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The bromo- and extra-terminal domain (BET) signaling pathway plays an important role in cell proliferation,
immune responses, and pro-inflammatory events. JQ1 as a first-in-class potent and selective inhibitor of the
BRD4 signaling pathway is widely used for tumor biology studies. It was found that JQ1 could potently reduce
cancer cell viability in vitro and in vivo. The underlying mechanisms include an effect on cell cycle arrest in the
G1 phase and a decrease in the percentage of cells in the S phase. Furthermore, JQ1 could alter cytokines
expressions not only in T cells but also in dendritic cells (DCs). Apoptosis of tumor cells was induced by JQ1
through downregulation of E2f1 protein expression. In addition, JQ1 exhibited a potent suppressive effect on
ERa and androgen receptor (AR) signaling pathways in breast and prostate cancers. Accumulating evidence
supports the notion of BRD4 suppression as a target of therapeutic intervention in clinical oncology. Our present

review article advances the understanding of the role of the JQ1 / BRD4 protein.

1. Introduction

In recent years, inhibition of bromo- and extra-terminal domain
(BET) protein function is being highlighted as an important
therapeutic target for metabolic disorders, leukemia, cancer,
inflammatory diseases, and autoimmune diseases (Alghamdi et al.
2016). The BET protein family comprises four members including
BRD2, BRD3, BRD4, and BRDT in mammals. They are impli-
cated in immune responses during cancerous cell growth (Alghami
et al. 2016). Therefore, a couple of small molecules (I-BET 762,
OTX- 015, TEN-010, and CPI-0610) have been developed to
inhibit BET protein function. Consequently, JQ1 (Fig.1) ((S)-tert-
butyl2-(4-(4-chlorophenyl)-2,3,9-trimethyl-6 H-thieno[3,2-f]
[1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl)acetate) was shown to act
specifically against the BET protein (Alghamdi et al. 2016). It is
a first-in-class potent and selective BET bromodomain inhibitor,
competitively binding to the acetyl-lysine recognition hydrophobic
pocket of BRD4 with highest affinity (Zuber et al. 2011; Baud et
al. 2014; Delmore et al. 2011). BRD4 as a transcriptional regu-
lator recruits transcriptional regulatory complex to the acetylated
chromatin to govern the expression of a series of proteins such
as c-Myc (Zhang et al. 2015). On the other hand, JQ1 displaces
BET bromdomains from chromatin and interfere with BRD4
function leading to cell cycle arrest and promotion of apoptosis.
Subsequently, its downstream signaling event to RNA polymerase
IT (Pol II) is suppressed and expression of translocated c-MYC
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Fig.:  Molecular structure of the BET bromodomain inhibitor, JQ1

Pharmazie 73 (2018)

is downregulated (Alghamdi et al. 2016; Filippakopoulos et al.
2010). As a result, JQ1 causes a significant reduction of tumor
cell viability (Althoff et al. 2015). Therefore, JQ1 as a potential
therapeutic agent is widely studied in various cancerous cell
lines and multiple animal models. Furthermore, it is utilized as a
small molecular probe tool to selectively test different biological
functions and therapeutic potential of identified proteins. These
proteins are involved in transcriptional regulation, epigenetics, and
cancer, which would help identify the individual roles of various
proteins in human physiology and disease (Baud et al. 2014).
Herein, we attempt to review the role of JQ1 / BRD4 protein and
their related biology in order to deepen our understanding of their
potential role in clinical oncology.

2. Suppressive effect of JQ1 on cell proliferation of
mesenchymal stem cells

It was observed that JQ1 could suppress the growth of mesen-
chymal stem cells (MSCs). After JQI treatment, the percentage of
cell cycle arrest in G1 phase was increased, whereas the percentage
of cells in the S phase was decreased. To explore the underlying
mechanisms, microarray analysis was performed. The research
data showed that JQ1 could cause downregulation of key genes
controlling cell cycle (such as CCND1, CCNA2, CCNB2, c-MYC,
CDK1, CDKG®6, and E2F2), and upregulation of genes related with
apoptosis. These findings were consistent with other studies,
in which G1 cell cycle arrest might be induced by JQI1 in many
tumor cells such as leukemic cell lines and nerve sheath tumors
(Alghamdi et al. 2016).

