most other ERa-phosphorylations is that it is
a relatively short-lived intermediate and it regulates ERa-activity in such a
different way than other well characterized phosphorylation; our data indi-
cates a model wherein T594P at the ERa C-terminal tip negatively affects
receptor dimerization and transactivation through its interaction with 14-3-3
proteins, which could be enhanced by stabilizing the T594P with FC. Perhaps
this role of T594P could be part of a regulatory mechanism to keep the levels
of ERa-activity within normal physiological boundaries. A first step to deter-
mine how prominent this role is would be to compare T594P levels between
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normal breast tissue and breast cancer tissue by IHC. Higher levels of T594P
levels could indicate that during breast cancer development, the inhibitory
mechanism of T594P gets down-regulated.

Besides ERa itself, the phosphorylation of ERa-coactivators can also
redirect the cistromic repertoire of ERa, as exemplified by the activating
S543-phosphorylation of SRC3 (Chapter 6). SRC3 upregulation is, in com-
bination with increased ERBB2 expression, known to correlate with a poor
tamoxifen response (25-28). SRC3 is normally predominately found together
with ERa at distal enhancers and introns. SRC3-pS543 however, showed a
striking increase in promoter deposition, both in cell lines and tumor material,
although for now it remains unclear which event is first; the S543-phospho-
rylation or the deposition of an SRC3/ERa complex near a gene promoter
triggering subsequent SRC3-phosphorylation. The use of SRC3 knock-out/
down cells with a reconstituted dominant active S543-pointmutant in com-
bination with SRC3 ChIP-seq could, by investigating the potential enrich-
ment of binding events at the SRC3-pS543 enriched promoters, aid in the
understanding of this order of events. The altered cistromic profile, together
with our findings that SRC3-pS543 expression was associated with a poor
response to tamoxifen treatment, makes it very likely that pS543 alters the
gene expression profile of breast cancer and thus ultimately its phenotype. A
possible explanation for this could come from differential cofactor recruit-
ment by ERa when bound by SRC3-pS543 when compared to an un-phos-
phorylated SRC3. Investigating the composition of the ERa-transcriptional
complex by making use of RIME (rapid immunoprecipitation mass spectrom-
etry of endogenous proteins) (29) in SRC3 knock-out/down cells with an in-
active S543-pointmutant (thus disabling phosphorylation) could shed a light
on any altered cofactor recruitment. Recent publications have not only shown
promising results in SRC3-targeted therapies (30-32), but also demonstrated
that ERa-bound SRC3 results in the recruitment of CARMI1 which enables
methyltransferase activity of the ERa-complex and induces a conformational
change of p300 which increases its HAT-activity and ultimately enhanced
transcriptional activity of the ERa-complex (33). Additionally, the posttrans-
lational modifications of ERa-coactivators such as SRC2-S736-phosphoryla-
tion (facilitating SRC2 recruitment to the ERa complex) (34) and sumolation
of the CREB-binding protein (CBP) at lys 999, 1034, and 1057 (repressing its
transcriptional activity) (35), further demonstrate the impact of coactivators
and their posttranslational modifications can have on the functionality and
behaviour of the ERa-complex. It is likely that the ERa-transcriptional com-
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plex functions within a fine balance of activating and inhibiting modifications
which together determine ERa’s cistromic profile and functionality.

