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ABSTRACT 

The main objective of this review article is to establish a correlation between the roles of BRD-4 and COX-2 inhibitors in anticancer treatment. This 
article aims to project the synergistic benefits of a dual-target approach. A Literature review was conducted using the keywords such as BRD-4, 
cyclooxygenase-2, COX-2, Anticancer, anti-proliferative BRD-4 inhibitors, COX-2 inhibitors and dual-target therapy. Searches were made using the 
mentioned keywords individually as well as in combinations in PubMed, Science Direct and Google Scholar for the past ten years. The correlation 
between inflammatory mediators, particularly COX-2 and bromodomain in particular BRD-4 in cancers has been studied in a few research articles. 
These targets have been used for the development of anti-proliferative drugs individually as well as in combination. Combination therapy has been 
proposed to be better than mono-drug therapy. The need for a dual target concept has arisen to improve the efficacy of chemotherapy. The cancers 
where BRD-4 is over-expressed and inflammation is observed, it may be very much advantageous to give a combination therapy of BRD-4 and COX-
2 inhibitors. Moreover, if the COX-2 inhibitors show anti-proliferative action, then the combination therapy is expected to work better than mono 
chemotherapy. 
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INTRODUCTION 

According to the World Health Organization in 2018, one out of six deaths is due to cancer. Cancer is the second largest cause of death globally. In 
2020 the most common causes of cancer deaths are lung cancer, colon and rectum cancer, liver cancer, stomach cancer, and breast cancer [1]. 
Bromodomain-containing protein 4 (BRD4) is a protein that in humans, is encoded by the BRD gene. It is located in human chromosome 19. Other 
members of the mammalian Bromodomain and Extra Terminal (BET) family contain BRD2, BRD3, BRD4, and BRDT [2, 3]. BRD1 contains one gene 
and is associated with transcriptional regulation, brain development, and susceptibility to brain disorders [4]. BRD-4 is also known as SWI/SNF-
related, matrix-associated, actin-dependent regulator of chromatin, subfamily a, member 4 (Smarca4). It is also referred to as Mitotic Chromosome 
Associated Protein (MCAP), Hormonal Upregulated Neu-Tumour associated Kinase (HUNK1). It contains two bromodomains that recognize 
acetylated lysine residue. Brd4 is an atypical kinase that phosphorylates serine 2 of RNA polymerase II [5, 6] and helps in cellular growth, cell cycle 
progression, and cancer development.  

Cyclooxygenase-2 (COX-2) is an inducible form of the enzyme that catalyzes the first step for the synthesis of prostanoids. COX-2 contributes to 
immune evasion and contributes to resistance towards cancer immunotherapy, which plays a crucial role in the innate and adaptive immune 
response. The activity of the COX-2 signal pathway can suppress Dendritic cells (DCs), natural killer (NK), T cells and type-1 immunity, excluding 
type-2 immunity, which promotes tumor immune evasion. COX-2 and the prostaglandin cascade play important roles in the “inflammogenesis of 
cancer”. Overexpression of COX-2 is also observed in cancer cells [7].  

MATERIALS AND METHODS 

A literature review was conducted using the keywords such as BRD-4, cyclooxygenase-2, COX-2, Anticancer, anti-proliferative BRD-4 inhibitors, 
COX-2 inhibitors, and dual-target therapy. Searches were made using the mentioned keywords individually as well as in combinations in 
PubMed, Science Direct, and Google Scholar for the past ten years. The research articles which have reported small molecules as BRD4 
inhibitors and COX2 inhibitors as anticancer agents have been referenced. The reported structures in those research articles are included in this 
review. 

DISCUSSION  

Role of bromodomain in cancer 

Cancer is the undesirable and uncontrolled growth of abnormal cells where bromodomain (BRD) proteins perform a crucial role in translating 
histone modifications with powerful transcriptional consequences. Histone acetylation is important in chromatin remodeling and gene activation. 
Nearly all known histone-acetyl transference-associated transcriptional co-activators contain bromodomain [8]. Thirty bromodomain-containing 
proteins are present in humans. BRD2, BRD3, and BRD4 are the proteins that interact with acetylated histone H3/H4. Among them, BRD4 is known 
to be a protein involved in the cell cycle and gene expression. Hence, the selective inhibition of bromodomains across the family creates varied 
opportunities as novel therapeutic agents in human cell division dysfunction. BRD-4 and COX-2 are overexpressed in breast cancer [9-12], skin 
cancer [13], gastric cancer [14-17], colorectal cancer [18-22], cervical cancer [23], prostate cancer [24-27], pancreatic cancer [28], acute myeloid 
leukemia [29, 30] and lung cancer [31, 32], 

