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ARTICLE INFO ABSTRACT

Keywords: Head and neck cancer (HNSCC) are one of the most common solid malignancies of the world, being responsible
Tumor suppression for over 350,000 deaths every year. Much of the complications in managing and treating HNSCC advent from the
Xenograft complex genetic and epigenetic landscape of the disease. Emerging information has shown promising results in

Cancer stem cell
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targeting BRD4, an epigenetic regulator bromodomain that functions as a scaffold for transcription factors at
promoters and super-enhancers. Here we show that by disrupting the interaction between BRD4 and histones
using the bromodomain inhibitor JQ1, HNSCC cells undergo cell growth arrest followed by cellular senescence.
Mechanistically, JQ1 negatively impacted the phosphorylation levels of SIRT1 along with the acetylation levels
of mutant p53 (active). In vivo administration of JQ1 resulted in disruption of HNSCC growth along with the
activation of cellular senescence, observed by the accumulation of DNA double-strand breaks, p16i“k4, accu-
mulation of senescence-associated beta-galactosidase, and loss of phosphorylated Sirt15***”. Furthermore, we
also demonstrate that JQ1 was efficient in reducing the population of cancer stem cells from HNSCC xenografts.

1. Introduction

Head and neck cancers are the sixth most common cancer world-
wide, with approximately more than half a million new cases diagnosed
annually, and over than 350,000 deaths every year [1]. The process of
cellular transformation and tumor progression is a result of multiple
steps that involve many genetic and epigenetic modifications [2].

The epigenome is the combination of chemicals and proteins cap-
able of directly attaching to the DNA (genome) and modify gene ex-
pression. Locally, cells can differentially use the information from the
genome by activating and deactivating gene expression accordingly to
the given needs of a tissue. The modifications to the DNA resulting in
changes of gene expression are called “marks” and can have a transitory
effect or be persistent and capable of passing down through genera-
tions. Histone acetylation and DNA methylation are marks that mod-
ulate gene expression. The epigenome is continuously changing during
the lifespan of an organism in response to environmental factors.

Our interest relies on epigenetic events driven by histone mod-
ifications. Histone modifications are transient and fast-occurring events

as we have previously characterized during tumor acquisition of che-
moresistance [3]. We have also shown that histone modifications have
a direct impact on the fate of stem cells-like cancer cells and in the
sensitivity of tumor cells to chemotherapy [4-7]. However, the me-
chanism by which histone modifications can modify tumor fate is not
fully understood. Here, we decided to explore the role of the bromo-
domain and extra-terminal (BET) family containing protein 4 (BRD4) in
the biology of HNSCC. BET is a family of proteins which recognize
acetylated histone through bromodomains (BD) thereby playing a
crucial role in genetic expression. BET family includes BRD2, BRD3,
BRD4, and BRDT.

BRD4 function as chaperons to facilitate transcription through his-
tone H4. Also, BRD4 plays an essential role in the colony formation of
embryonic stem cells (ESC), along with the self-renewal ability of ESC
and expression of associated pluripotency genes [8-10]. Indeed, ex-
pression levels of BRD4 are found reduced during cellular differentia-
tion of embryonic stem cells [11]. Here, we explored the effects of
BRD4 histone H4 binding displacement using the BET inhibitor JQ1.
JQ1 is a small molecule with low nanomolar binding potency against all
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BET subfamily members, and primarily targeting BRD4 [12,13].

We show that administration of JQ1 to head and neck tumor cells
disrupt their ability to form colonies. Remarkably, BRD4 inhibition also
triggered cellular senescence on head and neck tumor cells along with
downregulation of SIRT1, a NAD-dependent deacetylase known to be
associated with longevity and enhanced survival of human stem cells
[14]. Most exciting, we found that disruption of BRD4/histone H4
binding reduced the number of stem cells-like cancer cells, a sub-
population of tumor cells capable of evading chemo and radiotherapy
and frequently involved in tumor regrowth. All in all, we observed that
pharmacological displacement of the BRD4-histone H4 binding halts
head and neck tumor growth while inducing tumor senescence.

2. Materials and methods
2.1. Cell lines and administration of JQ1

HNSCC cell lines HN6, HN12, and HN13 were maintained in a 5%
CO, humified incubator at 37 °C Vehicle group received DMSO, and
JQ1 group received a final concentration of 1 uM (Cayman Chemical,
Ann Arbor, MI, USA).

