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s cancer is a multifactorial disease, the

use of and data mining derived from

integrated genome and epigenome
studies coupled with biochemical, biologi-
cal, molecular, and epidemiological data is
vital to its understanding (Nebbioso et al,
2018). Although available therapies lead to
regression or improve control of a wide vari-
ety of tumors, some do not respond to thera-
peutic patterns, displaying low survival and
high frequency of recurrence. Highly lethal
tumors are a group of cancers with (i) an
average 5-year survival rate of about 20%
(or less), commonly characterized by
frequent late diagnosis (associated with the
onset of advanced disease symptoms), and
(ii) biological aggressiveness and limited
treatment efficacy. Early biomarkers of
response and novel therapeutic approaches
for these tumor subtypes represent an
unmet need. Alternative treatment options
include so-called “targeted therapies”,
which inhibit pro-tumorigenic pathways
frequently altered by somatic mutations.
Although these therapies are largely effica-
cious, they are challenged by the develop-
ment of resistance.

Targeting transcriptional dependencies
associated with deregulation of chromatin
regulators, transcription factors, and/or
cofactors may therefore provide a different
strategy (Bradner et al, 2017). Inhibition of
bromodomain and extraterminal domain
(BET) proteins (French, 2016) is emerging
as a promising anticancer strategy to block
transcriptional dependencies, yet resistance
development remains a challenge (Kurim-
chak et al, 2016). Uveal melanoma (UM) is
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the most common primary intraocular
malignancy in adults in the United States, in
which roughly 50% of patients develop
metastases, predominantly to the liver. Since
no therapies have been approved for meta-
static UM (UMM), prognosis is very poor,
partially as a result of development of resis-
tance to targeted therapies. BET inhibitors
(such as PLX51107) are currently being
tested in clinical trials for patients with
advanced malignancies including UM and
UMM, but resistance has been reported.

The present study by Chua et al (2019)
suggests that inhibition of the FGF receptor
(FGFR) pathway improves the response of
UMM to BET inhibitors. Specifically, they
found that FGF2, but not other growth
factors, provides resistance to growth
suppression by BET inhibitors in UMM
cells as well as in vivo. FGF2 effects were
reversible by FGFR inhibitors. BET inhibi-
tors also increased FGFR protein expression
in UM cells and in patient samples. Interest-
ingly, PLX51107 increased in vivo tumor
growth of UM cells co-injected into mice
with hematopoietic stem cells, and the
combination of PLX51107 and the FGFR
inhibitor AZD4547 suppressed tumor growth.
Thus, the authors suggest that in patients
with UMM, co-targeting of the FGF2/FGFR
cascade is required to improve the efficacy
of BET inhibitors, preventing the develop-
ment of resistance. The finding that liver
cells secrete FGF2, crucial to conferring resis-
tance (schematically summarized in Fig 1),
is of particular interest, since it provides
an example of how to delineate the interac-
tion of organ-specific cells of the liver with
tumor cells. It may indicate that liver
microenvironment plays an active role in
reducing the efficacy of BET inhibitors, and
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co-inhibition of FGFRs by AZDA4547 treat-
ment significantly suppresses tumor growth
compared to PLX51107-treated mice.
Research approaches of this kind may
also be of great importance for future thera-
pies against hepatic metastatic disease. The
fact that different mechanism(s) of resis-
tance to BET inhibitors have been reported
points to the development of cancer-specific,
and possibly patient-selective, tumor micro-
environment targeting as well as potential
specific organ-context features. This strongly
suggests that therapeutic regimens designed
to overcome cancer resistance might not
only work directly against cancer cells, but
likely reset the homeostatic control of cancer
development in the whole body. This opens
the way toward even more complex person-
alization in which, depending on the clinical
and systemic case, resistance mechanisms
might be highly heterogeneous. Intriguingly,
different cancer types may share some of
these deregulations, suggesting that very
diverse cancers might display a common
denominator for resistance development. As
also described by Chua et al (2019), resis-
tance to BET inhibitors in ovarian cancer
was associated with elevated expression of
FGFRs (Kurimchak et al, 2016). The mecha-
nisms underlying BET inhibitor-induced
overexpression of FGFRs are unclear, but
may involve modulation of BRD4-induced
regulation of FGFR transcription. BRD4
occupancy was shown at the promoter
region of receptor tyrosine kinases and was
attenuated by BET inhibitors (Stuhlmiller
et al, 2016). Thus, although different mecha-
nism(s) for FGFRs are reported, a therapeu-
tic scheme combining BET inhibitors and
FGFR inhibition by AZD4547 treatment
may be beneficial also against ovarian
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BET/FGFRI against cancer resistance
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Figure 1. Mechanism of resistance to BET inhibitors in UMM: FGF2 (red) increased production (LSC, yellow)
and tumor (black) FGFR-increased expression leads to BETi resistance (left). Combination treatment

BETi+FGFRIi suppresses tumor growth (right).

cancer. All these approaches could, in prin-
ciple, overcome developed resistance. It
remains to be determined whether the appli-
cation of such strategies might even prevent
resistance arising, or would instead act
against the development of different mecha-
nisms of relapse.