Benzodiazepine derivatives were studied for their anticancer activity. I-BET762 a potent molecule, was reported as a bromodomain inhibitor. It was 
also reported to show anti-inflammatory activity in a rat model [33]. Its bromodomain inhibitory activity was studied in phase I clinical trial [34]. 
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Birabresib (OTX015 or, MK-8628) has also been reported as a BRD4 inhibitor. It inhibits the gene transcription phase of the cell cycle. A study 
reveals the antiproliferative activity of Birabresib on cell lines and in vivo tumors. In this study, Birabresib was used alone and the anticancer 
activity was noticed in patients with resistant acute myeloid leukemia related to myeloid malignancies [37] 

 

A novel series of BET family bromodomain inhibitors were reported to have an anti-inflammatory effect. The crystallographic images show good 
binding interactions with the BRD2 N-terminal bromodomain. The reported molecule showed good activity toward LPS-induced sepsis and 
inflammation in the mice model [38]. The same molecule has been studied for antiproliferative activity in other studies. 

 

Clinical trials on Pelabresib (CPI-0610) for its anticancer activity suggest that it is active against myelofibrosis (NCT04603495). It arrests cell line 
growth in the G1 cell cycle and causes caspase-dependent apoptosis [39]. 

 

Role of cyclooxygenase-2 in cancer 

Several clinical trials using COX-2 inhibitors are in progress, and the results from these studies will increase our understanding of COX-2 inhibition 
in both cancer treatment and its prevention [40]. Several reports suggest that chronic inflammation leads to cancer. So, some anti-inflammatory 
drugs were derivatized and tested for their anticancer activity. Celecoxib, a COX-2 inhibitor, has been studied for its anticancer activity in clinical 
trial number NCT02429427 (against breast cancer). Some derivatives of celecoxib (1a-e and 2a-e) were developed and studied as anticancer 
molecules [41]. However, more shreds of evidence are needed for the effectiveness of celecoxib in the treatment of cancer. 
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Other established COX-2 inhibitors and their derivatives have been studied for anticancer properties. To name a few, derivatives of Nimesulide [42, 
43], Indomethacin [44, 45] and Aspirin [46, 47] have been reported to show anti-cancer activity. 

 

Dual target approach 

BRD residue within key chromatin serves to control distinctive disease-associated transcriptional pathways like cancer, inflammation, and viral 
replication. Disrupting the BRD4-acetyl lysine interactions by BRD-4 inhibitors arrests the growth of cancer cells. On the other hand, COX-2 is 
majorly involved in the biosynthesis of pain mediators. Combining these two targets in the study could be advantageous and needs attention of the 
scientists. 

Cancer drug resistance has been a major problem in cancer therapy. Almost any therapy (except surgery) that is being used in the treatment of 
cancer can result in resistance. A large group of patients has the problem of intrinsic resistance or acquired resistance. Sometimes patients can 
become one-drug resistant; another group of patients may become multiple-drug resistant. Designing drugs for dual targets i. e for both COX-2 and 
BRD-4 may help in the development of novel molecules used for the treatment of cancers where these two targets are over-expressed. 

Another aspect of the dual target approach involving BRD-4 and COX-2 is the reduction of pain in cancer patients as shown in fig. 1. The COX-2 
inhibitor which reduces pain mediators and is anticancer, can be studied for combination therapy with BRD-4. 

 

 

Fig. 1: Advantageous effect of dual-target in cancer chemotherapy 

 

In lung cancer cell lines, bromodomain, PHD finger transcription factor (BPTF) and COX-2 were found to be over-expressed. BPTF regulates the 
expression of COX-2 by NF-kB pathway. Knockdown of BPTF evaded the binding of the Nf-kB with COX-2. Thus, the poor prognosis in lung cancer 
can be managed by a dual target approach. This information provides the rationale for the selection of these targets for developing a potent 
antiproliferative drug for lung cancer [48]. 

CONCLUSION 

Extensive literature review exhibits the relation between inflammation and cancer. A number of clinical trials using mono-targeted COX-2/BRD4 
inhibitors are in progress and the results from these studies increase our understanding on these inhibitors. Dual target approach including BRD-4 
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and COX-2 may be used in both cancer treatment and prevention. The combination of dual-targeted COX-2 and BRD4 inhibitors may be more 
effective in cancers where these two targets are over-expressed. 

ABBREVIATION 

SWI/SNF: SWItch/Sucrose Non-Fermentable 

BRD: Bromodomain containing protein  

BET: Bromodomain and Extra Terminal 

MCAP: Mitotic Chromosome Associated Protein 
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