3. Impact of JQ1 on immune and pro-inflammatory
responses

BET proteins are closely associated with the immune system.
Accounting for a link between chromatin signaling and interleukin
(IL) 17-producing T helper (TH17) cells, suppression of BET
protein with JQ1 was studied in autoimmune disorders. It was
displayed that the BET family of chromatin adaptors governed
differentiation from naive human or murine CD4(+) T cells to
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TH17 in a bromodomain-dependent manner. Furthermore, they
controlled the activation of previously differentiated TH17 cells
through regulating various TH17-associated cytokines such as
IL-21, IL-17, and granulocyte-macrophage colony-stimulating
factor (GMCSF). Mouse autoimmune disease model revealed that
use of therapeutic dose of BET inhibitor could efficaciously prevent
progress of autoimmune disorder in vivo (Mele et al. 2013). JQ1
was capable of altering cytokine expression not only in T cells but
also in dendritic cells (DCs). It reduced surface molecular expres-
sion on DCs and prevented T-cell expansion through a disruption
of the association between acetyl-310 RelA and BRD4. After LPS,
CD3, and CD28-stimulated-DCs were treated by JQ1, expression
of featured cytokines, IL-6 and TNF-a, was evidently decreased,
whereas expression of T-cell receptors (TCRs) and TCR signaling
transduction was not altered in parallel (Sun et al. 2015).

BET proteins play important roles in inflammatory responses of
macrophages. Both BRD4 and BRD2 are physically involved in
the interaction with the promoters of inflammatory cytokine genes
in macrophages. Blockade of BET proteins’ signaling pathway
with JQ1 would quench hyper-inflammatory conditions resulting
from high levels of cytokine production. Furthermore, JQI
treatment blunted subsequent “cytokine storm” in LPS-induced
endotoxemic mice. Serum TNF-a and IL-6 are major indicators
of septic and LPS-induced shock. The findings revealed that both
TNF-a and IL-6 promoters could be potently inhibited by JQI1,
as evidenced by an obvious downregulation of IL-6 and TNF-a
expression levels. JQ1 was then suggested as a next-generation
anti-inflammatory therapeutic agent to treat inflammatory diseases
such as human systemic inflammatory response syndrome and
sepsis (Belkina et al. 2013).

4. Role of BRD4 signaling pathway in tumor biology

JQ1 as an acetylated lysine analog has been used to treat a range of
malignancies such as multiple myeloma, acute myeloid leukemia,
tamoxifen-resistant breast cancer (Feneg et al. 2014). The under-
lying mechanism involved is an induction of apoptosis of tumor
cells and inhibition of proliferation of tumor cells after JQ1 treat-
ment. At a molecular level, downregulation of E2f1 protein expres-
sion was observed although MYCN or BRD4 protein expression
was not suppressed in the tumors. Immunohistochemical analysis
exhibited that JQI could remarkably decrease Mib-1 (Ki-67)
expression, which is an important marker of cell proliferation.
Apoptosis of tumor cells was significantly induced, as evidenced
by an apparent increase of cleaved caspase 3 level (Althoff et al.
2015). In addition, BET proteins could regulate c-Myc transcrip-
tion. Inhibition of BET proteins caused downregulation of c-Myc
transcription and subsequently led to a decrease of expression
of c-Myc-dependent target genes. In an experimental model of
Myc-dependent hematologic malignancy (multiple myeloma),
JQ1 manifested a potent anti-proliferative effect and promoted cell
cycle arrest and cellular senescence. Enhancer-bound BRD4 was
depleted by BET inhibition, which immediately suppressed c-Myc
transcription in a time- and dose-dependent manner. Afterwards,
the c-Myc oncoprotein was depleted (Delmore et al. 2011). In
addition, JQ1 could dramatically potentiate the anti-cancer activity
of combined chemotherapy with As S, (arsenic sulfide), cisplatin,
irinotecan or celecoxib in both colon and gastric cancer cell lines.
Protein expression of BRD4 was potently inhibited by JQ1. c-Myc
was suppressed, whereas p53 protein expression was activated
(Zhang et al. 2015). The predominant c-Myc isoform was selec-
tively downregulated partially through superenhancer functional
perturbation. The transcriptional regulation of key lineage-spe-
cific survival genes and oncogenes were intervened. Therefore,
BRD4 inhibition was suggested as a new therapeutic strategy
for c-Myc-overexpressing high-grade serous ovarian carcinoma
(HGSOC) (Baratta et al. 2015).