2.2. Human tissue specimens

Human HNSCC tissue samples (n = 19) and normal human oral
mucosa (NOM) tissue samples (n = 6) were retrieved from the archives
of the Laboratory of Pathology of the Porto Alegre University Hospital
in Brazil (Human Research Ethics Committee approval:
49942215.2.0000.5327).

2.3. Tissue microarray and BRD4 expression

HNSCC tumor samples were microscopic reviewed by two pathol-
ogists, and area of interest was select according to the tumor-specific
reference slide stained with hematoxylin and eosin (Beecher
Instruments, Silver Spring, MD). Tissue microarray (TMA) was prepared
using two punctured tissues per tumor sample retrieved from a 1.0-mm
needle.

2.4. Immunofluorescence and Immunohistochemistry

Tumor cell lines were seeded on glass coverslips in 6-well plates and
fixed with paraformaldehyde at room temperature for 20 min. Paraffin-
embedded tumor samples and cultured cells were incubated with anti-
BRD4, anti-p-SIRT-1, anti-acetyl-Histone H4 (Lys5,8,12,16), anti-y-
H2AX*"'?° and anti-ALDH1A1 following by secondary antibody con-
jugated with Alexa Fluor 488 or 568. For immunohistochemistry, cells
and tissue samples were incubated with anti-p16™“,

2.5. Colony formation

Six hundred tumor cells were seeded in triplicate in 6-well culture
plates accordingly to previously published [15]. Trypsinization and
suspension of single cells were carried out according to plating effi-
ciencies.

2.6. Immunoblotting

Cells were seeded in 10 cm® dishes and treated as previously de-
scribed. Protein lysates were loaded into 12% SDS-PAGE following
electrophoresis and transferred to a polyvinyl difluoride membrane and
incubated with anti-p53, anti-Acetyl-p53 (Lys382), anti-p21, and anti-
GAPDH. The reaction was visualized using ECL SuperSignal West Pico
Substrate.
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2.7. Flow cytometry

Tumor cells were stained by propidium iodide to evaluate cell cycle
distribution and stained for anti-BRD4 and anti-p-SIRT-1 antibodies
following by secondary antibody conjugated with Alexa Fluor 488.
Stem cell-like cancer cells were identified by high expression levels of
aldehyde dehydrogenase and CD44-APC.

2.8. Apoptosis assay

Tumor cells receiving JQ1 were processed for cell viability using a
Cell Vitality Assay Kit for Caspase-3/-7 (apoptotic cells) and Sytox
(necrotic cells).

2.9. Senescence-associated beta-galactosidase staining

Senescent tumor cells were identified by SA-BGal using the SPiDER-
BGal fluorescence kit from Dojindo Laboratories following the manu-
facturer's instructions.

2.10. Tumor sphere Formation assay

HNSCC cells were seeded on ultra-low attachment 6-well plates and
cultured for seven days. Total number of spheres were counted and
classified as holospheres, merospheres, or paraspheres based on size
and borderline, as previously reported [16,17].

2.11. Tumor xenograft assay

Tumor cells were injected at a concentration of 5 X 10° cells into
the flank of female nude mice. Within 3-4 weeks, xenograft tumors
achieved a volume of 100 mm?®. JQ1 was administered intraperitoneally
(50 mg/kg) once a day. Tumor growth was calculated according to
previously reported [18]. The animal procedures were approved by the
Institutional Animal Care and Use Committee (IACUC) at the University
of Michigan and comply with the National Institutes of Health guide for
the care and use of Laboratory Animals.

2.12. Statistical analysis

Statistical analysis was performed using GraphPad Prism (GraphPad
Software, San Diego, CA). Statistical analysis was performed using
unpaired Student's t-test or one-way ANOVA with a Bonferroni post hoc
test. Asterisks denote statistical significance (*p < 0.05; **p < 0.01;
***p < 0.001; and NS p > 0.05).

See Supplemental Data for additional procedures.

3. Results

3.1. JQ1 efficiently reduces the levels of BRD4 and acetylated histone H4 in
HNSSC

BRD4 is a member of the BET family of bromodomains that is as-
sociated with acetylated chromatin and found upregulated in solid tu-
mors (http://www.cbioportal.org/). JQ1 is a small molecule that binds
to the amino-terminal twin bromodomains of BRD4 acting as an im-
portant regulator of oncogenes by disrupting BRD4-driven oncogene
enhancers [19]. Therefore, targeted inhibition of BRD4 may constitute
a promising therapeutic strategy to target solid tumors.

