
GERM90
Point bibliographique

Nicolas SEVENET
Institut Bergonié & Université de Bordeaux

15/05/2019



!"#$%&'%&()*)#$+,*(-+*&(,"#$."#$&),"%*"/&#$+/0$"#*&'123"#$4/*)#$
"31"3.&"3*$/3$%&'1&+44"$,"55/5+(&"$%&'64)*+#*+*(7/"$(3.)%"3.+3*$."$5+$
8(0+*('3$."$5(1+3.



Article

Allele-Specific Chromatin Recruitment and
Therapeutic Vulnerabilities of ESR1 Activating
Mutations

Graphical Abstract

Highlights
d Themutant ER cistromes are different from the E2-stimulated

WT ER cistrome

d The ER mutant-selective cistromes drive endocrine

resistance and metastases

d The ER Y537S and D538G mutants have distinct cistromes

and transcriptomes

d THZ1 blocks mutant ER phosphorylation at S118 and inhibits

mutant ER cell growth

Authors

Rinath Jeselsohn, Johann S. Bergholz,

Matthew Pun, ..., Eric P. Winer,

Jean Zhao, Myles Brown

Correspondence
myles_brown@dfci.harvard.edu

In Brief
Jeselsohn et al. show that estrogen

receptor a (ER) mutations found in

endocrine treatment-resistant metastatic

breast cancers confer not only ligand-

independent ER functions, but also allele-

specific neomorphic properties.

Importantly, the authors identify potential

approaches for treating these breast

cancers.

Jeselsohn et al., 2018, Cancer Cell 33, 173–186
February 12, 2018 ª 2018 Elsevier Inc.
https://doi.org/10.1016/j.ccell.2018.01.004

Article

Allele-Specific Chromatin Recruitment and
Therapeutic Vulnerabilities of ESR1 Activating
Mutations

Graphical Abstract

Highlights
d Themutant ER cistromes are different from the E2-stimulated

WT ER cistrome

d The ER mutant-selective cistromes drive endocrine

resistance and metastases

d The ER Y537S and D538G mutants have distinct cistromes

and transcriptomes

d THZ1 blocks mutant ER phosphorylation at S118 and inhibits

mutant ER cell growth

Authors

Rinath Jeselsohn, Johann S. Bergholz,

Matthew Pun, ..., Eric P. Winer,

Jean Zhao, Myles Brown

Correspondence
myles_brown@dfci.harvard.edu

In Brief
Jeselsohn et al. show that estrogen

receptor a (ER) mutations found in

endocrine treatment-resistant metastatic

breast cancers confer not only ligand-

independent ER functions, but also allele-

specific neomorphic properties.

Importantly, the authors identify potential

approaches for treating these breast

cancers.

Jeselsohn et al., 2018, Cancer Cell 33, 173–186
February 12, 2018 ª 2018 Elsevier Inc.
https://doi.org/10.1016/j.ccell.2018.01.004



Contexte du papier

• Hormonothérapie
• 20% des tumeurs résistantes à l’hormonothérapie présentent 

des mutations de ESR1 (le gène) qui n’existaient pas dans les 
tumeurs primitives

• Les mutations sont dans le LBD (Y537S et D538G) à gain de 
fonction et conduisent la résistance

• Les mutations en réalité promeuvent un phénotype tumoral 
plus agressif à changement du réseau transcriptionnel lié aux 
mutations ER qui activent la progression tumorale



Etude du transcriptome muté ER

recurrent ESR1mutations were found to cluster in the ER ligand-
binding domain (LBD). Cell line studies showed that the LBD
mutations stimulate constitutive activity in the absence of E2,
and decreased sensitivity to ER antagonists such as tamoxifen
(TAM) and fulvestrant (FUL), indicating that these are gain-of-
function mutations and drivers of endocrine resistance (Harrod
et al., 2016; Jeselsohn et al., 2014; Toy et al., 2017).