Novel drug targets in ERa-biology

Minimization of predictive gene-profiles, as found in Chapter 2, can make
a classifier more easily implementable in clinical practice. Especially when
only protein levels of one or a few proteins are sufficient this can be added
with relative ease to existing pathological (IHC) assessment. Besides their
use in patient prognostication, predictive gene-profiles can also be useful for
identification of novel drug targets or biological insights in ERa biology. An
example of this is the identification of FENI as a crucial ERa-regulator by
the computational refinement of a previously reported predictive gene pro-
file consisting of 111-genes (36) (Chapter 5). We were able to minimize the
number of genes needed from this classifier towards a minimum of 4 genes
(FEN1, HBP1, MCM2 and STARD13). Individual assessment of these genes
as predictive biomarkers in both ERa-positive and negative patients demon-
strated the exclusive ERa-positive predictive potential of FEN1. Where
FENI previously has been reported to be a prognostic biomarker in breast
cancer patients (containing both ERa-positive and negative patients) (15), we
demonstrated that this is most likely due to the ERa-positive patient popula-
tion. We found that FEN1 is an ERa-cofactor and modifying its activity by
knockdown or overexpression altered ERa-activity, implying FENT might be
a promising drug target in ERa-positive breast cancer. The small compound
screen we performed for FENT1 inhibition, ultimately led to the discovery
of a FEN1-specific and potent inhibitor, active in the nanomolar range. To
demonstrate its potential as novel drug target we assessed its efficacy in can-
cer cell lines, where the inhibitor showed a clear sensitivity of ERa-positive
breast cancer cell lines when compared to ERa-negative cell lines. Addition-
ally, tamoxifen resistant derivatives of ERa-positive cell lines showed an in-
creased sensitivity for the FEN1 inhibitor, suggesting FEN1 inhibition might
be useful in tamoxifen resistant breast cancer patients as an alternative thera-
py. Although tamoxifen-resistant cell lines (37) and tumors (38) still require
ERa function and are thereby targetable by FEN1 inhibition, the exact reason
behind this increased sensitivity remains unknown. A possible explanation
could be the role FEN1 plays in ERa-mediated DNA-demethylation as in the
tamoxifen resistant cell line MCF-T, activation of growth-promoting genes
by promotor hypomethylation was observed more frequently than in sensitive
cells (39). It’s possible FEN1 plays a crucial role in this promoter demethyla-
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tion, but further research is needed to validate this hypothesis.

As we tested our inhibitor in cell lines that have been around for a
long time and were cultured in the artificial setting of a petridish and might
therefor not resemble the primary tumor situation anymore, we next turned to
the use of clinical specimens. Primary tumor explants of ERa-positive breast
cancer patients were cultured in the presence or absence of our FEN1 inhib-
itor, demonstrating a clear decrease in tumor proliferation (as assessed by
Ki76 staining) upon FENI inhibition, performing equally well as tamoxifen
in this setting. FEN1 inhibitors have previously been described to be effective
as chemo-sensitizers (40, 41) or as a part of synthetic lethal interactions (42,
43), but were not considered to be an effective therapy strategy on their own
(44). We however demonstrate that by specifically targeting ERa-positive
breast cancer, FEN1 inhibition might be an effective single-agent application.
Although promising, it is still far too early to state whether FEN1 inhibition
is a realistic therapeutic option on its own.

Multiple rounds of validation, drug optimization and cytotoxicity as-
sessments would have to be performed, before a phase 1 clinical trial could
be considered. We did already perform some exploratory cytotoxicity exper-
iments in mice, demonstrating mice were coping well with levels of up to
10mg/kg of FENI inhibitor, administered bi-daily. Measurements of FEN1
inhibitor levels in the blood of these mice, showed that there was on aver-
age 400-500 nM of compound left four hours after injection. Unfortunately a
rapid decrease in inhibitor levels (estimated half-time 2 hours) was observed,
which could possibly limit drug efficacy on tumor growth. We have tested
the compound in 20 mice, but our screen hit was not sufficiently effective to
block ERa-driven tumor cells in these animals. An explanation for the lack of
efficacy could be found in the fact that due to the high half-time of 2 hours,
there might not have been high enough inhibitor levels to achieve a (relative)
continues blockage of FENI function, enabling recovery of ERa-function
during times of FEN1 inhibitor absence. This explanation is substantiated by
cell lines experiments where a continuous exposure of FEN1 inhibitor yield-
ed the best results with regards to inhibition, and bi-daily drug treatment with
extensive washing after four hours was inferior to the continues exposure
with regards to the degree of inhibition of cell proliferation (data not shown).
As the inhibitor we have now used has not gone through a medicinal chemis-
try compound optimization pipeline, and thus is not expected to have optimal
AdMe/Tox properties, it would be advisable to see whether drug optimization
can increase the bioavailability and stability of the compound. Additionally,
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investigating previously reported compounds might provide better in vivo
bioavailability/stability and thereby greater drug efficacy, although tumor cell
growth inhibition by the previously reported FEN1 inhibitor PTPD (45) was
inferior to our novel FENI inhibitor (data not shown). At the moment the
therapeutic option of FEN1 inhibition in ERa-positive breast cancer is far
from clinically applicable, nevertheless our findings do show the potential
minimization of predictive gene-profiles can have in identifying the causal
genes in prognostication and the discovery of novel drug targets.