In order to emphasize the potential use of JQ1 in HNSCC, we decide
to access the expression levels of BRD4 in HNSCC using a tissue array
comprised of nineteen different head and neck tumors and control
normal oral mucosa (NOM). Interestingly we observed that NOM does
not express high levels of BRD4 in epithelial cells, while all HNSCC
samples expressed high levels of BRD4 (Fig. 1A and B) similar to pre-
vious findings [20]. Although HNSCC present high levels of BRD4
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Fig. 1. HNSCC express high levels of BRD4. (A and B) HNSCC human samples (n = 19) express high levels of BRD4 compared with normal oral mucosa (NOM)
(n = 3) tissue samples determined by immunofluorescence staining. (C) Total number of HNSCC tumor samples stratified accordingly with the clinical prognosis
score. (D) Schematic representation of JQ1 administration to HNSCC. (E) Administration of JQ1 (1 uM) to HNSCC demonstrate reduced levels of BRD4 in all cell

lines. (F) Identification of histone H4 (Lys 5,8,12, 16) levels in HNSCC receiving JQ1 and vehicle. Note the strong reduction of histone H4 (Lys 5,8,12, 16) levels. Data
are represented as mean + SD. Asterisk denotes significant differences (**p < 0.01; ***p < 0.001; *

“*p < 0.0001) two-tailed Student's t-test in (E), and (F).

expression, we did not observe a statistical difference among patients
with good or poor prognosis as judged by clinical survival data, TNM
classification, and treatment data from patients (Table 1) (Fig. 1C, ns
p > 0.05). Next, we decided to explore if the administration of JQ1

could modify the protein levels of BRD4 and acetylated histone H4 (Lys
5, 8,12, and 16) (Fig. 1D). Tumor cells were exposed to JQ1 (1 uM) for
24hrs and BRD4 was used as a readout. We observed that JQ1 effi-
ciently reduces BRD4 levels from HNSCC cells as judged by
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Table 1

Patient survival, TNM staging, and therapy modality of HNSCC samples.
Case Overall survival (5 years) Prognosis Tumor size Regional Lymph Nodes Distant Metastasis Treatment
1 Alive Good T4 N2 MO Surgery + Radiotherapy
2 Alive Good T4 NO M1 Surgery + Radiotherapy
3 Alive Good T4 N1 MO Surgery + Radiotherapy
4 Tumor related death Bad T4 NO MO Surgery + Chemotherapy
5 Alive Not available T4 NO MO Surgery + Radiotherapy
6 Dead by other reason Bad T2 N1 Mx Surgery + Radiotherapy
7 Tumor related death Bad T4 NO MO Surgery
8 Alive Bad T1 NO MO Surgery
9 Alive Bad T2 N1 MO Surgery + Radiotherapy
10 Alive Bad T4 N3 MO Surgery + Radiotherapy
11 Alive Bad T2 N1 MO Surgery + Radiotherapy
12 Alive Good T3 NO MO Surgery + Radiotherapy
13 Alive Bad T4 N2 MO Surgery + Radiotherapy + Chemotherapy
14 Alive Not available T4 N2 MO Surgery + Radiotherapy
15 Tumor related death Bad T3 Nx Mx Surgery + Radiotherapy
16 Alive Bad T3 NO Mx Surgery + Radiotherapy
17 Alive Bad T1 N1 MO Surgery + Radiotherapy
18 Tumor related death Not available T2 N2C MO Surgery + Radiotherapy + Chemotherapy
19 Not available Not available Not available Not available Not available Not available

immunofluorescence (Fig. 1E) and flow cytometry (Suppl. Fig. 1B)
(*p < 0.05, **p < 0.01, ****p < 0.0001) as previously reported
[21,22]. Similar to BDR4, we also observed that JQ1 efficiently reduced
the levels of acetylated histone H4 from all analyzed HNSCC cells
(Fig. 1F) (***p < 0.01, ****p < 0.0001). These findings are asso-
ciated with the dual role of the chromatin reader BRD4 to regulate gene
transcription and to modulate the chromatin landscape through the
interaction with the histone acetyltransferase P300 [23]. Disruption of
BRD4-histone interaction is known to selective deacetylation of his-
tones H3 and H4 [24,25].

Although our results indicate that JQ1 is an effective inhibitor of
BRD4-Histone H4 interaction in HNSCC tumors, we do not know if the
displacement of BRD4-histone H4 binding has any effects on the
biology of HNSCC.