The two most commonly mutated amino acids are Y537 and
D538, which are both within the C-terminal helix of the ER

LBD, helix 12 (H12). Several mutant alleles of Y537 including
Y537S, Y537N, and Y537C have been found in endocrine-resis-
tant breast cancers, while only the D538G mutation appears to
be a common resistance allele. H12 is a key structural compo-
nent of the activating function-2 domain of ER that dictates the
agonist or antagonist state of the receptor. E2 binding to the
LBD leads to stabilization of H12 in an active conformation,
enabling the binding of co-activators, such as NCOA3, and re-
sults in activation of the receptor. Biophysical studies showed
that the Y537S mutation and, to a lesser degree the D538G mu-
tation, stabilize H12 in the agonist conformation, similar to wild-
type (WT) ER bound to E2 (Nettles et al., 2008; Fanning et al.,
2016). In addition, affinity studies and the crystal structure of
the mutant LBD indicate that these mutants have decreased af-
finity for TAM and E2, and confer an altered conformation facili-
tating resistance to antagonism. Finally, NCOA3 binding to
mutant ER compared with WT ER under ligand-independent
conditions, or in the presence of TAM, is enhanced (Fanning
et al., 2016; Toy et al., 2013). These findings provide a mecha-
nistic explanation for the ER mutant ligand-independent consti-
tutive-activity and relative resistance to ER antagonists.
The low frequency of theESR1 LBDmutations in primary treat-

ment-naive tumors, the correlation between tumor progression
and mutation frequency, and the variable allele frequencies sup-
port the clonal selection of these mutations under the selective
pressure of endocrine treatment. In addition, we showed that
the D538G mutation induces an increased migratory capacity
in MCF7 cell models in 2D cell culture (Merenbakh-Lamin
et al., 2013). Moreover, the ESR1 LBD mutations are prognostic
of poor outcomes in patients with metastatic disease (Chandar-
lapaty et al., 2016; Spoerke et al., 2016). These findings imply
that, in addition to stimulating E2-independent growth, the
ESR1 LBD mutations may also promote a more aggressive
phenotype. This led us to hypothesize that the functional conse-
quences of ER LBD mutations are not restricted to their consti-
tutive activity, but, in addition, lead to changes in the ER tran-
scriptional network that mediate cancer progression. In this
study we tested this hypothesis and searched for potential ther-
apeutic targets to overcome the drug resistance and poor out-
comes associated with these mutations.

RESULTS

The Mutant ER Transcriptome
To study the global transcriptional changes induced by the ER
LBD mutations, we performed RNA sequencing (RNA-seq) of
doxycycline (DOX)-inducible mutant ER-expressing cell lines
and parental WT ER-expressing cells, in full medium (FM), hor-
mone-depleted (HD) conditions, and HD after stimulation with
1 nM E2 (HD + E2) (Figure 1). These cells expressed the hemag-
glutinin (HA)-tagged ER LBD mutants and included three of the
most common clinical mutations (Y537S, Y537N, and D538G)
(Figure S1A). The protein expression of mutant ER was well
controlled in these cells, and the combined relative expression
of WT and mutant ER protein after DOX induction was compara-
ble with WT ER in the parental cells prior to DOX induction (Table
S1). Pairwise correlation analysis of the RNA-seq in HD and HD +
E2 clustered the Y537N and Y537S mutant cells in HD and HD +
E2 conditions distinctly from the D538Gmutant cells and theWT

Figure 1. Global Transcriptomic Analysis of the ERMutant Cell Lines
(A) Pairwise Spearman correlation of RNA-seq between the WT ER parental

and mutant cell lines in hormone-depleted (HD) conditions with vehicle (VEH)

treatment and HD conditions with estradiol (E2) treatment. Hierarchical clus-

tering shows the relatedness of each sample.

(B) Principal-component analysis of the transcriptomes of WT ER parental cell

lines and mutant cell lines in full medium (FM), HD, and HD + E2 conditions.