An additional novel therapeutic option may lay in the use of com-
pounds hindering ERa dimerization such as fusicoccin (FC) (22). We demon-
strated that the endogenous interaction between 14-3-3 proteins and ERa,
can be stabilized by administration of FC, resulting in an inhibition of ERa
chromatin interactions, diminished transactivation and subsequent block of
cell proliferation (Chapter 3). An additional benefit of FC might be that its
specificity for ERa still enables the anti-proliferative role of ERp in breast
cancer (46-48), although the occurrence of ERp in breast cancer has recently
been questioned (49). Despite the fact that we have demonstrated FC is small
molecule ligand that has potential as a drug target in ERa-positive breast
cancer, the relatively low affinity of the compound might pose as a problem
for further pre-clinical development. As FC is a member of the group of fu-
sicoccanes (50), investigation of these members and their specific potential to
stabilize the ERa and 14-3-3 interaction might yield more potent hits which
could possibly be chemically modified to increase their efficacy in stabilizing
this interaction and subsequent T594-Phosphorylation even further. Addi-
tionally the recent discovery of secondary sites on 14-3-3 proteins bound by
small molecule ligands by applying fragment-based screening methods (51)
might further facilitate the discovery of compounds with a higher affinity
(52).

Novel mechanistic insights in ERa action

As described above, there are multiple ways tumors can become resistant to
therapy, making it clear that a better understanding of the mode of action of
ERa is required. As discussed in Chapter 1, ERa-function is not only influ-
enced by its coregulators, but also by other nuclear receptors. An example of
this is liver receptor homolog-1 (LRH-1) (Chapter 4), which canonically has
a role in the regulation of bile acid and cholesterol homeostasis (53) as well
as dictating inflammatory responses in the liver and gut (54). In the ERa-pos-
itive setting however, LRH-1 but has been found to be an ERa-regulated gene
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capable of directly regulating cell proliferation (55), although the exact mech-
anism behind this regulation remained unclear. However, we identified a sub-
set of 222 genes that were differentially expressed when LRH-1 levels were
knocked down in breast cancer cells. As these genes were known for their
response to estrogen, this suggested that LRH-1 can regulate ERa-respon-
sive genes. We tested this hypothesis by mapping LRH-1 chromatin binding
events using ChIP-seq, where we found a large proportion of LRH-1 sites
shared with ERa. At these shared regions both nuclear receptors promoted
each other’s recruitment, resulting in increased recruitment of ERa co-regu-
lators such as p300, CBP and SRC3 and subsequently altered ERa-responsive
gene expression. As the above findings are suggestive for direct nuclear re-
ceptor interactions, as previously described for Retinoic acid receptor-alpha
(RAR alpha) (56), and the Progesterone Receptor (PR) (57) and Glucocor-
ticoid Receptor (GR) (58, 59), it is seems plausible the same holds true for
ERa and LRH-1. However, our efforts to demonstrate such direct physical
interactions between ERa and LRH-1 failed as we were unable to detect bind-
ing between them, using either ChIP-reChIP or co-immunoprecipitation. An
alternative explanation for the shared binding sites between ERa and LRH-1
could be found in the possibility of “assisted loading” (60); A mode of action
wherein one nuclear receptor is able to induce binding of a second receptor by
promoting e.g. chromatin accessibility, resulting in increased co-occupancy at
the same region in a population of cells. This hypothesis would be consistent
with our findings that knockdown of LRH-1 altered chromatin remodelling
at ERa binding sites and that E2 promotes LRH-1 recruitment, but not in the
presence of ERa-degrading agent fulvestrant. Besides the previously men-
tioned interactions between ERa and PR/GR, the Androgen Receptor (AR)
is also able to bind shared regions in ERa-positive breast cancer cells result-
ing in inhibition of ERa-activity, most likely by direct competition between
ERa and AR binding the same genomic regions (61), although inhibition by
cross-interference, or “squelching”, might also play a role (Chapter 1) (62,
63). To add even more complexity to this interaction, preclinical studies have
demonstrated AR may have both proliferative (64) as well as anti-proliferative
properties (61, 65, 66). Altogether it becomes clear that a complex interplay
exists between not only different steroid hormone receptor family members,
but also nuclear receptors as LRH-1, where it is likely that multiple receptors
together can influence the direction of ERa-activation.