3.2. JQ1 disrupts tumor ability to form colonies and induces cell cycle arrest

Following our initial findings on the ability of JQ1 to disrupt BRD4-
histone H4 binding, we decided to explore the effects of bromodomain
inhibitors on tumor growth. Using a clonogenic assay, we observed that
JQ1 was able to disrupt the colony forming capability of HNSCC cells
(Fig. 2A, ***p < 0.001, ****p < 0.0001). Microscopic analysis of
tumor cells exposed to JQ1 revealed the presence of viable cells
(Fig. 2B). These results are suggestive of cells growth arrest and the
potential activation of cellular quiescence. Using flow cytometry, we
decided to explore the effects of JQ1 on the cell cycle of all HNSCC
cells. We observed that administration of JQ1 resulted in a GO/G1 cell
cycle arrest in all 3 HNSCC cell lines and reduced G2 and S phases
(Fig. 2C and D). Combined, this data strongly suggests a transition of
tumor cells from a proliferative stage characterized by the presence of
G2/M and S phases (Fig. 2D_vehicle) to a quiescent phase were the
majority of tumor cells are found in GO/G1 (Fig. 2D_JQ1). Of note,
HN13 was the only cell line showing high basal levels of apoptotic as
detected by Propidium Iodine (Fig. 2C and D). To better characterize
the JQ1l-associated apoptosis phenotype observed during cell cycle
analysis, we sought to use a more sensitive assay to determine the
apoptosis levels in all tumor cell lines. We found that the effects of JQ1
are, at least in part, associated with the activation of apoptosis in HN6
and HN12 cell lines as judged by the accumulation of caspase 3 and
caspase 7 using flow cytometry (Fig. 3A and B, *p < 0.05,
**p < 0.0001). Interestingly, HN13 cells present high levels of
apoptosis in the control group, similar to the levels observed during the
administration of JQ1 (Fig. 3A and B, ns p > 0.05).
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3.3. JQ1 induces cellular senescence and downregulation of SIRT1

Following our unexpected findings on JQ1-induced GO/G1 cell cycle
arrest, we observed that JQ1 also induces tumor cells to undergo se-
nescence within 72 h of treatment (Fig. 4A and B (baseline-corrected),
and Suppl. Fig. 3B (total protein expression levels)). Cellular senescence
can be identified by the accumulation of p16™“ an essential me-
chanism epigenetically controlled by the Polycomb group of proteins
(PcG) [26]. Interestingly, all tumor cell lines presented a baseline ex-
pression of p16™* that was intensified upon administration of JQ1
(Fig. 4B) (**p < 0.01). We have also detected the increased accu-
mulation of senescence-associated beta-galactosidase (SA-B-Gal) in
tumor cells exposed to JQ1. SA-B-Gal is a well-known marker for cel-
lular senescence (Fig. 4C and Suppl. Fig. 3A (****p < 0.0001).

In normal and neoplastic cells, the NAD " -dependent Class III his-
tone deacetylase SIRT1 has been shown to antagonize cellular senes-
cence. Here we show that JQ1-drive disruption of BRD4/histone in-
teraction reduced the expression levels of phospho-SIRT1%™7 in all
tumor cell lines as determined by immunofluorescence (Fig. 4D;
*p < 0.05; **p < 0.01; ****p < 0.0001), and by flow cytometry
(Suppl. Fig. 1C; *p < 0.05; **p < 0.01). Surprisingly, administration
of JQ1 also reduces total levels of acetyl p53 (active) [27] in HN6 and
HN13 cells, whereas HN12 have a point mutation in exon seven splice
donor motif and does not express p53 [28]. While phosphorylation of
SIRT1 typically leads to the accumulation of p53, JQ1-driven depho-
sphorylation of SIRT1 also reduced total protein levels of p53 (Fig. 4E
and Suppl. Fig. 1A). It is interesting to note that HN6 and HN13 also
present mutations on TP53 (missense), and that point and missense
mutations observed in our cell lines have been shown to induce a
dominant negative effect over wild-type p53 as previously described
[28].