Owing to the inhibitive effect of JQ1 on the classic ERa signaling
pathway, in vivo anti-breast cancer activity was observed in a
tamoxifen-resistant breast cancer xenograft mouse model. This
strong long-lasting effect of JQI could enhance the ER (estrogen
receptor) degrader fulvestrant. The underlying mechanism was that
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JQI significantly downregulated expression levels of ERa and its
target genes GREBI1, pS2, and cyclin D1. Nevertheless, expression
of other breast cancer genes such as Her2, FoxAl, and SRC-3 was
not affected (Feng et al. 2014).

It is known that castration-resistant prostate cancer (CRPC) is a
challenging disease. After androgen ablation therapy, progres-
sion to CRPC is predominantly compelled by downregulation
of androgen receptor (AR) signaling. It was found that human
AR-signaling-competent CRPC cell lines were sensitive to inhibi-
tion of the BET signaling pathway. JQ1 was capable of disrupting
the physical interaction between BRD4 and N-terminal domain of
AR. Thereafter, BRD4 localization to AR target loci was potently
abrogated and AR-mediated gene transcription was blocked.
In vitro experimental studies exhibited that the efficacy of BET
bromodomain inhibition was significantly higher than that of
direct AR antagonism in mouse model of CRPC xenograft. These
aforementioned findings suggested that JQ1 as a novel epigenetic
approach might be utilized to synergistically block oncogenic
drivers in patients with advanced prostate cancer (Asangani et al.
2014).

Apart from the abovementioned tumors, other Hedgehog-driven
tumors such as medulloblastoma, basal cell carcinoma, and atyp-
ical teratoid rhabdoid tumor can respond to JQI1 treatment (Tang
et al. 2014). However, the clinical use of JQ1 for various cancers
remains uncertain so far. One important issue is the dose of JQ1
and its consequence. JQ1 concentration ranging from 100 nM to 1
uM could exert anti-cancer effects on cancer cell lines via suppres-
sion of BET proteins, subsequently influencing transcription
of target cancer-related genes (Alghamdi et al. 2016). However,
administration of high doses of JQ1 might result in experimental
mouse death based upon our own observations (unpublished data).

5. Anti-leukemic effects of JQ1

JQ1 could affect cell morphology and suppress proliferation of
cord-derived mesenchymal stem cells. This observation is line
with growth inhibition by JQI in other cancer cell lines such as
multiple myeloma, neuroblastoma, and leukemia (Alghamdi
et al. 2016). It was reported that the mixed lineage leukemia 3
(MLL3)-suppressed leukemias were not sensitive to conventional
chemotherapy but to JQ1 (Chen et al. 2014). Suppression of BRD4
by JQI could cause robust anti-leukemic effects in vitro and in
vivo through triggering cell-cycle arrest and apoptosis (Zuber et
al. 2011; Chen et al. 2014). Furthermore, terminal myeloid differ-
entiation appeared and leukemia stem cells were eliminated. This
similar phenomenon was observed in various human AML (acute
myeloid leukemia) cell lines and diverse AML-subtype patients.
The underlying mechanism was at least involved in the role of
MYC gene. JQ1 suppressed MYC gene expression, which was
capable of promoting aberrant self-renewal (Zubet et al. 2011).
Indeed, a rapid decrease of Myc mRNA and protein expression
was observed in human AML lines (Chen et al. 2014).

6. Conclusive remarks

The BRD4 signaling pathway is widely involved in various cancerous
scenarios including breast cancer, prostate cancer, leukemia, multiple
myeloma, and neuroblastoma. Its underlying mechanisms are based
upon its, effects against proliferation, cytokine expression, and
blockade on ERa and androgen receptor (AR) signaling pathways.
Accumulating evidence supports the notion of BRD4 suppression as a
target of therapeutic intervention in clinical oncology.
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