Another way breast cancer can become tamoxifen resistant is by the
overexpression of FEN1 (Chapter 5). Besides the previously discussed link
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between high levels of the FEN1 protein and the correlation with poor pa-
tient outcome and decreased sensitivity of cell lines for tamoxifen, we also
revealed that FEN1 is an ERa-coregulator that is capable of dictating the
transcriptional activity of ERa by regulating the formation and base excision
repair of hormone-induced DNA damage. Others have previously proposed
that the reason for this link between ERa-action and DNA-damage is the
fact that nicking of the DNA could relieve the torsional stress resulting from
DNA supercoiling at ERa-bound promotors and enhancers (67), although it
remains unclear what the exact role of DNA supercoiling is as it has also
been reported to aid enhancer-promotor looping and induce DNA conforma-
tional changes that can regulate transcription (68-70). We however propose
an additional reason for this damage induction, as we identified FEN1 plays
a key role during the excision of APOBEC3B mediated methylated-Cyto-
sine-to-Uracil modifications (71) which, after inducing DNA-damage, can
be replaced by an un-methylated Cytosine, alleviating some local epigenetic
repression. Besides regions of hypomethylation, we also find E2 stimulation
yielded regions of hypermethylation. A possible explanation for this might
be that DNA methyltransferases have been reported to co-occupy ERa-in-
teracting regions near the TFF1 and FOXA1 promoter (72, 73). It’s possible
that the balance between methylating (e.g. DNMT’s) and demethylating (e.g.
FEN1’s role in BER) proteins at ERa-binding sites drives the directionality of
DNA methylation alterations at these sites.

Additionally the FENI-regulated ERo-mediated DNA-damage re-
sults in increased levels of yH2AX, which is known to promote chromatin
remodelling by recruitment of the catalytic subunit of the SWI/SNF chroma-
tin remodelling complex BRG1 (74). This link between chromatin remodel-
ling and ERa-induced yH2AX was recently further illustrated by the impair-
ment of APOBEC3B mediated C-to-U modifications (and thereby the need
for BER), which resulted in decreased induction of activating histone marks
H3K9ac and H3K4me3 (71). This reduction in APOBEC3B activity also led
to reduced BRG1 recruitment, similar to the reduced BRG1 chromatin inter-
actions at ERa-bindings sites we find upon FEN1 inhibition. Altogether, this
is suggestive of a mode-of-action where FEN1 can, at least partly, decrease
ERa-activity by altering its epigenetic landscape.

Besides these roles in epigenetic regulation, FEN1 can also modu-
late ERa-activity by stabilizing its chromatin interactions after activation.
As we found that pre-treatment with proteasome inhibitor MG132 prevent-
ed the FENI1 inhibition-induced reduction of ERa-chromatin interactions
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and ERa-chromatin interactions were not affected by FEN1 inhibition until
the point of damage induction, we hypothesise that FEN1 can also dictate
ERa-activity by regulating the stability of its chromatin binding after acti-
vation by E2 by altering its proteasome degradation. It seems plausible that
FENT1 is being part of a fail-safe mechanism, only allowing the induction of
relevant damage intermediates when FENI1 is part of the ERa complex. A
similar mode-of-action has been reported for DNA-dependent protein kinase
(DNA-PK), where DNA-PK inhibition by NU7441 resulted in the absence
of YH2AX formation upon ERa-activation (71). Consequently, this favours a
model wherein FEN1 blockade reduces ERa-responsive gene expression and
ERa-driven cell proliferation by deregulating ERa-chromatin interactions
after activation by E2, most likely due to improper induction/processing of
DNA damage, which result in proteasome-mediated degradation of ERa.
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