Next, we decided further explore the data on JQ1-induced cell cycle
arrest of tumor cells by analyzing the expression levels of p21, a mo-
lecule known to induce GO arrest and cellular quiescence when present
in high levels [29]. Using lysates from tumor cells treated with JQ1 at
1uM and 10 uM we observed that p21 is absent from vehicle-treated
cells but starts to accumulate at low doses of JQ1 (1 uM) (Fig. 4E). It is
also interesting to note that failure of mutant p53 proteins to transac-
tivate p21 is often associated with uncontrolled proliferation [30],
however, in our study, JQ1l-induced activation of p21 and the accu-
mulation of senescent cells suggests a p53-independent pathway.
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SD. Asterisk denotes significant differences (***p < 0.001; ****p < 0.0001) one-way ANOVA with a Bonferroni post hoc test in (A).
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3.4. JQ1 reduces the population of stem cells-like cancer cells and halts
tumor growth

We have previously shown that HDAC inhibitors such as Vorinostat,
and TSA are capable of disrupting tumor spheres and reducing the
population of ALDH®"&" CD44 % cells in vitro and in vivo [4,6,7].
Tumor cells presenting high levels of aldehyde dehydrogenases (ALDH)
enzymatic activity (ALDH®"#") and CD44* cells are sought to contain
stem cell properties [31,32].

Here we explored if the displacement of BRD4-Histone H4 binding
would impact the population of stem cells-like cancer cells. We ob-
served that administration of JQ1 reduced the number of ALDH bt/
CD44% cancer cells from two of our tumor cell lines (Fig. S5A and B,
*p < 0.05, **p < 0.01.). We further performed a tumorsphere assay
for our HNSCC cell lines. Our data demonstrate that different cell lines
respond slightly different to JQ1. However, the sphere-forming poten-
tial of all cell lines was impacted by JQ1 (Suppl Fig. 2A and 2B). HN13
cell line did not show a reduction in the total number of spheres upon
JQ1 administration similar to the observed using ALDH and CD44
markers, however, when carefully subcategorizing tumor spheres in
holoclones, meroclones, and paraclones, we observed that JQ1 was
particularly effective over holoclones compared to mero and paraclones
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from HN13 cells (Suppl. Fig. 2C). JQ1 was also effective in reducing the
overall number of tumorspheres from HN6 and HN12 cell lines.
Following our promising results, we decided to evaluate if in vivo
administration of JQ1 would impact tumor growth. Xenografts were
generated using HNSCC cells (HN12) injected in the flanks of Foxn1(nu)
(Jackson Laboratory, Bar Harbor, Maine) mice (n = 6 mice/group).
After tumors achieved 100 mm?>, mice received IP injections of JQ1
(50 mg/kg per day) for 30 days. Control mice received vehicle alone
(DMSO diluted in 1x PBS + 5% Tween 80). After 30 days of JQ1
administration, we observed a significant reduction in tumor growth
compared to the vehicle group (Fig. 5Cand D *p < 0.05, **p < 0.01).
Based on our previous findings on JQ1-induced cell cycle arrest and
activation of cellular senescence, we speculate that the reduced tumor
mass observed in our xenograft tumors could be associated with the
activation of cellular senescence. Indeed, we found that tumors re-
ceiving JQ1 had a higher number of senescent cells (Fig. 5C_ p16i“k4
and 5E, **p < 0.01). Along p16™“, the accumulation of y-H2AX*®"2°
is associated with telomere shortening of aging cells and organisms, and
with the activation of cellular senescence through different mechan-
isms, including oncogene-induced-senescence (OIS) [33-36]. Here we
show that administration of JQ1 also resulted in the accumulation of y-
H2AX*"1?° along p16™* in tumor cells (Fig. 5F) (*p < 0.05). Similar
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Fig. 4. JQ1 reduces levels of p53 expression or activates cellular senescence. (A) Representative images of pl
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6nk4 immunostaining of tumor cell lines (400 x

magnification). Inmunohistochemistry assay shows JQ1 increases p16™“ expression in HN6, HN12, and HN13 cell lines. (B) Column representation of fold increase

of pl 6ink4

expression (baseline corrected) upon administration of JQ1 or vehicle. Note an HN6, HN12, HN13 fold increase of 3.6, 2.26 and 2 respectively over

baseline (vehicle) (**p < 0.01, two-tailed Student's t-test). (C) Senescence-associated beta-galactosidase (SA-B-gal) assay detected senescent cancer cells in HN6,
HN12, and HN13 upon administration of JQ1 (****p < 0.0001). (D) Immunofluorescence labeling of p-Sirt1°"*’ expression in tumor cells receiving JQ1 or vehicle
for 24 h. Asterisk denotes significant differences (*p < 0.05; **p < 0.01; ****p < 0.0001, data are represented as mean = SD, two-tailed Student's t-test). (E)
Western blot analysis of p53, acetyl-p53 (lys382), p21, and GAPDH expression levels upon administration of JQ1 at 1 uM, and 10 uM concentration or vehicle.