The study of resistance requires the use
of three-dimensional cell cultures (or
immune-competent in vivo models), given
the essential role of the tumor microenviron-
ment (and the whole organism), which is
not present in cell cultures. This should be
further pursued both for a more critical eval-
uation of the “weight” of studies using only
cell cultures and for the choice of disease
models. Novel technological developments
(such as single-cell studies and organoid-like
models of disease and treatment resistance)
may dramatically modify our understanding
of cancer resistance, potentially identifying
predispositions, the role(s) of cancer hetero-
geneity, and “bad/good” actions of immune
cells as well as defining, in principle,
tailored treatments.

The complex cross-talk between genome
and epigenome deregulations in cancer may
play a key role in resistance development.
Translating the advances of epigenome
deregulation to the clinic may thus require a
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better understanding of the anticancer action
of so-called epigenetic drugs (epidrugs), for
example, in making the choice between
targeting  transcriptional =~ dependencies
(associated with deregulation of chromatin
regulators such as BET) and/or using thera-
peutic strategies against mutated chromatin
players. It is tempting to speculate that dif-
ferent epigenome targeting may, in the
future, lead to the use of “pure” epigenome
player-targeted treatments of cancer and
cancer resistance. For example,
histone deacetylase inhibitors (HDACi) are
reported to reverse FGF2-induced growth
(Lee et al, 2018), an HDACi-dependent
approach coupled with BET inhibitors could
hypothetically represent an alternative strat-
egy to overcome (or prevent?) resistance
development in UMM. Vorinostat (a well-
known HDACI) is entering a Phase I and II
clinical trials for UMM (NCT00121225 and
NCT01587352) (Moschos et al, 2018) (Haas
et al, 2014), and in the near future, the
potential of epigenome-targeting schemes
will likely be better defined.

since

Acknowledgements

The authors acknowledge Worldwide Cancer
Research (AICR) 15-1002; Blueprint 282510;
MIUR20152TESPK; EPICHEMBIO CM1406; EPIGEN-

Rosaria Benedetti & Lucia Altucci

MIUR-CNR; AIRC-17217; PON_0101227; VALERE:
Vanvitelli per la Ricerca; Regione Campania lotta
alle patologie oncologiche: iCURE; and Regione
Campania FASE2: IDEAL. We thank C. Fisher for
linguistic editing.

References

Bradner JE, Hnisz D, Young RA (2017)
Transcriptional Addiction in Cancer. Cell 168:
629-643

Chua V, Orloff M, Teh JLF, Sugase T, Liao C, Purwin
TJ, Lam BQ, Terai M, Ambrosini G, Carvajal RD,
et al (2019) Stromal fibroblast growth factor 2
reduces the efficacy of bromodomain inhibitors
in uveal melanoma. EMBO Mol Med 11: e9081

French CA (2016) Small-molecule targeting of
BET proteins in cancer. Adv Cancer Res 131:
21-58

Haas NB, Quirt I, Hotte S, McWhirter E, Polintan R,
Litwin S, Adams PD, McBryan T, Wang L,
Martin LP et al (2014) Phase Il trial of
vorinostat in advanced melanoma. Invest New
Drugs 32: 526 —534

Kurimchak AM, Shelton C, Duncan KE, Johnson K],
Brown |, O’Brien S, Gabbasov R, Fink LS, Li YV,
Lounsbury N et al (2016) Resistance to BET
bromodomain inhibitors is mediated by Kinome
reprogramming in ovarian cancer. Cell Rep 16:
1273-1286

Lee TW, Lee TI, Lin YK, Kao YH, Chen Y] (2018)
Calcitriol downregulates fibroblast growth factor
receptor 1 through histone deacetylase activation
in HL-1 atrial myocytes. J Biomed Sci 25: 42

Moschos MM, Dettoraki M, Androudi S,
Kalogeropoulos D, Lavaris A, Garmpis N,
Damaskos C, Garmpi A, Tsatsos M (2018) The
role of histone deacetylase inhibitors in uveal
melanoma: current evidence. Anticancer Res 38:
38173824

Nebbioso A, Tambaro FP, Dell’Aversana C, Altucci L
(2018) Cancer epigenetics: moving forward.
PLoS Genet 14: €1007362

Stuhlmiller TJ, Miller SM, Johnson GL (2016)
Epigenetic inhibition of adaptive bypass
responses to lapatinib by targeting BET
Bromodomains. Mol Cell Oncol 3: €1052182

License: This is an open access article under the
terms of the Creative Commons Attribution 4.0
License, which permits use, distribution and repro-
duction in any medium, provided the original work
is properly cited.

© 2019 The Authors