See also Figure S1 and Tables S1 and S2.
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Le cistrome ER-muté est indépendant des 
estrogènes et différent du cistrome ER-sauvage 

dépendant des estrogènes

(legend on next page)
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Le cistrome ER-muté entraîne des changements 
transcriptionnels qui promeuvent un phénotype 

agressif

(legend on next page)
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Des gène essentiels à la croissance tumorale 
dans l’environnement ER-muté

in metastatic ER+ breast cancer (Jeselsohn et al., 2016). To vali-
date that TFAP2C is an ER mutant transcriptional target, and an
essential gene for mutant cell growth in HD conditions, we first
confirmed mutant-induced upregulation of TFAP2C mRNA and
protein levels (Figures S5B and S5C). Next, we showed that
silencing of TFAP2C by CRISPR-gRNAs decreased E2-indepen-
dent proliferation of Y537S and D538G mutant cells (Figures 5E
and 5F).We also showed that TFAP2C suppression did not affect
ER expression (Figure S5D). Thus, TFAP2C is upregulated by the
ER mutants and is essential for E2-independent mutant ER cell
growth.

We next turned to validate the effects of essential genes
with available small-molecule inhibitors, as these are potential
drug targets. CDK7 was essential in both ER mutant and WT
ER-expressing cells (WT ER beta score = !0.8, FDR = 0.017;

Figure 5. CRISPR Screen Identifies ER
Mutant Essential Genes
(A) Essentiality scores from the CRISPR screen in

T47D-Y537S mutant cells grown in HD conditions.

(B) Comparison of beta scores of CRISPR-Cas9

library screens in Y537S-ER mutant cells in HD

conditions versus library screen in WT ER cells in

FM conditions. Dark gray dots, genes that are

essential for both WT ER and mutant ER; green,

uniquely essential for mutant ER; orange, uniquely

positively selected in mutant ER; and light gray,

not significant in the mutant cells (FDR < 0.05).

(C) –log rank product values integrating the beta

essentiality scores and the geometric mean of

the gene rankings from at least three of four

BETA analysis results from the Y537S, D538G,

and Y537N MCF7 cells and T47D Y537S cells.

(D) ChIP-seq tracks showing ER, HA, and H3K27

acetylation binding at the TFAP2C promoter re-

gion inWT cells with E2 treatment andmutant cells

in HD conditions.

(E) Immunoblotting for AP2g in control (CON)

cells and cells with CRISPR-Cas9 suppression of

TFAP2C (KO).

(F) Cell proliferation studies in HD conditions ofWT

and Y537S or D538G mutant (DOX treated) con-

trol cells and after suppression of TFAP2C using

CRISPR-Cas9. Error bars represent ±SEM, n = 3.

See also Figure S5 and Table S6.

ER-Y537S beta score = !1.3, FDR <
0.0001), and a CDK7 small-molecule
inhibitor, THZ1, was well characterized
(Kwiatkowski et al., 2014). CDK7 is a
component of the general transcription
factor IIH complex, which phosphory-
lates the C-terminal domain of RNAP
polymerase II. In addition to its function
in transcriptional regulation, CDK7 func-
tions as a CDK-activating kinase (CAK)
for CDK1, 2, 4, and 6, and has also been
shown to modulate ER activity through
serine 118 (S118) phosphorylation (Chen
et al., 2000; Fisher and Morgan, 1994;
Glover-Cutter et al., 2009; Larochelle
et al., 2007). S118 is a major phosphory-

lation site within the N-terminal domain transcription activation
1, andmutations in this site were shown to impair transactivation
by ER (Ali et al., 1993). CDK7 silencing with CRISPR-Cas9
gRNAs resulted in suppressed proliferation in both WT ER cells
in FM and mutant ER cells in HD conditions (Figures 6A, S6A,
and S6B).
We next tested the effect of THZ1 on cell growth. WT and ER

mutant MCF7 and T47D cells were responsive to THZ1 treat-
ment, and the IC50 values were comparable between WT and
mutant ER cells (Figure S6C). THZ1 covalently modifies CDK7
at residue C312 outside of the kinase domain, and previous
studies have shown that THZ1 inhibits RNAPII CTD phosphory-
lation and CAK activity in leukemia cell lines (Kwiatkowski et al.,
2014). More recently, THZ1 was shown to inhibit RNAPII CTD
phosphorylation and ER phosphorylation at S118 in MCF7 cells
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