to our in vitro data, xenografts receiving JQ1 also presented a statisti-
cally significant reduction on the levels of phospho-SIRT1*™ (Fig. 5G,
***p < 0.001). Following, we decided to access the presence of stem
cells-like cancer cells within the xenograft tumors receiving JQ1. We
found that JQ1 significantly reduced the number of ALDH1A1 positive
cells (Fig. 5H, *p < 0.05).

Overall, our data show that interfering with the BRD4/histone H4
binding using JQ1 is relevant to HNSCC biology as it disrupts colony
formation, induces cell cycle arrest, reduces the population of
ALDHP"8"/CD44* cells, and activates cellular senescence in vitro and
in vivo (Fig. 6).

4. Discussion

The epigenome constitutes a powerful molecular modulator of our
genome responsible for the constant adaptation of our body to en-
vironmental changes. However, during carcinogenesis, the epigenome
is also modified and to a certain extent, reprogramed, thereby facil-
itating cancer initiation and progression.

Perhaps one of the most notorious deregulated tumor suppressor
genes in cancer history is the TP53. Acetylation of p53 at lysine k382
resulting in prolonged protein half-life due to reducing ubiquitination
[37]. Here we used tumor cells containing common p53 point and
missense mutations and presenting a dominant negative effect over
wild-type p53 protein [28,38].

Interestingly, we observed that interfering with BRD4/histone H4
interaction resulted in the deacetylation of p53. To our knowledge, this
is the first time that JQ1 is shown to downregulate acetylated p53
(Lys382) in head and neck tumors. Total protein levels of p53 were also
downregulated by JQ1 suggesting that JQ1 may be effective in reducing
the levels of p53. Similar results have been demonstrated in other tu-
mors, including medulloblastoma cell lines that show downregulation
of the TP53 pathway along with downregulation of E2F, MYC, and cell
cycle pathways [39]. B-precursor acute lymphoblastic leukemia cell
lines also respond to JQ1 by reducing the expression of phosphorylated
p53 (serl5) [40]. Administration of JQ1 induces the activation of cel-
lular senescence in medulloblastoma cell lines, in B-precursor acute
lymphoblastic leukemia cell lines, and Chondrosarcoma cells [41]. Of
interest to our study, p21 was also observed upregulated in Chon-
drosarcoma cells undergoing senescence in a p53 independent way. Yet,
the molecular signaling involving JQ1-induced downregulation of p53
remain unknown.

In search for a mechanism involved in the JQ1-induced activation of
cancer senescence, we looked into the expression levels of SIRTI1, a
class II histone deacetylases NAD + dependent associated with gene
expression, cell cycle regulation, apoptosis, DNA repair, metabolism
and lifespan [42,43]. Indeed, downregulation of SIRT1 is found in aging
organisms and during the activation of cellular senescence [44]. Fur-
thermore, SIRT1 is found downregulated in endothelial progenitor cells
from the umbilical cord that are undergoing cellular senescence. It is
also known that some pharmacological agents like Resveratrol are
capable of inducing downregulation of SIRT1, leading to the activation
of cellular senescence in fibroblasts [45,46]. In our study, we can only
demonstrate a correlation of SIRT1 expression and the accumulation of
cellular senescence, and we cannot discard additional pathways that
may be involved in the activation of cancer senescence. Physiological
conditions such as the accumulation of reactive oxygen species (ROS)
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also inhibits SIRT1 leading to the acetylation of p53 and premature
senescence of MEFs [47]. Indeed, there is a lot to be explored on the
mechanism of JQ1-driven downregulation of SIRT1 and acetyl p53, and
further the reactivation of p21 upon downregulation of acetyl p53.
Aligned with these observations, Elbendary et al. suggested that p21
may also be regulated by a p53-independent pathway [30].

HNSCC are heterogeneous tumors presenting a complex genomic
landscape [48-50]. Predisposition factors like HPV infection and to-
bacco use are often associated with tumors containing high copy
number alterations (CNA). A subset of oral tumors, however, are
characterized by the presence of low CNA and therefore driven by
mutations (“M” class). Such differences in the HNSCC tumor landscape
demonstrates the need for patient stratification and the identification of
personalized therapies targeting specific molecular signatures. This is
true for the JQ1-induced cellular senescence. Activation of cellular se-
nescence requires wildtype CDKN2A gene expression that encodes
p16%4, 1t is important to note that we used HNSCC cell lines presenting
wildtype CDKN2A gene [51] that represents around 50% of all HNSCC
(TCGA database). The other half of HNSCC cases are characterized by
the presence of mutations on CDKN2A gene (19%), deep deletions
(30%), and a combination of fusion and various other alterations in less
than 1% of all cases from the TCGA database.

Cellular senescence is a normal process characterized by an irre-
versible cell cycle arrest. However, cancer cells skip this scenario and
divide infinitely. Avoidance of cellular senescence is achieved by the
telomerase activation in cancers, DNA damage, and inactivation of
tumor suppressors [52]. Small molecules capable of modulating the
epigenome like HDAC and bromodomain inhibitors have shown a
common trend in activating cellular senescence in normal and malig-
nant tissues, including head and neck cancers [6,53,54] [55,56].

Along with the activation of cellular senescence, we have also
shown that HDAC inhibitors deregulate stem cell-associated genes re-
sulting in disruption of cancer stem cells [4,6,7,57,58]. The process of
cellular senescence is convoluted and not completely understood. For
instance, in B-cells lymphomas, switchable models of senescence tar-
geting H3K9me3 or p53 triggered cell scape from senescence and re-
activation of the cell cycle and Wnt-dependent clonogenic potential
[59]. Tumor plasticity, therefore, seems strongly associated with the
modification of histones and potentially regulated by changes in the
bromodomain levels and activity.

Overall the effect of gene mutations on the epigenome machinery
remains unknown; however, gradually it is becoming clear that epige-
netic modifications play a key role in the control of tumor suppressor
genes like we have demonstrated with the reactivation of p21, and
consequently tumor senescence.
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Fig. 5. JQ1 target cancer stem cells in vitro and in vivo. (A) Representative images of ALDHPrisht (green) and CD44™" (red) populations analyzed by flow
cytometry. (B) Graphical representation of the total number of ALDH®"#"/CD44* bright cells identified in all three analyzed tumor cell lines. JQ1 group reduces
cancer stem cell-like in two (HN6 and HN12) of three cell lines. Asterisk denotes significant differences (ns p > 0.05, *p < 0.05; **p < 0.01). (C) Representative
images of tumor xenografts growing in nu/nu mice receiving JQ1 or vehicle. Histological appearance of tumor xenografts demonstrates similar histological ap-
pearance between JQ1 and vehicle groups. Immunohistochemistry staining for p16™* depicts an increasing number of positive tumor cells upon administration of
JQ1. (D) Graphical representation of tumor growth from mice receiving vehicle or JQ1. Note a reduced tumor volume on JQI-treated mice starting at day 28
(*p < 0.05; **p < 0.01). (E) Quantification of positive cells for p16™* in JQ1 and vehicle groups. Note increased expression of p16™** in JQ1-treated tumors
suggesting augmented cellular senescence (**p < 0.01). (F) Accumulation of DNA double-strand breaks in xenograft tumor samples receiving JQ1 as a marker for
genomic instability (*p < 0.05). (G) Tumor xenografts present increased expression of p-SIRT1°*™ as determined by immunostaining (***p < 0.001). (H)
Graphical representation of the expression levels of ALDH1A1 positive cells present in xenograft tumors receiving JQ1 or vehicle (*p < 0.05). Data are represented
asmean * SD. Two-tailed Student's t-test in (B), (E), (F), (G), (H) and one-way ANOVA with a Bonferroni post hoc test in (D). (For interpretation of the references to
colour in this figure legend, the reader is referred to the Web version of this article.)

Fig. 6. Schematic illustration of JQ1 effect over

HNSCC. (A) BRD4 as a reader of acetyl-lysine

histone leading to tumor proliferation and the

. presence of stem cells-like cancer cells (red

.{ ® & dots). (B) JQ1 displacement of histone from the

BRD4 acetyl-lysine histone binding site resulting

. (. *’ in reduced tumor proliferation, reduced number

. of stem cell-like cells (red dots), cell cycle arrest,

and activation of cellular senescence. (For in-

terpretation of the references to colour in this

figure legend, the reader is referred to the Web
version of this article.)
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